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Mission: As the Nation's principal conservation agency, the 
D e partment of the Interior has responsibility for most of our 
nationally-owned public lands and natural and cultural resources. 
This includes fostering wise use of our land and water resources, 
protecting our fish and wildlife, preserving the environmental and 
cultural values of our national parks and historical places, and 
providing for the enjoyment of life through outdoor recreat ion. 
The D e partment assesses our energy and mineral resources and 
works to assure that their development is in the best inte rests of 
all our people. The Departme nt also promotes the goals of the 
Take Pride in America campaign by encouraging stewardship and 
citizen responsibility for the public lands and promoting citize n 
participation· in their care. The Department also has a major 
responsibility for American Indian reservation communities and 
for people who live in Island Territories under U.S. Administration. 

Mission of the Burea u of Reclamation 

The Bureau of Reclamation of the U.S. Department of the Int erior 
is responsible for the development and conservation of the Nation's 
water resources in the Western United States. 

The Bureau's original purpose "to provide for the reclamation of arid 
and semiarid lands in the West" today covers a wide range of 
int e rrelated functions. These include providing municipal and 
indrtst rial water srtpplies; hydroelectric power generation; irrigation 
water for agric1tlt1tre; water quality improvement; flood control; river 
navigation; river regulation and control; fish and wildlife enhance­
ment; outdoor recreation; and research on water-relat ed design, 
construction, materials, atmosph eric management, and wind and so lar 
power. 

Bureau programs most f requ.ently are the result of close cooperation 
with the U.S. Congress, other Federal agencies, States, local 
governments, academic institutions, water-user organizations, and 
o ther con cerned groups. 

Any use of trade names and trademarks in this publication is for descriptive 
purposes only and does not constitute endorsement by the Bureau of 
Reclamation. 

m 
SI METRIC 

The information contained in this report regarding co mmercia l 
products or firms may not be used for advertising or promotional 
purposes and is not to be construed as an endorsement of any product 
or firm by the Bureau of Reclama tion. 



PREFACE 

The Earth Manual, Third Edition-presented in two separate parts-provides technical information on: properties 
of soils, field and laboratory investigations, and quality construction control of soils used as foundations and materials 
for dams, canals, and many other types of structures built for Bureau of Reclamation projects in the Western United 
States. The Earth Manual contains standardized procedures that have been determined desirable for securing uniform 
results throughout Reclamation. It includes general guidelines intended to complement but not to substitute for sound 
engineering judgment. 

Part 1 discusses general earth and foundation technology applicable to the construction of water resources structures. 
Included in Part 1 are chapters on: the properties of soils, principles and stages of soil investigations, and quality 
control of earth construction. 

Part 2 contains standard procedures for investigating and testing soil materials for engineering design, construction, 
and operation and maintenance of water resources structures. Research and development continue to produce 
improvements in the knowledge of geotechnical materials and methods in which those materials are evaluated. Therefore, 
users benefit from the latest technologies. 

In a departure from previous Earth Manual editions, soil testing procedures are presented in a step-by-step format 
to simplify use and to maintain uniformity in soil testing activities. Terminology was standardized to establish consistent 
use of both symbols and language so that test results are properly understood and interpreted. 

Attempts to standardize soil testing procedures are often frustrated by the complex nature of soil testing. Unlike 
testing of other construction materials such as concrete, steel, and asphalt, soil testing does not always lend itself 
to strict standardization. If variations from standard procedures outlined in this manual are deemed necessary, the 
alternative procedures must be described in detail when reporting the test data so that proper interpretation is possible. 
The procedures described in this manual are provided primarily for the Bureau of Reclamation; however, engineers 
and technicians from other Government agencies, foreign governments, and private firms, should also find them 
useful. 

Preparation of this manual was an imposing task requiring contributions and suggestions from engineers and technicians 
from many disciplines throughout the Bureau of Reclamation. The efforts of all those who contributed to this work 
are appreciated. 

Special recognition is accorded Robert Scavuzzo whose resolute efforts were instrumental in completing Part 2 of 
the manual. Raymond Acciardi and DeWayne Campbell provided early coordination. Others recognized for their 
contributions are W. G. Austin, A. A. Benavidez, V. D. Goldsmith, A. K. Howard, R. T. Sirokman, and R. A. Young. 
D. L. Oswandel and Vicki Romero coordinated production of the many new data forms. Field personnel who recognized 
inconsistencies in preliminary distributions of the procedures are commended for their efforts in resolving those 
issues. Part 2 of this Third Edition was edited and coordinated by Richard Walters. 

Denver, Colorado 
October 1990 
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Paul Knodel 
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INTRODUCTION 

General 

The Third Edition of the Earth Manual, unlike previous editions, is comprised of two Parts. Part 1 includes chapters. 
on: the properties of soils, principles and stages of soil investigations, and quality control of earth construction. 
Part 2 is a compilation of the soil testi·ng procedures currently used by the Bureau of Reclamation. 

Part 2 of the manual includes many new testing procedures that were not in the Second Edition. The procedures 
that were in the Second Edition-which are included in this Part 2-have been revised to reflect current soil testing 
concepts and techniques. A few of the procedures in the Second Edition were outdated and deleted from this edition. 
The procedures in the Second Edition that described instrumentation for monitoring dams were deleted from this 
edition and now appear in other Reclamation publications. Designations E-27 through E-32 were rewritten and published 
in the Embankment Dam Instrumentation Manual. 1 Designations E-33 and E-34 were published in the Concrete 
Dam Instrumentation Manual. 2 Former Designation E-35 is included in both instrumentation manuals because recording 
of earthquake vibrations is applicable to both embankment and concrete dams. In the few instances where no new 
USBR designation or other publication is applicable; i.e., E-22, E-23, and E-39, the £-designation from the Second 
Edition may still be used. 

To assist those familiar with the £-designation test senes, in the Earth Manual (2d ed.), a cross-reference to the 
new USBR designation is provided. 

Cross-Reference to Current USBR Designations 

E-1 
E-2 
E-3 
E-4 
E-5 
E-6 
E-7 
E-8 
E-9 
E-10 
E-11 
E-12 
E-13 
E-14 
E-15 
E-16 
E-17 
E-18 
E-19 
E-20 
E-21 
E-22 
E-23 
E-24 
E-25 
E-26 
E-27 

£-Designation 
(2d edition, 1974) 

Disturbed Sampling of Soils 
Undisturbed Sampling of Soils 
Visual and Laboratory Methods for Identification and Classification of Soils 
List of Laboratory Equipment 
Preparation of Soil Samples for Testing 
Gradation Analysis of Soils 
Soil Consistency Tests 
Soluble Salts Determination of Soils 
Moisture Determination of Soils 
Specific Gravity of Soils, Aggregate, and Density of Irregular Blocks of Soil 
Proctor Compaction Test 
Relative Density of Cohesionless Soils 
Permeability and Settlement of Soils 
Permeability and Settlement of Soils Containing Gravel 
One-Dimensional Consolidation of Soils 
Measurement of Capillary Pressures in Soils 
Triaxial Shear of Soils 
Field Permeability Tests in Boreholes 
Field Permeability Tests (Well Permeameter Method) 
Inplace Vane Shear Test 
Field Penetration Test With Split-Tube Sampler 
Needle-Moisture Determination of Soils 
Field Density of Dry, Gravel-Free Soils 
Field Density Test Procedure 
Rapid Compaction Control 
Vertical Load-Settlement Relationship for Individual Piles 
Instructions for Installing and Reading Hydraulic-Type Twin-Tube 

Piezomecers in Earth Dams 

USBR Designations 
(Part 2, 3d edition) 

7000, 7010 
7100, 7105 
5000, 5005 

All USBR designations as required 
5205 ., 

5325, 5330, 5335 
5350, 5355, 5360, 5365 

5450 
5300, 5305, 5310,5315 

5320, 5375 
5500, 5505 

5525,5530, 7250 
5600 
5605 
5700 
5735 

5740,5745,5750,5755 
7310 
7300 
7115 
7015 
None 
None 

7205, 7220 
7240 
7400 

1 Embankment Dam Instrumentation Manual, 250 pp., Bureau of Reclamation, Superintendent of Documents, U.S. Government Printing Office, 
Washingron DC 20402,Jan. 1987. 
2 Concrete Dam Instrumentation Manual, 153 pp., Bureau of Reclamation, Denver CO, Oct. 1987. 



£-Designation 
(2d edition, 1974) 

E-28 Instructions for Installing and Reading Porous-Tube Piezomecers 
E-29 Instructions for Installing and Reading Internal Vertical Movement 

· Devices 
E-30 Instructions for Installing and Reading Internal Horizontal Movement 

Devices 
E-31 Instructions for Installing and Reading Foundation Settlement Apparatus 
E-32 Instructions for Installing and Reading Measurement Points -

Embankment -
E-33 Instructions for Installing and Reading Measurement Points - Concrete 

Structures - Outlet Works Conduits - Conduit-Type Spillways -
E-34 Instructions for Installing and Reading Measurement Points - Concrete 

Structures - Chute and Stilling Basin of Outlet Works - Chute-type 
Spillways -

E-35 Recording Earthquake Vibrations 
E-36 Field Permeability Test (Shallow-Well Permeamecer Method) 
E-37 Method for Calibrating Mechanical Soil Compactors 
E-38 Compaction Test for Soil Containing Gravel 
E-39 Investigations for Rock Sources for Riprap 

*op.cit. 1 

top. cit. 2 

VSBR Designations 
(Pare 2, 3d edition) · 

* 

* 

* 
* 

* 

t 

t 
*, t 
7305 
1415 
5515 
None 

The format for presentation of standard Reclamation laboratory procedures follows a Modified Decimal Numbering 
(MDN) System and a sequence of presentation similar to that used by American Society for Testing and Materials 
(ASTM). Each procedure has a four-digit number corresponding to the following categories: 

Category 

Equipment calibration 
Equipment specifications 
General test methods and definitions 
Cement and concrete test methods 
Soil test methods 
Rock test methods 
Drilling and sampling methods 
General standards 
Accreditation and certification 
Equipment (list, inventory) 
Laboratory buildings 
Quality assurance, documentation, and reporting 

USBR Series 

1000 
2000 
3000 
4000 
5000 
6000 
7000 
9000 
9000 
9100 
9200 
9300 

Standards or methods for some categories are not yet developed, are under development, or are found in ocher Bureau 
of Reclamation publications such as the Concrete Manual (Part 2) . 

Whenever possible, ASTM standards were consulted as a basis for USBR procedures. However, USBR procedures 
are written in a more detailed step-by-step format and include example data forms and work sheets. Therefore, 
chis volume serves more as a testing handbook than as a collection of standards. 

Modifications to Test Procedures 

Test procedures were prepared with the intent to maintain testing conformance and consistency throughout the Bureau 
of Reclamation. Since the test procedures are Reclamation standards, any deviations when approved, must be documented 
and reported with the test results so that proper interpretations can be made. 

A modification of a test procedure may be required because of the type of material to be reseed or for a specific 
design or construction requirement. Modifications muse be based on sound engineering judgment; a description of 
any modification must be included on the test data form(s) and when reporting the test data. 
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The test procedures described in Part 2 are standard methods and must be performed exactly as prescribed unless 
modifications are justified and approved by management. Any variation in procedure is considered a modification. 
Some examples would be: 

• the addition (or substitution) of a sieve in the standard nest of sieves for gradation analyses, 
• a change in conditioning or testing time, 
• modifying the soil with additives, or 
• changing the specimen size or the maximum particle size allowed. 

Although test procedure steps may need to be varied, the equipment specified for the tests herein may not be modified 
under any circumstance without written approval of management. For Reclamation, that approval would come from 
the Research and Laboratary Services Division at the Denver Office. 

When a significant difference exists between the information in Part 2 and contract specifications, the contract 
specifications always take precedence. 

Te"rminology 

Uniformity in terminology and symbols is maintained throughout the Earth Manual by use of USBR 3900 "Standard 
Definitions of Terms and Symbols Relating to Soil Mechanics." Unless otherwise noted, the terms and symbols used 
in this Part conform to USBR 3900. If a term was defined in ASTM D 653, and not included in USBR 3900 refer 
to ASTM D 653. 

Applicability and Use of Test Results 

The test. procedures describe .-how a test is tO be performed. Nore . that only. brief . references are cited concerning 
reasons tests are performed and how test results are used. These topics are discussed in more detail in Part 1. However, 
those who perform the tests should be aware of the applicability of a procedure for the material to be tested. Before 
a material is tested, it should be determined whether the test procedure is appropriate for a given situation, or 
if the test procedure must be modified for the specific soil to be tested. In some cases, this may not be apparent 
until the test is begun, at which time a decision is required either to discontinue the rest or to modify the procedure. 

For some materials, such as shale, sandstone, siltstone, etc., test results may not reflect the in-place properties of 
the material due to changes that may occur during processing and/or placement of the material during construction. 

When a procedure is modified, or if test results are considered inappropriate, explanations must be included on the 
test data forms and when reporting the test data. Examples of when explanatory statements are required would be: 

(1) In-place materials described as shale, sandstone, siltstane, etc., may have been processed in the laboratory 
by slaking, grinding, etc., into a more soil-like material. The results from Atterberg limits rests or from other 
analyses would delineate the properties of the "soil" after processing but would not represent the in-place characteristics 
of the material. However, these test results are still useful in providing data for identifying and classifying the 
material and in determining its potential for construction use. 

(2) The properties of some materials are irreversibly affected by air or oven drying. Soils containing organic 
matter or certain clay materials such as allophane or halloysite have different properties after being air dried 
even though water is later added to bring them back tO their original moisture content. Soils of volcanic origin 
are particularly susceptible ta this behavior. When results of rests on these soils are critical, the soils should not 
be allowed to dry below their in-place moisture content. Clay soils to be reseed for dispersive characteristics should 
also be maintained at in-place moisture content. 

Other examples and more detailed discussions of the applicability of rest results are given in Part 1. 

Calibration 

Separate procedures were prepared for equipment calibratwn. Regular, careful calibration and inspection of equipment 
are as important as adhering to proper testing procedures t0 ensure acceptable accuracy of rest results. Results of 
soil testing can be only as accurate as the procedures and equipment used in performing the tests. 

Balances or Scales 

In almost every test procedure, a balance or scale is listed in the "Apparatus" paragraph with a required capacity 
adequate for the necessary measurement of mass for that procedure. The readability specified for each balance or 
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scale is normally char required within the procedure to obtain measurements of sufficient accuracy for reliable rest 
results. In some cases there may be differences between the balance capacity stared and the requirements of the 
procedure. The intent throughout Part 2 was to limit the number of balances or scales required for a particular 
laboratory. Therefore, the capacities of balances or scales used in a typical geotechnical laboratory were cited. If the 
balances or scales available in a given laboratory are different from chose typically required, the capacities must be 
compared with those described in the procedure to ascertain if sufficient capacity is available to perform the test. 

The precision or accuracy required for a balance or scale is not given in the individual· procedures, but acceptable 
tolerance for any error difference is specified in USBR 1012. 

Tare Mass 

In many rest procedures, the mass of a container is to be determined and later subtracted from the mass of the 
container plus its contents. It is permissible to use a tare mass or tare setting equal to the mass of the container 
so that the mass of the container need not be recorded. 

Checking Data Forms 

Test procedures in Part 2 include example data forms co illustrate what data are required and where they are to 

be recorded. Checking data computations is as important as performing the test; the rest is not considered complete 
until the data form has been checked. Checkmarks are not shown on the example data forms so that required data 
could be illustrated in a neat and legible fashion. Instructions for checking, and an example of a typically checked 
data form, are presented in USBR 9300 "Checking, Rounding, and Reporting of Laboratory Data." This document 
should be reviewed and understood as it is considered part of every test procedure. 

Proprietary Materials 

Occasionally, references are made to proprietary materials or products; references must not be construed as an 
endorsement. The Bureau of Reclamation does not and cannot endorse proprietary produces or processes of manufacturers 
or the services of commercial firms for advertising, publicity, sales, or other purposes. 

Future Revision 

Each test procedure has a fixed USBR procedure number followed by the year of acceptance or the year of last 
revision. Revisions will be issued as required and the user must ascertain that the latest revision is being used. 

After each test procedure was written, it was checked, validated whenever practical, and extensively reviewed. However, 
because the procedures are presented in a new format covering both new procedures and revisions to existing procedures, 
possible errors and omissions may exist. User comments and suggestions for improvement are invited and should 
be directed to the Bureau of Reclamation, Research and Laboratory Services Division, Denver Office. 

Denver Office Organization 

Bureau of Reclamation organizational units are noted in the introduction of each rest procedure and within the text 
of ochers. Recent organizational changes make those references obsolete; where chose references are cited, inquiries 
should be directed to: 

Bureau of Reclamation 
Research and Laboratory Services Division 
Materials Engineering Branch, D-3730 
PO Box 25007 
Denver, CO 80225 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1000-89 

ST AND ARDS FOR LINEAR MEASUREMENT DEVICES 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1000. The number immediately 
following the designation indicates che year of acceptance or che year of lase revision .. 

1. Scope 

1.1 This designation outlines the procedure for 
ordering and maintaining quality control of linear 
measurement devices co be used for laboracory and field 
applications. Minimum requirements for tapes, calipers, 
micrometers , and gauge blocks are outlined in chis 
designation. It is strongly recommended chat a certificate 
of inspection certifying chat the linear measurement device 
meets the standards of the applicable Federal specifications 
be obtained when purchasing these devices. 

2. Applicable Documents 

2.1 Federal Specifications: 
GGG-T-106D Tape Measuring, General Use 
GGG-R-791F Rules, Measuring 
GGG-C-lllB Calipers and Gages, Vernier 
GGG-C-105B Caliper, Micrometer (Inside, Outside, 
Tube) and Gage, Depth Micrometer 
GGG-C-15C Gage Blocks and Accessories 

3. Significance and Use 

3.1 Accurate linear measurements muse be taken to 
obtain proper values from laboratory and field tests. 

3.2 The information in chis designation is co be used 
whenever any of the linear measurement devices listed 
in paragraph 5 are purchased. 

3.3 With the exception of tapes and rules, linear 
measurement devices should be returned co the manufac­
turer or co an appropriate certification agency biennially 
for recertification. 

4. Terminology 

4.1 Traceability Cerc,ficate.-A certificate of inspection 
certifying that a linear measurement device meets the 
Federal specifications for its particular grade or model and 
that its accuracy is traceable co the National Institute of 

, Standards and Technology (National Bureau of Standards) 
or the international standard of length. 

5. Apparatus 

5.1 Flexible Metal Printed Tape.-A device used to 
obtain accurate linear measurements and is usually enclosed 
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in a roll-up case. Flexible metal primed tapes should meet 
the requirements of Federal Specification GGG-T-106D. 
The tapes are to be housed in a suitable case. Inch-pound 
scale tapes having a length of 6, 8, or 12 feet are generally 
adequate for most laboratory and field applications. Metric 
scale tapes having a length of 2 co 3 meters are generally 
adequate for most laboracory and field applications. A 
certificate of inspection certifying that the flexible metal 
printed cape meets Federal specifications is co be obtained 
from the manufacturer when ordering the tape. 

5.2 Engraved Metal Rule.-A device manufactured from 
cool steel which is used to obtain accurate linear 
measurements. Engraved metal rules should meet the 
requirements of Federal Specification GGG-R-791F. The 
rule is to be constructed in one piece without joints and 
is co be made of cool steel. A certificate of inspection 
certifying that the engraved metal rule meets Federal 
specifications is co be obtained from the manufacturer when 
ordering the rule. 

5.3 Hardwood Rule.-A device used co obtain accurate 
linear measurements manufactured from hardwood. The 
hardwood rule should meet the requirements of Federal 
Specification GGG-R-791F. The hardwood rule is co be 
constructed in one piece of well-seasoned hardwood from 
birch, boxwood, or hard maple. The wood is to be straight­
grained and clear throughout. A rule chat is marked with 
the inch-pound scale (1/8-inch graduations) on one face 
and the metric scale (1-cm graduations) on the other face 
is adequate for most laboratory and field applications. 

5.4 Vernier or Dial Calipers.-A measuring device 
which consists of a main scale with a fixed jaw and a 
sliding jaw with an attached vernier and is used co obtain 
precise inside, outside, or depth measurements. Vernier 
or dial calipers should meet the requirements of Federal 
Specification GGG-C-11 lB. Inch-pound scale vernier or dial 
calipers which have a measuring range of O to 6 inches 
muse be graduated co read in thousandths of an inch (0.001 
in). Metric scale vernier or dial calipers which have a 
measuring range of O co 150 mm must be graduated co 
read in two one-hundredths of a millimeter (0.02 mm). 
A certificate of inspection certifying chat the vernier or 
dial caliper meets Federal specifications is to be obtained 
from the manufacturer when ordering the calipers. 

5.5 Outside Micrometer.-A device which is used to 
obtain precise outside measurements. Outside micrometers 
should meet the requirements of Federal Specification 
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GGG-C-105B. Inch-pound scale outside micrometers which 
have a measuring range of Oto 1.000 inch must be graduated 
ro read tO at least one-thousandth of an inch (0.001 in). 
Metric scale outside micrometers which have a measuring 
range of O to 25 mm must be graduated to read to at 
least two one-hundredths of a millimeter (0.02 mm). A 
certificate of inspection certifying that the outside 
micrometer meets the Federal specification is to be obtained 
from the manufacturer when ordering the micrometer. 

5.6 Inside Micrometers.-A device which is used to 
obtain precise inside measurements. Inside micrometers 
should meet the requirements of Federal Specification 
GGG-C-105B. Inch-pound scale inside micrometers which 
have a measuring range of 2 to 12 inches must be graduated 
to read to at least one-thousandth of an inch (0.001 in). 
Metric scale inside micrometers which have a measuring 
range of 50 to 300 mm must be graduated to read to at 
least two one-hundredths of a millimeter (0.02 mm). A 
certificate of inspection certifying that the inside microm­
eter meets Federal specifications is to be obtained from 
the manufacturer when ordering the micrometer. 

5.7 Depth Micrometers.-A device which is used to 
obtain precise depth measurements . Depth micrometers 
should meet the requirements of Federal Specification 
GGG-C-105B. Inch-pound scale depth micrometers which 
have a metering range of O to 10 inches muse be graduated 
to read tO at least one-thousandth of an inch (0.001 inch). 
Metric scale depth micrometers which have a measuring 
range of 250 mm must be graduated to read to at least 
two one-hundredths of a millimeter (0.02 mm.) A certificate 
of inspection certifying that che depth micrometer meets 
Federal specifications is to be obtained from the 
manufacturer when ordering the micrometer. 

5.8 Rectangular Gauge Blocks.-Precision steel rectan­
gular gauge blocks are designed to be used individually. 
Gauge blocks are suitable for checking dial caliper, vernier 
caliper, micrometer caliper, and dial indicatar travel. Inch­
pound and metric scale gauge blocks are to be compatible 
with the calibration requirements; i.e., dial gauges, calipers, 
etc. A certificate of inspection certifying that the rectangular 
gauge blocks meet Federal specifications is ta be obtained 
from the manufacturer when ordering the gauge blocks. 

5.9 Square Gauge Blocks.-Precision steel square gauge 
blocks are designed for stack assembly. An accessory hole 
is drilled through the center of each gauge block tO allow 
the tie rod co pass through for assembly. A certificate of 
inspection certifying chat the square gauge blocks meet 
Federal specifications is to be obtained from the 
manufacturer when ordering the gauge blocks. 

6. Precautions 

6.1 Safety Precautions.-Examine the linear 
measurement devices (as received or before their use) for 
sharp edges or burrs. 

6.2 Technical Precautions: 
6.2.1 Examine the linear measurement devices for 

bent or missing components each time they are used. 
6.2.2 Stare the linear measurement devices in a 

suitable case when not in use. 
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6.2.3 Occasionally rub or wipe the linear measure­
ment device with an oily rag if it is used in a wet or 
damp environment (not applicable for hardwood rules). 

6.2.4 Use extreme caution when marking control 
numbers on linear measurement devices. Under no 
circumstances should the precision gauge blocks be marked 
or scribed by the purchaser. The manufacturer stamps the 

-dimensions and serial number on the block at the time 
of manufacture and calibration. 

7. Calibration and Standardization 

7. l Verify that the certificate of inspection is current. 
If it is not current, the linear measurement device should 
not be used. 

It is recommended that linear measurement devices be 
returned to the manufacturer or to an appropriate 
certification agency biennially for recertification. 

8. Conditioning 

8.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

9. Procedure 

9.1 Purchasing: 
9.1. l All information is tO be recorded on the "Linear 

Measurement Device Acceptance Form" as shown on 
figure 1. 

9.1.2 Determine the type of measurement device that 
is needed, e.g., when determining the volume of relative 
density measures , one needs a depth micrometer with a 
measuring range of O to 10 inches and an inside microm­
eter with a measuring range of 2 tO 12 inches. 

9.1.3 Determine the nominal range of the item or 
items co be measured. 

9.1.4 Obtain a catalog from a reputable supplier that 
supplies precision linear measurement devices. 

9. 1.5 Determine if the supplier can furnish the linear 
measurement device needed co accomplish the task. 

9.1.6 Determine if the supplier can furnish a 
certificate of inspection and if canst/ruction and accuracy 
comply with applicable Federal specifications. 

9.2 Upon receipt of the linear measurement device, 
the following items should be noted. 

• Date of receipt 
·• - Type of linear measurement device 
• Name of the manufacturer 
• Serial number of the linear measurement device 
• Are th·e range and scale markings on c),.e linear 
measurement device as specified on the purchase order? 
• Check che certificate of inspection co ensure that it 
is current and chat the data listed on it are applicable 
co the device (serial number and type). 

10. Interpretation of Results 

10.1 Use the instructions and cables listed in the appli­
cable Federal specifications to aid in determining if the 
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11. Repon linear measurement device complies with the special 
requirements. 

10.2 If the linear measurement device meets all of the 
specified requirements, accept the device; if it does not, 
it is to be rejected and returned to the manufacturer. 

11.1 The report is to consist of a completed "Linear 
Measurement Device _Acceptance Form." This information 
(fig. 1) should be filed with the laboratory equipment 
calibration records. 

LINEAR MEASUREMENT DEVICE ACCEPTANCE FORM 
7-2300 (J 2.a6) 
Bureau or Reclamation Designation USBR 1000 8 9 

PART 1. (COMPLETE WHEN ORDERING THE LINEAR MEASUREMENT DEVICE.) 

1. ORDERED BY Example DATE 6/17/89 

2. TYPE OF LINEAR MEASUREMENT DEVICE Deglh micrometer 

3. NOMINAL MEASURING RANGE REQUIEMENTS 
0-10 inches 

4 . SCALE MARKING REQUIREMENTS 0.001 inch 

5. NAME ANO ADDRESS OF SUPPLIER Example 

6. IS A CERTIFICATE OF INSPECTION FURNISHED? @ YES ONO 

PART2. (COMPLETED UPON RECEIPT OF THE LINEAR MEASUREMENT DEVICE.) 

1. REcE1vEo BY Example DATE 
8/26/89 

2. TYPE OF LINEAR MEASURMENT DEVICE Depth micrometer 

3. NAME oF MANUFAcTuRER Example 

4. SERIAL NUMBER DM-4967550 

5. DO THE RANGE AND SCALE MARKINGS COMPLY WITH THE SPECIFIEO REQUIREMENTS? 

@Yes □ No 

6. IS THE CERTIFICATE OF INSPECTION VALID? IX} YES ONO 

[Z] ACCEPT □ REJECT 

Figure I. - Linear measurement device acceptance form - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING DIAL INDICATORS 

USBR 1007-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laborat?ry Se~vices 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1007. The number 1mmed1ately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for cali­
brating dial indicators for laboratory and field applications. 

1.2 Method A outlines the calibration procedure using 
precision gauge blocks; Method B outlines the calibration 
procedure using a micrometer fixture. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 

2.2 ASME Standard: 
ANSI B89.1.10 Dial Indicators (for Linear Measurement) 

2.3 Federal SpeCJfication: 
GGG-G-15C Gage Blocks and Accessories 

3. Summary of Method 

3.1 Comparison readings between a dial indicator and 
either precision gauge blocks (method A) or a micrometer 
fixture (method B) are used to determine the accuracy, 
repeatability, and hysteresis of the dial indicator. The results 
are used to evaluate the acceptability of dial indicators for 
laboratory and field use. 

4. Significance and Use 

4.1 Accurate linear measurements are required to 
obtain proper data for laboratory and field use. 

4.2 Calibrate dial indicators when purchased and 
annually thereafter. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
5.2 Terms not included in USBR 3900 specific to this 

designation are: 
5.2.1 Accuracy-The degree to which displayed dial 

indicator readings vary from known spindle displacements. 
5.2.2 Graduation.-The least measured value which 

is marked on the dial indicator face. 
5.2.3 Hysteresis.-The difference in displayed dial 

indicator readings at any particular spindle displacement 
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within the specified range, when the dial indicator reading 
is approached first with increasing and then with decreasing 
spindle displacements. 

5.2.4 Range.-The measured values over which the 
dial indicator is intended to measure, specified by upper 
and lower limits. 

5.2.5 Repeatability.-The degree to which displayed 
dial indicator readings vary for successive measurements 
of the same reference. 

6. Apparatus 

6.l Dial Indicator.-A dial indicator used for standard 
laboratory or field applications. 

6.2 Method A - Precision Gauge Block Calibration: 
6.2.l Precision Gauge Blocks (fig. la).-A set of steel 

gauge blocks (inch-pound or metric), usually rectangular, 
meeting the requirements of Federal Specifications GGG­
G-15C and those requirements identified in USBR 1000 
for precision gauge blocks. A gauge block set should contain 
sizes (or combination of sizes) necessary to satisfactorily 
perform the ·calibration procedure as outlined in 
paragraph 10. 

6.2.2 Dial Indicator Comparator Stand (fig. lb).-A 
stand consisting of a base; ground to a guaranteed flatness 
and warp-free stability; a support column and an adjustable 
arm onto which the dial indicator can be securely attached. 

6.3 Method B - Micrometer Fixture Cabbration: 
6.3.1 Micrometer Fixture (fig. 2a).-A precision 

instrument capable of obtaining comparison readings over 
the full range of the dial indicator. The spindle must be 
nonrotating and spring loaded. The micrometer fixture 
is to be calibrated annually by the manufacturer. 

6.3.2 Magnetic Base Dial Indicator Holder(fig. 2b).­
A magnetic base with a solid upright post_ adapted with 
a swivel snug, gauge rod, and dial indicai:or clamp with 
fine adjustment capabilities. 

7. Precautions 

7.1 Safety Precautions.-The dial indicator case, stem, 
spindle, and contact point are to be examined for burrs 
and sharp edges. 

7.2 Technical Precautions: 
7.2.1 The dial face is to be examined for clarity of 

graduations. 
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(a) Prec is io n ga uge blocks. 

(b) Dial indicaror comparator stand. a) support 
co lumn , b) adjustab le a rm, and c) base. 

Figure l. - Dia l indicato r ca libration equ ipment (method A). 

7.2.2 The dial indicator is to be replaced if there 
1s any evidence of binding or twisting when the spindle 
is pushed into the stem. 

7.2.3 Extreme caution is to be used when inscribing 
or marking contro l numbers on the dial indicator to prevent 
interference with operation or reliability of the dial 
indicator. 
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(a) Micromete r fixture. a) micrometer head, and b) sp indle. 

(b ) Magnetic base dia l indicaror ho lder. a) gauge rod , 
b) sw ive l sn ug, c) dial indicato r clamp, cl ) pose , 
e) magnetic base, f) case, g) d ial face, h) hand , i) spindle, 
j) ste rn , and k) contact po int. 

Figure 2. - Dial indicator ca libration equipment (me thod B). 

7.2.4 Dial indicators are to be stored in a suitable 
box or case when not in use. 

8. Calibration and Standardization 

8.1 Verify that gauge blocks used for obtaining dial 
indicator comparison readings (method A) are currently 
calibrated in accordance with USBR 1000. If the gauge 
block calibration is not current, perform the ca librat ion 
before using the gauge blocks for this procedure. 

8.2 Verify that the micrometer fixture has been 
currently calibrated by the manufacturer. If the calibration 
is not current, perform the calibration before using the 
micrometer fi xture (method B) for this procedure. 
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9. Conditioning 

9.1 Perform this calibration in an environment as close 
to 68 ° F (20 ° C) as possible. · 

9.2 The dial indicator, calibration gauge blocks, and 
dial indicator comparator stand and base should be in the 
environment in which they are to be calibrated for at least 
24 hours prior to calibration. 

10. Procedure 

10.1 All data are to be recorded on the "Dial Indicator 
Calibration Sheet" as shown on figure 3. 

10.2 Record the range and graduation of the dial 
indicator to be calibrated. 

10.3 Locate and record the manufacturer and serial 
number of the dial indicator to be calibrated. If it has no 
serial number, record the model number and any identifying 
marking. 

10.4 Record the type and serial number of the reference 
standard to be used. 

10.5 Method A - Precision Gauge Block Calibration: 
10.5.1 Mount the dial indicator on the dial indicator 

comparator stand as shown on figure 4a. 
10.5.2 Accuracy Determination: 

10.5.2.1 Position the dial indicator on the dial indi­
cator comparator stand. Adjust the dial indicator in such 
a manner that when the contact point of the spindle rests 
firmly on the comparator stand base, the hand registers 
0.000. 

10.5.2.2 Record the zero reading on the dial 
indicator calibration form. 

10.5.2.3 Displace the dial indicator spindle by 
inserting gauge blocks of appropriate thicknesses between 
the comparator base and the contact point of the dial 
indicator as shown on figure 46. These gauge blocks should 
be of such thickness that the hand can be displaced in 
approximately equal increments (a minimum of four 
increments per revolution of the dial indicator hand) over 
the entire range of the dial. Record the gauge block(s) 
used (reference standard length) and the dial indicator 
reading at each increment. Record the dial indicator 
readings to the highest readability possible-based on 
smallest graduation of the dial indicator dial. 

10.5.3 Hysteresis Determination: 
10.5.3.1 Displace the spindle of the dial indicator 

by inserting the same gauge blocks as used in_ subpara­
graph 10.5.2.3. This time insert the gauge blocks m reverse 
order; i.e., thickest block to thinnest. 

10.5.3.2 Read and record dial indicator readings 
for each gauge block used. 

10.5.4 Repeatability Determination: 
10.5.4.1 Remove all gauge blocks from beneath 

the contact point. Readjust the dial indicator on the support 
column so that the hand registers 0.000 with the contact 
point resting on the comparator base and record the value. 

10.5.4.2 Rotate the hand of the dial indicator by 
displacing the dial indicator spindle using an appropriate 
size (or combination of) gauge block(s). (See subpar. 
10.5.4.6.) 

10.5.4.3 Read and record the dial gauge reading 
and the gauge block(s) used. 

10.5.4.4 Remove the gauge block(s) and record 
the dial indicator reading. 

10.5.4.5 Repeat subparagraphs 10.5.4.1 through 
10.5.4.4 a minimum of three times. 

10.5.4.6 Subparagraph 10.5.4 should be followed 
at approximately 25, 50, and 75 percent of full range of 
the dial indicator. 

10.6 Method B- Micrometer Fixture Calibration: 
10.6.1 Mount the dial indicator on the bench of the 

micrometer fixture utilizing the magnetic base dial indicator 
holder as shown on figure 5. 

10.6.2 Accuracy Determination: 
10.6.2.1 Displace the dial indicator spindle so the 

indicator hand registers 0.000 by turning the micrometer 
head. 

10.6.2.2 Set the micrometer head co read 0.000. 
10.6.2.3 Read and record the zero readings on the 

dial indicator calibration form. 
10.6.2.4 Displace the dial indicator spindle by 

turning the micrometer head in equal increments (a 
minimum of four increments per revolution of the dial 
indicator hand) over the entire range of the dial. Read 
and record the readings of both the dial indicator and the 
micrometer fixture at each increment. Record the dial 
indicator readings to the highest readability possible­
based on smallest graduation of the dial indicator hand. 

10.6.3 Hysteresis Determination: . . . 
10.6.3.1 Displace the spindle of the dial indicator 

by turning the micrometer head in the opposite direction 
to that used in subparagraph 10.6.2.1. 

10.6.3.2 Read and record dial indicator and 
micrometer fixture readings at the same increments as 
performed in subparagraph 10.6.2.4. 

10.6.4 Repeatability Determination: 
10.6.4.1 Adjust both the dial indicator and the 

micrometer fixture to read 0.000. 
10.6.4.2 Displace the spindle of the dial indicator 

by turning the micrometer fixture to cause the appropriate 
revolution of the dial indicator hand. (See subpar. 10.6.4.8.) 

10.6.4.3 Turn the micrometer fixture head to read 
0.000. 

10.6.4.4 Read and record the micrometer reading 
and corresponding dial indicator reading. 

10.6.4.5 Turn the micrometer fixture head to 
return the micrometer back to zero. 

10.6.4.6 Read and record the micrometer reading 
and corresponding dial indicator reading. 

10.6.4.7 Repeat subparagraphs 10.6.4.1 through 
10.6.4.6 a minimum of three times. 

10.6.4.8 Subparagraph 10.6.4 should be followed 
at approximately 25, 50, and 75 percent of full range of 
the dial indicator. 

11. Calculations 

11.1 Calculations for determining the accuracy, 
hysteresis, and repeatability of the dial indicator are as 
shown on the "Dial Indicator Calibration Sheet" (fig. 3). 
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7-~349 (5-86) DIAL INDICATOR CALIBRATION SHEET 
Deslp,atlon USBR 1007-~~ Bureau of Reclamation 

DIAL INDICATOR RANGE/ GRADUATIONS 0~1.000 inch I 0.001 inch 

MANUFACTURER Examele SERIAL NO. DI-II528I 

REFERENCE STANDARD USED: □ GAUGE BLOCKS SERIAL NO. MF-100 
lfil MICROMETER FIXTURE SERIAL NO. 

CALIBRATION PERFORMED BY DATE 

CALIBRATION CHECKED BY DATE 

ACCURACY HYSTERESIS REPEATABILITY 

TRIAL REFERENCE DIAL DIFFER- TRIAL REFERENCE DIAL HYSTER· BASE RETRACTED RETURN REPEAT-
NO. STANDARD INDICATOR ENCE NO. STANDARD INDICATOR ESIS DIAL READING READING ABILITY 

LENGTH READINGS (2) • (3) LENGTH READING (3) - 17) READING 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (9)- (11) 

I 0.000 0.000 0.000 89 .0.000 0.000 0.000 1/2 REV PLUTION 

2 0 . 025 0 . 025 0.000 88 0.025 0 .024 0.001 . . 

3 ·.0;050 0.050 0 :000 87 . ·0.050 0.050 0 . 000 0.000 0.050 0.000 0.000 

4 0.075 0.075 0.000 86 0.075 0.074 0.001 0.000 0.050 6.000 0.000 

5 0.100 0.100 0.000 85 0.100 0. 100 0.000 0.000 0 . 050 0.000 0.000 

6 0.125 0.125 ·o.ooo 84 Oal25 0.125 0.000 

7 0.150 0.150 0 . 000 83 0.150 0.150 0.000 2 1/2 REVO ._UTIONS 

.8 .o. 175 o. 175 0.000 82 0.175 0.175 0.000 

9 0.200 0.200 0.000 81 0.200 0.199 0.001 0.000 0.250 0 . 000 0.000 

0.000 0.250 0.000 0.000 

0.000 0.250 0.000 0.000 

.. , .. 

ACCURACY: ACCEPT 1K] HYSTERESIS: ACCEPT 1K] REPEATABILITY: ACCEPT[) 

REJECT 0 REJECT 0 REJECT 0 

REMARKS: Only partial calibration data shown. 

Figure 3. - Dial indicator calibrarion sheer - example. 

1 L 
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(a) Dial indicator mounted to comparator stand. 

(b) Displaceme nt of dia l indicator wit h ga uge block. 

Figure 4. - D ial indicator ca libration asse mbly (method A). 

Figure 5. - D ial indicator ca librat io n assembly (method B). (a) magnetic base dial inc.licator 
ho lder, (b) dial indicaror, and (c) micrometer head. 

12. Interpretation of Results 

12.1 Table 1 shows maximum allowable deviation and 
is to be used to evaluate the acceptab ility of the dial 
indicato r. 

12.2 If deviation of the dial indicator exceeds the limits 
listed in table 1 for repeatability, hysteres is, or accuracy, 
the d ial indicator muse be rejected. 
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13. Report 

13.1 The report is to consist of a completed and checked 
"Dial Ind icator Calibration Sheet" (fig. 3 ). This informat ion 
is to be fil ed with the laboratory equ ipment ca libration 
records. 

13.2 All calculations are to show a checkmark. 



Smallest 
graduation 
inch mm 

0.00005 
.00010 
.00050 
.00100 

0.001 
.002 
.OLO 
.020 

USBR 1007 

Table I. - Dial indicator maximum deviation. 

Repeatability Hysteresis First 2-1/3 
revolutions 

Accuracy 
First 10 

revolutions 

Deviarion in unirs of smallesr graduation 

±0.2 
±0.2 
±0.2 
±0.2 

0.50 
.50 
.33 
.33 

±1 
±1 
±1 
±1 

±4 
±3 
±3 
±2 

* Over 20 revolutions consult with individual manufacturers for standard procedure. 
Table I taken from ANSI B 89.1.10-1978 dial indicators for linear measurements. 
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First 20* 
revolucions 

±4 
±4 
±4 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING LINEAR VARIABLE 
DIFFERENTIAL TRANSFORMERS 

USBR 1008-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1008. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for cali­
brating LVDTs (linear variable differential transformers). 

1.2 Method A outlines the calibration procedure using 
precision gauge blocks; method B outlines the calibration 
procedure incorporating a micrometer fixture. 

2. Applicable Documents 

2.l USER Procedure: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 

2.2. Federal SpeCJfication: 
GGG-G-15C Gage Blocks and Accessories 

3. Summary of Method 

3.1 Readings from an LVDT and from either rhe pre­
cision gauge blocks (method A) or the micrometer fix­
ture (method B) are compared to determine the linearity 
and repeatability of the L VDT. The results are used to 
determine the acceptability of the LVDT for laboratory use. 

4. Significance and Use 

4.1 LVDTs musr be calibrated for use in the laboratory 
to ensure reliable linear measurements. 

4.2 Calibrate LVDTs before initial use and at least 
annually thereafter. 

5. Terminology (see fig.l) 

5.1 Definitions are in accordance with USBR 3900. 
5.2 Terms not included in USBR 3900 specific to this 

designation are: 
5.2.1 Null Position.-The LVDT core position within 

the LVDT body that voltage output is zero. 
5.2.2 TLR (coral linear range) .-Total distance that 

may be traveled by the LVDT core in moving from the 
position of maximum voltage output at one end of the 
body-through the null position-to the position of 
maximum voltage output at the opposite end of the body. 

5.2 .3 Full-Scale Displacement.-Total distance 
traveled by the core in moving from the null position to 

1 /4 

one end of the coral linear range; i.e., one-half of the total 
linear range. 

5.2.4 Range.-Total distance traveled by the core 
expressed in terms of percent plus or minus full-scale 
displacement. 

5.2.5 Repearability.-The degree of LVDT measure­
ment variation for successive measurements of the same 
reference standard. 

5.2.6 Linearity-The variation of LVDT measure­
ments from a straight line. The measurements are obtained 
using a series of reference standards applied over the total 
linear range of the LVDT. 

5.2.7 Percent Error.-The ratio (expressed as a per­
cent) of (1) the difference between an LVDT measure­
ment of a reference standard and the actual length of the 
reference standard to (2) the total linear range of the LVDT. 
Percent error also may be determined over a fraction of 
the total linear range. · 

5.2.8 Voltage Error.-The difference in LVDT voltage 
output for successive measurements of the same reference 
standard. 

VOLTAGE OUTPUT 

MAXIMUM 

+ 

/! /o I 

/. 
----,-------+-------,--- + 

CORE DISPLACEMENT i / CORE OISPLACEMENT 

! ./· 

l/ _________ MAXIMUM 

VOLTAGE OUTPUT 

Fl.LL SCALE OISPLACMEN FULL SCALE DISPLACE 

TOTAL UN AR 

RANG£=.! FULL SCALE DISPLACEMENT 

Figure I. - Terminology of the LVDT. 
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(a ) LVDT core/ co re ex tension rod assembly. a) teflon guide, b) No. 6-40 UNF threaded 

screw, c) LVDT core extension rod , d) lock nut, and e) LVDT core. 

i~ ~~•••~~ LVDT MOUNTING BLOCK 

2-i Drilled thru for No I0x 1.4 long fillister 
heed screws . 

Th ,s · is the only modif1cat 1on requ i red for 
the standard commercially avoilable 
Bakeli t e moun t ing block for the 1000 H R 
LV OT. 

---~
1 ~ 64 

(BAKELITE) 
LVDT MOUNTING BLOCK CARRIER ----~ 

(b) Schematic of LYDT mount ing block. 

Figure 2. - LVDT mounting block and rod assembly. 

LS 
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6. Apparatus 

6.1 General Apparatus: 
6.1.1 L VDT-An electrical transducer which converts 

linear displacement to electrical output. An LVDT (linear 
variable differential transformer) consists of a stationary 
LVDT body and a movable L VDT core. The L VDT core 
is threaded on both ends so the LVDT core extension rods 
can be attached. 

6.1.2 Signal Conditioner and Readout Equipment.­
A signal conditioner provides excitation voltage for the 
LVDT, as well as appropriate electronic circuitry to make 
the output of the transducer (LVDT) compatible with 
readout equipment. Readout equipment accepts output 
from the signal conditioner and converts it into a visua l 
display of transducer displacement. 

6.1.3 L VDT Core Extension Rod (fig. 2a).-A 
nonmagnetic rod (preferably brass), threaded on both ends. 
The diameter of the rod and threads must be compatibie 
with the diameter of the hole in the LVDT core. The 
rod should be threaded a minimum of 1 inch (25 mm) 
at each end with an approximate total length of 2-1/2 
inches (65 mm). 

6.1.4 LVDT Teflon Guides (fig. 2a).-Two LVDT 
Teflon guides are required and can be purchased from the 
LVDT manufacturer. The purpose of the Teflon guides 
is to minimize transverse movement of the LVDT core 
within the LVDT body. 

6.2 Method A-Precision Gauge Block Calibration: 
6.2.1 Precision Gauge Blocks.-A set of steel gauge 

blocks (i nch-pound and/or metric), usually rectangular, that 
meet requirements of Federal Specifications GGG-G-15C 
and those requirements identified in USBR 1000 for pre­
cision gauge blocks. A gauge block set should contain sizes 
(or combination of sizes) necessary to satisfactorily perform 
the calibration procedures as outlined in paragraph 10. 

6.2.2 Comparacor Stand (fig. 3).-A stand consisting 
of a base of warp-free stability and ground to a guaranteed 
fl atness; a support column; and an adjustable arm onto 
which the LVDT mounting block can be securely attached. 

6.2.3 LVDT Mounting Block-A device used to attach 
the LVDT to the comparator stand (see fig . 26) . 

6.3 Method B-Micrometer Fixcure Ca/Jbration: 
6.3.1 Micrometer Fixwre (fig. 4) .-A precision 

instrument for linear measurement capable of obtaining 
readings over the total linear range of the LVDT. The 
spindle must be nonrotating and spring loaded. The 
micrometer fixture is to be ca librated annually by the 
manufacturer or other qualified personnel. 

6.3.2 Eleccronic Digital Micrometer (fig. 4).-An 
electronic micrometer used to convert displacement of the 
spindle of the micrometer fixture to visual numeric display. 

7. Precautions 

7.1 Safety Precautions: 
7.1.1 The LVDT body should be examined for burrs 

and/ or sharp edges. 
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7.1.2 Verify all electrical wiring is connected prop­
erly, and that the signal conditioner (if used ) is grounded 
properly to prevent electrical shock to the operator. 

7.2 Technical Precautions: 
7.2.1 The LVDT core and body are a matched set 

as purchased from the manufacturer; for best performance, 
do not interchange cores with other L VDT bodies. 

7.2.2 Replace the core and body if either shows any 
sign of dents, bending, or other defects which may affect 
performance of the device. 

7.2.3 The LVDT core and body should be stored in 
a suitable box or case when not in use. 

7.2 .4 Do not exceed the input voltage of the L VDT 
as specified by the manufacturer. 

8. Calibration and Standardization 

8.1 Method A.-Verify that gauge blocks used for 
obtaining LVDT comparison readings are currently 
calibrated in accordance with USBR 1000. If the gauge 
block calibration is not current, the calibration procedure 
should be performed before using the gauge blocks. 

8.2 Method B.-Verify that the micrometer fixture has 
been currently calibrated by the manufacturer or other 
qualified personnel. If the calibration is not current, the 
calibration should be performed before using the 
micrometer fixture . 

9. Conditioning 

9.1 Perform this calibration in an environment as close 
to 68 ° F (20 ° C) as possible. 

9.2 Turn on all electronic equipment and allow to warm 
up for 30 minutes before use. 

r------ d 

e 

f 

Figure 3. - LVDT Comparator srand and LVDT 
mounting block ( method A). a ) support 
co lumn , b) adjustable arm, c) LVDT body, 
d) LVDT mounting block, e) LVDT core exten­
sion rod, and f) base. 
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-orion,, . 
. . . , . . 

Figure 4. - LVDT Calibration assembly-micrometer fixture (method B). a) signal 

conditioner, b) readout equipment, c) electronic digital micrometer, d) LVDT core 

extension rod, e) spindle, f) micrometer head carrier , g ) micrometer head, 

and h) chuck. 

9.3 The LVDT, calibration gauge blocks, micrometer 
fixture, and comparator stand should be in the environment 
in which they are to be calibrated for at least 24 hours 
prior to calibration. 

10. Procedure 

10.1 All data are to be recorded on the "Linear Variable 
Differential Transformer Calibration" form as shown on 
figure 5. 

10.2 Record type and serial number of the L VDT to 
be calibrated; if it has no serial number, record the model 
number and any other identifying markings. 

10.3 Record the total linear range of the LVDT. 
10.4 Record the type and serial number of the reference 

standard used. 
10.5 Attach the cable from the LVDT to the signal 

conditioner; and attach the cable from the signal conditioner 
output to the readout equipment. Plug in the readout 
equipment to a power source and allow a minimum 30-
minute warmup. 

10.6 Slide an LVDT Teflon guide onto each end of 
the L VDT core as shown on figure 2a. 

10.7 Attach the LVDT core extension rod to the end 
of the LVDT core by screwing the LVDT core extension 
rod into the threaded L VDT core. 

L7 

10.8 Method A-Precision Gauge Block Calibration: 
10.8.1 Null Position of L VDT 

10.8.1.1 Attach the L VDT mounting block to the 
adjustable arm of the comparator stand as shown on 
figure 3. 

10.8.1.2 Slide the L VDT core and core extension 
rod assembly into the L VDT body. 

10.8.1.3 Place the LVDT body into the LVDT 
mounting block and tighten the appropriate screw on the 
mounting block. (DO NOT overtighten the screw on the 
mounting block; this can deform the LVDT body.) 

10.8.1.4 Apply voltage to the LVDT. Ensure that 
the line voltage is compatible with the power requirements 
of the signal conditioner. Refer to the manufacturer's 
operating instructions for voltage requirements. 

10.8.1.5 Place a gauge block ( or series of blocks) 
which has a height equal to one-half the total linear range 
of the L VDT under the LVDT core extension rod; i.e. 
for an LVDT having a 2-inch (50.8-mm) total linear range, 
a 1-inch (25.4-mm) gauge block is used. 

10.8.1.6 Using the adjustable arm, adjust the 
LVDT body up or down on the comparator stand support 
column as necessary so the output of the readout equipment 
is approximately equal to O volt. 

10.8.1.7 Secure the adjustable arm on the support 
column of the comparator stand in the position described 
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in subparagraph 10.8.1.6, by tightening the screw of the 
adjustable arm. 

10.8. 1.8 Use the ZERO adjustment on the signal 
conditioner to obtain a reading of exactly 0.000 volt. This 
is the null position of the LVDT. 

NOfE 1.-Adjuscment of the signal conditioner may vary 
slighcly depending on the type of signal conditioner used. Refer 
co che manufacturer's operating instructions for adjustment of 
the specific signal conditioner used. 

10.8.2 Signal Conditioner Span Setting (L VDT factor 
determination): 

10.8.2.1 Remove the gauge block (or series of 
blocks) from beneath the LVDT core extension rod. 

10.8.2.2 Place a gauge block (or series of blocks) 
which has a height equal to the total linear range of the 
LVDT (as recorded in subpar. 10.3) under the core 
extension rod; i.e., for an LVDT with a 2-inch (50.8-mm) 
total linear range, a 2-inch gauge block is used. 

10.8.2.3 Adjust the signal conditioner, using the 
GAIN control screw, so that the output of the LVDT is 
equal to ±10.000 volts d.c. (Polarity depends on the wiring 
of the LVDT.) 

NOfE 2.-For convenience, subparagraph 10.8.2.3 specifies a 
setting of ±10.000 volts d.c. for the LVDT output at full-scale 
displacement. Other values of output at full LVDT displacement 
may be used, if desired. 

10.8.2.4 Remove the gauge block (or series of 
gauge blocks) from beneath the core extension rod and 
replace it with a gauge block (or series of gauge blocks) 
having a height equal to one-half the total linear range 
of the L VDT. The readout should indicate 0.000 volt; if 
it does not, reset by adjusting the ZERO adjustment. 

10.8.2.5 Repeat subparagraphs 10.8.2.2 through 
10.8.2.4 until values of 0.000 and ±10.000 (see note 2) 
volts are obtained. 

10.8_.2 .6 Record the value of LVDT output at full­
scale displacement ±10.000 volts (see note 2) as "LVDT 
output l" as shown on figure 5. 
_ 10.8.2.7 Remove the gauge block (or series of 
gauge blocks) from beneath the L VDT core extension rod 
and allow the L VDT core extension rod to rest on the 
comparator stand base. 

· 10.8.2.8 Record the L VDT output obtained as 
"L VDT output 2" as shown on figure 5. 

10.8.2.9 Calculate and record the LVDT output 
change and the "LVDT factor" as shown on figure 5. 

10.8.3 Linearity of the L VDT: 
10.8.3.1 Select appropriate displacement incre­

ments (gauge blocks) to displace the LVDT core through 
its total linear range. It ·is recommended that the gauge 
blocks be selected such that. a minimum of four readings­
equally spaced throughout the LVDT total linear range­
are used. 

10.8.3.2 Raise the ·LVDT core extension rod, and 
place the appropriate gauge block(s) on the comparator 
stand base beneath the L VDT core extension rod. 

18 

10.8.3.3 Record the gauge block(s) height in 
column 1 and the corresponding output of the LVDT 
readout equipment in column 2 as shown on figure 5. 

10.8.3.4 Continue to displace the LVDT core at 
the selected increments until it has been displaced through 
its total linear range. 

10.8.3.5 Record the gauge block(s) height and the 
corresponding output of the LVDT readout equipment at 
each displacement increment as shown on figure 5. 

10.8.3.6 Calculate and record values of percent of 
TLR and percent error for each displacement increment 
as shown on figure 5. 

10.8.3.7 Check the linearity of the LVDT m 
accordance with provisions in subparagraph 12.1. 

10.8.4 Repeatability of the L VDT: 
10.8.4.l Remove the gauge block(s) from beneath 

the L VDT core extension rod. 
10.8.4.2 Repeat subparagraphs 10.8.3.2 through 

10.8.3.5 using the same displacement increments (gauge 
blocks) selected in subparagraph 10.8.3.1. 

10.8.4.3 Calculate and record the voltage error at 
each corresponding displacement increment as shown on 
figure 5. 

10.8.4.4 Check repeatability of the L VDT m 
accordance with provisions in subparagraph 12.2. 

10.9 Method B-Micrometer Fixture Calibration: 
10.9.1 Secure the LVDT body into the chuck of the 

micrometer fixture as shown on figure 4. (DO NOT 
overrighten the chuck around the L VDT body.) 

10.9.2 Slide the LVDT core with the Teflon guides 
and core extension rod assembly into the LVDT body. 

10.9.3 Attach the LVDT core extension rod to the 
spindle of the micrometer head carrier using an appropriate 
attachment assembly as shown on figure 4. 

10.9.4 Apply voltage to the LVDT. .Ensure that the 
line voltage is compatible with the power requirements 
of the signal conditioner. Refer co the manufacrurer's 
operating instructions for voltage requirements. 

10.9.5 Ensure that the signal conditioner has had 
a minimum 30-minute warmup rime. 

10.9.6 Null Position of L VDT: 
10.9.6. l Turn the GAIN control of the signal 

conditioner (see note 1) to the minimum gain setting. 
10.9.6.2 Adjust the ZERO control of the signal 

conditioner to achieve an output of zero volt. 
10.9.6.3 Turn GAIN control to approximately the 

midpoint position. 
10.9.6.4 Remove the LVDT core by sliding the 

micrometer head carrier along the bed of the micrometer 
fixture until the output is approximately O volt. Tighten 
the micrometer head carrier to the bed of the micrometer 
fixture. 

10.9.6.5 Rotate the micrometer head to achieve 
a reading of exactly 0.000 volt. This is the null position 
of the LVDT. 

10.9.7 Signal Conditioner Span Setting (LVDT factor 
determination): 

10.9.7. l Reset the electronic digital micrometer 
to read 0.000. 
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10.9.7.2 Rotate the micrometer head until the 
LVDT core has been displaced a distance equal to one­
half the total linear range of the L VDT; i.e. for an L VDT 
having a 2-inch (50.8-mm) total linear range, the digital 
micrometer should read ±1.000 inch (25.4 mm). Record 
the value of L VDT output achieved as "LVDT output l." 

10.9.7.3 Adjust the signal conditioner, using the 
GAIN control screw, so the output of the LVDT readout 
equipment is equal to ±10.000 volts d.c. (see note 2). 
Polarity depends on the wiring. of the L VDT. 

10.9.7.4 Rotate the micrometer head in the 
opposite direction until the electronic digital micrometer 
reads 0.000 volt. The readout equipment should indicate 
0.000 volt; if it does not, reset by adjusting the ZERO 
adjustment. 

10.9.7.5 Repeat subparagraphs 10.9.7.2 through 
10.9.7.4 until values of 0.000 and ±10.000 volts (see note 
2) are obtained. 

10.9.7.6 Rotate the micrometer head until the 
electronic digital micrometer indicates the L VDT has been 
displaced a distance equal to one-half the total linear range 
of the LVDT. (This is to be equal displacement but opposite 
direction as that achieved in subpar. 10.9.7.2.) 

10.9.7.7 Record the LVDT output obtained as 
"LVDT output 2." 

10.9.7.8 Calculate and record the LVDT output 
change and the "LVDT factor." 

10.9.8 Linearity of the L VDT: 
10.9.8.1 Select appropriate displacement incre­

ments to displace the L VDT core through its total linear 
range. It is recommended that the displacement increments 
be selected such that a minimum of four readings-equally 
spaced throughout the LVDT range-are used. 

10.9.8.2 Rotate the micrometer head until the 
electronic digital micrometer output corresponds to the 
desired displacement increment. 

10.9.8.3 Read and record the digital micrometer 
output and corresponding L VDT output voltage. 

10.9.8.4 Continue to displace the LVDT by 
rotating the micrometer head to the selected increments 
until the L VDT core has been displaced through its total 
linear range. 

10.9.8.5 Record the LVDT displacement as 
indicated by the digital micrometer and the corresponding 
voltage output at each displacement increment. 

10.9.8.6 Calculate and record values of percent of 
TLR and percent error for each displacement increment. 

10.9.8.7 Check the linearity of the LVDT in 

accordance with provisions of subparagraph 12.1. 
10.9.9 Repeatability of the L VDT: 

10.9.9.1 Rotate the micrometer head until the 
digital micrometer reads 0.000 volt. 

10.9.9.2 Repeat subparagraphs 10.9.8.2 through 
10.9.8.5 using the same displacement increments selected 
in subparagraph 10.9.8.1. 
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10.9.9.3 Calculate and record the voltage error at 
each corresponding displacement increment as shown on 
figure 5. 

10.9.9.4 Check repeatability of the L VDT m 
accordance with provisions in subparagraph 12.2. 

11. Calculations 

11. l Calculations are as shown on the "Linear Vari­
able Differential Transformer Calibration" form. (fig. 5). 

12. Interpretation of Results 

12.1 Linearity.-Table l is to be used for evaluation of 
L VDT linearity. 

12.1.2 If percent error, at the listed percent of total 
linear range, exceeds the amount listed in table l the L VDT 
should be rejected. 

12.2 Repeatability.-The voltage error should not 
exceed ±0.05 volt at any displacement. If the voltage error 
( col. 8, fig. 5) exceeds ±0.05 volt, the L VDT should be 
rejected. 

13. Report 

13.1 The report is to consist of a completed and checked 
· "Linear Variable Differential Transformer Calibration" 

form (fig. 5 ). 
13.2 All calculations are to show a checkmark. 

14. Background Reference 

"Handbook of Measurement and Control," Handbook HE-
76, copyright 1976 by Schaevitz Engineering, Pennsauken, 
NJ, Library of Congress Catalog No. 76-24971. 

Table 1. - L VDT pe~cenr error tolerances. 

Total Range, Allowable percent error 
linear plus or minus over indicated percent 
range of total linear range, % 

m mm In mm 50 75 100 

0.10 2.5 0.050 1.25 0.10 0.25 2.00 
0.20 5 0.100 2.5 .10 .25 2.00 
0.40 10 0.200 5.0 .10 .25 2.00 
0.60 15 0.300 7.5 .10 .25 2.00 
0.80 20 0.400 10 .15 .25 2.00 
1.00 25 0.500 12.5 .15 .25 2.00 
2.00 50 1.000 25 .25 .25 2.00 
4.00 100 2.000 50 .25 .25 2.00 
6.00 150 3.000 75 .15 .25 2.00 
8.00 200 4.000 100 .15 .25 2.00 

10.00 250 5.000 125 .15 .25 2.00 
20.00 500 10.000 250 .15 .25 2.00 
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LINEAR VARIABLE DIFFERENTIAL 
7-2347 (5-86) 
Bureau of Reclamation TRANSFORMER CALIBRATION Designation USBR 1008-~~ 

LVDTTYPE HR 1000 MANUFACTURER 
Example SERIAL NO. 
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REFERENCE STANDARD USE~ IR] GAUGE BLOCKS SERIAL NO. GBll2 

□ MICROMETER FIXTURE SERIAL NO. 

CALIBRATION PERFORMED BY DATE 

CALIBRATION CHECKED BY DATE 

LVDT FACTOR DETERMINATION 

(al LVDT TOTAL LINEAR RANGE (TLR) 2 000 IRJ in 0mm 

(b) LVDT OUTPUT 1 IQ,000 V 

(c) LVDT OUTPUT 2 -9.978 V 

(d) LVDT OUTPUT CHANGE (b) - (c) 19.978 V 

!el LVDT FACTOR (a)/(d) 0.100 l8J in/V 0 mm/V 

LINEARITY 

TRIAL REFERENCE PERCENT LVDT CHANGE IN LVDT PERCENT ERROR 
NO. STANDARD OF OUTPUT LVDT OUTPUT MEASUREMENT (5) =.l.!l...:...Mlx 100 

LENGTH TLR IVOL TS) (3) = (2) - (c) (4) = (3) x (e) (a) 

l8J in 0mm 
(%) (VOL TS) IBJ in 0mm 

(1) (2) (3) (4) (5) 

I 0 0 -9.978 0 0 0 

2 0.250 12.5 -7.480 2.498 0_2499 0.010 

3 0.500 25 -4.982 4.996 0.4996 0.020 

4 0.750 37.5 -2.483. 7.495 0.7495 0.025 

5 1.000 50 0.000 9.978 0.9978 0.110 

6 1.250 62.5 2.525 12.503 1.2503 -0.015 

7 1.500 75 5.037 15.015 1.5015 -0.075 

8 1.750 87.5 7.533 17.511 1.7511 -0.055 

9 2.000 100 10.000 19.978 1.9978 0.110 

REPEATABILITY 

TRIAL REFERENCE PERCENT LVDT VOLTAGE LINEARITY IBl ACCEPT 
NO. STANDARD OF OUTPUT ERROR 

□ REJECT LENGTH TLR (VOL TS) (8) = (7) - (2) 

IBJ in 0mm 
(%) (VOL TSl 

(6) (8) 
REPEATABILITY 00 ACCEPT 

(7) 

□ REJECT 
I 0 0 -9.976 0.002 

2 0.250 12.5 -7.519 -0.039 REMARKS 

3 0.500 25 -5.003 -0.021 

4 0.750 37.5 -2.~22 0.039 

5 1.000 50 0.000 0.000 

6 1.250 62.5 2.532 0.007 

7 1.500 75 5.040 0.003 

8 1.750 87.5 7.531 -0.002 

9 2.000 100 10.000 0.000 

GPO 850 - 945 

Figure 5. - Linear variable differential transformer calibration - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 1009-89 
PROCEDURE FOR 

CALIBRATING COMPACTION MOLDS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1009. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating molds used for performing laboratory 
compacrion of soils. 

1.2 Calibration consists of determining the volume of 
the mold. 

1.3 The volume is determined by a water-filling method 
and checked by a linear-measurement method. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1012 Calibrating Balances or Scales 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5 500 Performing Laboratory Compaction of Soils-
5.5-lbm Rammer and 18-inch Drop 

2.2 ASTM Standard: 
E 1 ASTM Thermometers 

3. Summary of Methods 

3.1 Volume by Watei-Fdling.-A laboratory compaction 
mold is completely filled with water. The mass of water 
required to fill the mold is obtained, the absolute density 
of water determined and, from these values, the volume 
of the compaction mold is calculated. 

3.2 Volume by Linear-Measurement.-Measurements of 
the inside diameter and height of a laboratory compaction 
mold are carefully obtained. The volume of the compaction 
mold is calculated using these values. The calculated volume 
is compared to the volume determined in subparagraph 3.1. 

4. Significance and Use 

4.1 Compaction molds are used to determine the unit 
weight of compacred soil specimens in a laboratory 
compacrion test. Periodic calibrations of the molds must 
be performed to ensure reliable unit weight determinations. 

4.2 This calibration ·procedure is to be performed upon 
receipt of the compaction mold, annually after receipt, 
before reuse after anything occurs which may affecr the 
volume of the mold, or whenever test results are 
questionable. 
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5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 

6. Apparatus 

6.1 Balance or Scale.-Typical balance or scale used for 
this designation are: 

Applicacion 
Inch-pound units 
SI units 

Readable co 
0.01 lbm 

1 g 

Approx1inace capacity 
50 lbm 
20 kg 

6.2 Mold-A compaction mold conforming to the 
requirements of figure 1. 

N0rE 1.-There are several varieties of molds that are 
commercially available or that may be fabricated. Figure 1 is 
typical. Critical requirements are the tapered design, the inside 
diameters, and the height. 

6.3 Vernier or Dial Caliper.-For inch-pound applica­
tions, a vernier or dial caliper having a measuring range 
of at least O to 6 inches and readable to at least 0.001 
inch. For metric applications, a vernier or dial caliper having 
a measuring range of at least O to 150 mm and readable 
co at least 0.02 mm. 

6.4 Depth Micrometer.-For inch-pound applications, 
a depth micrometer having a measuring range of at least 
0 to 10 inches and readable co at least 0.001 inch. For 
metric applications, a depth micrometer having a 
measuring range of at least 0 co 250 mm and readable 
to at least 0.02 mm. 

6.5 Inside Micrometer.-For inch-pound applications, 
an inside micrometer having a measuring range of at least 
2 to 12 inches and readable to at least 0.001 inch. For 
metric applications, an inside micrometer having a 
measuring range of at least 50 to 300 mm and readable 
to at least 0.02 mm. 

6.6 Plastic or Glass Plates.-One pair of plastic or glass 
plates, about 8 by 8 inches by 1/4 inch (200 by 200 by 
6 mm) thick. 

6.7 Thermometer.-0 co 50 °C, 0.5 °C divisions, 
conforming co the requirements of ASTM E 1. 

6.8 Scopcock grease or similar sealant. 
6.9 Miscellaneous Equipment.-Bulb syringe, and 

towels. 
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7. Reagents and Materials 

7.1 Tapwater near room temperature (20 °C), should 
be used for calibrating the compaction mold. 

8. Precautions 

8.1 Safety Precautions: 
8.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
8.1.2 Examine the compaction mold for sharp edges 

or burrs. 
8.2 Technical Precautions.-Examine the mold to ensure 

that it has a smooth finish on the inside and top surfaces. 
Rough machining could produce ridges or gouges which 
affect volume measurements. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1012 Calibrating Balances or Scales 

10. Conditioning 

10.1 Perform this calibration in an area isolated from 
drafts and/ or extreme temperature fluctuations. 

10.2 The mold, measurement equipment, water, and 
laboratory environment must all be at about the same 
temperature while performing this procedure. 

11. Procedure 

11.1 All data are to be recorded on the "Compaction 
Mold-Volume Calibration" form as shown on figure 2. 

11.2 Record the nominal volume, identification 
number, and type of mold. 

11.3 Determine the volume of the mold using the 
water-filling method as described in subparagraph 11.4 and 
then use the linear-measurement method as described in 
subparagraph 11.5. Compare the results for acceptability 
in accordance with subparagraph 11.6 

11.4 Determination of Mold Volume by the Water­
Filling Method: 

11.4.1 Lightly grease the bottom of the compaction 
mold and place it on one of the plastic or glass plates. 
Lightly grease the top of the mold; be careful not to get 
grease on the inside of the mold. Determine the mass 
of the mold and the two plates. 

11.4.2 Record the mass of the mold and plates to 
the nearest 0.01 lbm (1 g). 

11.4.3 Place the mold and the bottom plate on a 
firm, level surface and fill the mold slightly above its rim 
with water. 

11.4.4 Slide the other glass or plastic plate over the 
top surface of the mold so that it remains completely filled 
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with water and air bubbles are not entrapped. A bulb syringe 
may be useful to add or remove water as the plate is sliding 
into place. 

11.4.5 Completely dry any excess water from the 
outside of the mold and plates. 

11.4.6 Determine and record the mass of mold, 
plates, and water to the nearest 0.01 lbm (1 g). 

11.4.7 Remove the top plate. Determine and record 
the temperature of water to the nearest 0.5 °C. 

11.4.8 Determine and record the absolute density of 
water at the measured temperature, using table 1. 

11.4.9 Empty the water from the mold. 
11.4.10 Clean and dry the mold thoroughly. 
11.4.11 Calculate and record the volume of the 

compaction mold to the nearest 0.0001 ft3 (1 cm3). 

11.5 Determination of Mold Volume by the Linear­
Measurement Method: 

11.5.1 Using either the vernier caliper or the inside 
micrometer determine the inside diameter of the mold. 

Table I. - Absolute density of water in grams per cubic centimeter.·\ 

Degrees 0 1 2 3 4 5 6 7 8 9 
C 

0 0.999841 847 854 860 866 872 878 884 889 895 
1 900 905 909 914 918 923 927 930 934 938 
2 941 944 947 950 953 955 958 960 962 964 
3 965 967 968 969 970 971 972 972 973 973 
4 973 973 973 972 972 972 970 969 968 966 

5 965 963 961 959 957 955 952 950 947 944 
6 941 938 935 931 927 924 920 916 911 907 
7 902 898 893 888 883 877 872 866 861 855 
8 849 843 837 830 824 817 810 803 796 789 
9 781 774 766 758 751 742 734 726 717 709 

10 700 691 682 673 664 654 645 635 625 615 
11 605 595 585 574 564 553 542 531 520 509 
12 498 486 475 463 451 439 427 415 402 390 
13 377 364 352 339 326 312 299 285 272 258 
14 244 230 216 202 188 173 159 144 129 114 

15 099 084 069 054 038 023 007 *991 *975 *959 
16 0.998943 926 910 893 877 860 843 826 809 792 
17 774 757 739 722 704 686 668 650 632 613 
18 595 576 558 539 520 501 482 463 444 424 
19 405 385 365 345 325 305 285 265 244 224 

20 203 183 162 141 120 099 078 056 035 013 
21 0.997992 970 948 926 904 882 860 837 815 792 
22 770 747 724 701 678 655 632 608 585 561 
23 538 514 490 466 442 418 394 369 345 320 
24 296 271 246 221 196 171 146 120 095 069 

25 044 018 *992 *967 *941 *914 *888 *862 *836 *809 
26 0.996783 756 729 703 676 649 621 594 567 540 
27 512 485 457 429 401 373 345 317 289 261 
28 232 204 175 147 118 089 060 031 002 973 
29 0.995944 914 885 855 826 796 766 736 706 676 
30 646 616 586 555 525 494 464 433 402 371 

t For inch-pound applications, multiply the values in this table by 62.4280 
to convert to lbm/ft3• 

* First three significant figures shown in line below. 
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Make six measurements of the diameter; three at the top 
end of the mold and three at the bottom end of the mold. 
Space each of the three top and bottom measurements 
equally around the circumference of the mold. Record these 
values to the nearest 0.001 inch (0.02 mm). 

11.5.2 Using either the vernier caliper or the depth 
micrometer, determine the inside height of the mold. Make 
three measurements of the height equally spaced around 
the circumference of the mold. Record these values to the 
nearest 0.001 inch (0.02 mm). 

11.5.3 Calculate and record to the nearest 0.001 inch 
(0.02 mm) the average inside diameter of the top and 
the average inside diameter of the bottom. 

11.5.4 Calculate and record to the nearest 0.01 in2 

(0.1 mm2) the inside area of the mold at the top and 
the inside area at the bottom. 

11.5.5 Calculate and record to the nearest 0.01 in2 

(0.1 mm2) the average inside area of the mold. 
11.5.6 Calculate and record to the nearest 0.001 inch 

(0.02 mm) the average inside height. 
11.5.7 Calculate and record the volume of the mold 

to the nearest 0.0001 ft3 (1 cm3). 
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11.6 The volumes calculated from the two methods 
must be within 0.0003 ft3 (9 cm3). 

11.6.1 If the two volumes are not within the above 
limit, check all calculations and verify that all equipment 
is performing correctly, that all calibrations are correct, 
and that the procedures and techniques used are correct. 
If problems are not discovered, then repeat subparagraphs 
11.3 through 11.6. If the values are still inconsistent, then 
failure to obtain agreement is an indication that the mold 
is badly worn or deformed and must be replaced. 

11.7 Compare the volumes with previously determined 
values to verify that they are consistent and reasonable. 
If they are not go to subparagraph 11.6.1. 

12. Calculations 

12. l The calculations are as shown on the "Compaction 
Mold-Volume Calibration" form (fig. 2). 

13. Report 

13.1 The report is to consist of a completed and checked 
"Compaction Mold-Volume Calibration" form (fig. 2). 

13.2 All calculations are to show a checkmark. 
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7-1708A (12 -86) I COMPACTION MOLD - VOLUME CALIBRATION SHEET Bureau of Reclamation Designation USBR I 009 • !!~ 

CALIBRATION PERFORMED BY Examele DATE 

COMPUTED BY DATE 

CHECKED BY DATE 

MOLD No . 
I NOMINAL VOLUME Q.05 IZ) tt3 Ocm3 

MOLD TYPE : 
Rain hart X Howard 

Hand Other 

DETERMINATION OF MOLD VOLUME 
USING MICROMETER 

TRIAL NO. TOP BOTTOM 

1 4 . 133 4.430 

INSIDE DIAMETER OF MO~D ~:Ln 0mm 2 4.129 4.425 

3 4. 127 4.432 

. illin 0mm 
4 . 130 4.429 

(11 Average inside diameter . . . . . . . . .. 
(2) 

. 11 1112 [8] - 2 Omm2 13.40 15.41 
Inside area of mold = --

4
-- · . on . . 

(3) Average inside area of mold . . (8] in2 Dmm2 I 14.39 I 
(21Top + (21Bottom + \/ (21Top • (2)Bottom 

= 
~ 

1 5.991 

INSIDE HEIGHT OF MOLD [fil;n 0mm 2 5.988 

3 5 . 983 

(4) Average inside height . . . IKLn 0mm . . 5 . 987 . . . . . . . . . . 

(51 Volume of mold 
(31 (41 .. l:fil ft3 Ocm3 0 . 0499 

= --z.- . . . . . . . . . . . . . . 

DETERMINATION OF MOLD VOLUME 
BY WATER FILLING METHOD 

(61 Mass of mold + glass plates + water . [fil lbm 09 
13 . 13 . . . . . . 

(71 Mass of mold + glass plates . [fil lbm 09 10.01 . . 

(8) Mass of water (61 • (7) [fil lbm 09 3. 12 . . . . 
(91 Temperature of water' in OC 21 . 5 

.. ,,01 Absolute density of water g/cm3 0 . 997882 

(111 Volume of mold • 
18)• .. 

(lOI X 62.4280 
Or 

(8) .... 
---(10) 

[fil ft3 Ocm3 0.0501 

Mass of mold . . . . .. . . . [fil lbm Dy . . . . 5.68 

. For inch pound applicat ions. C • 1,728 and converts in3 to ft3; ... Inch.pound application 

For SI metric applications. C = 1.000 and converts mm3 to cm3 . ... SI metric application .. Absolute density value obtained from Table 1. USBR 1009 

REMARKS 

GPO 849-725 

Figure 2. - Compaction mold-volume calibration - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING UNIT WEIGHT MEASURES 

USBR 1010-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1010. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating unit weight measures used for determining 
minimum and maximum index unit weights of cohesionless 
soils in accordance with USBR 5525 and 5530. 

1.2 Calibration consists of determining the volume of 
the measure, the volume per unit height of the measure, 
and the reference dial reading constant for the equipment. 

1.3 The volume is determined by a water-filling method 
and checked by a linear-measurement method. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicators 
USBR 1012 Calibrating Balances or Scales 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 

2.2 ASTM Standard: 
E 1 ASTM Thermometers 

3. Summary of Method 

3.1 . Volume by Water F!lling.-A unit weight measure 
is completely filled with water. The mass of water required 
to fill the measure is obtained, the absolute density of water 
determined and, from these values, the volume of the 
measure is calculated. 

3.2 Volume by Linear Measurement.-Measurements of 
the inside diameter and height of a unit weight measur;e, 
are carefully obtained. The volume . and volume per ui:{it 
height of the measure are ·calculated using those values:\ 
The calculated volume is compared to the volume• 
determined in subparagraph 3.1. 

3.3 Determination of Reference Dial Reading Con­
srant.-A calibration bar is placed across the top of a 
measure. Dial indicator reacings are obtained on both the 
right and left side of the measure. The thickness of ·the 
calibration bar and surcharge baseplate is determined. From 

these values, a reference dial reading constant is calculated 
for use in the maximum index unit weight test (USBR 
5530). 

4. Significance and Use 

4.1 The 0.1- and 0.5-ft 3 (2830- and 4160-cm' ) capacity 
measures are used in determining both the minimum and 
maximum index unit weights of cohesionless soils (USBR 
5525, 5530). Periodic calibration of these measures must 
be performed to ensure reliable laboratory test results. 

4.2 This calibration procedure is to be performed upon 
receipt of the measure, annually after receipt, before reuse 
after anything occurs which may affect the volume of the 
measure, or whenever test results are questionable. 

4.3 Upon receipt, the measure is checked to verify that 
it conforms to the dimensional requirements shown on 
figure 1. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 

6. Apparatus 

6. l Balance or Scale.-Typical balances or scales used 
for this designation are: 

Application Readable to Approximate capacity 
Measures about 0.1 ftJ 

Inch-pound units 0.01 lbm 50 lbm 
SI units 1 g 20 kg 
Measures about 0.5 fc J' 

Inch-pound units 0.01 lbm 150 lbm 
SI units 10 g 80 kg 

6.2 Unit Weight Measure (fig. la).-Cylindrical unit­
weight measure of 0.1 and 0.5 ft, (2830 and 14 160 cm' ) 
capacity, conforming to the dimensional requirements 
shown on figure 1. 

6.3 Surcharge Baseplaces (fig. lb) .-One steel surcharge 
baseplate, approximately 0.5 inch (13 mm) thick for each 
size mold, made from cold-rolled steel. 

6.4 Dial Indicator Reference Bracket (fig. 2) .-A 
- reference bracket which holds the dial indicator assembly 

to ensure that the indicator can be consistently adjusted. 
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These han dles or e cost 
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2 ¼ 
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Bose plate .,,.,, 
Bott om drill -r dtep and top r NCl6 

MEASURE SI Z E 

fl~ ! cm ' ) D1mens 1ons 1n {mm l 

0.1(2831) 5 .9691 152) 
0 5(14 158) 10 9:581278) 

(b) Su rcharge baseplate. 

Figure I. - Index unit weight testing equipment. 

6.5 Depth Micrometer. - For inch-pound app lications, 
a Jepth micrometer having a measuring range of at lease 
0 co 10 inches, readable to at lease 0.00 I inch. For metric 
app licat ions, a depth micrometer havi ng a measuring range 
of at lease Oto 250 mm , readable to at lease 0.02 millimeter. 

6 .6 Inside Micrometer. - For inch-pound appl icat ions, 
an inside micrometer having a measuring range of at least 
2 co 12 inches , readable to at lease 0 .00 I inch. For metric 
app licat ions, an inside micrometer hav ing a measuring 
range of at lease 50 co 300 mm, readable to at least 0.02 
millimeter. 

6.7 Outside Micrometer. - For inch-pound app li cations, 
an outs ide micrometer having a measuring range of at 
lease O to I inch , readable to at least 0.00 I inch. For metr ic 
applicat ions, an outs ide micrometer having a measuring 
range of at lease O to 25 mm , readable co at lease 0.02 
millimeter. 
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Figure 2. - Dial indicator reference br,Kkct 
,,nd di ,,! indic.u o r ,1>,cmbl y. 

6 .8 D1;i/ !ndicawr Assembfy.- A device used for the 
measurement of rhe volume of specimens. The assemb ly 
sha ll consist of a dial ind icator (gauge) having a 2.000-
inch (SO-mm ) or g reater range, w ith 0.00 I-inch (0.02-mm ) 
or finer gra<luacions, mounted on a dial indicacor holder 
so chat the in<licator seem is parallel w ith the vertical axis 
of the measure. The assemb ly may be equippeJ with a 
spacer ring (s ) used co excenJ the range of che assembly 
if desired. 

6.9 Calibration Bilr. - A steel bar having a length of 12 
inches (300 mm ), a wi<lth of about 3 inches (75 mm), 
and a thickness of 1/ 8 inch (3 mm). 

6 . 10 Plastic or Glass Plates.-One place approx imate ly 
8 by 8 by I/ Ii inches chick (200 by 200 by 6 111111 ) ; one 
place approximately 12 by 12 by !/ Ii - inch chick (300 by 
300 by 6 mm). 

6. 11 Thermometer. - 0 ° C to 50 ° (, 0.5 °( divisions, 
conform ing to the requirements of ASTM E I. 

6.12 Stopcock grease or similar sea lant. 
6 . 13 Miscellaneous Equipmenr.- Bulb syringe and 

rowe ls. 

7. Reagents and Materials 

7. 1 Tapwacer near room temperature (20 °C) s hould 
be used for cal ibrating the unit weight measures. 

8. Precautions 

8. I Safety Precautions: 
8.1.1 This designation may involve h azardo us 

mater ia ls, operations, and equipment. 
8.1.2 Exam ine the measure (as received or before 

its use) for sharp edges or burrs. 
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8.2 Technical Precautions.-Examine the measure to 
ensure that it has a smooth finish on the inside and top 
surfaces. Rough machining could produce ridges or gouges 
which affect volume measurements. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicators 
USBR 1012 Calibrating Balances or Scales 

10. Conditioning 

10.1 Perform this calibration in an area isolated from 
drafts and/or extreme temperature fluctuations. 

10.2 The measure, measurement equipment, water, and 
laboratory environment must all be at about the same 
temperature while performing this procedure. 

11. Procedure 

11.1 All data are to be recorded on the "Unit Weight 
Measure Calibration" form as shown on figure 3. 

11.2 Record the nominal volume, identification 
number, and type of measure. 

11.3 Determine the volume of the measure using the 
water-filling method as described in subparagraph 11.4 and 
then use the linear-measurement method as described in 
subparagraph 11.5. Compare the results for acceptability 
in accordance with subparagraph 11.6. 

11.4 Determination of Measure Volume by the Water­
Filling Method: 

11.4.1 Lightly grease the top of the measure; be 
careful not to get grease on the inside of the measure. 
Determine and record the mass of the measure and the 
glass or plastic plate using a scale of appropriate capacity 
to the nearest 0.01 lbm. 

11.4.2 Place the measure on a firm, level surface 
and fill the measure slightly above its rim with water. 

11.4.3 Slide the glass or plastic plate over the top 
surface of the measure so the measure remains completely 
filled with water and no air bubbles are entrapped. A bulb 
syringe may be useful to add or remove water as the plate 
is sliding into place. 

11.4.4 Completely dry excess water from the outside 
of the measure and plate. 

11.4.5_ Determine and record the mass of the 
measure, glass, or plastic plate, and water to the nearest 
0.01 lbm. 

11.4.6 Remove the plate. Determine and record the 
temperature of the water to the nearest 0.5 °C. 

11.4.7 Determine and record the absolute density of 
water from table 1. 

11.4.8 Calculate and record the volume of the 
measure to the nearest 0.0001 ft3 (1 cm3). 
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11.5 Determination of Measure Volume by the Linear­
Measurement Method: 

11.5.1 Using the inside micrometer, determine the 
inside diameter of the measure. Make three measurements 
of the diameter; one near the top of the mold, one near 
the midheight, and one near the bottom. These measure­
ments should be spaced equally around the circumference 
of the mold. Record these values to the nearest 0.001 inch 
(0.02 mm). 

11.5.2 Using the depth micrometer, determine the 
inside height of the measure. Make three measurements 
of the inside height equally spaced around the circumference 
of the mold. Record these values to the nearest 0.001 inch 
(0.02 mm). 

11.5.3 Calculate the average inside diameter and 
average inside height of the measure. Record these values 
to the nearest 0.001 inch (0.02 mm). 

11.5.4 Calculate and record the volume of the 
measure to the nearest 0.0001 ft3 (1 cm3)_ 

11.5.5 Calculate and record the volume per unit 
height of the measure to the nearest 0.00001 ft3/in (0.01 
cm3 /mm) as shown on figure 3. 

11.6 The volumes calculated from the two methods 
must be within 0.0005 ft 3 for the 0.l-ft3 measure and within 
0.0025 ft3 for the 0.5-ft3 measure. 

11.6.1 If the two volumes are not within the above 
limit, check all calculations and verify that all equipment 
is performing correctly, that all calibrations are correct, 
and that the procedures and techniques used are correct. 
If problems are not discovered, then repeat subparagraphs 
11.3 through 11.6. If the values are still inconsistent, then 
failure to obtain agreement is an indication that the measure 
is badly worn or deformed and must be replaced. 

11.7 Compare the volumes with previously determined 
values to verify that they are consistent and reasonable. 
If they are not, go to subparagraph 11.6.1. 

11.8 Determination of Reference Bracket Reading: 
11.8.1 Place the dial indicator in the dial indicator 

reference bracket and record the dial indicator reading on 
the calibration form and in a conspicuous location on the 
reference bracket. If a spacer ring is used, the dial indicator 
reading with the spacer ring also should be determined 
and posted. 

NOTE 1.-The reference bracket reading is used as a check 
of the dial indicator to ensure consistent dial indicator readings. 

· The reference bracket reading should be checked before using 
the dial indicator. If reference bracket readings are inconsistent, 
the dial indicator should be recalibrated prior to its use. 

11.9 Determination of Reference Dial Reading 
Constant: 

11.9.1 With an outside micrometer, measure the 
thickness of the calibration bar at a point approximately 
1 inch (25 mm) from one end. Mark the point measured 
and record the bar thickness on the calibration form. The 
point measured is the point of contact of the dial gauge 
indicator on the calibration bar. 

11.9.2 Place the calibration bar across the top of the 
measure along the axis of the guide brackets (fig. 4). The 
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7-1708 (9-86) 
Bureau of Reclamation UNIT WEIGHT MEASURE CALIBRATION Designation USBR 1010-§1~ 

MEASURE NO. I NOMINAL 
0 cm3 I 01 AL INDI CATDR NO. 01:-1 I VOLUME 0.1 I&] ft3 

CALIBRATION PERFORMED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

DETERMINATION OF MEASURE VOLUME 
USING MICROMETER TRIAL 

NO. 

Inside diameter of measure .... .. . ... . . .........•....•.• 1 6.037 . . . . . . . . . . . 
2 6.046 
3 6.023 

( 1) Average inside diameter Ii] in 0mm 6.035 

Inside height of measure 1 6.072 . . . . . . . . . . . . . ..... .. . ... ..... . .. ... . .... ·-
2 6.076 
3 6.082 

(2) Average inside height IILn 0mm 6 .077 

(3) Volume of measure= 
1T (1 )2 (2) [) lt3 Ocm3 I Q,IQQ6 I 4c• 

DETERMINATION OF MEASURE VOLUME 
BY WATER FILLING METHOD 

(4) Mass of measure+ glass plate+ water [)1bm 09 16.32 

(5) Mass of measure+ glass plate [) Ibm 09 10.06 

(6) Mass of water (4) · (5) [) lbm 09 6.26 

(7) Temperature of water ·c 18.0 

.. ,a1 Absolute density of water Ii] lbm/ft3 0 g/cm3 62.34 

(9) Volume of measure~ ~ [i] ft3 Ocm3 0.1004 

(10) Volume per unit height= \;\ @ tt3 /in Ocm3 /mm I 0.01652 I 
DETERMINATION OF REFERENCE DIAL READING CONSTANT 

Dial indicator readings, left side ....••.•..•••••. . .•••••• . . . . . 1 1.639 . . . . . . . . 
2 1.639 
3 1.639 

right side . • . •. . ... . .. .. • . •..••••. . • . . • . . . . . . . 1 1.636 

2 1.635 
3 1.635 

(11) Average dial indicator reading iJ in 0mm 1.637 

(12) Calibration bar thickness Ii] in 0mm 0.216 

Surcharge base plate thickness . ..• .. ..• • -• • . • • •• • • • • , . • • ••• • . . . . . . . . . 1 0 .508 

2 0.508 
3 0.513 
4 0.513 

(13) Average base plate thickness liJ in 0mm 0.511 

(14) Specimen height at zero dial 
• (2) · 1(11) · (12) + {13)1 Ii] in 0mm I 4.145 I 

(15) Reference bracket reading Ii] in 0mm I 0.360 I 
• For inch pound application. C = 1.728 and converts in3 to tt3 

For SI metric applications, C = 1,000 and converts mm3 to cm3 

••Absolute density value obtained from Table 1, USBR 1010 

Figure 3. - Unit weight measure calibration - example. 
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Table I . - Absolute density of water in grams per cub ic centimeter. I 

Degrees 0 2 3 It 5 6 7 8 9 
C 

0 0 99984 1 81t7 854 860 866 872 878 884 889 895 
I 900 905 909 91ft 9 18 923 927 930 934 938 
2 9ft I 91tlt 947 950 953 955 958 960 962 96ft 
.) 965 967 968 969 970 97 I 972 972 973 973 
.j 973 973 973 972 972 972 970 969 968 966 

5 965 963 961 959 957 955 952 950 947 91t4 
6 941 9.'>8 935 9.',i 927 924 920 916 91 1 907 
7 902 898 893 888 883 877 872 866 861 855 
8 849 843 837 830 824 8 I 7 810 803 796 789 
9 78 1 77ft 766 758 75 1 742 73ft 726 7 17 709 

10 700 69 1 682 67'> 66ft 654 61t5 635 625 615 
II 605 595 585 57ft 56ft 553 51t2 53 1 520 509 
12 lt98 lt86 475 lt63 lt5 1 lt39 427 4 15 402 390 
I' .) 377 364 352 339 326 312 299 285 272 258 
l•i 21tlt 230 2 16 202 188 173 159 llt4 129 II 4 

15 099 08ft 069 05ft 038 023 007 *99 I *975 *959 
16 0.998943 926 9 10 893 877 860 843 826 809 792 
17 77ft 757 7_1,9 722 70/4 686 668 650 632 6 13 
18 595 576 558 539 520 50 1 482 463 444 lt24 
19 lt05 385 365 3/45 325 305 285 265 24/4 224 

20 203 183 162 14 I 120 099 078 056 035 013 
21 0.997992 970 9/48 926 90/4 882 860 837 815 792 
22 770 71t7 724 70 1 678 655 632 608 585 56 1 
?' -) 538 51/i 490 /466 /4/42 4 18 394 369 345 320 
2•1 296 27 1 2/46 22 1 196 171 l li6 120 095 069 

25 044 018 *992 *967 *9/4 l *9 14 *888 *862 *836 *809 
26 0.996783 756 729 703 676 649 621 594 567 5/40 
27 512 485 457 429 /40[ 373 31t5 317 289 26 1 
28 232 20/4 175 lli7 11 8 089 060 031 002 *973 
29 0.995944 914 885 855 826 796 766 736 706 676 
30 646 6 16 586 555 525 494 464 433 402 37 1 

I for inch-pound applications, multiply the va lues in this table by 62.•1280 
to rnnverr to lbm/ ft1. 

* First three sign ifica nt figures show n in line below. 

meas ured end of the calibration bar shou ld be flush with 
the outer edge of the top of the meas ure. 

l 1.9.3 Insert the dial gauge assemb ly in the guide 
bracket on the measure keeping the dial gauge stem on 
top of the calibration bar and on the axis of the guide 
brackets as shown on figure 4. The dia l gauge assembly 
shou ld be placed such that matchmarks on the guide 
brackets and assembly are a ligned and the tip of the di al 
gauge is on the mark on the ca libration bar. Record the 
dial indicator reading co the nearest 0.001 inch (0.02 111111 ). 

l 1.9.4 Remove the dial gauge assembly from the 
measure. 

l l.9.5 Obtain two more dial indicator readings by 
repeating subparagraphs 11.9.3 and 11.9.4 so that a total 
of three readings are determined. 

l l.9.6 Obtain three dial indicaror readings on the 
opposite ga uge bracket in acco rd ance with subparagraphs 
11.9.3 through 11.9.5. 
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Figure 4. - Detennination of reference dia l read ing constant. 

l 1.9.7 Calculate and record the average dial indicaro r 
reading. 

l l. L0 Surcharge Baseplate Thickness: 
l l . L0. l With an outside micrometer, measure the 

thickness of the surcharge baseplate at four equa lly spaced 
points around the perimeter approximately 1/2 inch 
(13 mm ) from the edge. Record the values to the neares t 
0.00 l inch (0.02 mm). 

11 . L0.2 Dete rmine and reco rd the average baseplate 
thickness co the nearest 0.00 I inch (0.02 mm). 

I l. L0.3 Calculate and record the specimen height at 
zero dia l. 

12. Calculations 

l2. l The calculations are as shown on the "U nit W eight 
Measure Ca libration" form (fig. 3). 

13. Report 

13. l The report is co consist of a completed and checked 
"Unit Weight Measure Calibratio n" form (fig. 3). 

13.2 All calculations are to show a checkmark. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1011-89 

CALIBRATING MEASURES FOR SAND CALIBRATION 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under rhe fixed designation USBR 10 l L. The number immediarely· 
following the designation indicates the year of acceprance or rhe year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating the measure used co determine the density of 
calibrated sand in accordance with USBR 1435. The 
calibrated sand is used in determining the unit weight of 
soils in place by the sand-cone method in accordance with 
USBR 7205. 

1.2 Calibration consists of determining the volume of 
the measure. · 

l.3 The volume is determined by a water-filling method 
and checked by a linear-measurement method. If the shape 
of the measure is such chat the linear-measurement method 
is not practical, the water-filling method is performed·cwice. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1012 Calibrating Balances or Scales 
USBR 1435 Calibrating Sand-Cone Equipment and Sand 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 
USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand-Cone Method 

. 2.2 ASTM Standard: 
E I ASTM Thermometers 

3. Summary of Methods 

3.1 Volume by Water Filling-The measure used to 
determine the density of calibrated sand is completely filled 
with water. The mass of water required to fill the measure 
is obtained, the absolute density of water is determined 
and, from these values, the volume of the measure is 
calculated. 

3.2 Volume by Linear Measurement.-Measurements of 
the inside diameter and height of a measure used co 
determine the density of calibrated sand are carefully 
obtained. The volume of che measure is calculated using 
these values. The calculated volume is compared co the 
volume determined in subparagraph 3.1. If the shape of 
the measure is such chat the linear-measurement method 
is not practical, the water-filling method is performed twice 
and the average volume used. 

4. Significance and Use 

4.1 Special measures are used in determining the 
density of calibrated sand (USBR 1435) for in-place unit 
weight determination of soil by the sand-cone method 
(USBR 7205 ). Periodic calibration of these measures muse 
be performed co ensure reliable unit weight determination. 

4.2 The volume and shape of the measure must 
approximate the volume and shape of the hole co be dug 
at the test site. Generally, measures of appropriate size 
are not available commercially and must be specially 
fabricated. 

4.3 This calibration procedure is co be performed upon 
receipt of the measure, annually after receipt, before reuse 
after anything occurs which may affect the volume of the 
measure, and whenever rest results are questionable. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 

6. Apparatus 

6.1 Balance or Scale.-Typical balances or scales used for 
chis designation are: 

Applicarion Readable ro Approxiinare capaciry 
Measures abour 0.25 fr3 

Inch-pound units 0.01 lbm 50 lbm 
SI units 1 g 20 kg 
Measures abour 0.5 fr3 

Inch-pound units 0.01 lbm 150 lbm 
SI units 0.01 kg 80 kg 

6.2 Measure.-A container having the approximate 
shape and volume of the ,test hole co be dug. for the sand­
cone test (USBR 7205). Details and illustrations of some 
measures are given on figures l through 3. The inside 
diameter, or opening, of the calibration measure muse be 
equal co or slightly smaller than the hole diameter of the 
sand-cone template. 

6.3 Depth Micrometer.-For inch-pound applications, 
a depth micrometer having a measuring range of O to 

12 inches, readable co at least 0.00 l inch . For SI applications, 
a depth micrometer having a measuring range of O to 

300 mm, readable co at lease 0.02 mm. 
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6.4 Inside Micrometer.-For inch-pound applications, 
an inside micrometer having a measuring range of' 2 to 
12 inches, readable to at least 0.001 inch. For SI applications, 
an inside micrometer having a measuring range of 50 to 
300 mm, readable to at least 0.02 mm. 

6.5 Gauge Blocks.-A set of precision gauge blocks that 
may be used to extend the measuring range of the depth 
micrometer if necessary. 

6 .6 Thermometer.-0 to 50 °C, 0.5 °C divisions, 
conforming to the requirements of ASTM E 1. 

6.7 Plastic or Glass Plate.-One plastic or glass plate, 
about 12 by 12 inches by 1/4-inch thick (300 by 300 by 
6-mm). 

6.8 Stopcock grease or similar sealant. 
6 .9 Miscellaneous Equipment.-Bulb syrmge and 

towels. 

7. Reagents and Materials 

7.1 Tapwater near room temperature (20 °C) should 
be used for calibrating the measure. 

8. Precautions 

8.1 Safety Precautions: 
8.1. l This designation may involve hazardous 

materials, operations, and equipment. 
8.1.2 Examine the measure for sharp edges or burrs. 

8.2 Technical Precautions.-Examine the measure to 
ensure that it has a smooth finish on the inside and top 
surfaces. Rough machining could produce ridges or gouges 
which affect volume measurements. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1012 Calibrating Balances or Scales 

10. Conditioning 

10.1 Perform this calibration in an area isolated from 
drafts and/or extreme temperature fluctuations. 

10.2 The measure, measurement equipment, water, and 
the laboratory environment must all be at about the same 
temperature while performing this procedure. 

11. Procedure 

11.1 All data are to be recorded on the "Measure for 
Calibrated Sand Calibration Sheet" form as shown on 
figure 4. 

11.2 Record the nominal sizes (capacity, diameter, 
height) and control number along with any other 
identifying markings of the measure to be calibrated. 

11.3 Determine the volume of the measure using the 
water-filling method as described in subparagraph 11.4 and 
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then use the linear-measurement method as described in 
subparagraph 11.5. Compare the results for acceptability 
in accordance with subparagraph 11.6. 

11.3.1 If the shape of the measure is such that the 
linear-measurement method is not practical, perform the 
water-filling method twice and compare the results for 
acceptability in accordance with subparagraph 11.8. 

11.4 Determination of Measure Volume - Water­
Filling Method: 

11.4.1 Lightly grease the top of the measure ; be 
careful not to get grease on the inside of the measure. 
Determine and record the mass of the measure and plastic 
or glass plate to the nearest 0.01 lbm (either 1 or 10 g, 
as appropriate). 

11.4.2 Place the measure on a firm, level surface 
and fill the measure slightly above its rim with water. 

11.4.3 Slide the glass or plastic plate over the top 
surface of the measure so that it remains completely filled 
with water and no air bubbles are entrapped. A bulb syringe 
may be useful to add or remove water. 

11.4.4 Completely dry any excess water from the 
outside of the measure and plate. 

11.4.5 Determine and record the mass of the 
measure, glass or plastic plate, and water to the nearest 
0.01 lbm (either 1 or 10 g, as appropriate). 

11.4.6 Calculate the mass of water used to fill the 
measure. 

11.4.7 Remove the plate. Determine and record the 
temperature of the water to the nearest 0.5 ° C. 

11.4.8 Determine and record the absolute density of 
water at the measured temperature from table 1. 

11.4.9 Calculate and record the volume of the 
measure to the nearest 0.0001 ft 3 (1 cm 3). 

11.4.10 Empty the water from the measure. 
11.4.11 Clean and dry the measure thoroughly. 

11.5 Determination of Measure Volume - Linear 
Measurement Method: 

11.5.1 Using the inside micrometer caliper, deter­
mine the inside diameter of the measure. Make six 
measurements of the diameter; three near the top of the 
measure, and three near the bottom. Space the measure­
ments equally around the circumference of the measure 
at each location. Record these values to the nearest 0.001 
inch (0.02 mm) . 

11.5.2 Using the depth micrometer, determine the 
inside height of the measure. Make three measurements 
of the inside height equally spaced around the circumference 
of the mold. Record these values to the nearest 0.001 inch 
(0.02 mm). 

NOfE 1.-If the measuring range of the depth micrometer 
is not sufficient, place a gauge block of known height on the 
bottom of the measure and add its height to the measured depth 
of the depth micrometer. 

11 .5.3 Calculate the average inside diameter at top 
and at bottom of the measure. Record these values to the 
nearest 0.001 inch (0.02 mm). 

11.5.4 Calculate and record the average inside diam­
eter of the measure to the nearest 0.001 inch (0.02 mm). 
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Table l. - Absolute density of water in grams per cubic cemimeter:t 

Degrees 0 
C 

0 
1 
2 
3 
4 

0.999841 
900 
941 
965 
973 

2 3 4 5 6 7 8 9 

847 854 860 866 872 878 884 889 895 
905 909 914 918 923 927 930 934 938 
944 947 950 953 955 958 960 962 964 
967 968 969 970 971 972 972 973 973 
~3 ~3~2~2~2~09699~966 

5 965 963 961 959 957 955 952 950 947 944 
6 941 938 935 931 927 924 920 916 911 907 
7 902 898 893 888 883 877 872 866 861 855 
8 849 843 837 830 824 817 810 803 796 789 
9 781 774 766 758 751 742 734 726 717 709 

10 700 691 682 673 664 654 645 635 625 615 
11 605 595 585 574 564 553 542 531 520 509 
12 498 486 475 463 451 439 427 415 402 390 
13 377 364 352 339 326 312 299 285 272 258 
14 244 230 216 202 188 173 159 144 129 114 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

099 
0.998943 

774 
595 
405 

203 
0.997992 

770 
538 
296 

044 
0.996783 

512 
232 

0.995944 
646 

084 069 054 038 023 007 *991 *975 •959 
926 910 893 877 860 843 826 809 792 
757 739 722 704 686 668 650 632 613 
576 558 539 520 501 482 463 444 424 
385 365 345 325 305 285 265 244 224 

183 162 141 120 099 078 056 035 013 
970 948 926 904 882 860 837 815 792 
747 724 701 678 655 632 608 585 561 
514 490 466 442 418 394 369 345 320 
271 246 221 196 171 146 120 095 069 

018 *992 *967 *941 *914 *888 *862 *836 *809 
756 729 703 676 649 621 594 567 540 
485 457 429 401 373 345 317 289 261 
204 175 147 118 089 060 031 002 *973 
914 885 855 826 796 766 736 706 676 
616 586 555 525 494 464 433 402 371 

'I For inch-pound applications, multiply the values in this table by 62.4280 
to convert to lbm/ft3. 

* First three significant figures shown in line below. 

11.5 .5 Calculate and record the average inside height 
of the measure to the nearest 0.001 inch (0.02 mm) . 

11.5 .6 Calculate and record the volume of the 
measure to the nearest 0.0001 ft3 (l cm3). 

11.6 Determine the acceptability of the values obtained 
from the linear-measurement method and the water-filling 
method by dividing either value by the ocher. If the value 
of the ratio is between 0.995 and 1.005, inclusive, use the 
value obtained by the water-filling method as the volume 
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of the measure. If the value of the ratio falls outside the 
limits, go to subparagraph 11.7. 

11.6.1 Compare the volumes with previously 
determined values to see if they are consistent and 
reasonable. If they are, go to paragraph 13. If they are 
not, go to subparagraph 11.7. 

11.7 Check calculations and verify that all equipment 
is performing correctly, chat all calibrations are correct, 
and chat the procedures and techniques used are correct. 
Check the measure for out-of-roundness. If problems are 
not discovered, then repeat subparagraphs 11.3 through 
11.6. If the values are still inconsistent, then failure to 

obtain agreement between the methods within the limits 
is an indication chat the measure is badly worn or deformed 
and must be replaced. 

11.8 If the water-filling method was performed twice 
(see subpar. 11.3.1) determine the acceptability of the two 
results by dividing either value by the other. If the value 
of the ratio is between 0.995 and 1.005, inclusive, average 
the two values and use the average as the volume of the 
measure. If the value of the ratio falls outside the limits, 
go to subparagraph 11.9. 

11.8.1 Compare the value with previously deter­
mined values to check if it is consistent and reasonable .. 
If so, go to paragraph 13. If not, go to subparagraph 11.9. 

11.9 Check calculations and verify that all equipment 
is performing correctly, that all calibrations are correct, 
and that the procedures and techniques used are correct. 
If problems are not disco"vered then repeat subparagraphs 
11.3 through 11.4 and subparagraph 11.8. Failure to obtain 
agreement is an indication of equipment malfunction or 
the procedure has been performed incorrectly. 

12. Calculations 

12.1 The calculations are as shown on the "Measure 
for Calibrated Sand Calibration" form (fig. 4). 

13. Report 

13.1 The report is to consist of a completed and checked 
"Measure for Calibrated Sand Calibration Sheet" form 
(fig. 4). 

1_3.2 All calculations are to show a checkmark. 



Dimension A 
(diameter of opening) 
must be equal to or 
s Ii g htly sma Iler than 
the template opening 
diameter. 

NOTES 
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" A+2 

I 

l-- N 

+ 
<l 

A Top end plate, bore 
q:t===============~-=-=-::_::_:-=_-::_:w~=!:. to fit over outside 

diameter of pipe 

ID 

" -=---r A + 2 ,':..,..,I 
Bottom end plate, 

SAND CALIBRATION MEASURES weld watertight 
to pipe 

May be fabricated from standard 
weight steel pipe . 

Weld top and bottom end 
perpendicular to bore of 

NOMINAL 
plates VOLUME NOMINAL NOMINAL 

pipe. (CU.FT) DIAMETER HEIGHT 

0 . 35 8 12 
0 . 92 12 14 

* If standard pipe is used 

Figure 1. - Sand calibration measures . 
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WALL* 
THICKNESS 

0 .375 
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7-2332 (9-86) MEASURE FOR CALIBRATED SAND 
Bure au of Reclam atlon CALIBRATION SHEET Designation USBR 1011 - !l~ 

CALIBRATION PERFORMED BY Examele DATE 

CALIBRATION COMPUTED BY DATE 

CALIBRATION CHECKED BY DATE 

MEASURE NO. 9 NOMINAL VOLUME 0.35 I!] tt1 Ocm3 

NOMINAL INSIDE DIAMETER 8 IXLn 0mm NOMINAL INSIDE HEIGHT 12 IXLn 0mm 

DETERMINATION OF MEASURE VOLUME 

USING MICROMETER 

TRIAL NO. TOP BOTTOM 

1 8 .008 8 .010 

INSIDE DIAMETER OF MEASURE l!:ln 0mm 2 8.009 8 .008 

3 8.009 8.008 

AVERAGE OF TRIALS NO. 1, 2 , 3 ... . .. . . . . .. .. . ... . . EJin 0mm 
8.009 8.009 . . .. . . ... . . . . 

(1) Average inside diameter E hop+ bottom)/2 ~ -. . . . . . • . . . . 1n Omm . .. . ... . •.. .. 8.009 

1 12.001 

INSIDE HEIGHT OF MEASURE l!Jin 0mm 2 12.004 

3 12.000 

,-· Average inside height . . . . . . . . . .. . . . . . . . ... ... 0 in 0mm 12.002 ,., . ... ... .. . . . . 

(31 - .l!..!.1i.m 0 30 3 0.3499 Volume of measure -
4
c• . . . . . . . . . . . . . . . . . . ft cm . . . . . . . . . 

DETERMINATION OF MEASURE VOLUME 

BY WATER FILLING METHOD TRIAL 1 TRIAL 2 

(4) Mass of measure + glass plate + water . .. • ..• . . . . •. .. [!] lbm □g 51 .85 . . .. .... .. .. 

f5I Mass of measure + glass plate . . . . . ... · . . . . ... ... [!]1t,m De 30.05 . .. . . . . ..... . 
(6) Mass of water = (4) - (5) . . . . . . . . . . . . . . . . .. · · .. 01bm □g 21.80 . . . .. . .. ... 

(71 Temperature of water in °C .. . . . .. .. . . . . 20.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(81 Absolute density of water•• . .. . . • • <?-~~~(?~~ . .. .. . [i] lbm/ft3 0 g/cm3 . . . . .. .... 62.31 

(9) _.Jfil_ @,tJ Ocm3 . . •.•. . 0.3499 Volume of measure -
181 

. .. ... . .. . .... . . . .. . .... 
(101 Average volume of measun1 . . . . . . . . . . . . . . . Ott3 Ocm3 . I I . . : . . . . . . . 

. For inch pound applications, C = 1,728 and converts in3 to tt3; 

For SI metric applications~ C = 1,000 and converts mm3 to cm3 

• • Absclute density value obtained from Table 1, USBR 1011 

GPO 840-727 

Figure 4. - Measure for calibrated sand calibration sheet - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU Of RECLAMATION 

PROCEDURE FOR 

CALIBRATING BALANCES OR SCALES 

USBR 1012-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, Code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1012. The number immediately 
following the designation indicates rhe year of acceptance or the year of la~r .revision. 

1. Scope 

1.1 This designation outlines the procedure for cali­
brating balances or scales used for standard laboratory 
testing. 

1.2 . This procedure is used co determine the calibration 
of a balance or scale over its full capacity range. The method 
described is used co periodically check laboratory balances 
or scales. If stringent calibration tolerances are required, 

· this procedure should not ·be used; the apparatus should 
be inspected and calibrated by an appropriate certifying 
agency. 

2. Applicable Documents 

2.1 USER Procedure: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 

2.2 ASTM Standard: 
E 617 Standard Specification for Laboratory Weights and · 
Precision Mass Standards 

2.3 N ational Bureau of Standards.-Handbook 44 [1] 1• 

3. Summary of Method 

3.1 Calibrated masses are placed on a balance or scale. 
The known mass value is compared co the balance or scale 
reading. The percent error is calculated, a nd the 
acceptability of the balance or scale is determined. 

4. Significance and Use 

4.1 Mass determinations are performed as pare of 
virtually every laboratory soil testing procedure. Accurate 
mass determinations are required to ensure reliable 
laboratory test results. The following balances or scales 
are commonly used in soils laboratories : portable platform 
scale, fan scale, two-pan balance, and electronic balance. 

4.2 It is recommended chat each laboratory maintain 
a service contract with a company certified to perform 
maintenance and calibration on all scales or balances used 
by the laboratory. The contract should provide for annual 
inspection, and calibration if necessary. 

1 Number in brackets refers to the reference. 
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4.3 If it is not feasible to maintain such a contract, 
the calibration checks should be performed by laboratory 
personnel. These should be performed annually, or more 
frequently if it is suspected chat any scales or balances 
are not operating properly. Certified personnel should 
perform any necessary adjustments. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
5.2 Terms not included in USBR 3900 specific-co chis 

designation are: 
5 .2.1 Error.-The arithmetic difference between the 

mass of the precision mass standard and the balance or 
scale reading obtained for that standard. 

5.2.2 Percent Error.-The ratio expressed as a percent 
of (1 ) the error calculated for a given precision mass 
standard, to (2) che mass of the precision mass standard. 

5.2.3 Tolerance.-The acceptable mass deviation 
(error) within which a balance or scale is acceptable for 
most soil laboratory applications. 

6. Apparatus 

6.1 Precision Mass Standards.-Precision mass stand­
ards used for calibration of balances or scales must be of 
known accuracy. If suitable testing facilities for the 
calibration of these masses are not available locally, masses 
calibrated by the National Institute of Standards and 
Technology (formerly National Bureau of Standards) are 
available on request from che Bureau's Denver Office, code 
D-3730. Calibrated masses required for chis procedure are 
to be such that the balance or scale may be loaded in 
increments equal to one-fourth, one-half, rhree, fourchs, .and 
total capacity of che balance or scale. 

7. Precautions 

7 .1 Safety Precautions: 
7.1.1 Ensure that electronic scales or balances are 

properly grounded and chat power cords are not frayed 
or cut. 

7.1.2 Inspect the portable scales co ensure proper 
mounting on the platform and that the platform and frame 
are constructed so as to provide sufficient strength and 
rigidity co prevent collapse when the scale or balance is 
muse. 
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7.2 Technical Precaurions.-Tables and floors on which 
the balances or scales are placed must not deflect. 

8. Calibration and Standardization 

8.1 Verify that the precision mass standards used for 
comparison readings are currently calibrated and meet the 
standards outlined in ASTM E 617. If the calibration is 
outdated, the precision mass standards should be cali):>rared 
before they are used for this procedure. 

9. Conditioning, 

9.1 Perform this calibration procedure in an area chat 
is isolated from heat sources, air currents, and vibrations. 
It is recommended that this calibration be performed in 
an environment which is as close co 68 ° F (20 ° C) as 
possible. 

9.2 The balance or scale and the precision mass 
standards are co be placed in the environment in which 
they are to be calibrated for a period of at least 24 hours 
prior co calibration. 

10. Procedure 

10. l All data are co be recorded on the "Balance or 
Scale Calibration" form as shown on figure 1. 

10.2 Check the balance or scale co ensure that it is 
level and isolated from heat sources, air currents, and/ or 
vibrations. 

10.3 Mechanical Balances or Scales: 
10.3. 1 Balance the beam with no mass applied. 
10.3.2 Place precision mass standards corresponding 

co 25, 50, 75, and 100 percent of the capacity of the balance 
or scale on the beam or pan. 

10.3.3 Record the mass of the precision mass 
standard applied and the balance or scale reading for each 
mass. 

10.3.4 Calculate error for each mass measurement. 
10.3.5 Calculate percent error for each mass 

measurement. 
10.4 Electronic Balances or Scales: 

10.4.1 Plug the power cord into a power supply 
compatible co the power requirements of the electronic 
balance or scale. 

NOfE 1.-A warmup period may be required for some elecrronic 
balances or scales. 

10.4.2 Tare the balance or scale and check for a zero 
balance reading. Record the balance or scale reading as 
shown on figure 1. 

10.4.3 Place precision mass standards corresponding 
co 25, 50, 75, and 100 percent capacity of the balance or 
scale on the beam or pan. 
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10.4.4 Record the mass of the precision mass 
standard applied and the balance or scale reading for each 
mass measurement. 

10.4.5 Calculate error for each mass measurement. 
10.4.6 Calculate percent error for each mass 

measurement. 

11. Calculations 

11.1 Calculate error for each mass measurement. 

(4) = (2) - (3) 
where: 

(4) error, g or lbm 
(2) mass of precision mass standard, g or lbm 
(3) balance or scale reading, g or lbm 

11.2 Calculate percent error for each 
measurement. 

(5) 

where: 

(5) percent error 

= 100 ill 
(2) 

(4) error, g or lbm 
(2) ·mass of precision mass standard, g or lbm 
100 convert from decimal co percent 

12. Interpretation of Results 

(1) 

mass ' 

(2) 

12.1 The following tables (1 and 2) are co be used 
co determine the acceptabil(ty of a balance or scale for 
most soil laborarory applications. If the computed error, 
for any precision mass standard placed on the calibrated 
balance or scale, is outside the acceptable tolerances-given 
in these tables-the balance or scale should be adjusted 
by certified personnel. These tables have been adapted in 
part from the National Bureau of Standards Handbook 
44. 

13. Report 

13.1 The report is co consist of a completed and checked 
"Balance or Scale Calibration" form (fig. 1). 

13.2 All calculations are co show a checkmark. 

14. Reference 

[l] National Bureau of Standards , Handbook 44, 
"Specifications, Tolerances, and Other Technical Require­
ments for Weighing and Measuring Devices," U.S. 
Department of Commerce,_Washington, D .C., 1983. 
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Table 1.-Basic tolerances for balances or scales, inch- Table 2.-Basic tolerances for balances or scales, 
pound units. SI units. 

Test mass Maximum allowable Test mass Maximum allowable 
From To, but not error, tolerance From To, but not error, tolerance 

including ± including ± 

Pounds Pounds Grams Milligrams 

0 1 0.002 0 10 15 
1 2 .004 10 20 50 
2 4 .008 20 40 100 
4 7 .012 40 60 150 
7 10 .016 60 100 250 

10 15 .020 100 150 350 
15 20 .023 150 200 500 
20 30 .031 200 300 650 
30 40 .039 300 400 800 
40 50 .047 Grams 
50 75 .062 400 500 1.0 
75 100 .094 500 750 1.5 

100 150 .125 750 1000 2.0 
150 200 .188 Kilograms 
200 300 .250 1 2 4.0 
300 400 .375 2 3 5.5 
400 600 .500 3 5 7.5 
600 800 .750 5 10 11.0 
800 1000 .875 10 15 15.0 

1000 and over 0.1 percent 15 20 19.0 
of test mass 20 30 25.0 

30 40 35.0 
40 50 45.0 
50 kilograms 0.1 percent 

and over of test mass 
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7-~310(9-85) I BALANCE OR SCALE CALIBRATION Bur-::au uf Reclamation Designation USBR 1012 - 89 -

Manufacturer Example Model No_ SI Serial No _ I00A 

Type of balance or scale : Mechanical 0 Electrical IX] Other 

Nomi:ial capacity 3,000 grams Sensitivity 0.01 grams 

Zero -balance reading 0.00 grams Date of calibration of precision mass standards I /8/89 

Calibration performed by Example Date 2/15/89 

Calibration checked by Example Date 2/15/89 

Mass of precision mas$ 
Trial standard Balance or scale Error % Error 

(2) reading (4) = 
(5) = ill X 100 (1) !Xl grams (3) (2) - (3) (2) 

Ll pounus 

I 0 0.00 0 0 

2 750 750.73 -0.73 -0.10 

3 1500 1500.99 -0.99 -0.07 

4 2250 2250.89 -0.89 -0.04 

5 3000 2999.96 0.04 0.001 

REMARKS 

Balance is acceptable. 

GPO 848 - & 0 0 

Figure L - Balance or scale calibration - example_ 

Ii l 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 1020-89 
PROCEDURE FOR 

CALIBRATING OVENS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, _ Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1020. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. _ 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating ovens used for standard laboratory testing. This 
calibration procedure is limited to ovens operating to a 
maximum temperature of 300 °C. Ovens operating at 
higher temperatures require special handling and, there­
fore, should be periodically checked by the manufacturer. 

1.2 This procedure is to be used for periodic checks 
of laboratory ovens. If stringent calibration tolerances are 
required, this procedure should not be used and ASTM 
designation: E 145 is to be consulted. 

2. Applicable Documents 

2.1 ASTM Standard: 
E 1 ASTM Thermometers 
E 145 Specification for Gravity-Convection and Forced­
Ventilation Ovens 

3. Summary of Method 

3.1 A thermometer is placed in an oven which is set 
at the desired operating temperature. The temperature 
reading of the thermometer is compared to the oven 
thermostat reading. The appropriate thermostat adjust­
ment is determined. 

4. Significance and Use 

4.1 Accurate temperature control is important for 
many soil testing procedures in order to obtain accurate 
results. 

4.2 Ovens are used primarily for determination of 
moisture content in soils . The ovens should have minimum 
inside dimensions of 3 feet wide by 2 feet deep by 2 feet 
high. For most soils laboratory application ovens should 
be thermostatically controlled at 110±5 ° C. Since it is 
necessary that a uniform temperature be maintained 
throughout the oven, the mechanical convection or forced­
draft ovens are recommended. 

NOfE 1.- Ovens slightly smaller than the recommended size 
may be used, but oven temperature varies significantly when 
the door is opened, and calibration will be more difficult. 
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4.3 This calibration procedure is to be performed upon 
receipt of the oven and annually thereafter. 

5. Apparatus 

5.1 Oven.-An oven, thermostatically controlled, 
forced-draft or mechanical convection, horizontal air flow 
type. 

5.2 Thermometer.-Etched stem glass thermometer 
with eye-hook at the end for hanging, 0 to 300 ° C, 2 ° C 
divisions, mercury filled, conforming to the requirements 
of ASTM E 1. 

5.3 Gloves.-Asbestos, 1 pair, to be used whenever 
handling equipment heated to elevated temperatures. 

6. Precautions 

6.1 Safety Precautions: 
6.1.1 All electrical wires and cords are to be checked 

for damage. If any damage is observed, it is to be repaired 
before attempting to use the oven. 

6.1.2 Care should be exercised in handling any 
equipment that is heated to elevated temperatures. Gloves 
are to be worn whenever handling such equipment or 
materials. 

7. Calibration and Standardization 

7.1 Verify that the thermometer to be used for this 
procedure has a certificate of inspection or calibration 
verification from the manufacturer. If there is doubt as 
to the accuracy of the thermometer, it should not be used 
for this procedure; a thermometer with a verifiable accuracy 
is to be obtained and used. 

8. Conditioning 

8.1 During the calibration procedure, the room 
temperature should not vary more than ±10 °C. 

9. Procedure 

9.1 All data are to be recorded on the "Oven 
Calibration" form as shown on figure 1. 

9.2 Locate and record the serial number, or any other 
identifying markings, of the oven to be calibrated. 
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9.3 Remove any material (sample containers, pans, 
etc.) from the oven. 

9.4 Carefully hang the thermometer by its eye-hook 
with a piece of wire as close to the center of the oven 
chamber as possible. Make sure that the thermometer hangs 
freely . 

9.5 Determine the applicable temperature at which the 
oven will be calibrated and set the thermostat of the oven 
to that temperature. 

NOI'E 2.-For most geotechnical purposes, the oven will be 
cal ibrated at 110 °C. If calibration is desired at another 
cemperature, the procedure is similar. If a range of calibrated 
temperatures is desired, the calibration should be performed in 
intervals of 5 °Cover the desired range of temperatures. 

9.6 Allow sufficient time for the oven temperature to 
stabilize and record the oven thermostat reading. 

9.7 Determine the thermometer reading and record 
the value. 

NOI'E 3.-The oven temperature will drop drastically when 
the oven ·door is opened. The thermometer reading shc:mld be 
taken as quickly as possible once the door is opened. - · · 

9.9 "calo.iiate the thermostat correction a~d record the 
value. 
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9.10 If the thermometer reading is within ±5 °C of 
the thermostat reading, the calibration procedure is 
completed. If the thermometer reading differs from the 
thermostat reading by more than 5 ° C, or if a more stringent 
calibration is desired, see subparagraph 1.2. 

9.11 Adjust the thermostat by the amount of the 
thermostat correction. 

9.12 Repeat subparagraphs 9.6 through 9.11 until the 
desired calibration accuracy has been achieved. 

10. Calculations 

10. l Calculate the thermostat correction using the 
following expression: 

Thermostat correction= (1) - (2) 
where: 

(1) oven thermostat reading 
(2) thermometer reading 

11. Report 

11. l The report is to consist of a completed and checked 
"Oven Calibration" form (fig. 1). 

11.2 All calculations are to show a checkmark. 
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7-2306 (6-85) 
Bureau of Reclamation 

OVEN CALIBRATION 

Designation USBR 1020- _fill_ 

Oven Identification Model 1206 SN 36157 
Calibration Temperature IX! °C 
or Temperature Range 110 □ ° F 

Calibration performed by--:E::..;xc...:a=--m:..:Jpi:...l~e _____________ Date 3- 24-89 

Calibration checked by _ __,;;;;E.;.;.x~a-"-m'-"p'-'-le_:.,_ ____________ Date 3- 24- 89 

OVEN THERMOSTAT THERMOMETER THERMOSTAT 
READING READING CORRECTION 

(1) (2) (1) - (2) 

110° C 116° C -6° C 

104° C II 0° C 0 

COMMENTS: 

GPO 847-971 

Figure l. - Oven calibration - example. 

44 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CHECKING SIEVES 

USBR I 025-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. This procedure is issued under the fixed designation USBR l025. The number immediately 
fo llowing the designation indicates the year of acceptance or che year of last revision. 

1. Scope 

1.1 This designat ion outlines the procedure for 
checking sieves used in laborarory gradation analysis 
procedures. This procedure can be used for checking both 
wire cloth and perforated-plate sieves. The sieves shall 
conform co ASTM speci ficat ions E-11 for wire-cloth sieves 
and E- 323 for perforated plate sieves. 

1.2 Four methods are discussed co check the confor­
mance of s ieves . More than one method may app ly for 
the same sieve as ou tlined. 

(a) Method A describes the procedure for checking wire 
cloth sieves having apertures as large as 4 .75 111111 (No. 4) 
and as small as 38 µm (No. 400) using a "s ieve inspector" 
which is a mechanical device using dial indicarors or linear 
variable differential transformers (L VDTs) co make linear 
measurements as shown on figure 1. 

NOTE 1.- The sieve inspeccor shown on figure 2 can be adapted 
co use LVDTs and a computer co faci litate wire diameter and 
aperture dimension measurements. Information concerning these 
adaptations can be obtained by contacting the Bureau 's 
Geotechnica l Services Branch, code D-3760, Denver Office, 
Denver, Co lorado. 

(b) Method B describes the procedure for checking 
wire-cloth sieves having apertures from 9.5 mm (3/8-in) 
co 100 mm (4 in ) using plug gauges and a linear 
measurement device, see figure 3. 

(c) Method C describes the procedure for checking 
wire-cloth sieves having apertures from 2.36 mm (No. 8) 
co 150 mm (6 in) using a linear measurement device (fig . 3) . 

(d) Method D describes the procedure for checking 
perforated-plate sieves havi ng apertures from 4.75 mm 
(No. 4) co 150 mm (6 in ) using a linear measurement 
dev ice (fig. 3). 

2. Auxiliary Tests 

2.1 Dial indicarors or LVDTs used co measure aperture 
dimensions and wire diameters of sieves (method A) must 
be calibrated in accorda nce with USBR 1007 or 1008 
respective ly, prior co performing this procedure. 

2.2 Plug gauges used co check aperture dimensions o f 
sieves (method B) are co comply with specifications given 
in table 1. 
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10..........._ 

11 

NOfE: Sieve inspector is adapta ble to various s ieves and other 
linea r rneasure1nenr devices. 

Figu re I. - Sieve inspect0r with dial indicat0rs. I ) monocular 
microscope, 2) microscope support a rm , 3) microscope 
ad justment knob, 4) warp direction, 5) stage, 6) locking bolt , 
7) bezel, 8) guide rail , 9) warp adjustment knob, I 0) shoot 
ad justment knob, 11 ) shoot d irenio n, 12) gu ide rail , I 3) dial 
indicawr, and 14) mag netic holders. 

2.3 Vernier or dial ca lipers ( linear meas urement 
devices) used co measure aperture dimensions and wire 
diameters of sieves (methods B, C, and D ) must conform 
co requirments specified in USBR 1000 prior co performing 
this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
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Table 1. - Plug gauges - plug gauge d imensions. 

Allowable dimens io ns M ax im um Maximum 
Sieve designation Minimum Max imum individual not more 

Standard 
mill imete r 

9 .5 
12.5 
16.0 
19.0 
22.4 
25.0 
31.5 
381 
45 .0 
50.0 
63.0 
75.0 
90.0 

100.0 

Alternative A B C D E "' Threads Handle "Go" "N o- Go" opening than 5% 
inch in ,n in in in mm m m 

.. 
max mm mm 

¼ 2.00 0.15 ½ 0.3550 0.4043 I 0 
- 25' 6 - 32 - NC Ya-i n Hex. X 2-'/4 in 9.20 9.80 l0. 16 9.97 

½ 2.50 0. 15 ½ 0.4625 0.5375 1° - 43' 6 - 32 - NC ¼-in Hex. X 2-'/4 in 12. 11 1289 13.31 13. 10 
Ya 3.00 0.20 ½ 0.5686 0.68 14 2° - 9' 10 - 24 - N C ¼ -in Hex. X 2-l/4 in 15.5 16.5 17.0 16.7 
l/4 300 0.20 ½ 0.6825 0.81 75 2° - 35' 10 - 24 - N C Ya- in Hex. X 2-'/4 in 18.4 19.6 20. 1 19.9 
1/s 3.00 0.20 ½ 07962 0.9537 3° - O' 10 - 24 - N C l/s- in Hex. X 2-l/4 in 21.7 23.1 23.7 23.4 

3.00 0.25 ½ 0.9 100 1.0900 3° - 26' ¼ - 20 - N C l/s- in Hex. X 2-l/4 in 24.2 25 .8 26.4 26.1 
1-¼ 3.00 0.25 v, l.1600 1.3400 3° - 26' 1/4 - 20 - N C ½-i n Hex. X 3 in 30.5 32.5 33.2 32.9 
1-½ 3.00 0.25 l/4 1.4100 1.5900 3° - 26' 1/4 - 20 - N C ½-in Hex. X 3 in 36.8 38.6 39.5 39. 1 
l -'/4 3.00 0.25 l/4 1.6450 1.855 1 3° - 45' 1/4 - 20 - NC ½-in Hex. X 3 in 43.6 46.4 47.4 46.9 
2 3.00 0.25 l/4 1.8800 2. 1200 4° - 34' 1/4 - 20 - NC ½- in Hex. X 3 in 48.5 51.5 526 52. l 
2-Vi 3.00 0.25 l/4 2.3500 2.6500 5° - 44' 1/4 - 20 - NC ½-in Hex. X 3 in 61. 1 64.9 66.2 65.6 
3 3.00 0.30 l/4 2.8200 3.1 800 6° - 52' 1/4 -20 -NC ½- in Hex. X 3 in 72.8 77.2 78.7 78.1 
3-V, 3.00 0.30 l/4 3.3070 3.7800 9° - O' 1/4 - 20 - N C V,- in Hex. X 3 in 87.3 92.7 94.4 93.6 
4 .3.00 0.30 l/4 3.7600 4.2400 9° - 9' 1/4 - 20 - N C ½-in Hex. X 3 in 97.0 l03.0 104.8 104.0 

Inscribed lines at widths equal 
to "Go," "No-Go," and ''Max." PLUG GAGES 

~F 

Cl < Go 

A 

Go co No-Go 
No-Go 

to 

Max. 

PLAN VIEW 

C 

>Max. 

SECTION F-F 

¾---, ----:----: --:--n--,11111-,-111,..,...1111-r-r-111111 r--------~~ 
SIDE VIEW 

Alternate method of attaching 
handles on smaller size gauges 
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Material: 
High carbon or alloy steel to be 

hardened before final grinding. 
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Figu re 2. - Placing an 8- inch -di:1.meter br;1ss sieve on a sieve inspector ha ving 
LVDTs. I ) LVDT, 2) locking bolt, and .1) light sw itch. 

USBR 1007 
USBR 1008 
Transformers 

Calibrating Dial Indicators 
Ca lib rating Linear Variable Differentia l 

USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 

3.2 ASTM Standards: 
E 11 Standard Specification for Wire-Cloth Sieves for 
Testing Purposes 
E 323 Standard Specificat ion for Perforated-Place Sieves 
for Testing Purposes 

3.3 Federal Specification: 
GGG-C-l l lB Calipers and Gages, Vernier 

4. Significance and Use 

4.J Permeability, compressibi lity , and shear srrengch 
of a so il mass are influenced by the percentage of various 
particle s izes present in the soil mass. [n order ro obtain 
an accurate, quantitative measure of the distribution of 
particle sizes, sieves meeting standard nominal dimensions 
muse be used. 

4.2 This procedure is co be performed upon receipt 
of the sieves, at least annually thereafter, and before use 
after repa irs or other occurrences which may affect test 
results significant ly-and whenever test results are 
questionable. 

li7 

5. Precautions 

5. Sillery Precautions: Care should be exercised whi le 
handling s ieves ro avo id possible injury from sharp edges 
or protrusion on the sieve. 

5.2 Technirnf Prernurions: Periodically, check the 
sieves visually for rears or breaks in the wire cloth. 

6. Terminology 

6. 1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific ro this 

desig nation are: 
6.2 .1 Aperture. - The open ing or hole between 

parallel wires in a sieve. 
6.2.2 Wi11p.- Direction of travel across the s ieve 

para ll el co one ser of wires as shown on figure 4. 
6.2.3 Shoor. - Direcrion of travel from top to borcom 

and perpendicular ro rhe warp as shown on fig ure Ii . 
6.2.li Sieve. - An insrrumenr with a frame and wire­

cloth or perforared borrorn used for separat ing coarse from 
fine parrs of loose matter. 

6.2.5 Srage. - The apparatus on the s ieve inspector 
which holds rhe sieve and moves in rhe X and Y (warp 
and shoor) direction . 
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(a ) Linear measurmenr device capable o f measuring to the nearest 
0.02 111111 . 

(b) Plug gauges. 

Figure 3. - Linear measu reme nt device and plug ga uge. 

z 
';;N 0 

~ 
V,. 

u Set 
~ • I 
~ 

a 
~ 

I-< 
0 
0 
::c 
V) 

WARP (X) DIRECTION 

Figu re 4. - S ieve measuring pattern for two sers (nor mandatory pattern). 

6.2.6 Bridgewidth.-The distance between the nearest 
edges of two adjacent apertures in a perforated plate. 

6.2.7 Pitch- The distance between the centers of two 
adjacent apertures in a perforated plate. 
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6.2.8 Field-The area , usually circular, in which 
the image is rendered by the lens system of the optical 
instrument. 

6.2.9 Set.-A number of apertures and wires 
meas ured and grouped together as one. 

METHOD A 
Checking Wire-Cloth Sieve Using a Sieve Inspector 

(Optical Linear Measurements With Dial Indicators ) 

7. Summary of Method - Method A 

7.1 Method A is used to check sieves having aperture 
dimensions from 38-µm (No. 400) to a 4.75 mm (No. 4). 
Perform a visual inspection of the sieve. Place the sieve 
in the sieve inspector and check a minimum of 10 sets 
of 10 aperture dimensions and wire diameters. Five sets 
are checked in the warp X direction and five sets are checked 
in the shoot Y direction (fig. 4) . Sieve aperture dimensions 
and wire diameters are measured using dial indicators 
attached ro the sieve inspector. Average sieve apertu re 
dimensions are calculated for both the warp X and shoot 
Y directions and compared to maximum and minimum 
nominal dimensions for standard rest sieves. Average wire 
diameters are calculated for both the warp X and shoot 
Y directions and are compared to max imum and minimum 
allowable diameters. The percent of sieve aperture 
dimensions larger than specified is calculated, and the 
largest sieve opening is determined. A decision to accept 
or reject the sieve for laboratory use is based on the sieve 
meeting specified dimensions. 
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8. Apparatus - Method A 

8.1 Sieve lnspecror. - A sieve inspector 1s shown on 
figure l. 

8.1 .1 The sieve inspector is a mechanical device 
which can be used to measure rhe distance between points 
on an object mounted ro the manually driven X - Y stage. 
Movement of rhe X - Y srage is measured directly by 
dial indicators mounted p::irallel co che X and Y axis of 
rhe stage. A sieve is mounted on the stage and backlighred. 
The stage can be moved independently along either the 
X-axis (warp direction ) or along rhe Y-axis (shoot 
direction ) by means of drive screws moving on srarionary 
half-nuts. The surface of che sieve is observed through 
a vertically mounted microscope. Crosshairs in rhe 
microscope are used co locate measurement poinrs on rhe 
sieve. A wide range of sieve sizes can be accurately measured 
in either system of units by selecting SI (Internacional 
Syscem of Units) or inch -pound (units ) dial indicators of 
appropriate sensitivity and having sufficient travel to span 
ar least one aperture dimension and wire diameter. A rack 
and pinion driven microscope support overarm is moved 
vertically on the column to focus on the wire-cloth . Easily 
positioned magnetic dial indicator holders facilitate zeroing 
rhe dial indicators for direct measurement and will break 
away if over travel occurs. Rapid traverse of either X or 
Y axis is provided by lifting either drive screw our of its 
half-nut and sliding che stage co the new location. 

The sieve inspector is adaptable to check a 17- by 
25-inch frame with a Gilson™ sieve as shown on figure 5. 
The sieve mounting bracket is used co place che Gilson™ 
sieve on the sieve inspector. The microscope pivoting arm 
allows the microscope to reach all apertures on che sieve. 

9. Calibration and Standardization - Method A 

9.1 Verify chat dial indicators have been calibrated in 
accordance with USBR I 007. If the calibration is not 
current, perform the calibration before using the dial 
indicators for this procedure. 

10. Conditioning - Method A 

lO. I Prior co performing this procedure, place che sieve 
inspector and sieves in the same environment in which 
they are to be checked for sever:d hours until their 
temperatures are approximately che same. 

11. Procedure - Method A 

I I. l All data :ire to be recorded on the "'Checking Wire­
Cloth Sieve'" form as shown on figure 6. 

l l.2 Place rhe sieve inspector on a level and sturdy 
table. Plug rhe light cord into a power outlet. 

I 1.3 Record che sieve size in both SI and inch-pound 
units. Also record che sieve control number, if applicable, 
as shown on figure 6. 

I 1.4 Visually examine the sieve - preferably with a 
magnifying glass, for any tears, excessive wear, and/ or wire 

( a } Pla(cmt.:nt of Cilsunr"' "' icvc in sic\'<.: i 11 ~pccror . 

mounting 
er 

(b) Sieve mounring brncket useJ ro accornmoJare Gilson°' sieve. 

Figure 5. - Adapring the sieve inspector to calibrate the.: Cilsunr1i1 sit.:ve. 

displacement. If-upon completion of the visual inspec­
tion-flaws are nor apparent or if suitable repairs are made, 
check the accepted box; if nor, check the rejected box. The 
sieve, if rejected, shall be discarded. 
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CHECKING WIRE-CLOTH SIEVE 
7-2396 < 1-87) 

USOR 10?:, - ~9 _ Bure au o f Rec1r1m ation Oes ,ona t ion --
PROJECT I FEATURE _ _I 

LAl3. LOCATION 

EXAMPLE 
CALIBR A TION PERFORM ED BY DATE I CALIBR A TION CHECKED BY DATE 

Sieve Size 4 No. inch es 4.75 n\'n 

Visua l Inspe c t ion: cgj A ccep ted 
S ieve Co ntrol No. 0 Reje c ted 

A 

Wire D iameter (rrm) A perture Dimension (mm) 

OI OI 
c:; • -~ . 

Direction uO Init ial F inal Wire u O In it ial F inal Ape rture 
~ z ro z 

& Set No. Re ad ing Read ing OiiYnete r 
(l) Reading Read ing Dimension a: a: 

X y X "{ 

I ( X) I 0.00 1.54 1.54 I I. 54 6.29 4.75 
2 6 . 29 7. 87 1.58 2 7.87 12.55 4.68 
3 12,55 14 .09 1.54 3 14.09 18 . 97 4.88 
4 18.97 20.53 1.56 4 0.00 4.73 4.13 
5 4.73 6.30 I. 57 5 6 . 30 11 . 17 4 .87 
6 II . 17 12 .72 I . 53 6 12 . 72 17. 47 4.75 
7 17. 47 18 . 99 I. 52 7 0.00 4 . 83 4.83 

8 4.83 6.39 I. 56 8 6.39 11 . 25 4.86 

9 11. 25 12.78 I. 53 9 12. 78 17. 59 4.81 

10 17. 59 19 . 16 I . 57 10 0.00 4.85 4 .85 

2(Y) I 0 . 00 I. 54 I. 54 I I. 54 6. 29 4.75 
2 6 . 29 7.84 1. 55 2 7.84 12.59 4.75 
3 12,59 14 .12 I. 53 3 14.12 19 . 00 4 ;88 
4 19.00 20.54 I. 54 4 0.00 4.85 4.85 
5 4.85 6.38 1.53 5 6.38 11. 26 4.88 
6 11 . 26 12.80 I. 54 6 12 . 80 17 . 61 4 . 81 
7 17.61 19. 51 1.54 7 0 . 00 4 . 86 4.86 
8 4.86 6.39 1.53 8 6.39 II. 24 4.85 
9 11. 24 12.76 1.52 9 12. 76 17.59 4 . 83 
10 17.59 19.14 I. 55 10 0 . 00 4.79 4.79 

Allowable Me asured 

min m ax X y 

Ave rage Wire Diame ter (rrm) 1.46 I. 62 I. 5 5 1.54 

Ave rage A perture (mm) 4.60 4.90 4.80 4.83 

L ar ges t A pertur e (mm) 5.14 4.88 4.88 

5 % of A perture s c an e x c ee d 5.02 (mm) 0 % 

Remarks: Only partial sieve checking data shown . 

A ccep ted l8:I 
Re jected □ 

I SHEET OF ---

Figure 6. - Checking wire-cloth sieve - using sieve inspecror - example. 
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11.5 Select the appropriate lens for the microscope to 
achieve the specified magnification, cable 2. The lens 
selection is based on the field diameter dimensions allowing 
approximately 4 wire diameters and 4 aperature dimensions 
in the field of vision. 

Table 2. - Lens sizes. 
Sieve size 

No. 4 through No. 40 
No. 40 through No. 200 

Lens 
0.5X 

2X 

NOfE 2.-The sieve inspector can be used to check sieves larger 
than 4.75 mm (No. 4) if the lens and focal point are adjusted. 
Also, dial indicators will need to be adapted to allow measurement 
of one wire diameter with one adjacent aperture dimension. It 
is recommended that a plug gauge or linear measurement device 
be used for sieves larger than 4.75 mm (No. 4). 

11.6 Secure the lens selected in subparagraph 11.5 into 
the lower end of the microscope. 

11.7 Select appropriate dial indicators to achieve the 
specified range and accuracy, cable 3. 

Table 3 - Dial indicator selection. 
Sieve size 

Larger than No. 6 
No. 6 or smaller 

Dial range 
25 mm crave! X 0.01 mm/division 
5 mm travel X 0.0002 mm/division 

11.8 Secure the dial indicators selected in subparagraph 
11.7 onto the sieve inspector as shown on figure 1. 

11.9 Turn on the light of the sieve inspector. 

NOfE 3.-When checking a Gilson™ sieve, attach the appro­
priate fixtures as shown on figure 5 before mounting the sieve. 

11.10 Invert the sieve and place it on the backlighted 
stage such that the wires run in the warp X and shoot 
Y directions. 

11.11 Focus the microscope by turning the adjustment 
knob on the microscope support overarm along with 
selecting the proper magnification setting located on top 
of the microscope. 

11.12 Align the crosshairs of the microscope with the 
wires of the sieve. Verify that the sieve is set inplace 
properly by turning the warp adjustment knob. The warp 
wires should move parallel with one crosshair during 
movement of the stage in the warp direction. The shoot 
wires should move parallel with the ocher crosshair during 
movement of the stage in the shoot direction. Adjust the 
sieve as needed to align the wires with the crosshairs. 
Tighten the locking bolt located on che front of the stage, 
as necessary, to secure the sieve in place. Take care not 
to overtighten the bolt ; it could deform the sieve frame. 

11.13 Locate a minimum of 10 sets-each containing 
10 aperture dimensions and wire diameters-as shown on 
figure 7. Five sets will run in the warp X direction and 
five sets will run in the shoot Y direction. The sets should 
be selected to uniformly cover the entire surface of the 
sieve or wherever excessive wear is shown. If there are 
fewer than 100 apertures in the sieve, check all apertures. 
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~-w orn area 

' 

-

Figure 7. - Appproxirnate location of aperture sets on rhe sieve surface. 

If 10 secs of 10 apertures and wire diameters cannot be 
located, then randomly select· 100 apertures and wire 
diameters, 50 in the warp X direction and 50 in the shoot 
Y direction to evenly represent the sieve. · · · 

11.14 Set the position of the crosshairs of the 
microscope so they are diagonal to the axes of the wire 
mesh as shown at the top of figure 8. 

11.15 Adjust the position of the stage so the crosshairs 
coincide with the center of the left edge of the wire (right 
side of aperture) running in the shoot Ydirection - shown 
as location 1 on figure 8. 

11.16 Slide the magnetic holder'for the warp direction 
dial gauge along its guide rail until the dial indicator 
registers near zero. Rotate the bezel to read 0.00 and record 
as Initial reading in the "Wire Diameter" section (fig. 6). 

11.17 Move the stage of the sieve inspector by turning 
the warp adjustment knob until the crosshairs coincide 
with a point directly across the wire from position l -
shown as position 2 on figure 8. 

11.18 Read and record the dial indicator reading as 
Final reading in the "Wire Diameter" section (fig. 6) . 
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8 
w, 

Cross h~airs ieve wire 

Aligning cross hairs with 
center left side of sieve 
aperture/wire (reading 1) 

Cross hairs o•ieve wire 

Aligning cross hairs with 
center bottom of sieve 
aperture/wire (reading 22) 

(if'~ ©·•(i 
Wz w, 
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~~ Aurzt 

16) a 

"' 
WARP (X) DIRECTION 

1 - Reading location 
A1 - Aperture number 
W1 - Wire number 

Rv·~ §.90 ~ 
w, w,, 

Figure 8. - Sequence of aperture dimension and wire diameter readings 
for one set. 

11.19 Record the dial indicator reading obtained in 
subparagraph 11.18 as Initial reading in the "Aperture 
Dimension" section (fig. 6). 

11.20 Move the stage along the warp axis until the 
crosshairs coincide with a point directly across the sieve 
aperture from position 2 - shown as position 3 on figure 8. 
Read and record the dial indicator as Final reading in the 
"Aperture Dimension" section (fig. 6). 

11.21 Record the dial indicator reading obtained in 
subparagraph 11.20 as Initial reading in the "Wire 
Diameter" section (fig. 6). 

11.22 As necessary, slide the magnetic holder for the 
warp direction dial gauge along its guide rail until the 
dial indicator registers nearly zero. Rotate the bezel to 
0.00 and record in the appropriate column. 

11.23 Repeat subparagraph 11.17 through 11.22 using 
the appropriate positions (shown on figure 8) until one 
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set containing a minimum of 10 wire diameters and 10 
aperture dimensions has been measured. 

11.24 Adjust the position of the stage so that the 
crosshairs coincide with position 22 at the center of the 
bottom edge of the bottom wire (top of aperture) running 
in the shoot Y direction, of set 2 - shown as position 
22 on figure 8. 

11.25 Slide the magnetic holder for the shoot direction 
dial gauge along its guide rail until the dial indicator 
registers nearly zero. Rotate the bezel to 0.00 and record 
as Initial reading in the "Wire Diameter" section (fig. 6). 

11.26 Move the stage of the sieve inspector by turning 
the shoot adjustment knob until the crosshairs coincide 
with a point directly across the wire from position 22 -
shown as position 23 on figure 8. 

11.27 Read and record the dial indicator reading as 
Final reading in the "Wire Diameter" section (fig. 6). 

11.28 Record the dial indicator reading obtained in 
subparagraph 11.27 as Initial reading in the "Aperture 
Dimension" section (fig. 6) 

11.29 Move the stage along the shoot axis until the 
crosshairs coincide with a point directly across the aperture 
from position 23 - shown as position 24 on figure 8. 
Read and record the dial indicator as Final reading in the 
"Aperture Dimension" section (fig. 6). 

11.30 Record the dial indicator reading obtained in 
subparagraph 11.29 as Initial reading in the "Wire 
Diameter" section (fig. 6). 

11.31 As necessary, slide the magnetic holder for the 
warp direction dial gauge along its guide rail until the 
dial indicator registers nearly zero. Rotate the bezel to 
0.00 and record in the appropriate column. 

11.32 Repeat subparagraphs 11.26 through 11.31 using 
the appropriate position (shown on figure 8) until the 
second set containing a minimum of 10 wire diameters 
and 10 aperture dimensions has been measured. Movement 
of the crosshairs during measurements, for each set, should 
follow the sequence shown on figure 8; however the exact 
position of the sets may vary. 

11.33 Repeat subparagraphs 11.15 through 11.32 until 
a minimum of 10 sets, 5 sets running in the warp X 
direction and 5 sets running in the shoot Y direction, have 
been checked ( see sub par. 11.13). 

11.34 Obtain the following values from table 4 and 
record as shown on figure 6: 

• Average wire diameter limits 
• Average aperture dimension limits 
• Largest allowable aperture dimension 
• Aperture dimension of which 5 percent of the 
measured apertures can exceed 

NOfE 4.-If table 4 does not list the tolerances needed for 
a certain size sieve, refer to appendix Xl, table Xl.l. 

11.35 Calculate and record to the nearest 0.01 mm, 
the average aperture dimension and average wire diameter 
in both the warp X and shoot Y directions as shown on 
figure 6. 

11.36 Locate and record to the nearest 0.01 mm the 
largest sieve aperture dimension in both the warp X and 
shoot Y direction as shown on figure 6. 
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Table 4.-Wire-clmh sieves for testing pur ses - standard s ifications. 
Sieve size Wire iameter Aperture dimension 

Average Nominal Average Largest 5% can 
minimum maximum minimum maximum allowable exceed 

mm inch mm mm mm mm mm mm mm 
150 6 9.50 10.50 10.0 145.6 154.4 157.0 156.0 
125 5 7.60 8.40 8.00 121.3 128.7 130.9 130.0 
90 3-½ 5.78 6.38 6.08 87.3 92.7 94.4 93.6 
75 3 5.51 6.09 5.80 72.8 77.2 78.7 78.l 
63 2-½ 5.23 5.78 5.50 61.l 64.9 66.2 65.6 
50 2 4.80 5.30 5.05 48.5 51.5 52.6 52.l 
45 1-¾ 4.61 5.09 4.85 43.6 46.4 47.4 46.9 
37.5 l -½ 4.36 4.82 4.59 36.4 38.6 39.5 39.l 
31.5 l-¼ 4.02 4.44 4.23 30.5 32.5 33.2 32.9 
25.0 l 3.61 3.99 3.80 24.2 25 .8 26.4 26.l 
22.4 7/8 3.33 3.68 3.50 21.7 23.1 23.7 23.4 
19.0 3/4 3.14 3.47 3.30 18.4 19.6 20.l 19.9 
11.2 7/16 2.33 2.57 2.45 10.85 11.55 11.94 11.75 
16.0 5/8 2.85 3.15 3.00 15 .5 16.5 17.00 16.7 
9.50 3/8 2.16 2.38 2.27 9.20 9.80 10.16 9.97 
8.00 5/16 1.97 2.17 2.07 7.75 8.25 8.58 8.41 
4.75 No.4 1.46 1.62 1.54 4.60 4.90 5.14 5.02 
4.00 No. 5 1.30 1.44 1.37 3.87 4.13 4.35 4.23 
2.36 No. 8 0.95 1.05 1.00 2.280 2.440 2.600 2.515 
2.00 No. 10 .855 0.945 0.900 1.930 2.070 2.215 2.135 
1.18 No. 16 .618 .683 .650 1.135 1.225 1.330 1.270 

600 µm No. 30 .361 .419 .390 575 µm 625 µm 695 µm 660 µm 
425 µm No.40 .268 .312 .290 406 µm 444 µm 502 µm 471 µm 
300 µm No. 50 .199 .231 .215 286 µm 314 µm 363 µm 337 µm 
150 µm No. 100 .102 .118 .110 142 µm 158 µm 192 µm 174 µm 

75 µm No. 200 .0477 .0583 .053 70 µm 80 µm 103 µm 091 µm 
45 µm No. 325 .027 .033 .D30 42 µm 48 µm 66 µm 57 µm 

Note: If cable 4 does nor list the sieve size needed, refer to appendix XI, cable XI. I. 

11.37 Calculate and record to the nearest one percent 
the percentage of apertures greater than che allowable limit 
as shown on figure 6. 

12. Calculations - Method A 

12.1 Calculate che wire diameters and aperture dimen­
sions using the following expression: 

Wire diameter or aperture dimension = final reading - initial reading 

12.2 Calculate the average aperture dimension in both 
the warp X and shoot Y direction for the entire sieve. 

where: 

a1 + a2 + a3 .. . + an 
Aa = 

Na 
(1) 

Aa = average aperture dimension in either the X or Y 
direction, mm 

a1, a2, a3, and an = measured sieve aperture dimension 
in either the X or the Y direction, mm 

Na = total number of aperture measurements in either 
the X or Y direction 

12.3 Calculate the measured percentage of aperture 
dimensions greater than the allowable percentage (5% of 
apertures can exceed) for che entire sieve. 
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% Greater = 100 ( i) (2) 

where: 
A = number of aperture measurements greater than 

the limit 
N = total number of aperture measurements for sieve 

100 = convert from decimal to percent 

12.4 Calculate che average wire diameter in both the 
warp X and shoot Y direction for the entire sieve. 

where: 

w. _ Wt + w2 + W3 .. . + Wn 
8 - Nw 

W8 = average wire diameter in either the X or Y 
direction, mm 

w1, w2, w3, and Wn = measured individual wire 
diameters in either the X or Y direction, mm 

(3) 

Nw = coca! number of wire diameter measurements in 
either the X or Y direction 

13. Interpretation of Results - Method A 

13.1 The sieve will be accepted if che following criteria 
are met: 

• The visual inspection is acceptable 
• The average wire diameter, of the warp X and shoot 
Y directions (taken seperately), falls within the specified 
limits 
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• The average aperture dimension, in both the warp 
X and shoot Y directi!:)n, is within .the specified limits 
• The largest measured aperture dimension is less than 
the specified limit 
• The percentage of measured aperture dimensions 
greater than the specified limit is 5 percent or less 
13.2 If the criteria in subparagraph 13.1 are met, check 

the accepted box; if not, check the rejected box. If the 
sieve is rejected and cannot be repaired, it should be 
discarded. 

14. Report - Method A 

14.1 The report is to consist of a completed and checked 
"Checking Wire-Cloth Sieve" form (fig. 6). 

14.2 All calculations are to show a checkmark. 

METHODB 
Checking Wire-Cloth Sieve Using a Plug Gauge 

and Linear Measurement Device 

15. Summary of Method - Method B 

15.1 Method Bis used to check sieves having aperture 
dimensions from 9.5 mm (3/8-in) to 100-mm (4-in). 
Perform a visual inspection of the sieve. Check a minimum 
of 10 sets of 10 aperture dimensions and wire diameters. 
Five sets are checked in the warp X direction and five 
sets are checked in the shoot Y direction (fig. 4). A plug 
gauge is used to check aperture dimensions against required 
"go/no go" criteria. A linear measurement device is used 
to measure wire diameters adjacent to the apertures. 
Average wire diameters are calculated for both the warp 
X and shoot Y directions and compared to maximum and 
minimum allowable diameters. Aperture dimensions are 
checked for allowable oversize and maximum aperture 
dimension. A decision to accept or reject the sieve for 
laboratory use is based on the sieve meeting specified 
dimensions. 

16. Apparatus - Method B 

16.1 Plug Gauges.-A set of plug gauges (fig. 3), con­
forming to the requirements in table 1, and a schematic 
is shown on figure 9. Each plug gauge is inscribed with 
three parallel lines at blade widths corresponding to-in 
order of increasing dimension-the "go" dimension, the 
"no-go" dimension, and the "max." dimension. Thus 
inscribed, the face of the blade is divided into four regions. 
The regions-in order of increasing blade width-are 
referred to as the "< go" region, the "go to no-go" region, 
the "no-go to max." region, and the"> max." region. When 
the plug gauge is inserted into an aperture in a sieve, 
the dimension of the aperture can be visually classified 
into one of the four regions . For most soil and concrete 
laboratory applications, plug gauges are required for the 
following sieve sizes:. 9.5-, 19.0-, 37.5-, 75-mm, (3/8-, 
3/4-, 1-1/2-, and 3-inch, respectively). 

16) Linear Measurement Devices.-,-A vernier or dial 
caliper (fig. 3) used to measure the wire diameters. The 
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Maximum individual aper­
ture, max. 

Average max imum 
variation, no-go 

Average minimum 
variation, go 

>max. 

no-go to max. 

go co no-go 

<go 

Figure 9. - Plug gauge schematic. 

linear measurement device is to meet requirements of 
Federal Specifications GGG-C-11 lB, and conform tO any 
additional requirements specified in USBR 1000. 

17. Calibration and Standardization - Method B 

17.1 Initially (when received) verify that plug gauges 
conform to the requirements as specified in table l. If 
a linear measurement device is used, verify that it meets 
the requirements of USBR 1000. If the calibration is not 
current, perform the calibration before using the linear 
measurement device for this procedure. 

18. Conditioning - Method B 

18.1 Prior tO performing this procedure, place the plug 
gauges, linear measurement devices, and sieves in the same 
environment in which they are to be checked for several 
hours until their temperatures are approximately the same. 

19. Procedure - Method B 

19.1 All data are tO be recorded on the "Checking Wire­
Cloth Sieve (Plug Gauges)" form as shown on figure 10. 

19.2 Record the sieve size in both SI and inch-pound 
units. Als·o, record the sieve control number, if applicable. 

19.3 Visually examine the sieve-preferably with a 
magnifying glass, for any tears, excessive wear, and/or wire 
displacement. If-upon completion of the visual inspec­
tion-flaws are not apparent or if suitable repairs are made, 
check the accepted box; if not, check the rejected box. The 
sieve, if rejected, shall be discarded. 

19.4 Locate a minimum of 10 sets-each containing 
10 aperture dimensions and wire diameters-as shown on 
figure 7. Five sets will run in the warp X direction and 
five sets will run in the shoot Y direction. The sets should 
be selected to uniformly cover the entire surface of the 
sieve or wherever excessive wear is shown. If there are 
fewer than 100 apertures in the sieve, check all apertures. 
If 10 sets of 10 aperture dimensions and wire diameters 
cannot be located, then randomly select 100 apertures and 
wire diameter, 50 in the warp X direction and 50 in the 
shoot Y direction to evenly represent the sieve. 
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CHECKING WIRE-CLOTH SIEVE (PLUG GAUGES) 
7-2398 < 1-87) 

USflR 102'>- !;!~ BureatJ of Rectt1mAtion Oesignat ion 

PROJECT I FEATURE I LAO. LOCA flON 
EXAMPLE 

CAU0RA TION PERFORMED BY DATE I CALIBRATION CHECKED BY DATE 

Sieve Size No. 3/8 inches 9.5 rrm 

Visual Inspection: ~ Accepted 
Sieve Control No. a"- 2 

□ Rejected 

< go go to no-go no-go to max ) max W,re Diameter (rrm) 
Aperture Field 

No. No. 
X y X y X y X y X y 

1 I ✓ 2.27 
2 ✓ 2.17 
3 ,/ 2.22 
4 ... / 2.23 
5 ,/ 2.29 
6 ... / 2.31 
7 ✓ 2.27 
8 ✓ 2.28 
g ✓ 2.26 
10 ✓ 2.31 
11 2 ,/ 2.23 
12 ,/ 2.25 
13 ,/ 2.27 
14 ✓ 2.29 
15 ✓ 2.30 
16 ,/ 2. 31. 
17 ... / 2 .32 
18 ✓ 2.27 

19 ✓ 2. 26 
20 ,/ 2.28 
21 
22 
23 
24 
25 

Average Aperture 

X y 

Total No. Measured 50 50 Average Wire Diameter 

No. out of spec. 0 4 Lrnits 2 .16 10 2.38 
Percent 0 8 Avg. X 2.26 y 2.28 
Total Percent 4 (5 percent allowed) 

Remarks: Average wire diameter and total percent Include all pages. 
(Only partial sieve checking data shown) 

Accepted ~ 
Rejected □ 

I SHEET OF 

Figure 10. - Checking wire-cloth sieves (plug gauges) - example. 
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19.5 Obtain the correet plug gauge for the sieve to 
b~ tested, matching the sieve size with the plug gauge 
size. 

19.6 Insert the plug gauge in the first aperture (A 1) 

of the first set with the long horizontal axis of the gauge 
blade oriented in the warp X direction (fig . 8). Visually 
determine the reg ion of the plug gauge blade that is 
intersected by the surface of the sieve and place a checkmark 
in the appropriate column corresponding to the plug gauge 
reading as shown on figure 10. Figure 11 shows a plug 
gauge placed in a sieve. 

19.7 Using the linear measurement device, measure 
the first wire diameter W1 of the first set (fig. 8) to the 
nearest 0.01 mm and record as shown on figure 10. 

19.8 Repeat subparagraphs 19.6 and 19.7 using the 
appropr iate positions until a minimum of 10 aperture 
dimensions and wire diameters for the set running in the 
warp X direction have been checked (see subpar. 19.4). 

19.9 Insert the plug gauge in the first aperture Au 
of the second set with the long horizontal axis of the gauge 
blade oriented in the shoot Y direction (fig. 8) . Visually 
determine the region of the plug gauge blade that is 
intersected by the surface of the sieve and place a mark 
in the appropriate column corresponding to the plug gauge 
reading as shown on figure 10. 

19.10 Using the linear measurement device, measure 
the first wire diameter Wu of the second set (fig. 8) to 
the nearest 0.01 mm and record as shown on figure 10. 

19.11 Repeat subparagraph 19.9 and 19.10 using the 
appropriate positions until a minimum of 10 aperture 
dimensions and wire diameters for the set running in the 
shoot Y direction have been checked (see subpar. 19.4). 

19.12 Repeat subparagraphs 19.8 and 19.11 until a 
minimum of 10 sets, 5 sets running in the warp X direction 
and 5 sets running in the shoot Y direction, have been 
checked. 

19.13 Obtain the appropriate minimum and maximum 
allowable limits for the average wire diameter from table 4 
and record as shown on figure 10. If the sieve size is not 

Figure l l. - Square frame wire clorh sieve. 
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shown on table 4, obtain the specified values from appendix 
Xl, table Xl.l. 

19.14 Calculate the percentage of openings which fall 
in the "no-go to max." region for both the warp X and 
shoot Y directions and record to the nearest 1 percent 
as shown on figure 10. Calculate the rota! percentage and 
record as shown on figure 10. 

19.15 Calculate and record co the nearest 0.01 mm the 
average wire diameter in both the warp X and shoot Y 
direetions as shown on figure 10. 

20. Calculations - Method B 

20.1 Calculate the percent of oversize apertures in the 
"no-go co max." column in the warp X or shoot Y direction 
for the entire sieve. 

P; = 100 (~) (4) 

where: 
P; percent of oversized apertures, % 
t; tOtal number of apertures in the "no-go to max." 

column 
N; total number of apertures measured 

100 convert from decimal to percent 

NITTE 5.-The subscript i denotes either the warp X or shoot 
Y direction. 

20.2 Calculate the t0tal percentage of apertures in the 
"no-go to max." region for the entire sieve. 

where: 
Pi total percentage of apertures in the "no-go co 

max." region,% 

(5) 

percent apertures in the "no-go to max. " reg ion 
in the warp X direetion, % 

percent apertures in the "no-go to max." region 
in the shoot Y direction, % 

20.3 Calculate the average wire diameter in either the 
warp X or shoot Y direction. 

w1 + w2 + W3 ... + Wn Wa = ----'~-~-~---~ 
Nw 

(6) 

where: 
Wa = average wire diameter in either the X or Y, mm 
w1, w2, wa, and Wn = measured individual wire 

diameters in either the X or Y direction, mm 
Nw = total number of wire diameter measurements in 

either the X or Y direction 

21. Interpretation of Results - Method B 

21.1 The sieve will be accepted under the following 
criteria: 

• The visual inspection is acceptable 
• The average wire diameter, of the warp X and shoot 
Y directions (taken separately), falls with in the speci fied 
limits 
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• Either all the checkmarks are in the "go to no-go" 
columns or less than 5 percent of the checkmarks fall 
in the "no-go to max." column. 
• There are no aperture dimensions in the "< go" or 
"> max." columns 
21.2 If there are greater than 5-percent openings in 

the "no-go to max." column, recalibrate the sieve using 
method C. 

21.3 If the sieve does not meet the criteria of 
subparagraph 21.1, except as noted in subparagraph 21.2, 
the sieve is to be rejected. It may be repaired and rechecked, 
otherwise discard if rejected. 

22. Report - Method B 

22.1 The report is co consist of a completed and checked 
"Checking Wire-Cloth Sieve (Plug Gauges)" form (fig. 10). 

22.2 All calculations are co show a checkmark. 

METHODC 
Checking Wire-Cloth Sieve Using 

a Linear Measurement Device 

23. Summary of Method - Method C 

23.1 Method C is used to check sieves having aperture 
dimensions from 2.36 mm (No. 8) to 150 mm (6 in). 
Perform a visual inspection of the sieve. Use a linear 
measurement device to check a minimum of 10 sets of 
10 aperture dimensions and wire diameters as shown in 
figure 7. Five sets are checked in the warp X direction 
and five sets are checked in the shoot Y direction (fig. 
4). Average wire diameter and aperture dimensions are 
calculated for both the warp X and shoot Y directions 
and compared co maximum and minimum allowable 
dimensions. Aperture dimensions are checked for allowable 
oversize percentage and maximum aperture dimension. A 
decision co accept or reject the sieve for laboratory use 
is based on the sieve meeting specified dimensions. 

24. Apparatus - Method C 

24.1 Linear Measurement Devices.-A vernier or dial 
caliper (fig. 3) is used co measure aperture dimensions 
and wire diameters . The linear measurement device is co 
meet requirements of Federal Specifications GGG-C-11 lB, 
and conform co any additional requirements specified in 
USBR 1000. 

25. Calibration and Standardization-Method C 

25.1 Verify that the linear measurement device has 
been calibrated in accordance with USBR 1000. If the 
calibration is not current, perform the calibration before 
using the linear measurement device for chis procedure. 

26. Conditioning - Method C 

26. l Prior co performing this procedure, place the 
linear measurement device and sieves in the same 

57 

environment in which they are co be checked for several 
hours until their temperatures are approximately the same. 

27. Procedure - Method C 

27. l All data are co be recorded on the "Checking Wire­
Cloth Sieve (Measurement Devices)" form as shown on 
figure 12. 

27.2 Record the sieve size in both SI and inch-pound 
units . Also record the sieve control number, if applicable, 
as shown on figure 12. 

27.3 Visually examine the sieve-preferably with a 
magnifying glass, for any tears, excessive wear, and/or wire 
displacement. If-upon completion of the visual inspec­
tion-flaws are not apparent or if suitable repairs are made, 
check the accepted box; if not, check the rejected box. The 
sieve, if rejected, shall be discarded. 

27.4 Locate a minimum of 10 sets - each containing 
10 aperture dimensions and wire diameters - as shown 
on figure 7. Five sets will run in the warp X direction 
and five will run in the shoot Y direction. The sets should 
be selected co uniformly cover the entire surface of the 
sieve or wherever excessive wear is shown. If there are 
fewer than 100 apertures in the sieve, check all apertures. 
If 10 sets of 10 aperture dimensions and wire diameters 
cannot be located, then randomly select 100 apertures and 
wire diameters, 50 in the warp X direction and 50 in the 
shoot Y direction co evenly represent the sieve. 

27.5 . Beginning with the first aperture (A1, fig. 8) of 
the first set, measure the aperture dimension using a linear 
measurement device. Measure the aperture dimension in 
the warp X direction, and record the value to the nearest 
0.01 mm as shown on figure 12. 

27.6 Using the linear measurement device, measure 
the first wire diameter W1 of the first set (fig. 8) to the 
nearest 0.01 mm and record as shown on figure 12. 

27 .7 Repeat subparagraphs 27.5 and 27.6 until a 
minimum of 10 aperture dimensions and wire diameters 
each have been checked for the set. 

27.8 Beginning with the first aperture (An, fig. 8) of 
the second set, measure the aperture dimension using a 
linear measurement device . Measure the aperture 
dimension in the shooc Y direction, and record the value 
co the nearest 0.01 mm as shown on figure 12. 

27.9 Using the linear measurement device, measure 
the first wire diameter W11 of the second set (fig. 8) to 

the nearest 0.01 mm and record on figure 12. 
27.10 Repeat subparagraphs 27.8 and 27.9 until a 

minimum of 10 aperture dimensions and wire diameters 
each have been checked for the set. 

27.11 Repeat subparagraphs 27.7 and 27.10 until a 
minimum of 10 sets, 5 sets running in the warp X direction 
and 5 sets running in the shoot Y direction, have been 
checked. 

27.12 Obtain the following values from table 4 and 
record as shown on figure 12: 

• Average wire diameter limits 
• Average aperture dimension limits 
• Largest allowable aperture dimension 
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7- 2397 (12-86) 
CHECKING WIRE -CLOTH SIEVE (MEASUREMENT DEVICES) llesi~nation LISRI{ 102 S. ~~ Rurcau o f R~cl ama tinn 

PROJECT I FEATURE 1-AB . LOCATTON 

EXAMPLE 
I CALIBRATION PERFORMED BY DATE 'CALIBRATION CHECK ED BY DA"fE 

Sieve Size No. 3 inches 75 mm 

Visual Inspection: 
121 Accepted 

s''... 3 D Rejected Sieve Control No . 

Aperture Field Aperture Dimension Wire Diameter 
No. No . (mm) (mm) 

Warp (X) Shoot (y) Warp (X) Shoot (Y) 

1 I 74 . 2 74 . 0 5 . 75 5 . 78 
2 + 75 . 0 76 . 0 5.83 5 .80 
3 

4 

5 

6 

7 
8 

9 

10 
11 

12 

13 

14 

15 
16 

17 

18 

19 

20 
21 

22 

23 

24 

25 

Allowable Measured 
min max X y 

Average Wire Diameter (mm) 5 . 51 6 . 09 5 . 79 5 . 79 

Average Aperture (mmi 7 3 . 8 77 . 2 74 . 6 75 . 0 

Largest Aperture (mm) 78.7 75.0 76 .0 

5 % of Apertures can exceed 78. I (mm) 0 % 

Remarks· Only two opertures on 8 - inch diameter sieve. 

Accepted [8J 
Rejected □ 

I SHEET ___ QF ___ 

Figure 12. - Checking wire-cloth sieve (measurement devices) - example. 
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• Aperture dimension of which 5 percent of che 
measured apercures can exceed 

NOfE 6.-If table 4 does not list the tolerances needed for 
a certain sieve size, refer co appendix X 1, table X l. l. 

27.13 Calculace and record co rhe nearest 0.01 mm rhe 
average aperture dimension and average wire diameter in 
borh rhe warp X and shoot Y directions as shown on 
figure 12. 

27.14 Locate and record co rhe nearest 0.0 l mm rhe 
largest sieve apercure dimension in bor.h rhe warp X and 
shooc Y directions as shown on figure 12. 

27.15 Calculate and record co the nearest one percent 
rhe percentage of apercures greater rhan rhe allowable limit 
as shown on figure 12. 

28. Calculations - Method C 

28. l Calculate the average aperture dimension in both 
rhe warp X and shooc Y direction for the entire sieve. 

A = a1 + a2 + a3 . . . + 3 n 

a N a (7) 

where: 
Aa = average aperture dimension in either rhe X or Y 

direction, mm 
a1, a2, aa, and an = measured sieve apercure dimension 

in either the X or the Y direction, mm 
N11 = coral number of aperture measurements in either 

the X or the Y direction 

28.2 Calculate the measured percentage of aperture 
dimensions greater than the limit for the entire sieve. 

% Greater = 100 ( i) (8) 

where: 
A = number of aperture measurements greater than 

the limit 
N = rotal number of aperture measurements for the 

sieve 
100 = convert from decimal co percent 

28.3 Calculate rhe average wire diameter in both the 
warp X and shoot Y direction for the entire sieve. 

where: 

W, = W1 + w2 + W3 . . . + Wn 

a Nw 

Wa = average wire diameter in either the X or Y 
direction, mm 

w1, w2, wa, and Wn = measured individual wire 
diameter in either the X or Y direction, mm 

(9) 

Nw = rotal number of wire diameter measurements in 
either the X for Y direction 

29. Interpretation of Results - Method C 

29. l The sieve will be accepted if the following criteria 
are met: 

• The visual inspection is acceptable 
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• The average wire diameter, of the warp X and shoot 
Y directions ( taken separately), falls within the specified 
limits 
• The average aperture dimension in both rhe warp 
X and shoot Y direction is within rhe specified limits 
• The largest measured aperture dimension is less rhan 
the specified limit 
• The percentage of measured apercure dimensions 
greater than the specified limir is 5 percent or less 
29.2 If the criteria in subparagraph 29. l are mer, check 

che accepted box; if noc, check che rejected box. If the 
sieve is rejected and cannot be repaired it should be 
discarded. 

30. Report - Method C 

30. l The reporc is co consist of a completed and checked 
"Checking Wire-Cloth Sieve (Measurement Devices)" form 
(fig. 12). 

30.2 All calculations are co show a checkmark. 

METHOOD 
Checking Perforated Plate Sieve 

Using a Linear Measurement Device 

31. Summary of Method - Method D 

31. l Method D is used co check perforated plate sieves 
having aperture dimensions from 4.75 mm (No. 4) co 
150 mm (6 inch). Perform a visual inspection of the sieve. 
Use a linear measurement device co measure aperture 
dimension, bridgewidth, and place thickness along two 
lines. Aperture pitch is calculated. The dimensions obtained 
are individually compared with specified dimensions. A 
decision co accept or reject the perforated plate sieve for 
laboratory use is based on the sieve meeting specified 
dimensions. 

32. Apparatus - Method D 

32. l Linear Measurement Devices.-A vernier or dial 
caliper (fig. 3) is used co measure bridgewidth and aperture 
dimension. The plate thickness is measured using any 
reliable linear measuring device. The linear measurement 
devices are to meet requirements of Federal Specifications 
GGG-C-111B, and conform co any additional requirements 
specified in USBR 1000. 

33. Calibration and Standardization - Method D 

33. l Verify that the linear measurement devices have 
been calibrated in accordance with USBR 1000. If rhe 
calibration is not current, perform rhe calibration before 
using the linear measurement device for this procedure. 

34. Conditioning - Method D 

34.1 Prior co performing chis procedure, place rhe 
linear measurement devices and sieves in the same 
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environment in which they are to be checked for several 
hours until their temperatures are approximately the same. 

35. Procedure - Method D 

35.1 All data are to be recorded on the "Checking 
Perforated Place Sieve" form as shown on figure 13. 

35.2 Record the sieve size in both SI and inch-pound 
units. Also record che sieve control number, if applicable, 
as shown on figure 13. Locate from figure 14 and record, 
as shown on figure 13, sieve aperture dimension limits , 
bridgewidth dimension limit, pitch dimension limits, and 
place thickness dimension limits for the appropriate sieve 
size. If the sieve size is not shown on figure 14, specified 
values can be obtained from appendix Xl, table Xl.2. 

35.3 Visually examine the perforated place sieve-pre­
ferably with a magnifying glass, for any flaws . If-upon 
completion of the visual inspection-flaws are not apparent 
or if suitable repairs are made, check the accepted box; 
if not, check the rejected box. The sieve, if rejected, shall 
be discarded. A typical perforated place sieve is shown 
on figure 15. 

NOTE 6.- The plug gauges which where used for the wire­
cloth sieves are unacceptable for the perforated plate sieves due 
ro the change in allowable dimensions. 

35.4 Check all dimensions using a linear measurement 
device. Because of the manner in which the sieve is 
fabricated, each aperture is tapered so be sure to make 
measurements on the side of the plate on which the 
manufacturer indicated the aperture size. 

35 .5 The two straight lines used for checking square 
apertures are separated by either 90 degrees (perpendic­
ular), or 63 degrees 26 minutes to each ocher as shown 
on figure 14. The two straight lines used for checking 
round apertures are separated by 60 degrees. 

35.6 The apertures selected to verify chat the sieve 
is within allowable dimensions are chose which lie along 
two straight lines, each at lease 100-mm (3.94-in) in length, 
or a total of 20 apertures ( 10 in the direction of each 
line) whichever is greater. If these requirements cannot 
be met, check all apertures in the sieve. 

35 .6 .1 Beginning with straight line 1 (0 degrees), 
measure and record the aperture dimensions co the nearest 
0.01 mm in both the warp X and shoot Y directions as 
shown on figure 13. 

35.6.2 Measure and record the bridgewidch dimen­
sions (Z;, fig. 14) to the nearest 0.01 mm between the 
apertures measured in subparagraph 35 .6.1. 

35 .6.3 Measure and record the place thickness co the 
nearest 0.01 mm on 25 percent of the bridges measured 
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as shown on figure 13. Preferably chis should be done 
on the bridges that show the most wear-apparent by the 
smallest bridgewidth dimension. Repeat subparagraphs 
35.6.1 and 35.6.4 until the required number of apertures 
or a distance of 100 mm have been checked. 

35.6.4 Calculate and record co the nearest 0.01 mm 
the pitch distance as shown on figure 13. 

35.7 Beginning at subparagraph 35.6. l and continuing 
through subparagraph 35.6.4 check the sieve in the ocher 
direction of travel along line 2 as shown on figure 14. 
Record the data on a second form. If the aperture 
dimensions, pitch dimensions, bridgewidch, and plate 
thicknesses fall within the required limits , place a 
checkmark in the approved box. Record any remarks at 
the bottom of figure 13. 

36. Calculations - Method D 

36.1 Calculate the pitch dimension. 

Pitch = ½ X; + ½ X; + 1 + Z; (10) 
where: 
Piech = center-co-center distance of adjacent apertures, 

mm 
X; aperture dimension; X for line 1; Y for line 2, 

mm 
X; + 1 aperture dimension of the following aperture: 

Xfor line l; Yfor line 2, mm 
Z; bridgewidch of bridge between apertures X; 

and X; + 1 or Y,- and Y,- + 1, mm 

37. Interpretation of Results - Method D 

37.l The sieve will be accepted if the following criteria 
are mer: 

• The visual inspection is acceptable 
• All aperture dimensions are within specified limits 
• All bridgewidch dimensions are within specified 
limit 
• All pitch distances are within specified limits 
• Plate thickness falls within specified limits 
37.2 If the criteria in subparagraph 37.1 are met, 

check the accepted box ; if not, check the rejected box. If 
the sieve is rejected and cannot be repaired, it should be 
discarded. 

38. Report - Method D 

38. l The report is co consist of a completed and 
checked "Checking Perforated Place Sieve" form (fig. 13). 

38.2 All calculations are co show a checkmark. 
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7-2399 < 1-871 
CHECKING PERFORATED PLATE SIEVE 

Bureau of Rec1amat1on Oes ianation USSR l02~ · §~ 
PROJECT I FEATURE I LAB. LOCATION 

EXAMPLE 
CALIBRATION PERFORMED BY DATE I CALIBRATION CHECKE.D BY DATE 

Direc1ion of Travel oo Line No. I 

Visual lnspec1ion: 181Accepted Sieve SiZe 4 No. 3/16 inches 4.75 nvn 
□ Rejected 

Sieve Control No. 

Pitch 
Sieve Aperture Bridgewidlh 

Dimension Plale Thickness 
Dimension Dimension 

(rrm) (rrm) 
(rrm) (rrm) 

Pitch z 
X y 

X y 
1 4.72 4.67 
2 4 .71 

2 . 66 7 . 38 
4.63 

2.21 6.92 1.41 
3 4.70 4.61 

2.62 7.36 
4 4 .78 4.62 

5 
2.64 7 . 38 

4.66 4 . 68 2.44 7.08 I. 33 
6 4.61 4.68 

2.58 7. 22 
4.68 7 4.69 

2.50 7. IB 1.54 
8 4 . 68 4 . 65 

2.48 7 .12 1. 46 g 4 .61 4 . 70 
2.57 7 . 20 

10 4.64 4 .62 
2. 51 7.14 

11 4.62 4 .61 
12 4.68 4.71 

2.70 7.35 
2. 71 7. 39 

4 . 68 4 . 72 13 
2.57 7 . 23 

14 4.62 4.61 
2.58 7.21 

4.64 15 4.61 
2.63 7.28 

16 4 . 68 4 . 64 
17 

18 
19 

20 
21 

22 
23 
24 

25 

Sieve Aperture 
Bridge width Pilch 

Dimension 

Limits (rrm) 
Dimension Dimension Plate Thickness 

4.61 4.89 Less than the Units (rrm) LimilS (rrm) 
to 1.03 5.8 7.8 0 . 8 I. 5 Limit (rrm) to to 

Remarks: 

Accepted IZI 
Rejected □ 

I SHEET OF 

Figure 13. - Checking perforated plate sieve - example. 
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ALLOWA BLE DIMENSIONS - PERFOR AT ED PLATE SIEVES 
Sieve Aperture width Distance between Place Minimum 
s ize range apertu re center (p itch) thickness bridge width 

1n1n 111 1n1n 1nm m m mm 
75 3 74.3 - 75.4 86 - 109 2.5 - 4.0 10 
37.5 1-½ 37.1 - 37 9 43 - 55 1. 5 - 2.5 5 25 
19.0 ¼ [8.7 - 19.3 22 - 29 1. 5 - 2.5 3 
95 Ys 9.3 - 9.7 11.3 - 14.9 1.0 - 2.0 1.75 
4.75 No. 4 4.6 1 - 4.89 5.8 - 7.8 0.8 - 1.5 l.03 

□□□□ 
□□ 

~]□ □ □□□ 
Y2 I y·! 

I 
I y·! I 

y5 y6 -ffi 
1 .. x\ .l.z, .. I. X2 Jz 2.~ 

x · ~;3 ~ x4 ~.24 1- X s • l}s. I. xs ., I ,Zs,~ X1 . I 3 

IC 
100 m m (m ini mum) . I 

NOfE: Th is drawing denotes the two straight lines when seperared by 63 degrees 26 m inutes. 

Figure 14. - Allowable dimensions - perfora ted p late sieves. Measuring sequence fo r pe rfo ra ted place sieves. 
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Figu re 15. - Perforated plate s ieves with orbita l separat ing device. 
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Appendix Xl 
Table Xl.l - Nominal dimensions, permissible variations for wire cloth of standard rest sieves (U.S.A. Standard Series) I_ASTM E 11 l-

Sieve Designation Permissible Varia-
Maximum Open-Nominal tion of Average ing Size for Not Maximum lndi- Nominal 

Sieve Open- Opening from the Wire Diame-
Standard• Alternative ing. in .' Standard Sieve More than 5 % of vidual Opening ler. n1mn 

Designation Openings 

(I) (2) (3) (4) (5) (6) (7) 

125 mm 5 in. 5 ±3.7 mm 130.0 mm 130.9 mm 8.0 
106mm 4.24 in. 4.24 ±3.2 mm 110.2 mm Ill.I mm 6.40 
IOOmm'' 4 in." 4 ±3.0 mm 104.0 mm 104.8 mm 6.30 
90mm 3½ in. 3.5 ±2.7 mm 93.6 mm 94.4 mm 6.08 
75 mm 3 in. 3 ±2.2 mm 78.I mm 78.7 mm 5.80 
63 mm 2½ in. 2.5 ±l.9mm 65.6 mm 66.2 mm 5.50 
53 mm 2.12 in. 2.12 ±l.6mm 55.2 mm 55.7 mm 5.15 
50 mm" 2 in." 2 ±1.5 mm 52.1 mm 52.6 mm 5.05 
45 mm l'Y, in . 1.75 ±l .4mm 46.9 mm 47.4 mm 4.~5 
37.5 mm I½ in. 1.5 ±I.I mm 39.1 mm 39.5 mm 4_.,') 
31.5 mm I Y, in . 1.25 ±1.0 ·mm 32.9 mm 33.2 mm 4.2 3 
26.5 mm 1.06 in. 1.06 ±0.8 mm 27.7 mm 28.0 mm 3.90 
25.0 mm" I in." I ±0.8 mm 26.I mm 26.4 mm 3.80 
22.4 mm 'I• in. 0.875 ±0.7 mm 23.4 mm 23.7 mm 3.50 
19.0mm 'Y, in. 0.750 ±0.6 mm 19.9mm 20.1 mm 3.30 
16.0mm %in. 0.625 ±0.5 mm 16.7 mm 17 .0 mm 3.00 
13.2 mm 0.530 in. 0.530 ±0.41 mm 13 .83 mm 14.05 mm 2.75 
12.5 mm" ½ in.rt 0.500 ±0.39 mm 13.10 mm 13.31 mm 2.67 
11.2 mm 7/rn in. 0.438 ±0.35 mm 11.75mm 11.94 mm 2.45 
9.5 mm :Y.in. 0.375 ±0.30 mm 9.97 mm 10.16 mm 2.27 
8.0mm 'Yts in. 0.312 ±0.25 mm 8.41 mm 8.58 mm 2.07 
6.7 mm 0.265 in. 0.265 ±0.21 mm 7.05 mm 7.20 mm 1.87 
6.3 mm'' ¼ in .0 0.250 ±0.20 mm 6.64 mm 6.78 mm 1.82 
5.6mm No. 3½ 0.223 ±0.18 mm 5.90 mm 6.04 mm 1.68 
4.75 mm No. 4 0.187 ±0.15 mm 5.02mm 5.14 mm 1.54 
4.00 mm No. 5 0.157 ±0.13 mm 4.23 mm 4.35 mm 1.37 
3.35 mm No. 6 0.132 ±0.11 min 3.55 mm 3.66 mm 1.23 
2.80 mm No. 7 0.111 ±0.095 mm 2.975 mm 3.070 mm 1.10 
2.36 mm No. 8 0.0937 ±0.080 mm 2.515 mm 2.600 mm 1.00 
2.00 mm No. 10 0.0787 ±0.070mm 2.135 mm 2.215 mm 0.900 
1.70mm No. 12' 0.0661 ±0.060 mm 1.820 mm 1.890 mm 0.810 
1.40mm No. 14 0.0555 ±0.050 mm 1.505 mm 1.565 mm 0.725 
1.18 mm No. 16 0.0469 ±0.045 mm 1.270mm 1.330 mm 0.650 
1.00mm No. 18 0.0394 ±0.040 mm 1.080 mm 1.135 mm 0.580 
850 µm 1 No. 20 0.0331 ±35 µm 925 µm 970 µm 0.5IO 
7IO µm No. 25 0.0278 ±30 µm 775 µm 815 µm 0.450 
600µm No. 30 0.0234 ±25 µm 660µm 695 µm 0.390 
500 µm No. 35 0.0197 ±20 µm 550 µm 585 µm 0.340 
425 µm No. 40 0.0165 ±19 µm 471 µm 502 µm 0.290 
355 µm No. 45 0.0139 ±16 µm 396 µm 425 µm 0.247 
300 µm No. 50 0.0117 ±14 µm 337 µm 363 µm 0.215 
250 µm No. 60 0.0098 ±12 µm 283 µm 306 µm 0.180 
212 µm No. 70 0.0083 ±I0µm 242 µm 263 µm 0.152 
180µm No. 80 0.0070 ±9µm 207 µm 227 µm 0. 131 
150 µm No. 100 0.0059 ±8 µm 174 µm 192 µm 0.110 
125 µm No. 120 0.0049 ±7 µm 147 µm 163 µm 0.091 
106 µm No. 140 0.0041 ±6µm 126 µm 141 µm 0.076 
90 µm No. 170 0.0035 ±5µm 108 µm 122 µm 0.064 
75 µm No. 200 0.0029 ±5µm 9lµm 103 µm 0.053 
63 µm No. 230 0.0025 ±4 µm 77 µm 89 µm 0.044 
53 µm No. 270 0.0021 ±4µm 66 µm 76 µm 0.037 
45 µm No. 325 0.0017 ±3µm 57 µm 66 µm 0.030 
38 µm No. 400 0.0015 ±3µm 48 µm 57 µm 0.o25 

"The average diameter of the warp and of the shoot wires, taken separately, of the cloth of any sieve shall not deviate from 
the nominal values by more than the following: 

Sieves coarser than 600 µm 5 % 
Sieves 600 to 125 µm 7½ % 
Sieves liner than 125 µm IO % 
• These standard designations correspond to the values for test sieve apertures recommended by the International Standards 

Organization, Geneva, Switzerland. 
'Only approximately equivalent to the metric values in Column I. 
d These sieves are not in the standard series but they have been included because they are in common usage. 
'These numbers (3½ to 400) are the approximate number of openings per linear inch but it is preferred that the sieve be 

identified by the standard designation in millimeters or µm . 
1 l000 µm = I mm. 
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Table Xl.2. - Nominal dimensions, permissible variations, and ranges for perforated plate in standard sieves [ASTl\.-1 E 3231-

Sieve Designation and Maxi- Centers Plate Thickness 
Apenure Size,. mum 

Varia- Preferred Preferred 
tion of Permissible Permissible Stand- Alternative Aper- Stand- Alter- Range0 Stand- Range ard8 lure Alternative 
Sizec ard native ard 

mm in.£ mm mm io.E mm mm in.t: gage,. mm 

(I) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

125 5 ±1.0 160 6¼ 144 to 184 3.4 0.1345 10 2.5 to 4.0 
106 4Y, ±0.9 135 5Y, 122 to 155 3.4 0.1345 10 2.5 to 4.0 
100" 4 ±0.9 128 5 115 to 147 3.4 0.1345 10 2.5 to 4.0 
90 3\', ±0.8 Ill 4% 10010 128 2.7 0.1046 12 2.5 to 4.0 
75 3 ±0.7 95 JY,· 86 to 109 2.7 0.1046 12 2.5 to 4.0 

63 2\', ±0.6 80 3Y, 72 to 92 2.7 0.1046 12 2.5 to 4.0 
53 2Ys ±0.6 68 2% 61 to 78 2.7 0.1046 12 2.5 to 4.0 
50" 2 ±0.5 64 2\1, 58 to 73 2.7 0.1046 12 2.5 to 1.0 
45 l'Y, ±0.5 57 2v. 51 to 65 1.9 0.0747 14 1.5 to 2.5 
37.5 I Y2 ±0.4 48 11/, 43 to 55 1.9 0.0747 14 1.5 to 2.5 

31.5 I Y, ±0.4 41 I·% 37 to 47 1.9 0.0747 14 1.5 to 2.5 
26.5 I Vis ±0.4 35 1.Y,s 31 to 40 1.9 0.0747 14 1.5 to 2.5 
25.0" ±0.4 32 I Y, 29 to 37 1.9 0.0747 14 1.5 to 2.5 
22.4 1/, ±0.3 29 I Vs 26 to 33 1.9 0.0747 14 1.5 to 2.5 
19.0 '¼ ±0.3 25 I 22 to 29 1.9 0.0747 14 1.5 to 2.5 

16.0 % ±0.27 21 J;Ytfi 19 to 24 1.9 0.0747 14 1.5 lo 2.5 
13.2 11/:12 ±0.25 18 '¼ 16 to 20 1.9 0.0747 14 1.0 lo 2.0 
12.5" \', ±0.24 17 1y11-; 15 to 20 1.9 0.0747 14 1.0 lo 2.0 
11.2 1/u-; ±0.23 15 % 13 lo 17 1.9 0.0747 14 1.0 lo 2.0 
9.5 'Ys ±0.20 13.0 Y, 11.3 lo 14.9 1.9 0.0747 14 1.0 to 2.0 

8.0 o/ui ±0.19 I 1.0 '1/i.; 9.5 lo 12.6 1.9 0.0747 14 1.0 10 2.0 
6.7 111 ... ±0.17 9.9 '%, 8.3 lo 11.4 1.5 0.0598 16 . 0.8 to 1.5 
6.3" Y, ±0.16 9.5 'Ys 8.0 to 10.9 1.5 0.0598 16 0.8 to 1.5 
5.6 3/:12 ±0.15 8.7 1Y.tl 7.2 to 10.0 1.5 0.0598 16 0.8 to 1.5 
4.75 'Yi" ±0.14 6.8 Y, 5.8 to 7.8 1.5 0.0598 16 0.8 lo 1.5 

4.00 '½2 ±0.13 5.9 3/32 5.0 to 6.8 1.5 0.0598 16 0.8 to 1.5 
3.35 0.127(1/s) ±0.12 4.9 3/16 4.2 to 5.7 1.5 0.0598 16 0.8 to 1.5 
2.80 3/54 ±0.11 4.4 ,y .. 3.7 to 5.1 1.5 0.0598 16 0.8 to 1.5 
2.36 %2 ±0.10 3.8 '½, 3.2 to 4.4 1.5 0.0598 16 0.8 to 1.5 
2.00 0.078 ±0.09 3.3 Ya 2.8 to 3.8 1.5 0.0598 16 0.8 to 1.5 

1.70 0.066 ±0.08 2.9 'I"' 2.5 to 3.3 0.8 0.0299 22 0.4 lo 0.8 
1.40 0.055 ±0.08 2.6 0.100 2.2 to 3.0 0.8 0.0299 22 0.4 to 0.8 
1.18 0.045 ±0.07 2.2 0.090 1.9 to 2.5 0.8 0.0299 22 0.4 to 0.8 
1.00 0.039 ±0.07 2.0 0.077 1.7 to 2.3 0.8 0.0299 22 0.4 lo 0.8 

,. The values shown in this table refer to both round and square apertures. In general. square-aperture perforated-sieve 
plates are available only in 3.35 mm and larger. 

8 These standard designations. progressing from a base of I mm in the ratio of approximately V2 to I. correspond to the 
values for test sieve apenures recommended by the International Organization for Standardization. Geneva. Switzerland. 

c This permissible variation applies to both the standard apenure sizes and the alternative apenure sizes. 
0 A range of± 15 % is allowed except that in no case shall the minimum bridge (bar between apenures) be less than one 

half of the difference between the nominal apenure and the preferred center. 
E Only approximately equivalent to the standard values. 
•· The gage values are for carbon steel. For other materials, the gage used should be the nearest decimal equivalent of the 

U.S. standard gage for steel. 
"These sieves are not in the standard series but they have been included because they are in common usage. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING SPECIFIC GRAVITY FLASKS 

USBR 1030-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The calibration procedure is issued under the fixed designation USBR 1030. The 
number immediately following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating specific gravity flasks used for determining the. 
specific gravity of soils as performed in accordance with 
USBR 5320 (method A). 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5320 Determining Specific Gravity of Soils 

2.2 ASTM Standards: 
D 854 Standard Method for Specific Gravity of Soils 
El ASTM Thermometers 

3. Summary of Method 

3.1 The mass of a dry, clean specific gravity flask is 
determined and recorded. The flask is filled with distilled 
water to the graduation line on the neck of the flask. A 
vacuum is applied to the flask until all entrapped air is 
removed. The mass of the flask and water, temperature 
of the water, and volume of the flask are determined and 
recorded. 

4. Significance and Use 

4.1 Specific gravity (volumetric) flasks are used to 
determine the apparent specific gravity of soils composed 
of material passing the U.S.A. Standard series No. 4 
(4.75-mm) sieve. Accurate calibration of the mass and 
volume of the flask is necessary to obtain a reliable value 
of soil specific gravity. 

4.2 The procedure described results in a flask 
calibration that may be used to determine the specific 
gravity of a specimen of any suitable mass. 

4.3 The calibration procedure is to be performed upon 
receipt of the flask. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 
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5.1.1 ApparentSpeoficGravity.-Ga, ratio of: (1) the 
mass in air of a given volume of the impermeable portion 
of a permeable material (that is, the solid matter including 
its impermeable pores or voids) at a stated temperature, 
to (2) the mass in air of an equal volume of distilled water 
at a stated temperature (ASTM definition). 

5.1.2 SpecificGravityo/Solids.-Gs, ratio of: (1) the 
mass in air of a given volume of solids at a stated tem­
perature, to (2) the mass in air of an equal volume of 
distilled water at a stated temperature (ASTM). 

6. Apparatus 

6.1 Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.01 g and have 
a capacity of about 500 g. 

6.2 Speofic Gravity Flask (fig. 1).-A flask having a 
capacity of 250 ml or larger. 

6.3 Vacuum Pump.-A vacuum pump (motorized or 
hand-held) capable of applying a vacuum of at least 10 
inches (250 mm) of mercury to the specific gravity flask. 

6.4 Flexible Tubing.-Noncollapsible flexible tubing 
sufficient for connecting the vacuum pump to a rubber 
stopper which fits the specific gravity flask. 

6.5 Thermometer.- 0.5 °C divisions conforming to the 
requirements of ASTM E 1. 

6.6 Water bulb with stem. 
6.7 Water Bath-A water bath for maintaining the 

specific gravity flask and contents at a constant temperature 
during the calibration procedure. The water bath is not 
mandatory but is recommended to minimize effects of 
density variations of the water from room temperature 
fluctuations. 

6.8 Cotton swabs. 

7. Reagents and Materials 

7.1 Distilled water is to be used for determining the 
volume of the specific gravity flask. 

8. Precautions 

8.1 Safety Precautions: 
8.1.1 Ensure that the water bath and vacuum pump 

power cords are in good condition and are properly 
grounded. 
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•• 

Figure 1. - Specific gravity flask. 

Calibration 

line 

8.1.2 Check the condition of the specific gravity 
flasks to ensure there are no chipped or sharp edges or 
cracks . 

8.2 Technical Precaucions.-Ensure that the graduation 
line on the flask is clearly inscribed on the flask neck. 

9. Calibration and Standardization 

9. l Verify that the balance or scale used is currently 
calibrated in accordance with USBR LOI 2. If the ca libration 
is not current, perform the calibration before using the 
balance or sca le for this procedure. 

10. Conditioning 
LO.l Perform this ca libration in an area isolated from 

excessive heat sources or air currents and is maintained 
at or near room temperature of 68 °F ( 20 °C). 

10.2 The specific gravity flasks and water bath shou ld 
be placed in the environment in which they are to be 
calibrated for a period of at least 24 hours before calibration. 

11. Procedure 
I 1.1 A II data are to be recorded on the "Specific Gravity 

Flask Calibration (Volume Method)" form as shown on 
figure 2. 

11.2 Record the identification number of the specific 
gravity flask to be calibrated. 

l l. 3 Determine the mass of the clean, dry specific 
gravity flask to the nearest 0.01 gram and record. 
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I 1.4 Fill the flask with distilled water until the bottom 
of the meniscus is even with the reference mark (calibration 
line ) on the neck of the flask as shown on figure 1. 

I l.5 Place the water-filled flask in the constant 
temperature water bath and securely place a rubber stopper 
on the top of the flask. 

I 1.6 Apply a vacuum by connecting the vacuum source 
with appropriate tubing to the flask to remove all entrapped 
a,r. 

I 1.7 Gently roll the flask occasionally to aid in removal 
of air. 

I 1.8 Leave the flask in the water bath , with the vacuum 
applied, until there are no visible air bubbles. 

l 1.9 Release the vacuum and remove the flask from 
the water bath. If the water level has fallen below the 
reference mark, the water bulb with stem is tO be used 
t0 replace the distilled water precisely up tO the mark. 

11. 10 With a rowel, dry the outside of the flask and 
use a cotton swab t0 dry the inside neck of the flask above 
the reference mark. 

I 1.11 Determine and record the mass of the water­
filled flask t0 the nearest 0.01 gram. 

I I. l2 Immediately after determining the mass of the 
water-filled flask, gently shake the flask and insert the 
thermometer to middepth. 

l l.13 Determine and record the temperature of the 
water to the nearest 0.5 ° C. 

11.14 Calcu late and record the volume of the specific 
gravity flask to the nearest 0.01 cm3. 

11.15 Repeat subparagraphs 11.3 through 11.14 t0 

obtain a second trial. 
I l.16 The difference between the two trials must be 

0. l cm3 or less. If this is not the case, the procedure is 
tO be repeated until two consecutive values are within 
O. l cm3 of each other. 

11.17 Calculate and record the average flask volume 
to the nearest 0.01 cm3. 

12. Calculations 
l2.l Calculate the volume of the specific grav ity flask 

us ing the expression: 

(7 ) 

where: 

(7 ) volume of flask, cm 3 

ill 
(6) 

(5 ) (3) - (2) is the mass of water, g 
(3) mass of flask filled with water, g 
(2 ) mass of flask, g 
(6) abso lute density of water at temperature 

(table 1), g/cml 

13. Report 

l3. l The report is to cons ist of a completed and checked 
"Specific Gravity Flask Calibrat ion (Volume Method)" form 
(fig. 2). 

13.2 All calcu lations are tO show a checkmark. 
13.3 A permanent record should be made for each 

specific gravity flask used in the laboratory. 
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Table I. - Absolute density of water in grams per cubic cencimecer.1' 

Degrees 0 2 3 4 5 6 7 8 9 
C 

0 0.999841 847 854 860 866 872 878 884 889 895 
l 900 905 909 914 918 923 927 930 934 938 
2 941 944 947 950 953 955 958 960 962 964 
3 965 967 968 969 970 971 972 972 973 973 
4 973 973 973 972 972 972 970 969 968 966 

5 965 963 961 959 957 955 952 950 947 944 
6 941 938 935 93 1 927 924 920 916 911 907 
7 902 898 893 888 883 877 872 866 861 855 
8 849 843 837 830 824 817 810 803 796 789 
9 781 774 766 758 751 742 734 726 717 709 

lO 700 691 682 673 664 654 645 635 625 615 
11 605 595 585 574 564 553 542 53 1 520 509 
12 498 486 475 463 45 1 439 427 415 402 390 
13 377 364 352 339 326 312 299 285 272 258 
14 244 230 216 202 188 173 159 144 129 114 

15 099 084 069 ()154 038 023 007 •991 *975 *959 
16 0.998943 926 910 893 877 860 843 826 809 792 
17 774 757 739 722 704 686 668 650 632 613 
18 595 576 558 539 520 501 482 463 444 424 
19 405 385 365 345 325 305 285 265 244 224 

20 203 183 162 141 120 099 078 056 035 013 
21 0.997992 970 948 926 904 882 860 837 815 792 
22 770 747 724 701 678 655 632 608 585 561 
23 538 514 490 466 442 418 394 369 345 320 
24 296 271 246 221 196 17 1 146 120 095 069 

25 044 018 •992 *967 *941 *914 *888 *862 *836 *809 
26 0.996783 756 729 703 676 649 621 594 567 540 
27 512 485 457 429 401 373 345 317 289 261 
28 232 204 175 147 ll8 089 060 031 002 *973 
29 0.995944 914 885 855 826 796 766 736 706 676 
30 646 616 586 555 525 494 464 433 402 37 1 

1' For inch-pound applications, multiply the va lues in chis table by 62.4280 to convert 
co lbm/ fcl. 

* First th ree significant figures shown in line below. 
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7-14S3 (10-86l SPECIFIC GRAVITY FLASK CALIBRATION 
Bureau of Rec amatlon (VOLUME METHOD) Designation USBR 1030-_~ 

PROJECT I FEATURE 
Example 

CALIBRATION PERFORMED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

,_ FLASK NO. 
86 

lg> 
79 _99 

2. MASS OF FLASK 
TRIAL NO. 

1 2 

325.81 325.80 
3 . MASS OFF LASK+ DISTILLED WATER (g) 

23.5 23.0 
4. TEMPERATURE OF WATER I •c1 

245.93 245 . 92 
5. MASS OF WATER = (31 - (21 (11> 

(g/cm3> 
0.997418 0.997538 

6 . ABSOLUTE DENSITY OF WATER AT TEMP. (41 

(cm3> 
246 . 57 246 . 53 

7 . VOLUME OF FLASK = (51/(61 

8 . AVERAGE (cm3) 246 . 55 

1. FLASK NO. 

2. MASS OF FLASK (g) 

TRIAL NO. 

1 2 

3 . MASS OF FLASK+ DISTILLED WATER (g) 

4. TEMPERATURE OF WATER I •c> 

5 . MASS OF WATER = (3) - (21 (g) 

6 . ABSOLUTE DENSITY OF WATER AT TEMP. (4) (g/cm3) 

7. VOLUME OF FLASK= 15)/16) (cm3) 

8 . AVERAGE (cm3) 

GPO 854 - 192 

Figure 2. - Specific gravity flask calibration (volume method) - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING PRESSURE GAUGES 

USBR 1040-89 

INTRODUCTION 

This procedure is under the jurisdiction of che Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1040. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating pressure gauges used for standard laboracory 
testing. It is recommended that any adjustments co a 
pressure gauge be made only by experienced personnel 
or the manufacturer. 

1.2 This calibration procedure is limited co pressure 
gauges as classified in Federal Specification GG-G-76E. 

2. Applicable Documents 

2.1 American National Standard, ANSI B40.1-1980, 
Gauges-Pressure Indicating Dial Type - Elastic Element 

2.2 Federal Specification GG-G-76E, Gauges, Pressure, 
and Vacuum, Dial Indicating, 1981 

3. Summary of Method 

3.1 A master gauge is calibrated using a primary 
pressure scandard (see subpar. 9.2, figs. 1 and 3a). The 
pressure gauge co be calibrated is connected to the master 
gauge as shown on figure 3b. Pressure is applied to the 
pressure gauge at predetermined pressure increments over 
its full operating range. The value indicated by the pressure 
gauge is compared co the corresponding value indicated 
by the master gauge at each pressure increment. The 
percent error between the two values is calculated and 
the gauge is adjusted as necessary. 

4. Significance and Use 

4.1 Pressure gauges used in the laboratory must be 
calibrated to ensure reliable test results. 

4.2 This calibration procedure is co be performed upon 
receipt of a pressure gauge and annually thereafter. 

5. Apparatus 

5.1 Pressure Gauge.-A pressure gauge meeting 
requirements of Federal Specification GG-G-76E and the 
American National Standard ANSI B40.1-1980. 

5.2 Primary Pressure Scandard (fig. 1).-A high 
accuracy, deadweight tester designed for precision meas­
urement of applied gas pressure. The device consists of 
a weighted piston which becomes suspended in static 
equilibrium when a prescribed gas pressure is introduced. 
Calibrated masses are used for a range of pressures. 
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5.3 Tubing.-High-pressure cubing of appropriate size 
and length co connect pressure gauges and the primary 
pressure standard to the pressure source. 

5.4 Pressure Regulator.-A pressure regulacor--capable 
of maintaining the desired pressure to che gauges and 
primary pressure standard. 

5.5 Va/ves.-Appropriate size valves, two required; 
bleed and pressure cutoff. 

6. Precautions 

6. l Safety Precautions.-Safety glasses are to be worn 
when applying pressure to the gauges. 

7. Calibration and Standardization 

7.1 Verify that the primary pressure standard has been 
currently calibrated in accordance with manufacturer 
specifications. If the calibration is not current, it is to be 
performed before using the primary pressure standard for 
this calibration procedure. 

8. Conditioning 

8.1 Not applicable; special conditioning requirements 
are not needed for this procedure. 

9. Procedure 

9.1 All data are to be recorded on the "Pressure Gauge 
Calibration" form as shown on figure 2. 

9.2 Master Gauge Calibration: 
9.2.1 Connect the master gauge to the primary pres­

sure standard and pressure source as shown on figure 3a. 
9.2.2 Apply pressure to the master gauge in incre­

ments (a minimum of five) over the full range of the 
master gauge. 

9.2.3 Record the value of pressure indicated by the 
primary pressure standard and the corresponding value 
of pressure indicated by the master gauge for each pressure 
increment. 

9.2.4 Compute the percent error for each pressure 
increment and compare the values obtained with 
permissible error values in table 1. 

9.2.5 Adjust the master gauge if necessary (see 
subpar. 1.1) and repeat subparagraphs 9.2.2 through 9.2.4 
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Figu re I. - Primary pressu re standard . 

until the calculated percent error is within the permissible 
range specified in table l. 

9 .2.6 After three trials , if the percent error values 
calculated for the master gauge are not within those shown 
in table 1, a new master gauge shou ld be obtained and 
calibrated in accordance with subparagraph 9.2. 

9.3 Gauge Calibration: 
9.3. l Connect the gauge to be calibrated to the master 

ga uge and pressure source as shown on figure 36. 
9. 3.2 Apply pressure to the gauge to be calibrated 

in increments (a minimum of five ) over the full range of 
the gauge. 

9.3.3 Record the value of pressure indicated by the 
master gauge and the corresponding value of pressure 
indicated by the g auge being calibrated for each pressure 
increment. 

9 .3.4 Compute the percent error for each pressure 
increment and compare the values obtained with pennis­
sible error values in table l. 

9.3 .5 Adjust the gauge if necessa ry (see subpar. l .l ) 
and repeat subparagraphs 9 .3.2 through 9.3 .4 until the 
calcu la ted percent error values are within the permissible 
ranges specified in table l. 

9.3.6 After three trials, if the percent error values 
calculated for the gauge are not within those shown 111 

table 1, the gauge shou ld be rejected for labora tory use. 
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Table I. - Pressure gauge accur,1cy grndes. 1 

Accuracy 
grade' 

4A 
3A 
2A 

A 
B 

C 
D 

Permiss ible error, percenr of span 
Lower Middle Upper 

one-fourth one-half one- fourrh 
of scale of sca le of sca le 

0.1 0.1 0.1 
0 25 0 25 0.25 
0.5 0.5 0.5 
2.0 1.0 2.0 
30 2.0 3 0 
4.0 3.0 '1.0 
5.0 5.0 5.0 

1 T.1blc take n from A NS! Bli O. I - 1980. 
1 Accuracy grade is spec ified by the manufacrure r. An 

accu racy g rade of 3A gcnerJll y is , ui t,, blc fo r mos t 

gcorechnica l labo ratory t(:!'., ling applica tions. 

LO. Calculations 

IO. l Calcu lations required are as shown on figure 2. 

ll. Report 

l l. l The report is to cons ist of a completed and checked 
"Pressure Gauge Ca libration" form (fig. 2) . 

11.2 All calculations are to show a checkmark. 
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7-2328 (10-85) I PRESSURE GAUGE CALIBRATION I Bureau of Reclamation Designation USB A 1040 . ~~-
MANUFACTURER 

EXAMPLE 
GAUGE RANGE ACCURACY GRADE SERIAL NO . 

0-1400 kPo 3A 7 
MASTER GAUGE RANGE ACCURACY GRADE SERIAL NO. 

0-1500kPo 3A 45787 
CALIBRATED BY IDATE !CHECKED BY. !°ATE 

FULL SCALE MASTER GAUGE INDICATION (FCM) 1500 kPo 
Master gauge calibration 

Pressure applied Master gauge reading (MGR) %error= (1) - (MGR) X 100 lbf/in2 □ lbf/in2 □ kPa I&] (FCM) 
kPa !Kl Trial Trial 

(1) (A) (BJ (C) (A) (Bl (C) 

0 0 0 0 0.0 0.0 0.0 

200 200 200 200 0.0 0.0 0.0 

400 401 400 402 -0.07 0.0 -o . 13 

600 598 600 5.99 0. 13 0.0 0.07 

800 801 801 801 -0.07 -0.07 -0 . 07 

1000 1000 1000 1000 0 . 0 0.0 0 . 0 

1200 1202 1201 1200 -0. 13 -0.07 0.0 

1400 1400 1398 1399 0.0 0 . 13 0.07 

1500 1502 1500 1500 -0. 13 0.0 0.0 

FULL SCALE MASTER GAUGE INDICATION (FCG) 11:QQ keg 
✓ 

Gauge calibration 

Master gauge Gauge reading (GR) % error = (l) - (GR) X 100 reading Dlbf/in2 lbf/in2 □ kPa IX] (FCG) 
J::»kPa Trial Trial 

( 1) (Al (Bl (Cl (A) (B) (Cl 

0 0 0 . 0 
200 202 -0 . 14 

400 402 -0. 14 

600 602 -0 . 14 

800 802 -0 . 14 
1000 1000 0.0 
1200 1200 0.0 
1400 1400 0.0 

Remarks Trial A indicoles 2ou2e meets eermissible error eercentoges given 

Accept IX] in Tobie I for 3A occurocr grade. 
Reject □ 

GPO 549-232 

Figure 2. - Pressure gauge calibration - example. 
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Moster 
gouge 

Vent to atmosphere 

Bleed valve 
Primary Pressure 

Standard Pressure 
cutoff vo Ive 

Pressure 
regulator 

Pressure source 

(a) Schematic of masrer gauge calibration 

Gauge to be calibrated 

Bleed valve 

Pressure 
regulator 

Pressure source 

(b) Schematic of gauge calibration 

Figure 3. - Schematics of calibration assemblies. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1045-89 

CALIBRATING FORCE TRANSDUCERS (LOAD CELLS) 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1045. The number immediately 
following the designation indicates the year of acceptance or the year of las t revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating force transducers (load cells) for laboracory use. 
Two calibration methods are described. Method A outlines 
a calibration procedure using a platform scale load frame 
and a set of calibration masses for applying compressive 
forces or hanging a set of calibration masses co apply tensile 
forces . Method B describes a calibration procedure using 
a universal testing machine. Force transducers (load cells) 
can be calibrated in tension or compression using either 
method. 

2. Auxiliary Tests 

2.1 The universal testing machine used in this 
procedure must be calibrated in accordance with ASTM 
E 4. The platform scale load frame used in this procedure 
must be calibrated in accordance with USBR 1012 prior 
to performing this calibration procedure. 

3. Applicable Documents 

3.1 USER Procedure: 
USBR 1012 Calibrating Balances or Scales 

3.2 ASTM Srandard: 
E 4 Load Verification of Testing Machines 

4. Summary of Method 

4.1 A force transducer (load cell) is loaded in either 
tension or compression using either a platform scale load 
frame and mass standards (method A, compression) and 
hanging standard masses (method A, tension) , or a 
universal testing machine (method B) . Forces are applied 
co the force transducer in increments over its rated capacity. 
The electrical output of the force transducer is compared 
co the known force applied at each force increment; and 
the linearity, hysteresis, repeatability, and creep of the force 
transducer are determined. 

5. Significance and Use 

5.1 A calibrated force transducer (load cell) must be 
used in the laboracory to ensure reliable test results. 

7/i 

5.2 This calibration procedure is co be performed upon 
receipt of the force transducer and annually thereafter. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2.1 Creep-Time-dependent strain or deformation; 
for example, continuing strain with sustained stress (ASTM 
definition). 

6.2.2 Hermericallj sealed-Sealed and guaranteed co 
be airtight. 

6.2.3 Universal-In the text of this procedure, the 
term universal implies that the device can apply either 
compression or tension loads. 

6.2.4 Linearity-The variation of force transducer 
output values from a straight line. The measurements are 
obtained using a series of standard loads applied over the 
coral rated capacity of the force transducer. 

6.2.5 Repearabiliry.-The maximum difference 
between force transducer output- readings for repeated 
loadings under identical loading and environmental 
conditions. 

6.2.6 Hysreresis.-The maximum difference between 
force transducer output for the same applied load; one 
reading obtained by increasing the load from zero co the 
force transducer raced capacity, and the ocher by decreasing 
the load from the force transducer raced capacity to zero. 

6.2. 7 Rared Capacity (maximum capacity).-The 
maximum axial load the force transducer is designed co 
measure within its specifications. 

7. Apparatus 

7.1 Force Transducer (load cell).-A transducer (fig. 1) 
which converts changes in force into an electrical output. 

7 .1.1 Components of the force transducer should 
possess the following characteristics : 

7.1.1.1 The force transducer should be hermet­
ically sealed co prevent damage co the internal electrical 
components in the event of exposure co moisture. 
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Figure I. - Force transducer ( load cell ) and hanger. a ) load ce ll couplers , 
b ) load ce ll , c) hook, and d) hange r assembly with mass. 

7.1. 1.2 The force transducer shou ld be th readed 
with appropriate s ize threaded fittings to arrach rhe load 
ce ll to rhe resr frame. 

7. l.1. 3 The cable and cab le g land connections 
shou ld be secure ly fastened to the body of rhe load ce ll. 

7.2 Signal Conditioner.-A dev ice necessary to make the 
e lectrica l output from the transd ucer compatib le with the 
readout system. 

7.3 Readout Sysrem.-A dev ice (vo lt meter or com purer) 
rhar accepts rhe output signal from rhe signa l cond itioner 
and converts ir into a visual display. 

7.4 Method A Equipment Requiremenrs. - Plarform 
sca le load frame (fig.2 ) : 

7.4 . l Loading Apparaws.-A mechanical loadi ng 
device used to app ly a known compress ion load to the 
force transducer by way of a system of knife edges and 
beams. A unit hav ing rhe capac ity to app ly 2,000 pounds­
force (8.896 kN) in compression is sufficient for most 
ca lib ration tasks in a georechn ica l laboratory. 

7.4.2 C1librarion Masses. - A set of precision ca lib ra­
tion masses used to app ly loads to rhe force transducer 
in increments of approx imate ly 20, 40, 60, 80, and 100 
percent of the rared capacity of the force transducer. 

7.4.3 Hanger. - A hanger assembly, yoke, or hook 
from which to hang cal ibration masses from rhe force 
transducer as shown on figures l and 3. 

7.5 Method B Equipment Requirements. - A U ni versa l 
testing machine (fig. 4) capab le of applying tension or 
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Figure 2. - Platfo rm sca le load frame. a) dig ital volrmerer, b) loading 
yoke, c) set le beam, d ) set le be ,1111 hanger , e) load cell , f ) 
wheel , and g) cctl ibrarion masses. 

compress ion loads in excess of 25,000 pounds-force ( l l l 
kN). Un iversa l testing machines are used when force 
transducer ca librat ions require loads in tension or 
compression beyond the practica l range of ca libration 
masses or other mechanical loading devices . Verify rhar 
the universa l rest ing machine was ca lib rated within the 
past year in accordance with ASTM E 4. 

8. Precautions 

8. l Safety PreCi/ut,iJns: 
8. l. l This designation may invo lve hazardous 

materials , operat ions, and eq uipment. 
8.1.2 Exam ine rhe load ce ll body for burrs and sharp 

edges. 
8.l.3 Verify that al l e lectrical wiring is properly 

connected. 
8. l .4 Safety shoes are to be worn when handling 

calibrat ion masses. 
8.2 Technicilf Prernurions: 

8.2.1 Use rhe same cables for cal ibrating the force 
transducer and for performing a resr. A different cab le 
length wi ll change resi sta nce of rhe circuit and wi ll resu lt 
in a change in ca libration . 

8.2 .2 Ir is recommended that the seria l number be 
noted for contro l purposes. Use a marking penci l rather 



USBR 1045 

Figure 3. - Force transduce r hanger assembly for tensio n cal ibration using 
mass sta nda rds. a) digital voltmeter, b) hoist, c) load cell, d ) s ig nal 
cond itio ner, e) load ce ll couplers, and f ) hanger assembly. 

Figure 4. - Universa l testing machine. a) control panel , b) universa l 
testing 111.:ichinc force transducer, c) force transducer being ca li ­

brated, and d ) coupler. 

than a scr ibe ro mark o n the t ra nsducer body. If rhe force 
transducer must be marked, use extreme care. 

8.2.3 The force transducer must be srored in a 
suitable box or case when no r in use. 

9. Calibration and Standardization 

9.1 Verify rhar the readout system used is currently 
ca librated . If ca lib rat ion is nor current, ir is robe calibrated 
in accorda nce with manufacturer's guide lines . 
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9.2 Method A : 
9.2.1 Verify rhar rhe platform sca le load frame is 

currently calibrated in accordance wirh USBR 1012. If rhe 
calibration is nor current, calibrate rhe platform sca le load 
frame before using for this procedure. 

9.2.2 A certificate o f inspectio n certifying rhar rhe 
mass calibration standards meet Federal specification and 
rhar their accuracy is traceable to the Natio nal Institute 
o f Sta nda rds a nd Techno logy (Natio na l Bureau of 
Standards) or an Internat ional standard is required. 

9.3 Method B.-Verify that the universal resting 
machine is currently calibrated in accordance with ASTM 
E 4. If rhe ca libratio n is nor current, ca libra te rhe resting 
machine before us ing for this p rocedure. 

10. Conditioning 

10.l Perform rhis ca libration procedure in an area 
isolated from large remperarure var iat io ns and e lecrrical 
power surges. 

10.2 To e nsure stability, a llow all e lecrron ic equ ipment 
ro warm up for a minimum of 30 minutes before use. 

10.3 Place the force transducer a nd ca libration 
standards in rhe env ironment in wh ich they are ro be 
calibrated ar least 24 hours prior to the rime of ca lib ration. 

11. Procedure 

11. l All data are robe recorded on the "Force Transducer 
(Load Ce ll ) Ca lib ratio n" form as shown o n figure 5. 

11.2 Connect a ll e lectron ic components ro an appro­
priate power supply and allow the equ ipment to warm 
up a minimum of 30 minutes before use. 

11.3 Method A - Cahbration Using a Platform Scale 
Load Frame and Mass Standards (compression , fig. 2): 

11.3. 1 Connect the fo rce transducer ro the s ignal 
conditio ner us ing appropr iate connect ing hardware. 

l l. 3.2 Adjust the signa l condit io ner so rhe output 
of rhe force transducer is 0.000 volt d-c with zero mass 
on rhe force transducer. 

11.3 .3 Place the force transducer o n rhe p latform 
sca le, and rare irs mass so rhar rhe sca le beam of the platform 
sca le is balanced. 

11.3.4 Position the force transducer directly beneath 
the loading yoke and plate of the platform sca le load frame. 
Ensure rhar the force transducer load ing pins are in rhe 
vert ica l pos ition. (For some force transd ucers, it may be 
necessary ro rum a nut onto each loading pin ro hold rhe 
load ce ll vert ica l, leve l, and in compl iance with rhe 
requirements for ax ial a lignment as specified by the 
manufacturer.) 

l 1.3.5 With the sca le beam pin in place beneath the 
sca le beam of the platform sca le load frame, place suffic ient 
mass o n rh e sca le beam ro equal 100 percent of rhe rated 
capac ity o f rhe force transducer. Record the mass as rhe 
RC (R ated capacity) as shown on figure 5. 

11.3.6 Slowly rum rhe whee l o f the platform sca le 
load frame until rhe scale beam lifts off of the pin on 
which the beam rests. 
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7-2358 (8-86) , I Bureau of Reclamation FORCE TRANSDUCER (LOAD CELL) CALIBRATION Designation USBR I 045-~l! 

MANUFACTURER Examele MODEL NO. 
!76 2001 

SERIAL NO. 

CALIBRATION METHOD: 0 A· PLATFORM SCALE IKJ B - UNIVERSAL MACHINE 

RC (RATED CAPACITY) (a) 200 lbf N FORCE TRANSDUCER FAC,;OR (c)a (a)/(b) 20.000 Ii) l bf/V 0 N/V 

VOLTAGE OUTPUT (b) •IQ,QQQ V 

·CALIBRATION PERFORMED BY DATE CALIBRATION CHECKED BY DATE 

CALIBRATION MASS REQUIREMENTS 

MASS REQUIRED ACTUAL MASS USED 

FORCE INCREMENTS lbm• N lbm• N 

.2x(RC) • 40.0 40.0 40.0 

. 4x(RC) ~ 80 . 0 . 80.0 80.0 

.6 x (RC)= 120.0 120.0 120 . 0 

.Bx (RC)• 160.0 160.0 160.0 
1.0 x (RC) = 200.0 200.0 200.0 
'IMPLIES lbm = lbf FORCE TRANSDUCER CALIBRATION: l&J COMPRESSION 0 TENSION 

INCREASING FORCE INCREMENTS DECREASING FORCE INCREMENTS 

FORCE INCREMENT FORCE TRANSDUCER F ORCE TRANSDUCER FORCE INCREMENT FORCE TRANSDUCER FORCE TRANSDUCER 
VOLTAGE OUTPUT OUTPUT (2)x(c) VOLTAGE OUTPUT OUTPUT (5cj(c) 

Ii) lbm' ON (V) 1K) lbf ON IK] lbm' ON (V) IKJ lbf N 
(1) (2) (3) (4) (5) (6) 

Trial· No. I 

0 0 . 001 0.02 0 0 . 005 ()_ 10 

40.0 1.986 39.72 40 . 0 2 .000 40.00 
80 .. 0 3 . 978 79.56 80.0 3 . 994 79.88 

120.0 6.01Yl 120.00 120 0 5 9<W 119 88 
160 0 7.987 159,74 160.0 7 . 993 159 86 
200.0 10.000 200.00 200.0 10.000 200.00 

Trial No. 2 

0 0.001 0.02 0.0 0.004 0.08 

40.0 I . 989 39.78 40.0 2.000 40.00 

80.0 3_.986 79.72 80.0 4 . 002 80.04 

120.0 5.993 119.86 120.0 6.002 120 . 04 

160.0 8 . 001 160.02 160.0 8.006 160.12 

200.0 10 . 009 200.18 200.0 10.009 200.18 

PERCENT ERROR CALCULATIONS 

LINEARITY HYSTERESIS R EPEATABILITY CREEP 
% ERROR % ERROR % .ERROR % ERROR 

~ x 100 ~ X 100 
11311st • (3l2ndl 

100 I ,.,cc, ( . FORCE APPLIED (x] lbf ON 

Trial No.I TRANSDUCER OUTPUT 
AT ZERO MINUTES (al 200.0 ~ lbf ON 

0.01 0 .. 04 o .. oo 
0.14 0.14 0.03 TRANSDUCER OUTPUT 

AT ~MI NUTE (bl 200.3 IKJ l bf ON 

0 . 22 0 . 16 0.08 
0 . 00 0.06 0 . 07 

%ERROR =~x 100 • 
' 0.15 

0.13 0 . 06 0.14 
0 00 0.00 0.09 

ACCEPT (!I 
Trial No.2 REJECT 0 

0 . 01 0 . 03 REMARKS: 

0.11 0 . 11 
0.14 0.16 
0.07 0.09 
0.01 0.05 
0 09 0 00 

Figure 5. - Fo rce transducer /load cell) calibration - example. 
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l l.3.7 Carefully remove the scale beam pin ; and, if 
necessary, turn the wheel of the platform scale load frame 
to level the scale beam. 

l l.3.8 The output of the signal conditioner should 
read ±10.000 volts d-c. If the output is not ±l0.000 volts 
d-c, adjust the gain control on the signal conditioner to 
obtain ±l0.000 volts d-c. Polarity of the output signal 
depends on the wiring of the force transducer and the 
desire of the user. Record the Voltage output (fig. 5 ). 

· l 1.3.9 Place the scale beam pin under the scale beam 
and lower the beam onto the scale beam pin by turning 
the wheel of the platform scale load frame until the force 
transducer is completely unloaded. Calculate and record 
the "Force transducer factor" (fig. 5 ). 

11.3. lO If necessary, readjust the signal conditioner 
so the output is equal to 0.000 volt d-c. If it is necessary 
to again zero the signal conditioner, repeat subparagraphs 
11.3.5 through 11 .3.9. 

CAUTION.- Once the appropriate gain has been set do not 
readjust. If it is readjusted, the calibration values are incorrect 
and the readings are unreliable. 

11.3.11 Remove all the mass from the scale beam 
and calculate calibration mass requirements as shown on 
figure 5. 

11.3.12 Place sufficient mass on the scale beam so 
a force equal to 20 percent of the rated capacity of the 
force transducer is applied. 

11.3.13 Lift the scale beam off of the pin by turning 
the wheel and carefully remove the scale beam pin. If 
necessary, turn the wheel of the platform scale load frame 
to level the scale beam. Read and record the Force increment 
applied and the Force transducer voltage output as shown 
in the Increasing Force Increments section of figure 5. 

11.3.14 Repeat subparagraphs 1 l.3.12 through 
11.3.13 for force increments of 40, 60, 80, and 100 percent 
of the rated capacity of the force transducer. 

11.3.15 Unload the force transducer by removing 
mass from the scale beam to correspond to 80, 60, 40, 
20, and O percent of the rated capacity of the force 
transducer. Level the scale beam after each decrement of 
mass is removed. Read and record the Force increment 
applied and Force transducer voltage output for each force 
as shown in the Decreasing Force Increments section of 
figure 5. 

11.3 .16 Repeat subparagraphs 11.3.12 through 
11.3.15 to obtain two sets of readings. 

11.3.17 Using the "Force transducer factor, " calculate 
and record the Force transducer output (fig. 5 ). 

11.4 Method A - Cabbration Using Mass Standards 
( tension, fig. 3): 

11.4.1 Hang the force transducer using appropriate 
adaptors. 

11.4.2 Adjust the signal conditioner so the output 
of the force transducer is 0.000 volt d-c. 

11.4.3 Attach the hanger to the bottom of the force 
transducer using appropriate adapters. Place sufficient mass 
on the hanger so the force transducer is loaded in tension 
to 100 percent of its rated capacity. Record the force applied 
as the RC (Rated capacity) (fig. 5 ) . 
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l 1.4.4 The output of the signal conditioner should 
read ±l0.000 volts d-c. If the output is not ±10.000 volts 
d-c, adjust the gain control on the signal conditioner to 
obtain ±l0.000 volts d-c. Polar ity of the output signal 
depends on the wiring of the force transducer arid the 
desire of the user. Record the Voltage output, and calculate 
and record the "Force transducer factor" (fig. 5). 

ll.4.5 Remove the hanger and aH the mass from 
the force transducer so the force transducer is completely 
unloaded and calculate Calibration mass requirements as 
shown on figure 5. 

11.4.6 If necessary, readjust the signal conditioner 
so the output is equal co 0.000 volt d-c. If it is necessary 
to aga in zero the signal conditioner, repeat subparagraphs 
11.4.3 through 11.4.5. 

CAUTION.-Once the appropriate gain has been ser, do not 
readjust. If it is readjusted, the calibration values are incorrect 
and rhe readings are unreliable. 

11.4. 7 Reattach the hanger to the force transducer 
and place sufficient mass on the hanger to produce tensile 
forces equal co 20, 40, 60, 80, and lOO percent of the rated 
capacity of the force transducer. 

11.4.8 Record the Force increment applied and the 
Force transducer voltage output for each load increment. 

11.4.9 Unload the force transducer by removing mass 
from the hanger attached to the force transducer to 
correspond co 80, 60, 40, 20, and O percent of the rated 
capacity of the force transducer. Read and record the Force 
increment applied and the Force transducer voltage output 
for each force increment as shown in the Decreasing Force 
Increments section of figure 5. 

11.4.10 Repeat subparagraphs 11.4.7 through 11.4.9 
to obtain rwo sets of readings. 

11.4.11 Using the "Force transducer faccor," calculate 
and record the Force transducer output (fig. 5). 

11.5 Method B - Calibration Using a Universal 
resting Machine (compression, fig . 6a): 

11.5.1 · Adjust the signal conditioner so the output 
of the force transducer is 0.000 volt d-c with zero force 
on the force transducer. 

11.5.2 Adjust all ranges on the universal testing 
machine to zero. 

l l.5.3 Position the force transducer direccly beneath 
the loading plate of the resting machine; ensure that the 
force transducer loading pins are in the vertical position. 
(For some force transducers, it may be necessary co turn 
a nut onco each loading pin to hold the load cell vertical, 
level , and in compliance with the requirements for axial 
alinement as specified by the manufacturer.) 

l l.5.4 Carefully adjust the controls on the universal 
resting machine until the top load plate just makes contact 
with the force transducer. 

11.5.5 Compute the force required for 20, 40, 60, 
80, and 100 percent of the rared capacity of the force 
transducer; select the appropriate load range on the testing 
machine to ensure that readings are obtained in its most 
sensitive range. Record the RC (Rated capacity) of the 
force transducer as shown on figure 5. 
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11.5.6 Slowly load the force transducer until a force 
equal to 100 percent of che rared capacity of rhe force 
transducer has been applied co the transducer. 

11.5.7 Adjust the ourpur of the signal conditioner 
so it registers ±10.000 vole d-c. The polarity of the signal 
depends on the wiring of the transducer and the desire 
of the user. Record the Voltage output (fig. 5 ). 

l l.5.8 Remove the force from the force transducer 
by adjusting the controls on the resting machine so the 
total force on the force transducer is equal co 0.00 !bf 
(0.00 N). Calculate and record the "Force Transducer 
Factor" (fig. 5 ). 

11.5.9 If necessary, readjust the signal conditioner 
so rhe output is equal to 0.000 vole d-c. If it is necessary 
to again zero the signal conditioner, repeat subparagraphs 
l 1.5.4 through 11.5.8. 

CAUTION.-Once the appropriate gain has been sec do noc 
readjust. If ic is readjusted, che calibration values are incorrect 
and che readings are unreliable. 

11.5.10 Carefully adjust che controls on the resting 
machine co produce forces equal co 20, 40, 60, 80, and 
100 percent of the raced capacity of the force cransducer. 

11.5.11 Read and record the Force increinenrapp!ied 
and the Force transducer voltage output for each force 
increment. 

11.5.12 Remove the force from the force transducer 
to correspond to 80, 60, 40, 20, and 0 percent of the rated 
capacity of the force transducer. Read and record the Force 
increment applied and Force transducer voltage output for 
each force as shown in the Decreasing Force Increments 
section of figure 5. 

11.5.13 Repeat subparagraphs 11.5.10 through 
l l.5.12 to obtain two secs of reading. 

l 1.5.14 Using the "Force rransducer faccor," calculate 
and record _the Force transducer output (fig. 5). 

l 1.6 Method B-Calibration Using a Universal Testing 
Machine (tension, fig. 66): 

l 1.6. l Adjust the signal conditioner so the output 
of the force transducer is 0.000 vole d-c with zero tensile 
force on the force transducer. 

11.6.2 Adjust all ranges on the universal resting 
machine to zero. 

11.6.3 Attach a ball joint coupler co each side of 
the force transducer as shown on figure 66. 

11.6.4 Attach the bottom ball joint coupler to the 
table of the resting machine. 

11.6.5 Carefully adjust the controls on the resting 
machine until the top load plate is low enough so the 
cop ball joint can be attached to it. 

11.6.6 Carefully adjust the controls on the resting 
machine to slowly apply a tension force on the force 
transducer equal to 100 p~rcent of the raced capacity of 
the force transducer. Ensure that readings on the resting 
machine are obtained in its most sensitive range for the 
force being applied. 

11.6.7 Adjust the output of the signal conditioner 
so it registers ± 10.000 volt d-c. The polarity of the signal 
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depends on the wiring of the transducer and the desire 
of the user. Record the Voltage output as shown on figure 5. 

11.6.8 Remove the tension force from the force 
transducer by adjusting the controls on the resting machine 
so the total force on the force transducer is equal to 0.00 
lbf (0.00 N) . 

11.6.9 If necessary, readjust the signal conditioner 
so the output is equal 0.000 vole d-c. If it is necessary 
to again zero the signal conditioner, repeat subparagraphs 
11.6.6 through 11.6.8. 

CAUTION.-Once che appropriate gain has been sec, <lo noc 
readjust. If ic is readjusted, che calibration values are incorrect 
and che readings are unreliable. 

l 1.6.10 Compute the force required for 20, 40, 60, 
80, and 100 percent of the rated capacity of the force 
transducer. Select the appropriate load range on the testing 
machine co ensure that readings are obtained in its most 
sensitive range for the force being applied. Record the 
RC (Rated capacity) of the force transducer and calculate 
and record the "Force transducer factor" (fig. 5 ). 

l l.6.11 Carefully adjust the controls on the testing 
machine co produce tensile forces equal co 20, 40, 60, 80, 
and 100 percent of the rated capacity of the force transducer. 

l 1.6.12 Read and record the Force increment applied 
and the Force transducer voltage output for each force 
increment. 

11.6.13 Unload the force transducer by carefully 
adjusting the controls on the testing machine co produce 
forces corresponding to 80, 60, 40, 20, and 0 percent of 
the rated capacity of the force transducer. 

11.6.14 Read and record the Force increment applied 
and Force transducer voltage output for each force 
increment as shown in the Decreasing Force Increments 
section of figure 5. 

11.6.15 Repeat subparagraphs 11.6.11 through 
l 1.6.14 to obtain two sets of readings. 

l 1.6.16 Using the "Force transducer factor," calculate 
and record the Force transducer output (fig. 5). 

11.7 Creep Test: 
11.7.1 Regardless of the method used co load the 

force transducer, the procedure is the same for determining 
creep of the force transducer. 

11.7.2 Apply either a tension or compression force 
on the force transducer equal to 100 percent of rated capacity 
and read and record the Force transducer output as che 
"Transducer output at zero minutes" (fig. 5 ). 

11. 7.3 Maintain the force on the force transducer 
for a minimum of 30 mi nu res, and read the Force transducer 
t'Oltage output any rime after 30 minutes. Record the rime 
and the force transducer output as "Transducer output at 
___ minute" (fig. 5). 

11.7.4 Calculate the Creep% error (fig. 5). 
11.8 Calculate the linearity, hysteresis, and repeatability 

of the force transducer at each force increment of 0, 20, 
40, 60, 80, 100 percent of rared capacity. 

11.9 Evaluate the values of error obtained. If the 
percent error for linearity, hysteresis, repeatability, or creep 
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(a) Fo rce t ra nsduce r ca libration us ing un ive rsa l tes ting machine (compress ion). a) coupler, 
b) force transducer be ing ca librated, c) force t ransducer loading platen, and d) unive rsa l 
rest ing machine platfo rm base. 

(b) Force transducer ca libratio n us ing universa l res ting machine (tensio n). a) unive rsa l 
res ting machine force transduce r, b) coupler, c) force transduce r being ca librated, 
d) coupler, e) swive l couple r, and f) platform adaptor. 

Figu re 6. - Fo rce tra nsducer calib ra tio n using uni ve rsa l tes ting machine. 
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does nor fall within rolerances specified by rhe manufac­
turer, rhe appropriate subparagraphs of rhe calibration 
procedure are ro be repeated. If rhe force transducer still 
does nor meet specified requirements, ir is rejected for 
laborarory use. 

12. Calculations 

12. l Calculations required for determining linearity, 
hysteresis, repeatability, and creep of the force transducer 
are as shown on figure 5. 
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13. Report 

13.1 The report is ro consist of a com pie red and checked 
"Force Transducer (Load Cell) Calibration·· form (fig. 5). 

13.2 All calculations are to show a checkmark. 

14. Background Reference 

14.1 "Handbook of Measurement and Control,"' 
Handbook HB-76, copyright 1976 by Schaevirz Engineer­
ing, Pennsauken, NJ, Library of Congress Catalog No. 76-
24971. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING PRESSURE TRANSDUCERS 

USBR 1050-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under rhe fixed designation USBR 1050. The number immediately 
following the designation indicates the year of acceptance or the year of lasr revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating pressure transducers. 

1.2 This calibration procedure is used to determine the 
accuracy of pressure transducers over the full pressure range 
as set forth in the manufacturer's specifications. 

2. Auxiliary Tests 

2.1 The pressure gauge used in this procedure must 
be calibrated in accordance with USBR 1040 prior to 
performing this calibration procedure. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1040 Calibrating Pressure Gauges 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 

4. Summary of Method 

4.1 A pressure transducer and a standard pressure 
gauge are connected to a pressure source. Pressure is applied 
in predetermined increments over the full range of the 
pressure transducer. The pressure transducer voltage output 
is compared at each increment to a pressure gauge reading. 
The percent error of the pressure transducer when 
compared to the pressure gauge reading is calculated for 
each pressure increment over the full range calibrated. From 
these percent error values, a determination is made to accept 
or reject the pressure transducer for laboratory use. 

5. Significance and Use 

5.1 A calibrated pressure transducer must be used in 
the laboratory to ensure reliable test results. 

5.2 This calibration procedure is to be performed upon 
receipt of the pressure transducer and annually thereafter. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2 .1 Hermetically Sealed-A process by which a 

device is sealed and guaranteed to be airtight. 

82 

6.2.2 Pressure Transducer.-An electronic transducer 
that translates changes in pressure into changes in voltage. 
This change in voltage produces, in the readout system, 
a repeatable signal or indication that can be calibrated in 
terms of pressure applied to the transducer. 

6.2.3 Readout System.-An electronic apparatus 
which accepts the output signal from a signal conditioner 
and converts it into a display and a record of the output 
signal. 

6.2.4 Signal Conditioner.-An electron.ic apparatus 
necessary to make rhe output signal from a transducer 
compatible with the readout system. Ir also provides the 
excitation for a passive transducer element, such as a 
pressure transducer. 

6.2.5 Traceability Cercificate.-A certificate of 
inspection certifying that a measurement device meets the 
Federal specification for its particular grade or model and 
whose accuracy is traceable to the National Institute of 
Standards and Technology (National Bureau of Standards) 
or an Internacional Standard. 

7. Apparatus 

7.1 Pressure Transducer (fig. 1).-A transducer which 
converts a pressure input into an electrical output. 

7.1. l Components of the pressure transducer must 
have the following characteristics : 

7.1.1.1 Electrical parts of the transducer muse be 
hermetically sealed to prevent damage ro internal 
components in the event of exposure to moisture. 

7.1.1.2 The transducer must be threaded with 
appropriate threaded fittings to attach the transducer to 
standard pipe fittings. 

7.1.1.3 Cable connections must be securely 
fastened to the body of rhe transducer. 

7.2 Pressure Gauge.-A bourdon tube air pressure gauge 
whose range equals or exceeds that of the pressure 
transducer being calibrated is ro be used. The gauge must 
have a current calibration accompanied with a certificate 
of traceability. 

7.3 Pressure Source.-An air pressure source capable 
of delivering and maintaining pressure up to the maximum 
rated pressure of the transducer is required. 

7.4 Readout System.-A voltmeter or a computer must 
be used ro provide a visual display of the signal being 
sent from the signal conditioner. 
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--+ 
Electrical signal 

Figure I. - Prc~sure rr~1nsducer. 

7.5 Signal Conditioner.-A signal conditioner must be 
used to make the transducer output compatible with the 
readout system. 

8. Precautions 

8.1 Safety Precautions: 
8. l. l This designation may involve hazardous 

materials , operations, and equipment. 
8. l.2 Verify th at all electrica l wiring is properly 

con nected. 
8. l.3 Examine the pressure transducer body for burrs 

and sharp edges. 
8.1.4 This designation involves the use of high a ir 

pressure. Appropriate precautions must be taken . 
8.2 Technical Precautions: 

8.2 . l Use the same cab les for ca librati ng the 
transducer and for performing a test. A different cable 
length will change the resistance of the circuit and will 
result in a change in ca libration . 

8.2.2 It is recommended that the serial number be 
used for control purposes. Use a marking pencil rather 
than a scribe to mark on the transducer body. If the 
transducer must be marked use extreme care. 

8 .2.3 The transducer must be scored in a suitable 
box or case when not in use. 

9. Calibration and Standardization 

9.1 Verify that the pressure gauge used is curren tly 
calibrated in accordance with USBR 1040. If the ca librat ion 
is not current, perform the ca libration before using the 
equipment for this ca libration procedure. 

9.2 Verify that the readout system used is currently 
ca librated. If the ca libration is not current it is co be 
performed in accordance with the manufacturer's 
gu idelines. At the Bureau's Denver Office, a computer is 
used co accept the output signal from the signal conditioner 
and convert it inco a transducer measurement. A voltmeter 

also may be used as the readout system for this calibration 
procedure. 

10. Conditioning 

I 0.1 During the calibration procedure the room 
temperature should not vary more than ± IO O C. 

L0.2 Allow a ll e lectronic equ ipment to warm up for 
at least 30 minutes before use to ensure stability. 

l0.3 Place the pressure transducer and ca libration 
standards in the env ironment in which they are co be 
ca librated for at least 24 hours prior to the time of 
calibration. 

11. Procedure 

I l. l All data are co be recorded on the "Pressure 
Transducer Calibration" form as shown on figure 2. 

I 1.2 Locate and record the se rial number or control 
number of the pressure transducer. 

l 1. 3 Determine and record the pressure range co be 
ca librated. 

I l .4 Connect the e lectrica l end of the transducer to 

the excitation source and readout instrument. Follow the 
manufacturer 's recommendation for how much voltage co 
apply co the signal conditioner. 

I 1.5 Connect the transducer to a pressure source which 
is connected to a ca librated pressure gauge. 

11.6 Take a reading of the pressure transducer with 
no pressure on the system. 

11.7 Record the pressure transducer output as the 
Readout response on the form . 

I 1.8 Use cable l to determ ine the appropriate pressure 
increments co be used depending on the range of the 
pressure transducer being ca lib rated . 

I l.9 Ra ise the pressure in the appropriate increments 
g iven in tab le l and determine the gauge reading and 
corresponding transducer output. 

I l.10 Record the pressure gauge reading and the 
corresponding pressure transducer output as the Applied 
pressure and Readout response, respectively on the 
ca lib ration form as shown on figure 2. 

l 1.11 Repeat subparagraphs l 1.9 and 11.10 for the full 
pressure range co be calibrated. 

I l.12 Re lease the system pressure to zero. 
l 1.13 Calculate the pressure transducer error and 

percent error for each pressure increment. 
l 1.14 Evaluate the values of error obta ined. If the 

percent error for the transducer does not fal l within the 
co lerances specified by the manufacturer, subparagraphs 
l l.6 through 11.12 are co be repeated . If the pressure 
transducer sti ll does no t meet the spec ified requirements , 
it is to be rejected for laboracory use. 

Table I. - Recommended pressure increme nt s for 

ca li brating pressure transd ucers 

Press ure range Pressure increme nt 

lbf/ in 2 kPa lbf/ in 2 kPa 

0 - 200 
200 - 1000 

0 - lli00 
lli00 - 7000 

25 
100 

175 
700 
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12. Calculations 

12.1 Determine pressure transducer error for each 
pressure increment. 

Error = applied pressure - readout response 

12.2 Determine percent error for each pressure 
increment. 

Percent error 00 ( error ) 1 
applied pressure 

84 

13. Report 

13.1 The report is to consist of a completed and checked 
"Pressure Transducer Calibration" form (fig. 2). 

13.2 All calculations are to show a checkmark. 

14. Background References 

Elecrrical Transducer Nomenclature and Terminology, 
ANSI, ISA-S37.1, Research Triangle Park, North Carolina, 
December 1982. 
Specifications and Tests for Strain Gage Pressure 
Transducers, ANSI, ISA-S37.3, Research Triangle Park, 
North Carolina, December 1982. 
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7-2307 (6-85) 
Bureau of Reclamation 

PRESSURE TRANSDUCER CALIBRATION 

Designation USBR 1050 - 89 

Manufacturer _E_x_o_m_.p_le _______ Serial No. __ I _4_3_8_5 _____ Range __ o_-_7_0_0_0_k_P_o __ 

Calibration performed by ____________________ Date _________ _ 

Calibration checked by ____________________ Date _________ _ 

Applied Readout Error Error 
Trial Number pressure response 

( kPa ) ( kPa ) ( kPa) % 

0 0 . 0 0 
172 172 0 0 

345 345 0 0 

517 517 0 0 

689 688 I 0. 15 

861 860 I 0. 12 
1034 1033 I 0.10 

1206 1204 2 0. 17 
1 1378 1376 2 0. 15 

2067 2064 3 o. 15 

2756 2753 3 0.11 
3445 3441 4 0.12 

4134 4129 5 0. 12 

4823 4817 6 0. 12 

5512 5505 7 0.13 

6201 6194 7 0.11 

6890 6882 8 0. 12 

0 0 0 0 

2 

REMARKS 

Figure 2. - Pressure transducer calibration - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1055-89 

CALIBRATING DIFFERENTIAL PRESSURE TRANSDUCERS 

INTRODUCTION 

This· procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1055. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating differential pressure transducers by establishing 
a relationship between transducer output and change in 
height of a water column (volume tube). From this 
relationship the linearity, hysteresis, and repeatability of 
the differential pressure transducer are determined. 

1.2 A lateral pressure correction factor which is defined 
as the slope of a line relating the difference between 
observed volume tube readings and differential pressure 
transducer output to applied lateral pressure is also 
determined [ 1). 1 

NOfE 1.-This procedure was prepared for calibrating 
differential pressure transducers used to measure volume change 
of soil specimens associated with laboratory triaxial shear testing 
as shown on figure 1. With some modifications it may also be 
used to calibrate differential pressure transducers used in other 
laboratory testing. 

2. Auxiliary Tests 

2.1 The pressure gauge and volume tube used in this 
procedure must be calibrated in accordance with USBR 
1040 and 1455 respectively prior to performing this 
calibration procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1040 Calibrating Pressure Gauges 
USBR 1455 Calibrating Volume and Drain Tubes 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 

4. Summary of Method 

4.1 A differential pressure transducer is attached to 
a testing apparatus in which the height of a column of 
water in a volume tube can be measured both electronically 
and visually. The volume tube is filled with de-aired water 
and drained or filled as appropriate to change the height 
of water column. The change in height of water column 
is compared to the output from the differential pressure 

1 Number in brackets refers to reference. 

86 

(
TO AIR PRESSURE SOURCE 

( LATERAL PRESSURE J 

DIFFERENTIAL 
TRANSDUCER 

'I 

ATMOSPHERE 

MBER AND 
BOTTOM Pl LUME TUBE 

E 

CAP HEAD s .,.. I Port J TO DE-AIRED 
'.1,,,_ . rQ. WATER SOURCE 

@cfJJ(jj 
FLUSHING TANK VALVE 

Figure 1. - Differential pressure transducer mounted on a triaxial 
shear machine. 

transducer at selected intervals over the range to be 
calibrated. The linearity, hysteresis, and repeatability of 
the differential pressure transducer are determined. 

5. Significance and Use 

5.1 Calibrated differential pressure transducers may be 
used in the laboratory to obtain data electronically which 
allows the calculation of volume change or flow rate. 

5.2 This calibration procedure is to be performed when 
the differential pressure transducer is put into service and 
verified before each test. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
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6.2.1 Lineariry.-The variation of transducer output 
from a straight line. In this procedure, measurements are 
obtained using a series of reference pressures ( water column 
heights) applied over the total rated capacity of the 
differential pressure transducer. 

6.2.2 Repearability.-The maximum difference 
between transducer outputs for repeated pressures (water 
column heights) under identical loading and environmental 
conditions. 

6.2.3 Hysteresis.-The maximum difference between 
transducer output for the same applied pressure; one 
reading obtained by decreasing the pressure from the upper 
calibration limit (not to exceed the transducer rated 
capacity) to zero, and the other by increasing the pressure 
from zero to the upper calibration limit. 

6.2.4 Rared Capaciry.-The maximum differential 
pressure the transducer is designed to measure. 

7. Apparatus 

7.1 D1fferenrial Pressure Transducer.-A differential 
pressure transducer, as shown on figure 2, of sufficient 
range and accuracy for its intended laboratory testing 
application. 

7.2 Pressure Gauge.-A bourdon tube air pressure gauge 
having a range equal to or greater than that of the 
differential pressure transducer to be calibrated. The gauge 
must have a current calibration accompanied with a 
certificate of traceability. 

7.3 Pressure Source.-An air pressure source capable 
of delivering and maintaining pressure up to the maximum 
rated pressure of the transducer. 

7.4 Digiral Volrmerer.-A voltmeter having a digital 
display of the electrical signal being sent from the signal 

P2 PORT 
DRY 

BOTTOM 
PLATE 

DRILL AND TAP 

Figure 2. - Cutaway view of differential pressure transducer. 
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conditioner which can be read accurately to the nearest 
1 millivolt. 

7.5 Head Tank and Volume Tube.-A head tank and 
volume tube as shown on figure 1. The volume tube should 
be graduated to be read to the nearest 0.01 inch over the 
range of typical use. 

7 .6 De-aired Warer.-De-aired water, as described in 
subparagraph 8.1, is used for performing the calibration 
of the differential pressure transducer. 

7.7 Vacuum Pump-A hand-held vacuum pump used 
to remove entrapped air from the system. 

7.8 Signal Condirioner.-A signal conditioner must be 
used to make the differential pressure transducer output 
compatible with the readout system. 

7.9 Miscellaneous Eqwpmenr.-Appropriate size valves 
and pipe fittings used to attach the differential pressure 
transducer to the testing apparatus. 

8. Reagents and Materials 

8.1 De-aired water that is free of acids, alkalies, or 
oils, and is suitable for drinking should be used for 
calibrating the differential pressure transducer. 

9. Precautions 

9.1 Safery Precaurions: 
9.1.1 Ensure that all electrical wmng 1s properly 

connected. 
9.1.2 Examine the differential pressure transducer 

body for burrs and sharp edges. 
9.1.3 This procedure involves the use of compressed 

air. Appropriate precautions must be taken. 
9.2 Technical Precaurions: 

9.2.1 Modifications to the procedure (outlined in par. 
12) are required for calibration of differential pressure 
transducers used in applications other than on the triaxial 
shear assembly shown on figure l. (See note 2.) 

9.2.2 Use the same electrical cables for calibrating 
the transducer and for performing a test. A different cable 
length will change the resistance of the circuit and will 
result in a change in calibration. 

9.2.3 It is recommended that the serial number be 
used for identification. If the transducer must be marked, 
use extreme care. Use an indelible marking pencil rather 
than a scribe to mark on the transducer body. 

9.2.4 The transducer must be stored in a suitable 
box or case when not in use. 

10. Calibration and Standardization 

10.1 Verify that the pressure gauge and the volume 
tube used are currently calibrated in accordance with USBR 
1040 and 1455 respectively. If the calibration is not current, 
perform the calibration before using the equipment for 
this procedure. 

10.2 Verify that the readout system is currently 
calibrated. If the calibration is not current, it is to be 
calibrated in accordance with the manufacturer's guidelines. 
A voltmeter may be used as the readout system for this 
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calibration procedure. At the Bureau's Denver Office, a 
computer is used to accept the output signal from the signal 
conditioner and convert it into a transducer measurement. 

11. Conditioning 

11.1 Perform this calibration procedure in an area 
isolated from wide temperature variations and electrical 
power surges. 

11.2 To ensure stability allow all electronic equipment 
to warm up a minimum 30 minutes before use. 

11.3 Place the differential pressure transducer, pressure 
gauge, volume tube, and electronic equipment in che 
environment in which they are to be calibrated at least 
24 hours prior co time of calibration. 

12. Procedure 

NOfE 2.-The following procedure is for calibration of a dif­
ferential pressure transducer mounted on a criaxial shear assembly 
as shown on figure 1. Generally, the calibration procedure outlined 
in chis designation can be used for calibrating differential pressure 
transducers used for ocher applications; however, modifications 
to the procedure presented here may be necessary. 

12.1 All data are co be recorded on the "Differential 
Pressure Transducer Calibration Sheet" as shown on 
figure 3. 

12.2 Locate and record the rated capacity, serial number 
and manufacturer of the differential pressure transducer. 

12.3 Record the water column height differential for 
which the differential pressure transducer is to be calibrated 
as the CR ( Calibration range). (For the example used in 
this procedure the value is 30.00 inches.) 

12.4 Close the valve between the differential pressure 
transducer and the volume tube. Open the valve on the 
"dry" side to the differential pressure transducer so that 
the "dry" side is open to atmospheric pressure. 

12.5 Close the valve from the volume tube to the 
triaxial shear chamber (valve D on fig. 1) and fill the 
volume tube with de-aired water by opening valve E to 
the de-aired water source. (At least fill to the 10-inch (254-
mm) level for a 32-inch (813-mm) volume tube.) 

12.6 Close the valve from the flushing tank to the 
differential pressure transducer (valve B on fig. 1) and 
fill the flushing tank about one-half full with de-aired water. 

12.7 Remove the bottom plate on the differential 
pressure transducer by unscrewing che cap head screws 
that hold the bottom plate to the body of the transducer. 

12.8 Open valve B to the flushing tank and allow water 
to cover che exposed capsule. 

12.9 Leave the flushing tank valve slightly open. If 
che flushing tank valve is not left slightly open, while 
the bottom plate is being placed, damage may occur to 
the capsule. 

12.10 Fill the cavity in the bottom plate with deaired 
water. Securely place the bottom place back onto che 
differential pressure transducer while being careful not to 
entrap air. 

12.11 Open che valves chat connect the flushing tank 
and volume cube to the differential pressure transducer. 
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12.12 Secure the rubber stopper attached co rhe hand 
held vacuum/ pressure pump to the top of the flushing 
tank and pump de-aired water from the flushing tank 
through the transducer into the volume tube and back into 
the flushing tank. 

12.13 Close both the flushing tank and volume tube 
valves. 

NOfE 3.-Use extreme caution when flushing the system. A 
flushing pressure greater than 10 lbf/in2 (70 kPa) can damage 
the measuring capsule inside the differential pressure transducer. 

12.14 Using appropriate cables, connect a voltmeter 
and signal conditioner to the pressure transducer. 

12.15 Activate che voltmeter and select a range capable 
of measuring at least 5-volts d.c. 

12.16 Disconnect the lateral pressure air hose which 
runs from the triaxial shear assembly control panel to the 
top of the volume tube. Open the valve at the top of the 
volume tube (valve F on fig. 1) so che top of the volume 
tube is open to atmospheric pressure. 

NOI'E 4.-If the lateral pressure hose is not disconnected from 
the control panel, the regulator often allows a small amount 
of air to leak through it, and the differential pressure transducer 
will function erratically. The transducer output will nor stabilize 
because rhe applied pressure is unsteady. 

12.17 Open the valves from the transducer to the 
flushing tank and volume tube and slowly drain water in 
the volume tube co the 30.00-inch mark on the volume 
tube. Close the flushing tank valve. 

12.18 Read and record the voltmeter output as the 
Voltage output at minimum volume tube height. The 
voltmeter should register 1.000±0.004 voles. If it does not, 
adjust the zero screw on the differential pressure transducer 
until the correct reading is obtained. The zero screw on 
the differential pressure transducer adjusts the gain on 
the amplifier. 

12.19 Open the valve to the de-aired water supply 
(valve E on fig. 1) to fill the volume cube with de-aired 
water to che 0.00-inch mark on the scale; close the valve 
and read and record the voltmeter output as the Voltage 
output at maximum volume tube height. The voltmeter 
should read 4.000±0.004 volts. If ic does not, adjust the 
span screw on the differential pressure transducer. 

12.20 Repeat subparagraphs 12.17 through 12.19 until 
che desired values are obtained. 

12.21 If more than five trials are necessary to obtain 
the desired values, the unit should be examined for leaks 
or entrapped air and this portion of rhe procedure repeated. 

12.22 Determine the linearity, hysteresis, and 
repeatability. 

12.22.1 Fill che volume tube co the 0.00-inch marking 
on che scale by opening the valve to the de-aired water 
supply (valve E). 

12.22.2 Close valve E and record the volume tube 
reading and the differential pressure transducer output as 
the Volume tube water column height, in and Pressure 
transducer output, V, under the "Decreasing head" section 
as shown on figure 3. 
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DIFFERENTIAL PRESSURE TRANSDUCER 
7-2366 (10-86) CALIBRATION SHEET 

Designation USBR 1055-!!~ Bureau of Reclamation 

MANUFACTURER SERIAL NO. 

Example I 
RATED CAPACITY CR (Calibration range) Inch of H

2
0 

50.0 30.0 
CALIBRATION PERFORMED BY DATE COMPUTED BY DATE CHECKED BY DATE 

(al VOLTAGE OUTPUT AT MINIMUM VOLUME TUBE HEIGHT I Or V 
(bl VOLTAGE OUTPUT AT MAXIMUM VOLUME TUBE HEIGHT V 
(cl DIFFERENCE IN VOLTAGE OUTPUT (a)-(b) J~ 8 V 
(di SLOPE OF CALIBRATION LINE a (CRl/(c) in/V 
(el (CR) - (d)(a) 4Q,Qo in 

DECREASING HEAD INCREASING HEAD 

VOLUME TUBE PRESSURE 
PRESSURE 

VOLUME TUBE PRESSURE 
PRESSURE 

TRANSDUCER TRANSDUCER 
WATER COLUMN TRANSDUCER OUTPUT WATER COLUMN TRANSDUCER OUTPUT 

HEIGHT OUTPUT (Inch of H
2
0) HEIGHT OUTPUT (Inch of HP) (in) (V) (In) (VI 

(1) (2) = (d)(2) + (e) . (4) (5) ~ (d)(S) + (e) 
(31 (6) 

Trial No. I 
0.00 3.999 0.01 0.00 4.003 -0.03 

5.00 3.499 5.01 5.00 3.502 4.98 

10.00 2.998 10.02 10.00 3.001 9.99 

15.00 2.499 15.01 15.00 2.501 14.99 

20.00 I .998 20.02 20.00 I .999 20.01 

25.00 1.501 24.99 25.00 I .501 24.99 

30.00 0.999 30.01 30.00 0.999 30.01 

Trial No. 2 
0.00 4.003 -0.03 0.00 3.999 0.01 

5.00 3.500 5.00 5.00 3.500 5.00 

10.00 2.999 10.01 10.00 3.001 9.99 

15.00 2.499 15.01 15.00 2.502 14.98 

20.00 2.003 19.97 20.00 2.001 19.99 

25.00 1.501 24.99 25.00 I .499 25.01 

30.00 0.999 30.01 30.00 0.999 30.01 

LINEARITY HYSTERESIS REPEATABILITY 
ACCEPT 0 % ERROR % ERROR % ERROR 

j<l~R!13>jx100 I (%R\6)1x100 1(3)1st - (3)2ndlx 100 REJECT □ 
(CR) I 

Trial No. I REMARKS: 
0.03 0. 13 0.13 

0.03 0. 10 0.03 

0.07 0.10 0.03 

0.03 0.07 0.00 
0.07 0.03 0.17 

0.03 0.00 0.00 
0.03 0.00 0.00 

Trial No. 2 
0.10 0. 13 
0.00 0.00 
0.03 0.07 
0.03 0.10 
0.10 0.07 
0.03 0.07 

0.03 0.00 

Figure 3. - Differential pressure transducer calibration sheet - example. 
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12.22.3 Open the valve to the flushing tank and allow 
water in the volume tube to drain 5.00 inches (127 mm) 
and close the valve. 

12.22.4 Repeat subparagraphs 12.22.2 and 12.22.3 
for the full range to be calibrated. 

12.22.5 Open the valve to the water source (valve 
E) and allow the water level to rise in the volume tube 
5.00 inches. 

12.22:6 Record the volume tube reading and the 
differential pressure transducer output as the Volume tube 
water column height, in, and Pressure transducer output, 
V, under the "Increasing head" section as shown on figure 3. 

12.22.7 Repeat subparagraphs 12.22.5 and 12.22.6 
until the water level in the volume tube is elevated to 
the 0.00-inch mark on the scale. 

12.22.8 Repeat subparagraphs 12.22.1 through 
12.22.7 to obtain a second set of readings. 

12.22.9 Calculate and record the Pressure transducer 
output, Inch of H20, for each pressure (volume tube water 
column height, in) increment as shown on figure 3. 

12.22.10 Calculate the differential pressure trans­
ducer linearity, hysteresis, and repeatability for each 
pressure (volume tube water column height, in) increment. 

12.22.11 Evaluate the values of error obtained. If 
the percent error for linearity, hysteresis, or repeatability 
does not fall within the tolerances specified by the 
manufacturer, the calibration procedure is to be repeated. 
If the differential pressure transducer still does not meet 
specified requirements, it is to be rejected for laboratory 
use. 

12.23 Determine the lateral pressure correction factor. 

NOTE 5.-Specimen volume change during laboratory testing 
of soil, e.g., triaxial shear or back pressure permeability, can be 
measured by determining the amount of water entering or leaving 
a confining pressure cell. Research performed in the Bureau's 
Geotechnical Services Branch, Research and Laborarory Services 
Division, Denver Office, Denver, Colorado, demonstrated' the 
feasibility of using a differential pressure transducer for soil 
specimen volume change measurement [ 1).. T9 accurately measure 
specimen volume change using a differential pressure transducer, 
the response of the differential pressure transducer to varying 
applied lateral pressures must be determined. This relationship 
is used to determine a lateral pressure correction facror. 

12.23.1 All data are to be recorded on the "Lateral 
Pressure Correction Factor" form as shown on figure 4. 

12.23.2 De-air and flush the volume tube and 
differential pressure transducer as outlined in subpara­
graphs 12.4 through 12.17. 

12.23.3 Set the water level in the volume tube at 
about the 10-inch (254-mm) mark on the scale and record 
the value as the Volume tube water column height, in. 

12.23.4 Ensure char the lateral pressure gauge 
reading is 0.0 lbf/in2 and record the value as the Applied 
lateral pressure. 
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12.23.5 Connect one end of the lateral pressure line 
to the valve at the top of the volume rube and the other 
end to the lateral pressure gauge on the control panel. 

12.23.6 Close the valves located at the top of the 
volume tube (valves F and G on fig. 1). 

12.23.7 Raise the lateral pressure approximately 
one-eighth the differential pressure transducer rared 
capacity and record the value of lateral pressure applied 
as indicated by the lateral pressure gauge. Slowly open 
the valve G located at the top of the volume tube. 

12.23.8 Allow the system to stabilize a minimum 
of 5 minutes at each lateral pressure increment. Read and 
record the Volume.tube water column height, in and the 
Pressure transducer output, V, as shown on figure 4. 

12.23.9 Raise the lateral pressure in increments of 
approximately one-eighth the differential pressure 
transducer rated capacity and repeat subparagraph 12.23.8 
for the full range to be calibrated. 

12.23.10 Calculate and record the Pressure trans­
ducer output, Inch of H20 as shown on figure 4. 

12.23.11 Calculate the difference between the 
Volume tube water column height, in and the Pressure 
transducer output, Inch of H20 for each lateral pressure 
increment. 

12.23.12 Plot the data obtained as shown on figure 5. 
12.23.13 Calculate the equation of the calibration 

line. The slope of the· line is equal to the lateral pressure 
correction factor. 

13. Calculations 

13.1 The calculations of linearity, hysteresis, and 
repeatability are as shown on figure 3. 

13.2 Calculations required to determine the lateral 
pressure correction factor are as shown on figure 4 and 5. 

14. Report 

14.1 The report is to consist of the following completed 
and checked forms and plot: 

"Differential· Pressure Transducer Calibration Sheet" 
(fig. 3 ). 

"Lateral Pressure Correction Factor" (fig. 4). 
A plot of the obtained data (fig. 5 ). 
14.2 All calculations are to show a checkmark and all 

plotting muse be checked. 

15. Ref ere nee 

[l) Ben~~idez, Abel A., Unlization,1 of Differential 
Pressure Transducers to Measure Voluni'"e Change of Soil 
Specimens During Triaxial Shear Testing, Bureau of 
Reclamation Report No. REC-ERC-84-10, 22 pp., Denver, 
Colo., April 1984. 
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LATERAL PRESSURE CORRECTION FACTOR I Dellsnatlon USBR 1055-~9 

(1) 121 13) 14) ,- (d")l3) + la") (5) 
APPLIED VOLUME TUBE PRESSURE PRESSURE 

LATERAL WATER COLUMN TRANSDUCER TRANSDUCER 1121-c•>I PRESSURE HEIGHT OUTPUT OUTPUT 
p .. l!J~P,□ (In) (V) (Inch of H 2 0) 

0.0 10.00 2.999 10.01 0.01 

25.0 10.00 2.994 10.06 0.06 

50.0 10.01 2.987 10.13 0.12 

75.0 10.03 2.980 10.20 0.17 

100.0 10.04 2.973 10.27 0.23 

125.0 10.05 2.967 10.33 0.28 

150.0 10.07 2.959 10.41 0.34 

175.0 10.09 2.952 10.48 0.39 

200.0 10.11 2.945 10.55 0.44 

• Valu• obtained from dlfferantlal 
pressure transducer callbratlon. 

Id)• -10.00 

,., - 40.00 

~-ZD 

~ 
ill 

r 

Figure 4. - Lateral pressure correction factor - example. 

y-m,•b 

AsSllme· b•O, then y- ffll 

m•y/1• 0.44/200•0.0022 

Colibrotion line tquation: y•00022• 

Lateral p--es,sure correction foctor • 0.0022 

" =--,"'~~--,':!=-----,::'"'.--"'...,~--:00;, .. --"'.,"',--..L.-~,.,,,.---, .. ---... ~~,-• 
LATERAL PflESSUR! 

Figure 5. - Plor of lateral pressure correction factor - example. 
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16) 
OROEREOPAIRS 

(1) 15) 

0.0 0.01 

25.0 0.06 

50.0 0.12 

75.0 0.17 

100.0 0.23 

125.0 0.28 

150.0 0.34 

175.0 0.39 

200.0 0.44 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 1060-89 
PROCEDURE FOR 

CALIBRATING THE CALCIUM CARBIDE REACTION DEVICE 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. This procedure is issued under the fixed designation USBR 1060. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating the CCRD (calcium carbide reaction device). 
A CCRD can be used to determine the moisture content 
of certain soils when not enough time is available to use 
the oven method (USBR 5300). 

1.2 When the CCRD is used to determine moisture 
content, calibration is required to obtain accurate test 
results. 

1.3 This calibration procedure is applicable for the 6-, 
26-, and 142-gram CCRD. 

1.4 The CCRD method of determining moisture 
content is limited to soils, or the portion of a soil, passing 
the U.S.A. Standard series No. 4 (4.75 mm) sieve. 

1.5 The CCRD method of determining moisture 
content is limited to soils having a moisture content of 
40 percent or less. 

2. Auxiliary Tests 

2.1 Test samples must be obtained in accordance with 
USBR 5205 prior to performing this procedure. The soil 
samples should be classified using either USBR 5000 or 
USBR SOOS. During the calibration process, the moisture 
content is determined by both USBR 5300 (oven method) 
and USBR 5310 (calcium carbide method). 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR SOOS Determining Unified Soil Classification 
(Visual Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5 300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5310 Determining Moisture Content of Soils 
Using the Calcium Carbide Reaction Device 

4. Summary of Method 

4.1 Each CCRD is calibrated for each soil type that 
may be tested. Specimens of each soil type are prepared 
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at various moisture contents and each moisture content 
is determined using both the oven method (USBR 5300) 
and the CCRD method (USBR 5310). 

The CCRD method consists of placing a prescribed 
amount of calcium carbide reagent and two steel balls into 
the chamber of the CCRD. A soil specimen is placed in 
the cap, and the cap is inserted in the end of the pressure 
vessel and sealed. The CCRD with soil, reagent, and steel 
balls is rotated manually for 3 minutes. The moisture in 
the soil reacts with the calcium carbide to produce a specific 
volume of acetylene gas. The gas pressure is read on a 
pressure gauge located on one end of the pressure vessel. 
The gauge is calibrated to read in percent of moisture 
based on the wet mass of the soil specimen. 

The moisture contents obtained by the oven method 
and the CCRD method are plotted against each other. A 
calibration is developed to express the relationship between 
CCRD readings and the ovendried moisture content based 
on dry mass of soil. A statistical analysis may be performed 
to determine a mathematical relationship between the two. 
Depending on need, the mathematical relationship may 
be indicated in graphical form (calibration plot), denoted 
by tabular values, or expressed as an equation. 

5. Significance and Use 

5.1 A CCRD can be used to determine moisture content 
of certain soils when (1) not enough time is available to 
use the oven method, and (2) moisture content values 
within ±1 percent of the ovendried moisture content are 
acceptable. 

5.1.1 For more accurate moisture content determi­
nations, the ovendrying method (USBR 5300) must be 
used. 

5.2 A calibration table normally is supplied with the 
CCRD. However, to obtain accurate moisture content 
values, a calibration plot or equation must be prepared 
for each individual device and for each soil type tested. 

S .2.1 "Soil type" means soils that have different 
Unified Soil Classification System symbols. 

5.3 Calibration must be redetermined at least once 
every year or 1000 tests, whichever occurs first. 

5.3.1 The same soil should be used for succeeding 
calibrations. An adequate supply of this soil must be stored 
in moisture proof, airtight containers and appropriately 
marked for future use. 
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5.3.2 Compare each succeeding calibration to the 
previous calibration. If CCRD readings are more than two 
percentage points different than the previous determina­
tion, the CCRD must be recalibrated using a "calibration 
kit" available from the manufacturer or discarded. 

NOfE 1.-A change in readings of more than two percent 
may be an indication of a problem such as a pressure leak, etc. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 

7. Apparatus 

7.1 General Apparaws: 
7.1.1 Equipment used for USBR 5300. 
7.1.2 Equipment used for USBR 5310. 

7.2 Equipment (optional). - Programmable calculator 
or computer with regression analysis capabilities. 

8. Reagents and Materials 

8.1 Calcium Carbide (CaC2).-Use only small grain-size 
reagent (finely ground) . The reagent is available from the 
source for the CCRD and usually is purchased as a carton 
of 24 1-lbm cans. 

9. Precautions 

9.1 Safety Precautions: 
9.1.1 Calcium carbide (CaC2) reagent used in the 

CCRD produces acetylene gas when it reacts with water 
from moist soil. The CCRD must be used outdoors or 
in a well-ventilated area. Inhalation of acetylene for 
prolonged periods in a confined, unventilated area can be 
detrimental to health. 

9.1.2 After testing, the built-up pressure within the 
CCRD should be released away from a person's body or 
face and in a downwind direction. 

9.1.3 After several successive rests have been 
performed, the exterior of the CCRD becomes hot and 
use of gloves is recommended for protection. 

9 .1.4 Acetylene gas, when under pressure, is 
extremely flammable. Tests should be performed clear of 
electrical sparking, and smoking or open flame should not 
be permitted in the testing area. If a fire results, water 
should nor be used to put out the fire. A fire blanket or 
an ABC class dry chemical fire extinguisher should be used. 

CAUTION: This procedure requires use of hazardous 
materials. It is the responsibility of the person using this procedure 
to establish appropriate safety practices and ro determine, prior 
ro use, the applicability of regularory limitations. 

9. l.5 Calcium carbide should be stored in a locked, 
moisture proof container. 

9. l.6 Federal regulations state that calcium carbide 
'reagent can be shipped only by surface mocor truck freight 
in the United States. 
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10. Sampling, Test Specimens, and Test Units 

10. l Sample Preparation: 
10.1.1 Samples selected for testing must include all 

probable soil types in a particular area, project, or site 
which may be rested using the CCRD. 

10.1.2 Test samples should be selected in accordance 
with USBR 5205 . 

10.1.3 A minimum of 5000 or 10 000 grams (about 
11 or 22 lbm) of each soil type is required for moisture 
content testing by both moisture content determination 
methods. The number of specimens to be prepared depends 
on the range of moisture contents to be evaluated. At least 
10 specimens should be prepared-at moisture content 
increments of about 2 percentage points-to cover a range 
from 10 points drier to 10 percentage points wetter than 
the average anticipated moisture content. A larger number 
of specimens may be required, but the increment of 
moisture content should remain at about 2 percentage 
points. For each specimen, about 500 grams (1 lbm) is 
required for the 6-gram and 26-gram CCRD; and about 
1000 grams (2 lbm) is required for the 142-gram CCRD. 

10.1.4 Thoroughly mix the soil sample. Determine 
the moisture content in accordance with USBR 5300 to 
ascertain how many specimens require water to be added 
or subtracted to cover the desired moisture content range. 

10.2 Specimen Preparation: 
10.2.1 Split the soil sample into the desired number 

of specimens using a sample splitter. 
10.2.2 Add water to (or dry back) each specimen 

to obtain increments of moisture content of about 2 
percentage points. This may be done on the wet mass 
basis, e.g., add 10 grams of water to the 500-gram specimen 
at natural moisture to obtain a moisture content of about 
2 percentage points higher than the natural moisture. 

10.2.3 After thorough mixing, store each specimen 
in moisture-tight plastic bags for at least 24 hours (see 
par. 12) . 

11. Calibration and Standardization 

11. l Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is noc current, perform the calibration before 
using the equipment for this procedure. 

12. Conditioning 

12. l If water is added to a soil specimen to obtain 
the approximate moisture content, the specimen should 
be stored in a moisture-tight plastic bag for 24 hours. The 
bagged specimens should be kept in a cool, humid storage 
area. This procedure facilitates uniform moisture 
distribution throughout the specimens. 

13. Procedure 

13. l All data are to be recorded on the "Calcium Carbide 
Reaction Device (CCRD) Calibration" form as shown on 
figure 1. 



USBR 1060 

7 -23S I (S-86) 
CALCIUM CARBIDE REACTION DEVICE (CCRD) 

Bureau of Reclamation CALIBRATION Designation USBK I 060-.8.9 

PROJECT Examele FEATURE 
CCRD Calibration 

SAMPLE NO. I CLASSIFICATION SYMBOL ML INSTRUMENT NO. 22779 

y = I. l87x ♦ 0.08 
CALIBRATION EQUATION DATE 

CALIBRATION PERFORMED BY DATE 

CALIBRATION CHECKED BY DATE 

SAMPLE NOMINAL DIAL GAUGE AVERAGE CORRECTED OVEN DRIED 
NO_ SPECIMEN READING READING READING MOISTURE 

SIZE (g) ON CCRD CONTENT 
(3) (%) 

TRIAL NUMBER 

(1) (21* 1 2 (4) (5) .. 

EM- I 8 26 8.8 8.4 8.6 8_6 10.3 

10 26 9.3 9_0 9 . 2 9 . 2 11.0 

(2 26 10.6 10.2 10.4 10.4 12 . 4 

14 26 11.8 11-4 11.6 11.6 13.8 

16 26 13.5 13.2 13.4 13 . 4 16.0 

18 26 14.4 14.2 14.3 14.3 17 _ I 

20 26 15.2 15.6 15.4 15.4 18.4 

22 26 17.3 17 . 0 17.2 17 . 2 20.5 

24 26 18.9 18.7 18 . 8 18.8 22_4 

26 13 ( hall size l 10.3 10.5 10.4 20.8 24-8 

28 13 ( hall size l 11.3 11.4 11 . 4 22-8 27.1 

•If the moisture content of the full specimen exceeds the limit of the AUXILIARY TESTS: USBR 5205{i 
CCRD, a half-<.ize specimen is used . USBR 5300---

USBR 5310-1!~ 

••it (2) = half-<.ize specimen, (5) = (4) X 2. 
If (2) = full -size specimen, (5) = (4) 

Figure 1. - Calcium carbide reaction device (CCRD) calibation - example. 
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13.2 Splic each specimen into cwo pares by quartering 
or by using a sample spliccer. 

13.3 Decermine che moisture content of one pare in 
accordance with USBR 5300 (ovendrying) and record. 

13.4 Determine the moisture concenc of the other pare 
in accordance with USBR 5310 (CCRD method) and record. 

13.4.1 Split the other pan into rwo (two trials will 
be reseed for each moisture content) 6-, 26- , or 142-gram 
rest specimens as appropriate for che device being 
cal ibrared. 

13.4.1.1 Record the nominal specimen size (mass) 
on figure 1. 

13.4.1.2 Place the soil specimen in che CCRD cap. 
13.4.1.3 Place che appropriate quantity (depend­

ent on size of CCRD used) of reagent and che cwo 
1-1/4-inch sreel balls in the chamber of the CCRD. The 
pressure chamber should be in a horizontal position when 
the steel balls are placed so chey will not drop onto and 
damage the pressure gauge orifice. 

13.4. 1.4 With the pressure vessel in a horizontal 
position, insert the cap into the pressure vessel and righten 
the clamp to seal the cap to the unit. 

13.4.1.5 Raise the CCRD to a vertical position 
so the soil in the cap drops into the pressure vessel. 

13.4.1.6 Holding the CCRD horizontally, manu­
ally rotate the device for 10 seconds so the steel balls are 
put into morion around the inside circumference of the 
chamber. Rest for 20 seconds. The steel balls help to mix 
soil particles with reagent m maximize their reaction. Do 
nor allow the steel balls to fall against either the cap or 
the orifice leading to the pressure gauge, since this might 
damage the pressure gauge. 

13.4.1.7 After 3 minutes of the rotate-rest 
intervals, read the CCRD pressure gauge and record on 
figure 1. The pressure gauge should be read at eye level 
in a horizontal position. Determine and record the moisture 
content of the soil on a dry-mass basis from the calibration 
equation. 

13.4.1.7 .1 If the moisture contenc of the soil 
exceeds the limit of the CCRD, use a one-half-size (3-, 
13-, or 71-gram) rest specimen and double the CCRD 
reading. 

13.4.1.7.2 When determining the mass of a one­
half-size specimen, a manufacturer supplied brass mass 
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(one-half the standard mass) is hooked through the link 
holding rhe scale pan cradle or is hung on the edge of 
che scale pan and che mass of the specimen is determined 
in the normal manner. 

13.4. 1.8 Release che pressure away from rhe 
operator's face or body and in a downwind direction. 
Unclamp and remove che cap and clean rhe device. 

13 .4 .1.8.1 The pressure vessel should be 
inverted and lightly tapped with che hand or shaken co 
expel the soil and reagent mixture. 

13.4.1.8.2 The interior of the cap should be 
wiped clean with a clean brush or cowel co remove any 
residual material. 

13.4.2 Repeat subparagraphs 13.4. l through 13.4.1.8 
for che second trial. 

13.5 Calculate and record che average pressure gauge 
reading for crials l and 2. 

13.5. l If a one-half-size test specimen is used, double 
the average pressure gauge reading and record in the 
appropriate (corrected reading) column. 

13.6 Repeat subparagraphs 13.2 through 13.5 for each 
moisture content specimen. 

13.7 Plot data points in a manner similar to figure 2. 
13.8 Draw a straight line or smooth curve through 

the points . 

NOIE 2.-A linear regression or curve-fit type mathemarical 
analysis using computers o.r po rtable calculators can be used if 
desired, Coman the Georechnical Services Branch-at the Bureau's 
Denver Office for further instruction. 

14. Calculations or Interpretation of Results (See 
note 2.) · 

15. Report 

15.1 The report is co consist of the following completed 
and checked form and cable: 

"Calcium Carbide Reaction Device (CCRD) Calibration" 
form (fig. 1). 
"Ovendried Moisture Content Versus CCRD Gauge 
Reading" plot . (similar to fig. 2). 

15.2 All calculations are to show a checkmark and all 
plotting must be checked. 
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CALIBRATION OF THE CALCIUM 

CARBIDE REACTION DEVICE ICCRDl 
Test designation USBR I 060 

( x. I Y1 I = ( 22.8, 27.1 I 
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Obtaining a linear calibration equation 

y = mx•b 

y.-y, 27 .1-10.3 
m = slope 

x,-x, 22.8-8.6 . 
1.183 

b = intercept = y1 -mx 1 

=27.1 - ( I.I 83 H 22.8 I 

therefore• b = 0.13 

y .. 1.183 (xi • 0.13 

in which I x = CCRD reading 

y = Ovendrled moisture 
content 

The results of a regression analysis 
yielded a callbrallon equation of 1 

y ,. I .I 87 ( x I • 0.08 _____ _,_ ____ __......_ ____ .....__ ____ __,_ _____ _..__ ____ _._ ____ ___,~ 

0 10 15 20 

CCRD GAUGE READING 

! USBR 5310 l 

25 

Figure 2. - Ovendried moisture content versus CCRD gauge reading - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING HYDROMETERS 

USBR 1405-89. 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1405. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designatiori outlines the procedure for 
calibrating the hydrometer used for gradation analysis of 
soils as performed in accordance with USBR 5330. 

1.2 This calibration procedure is used to determine the 
hydrometer correction to compensate for the temperature 
of the water and the type of dispersing agent used. 

2. Applicable Documents 

2.1 USBR Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 

2.2 ASTM Standards: 
E l ASTM Thermometers 
E 100 Specification for ASTM Hydrometers 

3. Summary of Method 

3.1 A hydrometer cylinder is filled with either distilled 
water or a sodium hexametaphosphate solution of given 
concentration and is placed in a water bath. A hydrometer 
is placed into the cylinder and sufficient time is allowed 
for the hydrometer, hydrometer cylinder, cylinder fluid, 
and water bath ro reach a temperature equilibrium. 
Hydrometer readings are taken at temperatures spanning 
the range of expected test temperatures, and corrections 
for intermediate temperatures are calculated. 

4. Significance and Use 

4.1 Soil hydrometers are used in gradation analysis of 
soils to determine the distribution of particles smaller than 
the U.S.A. Standard series No. 200 (75-µm) sieve. The 
ASTM soil hydrometers used by rhe Bureau are marked 
to read in grams of soil in suspension per liter of mixture 
of soil and distilled water ar 20 ° C. Since the temperature 
of the water used in rhe rest may nor be exactly 20 °C 
and because either distilled water or a solution of distilled 
water and dispersing agent is used, it is necessary ro prepare 
hydrometer correction charts to compensate for the effects 
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of temperature variation and dispersing agent. The 
hydrometer corrections are subtracted from the hydrometer 
readings obtained during the gradation analysis test to give 
a corrected hydrometer reading. 

4.2 The hydrometer correction values obtained from 
this procedure are unique to the individual hydrometer, 
dispersing agent, percent solution of the agent, and_ 
temperature range in which the calibration procedure is 
performed. If any one of these is changed, new individual 
hydrometer correction values must be obtained. 

4.3 This calibration procedure is robe performed upon 
receipt of the hydrometer as an acceptance check. 

4.4 The hydrometer zero reading (see subpar. 10.2) 
must be checked upon receipt of the hydrometer and annu­
ally thereafter or anytime hydrometer readings are suspect. 

5. Terminology 

5.1 Definitions are m accordance with USBR 3900. 
Terms of particular significance are: 

5.1.1 Dispersing Agent.-An agent used tO assist in 
separating individual fine soil particles and to prevent them 
from flocculating when in suspension. 

5.1.2 Gradation Analys1s.-The process of determin­
ing gradation (ASTM definition). 

6. Apparatus 

6.1 Soil Hydrometer.-An ASTM soil hydrometer, 
graduated ro read in grams per liter of suspension and 
conforming to the requirements for hydrometer 152H in 
ASTM E 100. 
· 6.2 Hydrometer Cylinder.-A glass cylinder essentially 
18 inches in height and 2-1/2 inches in diameter (457 
by 64 mm) and marked for a volume of 1000 mL. The 
inside diameter is tO be such that the 1000-mL mark is 
14±1 inch (355±25 mm) from the botrom on the inside. 

6.3 Stirring Apparatus (male mixer).-A mechanically 
operated stirring device in which a suitably mounted electric 
moror turns a vertical shaft ac a speed of not less than 
10,000 revolutions per minute without load. The shaft 
should be equipped with a replaceable stirring paddle made 
of metal, plastic, or hard rubber. The shaft is to be of 
such a length that the stirring paddle will operate not 
less than 1-1/2 inches (38 mm) above the bottom of the 
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dispersion cup. A special dispersion cup conforming to 
either of the designs shown on figure 1 should be provided. 

6.4 Thermometer.-0 to 50 °C, 0.5 °C divisions, 
conforming to the requirements of ASTM E 1. 

6.5 Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.1 g and have 
a capacity of about 500 g. 

6.6 Rubber Stopper.-An appropriate size rubber 
stopper to adequately seal the hydrometer cylinder. 

6.7 Water Bath.-An automatic temperature-controlled 
water tank or an insulated container large enough to hold 
the hydrometer cylinder is required. It is important that 
the water bath, hydrometer, and the hydrometer cylinder 
and its contents be maintained at a constant temperature 
for each hydrometer reading. 

6.8 Sodium Hexametaphosphate.-A chemical agent in 
powder, crystal; or granular form, used as a dispersing 
agent. 

6.9 Graduated Cylinder.-1000 mL capacity, graduated 
to 10 mL. 

6.10 Graduated Cylinder.-250 mL capacity, graduated 
to 2 mL or other suitable container or method to measure 
125 mL of the dispersing agent solution. 

7. Reagents and Materials 

7.1 Distilled water is to be used for obtaining hydrome­
ter corrections for gradation analysis that will be performed 
using distilled water as the fluid medium. 

7.2 A sodium hexametaphosphate and distilled water 
solution is to be used for obtaining hydrometer corrections 
for gradation analysis that will be performed using sodium 
hexametaphosphate as a dispersing agent. 

r----3 75
11

dia.-------1 r--3. 75
11 

dia. ---j -
Pemonent 

Baffle 
Rods 

A 

.. 
J 

in. 
mm 

rn ,-

Baffle 

Metric Equivalents 

1.3 
33 

2.6 
66 

Removable 
Baffle 
Rods 

3.75 
95.2 

B 

Figure 1. - Dispersion cup designs [ASTM D 422]. 
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7.3 In general, a 4-percent solution of sodium 
hexametaphosphate is used in performing the calibration 
procedure stated in subparagraph 7.2 (see subpar. 7.4 for 
preparing 8 and 12 percent solutions). To prepare a 4-
percent solution, the following procedure is to be followed: 

7.3.1 Fill a 1000-mL graduated cylinder with distilled 
water to approximately 750 mL. -

7.3.2 Obtain 40 grams of reagent grade or better 
sodium hexametaphosphate and place it into the dispersion 
cup. Add approximately 100 mL of distilled water to the 
sodium hexametaphosphate. Mix the sodium hexameta­
phosphate and water using the malt mixer until the sodium 
hexametaphosphate is dissolved. To dissolve the sodium 
hexametaphosphate into solution typically requires 
approximately 5 minutes of mixing in the malt mixer. 

7.3.3 Add the solution from the dispersion cup to 
the graduated cylinder. Fill the graduated cylinder to the 
1000-mL line with distilled water. Take the rubber stopper 
and securely place it on top of the graduated cylinder. With 
one hand over the top of the graduated cylinder and the 
other on the bottom, shake the graduated cylinder to 
thoroughly mix the solution. 

7.4 In some circumstances, an 8- or 12-percent solution 
may be desired as a dispersing agent. The following 
amounts of sodium hexametaphosphate are to be used for 
the desired percent solution of sodium hexametaphosphate: 

Solution desired, 
% 
4 
8 

12 

Sodium hexameta­
phosphate required, g 

40 
80 

120 

7.5 If an 8- or 12-percent solution is desired, the proce­
dure outlined in subparagraph 7.3 is to be used along with 
the appropriate amount of sodium hexametaphosphate as 
given in subparagraph 7.4. 

7.6 A prepared sodium hexametaphosphate dispersing 
solution may be stored for no more than 21 days if the 
storage temperature remains near. room temperature (73 
° F), and for no more than 7 days if the temperature of 
the storage area consistently exceeds 73 ° F. 

7.7 All containers of the dispersing solution must have 
the date of preparation and percent solution marked on 
them. 

8. Precautions 

8.1 Technical Precautions: 
8.1.1 Sufficient time should be allowed for the 

hydrometer and liquids to reach a temperature equilibrium. 
Usually 30 minutes are required for the hydrometer co 
reach equilibrium after the liquids have attained the desired 
temperature. 

8.1.2 Because sodium hexametaphosphate in 
powder, granular, or crystalline form absorbs moisture, the 
material must be stored in airtight containers. 

9. Preparation of Apparatus 

9.1 The hydrometer is co be cleaned, especially the 
reading portion of the stem, by washing the hydrometer 
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with soapy water and then rinsing it with alcohol and 
again in clean water. 

10. Calibration and Standardization 

10.1 Verify that the balance or scale used is currently 
calibrated in accordance with USBR 1012. If the calibration 
is nor current, perform the calibration before using the 
balance or scale for this procedure. 

10.2 Hydrometer Zero Reading Check-The zero 
reading must be checked upon receipt of the hydrometer 
and annually thereafter or anytime hydrometer readings 
are suspect. 

10.2. 1 Fill a clean hydrometer cylinder to the 
calibration mark with 1 liter of distilled water. 

10.2.2 Prepare a water bath at 20 ° C and place the 
hydrometer cylinder and distilled water in the bath . Stir 
the water in the cylinder occasionally and allow sufficient 
rime for the temperature of the water in the cylinder ro 
come to equilibrium with the bath temperature. 

10.2.3 Wash the hydrometer to be calibrated with 
soap and distilled water and clean the neck with alcohol. 
Rinse the hydrometer in distilled water and dry tt with 
a clean ·towel. 

10.2.4 Place the hydrometer in the cylinder and allow 
adequate time for the temperature of the hydrometer and 
water ro stabilize. 

10.2.5 Take the reading of the hydrometer at the 
top of the meniscus (see note 1) ro the nearest 0.5 unit 
and record as shown on figure 2. This reading should be 
between +0.5 and -1.5. Insert the thermometer so that 
the rip is about 8 inches (200 mm) into the hydrometer 
cylinder, and check that the water temperature has 
remained at 20 ° C. The thermometer should be read ro 
the nearest 0.5 ° C. 

NITTE l.-Hydrometers are graduated by the manufacturer to 
be read at the bottom of the meniscus formed by the liquid on 
the stem. Since it is not possible to secure readings of soil 
suspensions at the bottom of the meniscus, readings must be 
taken at the top. By calibrating the hydrometer, using the cop 
of the meniscus, this correction is automatically accounted. 

10.2.6 If the hydrometer reading does not fall within 
the required range, the hydrometer is ro be rejected for 
laborarory use. 

11. Conditioning 

11.1 Perform this calibration procedure in an area 
where there will not be a large temperature fluctuation 
while performing the procedure. 

12. Procedure 

12. l All data are to be recorded on the "Hydrometer 
Calibration for Gradation Analysis" form as shown on 
figure 2. 

12.2 Locate and record the hydrometer number. 
12.3 Record the type of and percent solution of 

dispersing agent to be used for the calibration procedure. 
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This will either be distilled water or a solution of sodium 
hexametaphosphare, as described in subparagraph 7.3 or 
7.4. 

12.4 The hydrometer is calibrated by raking hydrome­
ter readings at four different temperatures covering the 
range of expected test temperatures. 

12.5 . Adjust the temperature of the water bath ro the 
lowest calibration temperature desired. 

12.6 Place 125 ml of dispersing agent solution into 
the hydrometer cylinder. 

12.7 Fill the hydrometer cylinder ro 1000 ml with 
distilled water. 

12.8 Apply a rubber stopper and securely place it on 
top of the hydrometer cylinder. With one hand over the 
top of the hydrometer cylinder and the other on the 
hydrometer cylinder bottom, shake the hydrometer cylinder 
until the dispersing agent and distilled water are thoroughly 
mixed. 

12.9 Place the hydrometer cylinder into the water bath. 
12.10 Dry the hydrometer, If necessary; carefully place 

the hydrometer into the hydrometer cylinder and wait at 
least 30 minutes ro allow the temperature of the 
hydrometer, hydrometer cylinder, and liquids ro equalize. 

·12.11 Record the temperature of the liquid in the 
hydrometer cylinder to the nearest 0. 5 ° C. 

12.12 Determine and record the water level at the rop 
of the meniscus on the hydrometer ro the nearest 0.5 unit. 
If the water level is above the zero mark on the hydrometer, 
then the hydrometer correction is recorded as a negative 
value of that reading. If the water level is below the zero 
marking on the hydrometer, then the hydrometer 
correction is recorded as a positive value of that reading 
(see fig. 3 ). 

12.13 Verify the hydrometer reading by removing the 
hydrometer, drying it, and replacing the hydrometer inro 
the hydrometer cylinder. If the hydrometer readings are 
nor the same, remove the hydrometer and repeat subpara­
graphs 12.10 through 12.12 until a reading can be verified. 

12 .14 Remove the hydrometer and elevate the 
temperature of the water bath to the next desired calibration 
temperature. Allow the temperatures of the water bath, 
the hydrometer cylinder, and the dispersing agent solution 
to equalize. 

12.15 Repeat subparagraphs 12.10 through 12.14 until 
hydrometer readings at four different temperatures 
covering the range of expected rest temperatures have been 
obtained and verified. 

12.16 Determine the calibration equation. 
12.16.1 Plot the temperature versus hydrometer 

reading data pairs on a graph similar ro that shown on 
figure 4. 

12.16.2 Draw a best-fit straight line through the 
plotted points (or perform a linear regression analysis and 
construct the resulting best-fir straight line on the graph). 

12.16.3 Compare the data points to the straight line 
for acceptability. 

12.16.3.1 All data points should plot within ±0.5 
hydrometer unit of the straight line (or the correlation 
coefficient for the linear regression should be equal ro or 
greater than ±0.95 ). 
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HYDROMETER CALIBRATION FOR 
7-2309..!12-86) GRADATION ANALYSIS 

Designation USBR 1405--~ Bureau bf Reclamation 

HYDROMETER NO. ZERO READING 
189 0.5 

DISPERSING AGENT PERCENT SOLUTION 

Sodium Hexometophosphote 4% 
CALIBRATION PERFORMED BY DATE CHECKED BY DATE 

CALIBRATION DATA 

TEMPERATURE 
HYDROMETER READING 

•c 

18 .0 6 . 5 

21.0 5.5 

25.0 4 .0 

28 .0 3 .0 

DETERMINATION OF CALIBRATION EQUATION 

SELECTED POINTS 

TEMPERATURE 
HYDROMETER READING 

•c 

(1) 18.0 
(3l 6 .5 

(21 28 .0 (4l 3 .0 

HYDROMETER CALIBRATION EQUATION 

I y • mx + b I .. 
(2l • (1l• 10,0 (Al 

(4l • (3l • -3.5 (Bl 

m-.l.lll. -0.35 
(A) 

b• y -mx b• (3l · (ml(1l• 12.8 

I CALIBRATION EQUATION ~ =-0.351~!• 12.8 I 
GPO 9S2-933 

Figure 2. - Hydrometer calibration for gradation analysis - example. 
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Negative vclue 

O t Zero mark 

Positive value 

Figure 3. - Soil hydrometer 
stem sketch. 

12.16.3.2 If the criteria in subparagraph · 12.16.3. l 
are not mer, discard the data point that appears to be 
farthest from the straight line and repeat subparagraphs 
12.16.1 through 12. 16.3. If the criteria still cannot be mer, 
the calibration procedure must be repeated until the criteria 
have been satisfied. 

12.16.4 Determine and record the equation of the 
calibration line. 

12.17 Use the calibration equation to obtain a table 
of temperature-hydrometer corrections as shown in table 1. 

13. Calculations 

13.1 Determine the linear equation of the hydrometer 
calibration line and calculate the hydrometer corrections 
for the temperature range calibrated. 

· 13.2 Select the two data pairs closest to the straight 
line and calculate the equation of the straight line. The 
equation of the calibration line is determined in the form : 

y = mx+ b 
where: 

y = hydrometer correction 
m = slope of line 
x = temperature, °C 
b = hydrometer correction intercept 

13.3 The "Hydrometer Calibration for Gradation 
Analysis" form illustrates an example calculation of the 
slope of the calibration line, m, and the intercept, b. 

13.4 Calculate hydrometer corrections using the 
calibration equation in subparagraph 13.2 and substituting 
the appropriate temperatures. The temperature range is 
generally between 18 and 28 °C, using 0.5 °C increments. 
These hydrometer corrections are t0 be rounded t0 the 
nearest 0.5 unit as shown in table 1 for the example 
calibration equation. 
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13.5 Calculation of the hydrometer corrections shown 
in table l is performed as follows: 

y = -0.35 x + 12.8 (Calibration equation, fig. 2) 

substitute 18 ° C into the calibration equation : 

y - -0.35 (18.0) + 12.8 
y = 6.5 

Therefore, the hydrometer correcrion, y, (for the 
temperature of 18 °C) is recorded in the table as 6.5. This 
substitution procedure is continued for the entire 
temperature range calibrated. 

14. Report 

14.1 The report is ro consist of the following completed 
and checked form, plot, and table: 

"Hydrometer Calibration for Gradation Analysis" form 
(fig. 2) . 
Plot of calibration equation (fig. 4). . 
Table of hydrometer corrections (table 1). 

14.2 All calculations are to show a checkmark and all 
plotting must be checked. 

Table 1. - Hydrometer corrections. 

Hydrometer number 189 
Dispersing agent Sodium hexametaphosphate 
Percent solution 4% 
Calibration date 
Computed by 
Checked by 

Temperature, °C 

18.0 
18.5 
19.0 
19.5 
20.0 
20.5 
21.0 
21.5 
22 .0 
22 .5 
23.0 
23.5 
24.0 
24.5 
25 .0 
25.5 
26.0 
26.5 
27 .0 
27.5 
28.0 

Hydrometer correction 

6.5 
6.5 
6.0 
6.0 
6.0 
5.5 
5.5 
5.5 
5.0 
5.0 
5.0 
4.5 
4.5 
4.0 
4.0 
4.0 
3.5 
3.5 
3.5 
3.0 
3.0 
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I y = -0 .35 x +12 .8 

HYDROMETER No. 189 
Sodium Hexametaphosphate 
4 % Solution 

CALIBRATION EQUATION 

2.0-t-----+-----+-----+-----+----+----+-----+----+----+-----+--
18.0 19.0 2 .0 21.0 22.0 23.0 

TEMPERATURE 
( oc ) 

24.0 

Figure 4. - Hydrometer calibration equation. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING THE SOIL PENETROMETER 

USBR 1410-89 

INTRODUCTION 

This procedure is under rhe jurisdiction of rhe Georechnical Services Branch, code D-3760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under rhe fixed designation USBR 1410. The number immediately 
following the designation indicates the year of acceptance or the year of lasr revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating the soil penetrometer and associated set of 
needles used in the penetration resistance test as performed 
in accordance with USBR 5505 . 

1.2 This calibration procedure is used to determine 
acceptability of the soil penetrometer and/or needles. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1012 Calibrating Balances or Scales 
USBR 5505 Determining Moisture Content-Penetration 
Resistance Relationships of Fine-Grained Soils 

2.2 ASTM Standard: 
D 1558 Standard Test Method for Moisture Content 
Penetration Resistance Relationships of Fine-Grained Soil 

3. Summary of Method 

3.1 The force required to compress a spring dyna­
mometcr (fig. 1) is measured using a platform balance 
or scale. The measured value is compared to the average 
resultant reading on the stem of the penetrometer. 

3.2 The end diameter of a penetrometer needle is 
measured with a vernier or micrometer caliper. The average 
measured values are compared to the nominal values given 
in table 1. 

3.3 The decision to accept or reject the penetrometer 
or any of the needles is based on results of calibration. 

Table I. - Sizes for interchangeable penetromerer needles. 

Needle Nominal End Minimum 
No. area diameter allowable end 

in2 m diameter, in 

L 1.128 1.100 
2 1/2 0.798 0.778 
4 L/4 .564 .550 

10 L/10 .357 .348 
20 1/20 .252 . 246 
40 L/40 . 178 .174 

4. Significance and Use 

.4.1 A soil penetrometer and associated needles must 
be calibrated properly to ensure reliable test results when 
used to obtain penetration resistance values for a given 
moisture-unit weight rela tionship. 

4.2 This calibration procedure is to be performed upon 
receipt of the soil penetrometer and/or needles and 
annually thereafter. 

5. Apparatus 

5.1 Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.01 lbm and have 
a capacity of about 150 lbm or readable to 0.1 lbm and 
have a capacity of about 250 lbm. 

5.2 Soil Penetrometer.-A soil penetrometer (fig. 1) 
consists of a spring dynamometer with a fo rce-indicating 
scale on the stem of the handle. The force scale must be 
graduated to 90 lbf (2 -lbf divisions) with a line encircling 
the stem at each 10-lbf interval. A sliding ring on the 
ste rn indicates the maximum force obtained in the test. 

5.3 Penetrometer Needle Ser.-Each penetrometer 
needle (fig . l and table l) must consist of a shank with 
a head of known end area. The set of interchangeable 
needles must include the sizes given in table l. The needle 
shank should have graduations inscribed at intervals of 
1 inch to indicate the depth of penetration and have a 
minimum length of 4 inches, excluding the threaded 
portion. Needles should not be used when they have been 
worn so as co reduce the flat-end area by 5 percent. 

5.4 Vernier or D1~1I Caliper, or Outside Micrometer.­
Caliper or micrometer capable of measuring to L.200 inch 
(31.00 mm) and graduated to 0.00 L inch (0.02 mm) . 

6. Precautions 

6.1 Technical Precautions: 
6.1.1 Keep the penetrometer and needles coated with 

lightweight oil when not in use to prevent rusting. Wipe 
off excess o il when the penetrometer and/or needles are 
to be used . 

6.1.2 Score the penetrometer and needles in a 
suitable box or case to prevent damage. 
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Sliding Ring 
Handle 

Spring Barrel 

Needle 

(a) Penetrometer 

Head 

(b) Penetrometer needle 

Figure 1. - Soil penetromerer. 

7. Calibration and Standardization 

7.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1012 Calibrating Balances or Scales 

8. Conditioning 

8.1 Place the soil penetrometer and needles in the 
environment in which they are to be calibrated for at least 
24 hours prior to the time of calibration. 

9. Procedure 

9.1 Penetrometer Calibration: 
9.1.1 All data are to be recorded on the "Soil Pene­

trometer and Needle Calibration" form as shown on figure 
2. 

9.1.2 Attach the No. 2 needle to the penetrometer. 
Ensure that the sliding ring is at its zero position. 

9.1.3 Place the end of the needle on the scale, with 
the penetrometer in an upright position, perpendicular 
to the pan of the scale, so the mass of the penetrometer 
is bearing on the scale. 

9.1.4 Zero the scale. 
9.1.5. The following forces are those used to calibrate 

the penetrometer: 25-, 50-, and 75-lbf. 

NOTE 1.-The calibration forces given in subparagraph 9.1.5 
are approximate values that are included as a guide to ensure 
calibration of the soil penetrometer throughout its full useful 
operating range. 

9.1.6 Start with the smallest force and successively 
proceed to the next higher. 

9.1.7 Push down on the penetrometer at a steady 
'rate of approximately 25 !bf per second until the scale 
registers approximately the desired force. 

9.1.8 Gradually release the force to zero. 
9.1.9 Record to the nearest 1 !bf the force applied 

to the scale. 
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9.1.10 Read the penetrometer by looking through 
the hole in the sliding ring located on the penetrometer 
stem. Record the value to 1 !bf as shown on figure 2. 
Push the sliding ring back to its zero position. 

9.1.11 Repeat subparagraphs 9.1.7 through 9.1.10 
two additional times for a total of three sets of readings. 

9.1.12 Calculate and record the average of the three 
scale readings and the three penetrometer readings. 

9.1.13 Repeat subparagraphs 9.1.7 through 9.1.12 
using about 50 and 75 !bf to calibrate the soil penetrometer 
throughout its operating range. 

9.1.14 Determine the percent deviation for each 
average set of readings. 

9.1.15 Allowable deviation is ±5 percent. Mark the 
data form as to whether the penetrometer is accepted or 
rejected. 

9.2 Calibration of the Penetrometer Needles: 
9.2.1 Using either a caliper or micrometer, take three 

measurements of head diameter evenly spaced around the 
head of each needle and as close to the end of the needle 
as possible. 

9.2.2 Read and record each diameter measurement 
to the nearest 0.001 inch (0.02_ mm) as shown on figure 2. 

9.2.3 Determine the average diameter of the head. 
9.2.4 Minimum allowable end diameter values are 

as shown in table 1. Mark the data form as to whether 
the penetrometer needle is accepted or rejected. 

9.2.5 Repeat subparagraph 9.2 for every penetrom­
eter needle in the set. 

10. Calculations 

10.1 Percent deviation = 
(average penetrometer reading - average scale reading) X l0O 

average scale reading 

11. · Report 

11.1 The report is to consist of a completed and checked 
"Soil Penetrometer and Needle Calibration" form (fig. 2). 

11.2 All calculations are to show a checkmark. 
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7-2337 (11-86) SOIL PENETROMETER AND NEEDLE CALIBRATION 
Bureau of Reclamation Designation USBR 1410 - .89. 

MANUFACTURER 
Example IPENETROMETER SERIAL NO. I SCALE NO. I 

CALIBRATION PERFORMED BY DATE COMPUTED BY DATE 'CHECKED BY DATE 

PENETROMETER CALIBRATION 

25 lbf 50Ibf 75 lbf 

TRIAL NO. 

SCALE - lbf PENETROMETER SCALE - lbf PENETROMETER SCALE - lbf PENETROMETER 

1 25 24 49 48 76 77 

2 24 23 - 50 49 76 78 

3 26 25 49 47 77 79 

AVERAGE 25 24 49 48 76 78 

(%) DEV IATION -4 -2 3 

PENETROMETER NEEDLE CALIBRATION 

MEASURED DIAMETER AVERAGE 
MEASURED MINIMUM ALLOWABLE 

in DIAMETER END DIAMETER 

NEEDLE TRIAL TRIAL 
In in 

TRIAL 
ACCEPT REJECT NO . NO. 1 NO. 2 N0. 3 

1 1.127 1.126 1.127 1. 127 1.100 X 

2 0 . 796 0 .795 0 .794 0.795 0 .778 X 

4 0 . 560 0.558 0.562 0.560 0.550 X 

10 0 . 352 0 .356 0 .354 0 . 354 0 .348 X 

20 0 . 246 0.240 0 .244 0 .243 0 .246 X 

40 0 .176 0.177 0 . 177 0 .177 0 .174 X 

REMARKS: 

Figure 2. - Soil penetrometer and needle ca libration - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 1415-89 
PROCEDURE FOR 

CALIBRATING LABORATORY MECHANICAL 
COMPACTORS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Divis ion, Denver Office, Denver, Colorado. The procedure is issued under.the fixed designation USBR 1415. The number immediately 
following the designation indicates rhe year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating laboratory mechanical compactors. This 
procedure is used for adjusting the rammer impact 
developed by laboratory mechanical soil compactors to 
conform to that developed by the free fall of manual 
compaction ra mmers in standard impact-type soil 
compaction tests. 

1.2 This procedure involves changing the rammer mass 
and/or the height of fall of the rammer to compensate 
for mechanical variations including friction in accordance 
with the deformation of small lead cylinders which are 
struck by manual and mechanical rammers. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1007 Calibrating Dial Indicators 
USBR 5500 Performing Laboratory Compaction of Soils 
- 5.5-lbm Rammer and 18-in Drop 
USBR 7240 Performing Rapid Method of Construction 
Control 

3. Summary of Method 

3.1 Lead cylinders are deformed using both the manual 
and mechanical compactors. Average deformation values 
are calculated for each device and compared. 

3.2 If necessary, mass is added to or removed from 
the rammer of the laboratory mechanical compactor, or 
other adjustments are made to che laboratory mechanical 
compactor until average deformation values from the 
laboratory mechanical compactor approximately match 
those from the manual compactor. 

4. Significance and Use 

4.1 Laboratory mechanical compactors can be used for 
the standard compacrion procedure USBR 5500. To ensure 
a reliable standard compactive effort, the laboratory 
mechanical compactor must be calibrated. 

4.2 The mechanical compactor sht:ffbe calibrated and 
adjusted as necessary, before initial use; near t~ end of 
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each period during which the mold was filled 250 times; 
before reuse after anything, including repairs , which may 
affect the test results significantly; and whenever the test 
results are questionable. 

5. Apparatus 

5.1 Lead Deformation Apparatus.-The apparatus 
consists of an anvil, guide collar, and striking pin (figs. 
la through le). 

5.2 Dial Comparator.-The dial comparator consists of 
a dial indicator graduated to 0.001 inch (0.02 mm), and 
stand (fig. lf). 

5.3 Height-of-Drop Guide.-Refer to figure lg. 
5.4 Hand R ammer.-The rammer firs into the height­

of-drop guide, has a mass of 5.5 lbm ±1 percent, and is 
capable of freely dropping 18 inches inside the guide. 

5.5 Pedestal Slee ve.-A pedestal sleeve used with the 
hand rammer and height-of-drop guide (fig. lh). 

5.6 Other Equipment.-AII equipment required for 
USBR 5 500 procedure. 

5.7 Lead Cylinders.-A supply of small lead cylinders 
described as 38-caliber, 158-grain lead alloy cores which 
are manufactured for swaging into bullets. These cylinders . 
are available at sporting goods stores and should be 
purchased in lots of 1000. Burrs of irregularities on the 
ends of the lead cylinders should be removed by sanding 
with fine emery cloth. 

6. Precautions 

6.1 Safety Precautions: 
6.1.1 Keep hands and clothing away from the 

laboratory mechanical compactor during operation. 
6.1.2 Safety shoes and safety glasses should be worn 

while performing the calibration. 
6.2 Technical Precaucions.-Operacors who are unfamil­

iar with or who infrequently use hand tamping devices 
must practice co develop the proper technique (note 3 ). 

7. Calibration and Standardization 

7.1 Check the dial comparator used to measure defor­
mation of the lead cylinders to ensure current calibration 



USBR 1415 

in accordance with USBR 1007. If the calibration is not 
current, perform the calibration before using the dial 
comparator for chis procedure. 

8. Conditioning 

8.1 Perform this calibration in an area isolated from 
drafts and/or extreme temperature fluctuations. 

9. Procedure 

9.1 All data are to be recorded on the "Laboratory 
Mechanical Compactor Calibration" form as shown on 
figure 2. 

9.2 Manual Merhod: 
9.2. l Select at lease 10 lead cylinders from the same 

lot or shipment. Remove any burrs from che ends of che 
cylinders using fine emery cloth or sandpaper. 

9.2.2 Assemble the lead deformation apparatus with 
the lead cylinder as shown on figure le. Ensure chat the 
striking pin slides freely inside the guide colla r. 

NOTE 1.-It is recommended that a light coat of oil be applied 
to che outside of the striking pin. 

9.2.2.1 Carefully place the lead cylinder so that 
tt ts in the center of che · small recess in the anvil base. 
Make sure ic will remain in chat position when moving 
the lead deformation apparatus. 

NOTE 2.-A slight variation of the lead cylinder from center 
may result in erroneous deformation values. 

9.2 .3 · Place the assembled lead . deformation appa­
ratus on the base of the dial comparator with the tip of 
the dial seem on the top center of the ball bearing to 
give a maximum dial reading as shown on figure ld. 

9.2.4 Read the dial and record the value as the initial 
reading as shown on figure 2. All dial comparator readings 
are to be made and recorded to 0.001 inch (0.02 mm). 

9.2.5 Check the mass of the manual rammer. The 
mass is required to be within l percent of the specified 
mass. For the manual compaction rammer, as prescribed 
in USBR 5500, a rammer mass of 5.5 lbm is specified, 
permitting a variation of ±0.05 lbm. 

9.2.6 Place the baseplate of the compaction mold 
on the compaction cylinder foundation, and place che 
assembled lead deformation apparatus (fig. le) on the 
baseplate. 

9.2.7 Place the pedestal sleeve and height of drop 
guide with the rammer over the lead deformation apparatus 
(as shown on fig. lg) without allowing the rammer to 
touch the striking pin. 

9.2.8 Raise the rammer to the specified height of 
d~op and release to apply one blow to che top of che striking 
pin. 

NOI'E 3.-Ir is advisable to perform several practice deformation 
trials before recording the information for record. The intent 
is co develop a technique for rhe individual operator which will 
ensure char a solid square blow is delivered co rhe striking pin. 
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The drop guide and rammer should be held in a plumb position 
centered over the striking pin; each blow is identified as being 
either a solid blow or a glancing blow-if the rammer fell freely 
or if it slid against rhe guide sleeve. 

9.2.9 Return the lead deformation apparatus to the 
dial comparator, read the dial and record as Reading afrer 
drop as shown on figure 2. 

9.2.10 Examine the lead cylinder to determine that 
a solid blow was delivered. If the lead cylinder was not 
deformed uniformly, a solid blow was not delivered. Do 
not use the results; instead, repeat the procedure with a 
new lead cylinder. 

NOI'E 4.-Indicarions of rhe performance of an acceptable rest 
are (a) that the lead cylinder barrel is shaped uniformly, and 
(b) char the lead cylinder barrel was in the center of the anvil, 
not off centered as evidenced by a slight ring at the bottom 
of the lead cylinder. 

9.2.11 Determine and record the deformation of the 
lead cylinder (see subpar. 10.1). 

9.2.12 Repeat subparagraphs 9.2.2 through 9.2.11 
using a new lead cylinder for each rest until five values 
are obtained. 

9.2.13 Determine the average deformation of the 
initial five values obtained in subparagraph 9.2.12. 

9.2.14 Determine and record for each of the five 
rests the percent deviation from the average deformation 
value (see sub par. 10.3 ). Reject deformation values that 
vary more than 2 percent from the average. 

9.2.15 Repeat subparagraphs 9.2.2 through 9.2.14 
until five acceptable deformation values are obtained. 

9.2.16 Record the average of the five acceptable 
values . 

9.3 Mechanical Merhod: 
9.3.1 Select at least 10 cylinders from the same lot 

or shipment. Remove any burrs from the ends of the 
cylinders using fine emery cloth or sandpaper. 

9.3.2 Assemble and adjust the laboratory mechanical 
compactor in accordance with the manufacturer's 
instructions. 

9.3.3 Operate the laboratory mechanical compactor 
for one cycle of 25 blows and observe to ensure that the 
compactor is operating satisfactorily. If not, perform 
necessary cleaning or adjustments. The rammer should fall 
on soil or ocher soft material. 

9.3.4 Check the height-of-drop of the rammer. 
Operate the laboratory mechanical compactor and mark 
the extremes of crave! of the rammer using an appropriate 
marking pencil on the support column of the compactor. 

9.3.5 Measure che distance between the markings. 
le is to be within l percent of che specified height, usually 
18 inches (457 mm). 

9.3.6 Adjust the height-of-drop, if necessary, in 
accordance with the manufacturer's instructions. 

9.3.7 Assemble the lead cylinder deformation 
apparatus as described in subparagraph 9.2.2. 

9.3.8 Read the initial dial comparator value as 
described in subparagraph 9.2.3 through 9.2.4. 
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9.3 .. 9 Place rhe lead deformation apparatus on rhe 
compacrion mold baseplate which is on the base of the 
laborarory mechanical compactor. 

9 .3.10 Position the assembly and place the rammer 
lightly on the striking pin in such a manner rhac, for the 
next blow, the ram mer will be centered on rhe striking 
pm. 

9.3.10.1 Many laboratory mechanical compactors 
are designed to distribute blows over the cross-sectional 
area of rhe specimen, which can be accomplished by the 
rammer offset rotating its shafr during the "pickup" part 
of the cycle. For this type of compactor, rhe magnitude 
of the revolution of rhe rammer between blows must be 
determined and rhe lead deformation apparatus positioned 
so thar the rammer blow will be centered on rhe striking 
pin. For another type of compactor, the rammer moves 
in a vertical direction only and rhe baseplate is rotated. 
In rhis case, the roraring mechanism of che baseplate should 
be disconnected during the calibration operarion and 
positioned so that rhe rammer blow will be centered on 
the striking pin. 

9.3.11 Start the machine and allqw rhe rammer to 
apply one blow on rop of rhe striking pin. · 

9.3.12 Obtain rhe final dial reading as described in 
subparagraph 9.2.9. 

9.3.13 Examine rhe lead cylinder to determine chat 
a solid blow was delivered. If rhe lead cylinder was nor 
deformed uniformly, a soljd blow was nor delivered. Do 
not use rhe results; instead, repeat rhe process wirh a new 
lead cylinder. 

9.3.14 Determine and record rhe deformation of the 
lead cylinder (see subpar. 10.1). 

9.3 .15 Repeat subparagraphs 9.3.7 through 9.3.14 
using a new lead cylinder for each test until five values 
are obtained. 

9.3.16 Determine the average deformation of the 
initial five values obtained in subparagraph 9.3.15. 

9.3.17 Determine and record, for each of the five 
resrs, the percent deviation from the average deformation 
(see subpar. 10.3 ). Reject deformation values rhar vary more 
than 2 percent from rhe average. 

9.3.18 Repeat subparagraphs 9.3.7 through 9.3.17 
until five acceptable deformation values are obtained. 

9.3.19 Record the average of the five acceptable 
values. 

9 .3.20 Determine and record the deviation of the 
mechanical method average from the manual method 
average in percent (see subpar. 10.4). 

9.3.21 If the deviation is less than or equal to 2 
percent, the laboratory mechanical compactor is acceptable. 
If the deviation is greater than 2 percent, adjust the 
laboratory mechanical compactor and recalibrate. 

9.4 Laboratory Mechanical Compactor Adjustment: 
9.4.1 If any adjusrments are made to the laboratory 

mechanical compactor, clearly document all changes and 
include with the calibration form . 

9.4.2 If the deformation produced by rhe manual 
rammer is grearer rhan that produced by the laboratory 
mechanical compactor, add mass to the rammer on the 

laboratory mechanical compactor in an amount necessary 
to produce the same average deformation value as produced 
by the manual method. This added mass is to be fastened 
securely to the rammer. 

9.4.3 If the deformation produced by the manual 
rammer is smaller than rhat produced by the laboratory 
mechanical compactor, remove mass from the rammer on 
che laboratory mechanical compactor in an amount 
necessary to produce the same deformation value as 
produced by the manual method. 

NOTE 5.-This assumes chat some mass has been added to 

che rammer as received from che manufacturer. Normally, mass 
will have to be added to the original rammer. If the calibration 

. indicates that the mass of the original rammer needs co be reduced 
co less than 5.5 lbm, carefully recheck all equipment and cali­

·brations and repeat the procedure. If removal of mass is stilt 
indicated, the height-of-drop should be adjusted instead as 
described in subparagraph 9.4.5. 

9.4.4 The total mass added to the original 5.5-lbm 
rammer as received from the manufacturer must not exceed 
1.1 lbm. If more than 1.1 lbm added mass is required,. 

· the mechanical compactor is co be rebuilt or repaired. 
9.4.5 Th~ typ'e oflaborarory mechanical cqmpactor,, 

where rhe rammer moves in a vertical direction only, may 
operate with less friction resistance during the drop part 
of the cycle than rhar of the manual compactor. This may 
result in a larger average deformation value for rhis 
laboratory mechanical compactor rhan for rhe manual 
compactor, even though rhe rammer of borh devices are 
exactly 5.5 lbm and are dropped from idenrical heights 
of 18 inches. For this rype of laboratory mechanical 
compactor, rhere is no provision for the removal of small 
increments of mass. In rhis case, ir is permissible ro make 
minor adjustments in rhe height of drop, as necessary, 
co obtain deformation values equal to char of the manual 
compactor. Follow the manufacturer's instructions when 
making this adjustment. 
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9.4.6 If the laboratory mechanical compactor was 
adjusted, perform the calibration procedure again to make 
sure the correct mass was added or removed from the 
rammer. 

10. Calculations 

10.1 Determine deformation of the lead cylinders. 

Deformation = initial reading - reading afrer drop (1) 

10.2 Determine average deformation of five rrials. 

. Vi+¼+V3+ll.i+V5 
Average deformation = 5 

where Vi, ½, Va, ¼, and V5 are 5 deformation values 

10.3 Determine percent deviation from average. 

(2) 

Deviation from = l00 (deformation-average deformation) (3) 
average, % average deformation 
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NOfE 6.-Percenc deviation values calculated in this paragraph 
may be positive or negative. 

10.4 Determine deviation of the mechanical 
in percent. 

D . . 07. (M-H) ev1at1on, /O = 100 ~ 

where: 
M = average deformation mechanical method 
H = average deformation manual method 

method 

(4), 
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11. Report 

11. l The report is to consist of a completed and checked 
"Laboratory Mechanical Compactor Calibration" form 
(fig. 2) . 

11.2 Any adjustments made co rhe laboratory mechan­
ical compactor are to be included as documentation and 
filed with the calibration form. 

11.3 All calculations are co show a checkmark. 
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7-2342 (12 -86) 
8\Jreau of Reclamation I LABORATORY MECHANICAL COMPACTOR CALIBRATION I De,ignation USBR 1415-~ 
MANUFACTURER ____ E_x_a_m_,_p_le _____ _ SERIAL NO. MECHANICAL COMPACTOR NO. 

DIAL COMPARATOR NO. ____ _ CALIBRATION PERFORMED BY DATE 

CALIBRATION CHECKED BY-------------------------------- DATE 

MANUAL METHOD 

TEST NUMBER N0. 1 NO. 2 N0. 3 NO. 4 N0. 5 

INITIAL READING 0.585 0.583 0 . 586 0.590 0.588 

READING AFTER DROP 0 . 345 0 . 349 0 . 351 0.357 0 . 351 

DEFORMATION 0 . 231 0.234 0.235 0 . 233 0 . 237 

% DEVIATION FROM AVERAGE -1 . 28 0 0 . 427 -0 . 427 I . 28 

TEST NUMBER N0. 6 NO. 7 N0.8 N0. 9 N0.10 

INITIAL READING 

READING AFTER DROP 

DEFORMATION 

% DEVIATION FROM AVERAGE 

AVERAGE 0.234 

MECHANICAL METHOD 

TEST NUMBER N0. 1 NO. 2 ! NO. 3 N0. 4 NO. 5 

INITIAL READING 0.583 0 . 588 0 . 584 0 . 585 0.584 

READING AFTER DROP 0 . 350 0 . 350 0 . 348 0 . 352 0 . 349 

DEFORMATION 0 . 233 0 . 238 0 . 236 0.233 0 . 235 

% DEVIATION FROM AVERAGE . -0 . 851 1.27 0 . 426 -0 . 851 0 

TEST NUMBER N0.6 NO. 7 NO. 8 N0. 9 N0. 10 

INITIAL READING 

READING AFTER DROP 

DEFORMATION 

% DEVIATION FROM AVERAGE 

AVERAGE O .235 

MANUAL METHOD AVERAGE ___ o_.2_3_4 _________ MECHANICAL METHOD AVERAGE --'o-'_~2~3~5 ________ _ 

DEVIATION OF MECHANICAL METHOD FROM MANUAL METHOD 1%) --'0'--'.-'4-"2'--'7 ____________________ _ 

REMARKS ______________________________________________ _ 

GPO 853-01g 

Figure 2. - Laboratory mechanical compaccor ca libration - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING HEAD TANKS 

USBR 1420-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Georechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1420. The number immediately 
following che designation indicates the year of acceptance or the yea r of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating head tanks used in performing permeability tests 
in accordance with USBR 5600 or 5605. 

1.2 This calibration procedure is used to determine a 
calibration factor for a head tank. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 5600 Determining Permeability and Settlement 
of Soils [ (8-in (203-mm) Diameter Cylinder)] 
USBR 5605 Determining Permeability and Settlement 
of Soils Containing Gravel 

3. Summary of Method 

3.1 A calibration factor must be determined for 
individual head tanks used for permeability testing. Water 
is slowly drained from a head tank into a container. The 
calibration factor is determined by dividing the volume 
of water collected (in cubic centimeters) by the length (in 
inches) for the po rtion of the head tank calibrated. 

4. Significance and Use 

4. 1 A calibration factor must be determined for indi­
vidual head tanks in order to calculate the coefficient of 
permeability of soils from permeability test data. 

4.2 The calibration factor obtained from this procedure 
is unique co a given head tank and co the · air intake cube 
used in the head tank. If the air intake cube is replaced, 
chis calibration procedure must be repeated. 

4.3 An incorrect head tank calibration factor will lead 
to an erroneous value of the coefficient of permeability. 

4.4 This calibration procedure is to be performed upon 
receipt of the head tank or in the event of any change 
in the air intake tube associated with the head tank. 

5. Apparatus 

5 .1 Balance or Scale.-The mass of water collected can 
range from 200 to 12 000 g depending on the head tank 
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size being calibrated. Typical balances or scales used for 
this designation are: 

Approximate capacity 
500 g 

1000 g 
4000 g 

20 kg 

Readable to 

0.1 g 
0.1 g 
1 g 
1 g 

5.2 Head Tank (with air intake tube, fig. 1).­
Appropriate size head tank, with air intake cube used for 
permeability testing. 

5.3 Tubing.-Plastic tubing, 3 feet of 1/8 inch i.d., with 
offshoot bleed line. 

5.4 Rubber Stopper.-Appropriate size rubber stopper 
to adequately seal head tank with one hole approximately 
1/ 8 inch to hold air intake tube. 

5.5 Container.-A suitable container to hold water as 
appropriate for calibrating a head tank of given diameter. 

5.6 Hose Clamp.-2 rubber hose clamps, 3/8-inch 
shutoff. 

6. Reagents and Materials 

6.1 Tapwater that is free of acids, alkalies, or oils and 
is suitable for drinking should be used for calibrating the 
head tank. 

7. Precautions 

7.1 Technical Precautions.-The head tank and connect­
ing hoses should be cleaned regularly to remove impurities 
chat may clog lines and restrict free water flow. 

8. Preparation of Apparatus 

8.1 Clean the head tank and connecting tubing by 
flushing the system with clean water. 

8.2 Check the cubing for leakage and/ or restrictions, 
and replace or clean, if necessary. 

8.3 Clear the air intake tube to ensure unrestricted flow. 
8.4 Locate the head tank number. If the head rank 

has no number, assign the tank a number and permanently 
display it on the head tank. 
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Rubber stopper 

Head tank 

Tubing 

Offshoot bleed Ii n e 

-...======s:=:-- To graduated cylinder 

Figure l. - Head tank calibration schematic. 

9. Calibration and Standardization 

9.1 Not applicable, reference standards are not used 
for this procedure. 

10. Conditioning 

10.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

11. Procedure 

11 .1 All data are. to be recorded on the "Head Tank 
Calibration" form as shown on figure 2. 

11.2 Locate and record the head tank number. 
11.3 Securely connect the plastic tubing to the bottom 

of the head tank. 
11.4 Place one hose clamp around the offshoot bleed 

line and close the clamp to prevent any water flow. 
11.5 Place the second hose clamp around the tubing 

near its end and close the clamp to prevent any water 
flow. 

11.6 Fill the head tank with water. 
11.7 Secure the air intake rube into the rubber stopper 

and place the rubber stopper into the top of the head 
tank. Press down firmly on the rubber stopper to ensure 
a proper seal with the head tank. 

l 1.8 Open the hose clamp that is connected to the 
bleed offshoot line until all the entrapped air is removed 
from the lines. 

11.9 Close the hose clamp to prevent further water 
flow. 

11.10 Slightly open the hose clamp that is connected 
near the end of the tubing to drain the head tank until 
air just begins entering the head tank through the bottom 
of the air intake tube. 

11.11 Close the hose clamp to prevent further water 
flow after air bubbles are seen coming from the bottom 
of the air intake tube. 

11.12 Determine the water level at the top portion 
of the head tank to the nearest 0.1 inch and record as 
the Initial head tank level This initial water level should 
be in the range from O to 2 inches from the cop of the 
graduated markings on the tank. If it is not, add additional 
water co the head tank if necessary, and repeat subpa­
ragraphs 11.10 and 11.11 until the water level falls in the 
stated range. 

11.13 Determine the volume of water in a selected 
length of the head tank as follows: 

11.13.1 Select an appropriate container and a balance 
or scale for use as indicated in the following table: 

Head tank Volume in cm 3 

diameter, mm (massin g) 

20 200 
30 500 
40 900 
50 1500 
60 2000 

(about ½ gal) 
6 inches 12 000 

(about 3 gal) 

Balance or scale, grams 
Capacity Readable to 

500 
1000 
1000 
4000 
4000 

20 kg 

0.1 
0.1 
0.1 

g 

11.13.1. 1 If desired, the volume of water drained 
from the head tank may be measured for the smaller 
diameter head tanks by using a graduated cylinder or similar 
measuring device. 

11.13.2 Determine and record all measurements of 
mass to the smallest division readable on the balance or 
scale as indicated in subparagraph 11.13.1. 

11.13.3 Determine and record the mass of the 
container. 

11.13.4 Open the hose clamp that is connected near 
the bottom of the tubing to drain the water slowly from 
the head tank into the container. 

11.13.5 Drain the water in the head tank until about 
1 inch of the air intake rube is still submerged and close 
the hose clamp. 

11.13.6 Determine and record the mass of the 
container and water. 

11.13. 7 Calculate and record the mass of water. 
Consider this mass to be the volume of water collected 
by assuming l cml of water equals l g of water. 

ll.14 Determine the water level at the bottom portion 
of the head tank to the nearest 0.1 inch and record as 
the Final head tank level on the test form. 

11.15 Calculate and record to the nearest 0.1 inch the 
length of head tank calibrated. 

11.16 Calculate the head tank calibration facror and 
record as follows : 
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Head tank diameter 
20, 30 mm 

40, 50, 60 mm 
6 inches 

Record to nearest 
0.1 cml/in 
1 cml/in 

10 cml/in 

11.17 Repeat the steps in subparagraphs l 1.6 through 
11.16 two more rimes for a total of three trials . 

11.18 Compare the head tank calibration factors for 
the three trials. The difference between the lowest value 
and the highest value must not exceed the following: 

Head tank diameter 
20, 30 mm 

40, 50, 60 mm 
6 inches 

Maximum difference 
0.2 cml/in 
2 cm3/ in 

10 cml/in 

If the calibration results do not meet the requirement, 
repeat the calibration procedure until the criteria are met. 

11.19 Calculate and record the average head tank 
calibration factor. 

12. Calculations 

12.1 Calculate the length of head tank calibrated L. 

L = final head tank level, in - initial head tank level, in (1) 

I Ltl 

12.2 Calculate the total volume (mass) of water 
collected in cm3 (g) as follows: 

V = (1) - (2) 
where: 

V = total volume of water collected, cm3 (g) 
(l) mass of container and water, g 
(2) = mass of container, g 

12.3 Calculate the calibration faccor for each trial. 

where: 

F = _!:' 
L 

F = head tank calibration faccor, cm3 / in 
V = total volume of water collecced, cm3 
L length of head tank calibrated, in 

13. Report 

(2) 

(3) 

13.1 The report is to consist of a completed and checked 
"'Head Tank Calibration" form (fig. 2). 

13.2 All calculations are to show a checkmark. 
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7-2308 (12-86) 
Bureau of Reclamation HEAD TANK CALIBRATION 

Desimation USBR 1420- ~ 

Head Tank No. 611 Head Tank Diameter 60mm 

Calibration performed by Date 

Calculations checked by Date 

Trial No. 

1 2 3 

Initial Head Tank Level (in) 1. 3 1.2 1.3 

Final Head Tank Level (in) 31.9 31 .6 31.8 

Length of Head Tank Calibrated (in) 30.6 30.4 30.5 

Mass of Container + Water (g) 2785 2770 2780 

Mass of Container (g) 930 930 930 

Total Volume (mass) of Water Collected (g) 1855 1840 1850 

Head Tank Calibration Factor (cm3/in) 
61 61 61 

Average Head Tank Calibration Factor 61 (cm3/in) 

Criteria for Acceptability of Results: 

Maximum Difference Between Lowest and Highest Head Tank Calibration Factor Obtained 

Head Tank Maximum 
Diameter Difference 

20, 30mm 0.2 cm3/in 

40, 50, 60 mm 2 cm3/in 

6 inches 10 cm3/in 

Figure 2. - Head tank calibrat ion - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1425-89 

CALIBRATING PERMEABILITY TEST EQUIPMENT 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code 0-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. This procedure is issued under the fixed designation USBR 1425. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating permeability equipment used in the laboratory 
permeability test as performed in accordance with USBR 
5600 or 5605. 

2. Auxiliary Tests 

2.1 The head tank must be calibrated in accordance with 
USBR 1420 prior to performing this calibration procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1420 Calibrating Head Tanks 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5600 Determining Permeability and Settlement 
of Soils [8-io (203-mm) Diameter Cylinder] 
USBR 5605 Determining Permeability and Settlement 
of Soils Containing Gravel 

4. Summary of Method 

4.1 A limiting or maximum coefficient of permeability 
for equipment used in a permeability test is determined 
by draining water from a constant head tank through porous 
inserts separated by a calibration ring. Time required for 
the water to flow through the system is recorded and the 
limiting or maximum coefficient of permeability of the 
equipment is calculated. 

5. Significance and Use 

5.1 The maximum permeability of laboratory permea­
bility equipment must be determined to assess the accuracy 
and reliability of results obtained from laboratory tests on 
soil which incorporate their use. 

5.2 The purpose of this procedure is to determine 
maximum permeability of the testing equipment. To 
accomplish this, a calibration ring is used which represents 
a test specimen with infinite permeability. 

5.3 The maximum permeability of the equipment can 
be changed by replacing any part of the apparatus; i.e., 
tubing, valves, head tank, etc. In order to obtain reliable 
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and reproducible results, calibration of the permeability 
system should be repeated if any item is replaced. 
Additionally, the complete permeability apparatus should 
be recalibrated after 10 permeability tests have been 
performed or once every 2 years, whichever occurs first. 

5.4 With continued use, permeability of the porous 
inserts may be reduced due to clogging. A reduction in 
permeability of the porous stones can lead co erroneous 
results in the coefficient of permeability calculated for soil 
specimens. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 

7. Apparatus 

7.1 Ao 8-inch-diameter permeability apparatus as 
described in USBR 5600 or 19-ioch-diameter permeability 
apparatus with rubber liner in place as described in USBR 
5605. 

7.2 Head tank as described in USBR 1420. 
7.3 Porous inserts of appropriate diameter and 

thickness for either of the permeability cylinders or pea 
gravel and screens. 

7.4 A 3- or a 9-inch high metal calibration ring (fig. 1) . 
7.5 A stopwatch. 
7.6 Scaled vernier or dial caliper graduated co read in 

thousandths of an inch (0.001 in). The measuring device 
should be capable of measurements up to 10 inches. 

7.7 Scaled rule at least 8 feet long graduated co read 
in hundredths of a foot (0.01 ft) . 

8. Reagents and Materials 

8.1 Tapwater that is free of acids, alkalies, or oils, and 
is suitable for drinking should be used for calibrating 
laboratory permeability equipment. 

9. Precautions 

9.1 Technical Precautions: 
9.1.1 Air pockets should not be present in the tube 

connecting the head tank and permeability cylinder during 
the calibration procedure. 
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A 3.00 ::!: .01" 

B APPROX. 6" 

C APPROX. ¾" 

I 
I r--- - - --- __ J I] L-= - - - - -
I 
I 

B 

SECTION A-A 

~=r A 
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Figure I. - Metal calibration ring. 
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9.1.2 Porous inserts, permeability cylinder, water 
tubing, and valves should remain as a single system for 
both the calibration and testing procedure to ensure 
uniformity of results. If any one of these items is changed 
or replaced, this calibration procedure must be repeated. 

10. Preparation of Apparatus 

10.1 Clean the permeability cylinder and porous inserts. 
Soak the porous inserts for a minimum of one-half hour 
before calibrating. 

10.2 Clean the head tank and position it ro allow flow 
at a low head. 

10.3 Connect the tubing from the head rank to the 
permeability cylinder and check for leakage and air bubbles. 

10.4 Bleed all air bubbles from the line, and eliminate 
any leaks in the system. 

10.5 Calibration of the 19-inch diameter permeability 
apparatus is performed with a rubber liner glued to the 
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inside walls of the cylinder as used in USBR 5605. The 
rubber liner should be inspected and replaced if it is 
excessively worn or cur. 

11. Calibration and Standardization 

11. l Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

12. Conditioning 

12.l Soak the porous inserts in water for a minimum 
of one-half hour before using them in the calibration 
procedure. If pea gravel and screens are used instead of 
porous inserts, the pea gravel should be in a saturated 
surface dry condition before being placed in the 
permeability cylinder. 

13. Procedure 

13.l All data are to be recorded on the "Permeability 
- Settlement Test Data Sheet l" as shown on figure 2. 
This form is used in USBR 5600 and 5605 and is modified 
for use in this procedure as shown. 

13.2 Record the number and calibration factor of the 
head tank used (obtained from USBR 1420). Record the 
permeability cylinder number. 

13.3 Using a caliper, determine the height of the 
calibration ring at three points equidistant around the 
circumference of the ring and record to the nearest 0.001 
inch (use Remarks column on form). The 3-inch (75-mm) 
high calibration ring is used if the calibration is being 
performed on the 8-inch diameter standard permeability 
apparatus. The 9-inch (230-mm) high calibration ring is 
used if the calibration is being performed on the 19-inch 
diameter permeability apparatus. 

13.4 Calculate the average height of the ring and record 
on the form in the column ConsoJjdared thickness - (L'). 

13.5 Place the bottom insert. in the cylinder, and press 
down firmly to seat the insert. 

13.5.1 If pea gravel and screen are used instead of 
porous inserts in the 19-inch diameter permeability 
apparatus, the gravel and screen should be placed in 
accordance with USBR 5605. 

13.6 Place the calibration ring con top of the bottom 
insert. 
13.7 Fill the head tank with water. 

13.8 Release enough water from the head tank to 
completely fill the tubing and cover the bottom insert. 

13.9 Fill the permeability cylinder with water from a 
bucket to just above the calibration ring. 

13.10 Place the top porous insert on top of the 
calibration ring. 

13.11 Place the load pisto"n on the top porous insert. 
13.12 Place the load spring or springs on the load 

piston. 
13.13 Place the bottom load plate on the load spring 

or springs. 
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13.14 Install tension rods through the load plate and 
secure the rods to the permeability cylinder baseplate. 

13.15 If collars and nuts are not already on the tension 
rods, place them on each rod. Tighten the nuts enough 
to hold the load spring or springs in place. 

13.16 · Fill the permeability cylinder with water from 
a bucket until water drains from the overflow pipe. 

13.17 Position the head tank at a low head [ about 3 
to 5 inches (75 to 125 mm)]. Measure the head (using 
the 8-ft rule) to the nearest 0.01 ft and record in the column 
Head - (Hwc). The measurement is made following 
procedures described in USBR 5600 or 5605. 

13.18 Select two locations on the head tank, one near 
the top of the tank and another near the bottom. Mark 
these locations with a grease pencil or other suitable 
marking device. Record these values to the nearest 0.1 
inch in the Head tank reading column. Seal the top end 
of the head tank with the vented rubber stopper containing 
the air intake tube. 

13.19 Begin releasing water from the head tank. Start 
the stopwatch when the water level in the head rank reaches 
the top mark. Stop the stopwatch when the water reaches 
the bottom mark on the head tank. Record the beginning 
and ending time in the Hour column. 

13.20 Determine the elapsed stopwatch time in 
minutes and seconds and record in the Remarks column. 
Calculate and record the elapsed time t' in hours to the 
nearest 0.0001 hour. 

13.21 Calculate the constant Cand record to the nearest 
0.001 unit. 

13.22 Calculate the value CF and record to the nearest 
0.1 unit. 

13.23 Calculate and record the Difference in reading, 
R between the beginning and ending head tank readings 
to the nearest 0.1 inch. 

13.24. Calculate and record the value of R/ t' to the 
nearest 0.1 unit. 

13.25 Calculate and record the coefficient of permea­
bility k to the nearest 100 feet per year. 

13.26 Repeat the procedure outlined in subparagraphs 
13.18 through 13.25 twice for a total of three trials, and 
record values from each trial separately. 

13.27 Calculate and record the average maximum 
coefficient of permeability of the equipment for the three 
trials .. 

14. Calculations 

14.l Calculate the constant C using one of the 
following equations: 

14.1.1 For the 8-inch diameter cylinder: 

C = 0.0738 ( H.L' ) 
we 

where: 

C = constant 
0.0738 = conversion faccor which incorporates: 

two constants to convert volume in 
cm3 co ft 3, three constants to convert 

(1) 

ll8 

time in minutes to years, the constant 
pi ( rr), and the constant to convert the 
area of the tank in in2 to ft 2 (see 
USBR 5600 for further explanation). 

L' height of calibration ring, in 
Hwc constant head = difference between 

headwater and tailwater level, ft 

14.1.2 For the 19-inch diameter cylinder: 

C = 0.013 (}; :) (2) 

where: 
0.013 conversion factor which incorporates: 

two constants to convert volume in 
cm3 co ft3, three constants to convert 
time in minutes to years, the constant 
pi (rr), and the constant to convert the 
area of the tank in in2 co ft 2 (see 
USBR 5605 for further explanation). 

14.2 Calculate the constant CF 

CF= C(F) (3) 

where (F) equals calibration factor of head tank from 
subparagraph 13.2 in cubic centimeters per inch. 

14.3 Calculate the coefficient of permeability. 

(4) 

where: 
k = coefficient of permeability, ft/yr 
R difference in head tank markings, in 
t' elapsed time, h 

15. Interpretation of Test Results 

15 .1 Results of the calibration procedure should be 
compared with previous calibrations. If there is large 
variation in results, the calibration procedure should be 
reviewed to determine the cause of the variation. Variation 
can be caused by dirty or plugged porous inserts, dirty 
tubing, or replacement of hardware of fittings . If any piece 
of equipment cannot be cleaned, it should be replaced. Once 
any piece of equipment is replaced, the calibration 
procedure should be repeated. 

15.2 Following calibration of the permeability test 
equipment, results of permeability tests performed on soil 
specimens should be compared with the calibrated 
maximum permeability (maximum flow rate) of the 
equipment as some soils may have a permeability equal 
to or greater than the permeability value of the equipment. 

16. Report 

16.1 The report is to consist of a completed and checked 
"Permeability - Settlement Test Data Sheet l" (fig. 2). 

16.2 All calculations are to show a checkmark. 
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7 -2378 (12 -86) 
PERMEABILITY-SETTLEMENT TEST DATA SHEET 1 Designation USBR 1425-~~ Bureau of Reclamation 

SAMPLE NO. PROJECT FEATURE 
Example Example 

TESTED BY DA T E COMPUTED BY DATE CHECKED BY DATE 

CYLINDER NO. 15-8 i □ !;b dis;imi:l!ir 

HEAD TANK CONSOLIDATED CONSTANT 
TIME INSTALLED HEAD-( H""") 

THICKNESS - (L ' I C = 0 .0738 _L::_ l/ (SEE REMARKS 
(DATA SHEET Hwc CONSTANT CALIBRATION COLUMN) 

DATE 
HOUR NO. FACTOR (F) 1110. 21 

C = 0 .013 _I::_ 21 CF 
1986 

(cm3/ in ) (ft) On) Hwc 

2-6 1•20 613 60.6 0.25 3.000 0.886 53.7 

TIME OF DIFF E RENCE COEF . OF 
OBSERVATION ELAPSED HEAD IN PERM. REMA R KS TIME TANK READI NG R/ t ' 

(k = C F fl ( RECORD HE4D IN FEET, 
It') READING (R) CHANGES IN HEAD, AND 

1986 HOUR (in/hr) OTHER OBSERVATIONS) 
(hr) (in) (in) (ft /yr) 

2-6 2• 15 - - - - - 0 . 0 - - - - - - - - - - -- -
2•23 0.1431 30 . 0 30.0 209 6 11 -..nn I' =8 min 35 sec . 

:1•05 - -- - - 0 0 - - -- - - - - - - - - -
3• 13 0.1467 30 . 0 30.0 204 . 5 11 000 I' =8 .min. 48 sec. 

3• 15 - --- - 0 . 0 - - - - - - - - -- - - -
3•23 0.1450 30 0 30.0 206 . 9 11 1nn I '=8 min 42 sec 

Average k =l 1,100 fl/yr 

Colibrolion rino heioht • 

3 . 000 

2 . 999 
3.001 

Averaae = 3.000 inch 

1/Constant for USBR 5600 (8-inch diameter permeability cylinder) 
1/Constant for USBR 5605 ( 19-inch d iameter pe,meabifity cylinder) 

GPO 855-0QO 

Figure 2. - Permeability - settlement tes t data sheet I. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

CALIBRATING THE LOADING DEVICE 
FOR PERMEABILITY TESTS 

USBR 1430-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Division Research and Laboratory 
Services Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1430. The number 
immediately following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating the loading device used for permeability tests 
as performed in accordance with USBR 5600 or 5605. 

1.2 This calibration procedure is used to determine the 
acceptability of the loading device. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR *1104 Load Verification of Testing Machines 
USBR 5600 Determining Permeability and Settlement 
of Soils [8-in (203-mm) Diameter Cylinder) 
USBR 5605 Determining Permeability and Settlement 
of Soils Containing Gravel 

3. Summary of Method 

3.1 The loading device is placed in a testing machine 
and is loaded incrementally to the maximum capacity of 
the ram. The reading on the pressure gauge of the loading 
device is compared to the testing machine load reading 
at each loading increment. 

3.2 The repeatability of the loading device at several 
loads is checked, and the loading device is adjusted or 
repaired as necessary. 

3.3 A calibration plot defining the relationship between 
pressure gauge readings and testing machine load readings 
is used to determine which pressure gauge readings to 
use for a particular load when performing permeability 
tests in accordance with USBR 5600 or 5605. 

4. Significance and Use 

4.1 A calibrated loading device must be used in the 
laboratory to ensure that correct loads are placed on the 
permeability specimen when the specimen is tested in 
accordance with USBR 5600 or 5605. 

4.2 This calibration procedure is to be performed upon 
receipt of the loading device and biennially thereafter. 

5. Apparatus 
5.1 Testing Machine.-Any type having sufficient load 

capacity. The testing machine should be equipped with 

* Concrete Manual, Bureau of Reclamation, part 2, in press. 
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two steel bearing blocks with hardened faces; the upper 
one of which is a spherically seated headblock and the 
lower of a plain rigid block. The faces of the bearing blocks 
when new should not depart from plane by more than 
0.0005 inch (0.013 mm) at any point and should be 
maintained within 0.001 inch (0.02 mm). The bearing faces 
should be perpendicular to the axis of loading of each 
bearing block. The center of the bearing face of the 
spherically seated block should coincide with the center 
of the sphere. The moving portion of this block should 
be held closely in the spherical seat, but the design should 
be such that the bearing face can be rotated freely and 
tilted through small angles in any direction to prevent 
eccentric loading conditions. 

5.2 Loading Device.-A hand-operated hydraulic pump 
loading device, fitted with a pressure gauge of sufficient 
capacity to safely load the ram to at least 75 to 80 percent 
of its load rating, including flexible hose with quick-connect 
couplings for attaching to rams. 

5.3 Steel Plate.-A steel plate equivalent to the top plate 
of the permeability apparatus to be placed between the 
loading device and the upper bearing block of the testing 
machine. 

6. Precautions 

6.1 Technical Precautions: 
6.1.1 Visually check the condition of the loading 

device each time it is used. Be sure that all hydraulic hoses 
and fittings are connected to the proper inlet and outlet 
connections of the pump cylinder. 

6.1.2 During loading and when the maximum 
capacity of the ram has been reached, visually check the 
system for leaks and malfunctions which could affect test 
results. 

6.1.3 Use a steel plate between the loading device 
and the upper bearing plate of the testing machine. Do 
not allow the saddle of the ram to come into contact with 
the upper bearing plate of the testing machine while it 
is being loaded because the apparatus may be damaged. 

6.2 Safety Precautions.-Extreme care should be 
exercised when working with hydraulic hoses and loading 
devices. Safety devices, such as safety glasses and safety 
shoes, must be used while performing the calibration. 
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LOADING DEVICE CALIBRATION 

7-2343 (11-86) FOR 
Bureau of Reclamation PERMEABILITY TESTS Designation USBR 1430-..!;lll 

CALIBRATION PERFORMED BY DATt I CALltlHA I ,v .. LHtLKtD BY DATE 

RAM CAPACITY 7 Ion 1141000 lbfl RAM SERIAL NO. 726914 

PUMP SERIAL NO. USBR 3130 GAUGE SERIAL NO . G56055 

TESTING MACHINE: DATE OF LAST CALIBRATION 2/18/87 

MANUFACTURER Examele SERIAL NO. TMI000 MODEL NO. I 

PRESSURE GAUGE LOAD 
READING lbf AVERAGE LOAD 

lbf/in
2 IM 

TRIAL NO. 1 TRIAL NO. 2 TRIAL NO. 3 

0 0 0 0 0 

1000 1821 1843 1821 1828 
' 

2000 3574 3597 3574 3582 

3000 5418 5485 5463 5455 

4000 7419 7419 7419 7419 

5000 9217 9150 9217 9195 

6000 10,926 10,881 10,926 10,911 

, 

·' -

I 

REMARKS 

Figure l. - Loading device calibration for permeability tests - example. 
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7. Calibration and Standardization 

7.1 Verify that the testing machine has been recently 
calibrated in accordance with USBR 1104. If the calibration 
is not current, perform the calibration before using the 
testing machine. 

8. Conditioning 

8.1 The room temperature should not vary more than 
±5 ° C during the calibration. 

8.2 Place the loading device and other apparatus in 
the environment in which it is to be calibrated for at least 
24 hours before performing the calibration procedure. 

9. Procedure 

9.1 All data are to be recorded on the "Loading Device 
Calibration for Permeability Tests" form as shown on 
figure 1. 

9.2 Refer to the manufacturer's instructions for 
guidelines on operating the testing maching. 

9.3 Assemble the ram, hydraulic line, pressure gauge, 
and pump. Ensure that all air is removed from the system. 
See manufacturer's instructions for the recommended 
method to remove air from the loading device. 

9.4 Place the ram in the load frame of the testing 
machine. Be sure there. is ,sufficient .clearance. between the 
upper and lower bearing plates of the resting machine. 

9.5 Place the steel plate between the loading device 
and the upper bearing plate of the resting machine. 

9.6 Pump the loading device until a pressure gauge 
reading equal to about 10 percent of the maximum capacity 
of the pressure gauge is reached. Read and record the 
pressure gauge reading as shown on figure 1. 

9.7 Using the most sensitive range possible of the 
testing machine, read and record the corresponding load 
due ta the pressure applied in subparagraph 9.6. 

9.8 Repeat subparagraphs 9.6 and 9.7 increasing the 
pressure gauge reading in 10 percent increments. Continue 
increasing the pressure until a load equal to at least 75 
to 80 percent of the load rating of the ram is reached. 

9.9 Release the pressure in the pump (refer ta the 
manufacturer's instructions). 

9.10 Perform subparagraphs 9.6 through 9.9 a rota! 
of three times. The three load readings should not vary 
from each other by more than 1 percent of the maximum 
capacity of the ram;. if they do, inspect the loading device 
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for defects and adjust or repair as necessary. Repeat the 
procedure until the readings meet the criteria. 

9.11 Compute the average of the three load readings 
for each pressure increment. 

9.12 Prepare a plot of average load versus pressure 
gauge reading, and draw a best fit line from the origin 
through the data points as shown on figure 2. 

10. Calculations 
10. l Determine the average of the three load readings. 

where: 

11. Report 

R1 + R2 + Ra A= 
3 

average load 
individual load readings 

11.1 The report is to consist of the following completed 
and checked form and plot: 

"Loading Device Calibration for Permeability Tests" 
form (fig. 1). 

A plot of the calibration results (fig. 2). 
11.2 All calculations are ta show a checkmark and 

all plotting must be checked. 

gooo 

~ 4000 

; 
w.-
~ ~ 3000 

w­
~ 
~ 
~ 

w 
~ 
a. 2000 

7- t on copoc1tyrom 
Strior No. 72691• 

Pump Serial HO . USBR 3130 

Gouge $trial NO. G56055 

AVERAGE LOAD 
(lbfJ 

10,000 12. 000 14,000 

Figure 2. - Loading device - calibration plot example. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1435-89 

CALIBRATING SAND-CONE EQUIPMENT AND SAND 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division,Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1435. The number immediately 
following the designation indicates the year.of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating sand-cone equipment and sand. 

1.2 The calibration procedure is performed co obtain 
values for use in measuring the volume of a field unit 
weight test hole excavated in accordance with USBR 7205. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1011 Calibrating Measures for Sand Calibration 
USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand-Cone Method 

2.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

3. Summary of Method 

3.1 Sand flows from a specific sand-cone device into 
a template placed on a flat surface to determine the mass 
of sand retained in the cone portion of the device and 
the template during an actual test. 

3.2 Using a specific sand-cone device and template, 
sand flows into a calibrated measure approximating the 
dimensions of a field cesc hole to determine the density 
of the sand. 

4. Significance and Use 

4.1 This calibration procedure is performed to obtain 
(a) the mass of sand in the cone and template, and (b) 
the density of the sand for use in measuring the volume 
of field unit weight test holes. 

4.2 Each sand-cone device has unique characteristics 
which may cause the sand to flow through it differently. 
Finalcalibracion values may be affected by changes in these 
flow characteristics. Calibration values, therefore, are not 
interchangeable, even for devices which may appear to 
be identical. 

4.3 This procedure should be performed: 
4.3.1 When a new supply of sand is processed into 

che storage bin. 
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4.3.2 When several unit weight tests are required, 
on a daily basis, the sand-cone device and sand should 
be calibrated weekly. 

4.3.3 If tests are -made- at infrequent intervals, the 
sand-cone device and sand muse be calibrated before a cesc 
or series of tests is begun. 

4.3.4 If tests are routinely made using reclaimed sand, 
calibrate when the cumulative mass of the sand removed 
from the storage container' equals the capacity of the 
container. A record of the -mass of sand removed should 
be kept at a convenient location on or near the container. 

5. Apparatus 

5.1 General Apparatus: _ 
5.1.1 Sand-Cone Eqwpment.-Equipment as required 

by USBR 7205. 
5.1.2 S1eves.-U.S.A. Standard series Nos. 10, 40, and 

200 (2.00 mm, 425 µm and 75 µm, respectively), or Nos. 
8, 30, and 200 (2.36 mm, 600 µm, and 75 µm, respectively) 
sieves, conforming co the requirements of ASTM E 11. 

5.1.3 Balance or Scale.-A typical balance or scale used 
for chis designation must be readable to 0.01 lbm and have 
a capacity of about 100 lbm. 

5.1.4 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform tempera cure of 230±9 ° F 
( 110±5 ° C) throughout the drying chamber. 

5.2 Eqwpment Unique to This Procedure (see figs. 1 
through 3): 

5.2.1 Calibration measure appropriate for sand-coi;ie 
diameter and hole depth required. The calibration measure 
dimensions and shape should closely approximate the 
recommended cesc hole dimensions and shape. 

5.3 Miscellaneous Eqwpment.-Buckets co mix and 
reclaim sand, a pen with indelible ink or ocher device for 
numbering and macchmarking the cone and template, chick 
paper, and miscellaneous brushes and scoops for reclaiming 
sand. 

5.4 Sand-The sand muse be clean, dry, uniform, 
uncemented, durable, and free flowing. The sand muse meet 
the following criteria: 

5.4.1 Gradation: 
• 100 percent passes the No. 10 (2.00 mm) sieve 
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or 

• Not more i:han 5 percent passes the No. 40 (425 µm) 
sieve 

• Not more than 1 percent passes the No. 200 (75 µm) 
sieve 

• 100 percent passes the No. 8 (2.36 mm) sieve 
• Not more than 5 percent passes the No. 30 (600 µm) 

sieve 
• Not more than 1 percent passes the No. 200 (75 µm) 

sieve 

5.4.2 Angularity-The individual particles should be 
rounded, subrounded, or subangular. 

NOTE !.-Crushed sand or sand having angular particles may 
not be free flowing due to bridging or interlocking of the particles. 
However, some crushed or angular sands have been successfully 
used with good reproducibility. The reproducibility of test results 
using angular sand should be carefully checked before acceptance 
for use. 

5.4.3 Moisture.-The sand must be oven-dried or air­
dried before use. If oven-dried, the sand must be allowed 
to reach an air-dried srate in the general location where 
it is to be used. In areas where the humidity changes 
frequently, the effect on the bulk density of the sand must 
be determined to establish when recalibration is necessary 
because of humidity changes. 

NOTE 2.-Most sands have a tendency to absorb moisture from 
the atmosphere. A small amount of absorbed moisture can make 
a substantial change in bulk density. 

5.4.4 New Shipments.-Each new shipment of sand 
delivered to a project must be visually inspected to ensure 
that it is clean, uniform, uncemented, durable, and free 
flowing. Samples are to be taken from five places within 
the shipment and tested for gradation and density. To be 
acceptable, the gradation must meet the requirements of 
subparagraph 5.4.1 and the density variation between any 
determination and the average of those determinations 
must not be greater than 1 percent of the average. 
Conformance of new shipments must be documented and 
reports kept with other calibration records. 

6. Precautions 

6.1 Safety Precautions: 
6.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
6.1.2 Many brands of sand have warning labels on 

the sacks. Breathing the dust created when mixing or 
pouring these sands may be harmful, and appropriate 
precautions should be taken. 

6.2 Technical Precautions: 
6.2. l Consistent Sand Flow: 

6.2.1.1 Sand-cone devices provide consistent sand 
flow from test to test only if the valve is opened completely 
each time. A valve that is only partially open can 
significantly alter the flow characteristics of the sand-cone 
device. 

12/i 

6.2.1.2 Match the size of the calibration measure 
used in the sand-cone calibration process to the size of 
the field test hole. This will keep the drop distance and 
flow pattern consistent from laboratory to field conditions. 

6.2.2 Vibration of Poured Sand: 
6.2.2.1 Any vibration or jarring of poured sand, 

whether the pouring process is complete or not, causes 
densification of the sand and results in erroneous test 
results. To achieve consistent results, the sand must be 
free to flow without any outside agitation. 

6.2.2.2 Calibration measures must be placed on 
rigid, vibration-free surfaces while performing the 
calibration. 

6.2.3 Reclaimed Sand: 
6.2.3.1 As a general rule, reclaiming sand is no 

longer desirable nor economically feasible. 
6.2.3.2 If sand is reclaimed, after each recovery 

it must be screened over a sieve that would pass its original 
maximum particle size to eliminate clay balls or other 
foreign matter. Discard the sand after three usages. 

7. Calibration and Standardization 

7.1 Verify that the sand calibration measure being used 
in this procedure is currently calibrated in accordance with 
USBR 1011. If the calibration is not current, perform the 
calibration before using the sand calibration measure for 
this procedure. 

8. Conditioning 

8.1 Store the sand in covered bins or containers to 
maintain a uniformly dry condition. A 55-gallon barrel 
having a valve near the bottom makes an excellent storage 
container. An internal heat source, such as heat tape, may 
be necessary in storage containers in areas that experience 
significant changes in atmospheric moisture. 

8.2 When a new supply of sand is placed into the 
storage bin-and before each calibration-the sand must 
be thoroughly mixed and blended. Calibration records must 
document new shipments of sand and the dates new sand 
is introduced into the current storage bin. 

9. Procedure 

9.1 All data are to be recorded on the "Calibration 
of Sand-Cone Equipment and Sand" form as shown on 
figure 4. 

9.2 Marking the sand-cone device and template (new 
equipment only). 

9.2.1 Place and rotate the cone portion of the device 
on the template until the best possible fit is achieved. Place 
march marks on the cone and template. 

9.2.2 Number the sand-cone device and template. 
They are a matched set and must be used together. 

9.3 Calibrate the Cone and Template: 
9.3.1 Estimate the mass ot sand necessary co fill the 

cone and template plus an excess approximating the residue 
remaining after an actual test. Close the valve and place 
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the predetermined mass of sand into the reservoir of the 
sand-cone device. Determine and record the mass of the 
sand-cone device and sand to the nearest 0.01 lbm. 

9.3.2 Place the template on thick paper on a flat, 
rigid surface and attach the sand-cone device. Align the 
march marks on the sand-cone device and template. 

9.3.3 Open the valve completely with a single 
morion, allowing the sand to flow into and fill the template 
and cone. While the valve is open, avoid any vibration 
of the sand-cone device and template which might cause 
densification of the sand. When the flow of sand has 
sropped, close the valve and remove the sand-cone device. 
Determine and record rhe mass of the sand-cone device 
and sand residue to the nearest 0.01 lbm. 

9.3.4 Calculate and record the mass of sand in the 
cone and the template to the nearest 0.01 lbm. 

9.3.5 Repeat subparagraphs 9.3.1 through 9.3.4 as 
a second trial. 

9.3.6 Determine the uniformity of the two values 
obtained by dividing either value by the other. If the value 
of the ratio is between 0.990 and 1.010, inclusive, average 
the two values and record the average mass to the nearest 
0.01 lbm. If the value of the ratio falls outside the limits, 
go to subparagraph 9.3.7. 

9.3.6.1 Compare the average mass with previously 
determined values to see if it is consistent and reasonable. 
If it is, go to subparagraph 9.4. If it is not, go to 
subparagraph 9.3 .7. 

9.3.7 Verify that all equipment is performing 
correctly, that all calibrations are correct, and that the 
procedures and techniques used are correct. If problems 
are not discovered, then repeat subparagraphs 9.3.1 through 
9.3.6. If the values are still inconsistent, go tO subparagraph 
9.3.8. 

9.3.8 Thoroughly mix all the sand being represented 
by this calibration and repeat subparagraphs 9.3.1 through 
9.3.6. If the values are still inconsistent, discard all the 
sand and repeat the procedure using fresh sand from the 
original supply. 

9.4 Calibrate the Sand: 
9.4.1 Select an appropriate calibration measure (see 

subpar. 5.2.1). 
9.4.2 Estimate the mass of sand necessary to fill the 

calibration measure, template, and cone plus an excess 
approximating the residue remaining after an actual rest. 
Round this amount up to the next larger 5-lbm increment. 

9.4.3 Close the valve and place the predetermined 
mass of sand into the reservoir of the sand-cone device. 
Determine and record the mass of the sand-cone device 
and sand to the nearest 0.01 lbm. 

9.4.4 Place the calibration measure on a flat, rigid 
surface and attach the template and sand-cone device. The 
template hole diameter must be equal to or slightly larger 
than the inside diameter of the calibration measure. Align 
the march marks on the sand-cone device and template. 

9.4.5 Open the valve completely with a single 
morion, allowing the sand ro flow into and fill the 
calibration measure, template, and cone. While the valve 
is open, avoid any vibration of the sand-cone device, 
template, or measure which might cause densificacion of 
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the sand. When the flow of sand has stopped, close the 
valve and determine the mass of the sand-cone device and 
sand residue. Record the mass to the nearest 0.01 lbm. 

9.4.6 Calculate and record the mass of sand in the 
cone, template, and calibration measure to the nearest 0.01 
lbm. 

9.4.7 Calculate and record the mass of sand in the 
calibration measure to the nearest 0.01 lbm. 

9.4.8 Record the volumes of the calibration measure 
(determined in calibration procedure USBR 1011) to rhe 
nearest 0.0001 ft3. 

9.4.9 Calculate and record the density of the sand 
in the calibration measure to the nearest 0.1 lbm/ft3. 

9.4.10 Repeat subparagraphs 9.4.1 through 9.4.9 as 
a second trial. 

9.4.11 Determine the uniformity of the two values 
obtained by dividing either value by the ocher. If the value 
of the ratio is between 0.995 and 1.005, inclusive, average 
the two values and record the average density to the nearest 
0.1 lbm/ft3. If the value of the ratio falls outside the limits, 
go to subparagraph 9.4.12 . 

9.4.11.1 Compare the average density with 
previously determined values to see if it is consistent and 
reasonable. If it is, go co paragraph 11. If it is nor, go 
to subparagraph 9.4.12. 

9.4.12 Verify that all equipment is performing 
correctly, that all calibrations are correct, and that the 
procedures and techniques used are correct. If problems 
are not discovered, then repeat subparagraphs 9.4.1 through 
9.4.11. If the values are still inconsistent, go to subparagraph 
9.4.13. 

9.4.13 Thoroughly mix all the sand being repres­
ented by this calibration and repeat subparagraphs 9.4.1 
through 9.4.11. If the values are still inconsistent, discard 
all the sand and repeat the procedure beginning at 
subparagraph 9.3 using fresh sand from the original supply. 

10. Calculations 

10.1 Calculate the mass of sand in the cone and 
template. 

I11'J m1-m2 (1) 
where: 

m1 initial mass of sand and sand-cone device (cone 
calibration), lbm 

m2 final mass of sand and sand-cone device (cone 
calibration), lbm 

ma mass of sand in cone and template, lbm 

10.2 Calculate the mass of sand in the calibration 
measure. 

where: 

m1 
ms 

(2) 
(3) 

m4 average mass of sand in cone and template, lbm 
ms initial mass of sand and sand-cone device (sand 

calibration), lbm 
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m1 

ms 
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final mass of sand and sand-cone device (sand 
calibration), lbm 

m ass of sand in cone, template, and calibration 
measure, lbm 

mass of sand in calibration meas ure, lbm 

V = volume of calibration measure (from 
USBR 1011 ), ft , 

11. Report 

10.3 Calculate the density of the sand. 
ms (4) 

11.1 The report is to consist of a completed and checked 
"Calibration of Sand-Cone Equipment and Sand" form 
(fig. 4) . 

Ps = V 11.2 All calculations are to show a checkmark. 

where: 
Ps density of ca librated sand, lbm/ ft 3 

11.3 The calibration values should be displayed in the 
area where field unit weight test results are computed and 
also filed with laboratory equipment calibration records. ms = m ass of sand in calibration measure, lbm 

Dimens ion A 
( d iometer of opening) 
must be equal to or 
slightly smaller than 
the template 
diameter. 

NOTES 

A+ 2" 

I 

___ _i __ _ 
I 

I 

N 

+ 
<( 

A Top end plate, bore 
i:::J:i::::=======~==-==~~=:::-r to fit over outside 

diameter of pipe 
C 

co 

Bottom end plate , 
SAND CALIBRATION MEASURES weld watertight 

to pipe 

Moy be fabr icated from standard 
weight steel pipe . 

Weld top and bottom end 
perpendicular to bore of 

NOMINAL 
plates VOLUME NOMINAL NOMINAL 

pl pe . I CU. FT. I DIAMETER HEIGHT 

0 . 35 8 12 
0 . 92 12 14 

* If standard pipe is used 

Figure 1. - Sand calibration measures. 
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Figure 2. - Slope cone calibration vessel. (801-0-228) 
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USBR 1435 

7-1657 (12-86) 
CALIBRATION OF SAND-CONE EQUIPMENT AND SAND 

Bureau of Reclamation Designation USBR 1435-~ 

CALIBRATION PERrvRMtD BY DATE rHECKED BY DATE 

SAND SOURCE DELIVERY DATE 

Example 2-22-89 

CALIBRATION MEASURE DIMENSIONS 8 inch diameter b~ 12 inch height 

CALIBRATION OF SAND CONE AND TEMPLATE NO. 
I 

TRIAL 1 TRIAL 2 

( 1) INITIAL MASS OF SAND+ SAND CONE DEVICE 
25.50 25.50 .......................... lbm 

(2) FINAL MASS OF SAND+ SAND CONE DEVICE. 
21. 13 21.10 . . ........................ - ------ lbm 

(3) MASS OF SANO IN CONE AND TEMPLATE (1) - (2) 
4.37 4.40 . . . . . . . . . ............... lbm 

(4) AVERAGE MASS OF SAND IN CONE AND TEMPLATE • 4.39 lbm ...................... 

CALIBRATION OF SAND 

(6) INITIAL MASS OF SAND+ SANO CONE DEVICE • • 
60.00 60.00 

lbm ............. . . . . . . . . . . . 
(6) FINAL MASS OF SANO+ SANO CONE DEVICE 21 . 13 21.30 lbm ....... . . . . . . . . . . . . . . . . . . . 
(7) MASS OF SAND IN CONE, TEMPLATE, AND CALIBRATION 

38.87 38.70 
MEASURE (6) - (6) ••••••••••••••••••• .... . . . . . . . . . . . . . . . . lbm 

(8) MASS OF SANO IN CALIBRATION MEASURE (7) - (4) • 
34.48 34.31 

lbm ...................... 
(9) VOLUME OF CALIBRATION MEASURE NO. 

8 0.3491 0.3491 
ft3 . ................. 

98.8 98.3 
lbm/ft3 (10) DENSITY OF SAND (8) / (9) . . .................................. 

(11) AVERAGE DENSITY OF SAND • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98.6 
lbm/ft3 

SAND MEETS GRADATION CRITERIA OF USBR 1436 yes 1K] noO 

AUXILIARY TEST: USBR 1011-~ 

REMARKS: Subrounded lo rounded1 #16-#301 silica sand - 1000 lbm delivered 2-22-89. 

Figure 4. - Calibration of sand-cone equipment and sand - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1436-89 

CALIBRATING SAND POURING EQUIPMENT AND SAND 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1436. The number immediately 
following the designation indicates ·che year of acceptance or the year of lase revision. 

1. Scope 

1.1 This des.ignation outlines the procedure for 
calibrating sand pouring equipment and sand. Sand pouring 
equipment and sand are used for determining the volume 
of test holes or pits that are too large for sand-cone devices. 

1.2 The calibration procedure is performed to obtain 
values for use in measuring the volume of a field unit 
weight test pit excavated in accordance with USBR 7220. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1011 Calibrating Measures for Sand Calibration 
USBR 1435 Calibrating Sand-Cone Equipment and Sand 
USBR 7220 Determining Unit Weight of Soils In-Place 
by the Sand Replacement Method in a Test Pit 

3. Summary of Method 

3.1 Using a specific pouring device, sand is poured into 
a calibration mold of similar size and shape of a field test 
pit to determine the density of the sand as poured under 
specific conditions. 

4. Significance and Use 

4.1 This calibration procedure is performed to obtain 
the value of density of the sand using a specific pouring 
device for use in measuring the volume of a field unit 
weight test pit. A test pit is used when the required volume 
of the excavation is too large to use sand-cone devices. 

4.2 This procedure should be performed: 
4.2.1 When a new supply of sand is processed into 

the storage bin. 
4.2.2 When several unit weight tests are required, 

on a daily basis, the sand should be calibrated weekly. 
4.2.3 If tests are made at infrequent intervals, the 

sand must be calibrated before a test or series of tests 
is begun. 

4.2.4 If tests are made routinely using reclaimed sand, 
calibrate when the cumulative mass of the sand removed 
from the storage container equals the capacity of the 
container. A record of the mass of sand removed should 
be kept at a convenient location on or near the container. 

4.2.5 In areas where the humidity changes fre­
quently, the effect on the bulk density of the sand must 
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be determined to establish when recalibration is necessary 
because of humidity changes. 

NOfE 1.-Most sands have a tendency to absorb moisture from 
the atmosphere. A small amount of absorbed moisture can make 
a substantial change in bulk density. 

4.2.6 For any change in equipment, personnel, or 
size and shape of the field test pit and calibation mold. 

5. Apparatus 

5.1 General Apparatus: 
5.1.1 Straightedge.-A metal straightedge about 2 

inches high, at least 1/8-inch thick, and with a length 
1.5 times the side length of the metal template. 

5.1.2 Mold-A mold or container that is similar to 
the size and shape of the test pit to be excavated in the 
material being tested. The volume of the mold must be 
determined by the water filling method in accordance with 
the principles described in USBR 1011. 

5.1.3 BalanceorScale.:._A typical balance or scale used 
for this designation must be readable to 0.01 lbm and have 
a capacity of about 100 lbm. 

5.1.4 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

5.2 Equipment Unique to This Procedure (fig. 1): 
5 .2.1 Pouring Device.-Many types of pouring devices 

are available. The major requirement is that the device 
has a spout that will reach into a field test pit so that the 
drop distance from the end of the spout to the sand sur­
face can be maintained at about 2 inches (see USBR 7220). 

5.3 Sand-The sand must conform to the requirements 
stated in USBR 1435. 

5.4 Miscellaneous Equipment.-Buckets to mix and 
reclaim sand, pans, thick paper, and miscellaneous brushes 
and scoops for reclaiming sand. 

6. Precautions 

6. l Safety Precautions: 
6.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
6.1.2 Many brands of sand have warning labels on 

the sacks. Breathing the dust created when mixing or 
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pouring these sands may be harmful, and appropriate 
precautions should be taken. 

6.2 Technical Precautions: 
6.2.1 Consistent Sand Flow: 

6.2.1. l Pouring devices with valves provide 
consistent sand flow from test to test only if the valve 
is opened completely each time. A valve that is only partially 
open can significantly alter the flow characteristics of the 
device. Each individual pouring device has unique 
characteristics which may cause the sand to flow from it 
differently. The final calibration values are affected by 
changes in these flow characteristics. Consequently, 
calibration values are not interchangeable, even for devices 
which may appear to be identical. 

6.2.1.2 Pouring devices must not be allowed to 
run out of sand during the pouring operation. The size 
of the stream of poured sand from the pouring device 
should be constant. If the reservoir capacity of the pouring 
device is too small to fill the calibration mold with one 
pour, use two or more pours co fill the mold. Scop the 
stream of sand when the reservoir is about three-fourths 
empty and before the size of the stream diminishes. Refill 
the reservoir and resume pouring . 

. 6.2.1.3 Pouring devices permit a varied sand <;lrop 
distance that must be carefully controlled if consistent 
results are to be achieved. A distance of 2 inches from 
the end of the spout to the surface being poured is 
recommended. Variations in the drop distance can 
significantly affect calibration results. The drop distance 
is directly affected by the operator's ability co control the 
pouring device and by the operator's judgment of the drop 
distance while doing so. This involves stooping while 
holding a pouring device with an initial mass of 50 lbm 
or more that is constantly changing in mass as the sand 
flows into the pit. Calibration values are not interchange­
able from device co device and are not necessarily inter­
changeable from operacor to operacor. Individual operators 
must demonstrate that they can duplicate the calibration 
values for a device before they may use them. Otherwise, 
separate calibrations for the various operators are required. 

6.2.2 Vibration of Poured Sand: · 
6.2.2.1 Any vibration or jarring of poured sand, 

whether the pouring process is complete or not, causes 
densification of the sand and results in erroneous test 
results. To achieve consistent results, the sand must be 
free co flow without an·y outside agitation. 

6.2.2.2 Striking off material above the top of 
calibration molds must be done consistently with as little 
vibration as possible. 

6.2.2.3 Calibration molds must be placed on rigid, 
vibration-free surfaces while performing the calibration. 

6.2.3 Reclaimed Sand: 
6.2.3.1 As a general rule, reclaiming sand is no 

longer desirable nor economically feasible. 
6.2.3.2 If sand is reclaimed, after each recovery 

it must be screened over a sieve that would pass its original 
maximum particle size to eliminate clay balls or other 
foreign matter. Discard the sand after three usages. 
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7. Calibration and Standardization 

7 .1 Verify that the ca,libration mold being used in this 
procedure is currently calibrated in accordance with the 
applicable calibration procedure. If the calibration is not 
current, perform the calibration before using the equipment 
for this procedure. 

7.2 Verify that the sand conforms co the requirements 
in USBR 1435. 

8. Conditioning 

8.1 Store the sand in covered bins or containers co 
maintain a uniformly dry condition. A 55-gallon barrel 
having a valve near the bottom makes an excellent scorage 
container. An internal heat source, such as heat tape, may 
be necessary in storage containers in areas that experience 
significant changes in atmospheric moisture. 

8.2 When a new supply of sand is introduced into the 
storage bin-and before each calibration-the sand must 
be thoroughly mixed and blended. Calibration records must 
document new shipments of sand and the dates new sand 
is placed into the current storage bin. 

9. Procedure 

9.1 All data are to be recorded on the "Calibration 
of Sand Pouring Equipment and Sand" form as shown 
on figure 2. 

9.2 Calibrate the Sand: 
9.2.1 Place the 0.5-ft3 calibration mold on a rigid 

surface. 
9.2.2 Using the pouring device, pour the sand into 

the calibration mold, slightly overfilling. Use a circular 
motion co keep the sand surface relatively level. The end 
of the spout should be kept about 2 inches above the sand 
surface while pouring. A constant sand drop distance and 
an avoidance of any vibration of the measure are critical 
to the achievement of consistent results. (See subpar. 6.2.2.) 

9.2.2. l If the reservoir capacity is too small to 
fill the calibration mold with one pour, use two or more 
pours to fill the mold. See subparagraph 6.2.1.2 for the 
procedure to follow when more than one pour is necessary. 

9.2.3 Strike off the excess sand-even with the top 
of the calibration mold-using the metal straightedge. (See 
subpar. 6.2.2.2.) 

9.2.4 Determine the mass of the sand and calibration 
mold and record to the nearest 0.01 lbm. 

NOfE 2.-The calibration mold may be too large and awkward 
to determine its mass. In this case, the mass of the sand used 
to fill the mold may be determined by beginning with a 
predetermined 1n1tiaf inass of sand and subtracting the mass of 
the sand residue from the initial mass. 

9.2.5 Record the volume of the calibration mold 
(determined in the calibration procedure USBR 1011) co 
the nearest 0.001 ft 3. 

9.2.6 Calculate the mass of sand in the calibration 
mold and record co the nearest 0.01 lbm. 
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9.2.7 Calculate the density of the sand and record 
to the nearest 0.1 lbm/ft3. 

9.2.8 Repeat subparagraphs 9.2. l through 9.2.7 as 
a second trial. 

9.2.9 Determine the uniformity of the two values 
obtained by dividing either value by the other. If the value 
of the ratio is between 0.990 and 1.010, inclusive, average 
the two values and record the average density to the nearest 
0.1 lbm/ ft3. If the value of the ratio falls outside the limits ,, 
go to subparagraph 9.2.10. 

9.2.9.1 Compare the average density with pre­
viously determined values to see if it is consistent and 
reasonable. If it is, go to paragraph 11. If it is not, go 
to subparagraph 9.2.10. 

9.2.10 Verify that all equipment is performing 
correctly, that all calibrations are correct, and that the 
procedures and techniques used are correct. If problems 

. are not discovered, then repeat subparagraphs 9.2.1 through 
9.2.9. If the values are still inconsistent, go to subparagraph 
9.2.11. 

9.2.11 Thoroughly mix all the sand being repre­
sented by this calibration and repeat subparagraphs 9.2.1 
through 9.2.9. If the values are still inconsistent, discard 

110[ 'il[W 

all the sand and repeat the procedure using fresh sand 
from the original supply. 

10. Calculations 

10.1 Calculate the density of the sand. 
m 

Ps = V 
where: 

Ps = density of sand, lbm/ ft3 
m = mass of sand in calibration measure, lbm 
V = volume of calibration measure, ft3 

11. Report 

11.1 The report is to consist of a completed and checked 
"Calibration of Sand Pouring Equipment and Sand" form 
(fig. 2). 

11.2 All calculations are to show a checkmark. 
11.3 The calibration values should be displayed in the 

area where field unit weight test results are computed and 
filed with the laboratory equipment calibration records. 
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Figure 1. - Sand pouring devices. 101-D-341 

132 



USBR 1436 

CALIBRATION OF SAND POURING 
7-16S7A (11-86) 
Bureau of Reclamation 

EQUIPMENT AND SAND 
Designation USBR 1436-~ 

CALIBRATION PERFORMED BY DATE I CHECKED BY DATE 

SANO SOURCE DELIVERY DATE 

CALIBRATION OF SANO USING SPOUT NO. 2 TRIAL 1 TRIAL 2 

(1) MASS OF SANO+ MEASURE 
68.61 68,41 

lbm ................................... 
(2) TARE MASS OF MEASURE . . . . . ............................. - .. 19.36 19.36 lbm 

(3) MASS OF SANO IN MEASURE (1) · (2) ............................... 49.25 49 . 05 lbm 

(4) VOLUME OF MEASURE' . . .................. .. .............. - . 0.501 0 . 501 tr3 

(6) DENSITY OF SANO (3) / (4) ................................... 98.3 97.9 lbm/tt3 

(6) AVERAGE DENSITY OF SANO . . . . . . . . .................. .. .... . .. 98.1 lbm/ft3 

SANO MEETS GRADATION CRITERIA OF USBR 1435 yes 0 no □ 

"VOLUME IN ACCORDANCE WITH AUXILIARY TEST USBR 1010-jlg 

REMARKS: 98.3/ 97.9 = 1.004 < 1.010 

Figure 2. - Calibration of sand pouring equipment and sand - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1440-89 

CALIBRATING THE VIBRATORY TABLE 
FOR MAXIMUM INDEX UNIT WEIGHT TESTING 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division , Denver Office, Denver, Colorado. This procedure is issued under the fixed designation USBR 1440. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating the vibratory table used for determining the 
maximum index unit weight of cohesionless soils in the 
laboratory as performed in accordance with USBR 5530. 

1.2 This procedure is limited to the Syntron Model 
V-80 cushioned vibratory table manufaccered before 1965, 
and the Syntron Model V-75 solid impact vibratory cable 
which is currently the only model accepted by USBR that 
can be purchased new. 

1.3 This calibration procedure is used to determine the 
vertical amplitude of the vibrating tables described in 
subparagraph 1.2 and to adjust the table-if necessary­
to an average double amplitude (peak-to-peak) displace­
ment of 0.013±0.002 inch (0.33±0.05 mm) at 60-hertz 
frequency. 

2. Auxiliary Tests. 

2.1 The LVDTs (linear variable differential transform­
ers) used to measure the vertical amplitude of the vibratory 
table must be calibrated in accordance with USBR 1008 
prior to performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 

3.2 ASTM Standard: 
D 4253 Maximum Index Density of Soils Using a 
Vibratory Table 

3.3 Journal: 
Geotechnical Testing Journal, Suggested Method for the 
Calibration of Vibrating Tables for Maximum Index 
Density Testing, vol. 2, No. 2, pp. 152-157, Sept., 1979. 

4. Summary of Method 

4.1 Calibration masses of 300 and 95 lbm (136 and 
43 kg) are securely anchored to the vibratory table deck. 
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The amplitude of vibration produced by the vibratory table 
is measured using LVDTs which are attached to the 
calibration masses. The amplitude of vibration of the 
vibratory table is checked at rheostat control settings of 
100, 80, 60, 40, 20, and 0. The measured amplitude is 
compared to that which is required, and adjustments are 
made to the table if necessary. 

5. Significance and Use 

5.1 For many cohesionless, free-draining soils, maxi­
mum index unit weight is a key element in evaluating 
the state of compactness of a given soil mass which occurs 
either naturally or is placed during construction (fill). 

5.2 The double amplitude of vertical vibration has been 
found to have a significant effect on the soil index unit 
weight obtained in the laboratory. Vibratory cables that 
subject a unit weight mold with soil to a double amplitude 
vertical vibration of something other than 0.013±0.002 
inch (0.33±0.05 mm), at 60 Hz, produce inconsistent 
maximum index unit weight values using USBR 5530. 

5.3 This calibration procedure is to be performed upon 
receipt of the table, biennially thereafter, before reuse after 
any event such as relocation or repairs which might affect 
its operation, and whenever test results are questionable. 

6. Apparatus (see schematic fig. X2.l) 

6.1 Vibrating Table (fig. 1).-A vibratory cable securely 
mounted co a concrete floor or mass of sufficient size and 
configuration that excess vibrations are not transmitted 
to ocher testing areas. The vertically vibrating deck of the 
table is to be of sufficient size and rigidity chat the mass 
assembly being used can be attached and rigidly supported 
during the calibration. The table is to be capable of vertically 
vibrating the mold assembly with a sinusoidal time-vertical 
displacement relationship at an average double amplitude 
(peak-to-peak displacement) of 0.013±0.002 inch 
(0.33±0.05 mm) at 60-Hz frequency. The table should have 
the capability for adjustment of the double amplitude of 
vibration between about 0.005 inch (0.15 mm) and 0.013 
inch (0.33 mm) at 60 Hz. 

6.2 Linear Variable Differential Transformer 
(LVDT).-LVDT, a.c., capable of accurately measuring linear 
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Figure l. - Schematic of vibramry table. 

displacement within 0.0005 inch. Mi(limum nominal 
displacement range ± 0.050 inch, m ax imum nominal 
displacement range ± 1.00 inch. The LVDTs are to have 
a No. 6-40 UNF threaded core. The two LVDTs needed 
should meet these requirements. 

6.2. l L VDT Core Extension Rods. - I / 8-inch diame­
ter, nonmagnet ic (preferably brass ) rods, threaded on both 
ends, No. 6-40 UNF thread, for a minimum length of 
l inch at each end ; having an approximate length of 2-
1 / 2 inches ; two rods required. 

6.2 2 LVDTGuides. - LVDT Teflon guides which can 
be purchased from the LVDT manufacturer ; four g uides 
required. The purpose of Teflon gu ides is to ensure no 
horizontal movement of the LVDT core during use. 

6.3 Ci!,brnrion Masses: 
6. 3. l A three-piece calibration mass having a 

combined mass of 300 lbm ( 136 kg) used to simulate the 
mass of the loaded 0.5-ft l (14 200-cm 3) meas ure. Flat 
surfaces on the calibration masses must be ground flat , 
parallel, and to at least a 63 finish to ensure proper contact. 

NOfE l. - A 63 finish refers ro the average peak-ro-valley 
distance in microinches on the surface of the ca libration masses. 

6.3.2 A o ne-piece calibration mass of 95 lbm (43 kg) 
used to simulate the mass of the loaded 0. 1-ft 1 (2830-cm 3) 

measure. 
6.4 Signal Conditioner.-A signal conditioner to provide 

a constant a-c input to the L VDT and convert the output 
from a.c. to a proportional d-c signal. 

6.5 Scornge Oscilloscope.-A storage oscilloscope used 
to record the output of the LVDT. A dual-beam, cathode­
ray oscilloscope is requ ired to check the vibrating table 
for rocking motion. The oscilloscope is co be fitted with 
a suitable camera co make a permanent record of the table 
vibra tion wave form. 

6.6 Digital Voltmeter.-A digital voltmeter with a 
measuring range of 1 mV co 250 volts with both a-c and 
d-c functions used for both the initial calibration of the 
LVDT and for centering the LVDT core in the body before 
each measurement of the vibration amplitude. The 
voltmeter is used also to check the value and variation 
of a-c power onsite. 

6.7 Stationary Frame (fig. 2).-A stationary frame used 
to hold the LVDT body in place and in isolation from 
external vibrations . The stationary frame consists of an 
adjustable stand and vacuum plate to provide a solid base 
for the stand. 

Figure 2. - Stationary ca libration frame. 

6.8 Feeler Cauge.-A fee ler gauge having a thickness 
of 0.020 inch (0.5 I mm) used for periodic calibration checks 
of the LVDT between vibration measurements. 

6.9 Ear Protectors ( required ).- Ear proteccors are to be 
worn by all personnel performing the calibration. The 
vibracory table produces a noise level in excess of 140 dB. 

6. 10 Miscelfilneous Equipment. - Combination 
wrenches, one end box and one end open; to include l- l/4-, 
LS / 16-, and 9/ 16-inch s ize; adjustable wrenches, one 8-
and one 10-inch; 8-ounce ball peen hammer. 

7. Precautions 

7. 1 Safety Precautions: 
7. l. I Ensure that the vibratory table and controller 

are properly grounded tO avoid possible electrical shock. 
7.1.2 Ear protectors are co be worn by a ll personnel 

while working in the vicinity of the vibratory table during 
operation. 

7.2 Technical Precautions: 
7.2. l Check a ll mounts on the vibratory table for 

cracks and loose bolts; repair or repl ace if necessary. 
7.2.2 Ensure that the vibrarory table is mounted level 

and securely to a solid concrete slab or foundation. 
7.2.3 Ensure that the mounting holes for the index 

unit weight measures are drilled in the locations as shown 
on figure X2.3. If the holes are not in the locations as 
shown, the vibratory table can exhibit out-of-phase 
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oscillation. The resulting amplitude at the center of the 
out-of-phase table can be considerably less than that on 
either side. 

7.2.4 Examine the condition of all the mounting 
holes on the vibratory table deck to ensure that the threads 
are not stripped. If the threads are stripped, rotate the 
bolt pattern 180 degrees, if possible, and redrill the 
mounting holes. 

7 .2.5 Ensure that the flat surfaces of the three-piece 
calibration mass are ground to a smooth finish as described 
in subparagraph 6.3.1. 

7.2.6 Ensure that the LVDT extension rods have 
been made in accordance with subparagraph 6.2.1. The 
rods are to be made of a nonmagnetic metal, preferably 
brass. 

8. Calibration and Standardization 

8.1 Ensure that the LVDTs are currently calibrated in 
accordance with USBR 1008. Verify the calibration of the 
LVDTs each time a vibratory table is calibrated in 
accordance with procedure in subparagraph 10.4. 

8.2 Verify that the oscilloscope and voltmeter have 
been calibrated within the last year. If the calibrations are 
not current, the oscilloscope and voltmeter should be sent 
to a qualified calibration agency for calibration prior to use. 

9. Conditioning 

9.1 Allow all electronic equipment to warm up for a 
minimum of 30 minutes prior to use to ensure stability. 

9.2 Calibrate the vibratory table in its permanently 
mounted location. 

10. Procedure 

10.1 All data are to be recorded on the "Vibratory Table 
Calibration Sheet" as shown on figure 3. 

10.2 Locate and record all pertinent information as 
shown on figure 3. Be sure to include Remarks with regard 
to voltage source characteristics as well as table mount 
location and condition. 

10.3 Calibration Using the 300-lbm Calibration Mass: 
10.3.1 Place the bottom one-third of the 300-lbm 

(136-kg) calibration mass on the vibratory table deck. 
10.3.2 Align the bolt down tabs with the appropriate 

mounting holes, being sure that the front mark on the 
calibration mass is to the front of the table. 

10.3.3 Secure the calibration mass to the table using 
three 3/8-inch-diameter bolts having a minimum length 
of 1-1/4 inches. 

10.3.4 Place the second one-third of the 300-lbm 
calibration mass on top of the bottom calibration mass. 

10.3.5 Align the match marks on the masses, then 
securely bolt the two pieces together using three socket 
head bolts. 

10.3.6 Place the top one-third of the 300-lbm 
calibration mass onto the two calibration masses already 
bolted in place. 

10.3.7 Align the match marks on the masses, and 
securely bolt the pieces together using three socket head 
bolts . 

10.3 .8 Place the vacuum plate and adjustable stand 
directly in front of the vibratory table. 

10.3.9 Attach a vacuum line from the vacuum plate 
to a vacuum pump, turn on the vacuum pump, and check 
to see if the stand and plate are secure by shaking the 
mast of the stand. There will be some movement due to 
flexing of the steel pipe; however, the vacuum plate should 
not move. 

10.3.10 Slide the two calibration stand brackets over 
the mast, and attach and secure the bracket extension arms. 

10.3. 11 Position the lower. bracket over the right 
side of the calibration mass and the upper bracket over 
the left side of the calibration mass, and secure each using 
the locking bolts on the calibration stand bracket. 

10.3.12 Ensure that all personnel in the vicinity of 
the vibratory table are wearing ear protectors. 

10.3.13 Turn the rheostat located on the control box 
to the 100-percent setting, and activate the vibrator by 
moving the on/off switch to the "on" position. 

10.3.14 Allow the vibratory table to operate at this 
setting for a minimum of 5 minutes, and then deactivate 
the vibrator by moving the on/off switch to the "off" 
position. 

10.4 Verification of L VDT Calibration: 
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10.4.1 Connect the oscilloscope and amplifier to a 
power supply in accordance with the manufacturer's 
specifications. 

10.4.2 Attach LVDT No. 1 cable to channel No. 1 
of the amplifier. Similarly, attach the LVDT No. 2 cable 
to channel No. 2 of the amplifier. 

10.4.3 Attach the output cable from channel No. 1 
of the amplifier to channel No. 1 of the oscilloscope. 
Similarly, attach the output cable from channel No. 2 of 
the amplifier to channel No. 2 of the oscilloscope. 

10.4.4 Connect the voltmeter to the terminal of the 
amplifier such that the voltage output of the LVDTs can 
be constantly monitored. 

10.4.5 Attach the LVDT mounting block to the 
LVDT mounting block carrier as shown on figure X2.2. 

10.4.6 Slide the LVDT mounting block assembly 
onto the bracket extension arm, and loosely secure it in 
place by slightly turning the thumb screw. 

10.4.7 Attach the Tefion guides and L VDT core 
extension rod to the core of LVDT No. 1 as shown on 
figure 4a. The purpose of the Teflon guides is to ensure 
that, when the LVDT core is being displaced for calibration 
verification, there is no horizontal movement which could 
affect the calibration. 

10.4.8 Slide the body of LVDT No. 1 into the 
mounting block assembly attached to the bracket extension 
arm located over the right side of the calibration mass, 
and secure the L VDT body in place by tightening the 
mounting block screw. 

10.4.9 · Position the LVDT core with the extension 
rod attached (fig. 4a) into the body of the LVDT 
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7-2 3 30(11-85) I 
Bureau of Reclam atio n VIBRATORY TABLE CALIBRATION SHEET I Designation USBR 1440 . ..!!._ ~ 

Manufacturer Example 

Calibration performed by Date 

Calibration checked by Date 

Model Serial No. 

Table 
VP75 A 6035 

V ibrator V75 C22724 

Controller 
Special R7479I 60037 

Rated voltage 
230 Vac 60 Hz 

Site voltage 
240 Vac 60 Hz 

Remarks (voltage) Voltage drops from 240 Vac at generator to 236 Vac at table. 

Yes No -- --
Top mounts repl aced X 

Bottom mounts replaced X 

Remarks (mounting) Table mounted and anchored lo a concrete slab. 

Date of last cal ibration 
None ( New table ) Locat ion 

Example 

As-found double amplitude (inches) with 300 lbm IBJ calibration mass at rheostat setting 100: 
95 lbm □ 

Left side Right side Center Load (amps) ---
0.009 0 .010 0.009 6.2 

Vibrator unit : Yes No . -- --
Dismantled X 

Cleaned X 

Adjusted X 

Remarks 
Table mounted inside 8-by 10-fool metal shed, power to the vibratory table 

furnished by ac generator. Voltage and frequency are adjustable on this unit. 

Figure 3. - Vibratory table calibration sheet - example. 
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Rheostat 
setting 

(%·) 

100 

80 

60 

40 

20 

0 

Double 
amplitude 
left side 
(inches) 

0 .012 

USBR 1440 

300 lbm calibration mass 

Simulates 0.5-tt3 test apparatus and soil mass 

Double 
amplitude 
right side 
(inches) 

0.012 

Recommended Rheostat Setting __ I_OO% __ • __ _ 

Double 
amplitude 

center 
(inches) 

0.012 

0.012 

0.007 

0.004 

0.003 

0.002 

Load 
(amps! 

6.2 

6.1 

5.3 

4.4 

3.8 

3.5 

Remarks -----------------------------------------

Rheostat 
setting 

(%) 

80 

60 

40 

20 

0 

Double 
amplitude 

left side 
(inches) 

0.014 

0.014 

95 lbm calibration mass 

Simulates 0 .1-ft3 test apparatus and soil mass 

Double 
amplitude 
right side 
(inches) 

0.014 

0.014 

Recommended Rheostat Setting _S_O% ____ _ 

Double 
amplitude 

center 
(inches) 

0.014 

0.014 

0.012 

0.008 

0.003 

0.002 

Load 
(amps! 

6.1 

6.0 

5.7 

4.6 

4.4 

3.5 

• Slriklng of pole faces observed al this selling, DO NOT OPERA TE VIBRATOR AT I 00 %. 
Remarks -----------------------------------------

GPO 840-230 

Figure 3. - Vibratory table calibration sheet - example - Continued. 
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L0 .4. L0 Pos ition the LVDT body by sliding the 
mounting block asse mbly a lo ng the bracket extensio n 
ar m and/o r by mov ing the bracket a rm itse lf if necessa ry, 
such that the co re extension rod firmly res ts near the 
N o. 6-40 UNF threaded ho le located on the top surface 
of the ca libra tion mass, and securely tighten it in place. 

I 0.4.11 Adjust the calibration stand bracket and/or 
the heig ht of the LVDT body within the mounting block 
so that, when the LVDT core extens io n rod rests firmly 
o n the top surface of the ca libration mass, the output o n 
the vo ltmeter is at or near 0.0 volt. Ensure that the toggle 
sw itch o n the amplifie r control box is set to the ap propria te 
LVDT and that the voltmeter is set on the d-c function. 
The vo ltmeter range should be set at 20 volts d.c. or less 
to obta in the sensitivity required ro meas ure l mV. 

l0.4 . l2 Pos ition the output signal of the LVDT o n 
the osc illoscope such that the horizontal line is set o n 
the first majo r division fro m the bo trom o f the screen. 
Refer tO the osci lloscope instruetion manual for the correct 
osc illoscope se tting. 

10.4.1 3 Carefully slide the 0.020-inch (0.5 l -mm ) 
thick feeler ga uge be tween the L VDT core extension rod 
and the calibration mass as shown on figure 46. 

L0.4. l4 The voltmeter output should indica te a 
change of 0.200 vo lts d.c. Check the signal t race on the 
oscilloscope for proper placement. Remove the feeler 
ga uge. The vo ltmeter shou ld indicate the initia l voltage 
as in subparagraph I 0.4 . l l, and the ou tput s ig nal o f the 
LVDT should return to the position set in subparagraph 
l0.4. l2. If these results a re not obtained, adjust the amplifi er 
accord ing ly by turning the gain control and repeat ing 
subparagra phs 10.4 . J l through 10.4 . l4 as o fte n as required 
tO ensure co rrect adjustment. 

NOfE 2.- lf an LVDT with a measur ing range other than 2 
inches (50 mm ) is used the voltage outpm is co mputed using 
the following eq uation: 

Mr= 

Dk DT D = --
v Mr 

voltage output of the tra nsducer, V 
know n displacement, in or mm 
t0ta l voltage omput of the LVDT, V; (typica lly a 

20-volt range,± IO volts as per manu facturer's 
specificat ions) 

wea l measuring range of the LVDT, in or mm 

l0.4 . 15 Remove the core and core extension rod 
from the LVDT, and remove the Teflon guides . 

L0.4.16 Reattach the core extension rod t0 the LDVT 
core. 

L0 .4. l 7 Repea t s ubpa ragraphs 10.4 .5 throug h 
10.4. 16 for LVDT N o. 2 loca ted over the left s ide of the 
calibration mass. 

CAUTION: Do not lean, sta nd , o r rest o n the vibratory 
table while the LVDT cal ibratio ns a re being verified. The 
slightes t amount o f movement can affect the ca libration. 

10.5 Double Amplitude and Frequency Measurement 
("as found conditio n"): 

1.)9 

(a) LVDT core/ core extension rod assembly. a) teflon guide, 
b) No. 6-40 UNF threaded screw, c) LVDT core extension rod, 
d) lock nut, and e) LVDT core. 

(b) Fee le r gauge placement. 

Figure 4. - Veri fying the LVDT ca libration. 

L0.5 . l Pos itio n LVDT No. l directly over the N o. 
6-40 UNF threaded ho le on the rig ht side of the cal ibration 
mass. 

L0. 5.2 Place the LVDT core with extension rod 
attached into the LVDT body, and screw the LVDT core 
ex tension rod into the threaded ho le in the ca libratio n 
mass. 

10.5.3 Lock the exte ns io n rod in place on the 
calibration mass using two locknuts. 

10.5.4 Set the toggle sw itch on the amplifier control 
box to the appropriate LVDT. 

L0.5.5 Care full y adjus t the ca lib rat io n brackets and 
LVDT ho lder so that the core is in the cente r of the LVDT. 

l0. 5.6 Slide the LVDT body up or down accordingly 
unti l the voltmeter reads at or near 0.0 vo lt. 

10.5.7 Posirio n LVDT No. 2 directly over the No. 
6-40 UNF threaded ho le o n the le ft s ide of the calibration 
m ass, and repeat subpa ragraphs l0.5 .2 through 10.5.6. 
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10.5.8 Check the voltage output of LVDT No. 1 and 
readjust to 0.0 volt, if necessary. 

10.5.9 Ensure that all personnel in the vicinity of 
the vibratory table are wearing ear protectors. 

10.5.10 Ensure that the rheostat located on the 
control box is at the 100-percent setting. 

10.5.11 Activate the vibrator by moving the on/off 
switch to the "on" position. 

10.5.12 Check the oscilloscope trace to see that the 
traces are in the proper locations; i.e., right LVDT is the 
top trace and left L VDT is the bottom trace. If they are 
not in the proper locations, adjust them by turning the 
position knobs on the oscilloscope. 

10.5.13 Lock the traces on the oscilloscope screen 
by pressing the appropriate controls on the oscilloscope. 

10.5.14 Obtain a photograph of the oscilloscope 
traces for permanent record as shown on figure 5. 

10.5.15 If the control box for the vibratory table is 
equipped with an ammeter, read and record the amperage 
value as shown on figure 3. 

10.5.16 Deactivate the vibrator by turning the on/ 
off switch to the "off" position. 

10.5.17 Loosen the lockouts holding the LVDT core 
extension rod to the calibration mass on either the right 
or left L VDT. 

10.5.18 Unscrew the LVDT core extension rod from 
the calibration mass, loosen the locking bolts on the 
calibration stand bracket, and swing the bracket so that 
the L VDT is positioned directly over the threaded center 
hole in the calibration mass. 

10.5.19 Screw the LVDT core extension rod into the 
hole in the center of the calibration mass, and lock it in 
position. 

10.5.20 Carefully adjust the calibration stand bracket 
and L VDT holder so that the L VDT core is in the center 
of the L VDT body. 

10.5.21 Slide the LVDT body upor down accordingly 
until the voltmeter reads at or near 0.0 volt. 

10.5.22 Repeat subparagraph 10.5.9 through 10.5.16. 
10.6 Examine the oscilloscope trace photographs 

obtained in subparagraph 10.5.14 for the sides and center 
of the calibration mass. 

10.7 If the sides and center oscilloscope photographs 
indicate the vibratory table is producing the correct 
amplitude values; i.e., 0.013±0.002 inch (0.33±0.05 mm), 
repeat subparagraphs 10.5.9 through 10.5.22 with rheostat 
settings of 80, 60, 40, 20, and 0. 

NITTE 3.-The vibratory table is calibrated at rheostat settings 
less than 100 percent so that a proper rheostat setting can be 
determined for performing the maximum index unit weight of 
cohesionless soils using the wet method, as outlined in USBR 
5530. 

10.7.1 Return the LVDT located in the center of the 
calibration mass to either the right or left position from which 
it was moved in subparagraph 10.5.18. Repeat subparagraphs 
10.5.20 and 10.5.21. 

10.8 If the sides or center oscilloscope photographs 
indicate that the vibratory table is producing incorrect 

RELATIVE DENSITY TABLE CALIBRATION 

Location: Denver Office Georechnical Services Branch 
Dare: February 22, 1989 

Model: No. VP-75A Unit 2 Serial No. 601036 (Controller) 

Controller Setting(% ) 100 Mass on Unit: 300 AMPS: 7.2 
Remarks: Center as found Photo #1 

Controller Seering(% ) 100 Mass on Unit: 300 AMPS: 7.2 
Remarks: Left and Right as Found LT= Bottom, RT= Top Photo #2 

Figure 5. - Relative density table calibration-as found oscilloscope traces. 
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values of amplitude, the necessary repairs and/or 
adjustments must be made to the vibratory unit in order 
to obtain the correct amplitude. 

NITTE 4.-For a new vibratory table, it is recommended that 
the vibratory unit be dismantled and all paint be removed from 
the ends of the coil springs since gradual wearing of the paint 
can cause changes in calibration values obtained. This should 
be accomplished before using the vibratory cable. 

10.9 Vibrator Adjusrments: 
10.9.1 Check the distance between the top of the 

locknut nearest the leaf spring clamp to the bottom of 
the leaf spring clamp, item D, figure Xl.2 . The distance 
should be approximately 7 /8 inch (22 mm). If it is not, 
loosen the locknuts. Set the correct distance and repeat 
subparagraphs 10.5.9 through 10.5.16. 

10.9.2 If the double amplitude values are equal to 
0.013±0.002 inch (0.33±0.05 mm), proceed as per 
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subparagraphs L0.5.17 through 10.7; if not, additional 
vibrator adjustments need to be made. This may be done 
by further adjusting the lockouts, item B, figure Xl.2. 

10.9.3 Ensure that all personnel in the vicinity of 
the vibratory table are wearing ear protectors. 

10.9.4 Ensure that the rheostat is at 100-percent 
setting, and turn the vibrator controller on. 

10.9.5 With one person at each stud (item 9, fig. 
Xl.2), simultaneously turn the bottom lock nuts. If the 
amplitude of the vibrator is too low, the bottom locknuts 
are to be tightened. If the amplitude of the vibrator is 
too high, the bottom locknuts are to be loosened. If the 
desired values of amplitude cannot be obtained by adjusting 
the bottom locknuts, it may be necessary to either tighten 
or loosen the top lockouts to obtain the desired values. 

10.9.6 Secure the lockouts against one another when 
the desired amplitude values are obtained and turn the 
vibrator controller off. 

10.9.7 Ensure that the stopnuc (item 15, fig. Xl.2) · 
which holds the armature casting to the coil assembly is 
secure. If th'e stopnut needs co be replaced, it is co be 
replaced with a new one. Never reuse a worn scopnut. 

10.10 Check Clearance Between Pole Faces With Cali­
bration Mass in Place (model V-80 only, fig . Xl.1, item A) : 

10.10.1 Obtain two strips of paper approximately 
3/8 inch (10 mm) wide at least 6 inches (150 mm) long, 
and insert one strip between each of the pole faces of 
the vibrator. 

10.10.2 Ensure that the rheostat is set at 100 percent 
and that all personnel in the vicinity are wearing ear 
proteccors; turn the vibratory table on for about 5 seconds. 

10.10.3 Turn the vibratory table off and check the 
paper. Markings on the paper indicate that the pole faces 
are making contact. 

10.10.4 Adjust the vibrator in accordance with 
subparagaph 10.9, and repeat subparagraphs 10.10.1 
through 10.10.3 until markings are not seen on the paper. 

10.10.5 Repeat subparagraphs 10.10.2 through 
10.10.4 inserting the second paper strip on the opposite 
side of the vibratory table as before. 

10.10.6 Examine the oscilloscope trace. If the 
amplitude is not correct, follow the manufacturer's 
instruction for inserting shims between the vibration 
dampener and the core mounting assembly (items 14 and 
C, fig. XL 1). 

10.10.7 Repeat the procedure as outlined in 
subparagraphs 10.5.9 through 10.5.22, and label the 
photographs as shown on figure 6. 

10.11 Check the Air Gap (model V-75 only, item A, 
fig. Xl.2): 

NOfE: 5.-If the control box for rhe vibratory table is equipped 
with an ammeter, the air gap for the V-75 is to be checked 
in accordance with subparagraph 10.11. If the control box is not 
equipped with an ammeter, the air gap can be checked as per 
subparagraph 10. LO. 

10.11.1 With the 300-lbm (136-kg) mass in place, 
ensure that the rheostat is set at 100 percent and that 

1-'il 

RELATIVE DENSITY TABLE CALIBRATION 

Location: Denver Office Geotechnical Services Branch 
Date: February 22, 1989 

Model: No. VP-75A Unit 2 Serial No. 60l036 (Controller) 

Controller Seering(%) l00 Mass on Unit : 300 AMPS: 7.4 
Remarks: After adj. recommended setting for 1/2 ft.' measure 
Phoro #3 Center 

Controller Setting(%) JOO Mass on Unit: 300 AMPS: 7.4 
Remarks: After adj. recommended setting for 1/2 ftl measure 
Photo #4 Lt = Bottom, RT= Top 

Figure 6. - Relative density table calibration - after adjusting 
oscilloscqpe' traces. 

all personnel in the v1C1n1ty of the vibratory table are 
wearing ear protectors; turn the vibrator on. 

10.11.2 Read the amperage value and compare the 
value obtained with the rated value for the vibrator; i.e., 
a table rated for 230 volts a.c., 8 amps, will draw 
approximately 7 amps when it is properly adjusted. 

10.11.3 Repeat the procedure outlined in subpara­
graphs 10.9.4 through 10.9.7 if the amperage value obtained 
in subparagraph 10.11.2 is incorrect. 

10.11.4 Loosen the locknucs holding the LVDT core 
extension rods to the calibration mass, and unscrew the 
rods from the mass. 

10.11.5 Move the adjustable stand as required, and 
remove the 300-lbm ( 136-kg) calibration masses from the 
table deck. 

10.12 Cahbration Using the 95-fbm Calibration Mass : 
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10.12.1 Place the 95-lbm ( 43-kg) calibration mass 
on the vibratory table. 

10.12.2 Align the boltdown tabs with the approp­
riate mounting holes in the table top; be sure that the 
front mark on the mass is to the front of the table. 

10.12.3 Secure the calibation mass to the table using 
three 3/8-inch-diameter bolts having a minimum length 
of 1-1/4-inches. Use washers if necessary. 

10.12.4 To measure the double amplitude of the 
vibratory table with the 95-lbm calibration mass, repeat 
subparagraphs 10.3.8 through 10.3.11 and 10.5.1 through 
10.5.22. 

10.12.5 Examine the oscilloscope trace photographs 
obtained in subparagraph 10.5. 14. 

10.12.6 If the sides and center oscilloscope photo­
graphs indicate the vibratory cable is producing the correct 
amplitude values; i.e., 0.013±0.002 inch (0.33±0.05 mm), 
repeat subparagraphs 10.5.9 through 10.5.22 with rheostat 
settings of 80, 60, 40, 20, and 0. 

10.12.7 If the double amplitude exceed the prescribed 
value, the rheostat is to be adjusted until the correct double 
amplitude value is obtained. 

10. 12.8 Turn on the vibratory cable with the rheostat 
sec at 100 percent. 

10.12.9 Slowly turn the rheostat counterclockwise, 
and monitor the oscilloscope until the correct value of 
amplitude is obtained. 

10. 12.10 Obtain a photograph of oscilloscope trace, 
and record the recommended rheostat setting that is 
required in order to obtain the correct double amplitude. 

10.12.11 Turn off the vibratory table. 
10.12.12 After determining the recommended 

setting for the vibratory cable, it is recommended chat the 

I i2 

air gap be checked at this setting as prescribed in either 
subparagraph 10.10 or 10.11, whichever is appropriate. 

10.12.13 Loosen the locknuts holding the L VDT core 
extension rods to the calibration mass, and unscrew the 
rods from the mass. 

10.12.14 Move the adjustable stand as required, and 
remove the 95-lbm mass from the cable deck. 

10.12.15 Disconnect all electronic equipment, and 
carefully store the calibration masses in a suitable container. 

11. Interpretation of Results 

11.1 If the vibratory table fails co produce the required 
double amplitude as specified in chis procedure, it should 
either be repaired or rejected. 

11.2 Under no circumstances should the vibratory cable 
be operated with a power source which provides 5 percent 
less than, or 10 percent greater than (approximately) , the 
rated power requirements of the vibratory table. If the 
power source -is insufficient, it is recommended chat a step­
up transformer be installed to obtain the desired voltage. 

12. Report 

12.1 The report is to consist of a completed and checked 
"Vibratory Table Calibration Sheet'" (fig. 3) along with 
the photographs obtained at each rheostat setting. 

12.2 See appendix Xl for sketches of vibratory table 
component parts. 

12.3 See appendix X2 for drawings of vibratory table 
calibration equipment. 



USBR 1440 

ANNEX Al. INSTALLATION ANO MAINTENANCE OF VIBRATORY TABLES 

Al.l Scope 
Al. 1. l Annex A 1 outlines procedures for recommend­

ed installation and maintenance of FMC Corporation, Syn­
tron electromagnetic vibratory tables, models VP-80 and 
VP-75A. These tables are used for determining the maxi­
mum index unit weight of cohesionless, free-draining soils. 

A 1.2 Installation 
. A 1.2.1 The vibrarory unit is designed for a specific 

line voltage and frequency. The power supply voltage and 
fre~uency must match the information stamped on the 
equipment name plate. [f the power supply voltage is 5 
percent less than, or 10 percent greater than (approxi­
mately) the rated voltage, installation of a transformer 
is required for proper operation. 

Al.2.2 The nominal dimensions of the steel deck of 
the table should be 3/8 inch (10 mm) thick and 30 by 
30 inches (760 by 760 mm) . 

A 1.2.3 Verify that bolt holes, used tO attach calibration 
masses to the steel deck, are drilled in the correct loca­
tions and that they are rapped tO receive 3/8-inch NC bolts . 

A l.~.4 Vibraro_ry tables are extremely noisy during 
operanon. If possible, select a site where the table can 
be isolated from personnel working in the immediate area . 
Some rabies_ have been isolated by constructing a sound­
proof covenng around the table. If such a cover is used 
it must be easily removed or disassembled to calibrat~ 
the table. 

A 1.2.5 Select a sire in the laboratory suitable for mount­
ing the vibrarory table. This sire must be on a concrete 
slab in a pr?tected a_rea and close t0 the power supply. 
When selecting the site, allow about a 16-inch (400-mm) 
clearance between the back of the table and the wall and 
allow at least 3 feet (1 meter) clearance on either side. 
The front of the table (usually identified by rhe equipment 
name tag) should face open space in the laborarory. Position 
the vibratory table so that the power cord comes out of 
the back of the vibratory adjacent to the wall. 

Al.2.6 Obtain four wood shims made of 2- by 4-inch 
lumber. Each shim should have a length of about 12 inches 
(300 mm). Place one shim under each side of the bottom 
portion of the table frame, with the smaller dimension 
of the shim in the vertical direction. The purpose of these 
shims is tO relieve the weight the table may exert on the 
mounts while the anchor holes are marked and the table 
is fastened to t_he floor. If this precaution is nor taken, 
undue stress will be placed on the mounts which could 
cause them to fail prematurely. 

Al.2.7 Mark the anchor hole locations (2 per mount), 
then remove the table and determine the size of the hole 
that must be drilled in the concrete. The size of the hole 
required depends on the size and model of the lead anchor. 

A 1.2.8 Obtain a suitable masonry bit and power drill. 
A power drill , which drills by impact as well as rotation, 
nsually works better than one that drills only by rotation. 

A 1.2.9 Drill each hole to the recommended depth. If 
the hole is drilled deeper than the recommended depth, 
the lead anchor will pull our when the bolt is inserted 

and tightened. A lead anchor, threaded for a minimum 
3/8-inch-diameter bolt, is recommended. It is also 
recommended chat threaded anchors be used instead of 
lag bolt anchors, since the latter sometimes strip when 
the lag bole is tightened. Clean all of the dust out of each 
hole. Insert one lead anchor into each hole. If the lead 
anchor is the type that must be set by use of a drive cool, 
follow the manufacturer's recommendation for the correct 
setting procedure . 

Al.2_- 10 Relocate the vibratory cable directly over the 
mounting holes. Place the 2- by 4-inch shims under che 
b?ttom fra1:1e of the vibrarory table. Insert the appropriate 
sized bolts into the holes on the mounts, and righten each 
bolt 3 to 4 turns; then remove the 2- by 4-inch shims 
and allow the weight of the table to rest on the mounts. 
Tighten all bolts securely. 

A 1.2.11 The controller should be installed as close 
to the table as possible, preferably on the wall in a clean 
dry location, free from excessive heat and vibration. Th~ 
contr_oller sh~uld be located where it may be easily seen 
and 1s accessible to the operator, approximately 4 to 5 
feet ( 1.2 to 1.5 m) above the floor. 

A 1.2.12 Wire the vibrator to the controller and the 
controller co the power supply. The wiring connections 
~use be·_ securely_ made in accordance with the wiring 
diagram included m each control box. A ground connection 
co the controller and table is required to ensure maximum 
safety t0 the operator. Wiring should be connected by a 
qualified electrician. 

Al.3 Maintenance of the Vibratory Table 
A 1.3. l Dry the vibratory unit with compressed air after 

w~t use and occasionally lubricate the leaf and coil springs 
with WD-40 or a similar rust preventive product; this 
k~eps the coi_nponents from rusting, thereby keeping the 
vibrator moving freely. 

A 1.3.2 Plug all holes on the table that are nor in use 
with appropriate size bolts; this prevents water from 
running into the holes and down into the vibraror. 

A ~.3.3 Periodically clean the attaching holes for the 
maximum index unit weight measures that are located on 
the deck of the table. 

Al.3 .4 Repairing the stripped holes in the table top 
can be accomplished by using a Helicoil™ thread 
replacement device. The Helicoil'N set can be purchased 
at most hardware and automotive repair centers. 

A 1.3.5 Periodically check the vibratory table for broken 
or weathered top and bottom mounts. 

A 1.3.6 Periodically check the electrical wiring for 
frayed, cracked, or broken insulation. 

Al.3.7 Periodically check the vibratory table for loose 
lock nuts, broken leaf springs, etc. 

Al.3.6 Periodically check the electrical wiring for 
frayed, cracked, or broken insulation. 

Al.3.7 Periodically check the vibratory table for loose 
lock nuts, broken leaf springs, etc. 

CAUTION: Do not attempt repairs unless che unit can 
be recalibrated before use, since adjustmem will be required. 

1-13 
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APPENDIXXl 

VIBRATORY TABLE COMPONENT PARTS 

rT---, r----TT 

Item Description Item Description 

1 Coil rubber 11 Coil cover (cable support side) 
2 Rubber transverse spring spacer 12 Cable strain relief 
3 Coil cover (plain) 13 Core mounting assembly 
4 Spring clamp (center) 14 Vibration dampener 
5 Leaf springs 15 Leaf spring spacer (center) 
6 Coil springs 16 Leaf spring spacer (end) 
7 Spring seats (outer) A Clearance between pole faces 
8 Stud B Lock nuts 
9 Spring seats (inner) C Location of shims 

10 Armature mounting assembly 

Figure Xl.1. - Vibratory cable component pares (model No. V-80). 
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,--.,----, r- -- - r, 

Item Description hem Description 

1 Coil assembly 10 Inside spring seat 
2 Rubber transverse spring 11 Armature costing 
3 Coil cover (plain) 12 Coil cover (cable side) 
4 Leaf spring clamp 13 Cable bushing 
5 Leaf spring 14 Core assembly 
6 Striking plate assembly 15 Stop nut (5/8 inch-11) 
7 Coil spring A Air gap 
8 Outside spring seat B Lock nuts 
9 Stud C Location of shim 

D Lock nuts/leaf spring clamp gap 

Figure Xl.2. - Vibratory table component parts (model No. V-75) . 
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APPENDIXX2 

VIBRATORY TABLE CALIBRATION EQUIPMENT 

Sional 
Conditioner Oscilloscope 

Vibratlno 
Table 

Dioital 
Voltmeter 

LVDT body 

LVDT core 

Calibration Mau 

Vibrator 
C ontro I 

Concrete Floor 

Figure X2.1 - Vibratory table calibration equipment - schematic. 
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Drill and tap 3i -II utile holes 
x 2.50 deep, equally spaced @ 120° 

3-Hold down tabs 
equally spaced 
@ 120 °--------

SEE 

9.200 B.C. 

PART A - BOTTOM MASS 
ONE REQ'D 

SHOP NOTES 

NOTE: Manufacture these ports in the following sequence: 
I. Manufacture Hold Down Tabs Part D. 
2. Obtain 6 cap screws. 
3. Manufacture Bottom Mass Port A welding of Tabs Part D. 
4. Manufacture Center Mass Part B. 
5. Obtain the mass of the bottom Mass Part A and Center 

Mass Part B; include 3 cap screws. 
6. Subtract the mass obtained in No.5 from 300• this will 

be the mass required for the Top Mass Port C including 
the additional 3 cop screws. 

7. Surface texture 6.,1/ flat and parallel to adjoir,ing surfaces. 
NOTE: Prior to welding the Hold Down Tabs to the Calibration 

Mass, bevel edge of Hold Down Tabs and grind or 
machine excess weld spotter so that the weld is flush 
with the outside of Calibration Mass. 

All material manufactured from cold rolled steel. 

Figure X2.2. - Vibratory table calibration equipment. 101-D-647 
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SEE NOTE 

NOTE 

All dimensions ore in inches 
unless otherwise shown. 
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3-;~ Drill thru counter bore 

~! x o 70 deep equally 

spaced @ 120° 

PART B - CENTER MASS 
ONE RE0

1

D 

3- i-11NC Holes x 2. 50 deep 

drilled and tapped,equally 
spaced @ 120° 

N 

rri 

63 See note 7 

Figure X2.2. - Vibratory cable calibration equipment - Continued. 101-D-647 
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0.468 

0.625-11 NCx4 
Socket head 
screw. 

USBR 1440 

Drill and tap 2-i-11 NC holes 
x 1

11 

deep,equally spaced @ 180°. 

3- :~ Drilled thru counter bore 
ft x 0. 70 deep, equally spaced 
@ 120~ 

4-N0.6-40UNF x ½ Deep, 
drilled and tapped holes 
equally spaced @ 90°. 

No. 6-40 UNF x ½ Deep, drilled 
and tapped. 

] 
* Varies according to 

~ weight desired. 

IL-.LL.._...L..L-L...L......::.L._L..L..,_...LL+-'-''-----'...__"'--"---....,__,,_-"-''-+-''-'---T ,...; s 3 See note 7 

PART C-TOP MASS 
ONE REQ 1 D 

0.500 

1.450 

2.300 

IO ..... 
I") 

0.6875 

edge for weld. 

0.750 

SOCKET HEAD SCREW 
6 REQ 1D 

PART D - HOLD DOWN TABS 
3 REQ 1 D 

Figure X2.2. - Vibratory cable calibration equipment - Continued. 101-D-647 

149 



6.750 

4 .0 

4.85 

CALI BRAT ION MASS 
PART A 

ONE REQUIRED 

USBR 1440 

4-N0. 6-40UNF x r deep 
equally spaced. 

2'-i-llNC x 1· deep 
equally spaced. 

No.6-40UNF ll r deep. 

0.85 

<[ 

"' +-
0 
z 
"' "' u, 

SEE 
NOTE B 

2. .0 

HOLD DOWN TABS 
PART B 

THREE REQUIRED 

NOTES 
All material manufactured from cold 

rolled steel. All dimensions ore in inches 
unless otherwise shown. 

NOTE A: Do not face top of Calibration 
Weight until its moss hos been 
determined, the finished moss 
of the Calibration Weight must 
be equal to 95 lbs. ~ 0.25 lbs. 

NOTE 8: Prior to welding the Hold Down 
Tabs to the Coli bro tion Mass, 
bevel edge of the Calibration 
Mass and grind or machine 
excess weld spotter so that 
weld is flush with the out­
side of the Calibration Moss. 

Figure X2.2. - Vibratory table calibration equipment. 101-0-648 
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~ -; ' -- _ -4 _(2 Sch•;.40 black P:P:-@ C 
~!;_.__~---~~~- iF- --------11 ce~D✓' • 

.- \ ., 2 8 10. 

PIPE STAND 2Dia 
PART A 7 

½ Dia. round rad.~2 ONE REQUIRED !-13NC 7 rf- ! 

g_~ __ 5-_2 _,;_ • ll•llf (!-Fr 

0 

C 

IO 
r­,.,., 
C\J 

CENTER STEEL ROD AND NUTS ½ Hex nut (Both ends) 
PART B 

d 

O ~?NL_ 
C 

0 
0 
~ 
N 

ONE REQUIRED 

ENO CAP 
PART C,. ~­

TWO REQUIRED 

-1.000 R 

Ream hole so that 
½ bolt slides 
through freely. 

1.0 Inch square tubing 

__j!.J Dia. 

18.0 

7 . 
2 8 01a. 

I • 
2 2 Ola. 

-IN 

2½ Sched. 40 block pipe. 

SET SCREW AND NUT 
PART E CALIBRATION STAND BRACKET 

PART D TWO REQUIRED 
TWO REQUIRED 

Figure X2.2. - Vibratory table calibration equipment - 101-0-649 
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1-1 ✓ 
6.5 

USBR 1440 

¥z Drilled hole thru. 

2 Req'd.14½ total length 7' ½ Dia. 

2 Req'd. a total- i~ngth 7--
/, ~~ 

//X ~ i'i 1~ 

__J i.Jl_ Dia. 

Ream hole so that 
} bolt slides 
through freely. 

¾-16NC 

EXTENSION ARMS 
PART F 

STANDARD 3/8 NC BOLT AND NUT 
PART G 

TWO OF EACH REQUIRED TWO REQUIRED 

_j 
.80 

I. 5 

2.2 

2-~ Drilled thru for No. 

.30 

IOx 1.4 long fillister head 
screws. This is the only 
modification required for 
the standard commercially 
available Bakelite mounting 
block for the 1000 HR LVDT. 

Figure X2.2. - Vibratory table calibration equipment - Continued. 101-D-649 
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Corners cut to~ 1 radius 

I I 

Nl -: r---:@W/W/41dffi¼W'#M$)7~ 
- 1• _LJ LJi '--Groove to suit weother 

12.J strip ½ wide x ½ thick. 

ALUMINUM VACUUM PLATE 
PART J 

HANDLES FOR WEIGHTS 
PART K 

TWO REQUIRED 

Figure X2.2. - Vibratory table calibration equipment. - Continued. 101-D-649 

4 00 4.00 

0.3 

-i"i Dia. drilled holes 

2. 2 5 1.75 

3. 60 

e.oo 

COVER PLATE FOR THE AMPLIFIER CARRYING CASE 
PART K 

0.062 THICK STAINLESS STEEL PLATE 
ONE REQUIRED 

Figure X2.2. - Vibratory table calibration equipment. 101-D-650 
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' a,· 
i-

-~ondle 

.L~-------~ 
I 
t­

T rn==;;::;~:;:;:;:~;:ll 
I 

a,! 

USBR 1440 

Top 

i 
.L 

½ x½ X 6 . Exposed top 

al[ :r-----------
"' ,, ,, ,, 

1.~----------

~ Bock '- l Recess '-Side 
2 

INSTRUMENTATION BOX 
PART L 

ALL SIDES t/2" PLYWOOD, WITH FORMICA FINISH 

PARTS LIST 

PART DESCRIPTION NO. 

I Sionot conditioners CAS025mfo. Schoevit, Ena,. 

2 LVDTS Model 1000 HR mfg. Schoevitz Engr. 

3 Straight female plug type ASF I $witchcraft) 
4 Mote ponet socket type DSM (Switchcroft) 

5 Phono 1ock plug type 3501 FP (Switchcroft) 

~ l'_hon~ jock plug type 3502 (Switchcrof t ) 

7 BNC Bulkhead recepticot rear mount type P/ N 
( omphenol connector) 

8 Toggle switch OPDT C 6K Eldorado type 7201P3YZQ 

Figure X2.2. - Vibratory table calibration equipment - Continued. l01-D-650 

i-
i 

* 

r 
I 

L 0.375" :------~---------~-~-----------------

r * f NC Holes drill and top thru. 
* Existing holes 

Figure X2.3. - Mounting hole locations. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1445-89 

CALIBRATING THE TORV ANE SHEAR DEVICE 
(POCKET VANE SHEAR METER) 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1445. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines procedures for calibrating 
the Torvane device used in performing small vane shear 
testing of soil in accordance with USBR 5770. 

1.2 This calibration procedure is used to determine 
correction values to be applied to Torvane readings obtained 
during testing. 

2. ApplicableDocuments 

2.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 3900 Standard Definition of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5770 Performing Torvane (Pocket Vane Shear 
Meter) Testing of Soils 

3. Summary of Method 

3.1 Calibrated precisilin mass standards are hung from 
a Torvane meter calibration wheel. The Torvane reading 
obtained is compared to an equivalent calculated undrained 
shear strength value. This procedure is repeated at mass 
intervals over the entire range of the Torvane device, and 
a calibration curve is obtained. · 

4. Significance and Use 

4.1 A calibration curve must be calculated for each 
individual Torvane to determine the undrained shear 
strength of soils by Torvane testing. 

4.2 The calibration curve obtained using this procedure 
is unique to a given Torvane and to the vane used. If 
the Torvane or the vane is repaired or replaced, this 
calibration procedure must be repeated. 

4.3 This calibration procedure is to be performed upon 
receipt of the .. Torvane .. and annually thereafter, or in the 
event of any change in the vane or Torvane used. 

5. Apparatus 

5.1 Torvane.-A small vane shear meter, as shown on 
figure 1, capable of measuring undrained shear strength 
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from Oto 1.0 ton/ft2. The Torvane dial should be marked 
with major divisions of 0.05 ton/ft2 for permitting visual 
interpolation to the nearest 0.01 ton/ft2. 

NOfE 1.-The following table should be used as a guide for 
selecting the appropriate vane adaptor. 

Table 1. - Torvane adapters 

Undrained shear Adaptor Vane 
strength diameter height 
ton/ft2 m m 

0 to 0.2 1.875 0.210 
0 to 2.5 0.75 0.135 

5.2 Torvane Vise.-A vise used to hold the Torvane 
in a horizontal position during calibration. The vise is 
shown on figures 2a and 3a. 

5.3 Calibration Wheel-A wheel which is attached to 
the end of the Torvane and is used to support the precision 
mass standards during calibration. A calibration wheel is 
shown on figures 26 and 36. 

5.4 Calibration Masses.-A set of calibrated masses 
which are used to apply torque to the Torvane. Masses 
are used to cause dial readings of approximately one-third, 
two-thirds, and full range. 

6. Precautions 

6.1 _ Safety Precautions.-Handle the Torvane carefully 
to avoid possible injury resulting from the sharp edges 
of the vanes. 

6.2 Technical Precautions: 
6.2.1 Use extreme care when marking control 

numbers on the Torvane. Do not scribe on the vanes or 
on the dial head. 

6.2.2 • Store the Torvane and spare vanes in a suitable 
box or case when not in use to avoid damage to the meter 
and/or vanes. 

7. Calibration and Standardization 

7.1 Verify the calipers and precision mass standards 
are currently calibrated in accordance with USBR 1000. 



USBR 1445 

(a) Top view. (b) Side view. Note vane at bottom. 

(c) Adapt0 r: 0 to 0.2 w n/ ft 2. (d) Adaptor: 0 t0 2.5 ton/ ft 1. 

Fig ure l. - To rva ne (pocket va ne shea r mete r) equipment. 

(a) Torvane, hub, and ca li brat io n whee l clamped in Torvane vise. (b) Mass hung from Torvane ca libratio n whee l. 

Figu re 2. - Torvane calibra tio n asse mbly. 
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·~ 
I ~1 d 

o:j 
0.30 

USBR 1445 

~ 0.625 

1.00 1.00 

3.50 

7.00 

Drill so that a f bolt posses 
thru freely. 

(a) Torvane vise. 

_,.....,.,_ Drill thru 6 - I 
11 

dio. holes 
equally spaced @ 60° 

Note: Shaft must hove a flat section 
for locking with set screw. 

2.I0R I 
I 

2.25R 

2.35R -

I 
' 

--()--
Drill and top 2 . 
No.a- 32UNC 1.25odio. 
set screws 1.003(±0.002)dio . ..., 

0 

<D 
d 

~r 
No. lo Drill thru 

(c) Hub for Torvane calibration wheel. 

(b) Torvane calibration wheel. 

Figure 3. - Torvane calibration assembly. 
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If the calibrations are not current, perform the calibrations 
before using either the calipers or precision mass standards 
for this calibration procedure. 

8. Conditioning 

8.1 The Torvane and calibration masses should be 
placed in the environment in which they are to be calibrated 
for at least 24 hours before calibration. 

9. Procedure 

9.1 All data are to be recorded on the "Torvane Shear 
Device (Pocket Vane Shear Meter)" form as shown on 
figure 4. 

9.2 Determine and record the radius and height of the 
vanes to the nearest 0.001 inch (0.025 mm) using a micro­
meter caliper. 

9.3 Clamp or bolt the bottom of the calibration 
assembly to the edge of a suitable table or bench as shown 
on figure 2. 

9.4 Attach the calibration wheel to the Torvane using 
the hub. 

9 .5 Clamp the Torvane, hub, and calibration wheel 
assembly into the vise (fig. 2a). 

9.6 Calculate the mass required to apply a torque which 
causes about one-third revolution of the Torvane dial. 

9 .7 Suspend the mass on the end of the cord (fig. 26) . 
Reposition the calibration wheel until the mass hangs 
tangent to the wheel and perpendicular to the floor. 

9.8 Read and record the Torvane dial reading to the 
nearest 0.01 ton/ fc2. 

9.9 Repeat subparagraphs 9.7 and 9.8 with appropriate 
masses required to apply torque which causes approxi­
mately two-thirds and one revolution of the Torvane dial. 

9.10 Calculate the equivalent undrained shear strength 
resulting from each mass applied using the expression given 
in subparagraph 10.2; record each value as shown on 
figure 4. 

9.11 Determine the difference between the equivalent 
undrained shear strength values obtained in subparagraph 
9 .10 and the Torvane dial readings obtained in subpara­
graph 9.8. 

9.12 The difference between the equivalent undrained 
shear strength and the Torvane dial readings should be 
less than 0.05 ton/ft2 for each mass standard used. If this 
value is exceeded, a Torvane correction curve is to be 
prepared. An example correction curve is shown on figure 
5 (see par. 11). 

9.13 Repeat subparagraphs 9.5 through 9.11 a mini­
mum of two times if a new Torvane is being calibrated. 
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10. Calculations 

10.1 Compute the torque, T, applied to the Torvane. 

where: 
T = torque, in·lbf 
I = force, lbf 

T = fr 

r = radius of the calibration wheel, in 

(1) 

10.2 Calculate the equivalent undrained shear strength. 

S = T 

rrR
2 

(2H + 2
~) 

where: 
S = undrained shear strength, lbf/in2 

T = torque, in·lbf 
R = radius of vane, in 
H = height or depth of vane, in 

NITTE 2.-See appendix X l for derivation of this relation. 

11. Interpretation of Results 

(2) 

11.1 The difference between the equivalent undrained 
shear strength and the reading on the Torvane should be 
less than 0.05 ton/ft2. If this value is exceeded, a Torvane 
reading correction curve must be generated. This is done 
by performing a linear regression analysis on the ordered 
pairs averaged for both trials from the Torvane calibration 
form (cols. 6 and 7 of fig. 4) . The linear equation for 
Torvane correction is given by the linear equation: 

y = mx + b 
where: 

y = Torvane reading, ton/ft2 

m = slope of the line 
x = equivalent undrained shear strength, (ton/ft2) 

b = y intercept, ron/ft2 = 0 (calibration curve is 
forced through zero to ensure that a "O" 
torvane reading corresponding to a value of 
"O'" shear strength.) 

12. Report 

(3) 

12.1 The report is to consist of a completed and checked 
"Torvane Shear Device (Pocket Vane Shear Meter)" form 
(fig. 4). If applicable, a correction curve showing the linear 
regression analysis data is to be prepared (fig. 5). 

12.2 All calculations are to show a checkmark and all 
plotting (if required) must be checked. 



USBR 1445 

7-2359 (8-36) 
Bureau or Reclamadon TORVANE SHEAR DEVICE 

(POCKET VANE SHEAR METER) 
Designation USBR 1445 • .§j! 

MANUFACTURER 
Example 

TORVANE SERIAL NO. 
P-534O 

(1) RADIUS OF VANE (R,) 0, 500 In (2) HEIGHTOFVANE0,2I0 In (3) RADIUS (R) OF CALIBRATION WHEEL 
2.25 

In 

(4) MAXIMUM UNDRAINED SHEAR STRENGTH (Sulmax • CAPACITY OF TORVANE (ton/ft2) 1.0 x 13.89° • 
13.89 

lbf/fn2 

CALIBRATION PERFORMED SY DATE 

CALIBRATION CHECKED BY DATE 

CALCULATION OF MASS STANDARDS REQUIRED 

UNDRAINED SHEAR STRENGT~ TORQUE FORCE 
MASS REQUIRED 

Su T • (Su)(A)" • F • (T)/(R) 
lbffin2 ln-lbf lbf lbm••• g 

1/3(4) • 4.6 2.7 1.2 I .2 545 

2/3(4) • 9.3 5.5 2.4 2.4 1090 

(4) • 13.9 8.2 3 . 6 3 . 6 1634 
.. 

TORVANE CALIBRATION 

ACTUAL MASS OF TORQUE - TORVANE METER EQUIVALENT UNDRAINED DIFFERENCE= 
TRIAL (5) CALIBRATION STANDARD T • (R)(5)••• 

NO. 
· (6) READING (,rSHE·AR STRENGTH Su • T/A 00 (7) - (6) 

g lbm ln-lbf ton/ft2 lbf/in2 ton/ft2 ton/ft2 

500 1.1 2 .48 0 . 28 4 . 2 0.30 0.02 

1 1,000 2.2 4.95 0 . 51 8.4 0.60 0.09 

1,500 3 . 3 7 . 43 b.85 12.6 0.91 0.06 

2 

"l3_89 • 2000 lbf/ton • • • 1mplles that 1 lbf • 1 lbm 
144 1n21ft2 

••(A) • irR,.2(2H + 2/3Rvl • 0.59 

where 1r • 3 .14 
TORVANE IS ACCEPTABLE □ 

Av • redlu1 of vane, In CORRECTION CURVE IS REQUIRED ~ 
H • height of vane, Jn 

REMARKS; 

CPO 852-0515 

Figure 4. - Torvane shear device (pocket vane shear mecer) - example. 
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'! 
0 
~ 
a: 
w z 
;! 
a: 

USBR 1445 

Torvone S. N. ~ 

Radius of vane ~ 

Heioht of vane ~ 

Colibroted by ___ _ 

Dole------

l.0001------ - - ---11---

TORVANE CORRECTION CURVE 

~ 0 .500>------!-- - -

0 . 2501----- ----- -- - -____ _,_ __ _, 

0.250 0.500 0:750 U) OO 

AVERAGE EQUIVALENT UNDRAINED SHEAR STRENGTH 

(ton/ft 2 ) 

A11eroqtt Equivalent Undrained 
Shear Strength (ton / ft 2)& 

0 .00 
0.30 
0.60 
0.91 

b{y intercept) = 0 
m(slope) = 0 .9 18 

To,vone 
Reodina (ton / ttl)& 

0 . 00 
0 . 28 
a. s 1 

0.85 

Figure 5. - To rvane correction curve - example. 

APPENDIX 

Xl. TORQUE EQUATION 

Xl. l Torque Equations.-The derivation of the equation 
relating undrained shear strength to measured torque is 
shown below. Assume a uniform shear stress distribution 
across the end and around the perimeter of the failure 
cylinder. 

Consider an element of area dr (r d0), with undrained 
shear resistance, S, and moment arm, r: 

where: 
Ti= 
Ti 
Ti= 

Total torque, T = Ti + Ti 

torque resistance on the cylindrical surface 
S (area) (moment arm) = S (2 rr RH) R 
2 rr R 2 HS 

(Xl) 

(X2) 

T<i torque resistance on the end, assuming constant 
unit shear· resistance 

where: 

R = radius of the cylindrical shear surface formed 
by rotation of the vane 

H = height of the vane 
S = undrained shear strength 

T<i S (area) (moment arm) (X3) 

and 

L60 

T2 =IR J2

1T Sr2 d0 dr 
0 0 

Ti = 2rr5 ( R3a) 

T=Ti+Ti 

T = 2rrR2 SH+ 2rrS ( R
3

3

) 

T = 1r KS ( 2H + 2
:) 

S= 
T 

(X4) 

(XS) 

(X6) 

(X7) 

(XS) 

(X9) 

(XlO) 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 1450-89 

CALIBRATING TRIAXIAL-TYPE CHAMBERS 
FOR PRESSURE-VOLUME CHANGE RELATIONS 

INTRODUCTION 

This procedure is under rhe jurisdicrion of rhe Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under rhe fixed designation USBR 1450. The number immediately 
following rhe designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
calibrating triaxial-type chambers for pressure-volume 
change relations. 

1.2 This calibration procedure is used to determine the 
relationship between a pressure applied to a triaxial-type 
chamber and the associated volume change. The pressure­
volume change relations obtained are unique to a given 
triaxial-cype chamber system; any change in the equipment 
used (chamber, chamber ciedown rods, bottom plate, 
chamber cap, valves, ere.) would warrant that this 
calibration procedure be repeated. 

1.3 This procedure is applicable to tri axial-type 
chambers at the Bureau's Denver Office. Other chambers 
of different design may require a slightly different 
procedure. 

2. Auxiliary Tests 

2.1 The pressure gauge used to monitor pressure 
increments to the triaxial-type chamber system and the 
volume tube used to determine associated volume change 
are to be calibrated prior to use. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1040 Calibrating Pressure Gauges 
USBR 1455 Calibrating Volume and Drain Tubes 

4. Summary of Method 

4.1 A triaxial-cype chamber system is de-aired. A 2-
inch diameter by 5-inch high (51- by 127-mm) knurled 
brass specimen is placed in the chamber, and the chamber 
filled with de-aired water. The chamber is sealed and 
increments of pressure are applied to the water in the 
chamber. Volume tube readings are recorded at each 
pressure increment and are used to determine volume 
change of the triaxial-type chamber system at each applied 
pressure increment. 
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5. Significance and Use 

5.1 Triaxial-rype chambers must be calibrated for 
volume change due to application of internal fluid pressure 
in order to calculate the volume change in rest specimens 
associated with rriaxial-type laboratory resting of soils. 

5.2 An incorrect pressure-volume change relationship 
for a given rriaxial-rype chamber leads to erroneous 
determination of volume change in test specimens 
associated with laboratory resting of soils. 

5.3 This calibration procedure is to be performed upon 
receipt of the triaxial-rype chamber system and every 2 
years thereafter or in the event of. any change in the 
chamber assembly. 

6. Apparatus 

6.1 Triaxia/-Type Chamber System.-A fluid filled 
chamber system is sealed with a chamber cap and bottom 
plate (fig. 1) . A knurled brass specimen encased in a rubber 
membrane sealed to the specimen end plates is placed in 
the chamber. The triaxial-rype chamber is subjected to an 
internal fluid pressure. The chamber, chamber cap, and 
bottom plate are to be impermeable, rigid, and constructed 
of a noncorrosive material capable of withstanding the 
maximum anticipated internal pressures to be applied 
during rriaxial-rype laboratory soil resting. 

6.2 Chamber Pressure-Maintaining and Measurement 
Device.-A chamber pressure-maintaining and measure­
ment device capable of applying and controlling the 
chamber pressure to within ±0.01 ton/ft2 (1 kPa) for 
chamber pressures less than 2 ron/fc2 (200 kPa) and . to 
within ±1 percent for chamber pressures greater than 2 
ton/ft2 (200 kPa). This device may consist of a reservoir 
connected to the chamber and partially filled with the 
chamber fluid (usually water), with the upper part of che 
reservoir connected to a compressed air supply, and the 
air pressure being controlled by a pressure regulator and 
measured by a pressure gauge, electronic pressure 
transducer, or other device capable of measuring to the 
prescribed tolerance. 

6.3 Brass Specimen.-A 2.000-inch dia_meter by 5.000-
inch high (51.00- by 127.00-mm) brass specimen, knurled 
to 0.007 ±0.002 inch (0.178 ±0.050 mm). 
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Figure I. - Schematic o f triaxial-type chamber assembly for pressure-volume change relations - calibration. 

6.4 Volume and Drain Tubes.-Appropriate size 
constant bore volume and drain tubes and valves used for 
laboratory testing. 

6.5 Rubber Membrane.-The rubber membrane used to 
encase the knurled brass specimen should be carefully 
inspected prior to use. If any flaws or pinholes are evident, 
the membrane should be discarded. 

6.6 Rubber O-Rings.-Rubber O-rings (four required) 
used to seal the specimen membrane to the specimen top 
and bottom end plates. The unstressed inside diameter 
of the O-rings is to be less than 75 percent of the diameter 
of the end plates to ensure a proper seal. 

6.7 O-Ring Expander.-An O-ring expander used for 
placing the O-rings to seal the specimen membrane to 

the specimen top and bottom end plates and chamber 
botrom plate. 

6.8 Sealant.-Sealant grease used to ensure a seal 
between chamber and chamber bottom plate. 

7. Reagents and Materials 

7 .1 Water used for de-airing the system and performing 
the calibration is robe de-aired water at room temperature. 
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The purity should be such that the water is free of acids, 
alkalies, or oils, and is suitable for drinking. 

8. Precautions 

8.1 Safety Precautions: 
8.1.1 Safety shoes should be worn while de-airing 

the system and performing the calibration procedure. 
8.1.2 Safety glasses should be worn when the volume 

or drain tubes are subjected to air pressure. 
8.1.3 Water spilled in the work area should be 

cleaned up immediately. 
8.1.4 Pressure should be slowly released from the 

triaxial system to prevent glass rubes from shattering. 
8.2 Technical Precautions.-Care must be taken to com­

pletely de-air the system prior to performing the 
ca libration. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
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USBR 1040 Calibrating Pressure Gauges 
USBR 1455 Calibrating Volume and Drain Tubes 

10. Conditioning 

10.1 Maintain a constant room temperature to avoid 
volume changes associated with temperature fluctuations. 

11. Procedure 

11.1 All data are to be recorded on the "Triaxial 
Chamber Calibration" form as shown on figure 2. 

11.2 De-Airing the Triaxial-Type Chamber System: 
11.2. l Close all valves to the chamber bottom plate. 
11.2.2 Place the chamber securely into the chamber 

bottom plate groove to ensure a proper O-ring seal. 
11.2.3 Fill the chamber approximately one-half full 

with de-aired water. 
11.2.4 Ensure that water is not leaking from any 

of che valves. 
11.2.5 Secure the chamber cap and insert the piston 

through the opening in the chamber cap. 
11.2.6 Attach vacuum hoses co che tops of volume 

and drain cubes and the chamber relief valve. 
11.2 .7 Ensure that the valves to all pressure 

transducers (if part of the system) are close& 
11.2.8 Open the valves to the cop of the drain tubes, 

volume cube, and chamber relief valve. 
11.2.9 Apply a vacuum [approximately 12 to 15 

inches of mercury (6 to 7 lbf/in2)] to all vacuum hoses 
for approximately 2 minutes. 

11.2.10 Release the vacuum to che chamber. 
11.2.11 With the vacuum still on to the top of the 

drain tubes and volume tube, open the valves to the bottom 
of the volume and drain tubes allowing water to move 
from the chamber into the tubes . 

11.2.12 Allow the volume and drain tubes to fill to 
near the top of the graduated markings on the tubes. 

11.2.13 Close the valves to the bottom of the volume 
and drain tubes. 

11.2.14 Reapply vacuum to che chamber. 
11 .2.15 Release the vacuum to the volume and drain 

tubes. 
11.2.16 Open the valves to the bottom of the volume 

and drain tubes allowing water to move from the tubes 
back into the chamber. DO NOT allow all che water to 
drain from the cubes. 

11.2.17 Close the valves to the botcom of the volume 
and drain cubes. 

11.2.18 Repeat subparagraphs 11.2.10 through 
11.2.17 until air bubbles are not observed in che volume 
and drain cubes. 

11.2.19 Release the vacuum co the chamber. 
11.2.20 Open the valves co the bottom of the drain 

and volume tubes. 
11.2.21 With the vacuum on the top of the tubes, 

allow water to move from the chamber into the cubes 
until che tubes are filled to near the top of their graduated 
markings. 

11.2.22 Close the valves at che top and botcom of 
volume and drain tubes and release vacuum from all lines. 
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11.2.23 Remove the vacuum lines. 
11.3 Chamber Calibration: 

11.3.1 Record che system, machine, membrane, and 
knurled brass specimen numbers and include the volume 
tube faccor (unit volume per unit length). 

11.3.2 Drain the water from the chamber. 
11.3.3 Remove the piscon, chamber cap, and 

chamber from the chamber bottom plate. 
11.3.4 Blot excess water from the botcom specimen 

end plate surface. 
11.3.5 Clean the knurled brass specimen using a wire 

brush. 
11.3.6 Slide the membrane over che knurled brass 

specimen. 
11.3.7 Place the membrane-encased knurled brass 

specimen on the bottom end place and roll the membrane 
over the bottom end place. 

11.3.8 Mount cwo O-rings on the O-ring expander 
and, using the O-ring expander, seal che membrane co 
che boccom end plate wich che two O-rings. 

11.3.9 Mount two O-rings on the O-ring expander, 
and place che O-ring expander ac approximately midheighc 
around the knurled specimen, oriented so that the O-rings 
will roll ·off the top of the O-ring expander onto the cop 
end place. 

11.3.10 Blot excess water from the top specimen 
end plate. 

11.3.11 Place the top specimen end plate on top 
of che knurled brass specimen and roll the membrane over 
the cop end plate. 

11 .3.12 Using the O-ring expander, seal the mem­
brane co che cop end place by releasing the two O-rings 
from the O-ring expander and sliding chem into place 
around the cop end plate. 

11.3.13 Remove the expander from around che 
knurled specimen. 

11.3.14 Apply a light coating of sealant grease 
around the boccom of the chamber. 

11.3.15 Place che chamber securely into the chamber 
bottom plate groove to ensure a proper O-ring seal. 

11.3.16 Apply a light coating of sealant grease 
around the cop of che chamber. 

11.3.17 Begin filling the chamber with de-aired 
water through che valve located at che chamber bottom 
place. With a squeeze bulb, flush away air bubbles chat 
may be present on any parts of the chamber system. 

11.3.18 Continue filling the chamber until the 
chamber is full such chat che water forms a surface tension 
"bubble" above che cop of the chamber walls. 

l 1.3.19 Open the valve co the boccom of che volume 
tube. 

11.3.20 Open the chamber relief valve and securely 
place che chamber cap onto che chamber to ensure a proper 
O-ring seal. 

11.3.21 Thread and tighten the chamber ciedown 
rods into the chamber boccom plate. 

l 1.3.22 Position the tie down plate and ch read and 
righten che cop nuts on the chamber ciedown rods (use 
appropriate washers). 
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7-2361 (11-86) 
TRIAXIAL CHAMBER CALIBRATION 

Bureau of Reclamation Designation USBR 1450-~~ 

SYSTEM NO. 2 MACHINE NO. 24 MEMBRANE NO. D-1 

KNURLED BRASS SPECIMEN NO. 2 VOLUME TUBE FACTOR (F) 0. 122 i n" / in 

CALIBRATION PERFORMED BY DATE CALIBRATION CHECKED BY DATE 

TRIAL 1 TRIAL 2 
TIME TIME PRESSURE AVERAGE 
NO. 1 NO. 2 VOLUME TUBE ll.VOLUME TUBE ll.VOLUME = VOLUME TUBE ll.VOLUME TUBE ll.VOLUME = 

lbf/in2 kPa READING READING (1) (1) X (Fl READING READING (2) (2) X (F) 

7•55 9,·26 0 0 5.00 5.00 

7•56 9•31 5 34 5.46 5.43 

8 1 10 9•57 5 34 5.54 5.56 

8 1 I~ 10• 15 5 34 5.54 0.54 0.066 5.56 0.56 0.068 0.067 

8• IE 10• 17 10 69 5.83 5.88 

8 1 3( 10•29 10 69 5.88 5.91 

8•35 10•35 10 69 5.88 0.88 0.107 5.91 0.91 0.111 0.109 

8•36 10•36 15 103 6.04 6.03 

8•5C 10•48 15 .103 6.09 6.08 

8•55 10•52 15 103 6.09 1.09 0.133 6.08 1.08 0.132 0. 133 

8•56 10•53 20 138 6.21 6.22 

9• IC 11 •03 20 138 6.25 6.26 

9• ,~ 11 • 13 20 138 6:25 1.25 0.153 6.26 1.26 0.154 0. 154 

9• IE 11 • 14 25 172 6.33 6.38 

9,4~ 11 •24 25 172 6.39 6.39 

9•5( 11 •29 25 172 6.39 I .39 0.170 6.39 1.39 0.170 0.170 

9•51 11 •30 50 344 6.82 6.82 

10•2( 12•05 50 344 6.86 6.89 

10 1 2• 12• 10 50 344 6,86 1.86 0.227 6.89 1.89 0.231 0.229 

10•2E 12• 11 75 517 7.20 7 .18 

10•5~ 12•33 75 517 7.23 7.22 

10•5f 12•4'3 75 517 7.23 2.23 0.272 7.22 2.22 0.271 0.272 

10•5~ 12•44 100 689 7.48 7.48 

12•2S 12•54 100 689 7.56 7.52 

12•35 I• 18 100 689 7.56 2.56 0.312 7.52 2.52 0.307 0.310 

12•40 I •26 150 1034 7.94 7.89 

12•52 I •36 150 1034 7.97 7.92 

12•57 2•09 150 1034 7.97 2.97 0.362 7.92 2.92 0.356 0.359 

12•58 2• 11 200 1378 8.33 8.27 

I• 16 2•23 200 1378 8.36 8.30 

I !21 2•29 200 1378 8.36 3.36 0.410 8.30 3.30 0.403 0.407' 

GPO 852-116 

Figure 2. - Triaxial chamber calibration - example. 
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11.3.23 Continue filling the test chamber with de­
aired water until water comes out of the chamber cap relief 
valve. 

11.3.24 Push the piscon through the opening in the 
center of the chamber cap until the piscon tip fits into 
the indentation of the specimen cop end plate. 

11.3.25 Secure the retainer bar over che cop of the 
piscon. 

11.3.26 Close the chamber cap relief valve and blot 
excess water from the chamber cap. 

l 1.3.27 Connect the air pressure line to the top of 
the volume tube. 

11.3.28 Ensure that the valves on the cop and botcom 
of the volume tube are open. 

11.3.29 Read and record the initial volume tube 
reading. 

l 1.3.30 Apply an increment of air pressure co the 
system, and read and record the volume tube reading and 
applied pressure. 

NITTE 1.-Recommended pressure increments for standard and 
high-pressure triaxia l testing are given in table 1. 

11.3.31 Keep the pressure applied in subparagraph 
11.3.30 on the chamber system · for a minimum of 10 
minutes. 

11.3.32 Read and record the volume tube reading 
and air pressure. 

Table I. - Recommended pressure increments for 
pressure-volume change relations for rriaxial­
rype chamber systems. 

Standard triaxial High-pressure 
testing applications 

lbf/in2 kPa lbf/in2 kPa 

0 0 0 0 
5 30 5 30 

10 60 10 60 
15 90 15 90 
20 120 25 170 
25 170 50 340 
50 340 75 520 
75 520 100 690 

100 690 150 1030 
150 1030 200 1380 
200 1380 300 2070 

500 3450 
750 5170 

1000 6900 
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11.3.33 After an additional 5 minutes, read and 
record the volume tube reading and air pressure again. 

11.3.34 If there is no change in the volume tube 
reading, repeat subparagraphs 11.3.30 through 11.3.33 for 
each pressure increment. If there is a change in the volume 
tube reading, stay at the same pressure increment until 
no volume change is recorded; then repeat subparagraphs 
11.3.30 through 11.3.33 for each additional pressure 
increment. 

11.3.35 When the calibration is complete, slowly 
release the air pressure on the system co zero, drain the 
water from the system, disassemble the chamber, and repeat 
subparagraphs 11.2 through 11.3.34. 

11.3.36 Calculate the volume change of the chamber 
system for each pressure increment for each trial. 

11.3.37 Calculate the average volume change of the 
system for each pressure increment. 

11.3.38 Prepare a plot of the average volume change 
versus pressure applied as shown on figure 3. 

12. Calculations 

12.1 The calculations required are shown on figure 2. 

13. Report 

13.1 The report is co consist of the following completed 
and checked form and plot: 

"Triaxial Chamber Calibration" form (fig. 2) . 
"Average vol·ume change versus pressure applied" plot 

(fig. 3 ). 
13.2 All calculations are co show a checkmark and all 

plotting must be checked. 
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Figure 3. - Average volume change versus pressure applied - plot. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 1455-89 
PROCEDURE FOR 

CALIBRATING VOLUME AND DRAIN TUBES 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 1455. The number immediately 
following the designation indicates the year of. acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for cali­
brating volume or drain tubes used for laboratory testing. 

1.2 This calibration procedure is used to determine a 
calibration factor for a volume or drain tube. 

2. Summary of Method 

2.1 A calibration factor must be determined for indi­
vidual volume and drain tubes used for laboratory testing 
of soils. De-aired water is slowly drained from a volume 
or drain tube into a graduated cylinder. The calibration 
factor is determined by dividing the volume of water 
collected by the length of the portion of the volume or 
drain tube calibrated. 

3. Significance and Use 

3.1 A calibration factor must be determined for 
individual volume or drain tubes in order to calculate the 
volume change in test specimens associated with laboratory 
testing of soils. 

3.2 The calibration factor obtained from this procedure 
is unique to a given volume or drain tube. If the volume 

\ or drain tube is changed on a laboratory testing system, 
this calibration procedure must be repeated. 

3.3 An incorrect volume or drain tube calibration factor 
will lead to erroneous determination of volume changes 
in test specimens associated with laboratory testing of soils. 

3.4 This calibration procedure is to be performed upon 
installation of the volume or drain tube. 

4. Apparatus 

4.1 Volume or Drain Tube-Appropriate size volume 
or drain tube. 

4.2 Graduated Cylinder.-100-mL capacity, graduated to 
1.0 ml. 

4.3 Hose Clamp or Drain Tube Valve-Appropriate 
size hose clamp or drain valve capable of controlling the 
water flow from the volume or drain tube. 

4.4 Tubing-Plastic tubing of appropriate size and 
length to fit on the bottom of the volume or drain tube 
for drainage. 
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5. Reagents and Materials 

5.1 The water used in this procedure is to be de-aired 
water that is at room temperature [68 ° F (20 ° C)]. The 
purity should be such that it is free of acids, alkalies, or 
oils and is suitable for drinking. 

6. Precautions 

6.1 Technical Precautions.-The volume or drain tube 
and connecting hoses should be cleaned regularly to remove 
impurities that may clog lines and restrict free waterflow. 

7. Preparation of Apparatus 

7.1 Clean the volume or drain tube and connecting 
hoses by flushing the system with clean water. 

7.2 Check tubing and drain valve for leakage and/or 
restrictions and replace or clean, if necessary. 

7.3 Locate the volume or drain tube number. If the 
volume or drain tube does not haye a number, print one 
(permanently) on the volume or drain tube. 

8. Calibration and Standardization 

8.1 Not applicable, reference standards are not used 
for this procedure. 

9. Conditioning 

9.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

10. Procedure 

10.1 All data are to be recorded on the "Volume or 
Drain Tube Calibration" form as shown on figure lA (inch­
pound units) or figure 1B (SI units). 

10.2 Record the volume or drain tube number. 
10.3 Securely connect the plastic tubing to the bottom 

of the volume or drain tube. 
10.4 Connect the clamp or valve to the tubing, and 

close the clamp or valve to prevent any water flow. 
10.5 Fill the volume or drain tube with de-aired water. 
10.6 Determine the water level at the top portion of 

the volume or drain tube to the highest accuracy possible 
and record it as the lnit1~1l tube reading. This initial water 
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level should be near the top of the graduated markings 
on the tube. 

10.7 Open the clamp or valve, and drain water from 
the volume or drain tube into a graduated cylinder. 

10.8 Close the clamp or valve after collecting enough 
water to bring the water level near the botrom of the 
graduated markings on the tube. Record the volume of 
water collected to the nearest 0.5 mL. 

10.9 Depending on the capacity of the volume or drain 
tube, more than 100 ml of water may need to be collected 
to calibrate a sufficient length of the volume or drain tube. 
If this is the case, the graduated cylinder is tO be emptied, 
and subparagraphs 10.7 and 10.8 repeated until a sufficient 
length of the tube has been calibrated. 

10.10 Determine the water level at the bottom portion 
of the volume or drain tube to the highest accuracy possible 
and record it as the Final rube reading on the test form. 

10.11 Repeat subparagraphs 10.5 through 10.10 a 
minimum of three times. 
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10.12 Calculate the tube facror for each calibration trial. 
Record these values as shown on figure IA or 1B. 

10.13 The calculated tube facrors for each of the trials 
are tO be within ±2.5 percent of one another. If this 1s 
not the case, the calibration procedure is tO be repeated. 

10.14 Calculate an average tube factor and record it 
on the test form. This average value is to be used for 
calculating volume changes measured using the volume 
or drain tube. 

11. Calculations 

11.1 Calculations for determining the average tube 
factor are shown on figure lA or 1B. 

12. Report 

12.1 The report is ro consist of a completed and checked 
"Volume or Drain Tube Calibration" test form (fig. lA 
or lB) . 

12.2 All calculations are to show a checkmark. 
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7-2360 (8-86) 
Bureau of Reclamation 

VOLUME OR DRAIN TUBE CALIBRATION 
Designation USBR 14S5 - 8~ 

5 MACHINE NO ___________ _ 20 
SYSTEM NO. __________ _ 

4 
TUBE NO. -----------

CALIBRATION PERFORMED BY _____ _ DATE---- CALIBRATION CHECKED BY ______ _ DATE----

TRIAL NO . __ I ____ _ 

A. INITIAL TUBE READING 
2 . 53 

in 

B. FINAL TUBE READING 
24.24 

in 

C. LENGTH _OF TUBE CALIBRATED (B - A) 
21.71 

ir'I 

D. WATER COLLECTED ( __ 3_8 _·_5 __ ) + ( -- ) + ( -- ) 
38.5 

ml 

CYLINDER 1 CYLINDER 2 CYLINDER 3 

E. CUBIC INCHES OF WATER COLLECTED (D/16.387•) 
2 . 35 

in3 

F. TUBE FACTOR (E/C) 
0.108 

in3/in 

TRIAL NO. ___ 2 ___ _ 

A. INITIAL TUBE READING 2 . 33 in 

B. FINAL TUBE READING 26 . 68 in 

C. LENGTH OF TUBE CALIBRATED (B • A) 24.35 in 

D. WATERCOLLECTED( 43 · 5 )+I )+' --- 1 43.5 ml 

CYLINDER 1 CYLINDER 2 CYLINDER 3 

E. CUBIC INCHES OF WATER COLLECTED (D/16.387•) 2 . 65 in3 

F . TUBE FACTOR (E/C) 0 . 109 in3/in 

TRIAL NO. ___ 3 ___ _ 

A . INITIAL TUBE READING 2 . 16 in 

B. FINAL TUBE READING 25.45 in 

C. LENGTH OF TUBE CALIBRATED (B - A) 23.29 in 

D . WATER COLLECTED ( 42 · 5 ) + ( --- 1 + ( --- , 42 . 5 ml 

CYLINDER 1 CYLINDER 2 CYLINDER 3 

E. CUBIC INCHES OF WATER COLLECTED (D/16.387•) 2.59 in3 

F. TUBE FACTOR (E/C) 0 . 111 in3/in 

AVERAGE TUBE FACTOR ___ 6-'-.-'-10.;..9.;._ __ in3/in 

•conversion factc,r to convert ml to in3 

GPO 85 I - 839 

Figure lA . - Volume or drain rube ca libra tion daca - inch-pound units example. 

168 



7m-2360 (8-86) 
Bureau of Reclamation 

USBR 1455 

VOLUME OR DRAIN TUBE CALIBRATION 

5 
SYSTEM NO. 6 MACHINE NO. ___ 2_I _______ _ TUBE NO. ------------

CALIBRATION PERFORMED BY DATE ___ _ CALIBRATION CHECKED BY ______ _ 

TRIAL NO. 

A . INITIAL TUBE READING 

B. FINAL TUBE READING 

C. LENGTH OF TUBE CALIBRATED (B - A) 

D. WATER COLLECTED ( 38.5 

CYLINDER 1 

TUBE FACTOR (D/C)• 

) + (--===-~--) + '-===-=--) 
CYLINDER 2 CYLINDER 3 

E. 

TRIAL NO. ___ 2 ____ _ 

A. INITIAL TUBE READING 

B. FINAL TUBE READING 

C. LENGTH OF TUBE CAl:IBRATED (B-. A) 

D. WATER COLLECTED ( 43.5 ) + (_:::..:::_-__ ) + ( ---

CYLINDER 1 

TUBE FACTOR (D/C)• 

CYLINDER 2 CYLINDER 3 

E. 

TRIAL NO. ___ 3 ____ _ 

A. INITIAL TUBE READING 

B. FINAL TUBE READING 

C. LENGTH OF TUBE CALIBRATED (B. A) 

D. WATER COLLECTED ( 42.5 

CYLINDER 1 CYLINDER 2 CYLINDER 3 

E. TUBE FACTOR (D/C) 

AVERAGETUBEFACTOR __ 4_._5_6 ___ _ 

0 1ml~1cm3 

) 

Figure 1B. - Volume or drain tube calibration data - metric units example. 
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1.00 

9.54 

8.54 

38.5 

4.51 

0.93 

10.50 

9.57 

43.5 

4.55 

0.85 

10.02 

9. 17 

42.5 

4.63 

DATE ___ _ 

cm 

cm 

cm 

mt• 

cm3/cm 

cm 

cm 

cm 

ml" 

cm3/cm 

cm 

cm 

cm 

mt• 

cm3/cm 

GPO 841-840 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 3000-89 

USING SIGNIFICANT DIGITS 
IN CALCULATING AND REPORTING LABORATORY DATA 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under che fixed designation USBR 3000. The number immediately 
following the designation indicates che year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for using 
significant digits in calculating and reporting laboratory 
test results. 

1.2 Definitions and guidelines are presented for 
determining the proper number of significant digits for 
intermediate calculations and reporting results. 

2. Applicable Documents 

2.1 USBR Procedure: 
USBR 9300 Checking, Rounding, and Reporting of 
Laboratory Data 

2.2 ASTM Standard: 
E 29 Indicating Which Places of Figures Are co Be 
Considered Significant in Specified Limiting Values 

3. Significance and Use 

3.1 Guidelines for significent digits should be used for 
calculating and reporting data when specified requirements 
are not included in a procedure, designation , or other 
document. 

3.2 To assure proper interpretation, data should be 
calculated and reported in accordance with the principles 
of significant digit theory. 

3.3 Using uniform procedures for determining the 
proper number of significant digits-for conversion factors, 
intermediate and final calculations and reporting of data­
standardizes and simplifies some operator and checker 
functions. 

NOTE 1.-Procedures for checking, rounding, and reporting 
laboratory data are described in USBR 9300. 

3.4 The principles and theory of significant digits are 
widely recognized and accepted in the technical engineering 
community; accordingly, they are being adopted as Bureau 
of Reclamation policy for all geotechnical laboratories. 

4. Terminology 

4.1 Significant Digits.-A significant digit is any of the 
numbers 1, 2, 3, 4, 5, 6, 7, 8, or 9. Zero is a significant 
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digit if it comes between two numbers or to the right 
of the decimal point at the end of the number. 

4.2 Accuracy-Accuracy is the degree of agreement of 
individual or average measurements with an accepted 
reference value. 1 

4.3 Precision.-Precision is the degree of mutual 
agreement among individual measurements. 

4.4 Number.-In this procedure, reference to "number" 
means that the number is a measured or approximated 
number, except when used in the context of "number of 
significant digits" or "number of decimal places". 

4.S Exact Count.-In this procedure, reference to "exact 
count" means that the number is considered co have an 
infinite number of significant digits. (See subpar. 6.1.3.) 

5. Precautions 

S. l Technical Precautions.-The guidelines for using 
significant digits should not be interpreted as absolute rules 
but as guides co calculate and report data without exagger­
ating the accuracy of ~he values. 

6. Procedure 

6.1 Use the following rules as guidelines for perform­
ing mathematical calculations to determine the proper 
number of significant digits. 

6.1.1 Rule 1.-In multiplication and division, the 
number of significant digits in the result is the same as 
in the number with the least number of significant digits. 

6.1.1.1 Example 1.-Determine the volume, V, of 
an object having a base area, A, of 28.48 in2 and a height, 
h, of 6.12 inches. Mathematically: 

V= Ah= (28.48 in 2)(6.12 in)= 174.2976 in3 

However, this "answer" must be considered wrong because 
it shows an accuracy that the given measurements do not 
support. By stating that height was 6.12 inches, it means 
i:he height was measured by some available instrument 
to be between 6.11 S and 6.12S inches. Similarly, the true 
area of the base was determined to be between 28.475 
and 28.48S in2• Thus, all that can be said about the volume 
is that it is between the minimum value of (28.47S in2) 
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(6.115 in) = 174.124625 in3 and the maximum value of 
(28.485 in2) (6.125 in) = 174.470625 in3. Since there are 
only three significant digits in the number with the least 
number of significant digits (6.12), it is invalid to report 
more than the first three digits in the result which leads 
to (see USBR 9300 for rounding procedures) : 

V= (28.48 in2) (6.12 in)= 174 in3 

6.1.2 Rule 2.-For addition and subtraction, the 
number of decimal places in the result is the same as in 
the number containing the fewest digits following the 
decimal. 

6.1.2. l Example 2.-The inside diameter of a mold 
has been measured to be 4.124 inches using calipers 
graduated to 0.001 inch. Using another pair of calipers 
graduated to only 0.01 inch, the diameter is measured as 
4.12 inches. What is the average of these two measure­
ments? The first step in the solution is to sum the two 
measurements. Mathematically, the sum of 4.124 inches 
and 4.12 inches = 8.244 inches. However, the number 
of significant digits in the result is controlled by the 4.12 
inch measurement. The inside diameter of the mold using . · 
the first pair of calipers ·was· measured to be between a 
minimum value of 4.1235 inches and a maximum value 
of 4.1245 inches. Similarly, the range using the other caliper 
measurement was between 4.115 inches and 4.125 inches. 
The sum of the measurements lies between a minimum 
value of 4.1235 inches + 4.115 inches = 8.2385 inches, 
and a maximum value of 4.1245 inches + 4.125 inches 
= 8.2495 inches. By inspection, the last two digits of both 
sums are, invalid. The sum should be written as: 4.124 
inches + 4.12 inches = 8.24 inches, with even the final 
digit being in doubt by one unit. 

6.1.3 Rule 3.-When an exact count is used in a 
calculation with a number, the number of significant digits 
in the result is the same as the number of significant digits 
in the number. 

6.1.3.1 Example 3.-Returning to example 2, the 
sum of the two measurements was found to be 8.24 inches. 
To find the average value of the inside diameter, chis sum 
must be divided by two. In this case, two is not a 
measurement but an exact count. Numbers that are exact 
counts are treated as though they consist of an infinite 
number of significant digits. Therefore, 
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8.24 inches/ 2 = 4.12 inches 

Since 8.24 has three significant digits, the result should 
also contain three significant digits. 

6.1.4 Rule 4.-To preserve accuracy in calculations 
involving tabulated numbers, conversion factors, and 
measured numbers, the tabular values should retain at least 
one more significant digit than the measured number. 

6.1.4.1 Example 4.-Com pure the inside circumfer­
ence, C, of a mold having an inside diameter, d, of 6.025 
inches. The equation for circumference is: 

C = rr d = rr (6.025) 

Since 6.025 contains four significant digits, the result can 
contain no more than four significant digits. How many 
significant digits should be used for the tabular value of 
rr? Consider the following computations, taken to seven 
digits for the sake of illustration only, knowing that the 
result can contain no more than four significant digits : 

Computation 
(6.025 )(3 .1415927) 

(6.025 )(3.14159) 
(6.025 )(3.1416) 

(6.025)(3.142) 
(6.025 )(3.14) 

Result 
18.92810 
18.92808 
18.92814 
18.93055 
18.91850 

Using rules previously discussed, the result, 

C = rr (6.025) = 18.93 inches 

is always valid in this example as long as at least four 
significant digits are retained for the tabular value of rr. 

NOTE 2.-This is not always the case. For example, convert 
l l.4 feet to ·meters using the conversion factor 0.3048 meters 
equals 1 foot: 

(1 l.4 feet)(0.3048 meters/foor) = 3.47 meters, 
but 

(l l.4 feet)(0.305 meters/foot) = 3.48 meters. 

Thus, rounding the conversion facror to the same number of 
significant digits as in the measured quantity, prior to 
computation, reduced the accuracy of the result. 
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The abbreviations following rhe definitions are used co refer co rhe source of the definition: 

ASTM - American Society for Testing and Materials 
ISRM - Internacional Society for Rock t,,lechanics 
ISSMFE - Inte rnacional Society for Soil Mechanics and Foundation Engineering 

The following letters of the Greek alphabet are used in chis nomenclature: 

Greek Greek 
letter name 

a alpha 
-y gamma 

~ or o delta 
€ epsilon 
11 eta 
(} theta 

Absorbed Water - Water held mechanically in a soil 
or rock mass and having physical properties not 
substantially different from ordinary water at the same 
temperature and pressure (ASTM) . 

Active Earth Pressure - see Earth Pressure 

Activity - The ratio of: (1) the plasticity index, co (2) the 
percent by dry mass of soil particles finer than 2 µm 
m size. 

Adhesion (Unit: Ca, lbf/in2 or kPa) (Total: Ca, !bf or N) -
Shearing resistance between soil and another material 
under zero externally applied pressure (ASTM). 

Adsorbed Water - Water in a soil or rock mass, held 
by physicochemical forces, having physical properties 
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Greek Greek 
letter name 

µ mu 
II nu 
p rho 
a sigma 
T tau 
cp phi 

substantially different from absorbed water or 
chemically combined water, at the same temperature 
and pressure (ASTM). 

Allowable Bearing Capacity (qa, tonr/ft2 or kPa) - The 
maximum pressure that can be permitted on foundation 
soil, giving consideration to all pertinent factors, with 
adequate safety against rupture of the soil mass or 
movement of the foundation of such magnitude that 
the structure is impaired (ASTM definition for Allowable 
Bearing Value) . 

Angle of Internal Friction[<!>, degrees (0
)] - The angle 

between the axis of normal stress and the tangent co 
the Mohr envelope at a point representing a given 
failure-stress condition for solid material (ASTM). 
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Angle of Repose [ a, degrees (0
)] - Angle between the 

horizontal and the maximum slope that a soil assumes 
through natural processes. For dry granular soils, the 
effect of the height of slope is negligible; for cohesive 
soils, the effect of height of slope is so great char the 
angle of repose is meaningless (ASTM). 

Angle of Wall Friction[<'>, degrees (0 
)] - Angle between 

the abscissa and the tangent of the curve representing 
the relationship of shearing resistance to normal stress 
acting between soil and surface of another material 
(ASTM). 

Anisotropic Mass - A mass having different properties 
in different directions at any given point (ASTM). 

Apparent Cohesion - See Cohesion 

Arching - The transfer of stress from a yielding part 
of a soil or rock mass to adjoining less-yielding or 
restrained parts of the mass (ASTM) . 

Atterberg Limits - The boundaries (determined by 
laboratory tests) of moisture content in a soil between 
the liquid state and plastic state (known as liquid limit) , 
between the plastic state and the semisolid state (known 
as the plastic limit), and between the semisolid state 
and the solid stare (known as the shrinkage limit). 

Average Degree of Consolidation ( Ut) - The ratio of 
the total volume change in a soil mass at a given rime 
to the total volume change anticipated in the soil mass 
due to primary consolidation. 

lit = 

where: 

A Vt = volume change over elapsed time, t 

A Vt= "' = total anticipated volume change 

Base Course - A layer of specified or selected material 
of planned thickness constructed on the subgrade or 
subbase for the purpose of serving one or more functions 
such as distributing load, providing drainage, minimizing 
frost action, ere. (ASTM). 

Base Exchange - The physicochemical process where­
by one species of ions adsorbed on soil particles is 
replaced by another species (ASTM). 

Bearing Capacity - See Allowable Bearing Capacity, 
Ultimate Bearing Capacity 

Bentonite - A clay with a high content of the mineral 
montmorillonire, usually characterized by high swelling 
on wetting and shrinkage on drying. 

Berm - A shelf char breaks the continuity of a slope 
(ASTM). 
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Binder - Portion of soil passing No. 40 (425-µm) U.S.A. 
Standard sieve (ASTM). 

Boulder - A particle of rock that will nor pass a 12-
inch (300-mm) square opening. 

Bulking - The increase in volume of a material due to 

manipulation. Rock bulks upon being excavated; damp 
sand bulks if loosely deposited, as by dumping, because 
rhe apparent cohesion prevents movement of the soil 
particles to form a reduced volume (ASTM). 

Buoyant Unit Weight - See Unit Weight 

Capillary Action - The rise or movement of water in 
the interstices of a soil or rock due to capillary forces 
(ASTM). 

Capillary Fringe Zone - The zone above the free water 
elevation in which water is held by capillary action 
(ASTM). 

Capillary Head (h, ft or m) - The potential, expressed 
in head of water, that causes the water to flow by capillary 
action (ASTM). 

Capillary ~igration - The movement of water by 
capillary action (ASTM). 

Capillary Rise (he, ft or m) - The height above a free 
water elevation to which water will rise by capillary 
action (ASTM). 

Capillary Water - Water subject to the influence of 
capillary .action (ASTM) . 

Clay - Soil passing the No. 200 (75-µm) U.S.A. Standard 
sieve that exhibits plasticity (putty-like properties) 
within a range of moisture contents , and which exhibits 
considerable strength when air-dried. 

Clay Size - That por~ion of the soil finer than 0.002 mm 
(0.005 mm in some cases) (ASTM). 

Cobble - A particle of rock that will pass a 12-inch (300-
mm) square opening and be retained on a 3-inch (75-
mm) U.S.A. Standard sieve. 

Coefficient of Compressibility (av, units depend on 
use) - The slope of a one-dimensional compression 
curve relating void ratio to effective stress. 

where: 

Ae 
av= - Aa' 

Ae = change in void ratio 
Aa' = change in effective stress 
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Coefficient of Consolidation (cv, units depend on use) -
A coefficient that relates the change in excess pore 
pressure with time to the excess pore pressure diffusion 
in the soil mass in terms of soil mass and pore fluid 
characteristics. The relationship corresponding to the 
linear one-dimensional infinitesimal strain consolida­
tion theory is expressed as follows: 

Cv 
k (1 + e) 

av -Yw 

where: 

k = coefficient of permeability 
e void ratio 

av coefficient of compressibility 
-Yw unit weight of water 

Coefficient of Curvature (Cc) - The ratio (l>Jo)2/(D10 
X D50), where DGo, D30, and D10 are the particle 
diameters corresponding to 60, 30, and 10 percent finer 
on the cumulative gradation curve, respectively. 

Coefficient of Earth Pressure (K) - The principal stress 
ratio at a point in a soil mass (ASTM). 

Active (KA) - The minimum ratio of: (1) the minor 
principal stress, to (2) the major principal stress. 
This is applicable where the soil has yielded 
sufficiently to develop a lower limiting value of the 
minor principal stress (ASTM). 

At Rest (Ko) - The ratio of: (1) the minor principal 
stress, to (2) the major principal stress. This is 
applicable where the soil mass is in its natural state 
without having been permitted to yield or without 
having been compressed (ASTM). 

Passive (Kp) - The maximum ratio of: (1) the major 
principal stress, to (2) the minor principal stress. 
This is applicable where the soil has been compressed 
sufficiently to develop an upper limiting value of the 
major principal stress (ASTM). 

Coefficient of Internal Friction (µ) - The tangent of 
the angle of internal friction (see Internal Friction) 
("ASTM). 

Coefficient of Permeability (k, ft/yr or cm/s) - The 
rate of discharge of water under laminar flow conditions 
through a unit cross-sectional area of a porous medium 
under a unit hydraulic gradient and standard temper­
ature conditions (usually 20 °C) (ASTM). 

Coefficient of Subgrade Reaction - See Modulus of 
Subgrade Reaction 

Coefficient of Uniformity ( Cu) - The ratio D50/ D10, 
where D50 and D10 are the particle diameters 
corresponding to 60 and 10 percent finer on the 
cumulative gradation curve, respectively. 
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Coefficient of Viscosity (17, lbf/in2 or kPa) - The 
shearing force per unit area required to maintain a unit 
difference in velocity between two parallel layers of a 
fluid a unit distance apart (ASTM). 

Coefficient of Volume Compressibility (mv, units depend 
on use) - The slope of a one-dimensional compression 
curve relating strain to effective stress. 

where: 

~f: change in strain 
f1a' change in effective stress 

Cohesion (c, lbf/in2 or kPa) - The portion of the shear 
strength of a soil indicated by the term c in Coulomb's 
equation, s = c + atan<J,, (ASTM). 

Apparent Cohesion - Cohesion in granular soils due 
to capillary forces (AS.TM). 

Cohesionless Soil - A soil that, when unconfined, has 
little or no strength when air-dried and that has little 
or no cohesion when submerged (ASTM). 

Cohesive Soil - A soil that, when unconfined, has 
considerable strength when air-dried and that has 
significant cohesion when submerged (ASTM). 

Colloidal Particles - Soil particles that are so small that 
the surface activity has an appreciable influence on the 
properties of the aggregate (ASTM) . For USBR use, 
particles smaller than 0.001 mm. 

Compaction - The densification of a soil by means of 
mechanical manipulation (ASTM). 

Compaction Curve - The curve showing the relationship 
between che dry unit weight and the moisture content 
of a soil for a given compactive effort (ASTM). 

Compaction Test - A laboratory compacting procedure 
whereby a soil at a known moisture content is placed 
in a specified manner into a mold of given dimensions, 
subjected to a compactive effort of controlled magnitude, 
and the resulting dry unit weight determined. The 
procedure is repeated for various moisture contents 
sufficient to establish a relation between moisture, 
content and dry unit weight (similar to ASTM). 

Compression - The reduction in volume of a soil mass 
resulting from an increase in effective stress. 

Compression Curve - Any function relating volume 
change to effective stress. 
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Compression Index ( Cc) - The slope of the virgin 
compression line of a one-dimensional compression 
curve relating void ratio co the logarithm of effective 
stress. 

A logo' 

where: 

Ae = change in void ratio 
A log o' = change in log of effective stress 

Compression Ratio/Modified Compression Index 
( Cc,) - The slope of the virgin compression line of 
a one-dimensional compression curve relating strain to 
the logarithm of effective stress. 

Cc,= A 1 ' 
L.l og o 

where: 

At: = change in strain 
A log o' = change in log of effective stress 

Compressive Strength - See Strength 

Cone Penetration Resistance - See Penetration 
Resistance 

Consistency - The relative ease with which a soil can 
be deformed (ASTM). 
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Consistency Limits - See Atterberg Limits 

Consolidation - The time-dependent reduction in volume 
of a soil mass resulting from an increase in effective 
stress. 

Initial Compression - An immediate reduction in 
volume of a loaded soil mass under an applied load 
due principally to expulsion and compression of gases 
in the soil voids. 

Primary Consolidation - The reduction in volume 
of a loaded soil mass due principally to expulsion 
of incompressible fluid from the void spaces of the 
mass and accompanied by a transfer of the load from 
the fluid to the soil solids. 

Secondary Consolidation - The reduction in volume 
of a loaded soil mass due to the time-dependent 
adjustment of the internal structure of the soil mass. 

Consolidation Curve - Any function relating volume 
change to time. 

Consolidometer - Apparatus used for one-dimensional 
consolidation/compression testing. 
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Creep - Slow movement of rock debris or soil usually 
imperceptible except to observations of long duration. 
Time-dependent strain or deformation, for example, 
continuing strain with sustained stress (ASTM). 

Critical Circle or Critical Surface - The sliding surface 
assumed in a theoretical analysis of a soil mass for which 
the factor of safety is a minimum (ASTM). 

Critical Density - See Void Ratio 

Critical Height (He, ft or m) - The maximum height 
at which a vertical or sloped bank of soil will stand 
unsupported under a given set of conditions (ASTM). 

Critical Hydraulic Gradient - See Hydraulic Gradient 

Critical Slope [degrees ( 0
)) - The maximum angle with 

the horizontal at which a sloped bank of soil or rock 
of given height will stand unsupported (ASTM). 

Critical Void Ratio - See Void Ratio 

Degree of Consolidation ( Uz,t) - Dimensionless term 
used co describe the extent of pore pressure dissipation 
at a point in a soil mass at a specific time. · 

U _U-='z~i _-_U~z=t 
z,t = 

Uz,i 

where: 

UzJ initial excess pore pressure at distance, z 
Uz,t = excess pore pressure at distance, z, and time, t 

Degree of Saturation - See Percent Saturation 

Density (p, lbm/ft3 or kg/m3) - Mass per unit volume 
(ASTM). (Note: Although p is the correct symbol for 
density, the symbol y has often been used in soil 
mechanics literature to represent density; y should be 
used for unit weight (see Unit Weight). 

Deviator Stress (01 - 03, lbf/in2 or kPa) - The difference 
between the major and minor principal stresses in a 
triaxial test (ASTM). 

Dilatancy - The expansion of cohesionless soils when 
subject to shearing deformation (ASTM). 

Dilatancy Test - A test used to indicate the presence 
of significant amounts of rock flour, silt, or very fine 
sand in a fine-grained soil. It consists of shaking a pat 
of wet soil, having a consistency of thick paste, in the 
palm of the hand; observing the surface for a glossy 
or livery appearance; then squeezing the pat; and 
observing if a rapid apparent drying and subsequent 
cracking of the soil occurs (ASTM definition of Shaking 
Test). 
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Direct Shear Test - A shear test in which soil or rock 
under an applied normal load is stressed co failure by 
moving one section of the specimen container (shear 
box) relative co the other section (similar to ASTM). 

Discharge Velocity ( V, ft/s or m/s) - Rate of discharge 
of water through a porous medium per unit of coral 
area perpendicular to the direction of flow (ASTM). 

Dispersing Agent - An agent used to assist in separating 
individual fine soil particles and to prevent them from 
flocculating when in suspension. 

Dispersive Clay - Clay colloids that deflocculate in the 
presence of water because the physicochemical repulsive 
forces on the particles exceed the attractive forces. 
Dispersive clay colloids are easily detached from one 
another, and the individual particles go into suspension 
in the presence of water. 

Drawdown - Vertical distance the free water elevation 
is lowered or the reduction of the pressure head due 
to the removal of free water (ASTM). 

Dry Unit Weight - See Unit Weight 

Earth - See Soil 

Earth Pressure (Force) (Pressure: p , lbf/in2 or kPa) 
(Force: P, lbf or N) - The pressure or force exerted 
by soil on any boundary (ASTM). 

Active Earth Pressure (PA or pA ) - The minimum 
value of earth pressure. This condition exists when 
a soil mass is permitted to yield sufficiently to cause 
its internal shearing resistance along a potential 
failure surface to be completely mobilized (ASTM). 

At-Rest Earth Pressure (Po or po) - The value of 
the earth pressure when the soil mass is in its natural 
state without having been permitted to yield or 
without having been compressed (ASTM). 

Passive Earth Pressure (PP or pp) - The maximum 
value of earth pressure. This condition exists when 
a soil mass is compressed sufficiently to cause its 
internal shearing resistance along a potential failure 
surface to be completely mobilized (ASTM) . 

Effective Diameter (D10, mm) - Particle diameter 
corresponding co 10 percent finer on the accumulative 
gradation curve (ASTM) . 

Effective Force (F ', lbf or N) - The force transmitted 
through a soil or rock mass by intergranular pressures 
(ASTM) . 

Effective Porosity (ne) - The ratio of: (1) the volume 
of a soil or rock mass that can be drained by gravity, 
co (2) the total volume of the mass (ASTM). 

Effective Stress - See Stress 

Equipotential Line - See Piezometric Line 
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Equivalent Diameter (D, mm) - The diameter of a 
hypothetical sphere composed of material having the 
same specific gravity as that of the actual soil particle 
and of such size that it will settle in a given liquid 
at the same terminal velocity as the actual soil particle 
(ASTM). 

Equivalent Fluid - A hypothetical fluid having a unit 
weight such that it will produce a pressure against a 
lateral support presumed to be equivalent to that 
produced by the actual soil. This simplified approach 
is valid only when deformation conditions are such that 
the pressure increases linearly with depth and the wall 
friction is neglected (ASTM). 

Equivalent Size - See Equivalent Diameter 

Exchange Capacity - The capacity to exchange ions as 
measured by the quantity of exchangeable ions in a soil 
or rock (ASTM). 

Expansion - The increase in volume of a soil mass. 

Fill - Manmade deposits of natural soils or rock products 
and waste materials designed and installed in such a 
manner as to provide drainage, yet prevent the 
movement of soil particles due to flowing water (ASTM). 

Filter - A layer or combination of layers of pervious 
materials designed and installed in such a manner as 
to provide drainage, yet prevent the movement of soil 
particles due to flowing water (ASTM) . 

Fines - Portion of soil finer than a No. 200 (75 µm) 
U.S.A. Standard sieve (ASTM) . 

Floe - Loose, open-structured mass formed in a suspen­
sion by the aggregation of minute particles (ASTM). 

Flocculation - The process of forming floes (ASTM). 

Flow Channel - The portion of a flow net bounded by 
two adjacent flow lines (ASTM). 

Flow Curve - The locus of points obtained from a 
standard liquid limit test and plotted on a graph 
representing moisture content as ordinate on an 
arithmetic scale and the number of blows as abscissa 
on a logarithmic scale (ASTM). 

Flow Failure - Failure in which a soil mass moves over 
relatively long distances in a fluidlike manner (ASTM). 

Flow Line - The path that a particle of water follows 
in its course of seepage under laminar flow conditions 
(ASTM). 

Flow Net - A graphical representation of flow lines and 
equipotential (piezometric) lines used in the study of 
seepage phenomena (ASTM). 

Flow Slide - The failure of a sloped bank of soil in 
which the movement of the soil mass does not take 
place along a well-defined surface of sliding (ASTM). 
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Footing - Portion of the foundation of a structure that 
transmits loads directly to the soil (ASTM). 

Foundation - Lower part of a structure that transmits 
the load tO the soil or rock (ASTM). 

Foundation Soil - Upper part of the earth mass carrying 
the load of the structure (ASTM). 

Free Water/Gravitational Water/Ground Water/ 
Phreatic Water - Water that is free to move through 
a soil or rock mass under the influence of gravity 
(ASTM). 

Free Water Elevation/Water Table/Ground-Water Sur­
face/Free Water Surface/Ground-Water Elevation -
Elevations at which the pressure in the water is zero 
with respect to the atmospheric pressure (ASTM). 

Frost Action - Freezing and thawing of moisture in 
materials and the resultant effects on these materials 
and on structures of which they are a part or with which 
they are in contact (ASTM) . 

. Frost Boil -
(a) Softening of soil occurring during a thawing period 

due to the liberation of water from ice lenses or layers 
(ASTM). 

(b) The hole formed in flexible pavements by the 
extrusion of soft soil and melt waters under the action 
of wheel loads (ASTM). 

(c) Breaking of a highway or airfield pavement under 
traffic and the ejection of subgrade soil in a soft and 
soupy condition caused by the melting of ice lenses 
formed by frost action (ASTM) . 

Frost Heave - The raising of a surface due tO the 
accumulation of ice in the underlying soil · or rock 
(ASTM). 

Gradation - The proportions by mass of a soil or 
fragmented rock distributed in specified particle-size 
ranges (ASTM). 

Gradation Analysis - The • process of determining 
gradation (ASTM). 

Grain-Size Distribution - See Gradation 

Gravel - Particles of rock that will pass a 3-inch (75-
mm) U.S.A Standard sieve and be retained on a No. 4 
(4.75-mm) sieve. 

Ground Water- See Free Water and Free Water Elevation 

Heave - Upward movement of soil caused by expansion 
or displacement resulting from phenomena such as: 
moisture absorption, removal of overburden, driving 
of piles, frost action, and loading of an adjacent area 
(ASTM) . 
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Homogeneous Mass - A mass that exhibits essentially 
the same physical properties at every point throughout 
the mass (ASTM). 

Hydraulic Gradient (1) - The loss of hydraulic head per 

unit distance of flow, ~r (ASTM). 

Critical Hydraulic Gradient (1~) - Hydraulic gradient 
at which the intergranular pressure in a mass of 
cohesionless soil is reduced to zero by the upward 
flow of water (ASTM). 

Hydrostatic Pressure (uo, lbf/in2 or kPa) - A state of 
stress in which all the principal stresses are equal (and 
there is no shear stress) as in a liquid at rest; the product 
of the unit weight of the liquid and the difference in 
elevation between the given point and the free water 
elevation (ASTM). 

Hygroscopic Capacity/Hygroscopic Coefficient (we) -
Ratio of: (1) the mass of water absorbed by a dry soil 
or rock in a saturated atmosphere at a given 
temperature, to (2) the mass of the ovendried soil or 
rock (ASTM) . 

Hygroscopic Moisture Content ( WH, % ) - The moisture 
content of an air-dried soil or rock (ASTM). 

Internal Friction - The portion of the shearing strength 
of a soil or rock indicated by the terms atan cj, in 
Coulomb's equation s = c + atan cj,. It is usually 
considered to be due to the interlocking of the soil or 
rock grains and the resistance to sliding between the 
grains (ASTM). 

Isochrome - A curve showing the distribution of the 
excess hydrostatic pressure at a given time during a 
process of consolidation (ASTM). 

Isotropic Mass - A mass having the same property (or 
properties) in all directions (ASTM) . 

Laminar Flow - Flow in which the head loss is 
proportional to the first power of the velocity (ASTM). 

Landslide - The failure of a sloped bank of soil or rock 
. in which the movement of the mass takes place along 

a surface of sliding (ASTM) . 

Leaching - The removal of soluble soil material and 
colloids by percolating water (ASTM). 

Line of Seepage/Seepage Line/Phreatic Line - The 
upper free water surface of the zone of seepage (ASTM). 

Linear Expansion (L,, %) - The increase in one 
dimension of a soil mass, expressed as a percentage of 
that dimension at the shrinkage limit, when the moisture 
content is increased from the shrinkage limit to any 
given moisture content (ASTM). 
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Linear Shrinkage (Ls, % ) - Decrease in one dimension 
of a soil mass, expressed as a percentage of the original 
dimension, when the moisture content is reduced from 
a given value to the shrinkage limit (ASTM). 

Liquefaction - The sudden large decrease of the shearing 
resistance of a cohesionless soil. It is caused by a collapse 
of the structure by shock or other type of strain and 
is associated with a sudden but temporary increase of 
the pore-fluid pressure. It involves a temporary 
transformation of the material into a fluid mass (ASTM). 

Liquid Limit (LL) - The moisture content corresponding 
to the arbitrary limit between the liquid and plastic states 
of consistency of a soil [ASTM (a)]. 

Liquidity Index (LI) - The ratio, expressed as a 
percentage, of: (1) the natural moisture content of a 
soil minus its plastic limit, to (2) its plasticity index 
(ASTM). 

Maximum Density - See Density 

Mechanical Analysis - See Gradation Analysis 

Modulus of Elasticity/Modulus of Deformation (E, M, 
lbf/in2 or GPa) - The ratio of stress to strain for 
a material under given loading conditions; numerically 
equal to the slope of the tangent or the secant of a 
stress - strain curve. The use of the term Modulus 
0£ Elasticity is recommended for materials that deform 
im. accordance with Hooke's law; the term Modulus of 
Deformation for materials that deform otherwise 
(ASTM). 

Modulus of Shear Deformation (G, lbf/in2 or GPa) -
The ratio between a given shear stress change and the 
corresponding shear strain change (all other stresses 
being constant) (ISSMFE). 

Modulus of Subgrade Reaction (k, lbf/in 2/in or 
kN/m2/m) - Ratio of: (1) load per unit area of 
horizontal surface of a mass of soil, to (2) corresponding 
settlement of the surface. It is determined as the slope 
of the secant, drawn between the point corresponding 
to zero settlement and the point of 0.05-inch settlement, 
of a load settlement curve obtained from a plate load 
test on a soil using a 30-inch or greater diameter loading 
plate. It is used in the design of concrete pavements 
by the Westergaard method (ASTM definition for 
coefficient of subgrade reaction). (Note: It is used also 
for beam-on-elastic foundation problems.) 

Mohr Circle - A graphical representation of the stresses 
acting. on the various planes at a given point (ASTM). 

Mohr Failure Envelope - The envelope of a series of 
Mohr circles representing stress conditions at failure 
for a given material. According to Mohr's rupture 
hypothesis, a rupture envelope is the locus of points 
the coordinates of which represent the combinations 
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of normal and shear stresses that will cause a given 
material to fail (ASTM definition for Mohr ·Envelope). 

Moisture Content ( w, % ) - The ratio expressed as a 
percentage of: (1) the mass of water in a given soil 
mass, to (2) the mass of solid particles (ASTM). 

Moisture-Density Curve - See Compaction Curve 

Moisture-Density Test - See Compaction Test 

Moisture-Penetration Resistance Curve - The curve 
showing·the relationship between: (1) the penetration 
resistance of a soil penetrometer, and (2) the moisture 
content. 

Neutral Stress - See Stress 

Normal Stress - See Stress 

Normally Consolidated Soil - A soil mass that has never 
been subjected to an effective stress greater than the 
existing effective stress. 

Optimum Moisture Content ( wa, % ) - The moisture 
content at which a soil can be compacted to the 
maximum dry unit weight by a given compactive effort 
(ASTM). 

Organic Clay - A clay with sufficient organic content 
to influence the soil properties. 

Organic Silt - A silt with sufficient organic content to 
influence the soil properties. 

Organic Soil - Soil with a high organic content. In 
general, organic soils are very compressible and have 
poor load-sustaining properties (ASTM). 

Overconsolidation Ratio (OCR) - The ratio of the pre­
consolidation stress to the present effective stress. 

Parent Material - Material from which a soil has been 
derived (ASTM). 

Particle-Size Analysis - See Gradation Analysis 

Passive Earth Pressure - See Earth Pressure 

Peat - A soil composed primarily of vegetable tissue in 
various stages of decomposition with an organic odor, 
a dark brown to black color, a spongy consistency, and 
a texture ranging from fibrous to amorphous (ASTM 
D 2487-83). 

Penetration Resistance -

Standard Penetration Resistance, N - The number 
of blows of a 140-lbm hammer falling 30 inches 
required to produce 1 foot of penetration of a standard 
2-inch outside diameter, 1-3/8-inch inside diameter 
sampler into soil, after an initial 0.5-foot seating. 
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Cone Penetration Resistance ( Cr, !bf/ in2 or kPa) -
The force exerted on a cone with a 60° apex angle 
and projected area of either 10 cm2 or 15 cm2 

advanced at a rate of 10 to 20 mm/s into soil. 

Penetrometer Penetration Resistance (!bf/ in2 or 
kPa) - The force required to produce a specified 
penetration into soil at a specified rate of a soil 
penetrometer. 

Penetration Resistance Curve - See Moisture­
Penetration Resistance Curve 

Percent Compaction (%) - The ratio, expressed as a 
percentage, of: (1) dry unit weight of a soil, to 
(2) maximum dry unit weight obtained in a laboratory 
compaction test (ASTM). 

Percent Saturation (Sr, % ) - The ratio, expressed as 
a percentage, of: (1) the volume of water in a given 
soil or rock mass, to (2) the total volume of intergranular 
space (voids) (ASTM). 

Perched Water Table - A water table usually of limited 
area maintained above the normal free water elevation 
by the presence of an intervening relatively impervious 
confining stratum (ASTM). 

Percolation - See Seepage 

Permafrost - Perennially frozen soil (ASTM). 

Permeability - The capacity of a rock or soil to conduct 
liquid or gas (also see Coefficient of Permeability). 

pH - An index of the acidity or alkalinity of a soil in 
terms of the logarithm of the reciprocal of the hydrogen 
ion concentration (ASTM). 

Phreatic Line - See Line of Seepage 

Phreatic Water - See Free Water 

Piezometer - An instrument for measuring pressure head 
(ASTM). 

Piezometric Line/Equipotential Line - A line along 
which water will rise to the same elevation in piezometric 
tubes (ASTM). 

Piezometric Surface - The surface at which water will 
stand in a series of piezometers (ASTM). 

Pile - Relatively slender structural element which is 
driven or otherwise introduced into the soil, usually for 
the purpose of providing vertical or lateral support 
(ASTM). 

Piping - The progressive removal of soil particles from 
a mass by percolating water leading to the development 
of channels (ASTM). 
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Plastic Flow/Plastic Deformation - The deformation 
of a plastic material beyond the point of recovery, 
accompanied by continuing deformation with no further 
increase in stress (ASTM). 

Plastic Behavior - The property of a soil or rock which 
allows it to be deformed beyond the point of recovery 
without cracking or appreciable volume change (ASTM 
definition for plasticity). 

Plasticity Index (Pl) - Numerical difference between 
the liquid limit and the plastic limit (ASTM). 

Plastic Limit (PL) - The moisture content corresponding 
to an arbitrary limit between the plastic and the semisolid 
states of consistency of a soil [ASTM (a)]. 

Poisson's Ratio (v) - The ratio between linear strain 
changes perpendicular to and in the direction of a given 
uniaxial stress change. 

Pore Pressure/Pore Water Pressure - See Neutral Stress 
under Stress 

Porosity ( n, % ) - The ratio, usually expressed as a 
percentage, of: (1) the volume of voids of a given soil 
mass, to (2) the total volume of the soil mass (ASTM). 

Potential Drop (h, ft or m) - The difference m total 
head between two equipotential lines (ASTM). 

Preconsolidation Stress - The greate;it effe_ctive stress 
to which a soil mass has been subjected. · 

Pressure (p, lbf/in2 or kPa) - The load divided by the 
area over which it acts (ASTM). 

Pressure Bulb - The .zone in a loaded soil or rock mass 
bounded by an arbitrarily selected isobar of stress 
(ASTM). 

Principal Plane - Each of three mutually perpendicular 
planes through a point in a soil mass on which the 
shearing stress is zero (ASTM). 

Intermediate Principal Plane - The plane norriial to 
the direction of the intermediate pr:incipal stress 
(ASTM). 

Major Principal Plane - The plane normal to the 
direction of the major principal stress (ASTM): 

Minor Principal Plane - The plane normal to the 
direction of the minor principal stress (ASTM).• 

Proctor Compaction Curve - See Compaction Curve 

Proctor Penetration Curve - See Penetration Resistance 
Curve 

Proctor Penetration Resistance - See Penetration 
Resistance 
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Progressive Shear Failure - Failure in which the ultimate 
shearing resistance is progressively mobilized along the 
failure surface (ASTM definition for Progressive 
Failure). 

Quick Condition/Quicksand - Condition in which water 
is flowing upward with sufficient velocity to reduce 
significantly the bearing capacity of the soil through 
a decrease in intergranular pressure (ASTM). 

Rebound - Volume change associated with a decrease 
in effective stress. 

Rebound Curve - The portion of a compression curve 
relating volume change to decrease in effective stress. 

Rebound Index ( Crb, units depend on use) - The slope 
of the rebound portion of a one-dimensional compres­
sion curve relating void ratio to the logarithm of effective 
stress. 

where: 

~e 
~log a' 

~ log a' 

change in void ratio 
change in log of effective stress 

Recompression - Volume change associated with an 
increase in effective stress for stresses less than the 
preconsolidation stress. 

Recompression Curve - The portion of a compression 
curve relating volume change to an increase in effective 
stress for stresses less than the preconsolidation stress. 

Recompression Index ( Crc, units depend on use) - The 
slope of the recompression portion of a one-dimensional 
compression curve relating void ratio to the logarithm 
of effective stress. 

~ log a' 

where: 

change in strain 
change in log of effective stress 

Relative Density (Dd, % ) - The ratio of: (1) the 
difference between the void ratio of a cohesionless soil 
in the loosest state and any given void ratio, to (2) the 
difference between its void ratios in the loosest and 
in the densest states (ASTM). 

Relative Water Content - See Liquidity Index 

Remolded Soil - Soil that has had its natural structure 
modified by manipulation (ASTM). 

Rock - Natural solid mineral matter occurring in large 
masses or fragments (ASTM). 
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Rotational Shear Test - A shear test in which a relatively 
thin test specimen of solid circular or annular cross 
section, usually confined between rings, is subjected to 
an axial load and to shear in torsion. In-place rotational 
shear tests may be performed by pressing a dentated 
solid circular or annular plate against the soil and 
measuring its resistance to rotation under a given axial 
load (ASTM definition for Torsional Shear Test). 

Sand - Particles of rock that will pass the No. 4 (4.75-
mm) U.S.A. Standard sieve and be retained on the 
No. 200 (75-µm) sieve (similar to ASTM). 

Sand Boil - The ejection of sand and water resulting 
from piping (ASTM). 

Seepage - The slow movement of gravitational water 
through the soil or rock (ASTM). 

Seepage Force ( /, !bf or N) - The force transmitted 
to the soil or rock grains by seepage (ASTM). 

Seepage Line - See Line of Seepage 

Seepage Velocity ( Va, ft/yr or m/s) - The rate of 
discharge of seepage water through a porous medium 
per unit area of void space perpendicular to the direction 
of flow (ASTM). 

Shear Failure - Failure in which movement caused by 
shearing stresses in a soil or rock mass is of sufficient 
magnitude to destroy or seriously endanger a structure 
(ASTM). 

General Shear Failure - Failure in which the ultimate 
strength of the soil or rock is mobilized along the 
entire potential surface of sliding before the structure 
supported by the soil is impaired by excessive 
movement (ASTM). 

Local Shear Failure - Failure in which the ultimate 
shearing strength of the soil or rock is mobilized 
only locally along the potential surface of sliding at 
the time the structure supported by the soil is 
impaired by excessive movement (ASTM). 

Shear Strength - See Strength 

Shear Strain (y, radians) - The change of the angle 
between two planes originally perpendicular to each 
other (ISSMFE). 

Shear Stress - See Stress 

Shrinkage Limit (SL) - The maximum moisture content 
at which a reduction in moisture content will not cause 
a decrease in volume of the soil mass (ASTM). 

Shrinkage Ratio (R) - The ratio of: (1) a given volume 
change, expressed as a percentage of the dry volume, 
to (2) the corresponding change in moisture content 
above the shrinkage limit, expressed as a percentage 
of the mass of the ovendried soil (ASTM). 
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Silt - Material passing the No. 200 (75-µm) U.S.A. 
Standard sieve that is nonplastic or very slightly plastic 
and that exhibits little or no strength when air-dried 
(ASTM). 

Silt Size - That portion of the soil finer than 0.02 mm 
and coarser than 0.002 mm (0.05 mm and 0.005 mm 
in some cases) (ASTM). 

Skin Friction(/, lbf/in2 or kPa)-The frictional resistance 
developed between soil and an element of a structure 
(ASTM). 

Slaking - The process of breaking up or sloughing when 
an indurated soil is immersed in water (ASTM). 

Air Slaking - The process of breaking up or sloughing 
when an indurated soil is exposed to air. 

Slide - See Landslide 

Soil - Sediments or other unconsolidated accumulations 
of solid particles produced by the physical and chemical 
disintegration of rocks, and which may or may not 
contain organic matter (ASTM). 

Soil-Cement - A mixture of soil, portland cement, and 
water that (as the cement hydrates), forms a material 
with a higher strength than the untreated soil. 
Depending on the amount of water used, it can be placed 
as a compacted material, as a mortar, or as a slurry. 

Soil-Cement Slurry - Soil-cement with a moisture 
content such that· it has the consistency of a thick liquid. 

Soil Mechanics - The application of the laws and 
principles of mechanics and hydraulics to engineering 
problems dealing with soil as an engineering material 
(ASTM). 

Soil Physics - The organized body of knowledge 
concerned with the physical characteristics of soil and 
with the methods employed in their determinations 
(ASTM). 

Soil Profile - Vertical section of a soil, showing the nature 
and sequence of the various layers, as developed by 
deposition or weathering, or both (ASTM). 

Soil Stabilization - Chemical or mechanical treatment 
designed to increase or maintain the stability of a mass 
of soil or otherwise to improve its engineering properties 
(ASTM). 

Soil Structure - The arrangement and state of 
aggregation of soil particles in a soil mass (ASTM). 

Flocculent Structure - An arrangement composed of 
floes of soil particles instead of individual soil particles 
(ASTM). 
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Honeycomb Structure - An arrangement of soil 
particles having a comparatively loose, stable 
structure resembling a honeycomb (ASTM). 

Single-Grained Structure - An arrangement com­
posed of individual soil particles; characteristic 
structure of coarse-grained soils (ASTM). 

Soil Suspension - Highly diffused mixture of soil and 
water (ASTM). 

Soil Texture - See Gradation 

Specific Gravity -

Specific Gravity of Solids ( Gs) - Ratio of: (1) the 
mass in air of a given volume of solids at a stated 
temperature, to (2) the mass in air of an equal volume 
of distilled water at a stated temperature (ASTM). 

Apparent Specific Gravity ( Ga) - Ratio of: (1) the 
mass in air of a given volume of the impermeable 
portion of a permeable material (that is the solid 
matter including its impermeable pores or voids) 
at a stated temperature, to (2) the mass in air of 
an equal volume of distilled water at a stated 
temperature (ASTM). 

Bulk Specific Gravity (Specific Mass Gravity) ( Gm) -
Ratio of: (1) the mass in air of a given volume of 
a permeable material (including both permeable and 
impermeable voids normal to the material) at a stated 
temperature, to (2) the mass in air of an equal volume 
of distilled water at a stated temperature (ASTM). 

· Specific Surface - The surface area per unit of volume 
of soil particles (ASTM). 

Specific Yield - The ratio of: (1) the volume of water 
that a saturated rock or soil will yield by gravity, to 
(2) the total volume of the rock or soil. 

Standard Penetration Resistance - See Penetration 
Resistance 

Sticky Limit ( Tw) - The lowest moisture content at which 
a soil will stick to a metal blade drawn across the surface 
of the soil mass (ASTM). 

Strain (e) - The change in length per unit of length 
in a given direction ·(ASTlvi). 

Strength - The maximum stress which a material can 
resist without failing for any given type of loading 
(ISRM). 

Compressive Strength (qu, lbf/in2 or kPa) - The load 
per unit area at which an unconfined cylindrical 
specimen of soil or rock will fail in a simple 
compression rest. Commonly, the failure load is the 
maximum that the specimen can withstand in the 
rest (ASTM). 
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Shear Strength (s, lbf/in2 or kPa) - The maximum 
resistance of a soil or rock to shearing stresses 
(ASTM). 

Stress (o, lbf/in2 or kPa) - The force per unit area acting 
within the soil mass (ASTM). 

Effective Stress (o') - The average normal force per 
unit area transmitted from grain to grain of a soil 
mass (similar to ASTM). 

Neutral Stress/Pore Pressure/Pore Water Pressure 
(u) - Stress transmitted through the pore water 
(water filling the voids of the soil) (ASTM). 

Normal Stress (o) - The stress component normal 
to a given plane (ASTM). 

Principal Stress (01, 02, 03) - Stress acting normal 
to three mutually perpendicular planes intersecting 
at a point in a body, on which the shearing stress 
is zero (ASTM) . 

Major Principal Suess (01) - The largest (with 
regard to sign) principal stress (ASTM). 

Minor Principal Stress (03) - The smallest (with 
regard to sign) principal stress (ASTM). 

Intermediate Principal Stress (02) - The principal 
stress whose value is neither the largest nor the 
smallest (with regard co sign) of the three (ASTM) . 

Shear Stress ( r) - The stress component tangential 
to a given plane (ASTM) . 

Total Stress (o) - The coca! force per unit area acting 
within a mass of soil. le is the sum of the neutral 
and effective stresses (ASTM). 

Subbase - A layer used in a pavement system between 
the subgrade and base course, or between the subgrade 
and portland cement concrete pavement (ASTM) . 

Subgrade - The soil prepared and compacted to support 
a structure or a pavement system (ASTM). 

Subgrade Surface - The surface of the earth or rock 
prepared co support a structure or a pavement system 
(ASTM). 

Swell Pressure (ps, lbf/in2 or kPa) - The pressure 
required to maintain zero expansion. 

Thixotropy - The property of a material that enables 
it to stiffen in a relatively short time on standing, but 
upon agitation or manipulation to change co a very 
soft consistency or to a fluid of high viscosity; the process 
being completely reversible (ASTM) . 

Time Factor (Tv) - A dimensionless parameter relating 
the coefficient of consolidation to time and a charac-
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ceriscic length determined by drainage conditions. It is 
used in_ linear one-dimensional infinitesimal strain 
consolidation theory to determine the degree of 
consolidation as a function of time and space. 

where: 

Cv = coefficient of consolidation 
t = time 

H = length of drainage path 

Topsoil - Surface soil, usually containing organic matter 
(ASTM). ' 

Transformed Flow Nee - A flow net whose boundaries 
have been properly modified (transformed) so chat a 
net consisting of curvilinear squares can be constructed 
to represent flow conditions in an anisotropic porous 
medium (ASTM) . 

Triaxial Shear Test - A test in which a specimen of 
soil or rock encased by an impervious membrane is 
subjected to a confining pressure and then loaded axially 
to failure (ASTM). 

Turbulent Flow - That type of flow in which any water 
particle may move in any direction with respect co any 
other particle, and in which the head loss is approx­
imately proportional co che second power of the velocity 
(ASTM). 

Ultimate Bearing Capacity (qu, conr/ft2 or kPa) - The 
load per unit of area required to produce failure by 
rupture of a supporting soil or rock mass (similar co 
ASTM). 

Unconfined Compressive Strength - See Strength 

Undisturbed Sample -- A soil sample that has been 
obtained by methods in which every precaution has been 
taken to minimize disturbance to the sample (ASTM). 

Unit Weight (y, lbf/fc3 or kN/m3) - Weight per unit 
volume (ASTM). 

Dry Unit Weight (Yd) -The weight of solid particles 
per unit of total volume. 

Wet Unit Weight (Ywet) - The unit weight of solids 
plus water per unit volume, irrespective of the degree 
of saturation. 

Maximum Unit Weight (Ymax) - The dry unit weight 
defined by the peak of a compaction curve. 

Saturated Unit Weight (Ysai) - The wee unit weight 
of soil when saturated. 

Unit Weight of Water (Yw) - The weight per unit 
volume of water. 
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Uplift (Unit: u, lbf/in2 or kPa) (Total: (U, !bf or N) -
The upward water pressure on a structure (ASTM). 

Unload-Reload Cycle - A loading sequence resulting in 
rebound and recompression. 

Vane Shear Tesc - An in-place shear test in which a 
rod with thin radial vanes at the end is forced into 
the soil and the resistance to rotation of the rod is 
determined (ASTM). 

Virgin Compression - Compression corresponding to 
stresses greater than the preconsolidation stress. 

Virgin Compression Curve - The portion of the 
compression curve corresponding to virgin compression. 

Virgin Compression Line - Straight line approximating 
the virgin compression curve. 

Void - Space in a soil or rock mass not occupied by 
solid mineral matter. This space may be occupied by 
air, water, or other gaseous or liquid material (ASTM). 

Void Ratio (e) - The ratio of: (1) the volume of void 
space, to (2) the volume of solid particles m a given 
soil mass (ASTM). 

Volumetric Shrinkage ( Vs, % - The decrease in volume, 
·expressed · as a percentage of the soil mass when dried, 
of a soil mass when the moisture content is reduced 
from a given percentage to the shrinkage limit (ASTM). 

Wall Friction (/', lbf/in2 or kPa) - Frictional resistance 
mobilized between a wall and the soil or rock in contact 
with the wall (ASTM). 

Water Content - See Moisture Content 

Water-Holding Capacity - The smallest value to which 
the moisture content of a soil can be reduced by gravity 
drainage (ASTM). 

Water Plasticity Ratio - See Liquidity Index 

Water Table - See Free Water Elevation 
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Wet Unit Weight - See Unit Weight 

Zero Air Voids Curve - The curve showing the 
relationship between dry unit weights and corresponding 
moisture contents, assuming that all of the voids are 
completely filled with water. 

NOfES 

1. A "prime" (') applies to effective stress or force. 
2. The prefix "/1" denotes an increment or a change. 
3. For SI units: 

4. 

5. 

kPa is used for pressure and stress, and 
GPa is used for modulus. 

For SI units: 
N is used for force that would normally 
expressed in pounds, and 
kN is used for force that would normally 
expressed in tons or kips. 

For inch-pound system units: 
lbm is used for mass that would normally 
expressed in pounds, and 

be 

be 

be 

lbf is used for force that would normally be 
expressed in pounds. 
lbf represents the expression, mg, where the mass, 
m , is expressed in lbm and g is the acceleration 
of gravity. For practical purposes, g is assumed 
to be constant. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 4617-89 
PROCEDURE FOR 

CAPPING CYLINDRICAL CONCRETE SPECIMENS 

INTRODUCTION 

T~i~ ~est procedure i~ under the jurisdiction of the Concrete and Strucrural Branch, code D-3730, Research and Laboratory Services 
Divisi~n, Denver ?ff•c~, D~nv~r, Colorado. The_ p_rocedure i~ issued under the fixed designation USBR 4617; the number immediately 
following th~ des1_gnat1on md1Cates year of ongmal adoptmn or year of last revision. This test procedure is a modified version 
of ASTM des1gnat1on; C 617-84. 

1. Scope 

1.1 This designation covers the apparatus, materials, 
and procedures for capping freshly molded (2 ro 4 hours 
after molding) concrete cylinders with neat cement and 
hardened cylinders and drilled concrete cores with high­
strength gypsum plaster or sulfur mortar. 

1.2 The cap shall have a compressive strength equal 
to or greater than the compressive strength of the concrete 
ro be tested. When this is not possible, planeness of the 
ends of specimens shall be obtained by sawing or grinding. 
The surfaces of capped compression specimens shall be 
plane within a tolerance of 0.002 inch (0.05 mm) across 
any diameter. 

2. Auxiliary Tests 

2.1 The requirement that capping materials for 
hardened specimens must equal or exceed the anticipated 
compressive strength of the cylinder shall be assured by 
compliance with procedures as outlined under ASTM C 472 
and USBR 4109 (also covered in section 5.2.2.1) . 

3. Applicable Documents 

3.1 USER Procedures: 
4109 Compressive Strength of Hydraulic Cement Mortars 
Using 2-Inch or 50-Millimeter Cube Specimens 
4305 Mechanical Mixing of Hydraulic Cement Pastes and 
Mortars of Plastic Consistency 

3.2 ASTM Standards: 
C 150 _Standard Specification for Portland Cementl.2 

C 230 Standard Specification for Flow Table for Use in 
Tests of Hydraulic Cement1,2 

C 472 Standard Methods for Physical Testing of Gypsum 
Plasters and Gypsum Concrete1 

C 617 Standard Practice for Capping Cylindrical Concrete 
Specimens2 

E 18 Standard Test Methods for Rockwell Hardness and 
Rockwell Superficial Hardness of Metallic MateriaJs3 

1 Annual Book of ASTM Standards, vol. 04.01. 
2 Annual Book of ASTM Standards, vol. 04.02. 
3 Annual Book of ASTM Standards, vols. 02.03, 03.01. 
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3.3 
B46.l 

ANSI Standards: 
Standard for Surface Texture4 

4. Apparatus 

4.1 Competency of Capping Material: 
4.1.1 The apparatus used to make cubes such as 

scales, glass graduates, specimen molds, mixer bowl and 
paddle, flow table and flow mold, tamper, trowel, and 
testing machine are described in USBR 4109; with further 
reference ro USBR 4305 for mixer bowl and paddle; and 
to ASTM C 230 for flow table and flow mold. 

4.1.2 Additional equipment required under the 
procedure for molding high-strength, gypsum-plaster cubes 
is the Vicat apparatus described in ASTM C 472. 

4.1.3 An acceptable mold is shown on figure 1. 
4.2 Capping Equipment: 

4.2.1 Capping Plates.-Neat cement caps and high­
strength, gypsum-plaster caps shall be formed against a 
glass· plate at least 1/4 inch (6 mm) thick, a machined 
metal plate at least 1/2 inch (13 mm) thick, or a polished 
plate of granite or diabase at least 3 inches (76 mm) thick. 
Sulfur mortar caps shall be formed against similar metal 
or stone plates. In all cases, plates shall be at least 1 inch 
(25 mm) greater in diameter than test specimen, and 
working surfaces shall not depart from a plane by more 
than 0.002 inch (0.05 mm) in 6 inches (152 mm). The 
surface roughness of newly finished metal plates shall not 
exceed that set forth in table 4 of American National 
Standard B46.l , which is 125 µ inch (3.175 µm) for any 
type of surface and direction of lay. The surface, when 
new, shall be free of gouges, grooves, or indentations beyond 
those caused by finishing operation. Metal plates that have 
been in use shall be free of any gouges, grooves, and 
indentations greater than 0.010 inch (0.25 mm) deep or 
greater than 0.05 in2 (32 mm2) in surface area. If a recess 
is machined into the metal plate, thickness of place beneath 
recessed area shall be at lease 1/2 inch (13 mm). In no 
case shall recess in place be.deeper than 1/2 inch. 

NOfE 1.-ln vertical capping devices, the use of two-piece metal 
capping plates is advantageous as this facilitates refinishing of 

4 Available from American National Standards Institute, 1430 Broadway, 
New York, NY 10018. 
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-
Figure I. - Three-gang mold for 2-inch or 50-millimerer cube 

specimens. 

capping surface should it become necessary to do so. In such 
devices, lower section is a solid plate and upper section has a 
circular hole which forms recess. The two sections are customarily 
fastened together with machine screws. It is also advantageous 
to have upper surface of lower plate case hardened. A Rockwell 
hardness of 48 HRC is suggested as defined in ASTM E 18. 

4.2.2 Alignment Devices.-Suitable alignment 
devices such as guide bars or bull's-eye levels shall be used 
in conjunction with capping plates to ensure that no single 
cap will depart from perpendicularity to the axis of a 
cylindrical specimen by more than 0.25°, approximately 
equivalent to 1/16 inch in 12 inches (1.6 mm in 305 mm). 
A typical alignment device is shown on figure 2. The same 
requirement is applicable to the relationship between axis 
of alignment device and surface of capping plate when 
guide bars are used. In addition, location of each bar with 
respect to its plate must be such that no cap will be off­
centered on a test specimen by more than 1/16 inch (1.6 
mm). 

4.2.3 Melting Pots for Sulfur Mortars.-Pots used for 
melting sulfur mortars shall be equipped with automatic 
temperature controls, and shall be made of metal or lined 
with a material that is nonreactive with molten sulfur. 

NOTE 2.-Caucion: Melting pots equipped with peripheral 
heating will ensure against accidents during reheating of cooled 
sulfur mixtures chat have a crusted-over surface. When using 
melting pots not so equipped, a buildup of pressure under 
hardened surface crust on subsequent reheating may be avoided 
by use of a metal rod which contacts bottom of pot and projects 
above surface of fluid sulfur mix as it cools. The rod should 
be of sufficient size to conduce enough heat to the top co melt 
a ring around rod first, and thus prevent development of pressure. 
A large metal ladle can be substituted for rod. 

NOTE 3.-Sulfur melting pots should be used under an exhaust 
hood. Heating over an open flame is dangerous because flash 
point of sulfur is about 440 °F (227 °C), and mixture can ignite 
due to overheating. Should mixture start to burn, cover to snuff 
out flame. The pot should be recharged with fresh material after 
flame has been extinguished. 

4.2.4 Concrete Saw or Grinder.-If ends of hardened 
cylinders are not planar to a degree that thickness of cap 
will not exceed 5/16 inch (7.94 mm) for any portion, 
cylinders must be ground or sawed. 
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4.2.5 Small Tools.-Straightedge; feeler gauge, 0.002 
inch (0.05 mm); metal thermometer, 265 °f (129 °C) 
range; steel file; wire brush; rawhide hammer; burlap sacks; 
and polyethylene sheeting. 

5. Capping Materials 

5.1 Fresh Specimens.-The top surface of freshly 
molded specimens may be capped 2 to 4 hours after molding 
with a thin layer of stiff portland cement paste. The 
portland cement shall conform to requirements of ASTM 
C 150. 

5.2 Hardened Specimens (Mo1st-Cured).-Hardened 
specimens which have been moist cured may be capped 
with high-strength, gypsum plaster or sulfur mortar 
meeting the requirements of 5.2.1 and 5.2.2. The strength 
of capping material shall be determined on receipt of a 
new lot and at intervals not exceeding 3 months. If a given 
lot of capping material fails to conform to strength 
requirements, it shall not be used, and strength tests of 
replacement material shall be made weekly until four 
consecutive determinations conform to specifications 
requirements. 

5.2.1 High-Strength, Gypsum Plaster.-U nadulter­
ated, neat, high-strength, gypsum plaster may be used if 
2-inch (50-mm) cubes are found to develop a strength 
as specified under section 1.2, when subjected to same 
environment for same length of time as capped specimens. 
The cubes shall be made in accordance with procedure 
for molding specimens in section 14.2 of ASTM C 472 
using same percentage of mixing water used in preparing 
capping material. 

NOTE 4.-Low-strength molding plasters, commonly called 
plaster of paris, or mixtures of plaster and porrland cement are 
unsuitable for capping specimens. 

NOTE 5.-The percent of mixing water, based on mass of dry 
plaster, should be between 26 and 30. Use of minimum 
percentages of mixing water and vigorous mixing usually permit 
development of acceptable strength after 1 or 2 hours. 

5.2.2 Sulfur Mortar.-Proprietary or laboratory 
prepared sulfur mortars may be used if allowed to harden 
until their compressive strength is at least as high as the 
compressive strength of the concrete being tested. 

5.2.2.1 Determination of Compressive Strength.­
Prepare test specimens using a cube mold and base plate 
(fig. 1) conforming to requirements of USBR 4109, and 
a metal cover plate (note 6) conforming in principle to 
design shown on figure 3. Bring various parts of apparatus 
to a temperature of 68 to 86 ° f (20 to 30 ° C), lightly 
coat surfaces that will be in contact with sulfur mortar 
with mineral oil, and assemble near melting pot. Bring 
temperature of molten-sulfur mortar in pot within a range 
of 265 to 290 °f (129 to 143 °C), stir thoroughly, and 
begin casting cubes. Using a ladle or other suitable pouring 
device, quickly fill each of the three compartments until 
molten material reaches top of filling hole. Allow sufficient 
time for maximum shrinkage, due to cooling, and 
solidification to occur (about 15 min), and refill each hole 
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Figure 2. - Cylinder capping mold and alignment device. 

with molten material (note 7). After solidification is 
complete, remove cubes from mold without breaking off 
knob formed by the filling hole in cover plate. Remove 
oil, sharp edges, and fins from cubes and check planeness 
of bearing surfaces in manner described in note 5 of USBR 
4109. After storage at room temperature, test cubes in 
compression at intervals of 30 minutes to 2 hours following 
procedure described in section 11.6.3 of USBR 4109, and 
calculate compressive strength in pound force per square~­
inch (megapascals). ' 

NOfE 6.-If desired, a plane phenol formaldehyde (bakelite) 
plate of 1/8-inch (3-mm) thickness, provided with three 
appropriately spaced filling holes, may be inserted between cover 
plate and mold to slow rate of cooling of test specimens. 

NOfE 7.-The second filling helps prevent formation of a large 
void or shrinkage pipe in body of cube. However, such defects 
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may occur no matter how much care is exercised, and it therefore 
is advisable to inspect interior of tested sulfur mortar cubes for 
homogeneity whenever strength values obtained are significantly 
lower than anticipated. 

5.3 Hardened Specimens (Air-Dried).-Hardened 
specimens which must be tested in an air-dry condition, 
or must be soaked for 20 to 28 hours before testing, may 
be capped with sulfur mortar conforming to requirements 
of section 5.2.2. 

6. Precautions 

6.1 This test procedure may involve hazardous 
materials, operations, and equipment, and does not claim 
to address all safety problems associated with its use. It 
is the responsibility of the user to consult and establish 
appropriate safety and health practices and determine 
applicability of regulatory limitations prior to use. 
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Figure 3. - Cover plate for 2-inch or 50-millimeter cube mold used when fabricating cubes of capping 
materials. From ASTM C 617, volume 04.02, 1984. 

6.2 Safety clothing shall be worn when capping with 
sulfur mortar materials: safety glasses and full face shield, 
leather gloves with gauntlets, plastic or rubber apron, and 
safety shoes. 

6.3 Specific precautions with sulfur melting pots are 
given in notes 2 and 3 of section 4.2.3 and note 10 of 
section 9.2.3. 

7. Calibration or Standardization 

7 .1 Capping Devices: 
7.1.1 Dimensions of plates and surface planarity 

shall be checked periodically for compliance with section 
4.2.1. 

7 .1.2 The alignment devices shall be checked 
periodically for perpendicularity both to axis of a cylindrical 
specimen and to surface of capping plate for compliance 
with section 4.2.2. 

7.2 Miscellaneous Equipment: 
7 .2.1 Straightedge.-Check periodically with a known 

flat surface (lower platen of a testing machine suggested). 
7.2.2 Feeler Gauge.-Accept certificate of inspection 

by manufacturer. 
7.2.3 Thermometer.-Accept certificate of inspection 

by manufacturer. Check against at least one other 
thermometer. 

7.3 Capping Materials: 
7.3.1 Portland lement.-Conformance with ASTM 

C 150 shall be assured by a review of mill test for each 
shipment received. 
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7.3.2 High-§trength. Gypsum Plaster.-Compliance 
with strength requirements shall be performed in 
accordance with section 5.2.1 upon receipt of each new 
lot of capping material, and at intervals not exceeding 3 
months as outlined under section 5.2. 

7.3.3 Sulfur Mortar.-Compliance with strength 
requirements shall be performed in accordance with 
sections 5.2.2 and 5.2.2.1 upon receipt of each new lot 
of capping material, and at intervals not exceeding 3 months 
as outlined under section 5.2. 

7.4 Capped Specimens.-For each day's capping 
operation, planeness of caps on at least three specimens 
representing start, middle, and end of run shall be checked 
using a straightedge and feeler gauge, making a minimum 
of three measurements on different diameters to ensure 
surfaces of caps do not depart from being plane by more 
than 0.002 inch (0.05 mm). 

8. Conditioning 

8.1 Fresh Molded Specimens: 
8.1.1 Before Capping.-Do not apply neat paste to 

exposed end until concrete has ceased settling in molds, 
generally from 2 to 4 hours after molding. 

8. 1.2 After Capping.-Cover capping plate and mold 
with damp burlap and a polyethylene sheet to prevent 
drying for a time as suggested in section 9.1. 

8.1.3 Before Testing.-Store in moist condition for 
6 days with Type I neat cement or for 2 days with Type 
III neat cement as outlined under note 8 of section 9.1. 
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8.2 Hardened Concrete Specimens (Moist-Cured): 
8.2.1 High-Strength Gypsum Plaster: 

8.2.1.1 Before Capping.-No further conditioning 
required. 

8.2.1.2 After Capping.-Moist-cured specimens 
shall be maintained in a moist condition between 
completion of capping and time of testing by returning 
them to moist storage or wrapping with a double layer 
of wet burlap. Specimens with gypsum plaster caps shall 
not be immersed in water and shall not be stored in a 
moist room for more than 4 hours. If stored in a moist 
room, gypsum plaster caps shall be protected against water 
dripping on their surfaces. 

8.2.2 Sulfur Mortar: 
8.2.2.1 Before Capping.-The ends of moist-cured 

specimens shall be dry enough at time of capping to comply 
with directions as outlined under section 9.2.3. The ends 
of the specimen shall not be oiled prior to application 
of cap. Heat sulfur mortar as outlined under section 9.2.3. 

8.2.2.2 After Capping.-Moist-cured specimens 
shall be maintained in a moist condition between 
completion of capping and time of testing by returning 
them to moist storage or wrapping with a double layer 
of wet burlap. 

8.3 Hardened Concrete Specimens (Air-Dried): 
8.3.1 No conditioning required if specimens are to 

be tested in an air-dry condition. 
8.3.2 If specimens are to be tested in a moist 

condition, they must be soaked from 20 to 28 hours before 
testing, as cited in section 5.3. 

8.4 Capping Material: 
8.4.1 Neat Cement Paste.-Mix neat cement paste 

to a stiff consistency 2 or 4 hours before paste is to be 
used, as outlined under section 9.1. 

8.4.2 High-Strength Gypsum Plaster: 
8.4.2.1 Mix high-strength gypsum plaster for 

capping using same percentage of mixing water used in 
qualification test described in section 5.2.1. 

8.4.2.2 The gypsum plaster cubes shall be 
subjected to same environment for same length of time 
as gypsum plaster capped specimens, as outlined under 
section 5.2.1. 

8.4.3 Sulfur Mortar: 
8.4.3.1 Fresh sulfur mortar must be dry when 

placed in pot as dampness may cause foaming, as discussed 
under section 9.2.3. 

8.4.3:2 Keep water away from · molten sulfur 
mortar because of the tendency to foam, as discussed under 
section 9.2.3. 

8.4.3.3 Heat to about 265 °F (129 °C), as outlined 
under section 5.2.2.1. 

8.4.3.4 Proprietary or laboratory prepared sulfur 
mortars must be allowed to harden, as outlined under 
section 5.2.2. 

8.4.3.5 After initial filling of cube mold with 
molten sulfur (5.2.2.1) to determine adequacy of sulfur 
mortar caps (5.2.2), allow sufficient time for maximum 
shrinkage (about 15 min) before final filling. Store at room 
temperature for 30 minutes to 2 hours before starting 
compression testing. 

8.5 Capping Dev1ce.-The capping plate or device 
should be oiled and warmed before use, as discussed under 
section 9.2.3. 

9. Procedures 

9.l Freshly Molded Cylinders.-Vse only neat portland 
cement pastes (note 8) to cap freshly molded cylinders. 
Make caps as thin as practicable. Do not apply paste to 
exposed end until concrete has ceased settling in molds, 
generally from 2 to 4 hours after molding. During molding 
of cylinder, strike off upper end even with or slightly below 
the plane of the mold's rim. Mix neat paste to a stiff 
consistency 2 to 4 hours before using to allow paste to 
go through period of initial shrinkage. The strength of 
the paste will depend on the consistency, water-cement 
ratio, curing, and brand and type of cement. For Type I 
and Type II cement pastes, optimum consistency is generally 
produced at a water-cement ratio of 0.32 to 0.36 by mass. 
For Type III cement, the water-cement ratio should 
generally be between 0.35 and 0.39 by mass. The paste 
will stiffen during the 2- to 4-hour waiting period and 
the use of retempering water is not recommended. 
However, if retempering water is used, the amount should 
not increase the water-cement ratio by more than 0.05 

· by mass. Remove free water and laitance from top of 
specimen immediately before capping. Form cap by placing 
a conical mound of paste on specimen and chen gently 
pressing a freshly oiled capping plate on the conical mound 
until plate contacts rim of mold. A very slight twisting 
motion may be required to remove excess paste and 
minimize air voids in the paste. The capping plate must 
not rock during this operation. Carefully cover capping 
plate and mold with a double layer of damp burlap and 
a polyethylene sheet to prevent drying. Removal of capping 
plate after hardening may be accomplished by tapping edge 
with a rawhide hammer in a direction parallel to plane 
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of cap. · 

NOI'E 8.-Type I neat cement caps generally require at least 
6 days to develop acceptable strength, and Type III caps at least 
2 days. Dry concrete specimens will absorb water from freshly 
mixed neat cement paste and produce unsatisfactory caps. Neat 
cement paste caps will shrink and crack on drying and; therefore, 
should be used only for specimens which are to be moist cured 
continuously until time of testing. 

·9.2 Hardened Concrete Specimens: 
9.2.1 General.-Cap, saw, or grind ends of hardeni!d 

cylinders that are not plane within 0.002 inch (0.05 mm) 
to meet that tolerance. Caps should be about 1/8 inch 
(3 mm) thick, and in no instance shall any part of a cap 
be more than 5/16 inch (7.94 mm) thick. If either or both 
ends of a specimen have coatings or deposits of oily or 
waxy materials that would interfere with bond of cap, 
remove such coatings or deposits. If necessary, ends of 
a specimen may be slightly roughened with a steel file 
or wire brush to produce proper adhesion of cap. If desired, 
capping plates may be coated with a thin layer of mineral 
oil or grease to prevent capping material from adhering 
to surface of plate. Before testing cylinder, cap should be 
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tested for air pockets by ·tapping it lightly with handle 
of a putty knife or other suitable instrument. A cap that 
sounds hollow at any point should be removed and replaced. 
Solid caps are easily obtained when capping surface is dry 
and clean, mixture is at right temperature, and cylinder 
is placed immediately in melted mixture on capping plate. 

9.2.2 Capping With High-Strength Gypsum Plas­
ter.-Mix high-strength plaster for capping by using same 
percentage of mixing water used for qualification test 
described in 5.2.1. 

9.2.3 Capping With Sulfur Mortar.-Prepare the 
sulfur mortar by heating to about 265 °F (129 °C), as 
periodically determined by an all-metal thermometer 
inserted near center of mass. Empty pot and recharge with 
fresh material at frequent enough intervals to ensure oldest 
material in pot has not been used more than five times 
(note 9). Fresh sulfur mortar must be dry when placed 
in pot as dampness may cause foaming. Keep water away 
from molten sulfur mortar for same reason. The capping 
plate or device should be warmed slightly before use to 

slow rate of hardening and permit production of thin caps. 
Oil capping plate lightly and stir molten sulfur mortar 
immediately prior to pouring each cap. The ends of moist­
cured specimens shall be dry enough at time of capping 
to preclude formation of steam or foam pockets larger 
than 1/4 inch (6 mm) in diameter ·under or in cap. To 
ensure that the cap shall be bonded to surface of specimen, 
end of specimen shall not be oiled prior to application 
of cap. 

NOfE 9.-Reuse of material must be restricted to minimize 
loss of strength and pourability occasioned by contamination of 
mortar with oil and miscellaneous debris, and loss of sulfur 
through volatilization. 

NOfE 10.-Hydrogen sulfide gas may be produced during 
capping when sulfur mortar is contaminated with organic 
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materials such as paraffin or oil. The gas is colorless and has 
the notoriously bad odor of rotten eggs; however, this odor should 
not be relied upon as a warning sign because the sensitivity to 
the odor disappears rapidly on exposure. High concentrations 
of this gas are lethal, and less concentrated dosages may produce 
nausea, stomach distress, dizziness, headache, or irritation of the 
eyes. For these and other reasons, it is desirable that melting 
pot be located under a hood or near an exhaust fan and that 
the capping area be well ventilated. 

10. Calculations 

10.1 Sample calculations for determining the planeness 
of ends of hardened cylinders and the planeness of capped 
compression specimens are shown on figure 4. 

10.2 Calculations for compressive strength of gypsum 
plaster cubes to determine competency for capping material 
are discussed in ASTM C 472. 

10.3 Calculations for compressive strength of sulfur 
mortar cubes to determine competency for capping material 
are shown on figures 2 and 3 of USBR 4109. 

11. Report 

11.1 No report 1s necessary covering this test 
procedure. 

11.2 If a compressive strength exceeds anticipated 
strength or the strength of the capping material, this fact 
should be noted on the compressive strength report on 
the specimens. 

12. Precision and Bias 

12.1 Due to the nature of this procedure, statements 
on precision and bias are not appropriate. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5000-86 

DETERMINING UNIFIED SOIL CLASSIFICATION 
(LABORATORY METHOD) 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5000. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

This procedure is similar to ASTM D 2487 Standard Test Method for Classification of Soils for Engineering Purposes, except 
for the following: (a) change in title and format, (b) references to USBR procedures, (c) note l in ASTM D 2487 is a required 
section in this procedure, (d) the dry method of preparation (app. X4) should be used except for special cases, (e) maximum 
particle size is to be expressed in millimeters, (f) the set of sieves required in subparagraph 9.7 was changed to the sieves normally 
used in USBR laboratories, (g) addition of appendix X5 on "'Abbreviated Soil Classification Symbols," (h) moisture content is 
used instead of water content and mass is substituted for weight, and (i) the minimum specimen sizes required in subparagraph 
7.2 were changed to conform with USBR policy. 

For circumstances where it may be required or expedient to use ASTM standards, the use of ASTM D 2487 or D 2488 may 
be substituted for USBR 5000 or 5005. However, it must be stated clearly in written discussions, tables, figures, and logs that 
the ASTM standards were used. 

1. Scope 

1.1 This method describes a system for classifying 
mineral and organo-mineral soils for engineering purposes 
based on laboratory determination of particle-size 
characteristics, liquid limit, and plasticity index and shall 
be used when precise classification is required. 

1.2 Use of this procedure will result in a single 
classification group symbol and group name except when 
a soil contains 5 to 12 percent fines or when the plot 
of the liquid limit and plasticity index values falls into 
the cross-hatched area of the plasticity chart (see fig. 3 ). 
In these two cases, a dual symbol is used (e.g., GP-GM, 
CL-ML). When laboratory test results indicate that the soil 
is close co another soil classification group, the borderline 
condition can be indicated with two symbols separated by 
a slash. The first symbol should be the one based on this 
standard (e.g., CL/CH, GM/SM, SC/CL). 

Borderline symbols are particularly useful when the liquid 
limit value of clayey soils is close to 50. These soils can 
have expansive characteristics, and the use of a borderline 
symbol (CL/CH, CH/CL) will alert the user of the assigned 
classifications of expansive potential. 

1.3 The group symbol portion of this system is based 
on laboracory tests performed on the portion of a soil 
sample passing the 3-inch U.S.A. Standard series sieve 
(75-mm sieve, see ASTM E 11). 

L4 As a classification system, this method is limited 
co naturally occurring soils. 

NOfE 1.-The group names and symbols used in this procedure 
may be used as a descriptive system applied to such materials 
as shale, claysrone, shells, crushed rock, etc. (see app. X2). 
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1.5 This method is for qualitative application only. 

NOfE 2.-When quantitative information is required for 
detailed designs of important structures, this procedure must be 
supplemented by laboratory tests or other quantitative data to 
determine performance characteristics under expected field 
conditions. 

1.6 The system is based on the widely recognized 
Unified Soil Classification System which was adopted by 
several U.S. Government agencies in 1952 as an outgrowth 
of the Airfield Classification System developed by 
Casagrande[ 1 J. 1 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 532f Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5335 Performing Gradation Analysis of Soils 
Without Hydrometer - Wet Sieve 

1 Number in brackets refers co che reference. 
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USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5355 Determining the Liquid Limit of Soils by 
the Three-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 

2.2 ASTM Standards: 
C 117 Test for Materials Finer Than 75-µm (No. 200) 
Sieve in Mineral Aggregates by Washing 
C 136 Method for Sieve Analysis of Fine and Coarse 
Aggregates 
D 1140 Method for Amount of Material in Soils Finer 
Than the No. 200 (75-µm) Sieve 
D 2217 Method for Wet Preparation of Soil Samples 
for Particle-Size Analysis and Determination of Soil 
Constants 
D 2487 Classification of Soils for Engineering Purposes 
D 2488 Description of Soils (Visual-Manual Procedure) 
E 11 Standard Specification for Wire-Cloth Sieves for 
Testing Purposes 

3. Summary of Method 

3.1 As illustrated in table 1, this classification system 
identifies three major soil divisions: coarse-grained soils, 
fine-grained soils, and highly organic soils. These 3 
divisions are further subdivided into a total of 15 basic 
soil groups. 

3.2 Based on the results of prescribed laboratory tests, 
a soil is cataloged according to the basic soil groups, assigned 
a group symbol(s) and name, and thereby classified. The 
flowcharts, figure 1 for fine-grained _soils and figure 2 for 
coarse-grained soils, can be used to assign the appropriate 
group symbol(s) and name. 

4. Significance and Use 

4.1 The procedure described classifies soils from any 
geographic location into categories representing the results 
of prescribed laboratory tests to determine the particle­
size characteristics and the liquid limit and plasticity index. 

4.2 The assigning of a group name and symbol(s) along 
with the descriptive information required in USBR 5005 
can be used to describe a soil to aid in the evaluation of 
its significant properties for engineering use. 

4.3 The various groupings of this classification system 
have been devised to correlate in a general way with the 
engineering behavior of soils. This procedure provides a 
useful first step in any field or laboratory investigation 
for geotechnical engineering purposes. 

4.4 The procedure may be used as an aid in training 
personnel in the use of USBR 5005. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

5.1.1 Boulder.-A particle of rock that will not pass 
a 12-inch (300-mm) square opening. 

5.1.2 Cobble.-A particle of rock that will pass a 
12-inch (300-mm) square opening and be retained on a. 
3-inch (75-mm) U.S.A. Standard sieve. 
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5.1.3 Peat.-A soil composed primarily of vegetable 
tissue in various stages of decomposition with an organic 
odor, a dark brown to black color, a spongy consistency, 
and a texture ranging from fibrous to amorphous (ASTM 
2487-83). 

5.1.4 Coefficient of Curvature (Cc) .-The ratio 
(D:io) 2/ (D10 X Doo), where DGo, D:io, and D10 are the particle 
diameters corresponding to 60, 30, and 10 percent finer 
on the cumulative graduation curve, respectively. 

5.1.5 Coefficient of Uniformity (Cu).-The ratio 
(DGo/ D10, where DGo and D10 are the particle diameters 
corresponding to 60 and 10 percent finer on the cumulative 
graduation curve, respectively. 

5.2 Terms Speofic to This Designation: 
5.2.1 Gravel-Particles of rock that will pass a 3-inch 

(75-mm) U.S.A. Standard sieve and be retained on a No. 4 
(4.75-mm) sieve with the following subdivisions: 

Coarse -Passes 3-inch (75-mm) sieve and 
retained on 3/ 4-inch (19.0-mm) sieve 

Fine -Passes 3/4-inch (19.0-mm) sieve and 
retained on No. 4 (4.75-mm) sieve 

5.2.2 Sand-Particles of rock that will pass a No. 4 
(4.75-mm) sieve and be retained on a No. 200 (75-µm) 
sieve with the following subdivisions: 

Coarse -Passes No. 4 (4.75-mm) sieve and 
retained on No. 10 (2.00-mm) sieve 

Medium -Passes No. 10 (2.00-mm) sieve and 
retained on No. 40 (425-µm) sieve 

Fine -Passes No. 40 (425-µm) sieve and 
retained on No. 200 (75-µm) sieve 

5.2.3 Clay.-Soil passing the No. 200 (75-µm) U.S.A. 
Standard sieve that exhibits plasticity (putty-like 
properties) within a range of moisture contents, and which 
exhibits considerable strength when air-dried. For 
classification, a clay is a fine-grained soil, or the fine-grained 
portion of a soil, with a plasticity index equal to or greater 
than 4 and the plot of plasticity index versus liquid limit 
falls on or above the "A"-line. 

5.2.4 51lt.-Material passing the No. 200 (75-µm) 
U.S.A. Standard sieve that is nonplastic or very slightly 
plastic and that exhibits little or no strength when air­
dried (ASTM). For classification, a silt is a fine-grained 
soil, or the fine-grained portion of a soil, with a plasticity 
index less than 4 or the plot of plasticity index versus 
liquid limit falls below the "A" -line. 

5.2.5 Organic Clay.-A clay with sufficient organic 
content to influence the soil properties. For classification, 
an organic clay is a soil that would be classified as a clay 
except that its liquid limit value after ovendrying is less 
than 75 percent of its liquid limit value before ovendrying. 

5.2.6 Organic S1lt.-A silt with sufficient organic 
content to influence the soil properties. Fcir classification, 
an organic silt is a soil that would be classified as a silt 
except that its liquid limit value after ovendrying is less 
than 75 percent of its liquid limit value before ovendrying. 

6. Apparatus 

6.l In addition to the apparatus that may be required 
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Table I. - Soil classification chan - laborat0ry method. 

SOIL CLASSIFICATION 

CRITERIA FOR ASSIGNING GROUP SYMBOLS AND 
GROUP NAMES USING LABORATORY TESTS a GROUP GROUP NAME b 

SYMBOL 

GRAVELS CLEAN GRAVELS Cu> 4 and I ~Cc~ 3 e GW Well-graded gravel f 

More than 50% of less than 5% fines c 
coarse fr act ion Cu< 4 and/or I > Cc > 3 e GP Poorly graded yravel 
retained on 
No. 4 sieve f ,g,h 

GRAVELS WITH FINES Fines classify as Ml or MH GM Si I ty gravel 

More than 121 fines c 
f ,g,h 

Fines classify as Cl or CH GC Clayey gravel 

SANDS CLEAN SANDS Cu > 6 and I< Cc < 3 e SW - Wel 1-graded sand i 

501 or more of Less than 5% fines d 

coarse fraction Cu< 6 and/or I > Cc > 3 e SP Poorly graded sand i 

passes No. 4 
sieve 

Silty sand g,h,i SANDS WITH FINES Fines classify as ML or MH SM 

More than 12% fines d 

Fines classify as CL or CH SC Clayey sand g,h, i 

Pl > 7 and P.lOtS on or above CL Lean clay k, 1,m 

SILTS AND CLAYS IIAII line J 

inorganic 
Liquid limit 

j Si 1 t k 'l ,m less than 50 Pl < 4 or plots below 11 A11 line ML 

Liguid limit - oven dried OL Oryani c clay 
k, 1,m,n 

organic < 0.75 
Liquid limit - not dried k, 1 ,m,o 

Organic silt 

SILTS AND CLAYS Pl plots on or above IIAII line CH Fat clay k,1,m 

inorganic 
Liquid limit k, 1,m 

50 or more Pl plots below UAII line MH Elastic silt 

Liguid limit - oven dried < 0.75 OH Organic clay 
k, 1 ,m,p 

organic 
Liquid limit - not dried 

Organic silt k, 1 ,m,q 

Highly organic soils Primarily organic matter, dark in color, and PT Peat 

a. 
b. 
c. 

d. 

e. 

f. 
g. 
h. 
i. 
j. 

k. 
1. 
m. 
n. 
o. 
p. 
q. 

organic odor 

Based on the material passing the 3-in (75-rrrn) sieve. 
If field sa"l)le contained cobbles and/or boulders, add "with cobbles and/or boulders' to group name. 
Gravels with 5 to 12% fines require dual symbols 

GW-GM well-graded gravel with silt 
GW-GC well-graded gravel with clay 
GP-GM poorly graded gravel with silt 
GP-GC poorly graded gravel with clay 

Sands with 5 to 12% fines require dual symbols 
SW-SM well-graded sand with silt 
SW-SC well-graded sand with clay 
SP-SM poorly graded sand with silt 
SP-SC poorly graded sand with clay 

Cu= D60/D10 Cc= (D30)
2 

0iox D60 

If soi 1 contains > 15% sand, add "with sand" to group name. 
If fines classify-as CL-ML, use dual symbol GC-GM, SC-SM. 
If fines are organic, add "with organic fines" to group name. 
If soi 1 contains > 15% gravel, add "with gravel" to group name. 
If the liquid limTt and plasticity index plot in hatched area on plasticity chart, soil is a CL-HL, 

silty clay. 
If soil contains 15 to 29% plus No. 200, add "with sand" or "with gravel" whichever is predominant. 
If soil contains> 30% plus No. 200, predominantly sand, add "sandy" to group name. 
If soil contains> 30% plus No. 200, predominantly gravel, add "gravelly" to group name. 
Pl > 4 and plots oo or above "A" line. 
Pl< 4 or plots below "A" line. 
Pl plots on or above "A" line. 
Pl plots below "A" line. 
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LL<5O 

LL:2:50 

Inorganic 

GROUP 
SYMBOL GROUP NAME 

"' 15-29% plus No. 200~ % sand 2:% gravel-.. Lean clay with sand <
<30% plus No. 200~<15% plus No. 200 Lean clay 

P1>7 and plots___.cl % sand<% gravel-. Lean clay with gravel 
on or above % sand 2% gravel-----<15% gravel-Sandy lean clay 
"A"-line 230% plus No. 200< =:::::::::: 2:15% gravel1----sandy lean clay with gravel 

% sand<% gravel =::::::::::<15% sand----1► Gravelly lean clay 
~15% sand Gravelly lean clay with sand 

<30% plus No. 200~<15% plus No. 200 Silty clay 

< 15-29% plus No. 200~% sand 2% gravel-..Silty clay with sand 
4~P1$7 and -----CL• ML % sand <% gravel .... Silty clay with gravel 

% sand 2% gravel <15% gravel-Sandy silty clay 
230% plus No. 200< -------=-=-=:~15% gravel-Sandy silty clay with gravel 

% sand <% gravel =::::::::::<15% sand Gravelly silty clay 
2:15% sand-----1► Gravelly silty clay with sand 

plots on or above 
"A"-line 

<
<30% plus No. 200~<15% plus No. 200 Silt 

15-29% plus No. 200~% sand 2% gravel_.Silt with sand 
P1<4 or plots-ML % sand <% gravel_.Silt with gravel 
below "A"-line % sand 2% gravel ~----<15% gravel -sandy silt 

~30% plus No. 200 < -==-----=--.:: 2:15% gravel-Sandy silt with gravel 
% sand <% gravel -==-----=--.:: <15% sand ►Gravelly silt 

(
LL-ovendried ~ 

Organic ----- <0.75 ----OL----•See figure 1b 
LL-not dried 

~15% sand ---Gravelly silt with sand 

<30% plus No. 200~<15% plus No. 200 Fat clay . 

< ......._ 15-29% plus No. 200~% sand 2:% grave.I-Fat clay with sand 
Pl plots on or-CH -=---.-%sand<% gravel-.Fat clay with gravel 
above "A"-line <% sand 2:% gravel -<::.:::::::::<15% gravel ► Sandy fat clay 

< 
~30% plus,1'110. 200 215% gravel-Sandy fat clay with gravel 

% sand<% gravel -<::.::::::::: <15% sand ► Cravelly fat clay 

I . >15% sand-----1► Gravelly fat clay with sand norganic -

<
<30% plus No. 200 <15% plus No. 200 Elastic silt 

~ 15-29% plus No. 200~% sand 2% gravel-Elastic silt with sand 
Pl plots below-MH ..._%sand<% gravel-Elastic silt with gravel 
"A"-line % sand 2% gravel-----<15% gravel-Sandy elastic silt 

~30% plus No. 200< c.::::::_:__:_: 215% gravel-Sandy elastic silt with gravel 
% sand<% gravel~ (15% sand Gravelly elastic silt 

2:15% sand---•Gravelly elastic silt with sand 

( 
LL-ovendried ) 

Organic ----- < 0.75 --+-OH 
· LL-not dried 

----see figure 1b 

Figure la. - Flow chan for classifying inorganic fine-grained soils- laboratory method (50% or more passes No. 200 sieve). 
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GROUP 
SYMBOL 

OL 

OH 

GROUP NAME 

<30% plus No. 200------1►<15% plus No. 200-_-e::.---_-_-_-_-~--1-►----------t► Organic clay 

L 15-29% plus No. 200-=--=---==:: % sand 2'._% gravel- Organic clay with sand 
% sand <% gravel- Organic clay with gravel 

P1_?4 and plots on % sand ~ % gravel ------1► < 15% gravel ------1► Sandy organic clay 
or above "A" - line _?30% plus No. 200 < -====--===: ;:::15% gravel------t► Sandy organic clay with gravel 

% sand < % gravel ==-==--====: ( 15% sand ______ Gravelly organic clay 
2:.15% sand Gravelly organic clay with sand 

< 30% plus No. 200 -C.::.::::::: < 15% plus No. 200 ------1► Organic silt 

L 15-29% plus No . 200--=::: ., % sand~% gravel-Organic silt with sand 
·- ---..%sand < % gravel-Organic silt with gravel 

P1<4 or plots % sand ;:::% gravel-~----•< 15% gravel------sandy organic silt 
below "A"-line ~30% plus No. 200< ~ ~ 15% gravel------Sandy organic silt with gravel 

% sand < % gravel -====--===: < 15% sand ______ Gravelly organic silt 
;;::15% sand Gravelly organic silt with sand 

<30% plus No. 200 ~ < 15% plus No . 200 ______ Organic clay 

L 15-29% plus No. 200 ~%sand ~ % gravel-Organic clay with sand 
% sand <% gravel-Organic clay with gravel 

Plots on or · % sand 2::% gravel -=: ., < 15% gravel----_.,, Sandy organic clay 
above "A"-line ~30% plus No. 200------- --~15% gravel------sandy organic clay with gravel 

---..% sand < % gravel ---======== ( 15% sand ______ Gravelly organic clay 
~15% sand Gravelly organic clay with sand 

L
<30% plus No. 200-=:::::::::::: < 15% plus No. 200 Organic silt 

~5-29% plus No. 200 -=--=---==::% sand 2::% gravel-Organic silt with sand 
% sand < % gravel-Organic silt with gravel 

Plots below % sand ~ % gravel-=-----1► <15% gravel Sandy organic silt 
"A" - line ~30% plus No. 200 < ~ 2'.15% gravel----_.,, Sandy organic silt with gravel 

% sand < % gravel --=------==-=-- < 15% sand _____ Gravelly organic silt 
~15% sand Gravelly organic silt with sand 

Figure lb. - Flow chan for classifying organic fine-grained soils- laboratory method (50% or more passes No. 200 sieve). 
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GRAVEL 
% gravel > 

% sand 

GROUP SYMBOL GROUP NAME 

,< 5% fines ~ Cu? 4 and 1::;cc::;3 G W----=-======:: <15% sand- Well-graded gravel 
> 15% sand- Well-graded gravel with sand 

Cu< 4 and/or 1>Cc>3-----------------1►G P--======-= • (15% sand - Poorly graded gravel 
- ;::>:_15% sand- Poorly graded gravel with sand 

~ 
fines=ML or MH G W •GM -=:::::::::::: < 15% sand- Well -graded gravel with silt 

Cu> 4 and 1< Cc<3 ------► ------► 2:15% sand - Well-graded gravel with silt and sand 

< 
--- fines=Cl, CH, G W -G C-=:::::::::::: < 15% sand -Well-graded gravel with clay (or silty clay) 

(or Cl-MU ::::15% sand-Well-graded gravel with clay and sand 

5-12% fines ----a► -=----<► (or silty clay and sand) 

-<::: fines=Ml or MH GP-GM ---=:::::::::: < 15% sand-Poorly graded gravel with silt 
Cu< 4 and/or 1> Cc> 3 ::::15% sand - Poorly graded gravel with silt and sand 

fines=Cl, CH,------i►GP-GC--=---=--:::<15% sand-Poorly graded gravel with clay (or silty clay) 
(or Cl-Ml) ~15% sand- Poorly graded gravel with clay and sand 

(or silty clay and sand) 

~15% sand -Silty gravel with sand 
~""•~Mlo,MH GM -==::::: <15%•""~S;1<,.,.,., 

> 12% fines -'===============--------fines=C l or CH -----+-G C ---==--==----== < 15% sand -clayey gravel 
2:15% sand - Clavey gravel with sand 

fines=Cl -Ml------i►GC-G M-------=--=---= < 15% sand -silty, clayey gravel 
;::>:_15% sand- Silty, clayey gravel with sand 

< 5% fine£ ~ Cu~ and 1-::;ccs;:_3 SW ---===-=-==:: < 15% gravel-Well-graded sand 
~15% gravel- Well-graded sand with gravel 

Cu< 6 and/or 1 >Cc>3-----------------1►SP ----=-======:: < 15% gravel- Poorly graded sand 
::::15% gravel- Poorly graded sand with gravel 

~

fines=Ml or MH SW •SM=-:::::::::: < 15% gravel- Well-oraded sand with silt 

Cu> 6 and 1< Cc<3 -------1► -=----► ~15% gravel- Well-graded sand with silt and gravel 

< 
--- fines=Cl, CH, SW-SC -=:::::::::::: ( 15% gravel-Well-graded sand with clay (or silty clay) 

SAND f:-- (or Cl-MU ~15% gravel- Well-graded sand with day and gravel 
% sand 2: 5-12% fines (or silty clay and gravel) 

% gravel 
~fines=Ml or MH SP-SM ====---=--::: < 15% gravel-Poorly graded sand with silt 

Cu< 6 and/or 1> Cc>J--_ ~15% gravel- Poorly graded sand with silt and gravel 
fines=Cl, CH.------SP-SC ====--=---=---= < 15% gravel- Poorly graded sand with clay (or silty clay) 

(or Cl-Ml) ;;;:15% gravel- Poorly graded sand with clay and gravel 
(or silty clay and gravel) 

::::15% gravel- Silty sand with gravel 
~•;"H•ML •• MH SM-====::::<>5% ,,.,.,~s;n, ""' 

> 12% fines•""================--------fines=Cl or CH-----SC ---===-=-==:: < 15% gravel- Clayey sand 
2:15% gravel- Clayey sand with gravel 

fines=Cl-ML------SC-SM c.::::::::::::: < 15% gravel- Silty, clayey sand 
~15% gravel- Silty, clayey sand with gravel 

Figure 2. - Flow chan for classifying coarse-grained soils - laboratory method (more than ~0% retained on No. 200 sieve). 
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for obtaining and preparing the samples and conducting 
the prescribed laboratory cescs, a plasticity chart (similar 
to fig. 3) and a cumulative particle-size distribution curve 
(similar co fig. 4) are required . 

NOfE 3.-The "'U"- line shown on figure 3 has been empirically 
determined co be the approximate "upper limit" for natural soils. 
le is a good check against erroneous data, and any test results 
that plot above or co the left of it should be verified. 

7. Sampling, Test Specimens, and Test Units 

7.1 Samples shall be obtained and identified in 
accordance with a USBR procedure or ASTM standard or 
other appropriate standard or procedure. 

7.2 For accurate identification, the minimum amount 
of test sample required for chis procedure will depend on 
which of che laboratory tests need to be performed. Where 
only the particle-size analysis of the sample is required, 
specimens having the following minimum dry masses are 
required: 

Maximum particle size, 
sieve opening 

mm m 

4.75 No. 4 
9.5 3/8 

19.0 3/4 
37.5 1-1/2 
75.0 3 

Minimum specimen size, 
dry mass 

kg lbm 

0.1 0.2 
0.25 0.5 
1.1 2.5 

10 20 
70 150 

Whenever possible, the field sample should have a mass 
rwo to four times larger than shown. 

7.3 When che liquid and plastic limit tests also must 
be performed, additional material will be required sufficient 
to provide 150 to 200 grams of soil finer than the No. 
40 (425-µm) sieve. 

7.4 If che field sample or test specimen is smaller than 
the minimum recommended amount, the report shall 
include an appropriate remark. 

8. Classification of Peat 

8.1 A sample composed primarily of vegetable tissue 
in various stages of decomposition and has a fibrous to 
amorphous texture, a dark brown to black color, and an 
organic odor should be designated as a highly organic soil 
and shall be classified as peat, PT, and not subjected to 
the classification procedures described hereafter. 

9. Specimen Preparation for Classification 

9.1 Before a soil can be classified according to chis 
procedure, generally the particle-size distribution curve of 
the minus 3-inch (75-mm) material and the plasticity 
characteristics of the minus No. 40 (425 µm) material 
muse be determined. (See subpar. 9.8 for the specific 
required tests.) 

9.2 The preparation of the soil specimen(s) and the 
testing for particle-size distribution and liquid limit and 
plasticity index shall be in accordance with accepted 
procedures. Two procedures for preparation of che soil 
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specimens for testing for soil classification purposes are 
given in appendixes X3 and X4. Appendix X3 describes 
the wee preparation method and is che preferred method 
for organic soils and for special cases. Normally, the 
procedure described in appendix X4 will be used. 

9.3 When reporting soil classifications determined by 
chis procedure, che preparation and procedures used shall 
be reported or referenced. 

9.4 Although rhe procedure used in determining the 
particle-size distribution or ocher considerations may 
require a hydrometer analysis of che material, a hydrometer 
analysis is not necessary for soil classification. 

9.5 The percentage (by dry mass) of any plus 3-inch 
(75-mm) material must be determined and reported as 
auxiliary information. 

9.6 The maximum particle size shall be determined 
(measured or estimated) and reported as auxiliary 
information. 

9.7 When che cumulative particle-size distribution 
curve is required, a ser of sieves shall be used which includes 
the following sizes (with the largest size commensurate 
wirh rhe maximum particle size) with ocher sieve sizes 
as needed or required to define the particle-size disrriburion: 

US.A. Scandar_d series sieve 

mm m µm No. 

75 3 600 30 
37.5 1-1/ 2 300 50 
19.0 3/4 150 100 
9.5 3/8 75 200 
4.75 No. 4 
236 No. 8 
1.18 No. 16 

9.8 The rests required to be performed in preparation 
for classification follow : 

9.8.1 For soils estimated to contain less than 5 
percent fines, a plot of rhe cumulative particle-size 
disrriburion curve of the fraction coarser than the No. 200 
(75 µm) sieve is required. The cumulative particle-size 
disrriburion curve may be plotted on a graph similar to 

that shown on figure 4. 
9.8.2 For soils estimated to contain 5 to 15 percent 

fines, a cumulative particle-size distribution curve, as 
described in subparagraph 9.8.1, is required; and the liquid 
limit and plasticity index are required. 

9.8.2 .1 If sufficient material is nor available to 

determine rhe liquid limit and plasticity index, rhe fines 
should be estimated to be either silty or clayey using che 
procedures described in USBR 5005 and so noted in the 
report. 

9 .8.3 For soils estimated to contain 15 percent or 
more fines, a determination of the percent fines, percent 
sand, and percent gravel is required, and che liquid limit 
and plasticity index are required. For soils estimated to 
contain 90 percent fines or more, the percent fines, percent 
sand, and percent gravel may be estimated using rhe 
procedures described in USBR 5005 and so noted in rhe 
report. 
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10. Preliminary Classification Procedure 

10.1 Designate the soi l as fine-grained if SO percent 
or more by dry mass of the test specimen passes the No. 
200 (75-µm) sieve and follow paragraph 11. 

10.2 Designate the soil as coarse-grained if more than 
50 percent by dry mass of the test specimen is retained 
on the N o. 200 (75-µm) sieve and follow paragraph 12. 

11. Procedure for the Classification of Fine­
Grained Soils [50 percent or more by dry 
mass passing the No. 200 (75-µm) si~ve] 

11.1 The soil is an inorganic clay if the position of 
the plasticity index versus liquid limit plot (fig. 3) falls 
on or above the "A" -line and the plasticity index is greater 
than 4 and presence of organic matter does not influence 
the liquid limit as determined in subparagraph 11.3.2. 

11.1.1 Classify the soil as a lean clay, CL, if the liquid 
limit is less than 50. See area identified as CL on the 
plasticity chart (fig. 3 ). 

11.1.2 Classify the soil as a fat day, CH, if the liquid 
limit is 50 or greater. See area identified as CH on the 
plasticity chart (fig 3 ). 

H 
CL 

NOTE 4.-In cases where the liquid limit exceeds 110 or the 
plasticity index exceeds 60, the plasticity charr may be expanded 
by maintaining the same scale on both axes and extending the 
"A"-line at the indicated slope. 

11.1.3 Classify the soil as a silty clay, CL-ML, if the 
position of the plasticity index versus liquid limit plot falls 
on or above the "A''-line and the plasticity index is in 

60 

For classification of fine-groined soils 
and fine-groined fro ct ion of coarse-groined 
soi Is. 

50 •• Equation of A -line - Horizontal at PI=4 to LL=25.5, X 
w then PI= 0. 73 (LL- 20) 
0 40 

Equation of
11
U

11
-line z 

Vertical at LL =16 to PI=7. 
>- then PI=0.9(LL-8) .... 30 
u -.... 
V) 
<{ 20 
..J 
CL 

10 

the ra nge of 4 to 7. See area identified as CL-ML on the 
plasticity chart (fig. 3 ). 

11.2 The soil is an inorganic silt if the position of 
the plasticity index versus liquid limit plot (fig. 3 ), falls 
below the "A"-line or the plasticity index is less than 4, 
and presence of organic matter does nor influence the liquid 
limit as determined in subparagraph 11.3.2. 

11.2.1 Classify the soil as a silt, ML, if the liquid 
limit is less than 50. See area identified as ML on the 
plasticity chart (fig. 3 ) . 

11.2.2 Classify the soil as an elastic sift, MH, if the 
liquid limit is SO or greater. See area identified as MH 
on the plasticity chart (fig . 3). 

11.3 The soil is an organic silt or clay if organic matter 
is present in sufficient amounts to influence the soil 
propert ies as determined in subparagraph 11.3.2. 

11.3.1 If the soil has a dark color and an orga nic 
odor when moist and warm, a second liquid limit test shall 
be performed on a test specimen which has been ovendried 
at 110±5 ° C to a constant mass, typically overnight. 

l 1.3.2 The soil is an organic silt or organic clay if 
the liquid limit after ovendryipg is less than 75 percent 
of the liquid limit of the original specimen determined 
before ovendrying (see Procedure B of AS'I"M D 2217) . 

11.3.3 Classify the soil as an organic sift or organic 
clay, OL, if the liquid limit (not ovendried) is less than 
SO. Classify the soil as an organic silt, OL, if the plas ticity 
index is less than 4, or the position of the plasticity index 
versus liquid limit plot falls below the "A"-line. Classify 
the soil as an organic clay, OL, if the plasticity index is 
4 or greater and the position of the plasticity index versus 

/ 

/ 
/ 

MH OR OH 

10 16 20 30 40 50 60 70 80 90 100 110 

LIQUID LIMIT (LL) 

Fig. 3. - Plasticity chart. 
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liquid limit plot falls on or above the "A''-line. See area 
identified as OL (or CL-ML) on the plasticity chart (fig. 3). 

11.3.4 Classify the soil as an organic clay or organic 
sift, OH, if the liquid limit (not ovendried) is 50 or greater. 
Classify the soil as an organic sift, OH, if the position 
of the plasticity index versus liquid limit plot falls below 
the "A"-line. Classify the soil as an organic clay, OH, if 
the position of the plasticity index versus liquid limit plot 
falls on or above the "A"-line. See area identified as OH 
on the plastic icy chart (fig. 3 ). 

11.4 If less chan 30 percent but 15 percent or more 
of the test specimen is retained on the No. 200 (75-µm) 
sieve, the words "with sand" or "with gravel" (whichever 
is more predominant) shall be added to the group name 
(e.g., lean clay with sand, CL; silt with gravel, ML). If 
the percent of sand is equal to the percent of gravel, use 
"with sand." 

11.5 If 30 percent or more of the test specimen is 
retained on che No. 200 (75-µm) sieve, the words "sandy" 
or "gravelly" shall be added to the group name. Add the 
word "sandy" if 30 percent or more of the test specimen 
is retained on the No. 200 (75-µm) sieve and che coarse­
grained portion is predominantly sand. Add the word 
"gravelly" if 30 percent or more of the test specimen is 
retained on the No. 200 (75-µm) sieve and the coarse­
grained portion is predominantly gravel (e.g., sandy lean 
clay, CL; gravelly fat clay, CH; sandy silt, ML). If the percent 
of sand is equal to the percent of gravel, use "sandy." 

12. Procedure for the Classification of Coarse­
Grained Soils [more than 50 percent by dry 
mass retained on the No. 200 (75-µm) sieve] 

12.1 Designate the soil as gravel if more than 50 
percent of the coarse fraction [plus No. 200 (75-µm) sieve] 
is retained on the No. 4 (4.75-mm) sieve. 

12.2 Designate the soil as sand if 50 percent or more 
of the coarse fraction [plus No. 200 (75-µm) sieve] passes 
the No. 4 (4.75-mm) sieve. 

12.3 If 12 percent or less of the test specimen passes 
the ·No. 200 (75-µm) sieve, plot the cumulative particle­
size distribution curve (fig. 4); and compute the coefficient 
of uniformity, Cu, and coefficient of curvature, Cc, as given 
in _equations 1 and 2. 

Cu = Doo 
(1) 

D10 

Cc= (D:ro)2 
(2) 

D10Doo 

where D10, Dao, and Doo are the particle-size diameters 
corresponding to 10, 30, and 60 percent passing on the 
cumulative particle-size distribution curve (fig. 4). 

NOfE 5.-1 t may be necessary co extrapolate the curve co obtain 
the D10 diameter. 

12.3. l If less than 5 percent of the test specimen 
passes the No. 200 (75-µm) sieve, classify the soil as a 
well-graded gravel, GW, or well-graded sand, SW, if Cu 
is greater than 4.0 for gravel or greater than 6.0 for sand 
and Cc is at lease 1.0 but not more than 3.0. 
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12.3.2 If less than 5 percent of the rest specimen 
passes the No. 200 (75-µm) sieve, classify the soil as poorly 
graded gravel, GP, or poorly graded sand, SP, if either 
the Cu or che Cc criteria for well-graded soils are nor 
satisfied. 

12.4 If more than 12 percent of che test specimen 
passes the No. 200 (75-µm) sieve, the soil shall be 
considered a coarse-grained soil with fines . The fines are 
determined to be either clayey or silty based on the plasticity 
index versus liquid limit plot on the plasticity chart (fig. 3). 
(If sufficient material for testing is not available, see subpar. 
9.8.2.1.) 

12.4. l Classify the soil as a clayey gravel, GC, or 
clayey sand, SC, if the fines are clayey; chat is, the position 
of the plasticity index versus liquid limit plot (fig. 3), falls 
on or above the "A''-line and the plasticity index is greater 
than 7. 

12.4.2 Classify the soil as a silty gravel, GM, or silty 
sand, SM, if the fines are silty; that is, the position of 
the plasticity index versus liquid limit plot (fig. 3), falls 
below the "A"-line or the plasticity index is less than 4. 

12.4.3 If the fines plot as a silty clay, CL-ML, classify 
the soil as a silty, clayey gravel, GC-GM, if it is a gravel 
or a silty, clayey sand, SC-SM, if it is a sand. 

12.5 If 5 to 12 percent of the test specimen passes 
the No. 200 (75-µm) sieve, assign the soil a dual 
classification using two group symbols separated by a 
hyphen. 

12.5.1 The first group symbol shall correspond to 
that for a gravel or sand having less than 5 percent fines 
(GW, GP, SW, SP), and the second symbol shall correspond 
to a gravel or sand having more than 12 percent fines 
(GC, GM, SC, SM). 

12.5.2 The group name shall correspond to the first 
group symbol plus "with day" or "with silt" to indicate 
the plasticity characteristics of the fines (e.g., well-graded 
gravel with clay, GW-GC; poorly graded sand with silt, 
SP-SM). (If sufficient material for testing is not available, 
see subpar. 9.8.2.1.) 

NOfE 6.-If the fines plot as a silty clay, CL-ML, the second 
group symbol should be either GC or SC (e.g., a poorly graded 
sand with 10 percent fines, a liquid limit of 20, and a plasticity 
index of 6, would be classified as a poorly graded sand with 
silty clay, SP-SC). 

12.6 If the specimen is predominantly sand or gravel 
but contains 15 percent or more of the other coarse-grained 
constituent, the words "'with gravel" or "with sand" shall 
be added to the group name (e.g., poorly graded gravel 
with sand, GP; clayey sand with gravel, SC). 

12.7 If the field sample contained any cobbles and/ 
or boulders, the words "with cobbles," or "with cobbles 
and boulders" shall be added to the group name (e.g., silty 
gravel with cobbles, GM). 

13. Report 

13. l The report should include the group name, group 
symbol, and the results of the laboratory tests. The particle­
size distribution shall be given in terms of percent of gravel, 
sand, and fines . The plot of the cumulative particle-size 
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distribution curve shall be reported if used in classifying 
the soil. Report appropriate descriptive information 
according to USBR 5005. A local or commercial name or 
geologic interpretation for the material may be added at 
the end of the descriptive information if identified as such. 
The procedures used shall be referenced. 

NOfE 7.-Example: CLAYEY GRAVEL WITH SAND AND 
COBBLES (GC): Sample from interval had 46 percent fine to 
coarse, hard, subrounded gravel; 30 percent fine to coarse, hard, 
subrounded sand; · 24 percent clayey fines ; weak reaction with 
HCI; original field sample had 2 percent hard, subrounded cobbles; 
maximum dimension, 150 mm. LL= 38, PI = 19. 

In-place conditions - firm, homogeneous, dry, brown 
Geologic interpretation - alluvial fan 

NOfE 8.-Other examples of soil descriptions are given in 
appendix Xl. 

14. Precision and Accuracy 

14.1 This method provides qualitative data only; 
therefore, a precision and accuracy statement is nonappli­
cable. 

15. Reference 

[ 1] Casagrande, A., "Classification and Identification of 
Soils," Trans. of the Am. Soc. of Civil Engineers, p. 901 , 
1948. 
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APPENDIXES 

X 1. EXAMPLES OF DESCRIPTIONS USING SOIL CLASSIFICATION 

Xl. l The following examples show how the informa­
tion required in subparagraph 13.1 can be reported. The 
appropriate descriptive information from USBR 5005 is 
included for illustrative purposes . The additional 
descriptive terms that would accompany the soil 
classification should be based on the intended use of the 
classification and the individual circumstances. 

Example l : WELL-GRADED GRAVEL WITH SAND (GW): 
Sample had 73 percent fine ro coarse, hard, subangular gravel; 
23 percent fine ro coarse, hard, subangular sand; 4 percent fines ; 
maximum size, 75 mm; moist, brown; no reaction with HCI. 
Cc= 2.7, Cu= 12.4. 

Example 2: SILTY SAND WITH GRAVEL (SM): Sample from 
interval had 61 percent predominantly fine sand; 23 percent silty 
fines ; 16 percent fine, hard, subrounded gravel ; maximum size, 
20 mm; no reaction with HCI. Note: field sample smaller than 
recommended. LL = 33, PI = 6. 

In-place conditions - firm , stratif ied, and contains lenses of 

silt 1 ro 2 inches thick; moist, brown ro gray; in-place dry unit 
weight= 106 lbf/fr3 and in-place moisture= 9 percent. 

Example 3: ORGANIC CLAY (OL): Sample had 100 percent 
fines, LL (not dried) = 32, LL (ovendried) = 21, PI (not dried) = 
10; wet, dark brown, organic odor; weak reaction with HCI. 

Example 4: SILTY SAND WITH ORGANIC FINES (SM) : 
Sample had 74 percent fine ro coarse, hard, subangular reddish 
sand; 26 percent organic and silty dark brown fines, LL (not 
dr i_ed) = 37, LL (ovendried) = 26, PI (not dried) = 6; maximum 
size, coarse sand; wet; weak reaction with HCI. 

Example 5: POORLY GRADED GRAVEL WITH SILT, SAND, 
COBBLES, AND BOULDERS (GP-GM) : Sample from interval 
had 78 percent fine ro coarse, hard, subrounded co subangular 
g ravel ; 16 percent fine to coa rse, hard, subrounded ro subangular 
sand; 6 percent silty (estimated) fines; moist, brown; no reaction 
with HCI ; original field sample had a trace of hard, subrounded 
cobbles and a trace of hard, subrounded boulders with a maximum 
di mension of 500 mm. Cc = 0.8, Cu = 40. 

X2. USING SOIL CLASSIFICATION AS A DESCRIPTIVE SYSTEM 
FOR SHALE, CLAYSTONE, SHELLS, SLAG, CRUSHED ROCK, ETC. 

X2 . l The group names and symbols used in this 
method may be used as a descriptive system applied to 

materials that exist in situ as shale, claystone, sandstone, 
siltsto ne, mudstone, etc., but convert to soils after field 
or laboratory processing (crushing, slaking, etc.) . 

X2 .2 Materials such as shells, crushed rock, slag, etc., 
should be identified as such. However, the procedures used 
in this method for describing particle-size and plasticity 
characteristics may be used in the description of the 
material. If desired, a classification according to this method 
may be assigned to aid in describing the material. 

X2 .3 If a classification is used, the group symbol(s) 
and group n ames should be placed in quotation marks or 
noted with some type of distinguishing symbol (see 
following examples) . 

X2.4 Examples of how soil classifications could be 
incorporated into a description system for materials that 
are not naturally occurring soils are as follow : 

Example 1: SHALE CHUNKS: Retrieved as 2- co 4-inch pieces 
of shale from power auger hole; dry, brown; no reaction with 

201 

HCI. After a sample was laboratory processed by slaking in water 
for 24 hours, the sample was classified as "SANDY LEAN CLAY 
(CL)" - 61 percent clayey fines, LL = 37, PI = 16; 33 percent 
fine to medium sand; 6 percent gravel-size pieces of shale. 

Example 2: CRUSHED SANDSTONE: Product of commercial 
crushing operation; "POORLY GRADED SAND WITH SILT 
(SP-SM)" - sample had 91 percent fine to medium sand; 9 
percent silty (estimated) fines ; dry, reddish-brown; strong reaction 
withHCI. 

Example 3: BROKEN SHELLS: Sample from interval had 62 
percent gravel-size broken shells; 31 percent sand and sand-size 
shell pieces; 7 percent fines. Would be classified as "POORLY 
GRADED GRAVEL WITH SANO (GP) ." 

Example 4: CRUSHED ROCK: Processed gravel and cobbles 
from Pit No. 7; "POORLY GRADED GRAVEL (GP)" - sample 
had 89 percent fine, hard, angular gravel-size particles; 11 percent 
coarse, hard, angular sand-size particles; dry, can; no reaction 
with HCI. Cc= 2.4, Cu = 0.9. 
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X3. PREPARATION AND TESTING FOR CLASSIFICATION PURPOSES 
BY THE WET METHOD 

X 3. l This appendix describes the steps in preparing 
a soil sample for testing for purposes of soil classification 
using a wet preparation procedure. 

X 3.2 Samples prepared in accordance with this 
procedure should contain as much of their natural moisture 
content as possible, and every effort should be made during 
obta ining, preparing, and transporting the samples to 
maintain the natural moisture. 

X 3.3 The procedures to be followed in this method 
assume that the field sample contains fines, sand, gravel, 
and plus 3-inch (75-mm) particles , and the cumulative 
particle-size distribution plus the liquid limit and plasticity 
index values are required (see subpar. 9 .8). Some of the 
following steps may be omitted when they are not 
applicable to the soil being tested. 

X 3.4 If the soil contains plus No. 200 (75-µm ) particles 
that would degrade during dry sieving, use a procedure 
for determining the pa rticle-size characteristics that 
prevents this degradation. 

X 3.5 Since this classification system is limited to the 
portion of a sample passing the 3-inch (75-mm) sieve, 
·the plus 3-inch (75-mm) material shall be removed prior 
to the determination of the particle-size characteristics and 
the liquid limit and plasticity index. 

X 3.6 The portion of the field sample finer than the 
3-inch (75-mm) sieve shall be obtained as follows : 

X3 .6. l Separate the field sample into two fractions 
on a 3-inch (75-mm) sieve, being careful to ma intain the 
natural moisture content in the minus 3-inch (75-mm) 
fraction. Any particles adhering to the plus 3-inch (75-mm) 
particles shall be brushed or wiped off and placed in the 
fraction passing the 3-inch (75-mm) sieve. 

X3 .6.2 Determine the air-dry or ovendry mass of 
the fractio n retained on the 3-inch (75-mm) sieve. 
Determine the total (wet) mass of the fraction passing 
the 3-inch (75-mm) sieve. 

X3.6.3 Thoroughly mix the fraction passing the 
3-inch (75-mm) sieve. Determine the moisture content, 
in accorda nce with USBR 5300, of a representative 
specimen with a minimum dry mass as required in sub­
paragraph 7.2. Save the moisture content specimen for 
determination of the particle-size analysis in accordance 
with subparagraph X3.8. 

X3.6.4 Compute the dry mass of the fraction passing 
the 3-inch (75-mm) sieve based on the moisture content 
and total (wet) mass. Compute the total dry mass of the 
sample and calcufate che percentage of material retained 
on the 3-inch (75-mm) sieve. 

X3.7 Determine the liquid limit and plasticity index 
as follows: 

X3. 7. l If the soil disaggregates readily, mix on a 
clean, hard surface and select a representative sample by 
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quartering in accordance with USBR 5205. 
X3 .7. l. l If the soil contains coarse-grained 

particles coated with and bound together by tough clayey 
material, extreme care has to be taken in obtaining a 
representative portion of the minus No. 40 (425-µm ) 
fraction . Typically, a larger portion than normal has to 
be selected, such as the minimum masses required in sub­
paragraph 7.2 . 

X3.7.l.2 To obtain a representative specimen of 
a basically cohesive soil, it may be advantageous co pass 
the soil through a 3/4-inch (19.0-mm) sieve or other 
convenient size so the material can be more easily mixed 
and then quartered or split to obtain the representative 
specimen. 

X 3.7.2 Process the representative specimen in 
accordance with Procedure B of ASTM D 2217. 

X3 .7.3 Perform the liquid limit test in accordance 
with USBR 5350 or 5355, except th5" soil shall not be 
air-dried prior to the test. 

X 3.7.4 Perform the plastic limit test in accordance 
with USBR 5360, except the soil shall not be air-dried 
prior to the test, and ca lculate the plasticity index. 
· X3 .8 Determine the particle-size distribution as 
follows : 

X 3.8. l If the moisture content of the fraction passing 
the 3-inch (75-mm) sieve was required (subpar. X3.6.3), 
use the moisture content specimen for determining the 
particle-size dis tribution. Otherwise, select a representative 
specimen in accordance with USBR 5205 with a minimum 
dry mass as required in subparagraph 7.2 . 

X 3.8.2 If the cumulative particle-size distribution 
including a hydrometer analysis is required, determine the 
particle-size distribution in accordance with USBR 5330 
(see subpar. 9.7 for the set of required sieves) . 

X 3.8.3 If che cumulative particle-size distribution 
without a hydrometer analysis is required, determine the 
particle-size distribution in accordance with USBR 5335 
(see subpar. 9.7 for che set of required sieves) . The specimen 
should be soaked until all clayey aggregations have softened 
and then washed in accordance with ASTM C l 17 prior 
to performing the particle-size distribution. 

X3.8.4 If the cumulative particle-size distribution is 
not required, determine the percent fines, percent sand, 
and percent gravel in the specimen in accordance with 
ASTM C 117, being sure to soak the specimen long enough 
to soften all clayey aggregations, followed by USBR 5335 
using a sec of sieves which shall include a No. 4 (4 .75-mm) 
and a No. 200 (75-µm) sieve. 

X 3.8.5 Calculate che percent fines, percent sand, and 
percent gravel in the minus 3-inch (75-mm) fraction for 
classification purposes. 
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X4. PREPARATION AND TESTING FOR CLASSIFICATION PURPOSES 
BY THE AIR-DRIED METHOD 

X4. l This appendix describes the steps in preparing 
a soil sample for resting for purposes of soil classification 
when air-drying the soil before resting is specified or desired 
or when the natural moisture content is near that of an 
air-dried stare. 

X4 .2 If the soil contains organic matter colloids that 
are irreversibly affected by air-drying, the wet preparation 
method as described in appendix X3 should be used. 

X4.3 Since this classification sysrem is limited to the 
portion of a sample passing rhe 3-inch (75-mm) sieve, 
the plus 3-inch (75-mm) material shall be removed prior 
to rhe determination of rhe particle-size characteristics and 
the liquid limit and plasticity index. 

X4.4 The portion of the field sample finer than the 
3-inch (75-mm) sieve shall be obtained as follows: 

X4.4. l Air-dry and determine the mass of the field 
sample. 

X4.4.2 Separate the field sample into two fractions 
on a 3-inch (75-mm) sieve. 

X4.4 .3 Determine the mass of the two fractions and 
compute the percentage of the plus 3-inch (75-mm) 
material in the field sample. 

X4.5 Determine the particle-size distribution and 
liquid limit and plasticity index as follows (See subpar. 
9.8 for when these rests are required.): 

X4.5. l Thoroughly mix the fraction passing the 
3-inch (75-mm) sieve. 

X4.5.2 If the cumulative particle-size distribution 
including a hydrometer analysis is required, determine the 
particle-size distribution in accordance with USBR 5330. 
(See subpar. 9.7 for the set of sieves char is required.) 

X4.5.3 If the cumulative particle-size distribution 
without a hydrometer analysis is required, determine the 
particle-size distribution in accordance with USBR 5335 . _· 
(See subpar. 9.7 for the sec of sieves that is required.) 

X4.5.4 If the cumulative particle-size distribution is 
nor required, determine the percent fines, percent sand, 
and percent gravel in the specimen in accordance with 
ASTM Method D 1140 followed by ASTM Method C 136 
using a set of sieves which shall include a No. 4 (4.75-mm) 
and a No. 200 (75-µm) sieve. 

X4.5.5 If required, determine the liquid limit and 
the plasticity index of the rest specimen in accordance with 
USBR 5350 (or USBR 5355) and USBR 5360. 

XS. ABBREVIATED SOIL CLASSIFICATION SYMBOLS 

X5. l In some cases, because of lack of space, an 
abbreviated system may be used to indicate the soil 
classification symbol and name. 

X5.2 The abbreviated system should consist of the soil 
classification symbol based on this designation with 
appropriate lower case letter prefixes and suffixes as: 

Prefix: s = sandy 
g = gravelly 

Suffix: s = with sand 
g = with gravel 
c = with cobbles 
b = with boulders 
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X5.3 The soil classification symbol is to be enclosed 
in parenthesis. Some examples would be: 

CL, Sandy lean clay 
SP-SM, Poorly graded sand with 

silt and gravel 
GP, poorly graded gravel with 

sand, cobbles, and boulders 
ML, gravelly silt with sand and 

cobbles 

s(CL) 

(SP-SM)g 

(GP) scb 

g(ML)sc 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5005-86 

DETERMINING UNIFIED SOIL CLASSIFICATION 
(VISUAL METHOD) 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5005. The number immediately 
following the designation indicates the year of acceptance or che year of lase revision. 

This procedure is similar co ASTM D 2488, Standard Practice for Description and Identification of Soils (Visual-Manual Procedure) 
except for the following: (1) change in title and format, (2) references co USBR procedures, (3) note 2 in ASTM D 2488 is 
required in chis procedure, (4) note 4 in ASTM D 2488 is required in chis procedure, (5) the maximum particle size is in millimeters 
with prescribed increments of measurement, (6) the specimens for the dry strength test are one-fourth inch (6 mm) in diameter 
rather chan one-half inch (12 mm), (7) note 14 is not used, and (8) moisture content is used here instead of water content 
and mass is substituted for weight. 

For circumstances where it may be required or expedient co use ASTM standards, ASTM D 2487 or D 2488 may be substituted 
for USBR 5000 or 5005, respectively. However, ir muse be clearly scared in wrirren comments, rabies, figures, and logs that rhe 
ASTM standards were used. 

1. Scope 

1.1 This designation outlines the procedures for the 
description of soils for engineering purposes. 

1.2 This designation outlines procedures for visually 
identifying soils for engineering purposes based on the 
classification system described in USBR 5000. The 
identification is based on visual examination and manual 
tests. It must be clearly stated in reporting an identification 
that it is based on the visual-manual processes. 

1.2. l When precise classification of soils for 
engineering purposes is required, the procedures required 
in USBR 5000 shall be used. 

1.2.2 The identification portion of this procedure -
in assigning a group symbol and name - is limited co 
soil particles smaller than 3 inches (75 mm); that is, passing 
a U.S.A. Standard series 3-inch sieve. 

1.2.3 The identification portion of this procedure is 
limited to naturally occurring soils. 

NOfE 1.-This procedure may be used as a descriptive system 
applied ro such materials as shale, claystone, shells, crushed rock, 
ere. (see app. X2). 

1.3 The descriptive information in this procedure may 
be used with other soil classification systems or for materials 
other than naturally occurring soils. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 
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USBR 5000 Determining Unified Soil Classification 
(Laboracory Method) 

2.2 ASTM Standards: 
D 2487 Classification of Soils for Engineering Purposes 
D 2488 Standard Practice for Description and Identifi­
cation of Soils (Visual-Manual Procedure) 

3. Summary of Method 

3.1 Using visual examination and simple manual tests, 
this procedure gives standardized criteria and processes 
for describing and identifying soils. 

3.2 Soil can be given an identification by assigning a 
group symbol(s) and name. The flow charts (figure 1 for 
fine-grained soils and figure 2 for coarse-grained soils) 
can be used to determine the appropriate group symbol(s) 
and name. If the soil has visually determined properties 
that do not distinctly place it into a specific group, 
borderline symbols may be used (see app. X3). 

3.3 A distinction must be made between dual symbols 
and borderline symbols. 

3.3.1 A dual symbol (two symbols separated by a 
hyphen, e.g., GP-GM, SW-SC, CL-ML) should be used to 
indicate the soil has been identified as having the properties 
of a classification as required by USBR 5000 where two 
symbols are required. Two symbols are required when the 
soil has between 5 and 12 percent fines and where the 
liquid limit and plasticity index values plot in the CL-ML 
(cross hatched) area of the plasticity chart. 

3.3.2 A borderline symbol (two symbols separated 
by a slash, e.g., CL/CH, GM/SM, CL/ML) should be used 
to indicate the soil has been identified as having properties 
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GROUP SYMBOL GROUP NAME 

<30% plus No. 200 -----------=: <15% plus No. 200 Lean clay < ;5-25% plus No. 200 --------=-----.%sand~% gravel - Lean clay with sand 
CL % sand<% gravel - Lean clay with gravel 

% sand 2:% of gravel------<15% gravel Sandy lean clay 
2:30% plus No. 200-c::::::::: ------=-------- ~15% gravel ------ Sandy lean clay with gravel 

% sand <% gravel -=---=----=---= <15% sand ____ _,► Gravelly lean clay 
~15% sand Gravelly lean clay with sand 

<30% plus No. 200 -=::::::::::::: <15% plus No. 200 Silt < ~5-25% plus No. 200 ------=---=---:%sand 2:% gravel -silt with sand 
ML % sand<% gravel -silt with gravel 

% sand 2:% of gravel------ <15% gravel Sandy silt 
2:30% plus No. 200 ~ --------=-----. 2:15% gravel------Sandy silt with gravel 

% sand <% gravel ===-----=-----= <15% sand Gravelly silt 
2:15% sand-------• Gravelly silt with sand 

< <30% plus No. 200 --------=-----. <15% plus No. 200 Fat clay 
15-25% plus No. 200 C.::::::::::::: % sand 2:% gravel -Fat clay with sand 

CH _______ % sand <% gravel - Fat clay with gravel 

-c::::::::: 

% sand 2:% of gravel ------=---=---: <15% gravel Sandy fat clay 
_2:30% plus No. 200 -=------<~2:15% gravel------ Sandy fat clay with gravel 

% sand <% gravel -=-----===--: <15% sand ____ __,. Gravelly lat clay 
2:15% sand Gravelly fat clay with sand 

<30% plus No. 200 -----------=: (15% plus No. 200 ______ Elastic silt 

< 15-25% plus No. 200 ------=-------:%sand~% gravel - Elastic silt with sand 
MH . % sand<% gravel...,.-. Elastic silt with gravel 

% sand 2:% of gravel ------ <15% gravel Sandy elastic silt 
2:30% plus No. 200------ ------=-------- 2:15% gravel------ Sandy elastic silt with gravel 

-------- % sand <% gravel -=-----===--: < 15% sand Giavelly elastic silt 
2:15% sand-----,► Gravelly elastic silt with sand 

Figure la. - Flowchart for identifying inorganic fine-grained soil (50% or more fines)- visual-manual method. 

GROUP SYMBOL GROUP NAME 

<30% plus No. 200 -=:::::::::: <15% plus No. 200 Organic soil 

< 15-25% plus No. 200 ---=--------:::%sand~% gravel------- Organic soil with sand 
OL /OH % sand < % gravel - Organic soil with gravel 

% sand 2:% gravel-=------ < 15% gravel------- Sandy organic soil 
~30% plus No. 200 ~ --=:..:..:::::: 2:15% gravel ------ Sandy organic soil with gravel 

% sand<% gravel -=--::::::::::: < 15% sand Gravelly organic soil 
2:15% sand-----► Gravelly organic soil with sand 

Figure I b. - Flowchart for identifying organic fine-grained soil (50% or more fines)- visual-manual method. 
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GROUP SYMBOL GROUP NAME 

s;;5% fines~Well-graded GW ~ ( 15% sand - Well-graded gravel 
~ -----2:15% sand- Well -graded gravel with sand 

Poorly graded---- --------------,GP ~ ( 15% sand- Poorly graded gravel 
-----2 15% sand - Poorly graded gravel with sand 

<
Well-graded ~ fines=ML Of MH GW-G M ~ ( 15% sand - Well-graded gravel with silt 

GRAVEL f-- -------._ -----. 2:15% sand - Well -graded gravel with silt and sand 
% gravel> 10% fines fines=CL or CH----a-GW-GC ~ ( 15% sand - Well -graded gravel with clay 

% sand -~------- ______ ----. 2:15% sand - Well-graded gravel with clay and sand 
Poorly graded ~ fines=ML or MH G P·GM ~ <15% sand - Poorly graded gravel with silt 

--------.. ---_.2:15% sand - P'oorly graded gravel with silt and sand 
fines=CL or CH ------'-GP-GC ~ ( 15% sand - Poorly graded gravel with clay 

---- 2:15% sand - Poorly graded gravel with clay and sand 

-
-=================fines=ML or MH----<►GM ~ ( 15% sand - Silty gravel 

2:15% fines G ---2:15% sand - Silty gravel with sand 
fines=CL or CH----<► C ~ ( 15% sand - Clayey gravel 

----2:15% sand- Clayey gravel with sand 

____...Well-graded SW ~ ( 15% gravel - Well-graded sand 
s;;5% fines ------. ---2 15% gravel - Well-graded sand with gravel 

Poorly graded-------------------SP ~ ( 15% gravel - Poorly graded sand 
---2:15% gravel - Poorly graded sand with gravel 

-========:
fines=ML or MH -----SW-SM ~ ( 15% gravel - Well -graded sand with silt 

<
Well-graded ------SW SC-~------. ___ z 15% gravel-Well-graded sand with silt and gravel 

SAND <- fines=CL or CH • ~ <15% gravel - Well -graded sand with clay 
% sand z 10% fines ---_. 2:15% gravel - Well-graded sand with clay and gravel 

% gravel ------fines=ML or MH ----.1►SP-SM ~ ( 15% gravel - Poorly graded sand with silt 
Poorly graded-=---- ----2 15% gravel- Poorly graded sand with silt and gravel 

fines=CL or CH----<►,SP·SC ~ ( 15% gravel- Poorly graded sand with clay 
----2:15% gravel - Poorly graded sand with clay and gravel 

-
-=================:fines=ML or MH ----.1►SM ~ ( 15% gravel - Silty sand 

2:15% fines ---- 2:15% gravel - Silty sand with gravel 
fines=CL or CH ----<►SC ~ ( 15% gravel - Clayey sand 

---2:15% gravel - Clayey sand with gravel 

Figure 2. - Flowchart for identifying coarse-grained soils (less than 50% fines) - visual-manual method. 
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that do not distinctly place the soil into a specific group 
(see app. X3). 

4. Significance and Use 

4.1 The descriptive information required in this 
procedure can be used to describe a soil to aid in the evalu­
ation of its significant properties for engineering use. 

4.2 The descriptive information required in this 
procedure should be used to supplement the classification 
of a soil as determined in USBR 5000. 

4.3 This procedure may be used in identifying soils 
using the classification group symbols and names as 
prescribed in USBR 5000. Since the names and symbols 
used in this procedure to identify the soils are the same 

. as those used in USBR 5000, it shall be clearly stated in 
reports, etc., rhat the classification symbol and name are 
based on the visual-manual procedures. 

4.4 This procedure is to be used not only for 
identification of soils in the field but also in the office, 
in the laboratory, or wherever soil samples are inspected 
and described. 

4.5 The procedure has particular value in grouping 
- similar soil samples so that only a minimum number of 

laboratory tests need be run for positive soil classification. 

NOfE 2.-The ability to describe and identify soils correccly 
is learned more readily under the guidance of experienced 
personnel, but it also may be acquired systematically by comparing 
numerical laboratory cest results for typical soils of each type 
with their visual and manual characteristics. 

4.6 When describing and identifying soil samples from 
a given boring, test pit, or group of borings or pits, it 
is not necessary to follow all of the processes in this 
procedure for every sample. Soils which appear to be similar 
can be grouped together. One sample from the group can 
be completely described and identified, with the others 
referred to "as similar" based on performing only a few 
of the descriptive and identification processes described 
in this procedure. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

5.1.1 Boulder.-A particle of rock that will not pass 
a 12-inch (300-mm) square opening. 

5.1.2 Cobble.-A particle of rock that will pass a 
12-inch (300-mm) square opening and be retained on a 
3-inch (75-mm) U.S.A. Standard sieve. 

5.1.3 Peat.-A soil composed primarily of vegetable 
tissue in various stages of decomposition with an organic 
odor, a dark brown to black color, a spongy consistency, 
and a texture ranging from fibrous to amorphous (ASTM 
D 2487-83). 

5.2 Terms Speofic to This Designation: 
5.2.1 Gravel-Particles of rock that will pass a 3-inch 

(75-mm) sieve and be retained on a No. 4 (4.75-mm) sieve 
with the following subdivisions: 
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Coarse - Passes 3-inch (75-mm) sieve and retained 
on 3/4-inch (19.0-mm) sieve 

Fine - Passes 3/4-inch (19.0-mm) sieve and 
retained on No. 4 (4.75-mm) sieve 

5.2.2 Sand-Particles of rock that will pass a No. 4 
(4.75-mm) sieve and be retained on a No. 200 (75-µm) 
sieve with the following subdivisions: 

Coarse - Passes No. 4 (4.75-mm) sieve and retained 
on No. LO (2.00-mm) sieve 

Medium - Passes No. 10 (2.00-mm) sieve and retained 
on No. 40 (425-µm) sieve 

Fine - Passes No. 40 (425-µm) sieve and retained 
on No. 200 (75-µm) sieve 

5.2 .3 C/ay.-Soil passing the No. 200 (75-µm) U.S.A. 
Sea ndard sieve that exhibits plasticity (putty-I ike 
properties) within a range of moisture contents, and which 
exhibits considerable strength when air-dried . For 
classification, a clay is a fine-grained soil, or the fine-grained 
portion of a soil, having a plasticity index equal to or greater 
than 4 and the plot of plasticity index versus liquid limit 
falls on or above the "A"-line (see fig. 3, USBR 5000). 

5.2.4 Silt.-Material passing the No. 200 (75-µm) 
U .S.A. Standard sieve that is nonplastic or very slightly 
plastic and that exhibits little or no strength when air­
dried (ASTM) . For classification, a silt is a fine-grained 
soil, or the fine-grained portion of a soil, having a plasticity 
index less than 4 or if the plot of plasticity index versus 
liquid limit falls below the "A"-line (see fig. 3, USBR 5000). 

5.2.5 Organic Clay.-A clay with sufficient organic 
content to influence the soil properties. For classification, 
an organic clay is a soil that would be classified as a clay 
except that its liquid limit value after ovendrying is less 
than 75 percent nf its liquid limit value before ovendrying. 

5.2.6 Organic Silc.-A silt with sufficient organic 
content to influence the soil properties. For classification, 
an organic silt is a soil that would be classified as a silt 
except that its liquid limit value after ovendrying is less 
than 75 percent of its liquid limit value before ovendrying. 

6. Apparatus 

6.1 Required Appararus: 
6.1.1 Small supply of water. 
6.1.2 Pocket knife or small spatula. 

6.2 Useful Auxiliary Apparatus: 
6.2.1 Small bottle of dilute hydrochloric acid, one 

part HCI (10 N) to three parts distilled water. 
6.2.2 Small test tube and stopper, or jar with a lid. 
6.2.3 Dish for wash test. 
6.2.4 Small hand lens. 
6.2.5 Ruler. 

7. Precautions 

7.1 When preparing the dilute HCI (hydrochloric acid) 
solution of one part concentrated HCI (10 N) to three 
parts of distilled water, slowly add acid intp water following 
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necessary safety precautions. Handle with caution and store 
safely. If solution comes in contact with skin, rinse 
thoroughly with water. 

CAUTION.-Do not add water to acid. 

8. Sampling 

8.1 The sample shall be considered to be representative 
of the stratum, from where it was obtained, by an 
appropriate accepted or standard procedure. 

NOfE 3.-The sampling procedure should be identified as 
having been conducted in accordance with a USBR procedure 
or an ASTM standard, or other appropriate standard or procedure. 

8.2 The sample shall be carefully identified as to origin. 

NOfE 4.-Remarks as to the origin may take the form of a 
boring number and sample number in conjunction with a job 
number, a geologic stratum, a pedologic horizon, or a location 
description with respect to a permanent monument, grid system, 
or station number and offset with respect tO a stated centerline, 
and a depth or elevation. 

8. 3 For accurate description and identification, the 
minimum amounts of the specimen to be examined shall 
be in accordance with the following schedule: 

Maximum particle size, 
sieve opening 

mm 

4.75 
9.5 

19.0 
37.5 
75.0 

m 

No. 4 
3/8 
3/4 

1-1/2 
3 

Minimum specimen size, 
dry mass 

kg 

0.1 
0.25 
1.1 

10 
70 

lbm 

0.2 
0.5 
2.5 
20 

150 

NOfE 5.-If random, isolated particles are encountered that 
are significantly larger than the particles in the soil matrix, the 
soil matrix can be accurately described and identified in accordance 
with the above schedule. 

8.4 If the field sample or specimen being examined 
is smaller than the minimum amount, the report shall 
include an appropriate remark. 

9. Descriptive Information 

9.1 Describe the angularity of the sand (coarse sizes 
only), gravel, cobbles, and boulders as rounded, subrounded, 
subangular, or angular as indicated by the criteria in table 
1 and on figure 3. A range of angularity may be stated 
such as subrounded to rounded. 

9.2 Describe the shape of the gravel, cobbles, and 
boulders as flat, elongated, or flat and elongated if they 
meet the criteria in table 2 and on figure 4; otherwise, 
do not remark. Indicate the fraction of particles having 
that shape such as one-third of gravel particles are flat. 

9.3 Describe the color. Color is an important property 
in identifying organic soils and within a given locality it 
may also be useful in identifying materials of similar 
geologic origin. If the sample contains layers or patches 
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Table 1. - Criteria for describing angu larity of coarse-grained particles 
(see fig. 3). 

Rounded - Particles have smoothly cu rved sides and no edges 
Subrounded - Particles have nearly plane sides but have well­

rounded corners and edges 
Subangular - Particles are similar to angular description but 

have rounded edges 
Angular - Particles have sharp edges and relatively plane 

sides with unpolished surfaces 

00 ROUNDED 

Smoothly curved sides and edges. 

SUBROUNDED 

Nearly plane sides with wel I -
rounded corners and edges. 

SUBANGULAR 

Similar to angular but with some­
what rounded edges. 

WJ @r ANGULAR 
Sharp edges and relatively plane 

sides with unpolished surfaces, 
as freshly broken rock. 

Figure 3. - Typical angularity of coarse-grained particles. 

Table 2. - Criteria for describing particle shape (see fig. 4). 

The particle shape shall be described as follows where length, 
width, and thickness refer to the greatest, intermediate, and least 
dimensions of a particle, respectively. 

Flat 

Elongated 

Flat and 

width > 
- Particles with 3 

thickness 

length > 
- Particles with 3 

width 

elongated - Particles meet criteria for both flat and elongated 

of varying colors, this should be noted and all representative 
colors should be described. Color should be described for 
moist samples. If color represents a dry condition, this 
should be stated in the report. 

9.4 Describe the odor if organic or unusual. Soils 
containing a significant amount of organic material usually 
have a distinctive odor of decaying vegetation. This is 
especially apparent in fresh samples; but if the samples 
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Flat: W/T > 3 
Elongated: 1/W > 3 
Flat and Elongated: meets both criteria 

W = Width 
T = Thickness 
L = Length 

Figure 4. - Criteria for particle shape. 

are dried, the odor may often be revived by heating a 
moistened sample. Describe the odor if unusual (petroleum 
product, chemical, etc.). 

9.5 Describe the moisture condition as dry, moist, or 
wet as indicated by the criteria in table 3. 

9.6 Describe the reaction with HCJ as none, weak, or 
strong as indicated by the criteria in table 4. Since calcium 
carbonate is a common cementing agent, a report of its 
presence on the basis of the reaction with dilute HCI is 
important. 

9.7 For intact fine-grained soil, describe the consistency 
as very soft, soft, firm, hard, or very hard as indicated 
by the criteria in cable 5. This observation is inappropriate 
for disturbed soils or soils with significant amounts of 
gravel. 

9.8 Describe the cementation of intact coarse-grained 
soils as weak, moderate, or strong as indicated by the criteria 
in table 6. 

9.9 Describe the structure of intact soils according to 
the criteria in table 7. 

9.10 For gravel and sand components, describe the 
range of particle sizes within each component as defined 
in subparagraphs 5.2.1 and 5.2.2 (for example: about 20 
percent fine to coarse gravel, about 40 percent fine to coarse 
sand). 

9.11 Describe the maximum particle size found in the 
sample. 

9.11.1 If the maximum particle size is a sand size, 
describe as fine, medium, or coarse as defined in 
subparagraph 5.2.2 (for example: maximum size, medium 
sand). 

9.11.2 If che maximum particle size is a gravel size, 
describe maximum particle size in millimeters as the 
smallest sieve opening that the particle would pass [for 
example: maximum size, 37.5 mm (would pass 37.5-mm­
square opening bur not a 19.0-mm-square opening)]. 

9.11.3 If che maximum particle size is a cobble or 
boulder size, describe the maximum dimension of the 
largest particle (for example: maximum dimension, 
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Table 3. - Criteria for describing moisrure condition. 

Dry 
Moist 
Wet 

- Absence of moisture, dusty, dry to the touch 
- Damp but no visible water 
- Visible free water, usually soil is below water table 

Table 4. - Criteria for describing the reaction with HCI. 

None - No visible reaction 
Weak - Some reaction, with bubbles forming slowly 
Strong - Violent reaction, with bubbles forming immediately 

Very soft 
Soft 
Firm 
Hard 

Table 5. - Criteria for describing consistency. 

- Thumb penetrates soil more than l inch (25 mm) 
- Thumb penetrates soil about l inch (25 mm) 
- Thumb indents soil about 1/4 inch (6 mm) 
- Thumb cannot indent soil but readily indented with 

thumbnail 
Very hard - Thumbnail cannot indent soil 

Table 6. - Criteria for describing cemencation. 

Weak - Crumbles or breaks with handling or little finger 
pressure 

Moderate - Crumbles or breaks with considerable finger 
pressure 

Strong - Will nor crumble or break with finger pressure 

Table 7. - Criteria for describing srrucrure. 

Stratified - Alternating layers of varying material or color 
with layers at least 1/4 inch (6 mm) thick; 
note thickness 

Laminated - Alternating layers of varying material or color 
with the layers less than 1/4 inch (6 mm) 
thick; note thickness 

Fissured - Breaks along definite planes of fracture with 
little resistance to fracturing 

Slickensided - Fracture planes appear polished or glossy, 
sometimes striated 

Blocky - Cohesive soil that can be broken down into 
small angular lumps which resist further 
breakdown 

Lensed - Inclusion of small pockets of different soils, 
such as small lenses of sand scattered 
through a mass of clay; note thickness 

Homogeneous - Same color and appearance throughout 

400 mm). Use 25-mm increments from 75 to 300 mm 
(cobbles) and 100-mm increments for particles larger chan 
300 mm (boulders). 

9.12 Describe che hardness of coarse sand and larger 
particles as hard or state what happens when che particles 
are hie by a hammer (e.g., gravel-size particles fracture 
wich considerable hammer blow, some gravel-size particles 
crumble with hammer blow). Hard means particles do nor 
crack, fracture, or crumble under a hammer blow. 
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9.13 Additional comments should be noced such as: 
Presence of roots or root holes 
Difficulty in drilling or augering hole 
Caving of trench or hole 
Presence of mica 
9. 14 A local or commercial name and/or a geologic 

interpretation for the soil may be added if identified as 
such. 

9.15 A classification or identification of the soil 
according to other classification systems may be added if 
identified as such. 

10. Identification of Peat 

10.1 A sample composed primarily of vegetable tissue 
in various stages of decomposition that has a fibrous to 
amorphous texture-usually a dark brown to black color­
and an organic odor should be designated as a highly organic 
soil and shall be identified as peat, PT, and not subjected 
to the identification procedures described hereafter. 

11. Specimen Preparation for Identification 

11.1 The soil identification portion of this procedure 
is based on the minus 3-inch (75-mm) particle sizes. The 
plus 3-inch (75-mm) particles must be removed, manually, 
for a loose sample, or mentally evaluated, for an intact 
sample before classifying the soil. 

11.2 Estimate and note the percentage of cobbles and 
the percentage of boulders. Performed visually, these 
estimates will be on the basis of volume percentage. 

NOfE 6.-Since the percentages of the particle-s ize distribution 
in USBR 5000 are by dry mass and the estimates of percentages 
for gravel, sand, and fines in this procedure are by dry mass, 
it is recommended that the report state that the percentages 
of cobbles and boulders are by volume. 

11.3 Of the fraction of the soil smaller than 3 inches 
(75 mm) , estimate and note the percentage, by dry mass, 
of the gravel, sand, and fines . (See app. X4 for suggested 
procedures.) 

NOfE 7.-Since the_ particle-size components appear visually 
on the basis of volume, considerable experience is required to 
estimate the percentages on the basis o f dry mass. Frequent 
comparisons with laboratory gradation analyses should be made. 

11.3.1 The percentages shall be estimated to the 
nearest 5 percent. The percentages of gravel, sand, and 
fines must add up to 100 percent. 

11.3.2 If one of the components is present, but not 
in sufficient quantity to be considered 5 percent of the 
minus 3-inch (75-mm) portion, indicate its presence by 
the term trace (for example: trace of fines) . A trace is 
not to be considered in the total of 100 percent for the 
components. 

12. Preliminary Identification Procedure 

12.1 The soil is fine grained if it contains 50 percent 
or more fines; follow paragraph 13. 
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12.2 The soil is coarse grained if it contains less than 
50 percent fines; follow paragraph 14. 

13. Procedure for Identifyin_g Fine-Grained Soils 

13. l Seleaion.-Select a representative sample of the 
material for examination. Remove particles larger than 
the No. 40 sieve (medium sand and larger) until a specimen 
equivalent tO about a handful of material is available. Use 
this specimen for performing the dry strength, dilatancy, 
and toughness tests. 

13.2 Dry Strength.-From the specimen, select enough 
material to mold into a ball about 1 inch (25 mm) in 
diameter. Mold the material until it has the consistency 
of putty; add water if necessary. 

13.2. l From the molded material, make at least three 
test specimens. A test specimen shall be a ball of material 
about 1/4 inch (6 mm) in diameter. Allow the test 
specimens tO dry in air or sun or dry by artificial means 
as long as the temperature does not exceed 140 ° F (60 °C). 

13.2.2 If the test specimen contains natural dry 
lumps, those that are about V4 inch (6 mm) in diameter 
may be used in place of the molded balls. 

NOfE 8.- The process of molding and drying usually produces 
higher strengths than are found in natural dry lumps of soil. 

13.2.3 Test the strength of the dry balls or lumps 
by crushing between the fingers and note the strength 
as none, low, medium, high, or very high according tO 

the criteria in table 8. If natural dry lumps are used, do 
not use the results of any of the lumps that are found 
to contain particles of coarse sand. 

13.2.4 The presence of high-strength water-soluble 
cementing materials, such as calcium carbonate, may cause 
exceptionally high dry strengths. The presence of calcium 
carbonate usually can be detected from the intensity of 
the reaction with dilute hydrochloric acid (see subpar. 9.6) . 

13.3 Dilatancy.-From the specimen, select enough 
material ro mold into a ball about 1/2 inch (12 mm) in 
diameter. Mold the material ; add water if necessary until 
it has a soft, but not sticky, consistency. 

13.3.1 Smooth the soil ball in the palm of one hand 
with the blade of a knife or small spatula. Shake 
horizontally, striking the side of the hand vigorously against 
the other hand several times. Note the reaction of water 
appearing on the surface of the soil. Squeeze the sample 

None 

Low 

Medium 

High 

Table 8. - Criteria for describing dry Strength. 

- The dry specimen crumbles into powder with 
mere pressure of handling. 

- The dry specimen crumbles into powder with 
some finger pressure. 

- The dry specimen breaks into pieces or crumbles 
with considerable finger pressure. 

- The dry specimen cannot be broken with finger 
pressure. Specimen will break into pieces 
between thumb and a hard surface. 

Very High - The dry-specimen cannot be broken between the 
thumb and a hard surface. 
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by closing the hand or pinching the soil between the fingers 
and note reaction as none, slow, or rapid according to the 
criteria in table 9. The reaction is the speed at which water 
appears while shaking and disappears while squeezing. 

13.4 Toughness.-Following completion of the dila­
tancy test, shape the test specimen into an elongated pat 
and roll by hand on a smooth surface or between the palms 
into a thread about 1/8 inch (3 mm) in diameter. (If the 
sample is too wet to roll easily, it should be spread our 
into a thin layer and allowed to lose some water by 
evaporation.) Fold the sample threads and reroll repeatedly 
until the thread crumbles at a diameter of about 1/8 inch 
(3 mm). The thread will crumble at a diameter of 1/8 
inch (3 mm) when the soil is near the plastic limit. Note 
the pressure required to roll the thread near the plastic 
limit. Also, note the strength of the thread. After the thread 
crumbles, the pieces should be lumped together and 
kneaded until the lump crumbles. Note the toughness of 
the material during kneading. 

13.4.1 Describe the toughness of the thread and lump 
as low, medium, or high according to the criteria in cable 10. 

13.5 Plascicity.-On the basis of observations made 
during the roughness test, describe the plasticity of the 
material according to the criteria given in table 11. 

13.6 Inorganic/Organic-Decide whether the soil is an 
inorganic or an organic fine-grained soil (see subpar. 13.8). 
If inorganic, follow subparagraph 13.7. 

13.7 Identification of Inorganic Fine-Grained Soils: 
13.7.1 Identify the soil as a lean clay, CL, if the soil 

has medium to high dry strength, none to slow dilatancy, 
and medium toughness and plasticity (see cable 12). 

13.7.2 Identify the soil as a far clay, CH, if the soil 
has high to very high dry strength, no dilacancy, and high 
toughness and plasticity (see table 12). 

13.7.3 Identify the soil as a sdt, ML, if the soil has 
none to low dry strength, slow to rapid dilatancy, and low 
roughness and plasticity or is nonplastic (see cable 12). 

None 
Slow 

Rapid 

Table 9. - Criteria for describing dilatancy. 

- No visible change in rhe specimen 
- Water appears slowly on rhe surface of the specimen 

during shaking and does nor disappear or disappears 
slowly upon squeezing 

- Water appears quickly on rhe surface of the specimen 
during shaking and disappears quickly upon 
squeezing 

Table lO. - Criteria for describing roughness. 

Low - Only slight pressure is required to roll rhe thread 
near the plastic limit. The thread and rhe lump 
are weak and safe. 

Medium - Medium pressure is required to roll the thread to 
near the plastic limit. The thread and rhe lump 
have medium stiffness. 

High - Considerable pressure is required ro roll the thread 
to near the plastic limit. The thread and the lump 
have very high stiffness. 

2 LL 

Table 11. - Criteria for describing plasricity. 

Nonplasric - A l/8-inch (3-mm) thread cannot be rolled at 
any moisrure conrenr. 

Low - The thread can be barely rolled and the lump 
cannot be formed when drier than rhe plastic 
limit. 

Medium - The thread is easy to roll and nor much rime 
is required to reach the plastic limit. The thread 
cannot be rerolled after reaching the plastic 
limit. The lump crumbles when drier than rhe 
plastic limit. 

High - Ir rakes considerable rime rolling and kneading 
to reach rhe plasric limit. The thread can be 
rerolled several rimes close to the plastic limit. 
The lump can be formed wirhour crumbling 
when drier than the plastic limit. 

Table 12. - Identification of inorganic fine-grained soils from manual tests. 

Soil Dry strength Dilatancy Toughness 
symbol 

ML None to low Slow to rapid Low or thread can-
nor be formed 

CL Medium to high None to slow Medium 
MH Low to medium None to slow Low to medium 
CH High to very high None High 

13.7.4 Identify the soil as an elastic silt, MH, if the 
soil has low to medium dry strength, none to slow dilarancy, 
and low to medium toughness and plasticity (see table 12). 

NOfE 9.-These properties for elastic silt are similar to those 
for a lean clay. However, the silt will dry much faster on the 
hand and have a smooth, silky feel when dry. Some soils which 
would classify as elastic silt, MH, according to the criteria in 
USBR 5000 are visually difficult to distinguish from lean clay, 
CL Ir may be necessary to perform laboratory resting for proper 
identification. 

13.8 Identification of Organic Fine-Grained Soils: 
13.8.1 Identify the soil as an organic soil, OL/OH, 

if the soil contains enough organic particles co influence 
the soil properties. Organic soils usually have a dark brown 
to black color and may have an organic odor. Often, organic 
soils will change color, e.g., black to brown, when exposed 
co the air. Some organic soils will lighten in color 
significantly when air dried. Normally, organic soils would 
not have a high toughness or plasticity. The thread for 
the toughness test will be spongy. 

NOfE lO.-In some cases, through practice and experience, 
it may be possible to further identify the organic soils as organic 
silts or organic clays, OL or OH. Correlations between the 
dilarancy, dry strength, and roughness rests and laboratory rests 
can be made to identify organic soils in certain deposits of similar 
materials of known geologic origin. 

13.9 If the soil is estimated to have 15 to 25 percent 
sand or gravel or both, the words "with sand" or "with 
gravel" shall be added co the group name (see figs. la 
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and lb) (for example: lean clay with sand, CL; silt with 
gravel, ML). If the percent of sand is equal to the percent 
of gravel, use "with sand." 

13.10 If the soil is estimated to have 30 percent or 
more sand or gravel or both, the words "sandy" or "gravelly" 
shall be added to the group name. Add the word "sandy" 
if there appears to be more sand than gravel. Add the 
word "gravelly" if there appears to be more gravel than 
sand (see figs. la and lb) (for example: sandy lean clay, 
CL; gravelly fat clay, CH; sandy silt, ML). If the percent 
of sand is equal to the percent of gravel, use "sandy." 

14. Procedure for Identifying Coarse-Grained 
Soils (contains less than 50 % fines) 

14.1 The soil is a gravel if the percent gravel is 
estimated to be more than the percent sand. 

14.2 The soil is a sand if the percent gravel is estimated 
to be equal to or less than the percent sand. 

14.3 The soil is a clean gravel or clean sand if the 
percent fines is estimated to be 5 percent or less. 

14.3.1 Identify the soil as a well-graded gravel, GW, 
or as a well-graded sand, SW, if it has a wide range of 
particle sizes and substantial amounts of the intermediate 
particle sizes. 

14.3.2 Identify the soil as a poorly graded gravel, 
GP, or as a poorly graded sand, SP, if it consists 
predominantly of one size (uniformly graded) or if it has 
a wide range of sizes with some intermediate sizes obviously 
missing (gap or skip graded). 

14.4 The soil is either a gravel with fines or a sand 
with fines if the percent fines is estimated to be 15 percent 
or more. 

14.4.1 Identify the soil as a clayey gravel, GC, or 
a clayey sand, SC, if the fines are clayey as determined 
by the procedures in paragraph 13. 

14.4.2 Identify the soil as a silty gravel, GM, or a 
silty sand, SM, if the fines are silty as determined by the 
procedures in paragraph 13. 

14.5 If the soil is estimated to contain 10 percent fines, 
give the soil a dual identification using two group symbols. 

14.5.1 The first group symbol shall correspond to 
a clean gravel or sand (GW, GP, SW, SP) and the second 
symbol shall correspond to a gravel or sand with fines 
(GC, GM, SC, SM). 
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14.5.2 The group name shall correspond to the first 
group symbol plus ·"with clay" or "with silt" to indicate 
the plasticity characteristics of the fines (see fig. 2) (for 
example: well-graded gravel with clay, GW-GC; poorly 
graded sand with silt, SP-SM). 

14.6 If the specimen is predominantly sand or gravel 
but contains an estimated 15 percent or more of the other 
coarse-grained constituent, the words "with gravel" or 
"with sand" shall be added to the group name (see fig. 2) 
(for example: poorly graded gravel with sand, GP; clayey 
sand with gravel, SC). 

14.7 If the field sample contained any cobbles and/ 
or boulders, the words "with cobbles," or "with cobbles 
and boulders" shall be added to the group name (for 
example: silty gravel with cobbles, GM). 

15. Report 

15.l The report shall include information as to sample 
origin as well as the items indicated in table 13. 

NOfE 11.-Example: CLAYEY GRAVEL WITH SAND AND 
COBBLES (GC): About 50 percent fine to coarse, subrounded 
to subangular gravel; about 30 percent fine to coarse, subrounded 
sand; about 20 percent fines with medium plasticity, high dry 
strength, no dilatancy, medium roughness; original field sample 
had trace of hard, subrounded cobbles; maximum size, 150 mm; 
weak reaction with HCI. 

In-place conditions: firm, homogeneous, dry, brown 
Geologic interpretation: alluvial fan 

NOfE 12.-Other examples of soil descriptions and identifi­
cations are given in appendixes X l and X2. 

15.2 If, in the soil description, the soil is identified 
using a classification group symbol and name as described 
in USBR 5000, it must be distinctly and clearly stated in 
log forms, summary tables, reports, etc., that the symbol 
and name are based on visual-manual procedures. 

16. Precision and Accuracy 

16.1 This method provides qualitative information 
only; therefore, a precision and accuracy statement is 
nonapplicable. 



1. 
2. 
3. 
4. 
5. 

Group name 
Group symbol 
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Table 13. - Checklist for description of soils. 

Percent of cobbles and/or boulders (by volume) 
Percent of gravel, sand and/or fines (by dry mass) 
Particle-size range: Gravel - fine, coarse 

Sand - fine, medium, coarse 
6. 
7. 
8. 
9. 

Particle angularity: angular subangular subrounded rounded 
Particle shape (if appropriate): flat elongated flat and elongated 

10. 
l l. 
12. 
13. 
14. 
15. 
16. 
l7 . 

Maximum particle size or dimension 
Hardness of coarse sand and larger particles 
Plasticity of fines: nonplastic low medium 
Dry strength: none low medium high 
Dilacancy: none slow rapid 
Toughness: low medium high 
Color (in moist condition) 
Odor - mention only if o rganic or unusual 
Moisture : dry moist wee 
Reaction with HCI: none weak strong 

For intact samples: 
18. Consistency (fine-grained soils only): 
19. Structure: stratified laminated 
20. Cemencarion: weak moderate 
21.. Local name 
22 . Geologic interpretation 

Additional comments: 
Presence of roots or.root holes 
Presence of mica, gypsum, ere. 

very soft 
fissured 

st ro ng 

Surface coatings on coarse-grained particles 
Caving o r sloughing of auger hole or trench sides 
Difficulty in augering or excavation 
Etc. 
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high 
very high 

soft firm 
slickensided 

hard 
lensed 

ve ry hard 
homogeneous 
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APPENDIX 

XL EXAMPLES OF VISUAL SOIL DESCRIPTIONS 

Xl. l The following examples show how the informa­
tion required in subparagraph 15.1 can be reported. The 
information that is included in descriptions should be based 
on individual circumstances and need. 

Example 1: WELL-GRADED GRAVEL WITH SAND (GW): 
About 75 percent fine ro coarse, hard, subangular gravel; about 
25 percent fine ro coarse, hard, subangular sand; trace of fines; 
maximum size, 75 mm; dry, brown; no reaction with HCI. 

Example 2: SILTY SAND WITH GRAVEL (SM): About 60 
percent predominantly fine sand; about 25 percent fines with 
low plasticity, low dry strength, rapid dilatancy, low roughness; 
about 15 percent fine, hard, subrounded gravel (a few gravel­
size particles fractured with hammer blow); maximum size, 20 
mm; no reaction with HCI. Nore: field sample size smaller than 
recommended. 

In-place conditions - firm, stratified and contains lenses of 
silt 1 ro 2 inches thick, moist, brown ro gray; in-place dry unit 

weight was 106 lbf/ fr 3 and in-place moisture was 9 percent. 

Example 3: ORGANIC SOIL (OL/OH): About 100 percent 
fines with low plasticity, slow dilatancy, low dry strength, low 
roughness; wet, dark brown, organic odor; weak reaction with 
HCI. 

Example 4: SILTY SAND WITH ORGANIC FINES (SM): 
About 75 percent fine co coarse, hard, subangular reddish sand; 
about 25 percent organic and dark brown nonplastic fines, no 
dry strength, slow dilarancy; wet; maximum size, coarse sand; 
weak reaction with HCI. 

Example 5: POORLY GRADED GRAVEL WITHSILT,SAND, 
COBBLES AND BOULDERS (GP-GM): About 75 pe·rcent fine 
to coarse, hard, subrounded to subangular gravel; about 15 percent 
fine, hard, subrounded to subangular sand; about 10 percent 
nonplasric fines; moist, brown; no reaction with HCI. Original 
field sample had a trace of hard, subrounded cobbles and a trace 
of hard, subrounded boulders, haying a maximum dimension of 
500 mm. 

X2. USING THE IDENTIFICATION METHOD AS A DESCRIPTIVE SYSTEM 
FOR SHALE, CLA YSTONE, SHELLS, SLAG, CRUSHED ROCK, ETC. 

X2. l The identification method may be used as a 
descriptive system applied to materials that exist in situ 
as shale, claystone, sandstone, siltstone, mudstone, etc., but 
convert to soils after field or laboratory processing 
(crushing, slaking, etc.). 

X2.2 Materials such as shells, crushed rock, slag, etc., 
should be identified as such. However, the processes used 
in this procedure for describing the particle size and 
plasticity characteristics may be used in the description 
of the material. If desired, an identification using a group 
name and symbol according to.this method may be assigned 
to aid in describing the material. 

X2.3 The group symbol(s) and group names should 
be placed in quotation marks or noted with some type 
of distinguishing symbol (see examples) . 

X2.4 Examples of how group names and symbols could 
be incorporated into a descriptive system for materials that 
are ·not naturally occurring soils follow. 

Example 1: SHALE CHUNKS: Retrieved as 2- to 4-inch pieces 
of shale from power auger hole, dry, brown, no reaction with 
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HCI. After slaking in water for 24 hours, material identified 
as "SANDY LEAN CLAY (CL)" - About 60 percent fines with 
medium plasticity, high dry strength, no dilarancy, medium 
roughness; about 35 percent fine to medium sand; about 5 percent 
gravel-size pieces of shale. 

Example 2: CRUSHED SANDSTONE: Product of commercial 
crushing operation; "POORLY GRADED SAND WITH SILT 
(SP-SM)" - About 90 percent fine to medium sand; about 10 
percent nonplasric fines; maximum size, medium sand; dry, 
reddish-brown; strong reaction with HCI. 

Example 3: BROKEN SHELLS: Natural deposit of shells; 
'"POORLY GRADED GRAVEL WITH SAND (GP)" - About 
60 percent gravel-size broken shells; about 35 percent sand and 
sand-size shell pieces; about 5 percent fines. 

Example 4: CRUSHED ROCK: Processed from gravel and 
cobbles in Pit No. 7; "POORLY GRADED GRAVEL (GP)" -
About 90 percent fine, hard, angular gravel-size particles; about 
10 percent coarse, hard, angular sand-size particles; maximum 
size, 20 mm; dry, tan; no reaction with HCI. 
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X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL 
FOR SOILS WITH TWO POSSIBLE IDENTIFICATIONS 

X3. l Since chis practice is based on estimates of particle 
size distribution and plasticity characteristics, it may be 
difficult co clearly identify che soil as belonging co one 
category. To indicate chat the soil may fall into one of 
two possible basic groups, a borderline symbol may be 
used with the two symbols separated by a slash (for 
example: SC/CL, CL/CH). 

X3. l. l A borderline symbol may be used when the 
percent fines is estimated co be between 45 and 55 percent. 
One symbol should be for a coarse-grained soil with fines 
and che ocher for a fine-grained soil (for example: GM/ML, 
CL/SC). 

X3. l.2 A borderline symbol may be used when the 
percent sand and the percent gravel is estimated to be 
about the same (for example: GP /SP, SC/GC, GM/SM). 
le is·praccically impossible co have a soil that would have 
a borderline symbol of GW /SW. 

X3 . 1.3 A borderline symbol may be used when the 
soil could be either well graded or poorly graded (for 
example: GW /GP, SW /SP). 

X3. l.4 A borderline symbol may be used when the 
soil could either be a silt or a clay (for example: CL/ML, 
CH/MH, SC/SM). 

X3. l.5 A borderline symbol may be used when a 
fine-grained soil has properties chat indicate chat it is ac 
the boundary between a soil of low compressibility and 
a soil of high compressibility (for example: CL/CH, 
MH/ML) . 

X3.2 The order of the borderline symbols should reflect 
similarity co surrounding or adjacent soils (for example: 
soils in a borrow area have been identified as CH. One 
sample is considered co have a borderline symbol of CL . 
and CH. To show similarity, the borderline symbol should 
be CH/CL). 

X3.3 The group name for a soil with a borderline 
symbol should be che group name for the first symbol, 
except for : 

CL/CH - lean co fat clay 
ML/CL - clayey silt 
CL/ML - silcy clay 

X3.4 The use of a borderline symbol should not be 
used indiscriminately. Every effort should be made co place 
the soil into a single group. 

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENT 
OF GRAVEL, SAND, AND FINES IN A SOIL SAMPLE 

X4. l Jar Method-The relative percentage of coarse­
and fine-grained material may be estimated by thoroughly 
shaking a mixture of soil and water in a cesc cube or jar, 
and then allowing the mixture co settle. The coarse particles 
will fall to the boccom and successively finer particles will 
be deposited with increasing time; the sand sizes will fall 
out of suspension in 20 co 30 seconds. The relative 
proportions can be estimated from the relative volume 
of each size separate. This method should be correlated 
co particle-size laboracory determinations. 

X4.2 Visual Method-Mentally visualize the gravel size 
particles placed in a sack (or other container) or sacks. 
Then, do the same with the sand size particles and the 
fines. Then, mentally compare the number of sacks co 
estimate the percentage of plus No. 4 sieve size and minus 
No. 4 sieve size present. The percentages of sand and 
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fines in the minus sieve size No. 4 material then can be 
estimated from che wash test (see subpar. X4.3). 

X4.3 Wash Test (for relative percentages of sand and 
fines).-Selecc and moisten enough minus No. 4 sieve size 
material co form a 1-inch (25-mm) cube of soil. Cut the 
cube in half, sec one-half co che side, and place the ocher 
half in a small dish. Wash and decant the fines our of 
che material in the dish until the wash water is clear, and 
then compare the two samples and estimate the percentage 
of sand and fines . Remember chat the percentage is based 
on mass, not volume. However, the volume comparison 
will provide a reasonable indication of grain size 
percentages. 

While washing, it may be necessary co break down lumps 
of fines with a finger co gee the correct percentages. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5100-89 
PROCEDURE FOR 

PERFORMING RADIOGRAPHIC INSPECTION 
OF SOIL OR ROCK SAMPLES 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under che fixed designation USBR 5100. The number immediately 
following che designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
performing radiographic inspection of soil or rock samples. 

1.2 This procedure is nondestructive to the sample and 
allows the user to determine effects of sampling and natural 
variations within samples by the relative penetration of 
X-rays through the sample. 

1.3 Radiographs, in the form of X-ray film or prints 
made from X-ray film, should be interpreted only by 
individuals trained in X-ray interpretation. 

1.4 Radiograph prints made from paper film are 
generally suitable for determining portions of undisturbed 
samples acceptable for further laboratory testing. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 

2.2 USER Document: 
Standards for Radiation and Laser Safety [1] 1 

3. Summary of Method 

3.1 Undisturbed tube-type samples or other undis­
turbed samples are placed as received in a sample holder 
approximately 30 to 72 inches from the X-ray source. Paper 
film or X-ray film is placed adjacent to the sample and 
exposed to X-rays that penetrate the sample. The film 
is then developed and processed using conventional 
techniques. The relative penetration of X-rays through the 
sample is evidenced as shades of gray on the exposed film. 
Processed film is studied to determine the degree of 
disturbance to the sample, variations or layering within 
the sample, or the porcion(s) of the sample suitable for 
further laboratory testing. 

1 Number in brackets refers to the reference. 
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4. Significance and Use 

4.1 Many geotechnical tests require utilization of 
undisturbed, representative samples of soil or rock deposits. 
The quality of these samples depends on many factors, 
and some samples obtained by undisturbed sampling 
methods exhibit inherent anomalies as sampling proce­
dures may cause disturbances of varying type and intensity. 
These anomalies and disturbances are often not detectable 
by visual inspection of the undisturbed samples before or 
after laboratory testing. It is, therefore, necessary to 
determine the presence and the extent of these disturbances 
and anomalies before testing or before destruction of the 
sample by testing. 

4.2 Radiography results provide the user a visual 
representation of the internal structure of the soil sample 
and assist in evaluating the sample. 

4.2.1 An indication is given of the appropriateness 
of sampling methods used for detecting: (1) the flaws in 
sampling methods; (2) the presence of fissures or natural 
or induced shear planes; (3) the presence of natural 
intrusions such as gravel or shells at critical regions in 
samples; (4) the presence of organic matter, or sand, silt, 
or clay seams; (5) the presence of foreign materials such 
as construction debris; and (6) the intensity of some of 
the unavoidable disturbances caused by sampling. 

4.2.2 The effects of sampling disturbance are often 
visible. This disturbance is evidenced by turning of the 
edges of various thin layers in varved soils; large 
disturbances caused in soft soils; shear planes induced by 
sampling and/ or extrusion; effects of overdriving samplers; 
the presence of cuttings in sampling tubes ; or the effects 
of using bent, corroded, or nonstandard tubes for sampling. 

4.2.3 The presence of large voids, or channels 
developed by natural or artificial leaching of soil 
components may be seen. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
5.2 Terms and definitions relative to radiography are 

in accordance with the Standards for Radiation and Laser 
Safety.1 
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6. Apparatus 

6.1 Equipment Unique to This Procedure: 
6.1. l X-ray Source.-X-ray generating equipment 

with an output volcage of 100 to 300 kV and peak current 
of approximately 10 mA with remote operating control 
panel. This equipment will provide the intensity of 
radiation required for the variety of samples obtained in 
accordance with USBR 7105 and the range of commercially 
available paper films and X-ray films . 

NOfE 1.-Cercain samples may require equipment with special 
operating features such as beryllium window X-ray cubes for 
low-voltage operation, fine focus X-ray cube for maximum 
resolution, ere. Special radiography equipment and specific 
applications should be fully discussed with equipment manufac­
turers before purchasing equipment. 

6.1.2 Sample Holder.-Fixture capable of holding 
undisturbed soil or rock sample, film holder, and 
intensifying lead screens during X-ray exposure. 

6.1.3 Lead Shielding-Portable or permanent lead 
shielding to prevent exposure of personnel to X-rays during 
equipment operation. 

6.1.4 Personal Film Badge or Dosimeter.-Device 
which X-ray equipment operaror(s) must wear while work­
ing with or in prqximiry of operating X-ray equipment. 

6.1.5 lntens1fying Screens.-Sheets of thin lead used 
on the top, bottom, and rear of the undisturbed soil sample 
to improve radiographic image quality by reducing back­
scatter radiation. For soil specimens, sheets approximately 
0.15 inch (4 mm) thick have been found to work well. 

6.1.6 Film.-Industrial-type X-ray or paper film 
specified for use with industrial-type X-ray equipment and 
cur to suit the sample size. 

6.1.7 Film Holders.-Light-resistant film containers, 
sized to fit precut film, and used to prorecr unexposed film. 

6.1.8 Lead Characters.-Alphanumeric lead pieces 
used to permanently image sample index number, view 
axis (0 and 90° axis markers), top of sample, and date 
on finished X-ray prints. 

6.1.9 Darkroom-A light resistant room for devel­
oping or processing X-ray or paper film, complete with 
safelights, developing tanks, developing fluids, temper­
ature-controlled tapwarer, and film drying equipment. 

6.1.10 Light Screens.-Platform or wall-mounted 
screens, back lighted for viewing processed X-ray film 
radiographs. 

6 .2 Miscellaneous Equipment.-Measuring tape (6-ft 
length); rape for fastening lead characters. 

7. Reagents and Materials 

7.1 Follow film manufacrurer instructions for reagents 
and materials required to process and develop X-ray and 
paper film. 

8. Precautions 

8.1 Safety Precautions: 
8.1.1 The USBR Geotechnical Services Branch X­

ray radiation safety procedures and policies are contained 
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in the Standards for Radiation and Laser Safety (l]. The 
safety procedures and policies are in accordance with 
applicable Federal and Stare requirements for acceptable 
radiation safety standards. It is the responsibility of the 
X-ray equipment operator to read, understand, and comply 
with all safety procedures and policies. Failure to comply 
with safety procedure and policies can cause serious injury 
to X-ray equipment operator(s) and ocher personnel. 

8.2 Technical Precautions: 
8.2.1 U ndisrurbed samples should be scored in a 

temperature and humidity controlled environment co 
preserve in-place conditions. 

· 8.2.2 Undisturbed samples should be handled with 
care while transporting to and from storage areas. X-ray 
wo& should be completed quickly co minimize the amount 
of rime samples are our of controlled srorage conditions. 

8.2.3 Samples which are predominantly sand should 
only be placed vertically for the minimum rime required 
for X-ray in order to prevent water drainage from top 
to bottom. 

9. Sampling, Test Specimens, and Test Units 

9.1 Undisturbed samples are obtained in accordance 
with USBR 7105 or ocher approved sampling methods. 

9.2 Move undisturbed samples from humidity room 
or other srorage location being careful to keep rube-type 
samples in the horizontal position during transit and 
handling. 

10. Preparation of Apparatus 

10.1 Perform the required safety checks and X-ray 
equipment inspection procedures outlined in Georechnical 
Services Branch Policy Statement, Occober 15, 1984 [2]. 

10.2 Follow equipment manufacturer instructions to 

warm up the X-ray rube J/high-voltage operation (> 150 
kV) will be required and equipment has been inactive for 
3 months or longer. 

11. Calibration and Standardization 

11.1 Verify that the survey meter, Panoramic Model 
No. 470A, is currently calibrated in accordance with the 
procedure required by the Nuclear Regulatory Commission. 
The survey merer must be recalibrated at 6-months 
intervals [2]. 

12. Conditioning 

12.1 Minimize the amount of time that undisturbed 
samples are kept in temporary, nonhumidiry controlled 
room storage. Keep tube-type samples in horizontal 
position during temporary storage. 

13. Procedure 

13.1 All applicable specimen information and rest data 
are to be recorded on the "X-ray Test Data Sheer" as shown 
on figure 1. 
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7.2323 (9-.85) 
Bureau of Reclama1ion OESlGNATI O I~ USBR 5100 • 89 

X-RAY TEST DATA SHEET 

SAMPLE DATE TECHNIQUE SAMPLE DATE DATE 
SIGNATURE TECHNICIAN LOCATION NUMBER(S) X-RAYED USED TYPE CHECKED OUT RETURNED 

Cold Spring, 64-89 619189 250 KV 3• Push lube Burhans 
Dam 9 MA 619189 
6IE I min (I 72" 

Wosco Dom 63-73 10/28/89 250 KV 6 .. Denison Milchell 
I9S 10 MA 10128189 

2min30sec (I 48" 

-

Figure 1. - X-ray test data sheet - example. 

13.2 Prepare the film holder in the darkroom using 
the safelights co prevent accidentally exposing the film. 
Insert the film in the film holder so that the silver halide 
surface will face the sample during exposure. Fasten the 
alphanumeric lead characters showing the soil sample index 
number to the top of the sample to the film holder. Indicate 
the top of the sample for proper orientation. 

13.3 Attach the lead characters tO rube-type samples 
to indicate the 0 ro 90 degree axis. 

NOfE 2.-Tube-type samples with specimen lengths greater 
than approximately 15 inches may require two separate X-ray 
exposures to record the entire sample. For chis case, attach a 
lead character near the center of the sample to serve as a common 
match point for both exposures. 

13.4 Place tube-type samples in the sample holder 
horizontally unless otherwise specified. 

13.5 Position sample holder and adjust the X-ray rube 
tO provide a distance of 30 to 72 inches from the X-ray 
tube focal point co the film surface. 

13.6 Adjust equipment output to the amperage and 
voltage levels to provide the clearest radiographic image. 
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The amperage and voltage output levels are selected by 
che operator and vary with sample type, sample liner, focal 
distance, and exposure rime. Consult X-ray project file 
records to select appropriate output levels for initial 
exposure. 

13.7 Select an appropriate elfposure interval using the 
X-ray project file records for guldance. 

13.8 Expose the film and record the focal length, output 
levels, and exposure rime. 

13 .9 Process and develop the exposed film in 
accordance with the manufacturer's instructions. 

13.10 Rota te the sample to vie~ the 90° axis and repeat 
subparagraphs 13.4 through 13.9. -. 

~~i 

NOfE 3.-Several trial exposures may ije required to determine 
the combination of output levels, exposu}e time, and focal length 
chat produces the clearest radiograph. For this trial and error 
process, it is desirable co keep the focal length and output levels 
constant and vary che exposure time until clear, well-defined 
radiographs are obtained. If exposure time va riations fail co 
achieve the desired radiograph quality, the focal length should 
be varied while keeping the exposure time and output levels 
constant. 
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14. Interpretation of Results 

14.l Figures 2 and 3 show typical finished prints of 
X-ray fi lm for und isturbed, tube-type soil samples. 

14.2 Interpretation of X-ray radiographs should be 
performed only by personnel who are thoroughly trained 
and familiar with techniques of ana lyzing X-ray radio­
graphs of undisturbed samples. 

14.3 The following general guidelines may be used for 
qualitative analysis of X-ray radiographs: 

14.3. l Voids. - Open void spaces show as dark dots, 
spaces , or channels, depending on the shape of the void. 

14.3.2 Bedding-Horizontal, inclined, or disrorted 
bedding shows as shades of gray easily identifiable as 
bedding. 

14.3.3 Turning of Edges.-Turning or bending of 
edges on the sides of tube-type samples may indicate 
improper sampling or extrusion methods. 

14.3.4 Pear, Organic Mauer, Roors.-Peat and organic 
m~tter appear as dark or black spots while roots appear 
as black, irregular, often interconnected lines. 

14.3.5 Gravel, Shells, Inverrebrares.-Gravel , shells or 
invertebrates appear as light colored shapes , generally easily 
identified from their profile. 

14.3.6 Calcareous concrerions.-Concretions appear 
as light gray irregular spots . 

14.3.7 Nawral F1ssures. - Natura l fissures appear as 
thin dark lines. Where bedding of various layers is apparent 
in the radiograph, bedding will be continuous across 
fissures. 

14.3 .8 Shear Fracwres.-Shear fractures appear as 
either dark lines (open fracrures ) or as lines identifiable 
on ly by the abrupt disp lacement and discontinuance of a 
number of bedding planes across the shear zone. 

15. Report 

LS.l The report is co consist of the completed "X-ray 
Test Data Sheer" (fig. 1) with the original radiograph or 
paper film print. 

16. Reference 

11] Toney, David F., Standards for Radiation and Laser 
Safety, Division of Research, Bureau of Reclamation, 
Denver, Colorado, February 1984. 
12] Geotechnical Services Branch, Policy Statement: 
Radiographic Equipment Safety Policies Inspecrion, and 
Operating Procedures, code D- 3760, Research and 
Laborarory Services Division, Denver Office, Denver, 
Colorado, Ocrober LS , 1984. 

Figure 2. - X-ray radiograph showing vo id (dark area) and gouge zone in tube- type 

so il sa mple. 

Figure 3. - X-ray radiog raph showing gravel ( lig hter areas) in tube- type soil sa mple. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

PROCESSING TUBE-TYPE SAMPLES 

USBR 5200-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laborarory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5200. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for pro­
cessing tube-type samples. Tube-type samples are processed 
to obtain representative specimens for laboratory use. 

2. Auxiliary Tests 

2.1 Tube-type samples received at the Denver Office 
geotechnical laboratory are X-rayed in accordance with 
USBR 5100. The moisture content and dry unit weight 
of the rube sample are determined concurrently with this 
procedure in accordance with USBR 5300 and 5372, 
respectively. 

3. Applicable Documents 

3.1 USER Procedures : 
USBR 1012 Calibrating Balances or Scales 
USBR 1025 Checking Sieves 
USBR 5100 Performing Radiographic Inspection of Soil 
or Rock Samples 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USBR 5372 Determining Unit Weight of Cylindrical 
Tube-Type Samples 

3.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieve for Testing 
Purposes 

4. Summary of Method 

4.1 Appropriate lengths of rube with soil are cur from 
each end of the rube sample. The moisture content of each 
end of the sample is determined on material taken from 
the center of each cutoff end. Material for other physical 
properties resting is obtained from the material remaining 
in the cutoff ends of the sample. The dry unit weight 
of the remaining sample (center portion) is determined. 
The ends of the sample (center portion) are capped and 
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waxed, and the sample is stored for further resting and/or 
inspection. 

5. Significance and Use 

5.1 Tube-type samplers are used to obtain undisturbed 
samples representative of in-place conditions. Once the 
tube sample reaches the laboratory, it is carefully handled, 
processed, and stored to provide undisturbed specimens 
of appropriate size for laboratory resting. 

6. Interferences 

6.1 The presence of plus U.S.A. Standard series No. 
4 (4.75-mm) sieve material in a tube sample, and 
subsequently in a tes t specimen, may have an effect on 
the reliability of particle size analysis. 

7. Apparatus 

7.1 Power Saw.-A saw of sufficient size and power 
to cut the ends of tube-type samples with minimal damage 
to the soil sample. 

7.2 Sieve.-U.S.A. Standard No. 4 (4.75 mm) sieve 
conforming to the requirements of ASTM E 11. 

7.3 Balance or Scale.-A typical balance or scale used 
for this designation must be readable to l g and have 
a capacity of about 1000 g. If plus No. 4 (4.75 mm) sieve­
size particles are found in the tube-type sample, a balance 
or scale having a larger capacity is required; refer to USBR 
5300 and/or 5325 (as appropriate) for specific balance or 
scale requirements. 

7.4 D1sh.-Porcelain, evaporating, 300-mL capacity, 
about 4-1/2 inches diameter by 2 inches deep (115- by 
50-mm). 

7.5 Specimen Containers.-Containers, paper cartons, 
cylindrical, with lids, approximately I -pint (0.5-L) capacity 
or "zip-lock" plastic bags, approximately 1-pint capacity. 

7.6 Wax.-Microcrystalline wax for sealing the ends of 
the tube-type sample. 

7.7 Brush-Paint brush for applying wax to tube-type 
sample. 
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8. Precautions 

8.1 Safety Precautions: 
8.1.1 Safety shoes, glasses, and gloves should be worn 

when operating the power saw to cut the tube-type sample. 
8.1.2 Gloves should be worn when waxing the 

sample. 
8.1.3 Safety shoes and gloves are to be worn 

whenever handling the tube-type sample. 
8.2 Technical Precautions: 

8.2.1 Tube-type samples exhibiting one or more of 
the following conditions may provide erroneous test results : 

• Damaged tube; dents, punctures, etc. 
• Voids in sample 
• Contamination of the sample with wax 
• Contamination of the sample with drilling fluid 
• Loss of integrity of wax seal on the tube ends 
• Wood plugs which have not been prewaxed 
• Presence of rust, fungus, mold, or salt crystalization 
bn sample 
• Water seeping from the sample 

8.2.2 If conditions listed in subparagraph 8.2.1 or 
other physical defects not listed-but which could have 
an effect on test results-are observed, they are to be 
recorded on the "Moisture and Unit Weight Determination 
of Soil Sample in Cut Sample Tube" test form (USBR 
5372). 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1025 Checking Sieves 

10. Conditioning 

10.1 The wet mass of moisture content test specimens 
removed from tube-type samples should be determined 
as quickly as possible to minimize unrecorded moisture 
loss. 

11. Procedure 

11.1 Perform USBR 5100. Results from the radio­
graphic inspection of tube-type samples should be reviewed 
by the responsible engineer co aid in selecting samples 
to be processed. 

11.2 Cut rest units (lengths of tube containing about 
4 inches (100 mm) of soil] from each end of the tube 
sample. 

11.3 Determine the coral wet mass and the volume 
of the remaining center portion of the tube sample in 
accordance with USBR 5372. 

11.4 Wax the ends of the remaining center portion 
of the tube sample. 
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11.5 Visually observe the similarity or dissimilarity of 
the soil in rhe top and bottom rest units cut from rhe 
ends of the tube sample. Visually check for the presence 
of plus No. 4 (4.75-mm) sieve-size material. 

11.6 If the top and borcom test units are of similar 
material and plus No. 4 (4.75-mm) sieve-size material is 
not observed, the following procedure is performed: 

11.6.1 Obtain a 500-gram (minimum) sample of 
minus No. 4 (4.75-mm) sieve-size material from each of 
the top and bottom test units. These 500-gram samples 
are subdivided as shown on figure 1. 

11.6.2 Obtain by s pliccing or quartering (USBR 
5205) rest samples that are a minimum of 200 grams from 
each of the cop and botcom test units obtained in 
subparagraph 11.6.1. 

11.6.3 Place the test samples obtained in subpara­
graph 11.6.2 in suitable containers appropriately designated 
'Top" and "Bottom" along with the sample index number. 

11.6.4 Determine the moisture contents of the test 
samples obtained in subparagraph 11.6.2 in accordance with 
USBR 5300. 

NOfE 1.-A moisture content determination is performed on 
both the top and bottom specimens, and the results are averaged 
co obtain an average moisture content value for the tube sample. 

11.6.5 Combine the remaining soil from the top and 
bottom test units obtained in subparagraph 11.6.1. 

11.6.6 Obtain by splitting or quartering three rest 
samples that are a minimum of 200 grams each from the 
combined sample obtained in subparagraph 11.6.5. 

11.6.7 Place each test sample in a suitable container 
marked with the sample index number; one container 
designated "MA," another ''SpG," and the third "ATT," 
to indicate that a gradation (mechanical) analysis, a specific 
gravity determination, and Atterberg limits testing 
respectively, are to be performed. 

11.6.8 Determine the dry unit weight of the center 
portion of the sample in accordance with USBR 5372. 

11.7 If the top and bottom test units are of dissimilar 
material and plus No. 4 (4.75-mm) sieve-size material is 
not observed, the following procedure is performed: 

11.7.1 Obtain an 800-gram (minimum) sample of 
minus No. 4 (4.75-mm) sieve-size material from each of 
the top and bottom test units. These 800-gram samples 
are subdivided as shown on figure 2. 

11.7.2 Obtain, by splitting or quartering, four test 
samples from each of the top and bottom test units obtained 
in subparagraph 11.7.1. The test samples should be a 
minimum of 200 grams each. 

11.7.3 Place one 200-gram test sample from each 
rest unit in a suitable container appropriately designated 
"Top·· and '"Bottom" along with the sample index number. 

11.7.4 Determine the moisture contents of the rest 
samples obtained in subparagraph 11.7.3 in accordance with 
USBR 5300. 

11.7.5 Place each of the remaining 200-gram test 
samples in a suitable container marked with the sample 
index number and appropriately designated "Top" or 
"Bottom" and "MA," "ATT," or "SpG" to indicate char 
a gradation (mechanical) analysis, Atterberg limits testing, 
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or a specific gravity determination respectively, are to be 
performed (see fig. 2). 

11.7.6 Determine the dry unit weight of the center 
portion of the sample in accordance with USBR 5372. 

11.8 If the top and bottom test units are of similar 
material and plus No. 4 (4.75-mm) sieve-size material is 
observed, the following procedure is performed (see fig. 3): 

11.8.1 Visually observe the maximum particle size 
contained in the top and bottom test units. 

11.8.2 Use the table shown on figure 3 to determine 
the required sample mass to be taken from the top and 
bottom test units in order to obtain a test sample. 

11.8.3 Obtain one-half the required sample mass (if 
available) from each of the top and bottom test units and 
combine to form a sample of the required mass. 

11.8.4 Separate the combined sample obtained in 
subparagraph 11.8.3 on a No. 4 (4.75-mm) sieve. 

11.8.5 Wash material retained on the No. 4 
(4.75-mm) sieve. Place the washed material in a suitable 
container marked with the sample index number and 
appropriately designated as "+No. 4 MA" to indicate that 
a gradation (mechanical) analysis is to be performed. 

11.8.6 Obtain, by splitting or quartering, four test 
samples from the material that passed the No. 4 (4.15-mm) 
sieve. The test samples should be a minimum of 200 grams 
each. 

11.8.7 Determine the moisture content of one of 
the 200-gram test samples obtained in subparagraph 11.8.6 
in accordance with USBR 5300. 

11.8.8 Place each of the remaining 200-gram test 
samples in a suitable container marked with the sample 
index number; one container designated "MA," one 
container designated "ATT," and the other "SpG," to indi­
cate that a gradation (mechanical) analysis, Atterberg limits 
testing, or a specific gravity determination respectively, 
are to be performed (see fig. 3 ). 

11.8.9 Determine the dry unit weight of the center 
portion of the sample in accordance with USBR 5372. 

11.9 If the top and bottom test units are of dissimilar 
material and plus No. 4 (4.75-mm) sieve-size material is 
observed in both top and bottom test units, the following 
procedure is performed (see fig. 4): 

11.9.1 Visually observe the maximum particle size 
contained in the top and bottom test units. 

11.9.2 Use the table shown on figure 4 to determine 
the required sample mass to be taken from the top and 
bottom test units in order to obtain a test sample. 

11.9.3 Obtain the required sample mass (if available) 
from each of the top and bottom test units. 

11.9.4 Separate the material obtained in subpara­
graph 11.9.3 on the No. 4 (4.75-mm) sieve. 

11.9.5 Wash the material retained on the No. 4 
(4.75-mm) sieve. 

11.9.6 Place the material retained on the No. 4 
( 4. 75-mm) sieve in suitable containers appropriately 
designated "Top" or "Bottom" and "+No. 4 MA," along 
with the sample index number, to indicate that a gradation 
(mechanical) analysis is to be performed. 
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11.9.7 Obtain by splitting or quartering four test 
samples from the material that passed the No. 4 (4.75-mm) 
sieve from each of the top and bottom test units. The 
test samples should be a minimum of 200 grams each. 

11.9.8 Determine the moisture content of one of 
the 200-gram test samples from each of the top and bottom 
test units obtained in subparagraph 11.9.7 in accordance 
with USBR 5300. 

11.9.9 Place each of the remaining 200-gram test 
samples in a suitable container marked with the sample 
index number and appropriately designated "Top" or 
"Bottom" and "MA," "ATT," or "SpG," to indicate that 
a gradation (mechanical) analysis, Atterberg limits testing, 
or a specific gravity determination respectively, are to be 
performed (see fig. 4). 

11.9.10 Determine the dry unit weight of the center 
portion of the sample in accordance with USBR 5372. 

11.10 If the top and bottom test units of dissimilar 
material and plus No. 4 (4.75-mm) sieve-size material are 
observed in one test unit but are not observed in the other, 
the following procedure is pe1formed (see fig. 5): 

11.10.1 Obtain an 800-gram (minimum) sample of 
minus No. 4 (4.75-mm) sieve-size material from the test 
unit where plus No. 4 (4.75-mm) sieve-size material was 
not observed. 

11.10.2 Obtain, by splitting or quartering, four test 
samples from the minus No. 4 (4.75-mm) sample obtained 
in subparagraph 11.10.1. The test samples should be a 
minimum of 200 grams each. 

11.10.3 Determine the moisture content of one of 
the 200-gram test samples obtained in subparagraph 
11.10.2 in accordance with USBR 5 300. · 

11.10.4 Place each of the remaining 200-gram test 
samples in a suitable container marked with the sample 
index number and appropriately designated "Top" or 
"Bottom" and "MA," "ATT," or "SpG" to indicate that 
a gradation (mechanical) analysis, Atterberg limits testing, 
or a specific gravity determination respectively, are to be 
performed (see fig. 5 ). 

11.10.5 Visually observe the maximum particle size 
contained in the test unit in which plus No. 4 (4.75-mm) 
sieve-size material was observed. 

11.10.6 Use the cable shown on figure 5 ro determine 
the required sample mass to be. taken from the test unit 
in order to obtain a test sample. 

11.10.7 Remove the required mass (if available) 
from the test unit. 

11.10.8 Separate the material obtained in subpara­
graph 11.10.7 on a No. 4 (4.75-mm) sieve. 

11.10.9 Wash the material retained on the No. 4 
(4.75-mm) sieve. 

11.10.10 Place the material retained on the No. 4 
(4.75-mm) sieve in a suitable container appropriately 
designated "Top" or "Bottom" and "+No. 4 MA," along 
with the sample index number, to indicate that a gradation 
(mechanical) analysis is to be performed. 

11.10.11 Obtain, by splitting or quartering, four test 
samples from the material that passed the No. 4 (4.75-mm) 
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sieve. The test samples should be a minimum of 200 grams 
each. 

11.10.12 Determine the moisture content of one of 
the 200-gram test samples obtained in subparagraph 
11.10.11 in accordance with USBR 5300. 

11.10.13 Place each of the remaining 200-gram test 
samples in a suitable container marked with the sample 
index number and appropriately designated "Top" or 
"Bottom" and "MA," "ATT," or "SpG," co indicate that 
a gradation (mechanical) analysis, Atterberg limits testing, 
or a specific gravity determination respectively, are to be 
performed (see fig. 5 ). 

11.10.14 Determine the dry unit weight of the center 
portion of the sample in accordance with USBR 5372. 
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12. Calculations 

12. l Not applicable, calculations are not required for 
this procedure. 

13. Report 

13. l A report is not required for this procedure. 
However, comments regarding the integrity of the tube 
sample as listed in subparagraph 8.2.1 should be reported 
on the "Moisture and Unit Weight Determination of 
Cylindrical Soil Sample in Cut Sample Tube" test form 
as given in USBR 5372. 
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Figure I. - Schematic of tube processing (similar material - minus No. 4). 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

PREPARING SOIL SAMPLES 
BY SPLITTING OR QUARTERING 

USBR 5205-89 

INTRODUCTION 

This procedure is under che jurisdiction of the Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5205. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines procedures for reducing 
an amount of soil to a smaller portion which retains the 
particle size distribution characteristics of the original 
amount with minimum variation. 

1.2 This procedure can be used any time a large amount 
of soil needs to be reduced to a smaller amount. 

1.3 Two methods for reducing the amount of soil are 
described (1) splitting, and (2) quartering. 

1.4 This procedure is limited to soils that can be air­
dried without significantly altering their characteristics. 

1.5 For clean (less than 5 % fines) sands and gravels, 
the procedures described in ASTM C 702 or USBR 4702 
may be used instead of this designation. 

1.6 Appendix Xl notes typical amounts of soil needed 
for frequently performed laboratory tests. Appendix X2 
outlines the procedure for preparing composite samples. 
Appendix X3 describes the procedure for computing a 
synthetic gradation. 

2. Auxiliary Tests 

2.1 USBR 5325 may be used as part of-or in 
combination with-this designation to separate material 
on the No. 4 sieve, if required. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1025 Checking Sieves 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USBR 4702* Reducing Field Samples of Aggregate to 
Testing Size 

3.2 ASTM Standards: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 
C 702 Standard Methods for Reducing Field Samples of 
Aggregate to Testing Size 

* Concrere Manual, Bureau of Reclamation, part 2, in press. 

4. Summary of Method 

4.1 After being conditioned (if required) and thor­
oughly mixed, a soil sample is reduced in size by one of 
the following methods: 

4.1.1 Splitting.-The soil is passed through a 
mechanical splitter which divides the soil into two portions. 
If one portion is not the required mass, it is reintroduced 
into the splitter until the required mass is obtained. 

4.1.2 Quartering-The soil is formed into a pile, 
uniformly flattened, and divided into four equal portions 
(quarters). Two opposite quarters are removed and if the 
remaining soil is not the required mass, it is remixed and 
the process repeated until the required mass is obtained. 

5. Significance and Use 

5.1 To obtain reliable results, laboratory tests must be 
performed on specimens that represent, within close limits, 
the characteristics of the soil from which the test specimen 
was taken. 

5.2 The methods in this procedure describe how to 
reduce an amount of soil to a smaller portion such that 
the smaller portion is as representative as possible of the 
original amount of soil. 

5.3 Typical amounts of soil to be collected for specific 
laboratory tests are given in appendix Xl, table Xl. l. 

5.4 If the procedure requires a certain mass of soil 
and the amount of soil available is not enough to be reduced, 
the original mass of soil may be used for the test if the 

· mass is equal to or larger than the minimum required 
· mass for the procedure. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 

7. Apparatus 

7 .1 Splitting: 
7 .1.1 Mechanical Splitter.-Mechanical sample 

splitters are available in various sizes and configurations 
(see fig. 1). Typically, splitters will be required to process 
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soil with particles or lumps up to the No. 40 (425 µm), 
No. 4 (4.75 mm), and 3-inch (75 mm) sieve sizes. 

A splitter must have an even number of equal width 
chutes, with not less than a total of eight chutes for plus 
No. 4 particles and not less than a total of twelve chutes 
for minus No. 4 particles. The chutes must discharge 
alternately to each side of the splitter. The minimum width 
of the individual chutes must be at least 1.5 rimes 
(preferably 2 rimes) the diameter of the largest particles 
or lumps in the soil to be split. Some models have adjustable 
chute widths. The splitter must be equipped with two 
receptacles; each receptacle to hold one-half of the soil 
following splitting. The splitter also muse be equipped with 
hopper (feed chute) or a pan with straight smooth edges 
and flat sides-which has a width equal to or slightly less 
than the overall width of the assembly of chutes-by which 
the sample may be fed at a controlled rate to rhe chutes. 
The splitter and accessory equipment must be so designed 
that the sample will flow smoothly through the splitter 
without res~riction or loss of soil. 

7 .2 Quartering: 
7.2.1 Quartering Cloth-A piece of canvas, cloth, 

plastic, or other suitable material abou~ by 8 feet or 
ocher convenient size. If the soil to be quartered contains 
fines or fine sand, the texture of the quartering cloth must 
be such that all soil particles can be recovered. 

7.2.2 Stick, pole, or pipe long enough to extend 
beyond the quartering cloth and strong enough to lift and 
separate the soil on the cloth. 

7.2.3 Miscellaneous equipment such as shovel , 
trowel, scoop, brush, dust pan. 

7.3 Conditioning and Sample Preparation: 
. 7.3.1 Large pans, quartering cloths, or other suitable 

container to spread soil out for air drying. 
7.3.2 Mallet, wood- or rubber-tipped, used to break 

up soil lumps. 
7.3.3 Miscellaneous equipment such as shovels, 

scoops, trowels, fans, as required. 
7.4 Sieves.-A U.S.A. Standard series No. 4 (4.75 mm) 

sieve and other sieves, as required , conforming to the 
requirements of ASTM E 11. 

7 .5 Storage containers for soil such as bags, cans, pails, 
and cartons, as required. 

8. Precautions 

8.1 Safety Precautions: 
8.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
8.1.2 Safety shoes are to be worn when handling 

heavy samples. 
8.1.3 Dust masks may be required. 

8.2 Technical Precautions: 
8.2.1 Due to the effects of sampling, handling, 

processing, and resting on some materials, results of this 
rest may nor reflect in-place ,;;onditions or the properties 
of the material caused by processing and placement during 
construcrion. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 

229 

At least 
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(a) Typical splitter for soils containing plus No. 4 sieve 
size parricles. 

Straight sided 
feed pan 

twelve 
openings 

(b) Typical splitter for soils containing minus No. 4 sieve 
size particles. 

Figure 1. - Mechanica l splitters [ASTM C 702]. 

limestone, claystone, etc. or soils affected by air and/or 
oven drying. Such materials must be identified before 
processing and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and reseed at all. Cautionary statements 
must be made on data forms and in reporting che cesc 
data. · 

8.2.2 Some soils muse be tested at a moisture content 
equal to or greater than the natural moisture content of 
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the soil. These soils must be protected from drying during 
sampling, handling, and processing. Special procedures may 
be required during reduction of the original samples for 
laboratory testing. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration according 
to USBR 1025 before using the equipment for this 
procedure. 

10. Conditioning and Sample Preparation 

10.1 Before a soil can be reduced by splitting or 
quartering, it must be at a moisture content such that the 
soil is free flowing. If necessary, the soil should be air­
dried to the appropriate moisture content as follows: 

10.1.1 Spread the soil in large pans, on a quartering 
cloth or on a hard, clean, level surface to the smallest 
practical thickness. Break up as many of the soil lumps 
as possible or practical. 

. 10.1.2 If desired, use fans or other methods of 
providing air movement across the sample to assist the 
drying process. 

10.1.3 If practical, mix and/or stir the soil to 
accelerate the drying process. 

10.1.4 Break up soil lumps during the drying period. 
Some soils are much easier to break up while drying than 
after the soil is completely air-dried. 

10.1.5 Do not allow the soil to become so dry that 
dust is created that would result in a loss of fines. 

10.2 Any lumps in the soil must be broken up as much 
as possible. If a sample splitter is used, lumps must be 
no larger than 2/3 the width of the individual chutes of 
the splitter. 

11. Reduction of Entire Sample 

11.1 Reduce a sample to the required mass using the 
method of splitting (preferred) described in paragraph 13 
or by the method of quartering described in paragraph 
14, or a combination of the two methods. The required 
mass of sample is summarized in appendix Xl for some 
of the common laboratory soil tests. 

11.2 If the original mass of soil is the same or slightly 
more than the required mass, the original soil may be 
used in performing the procedure without separating or 
reducing the soil sample. 

12. Reduction of Minus No. 4 (or other size) 
Fraction 

12.1 For some laboratory soil tests, a sample of a given 
size fraction of the original soil is required, such as minus 
No. 4 sieve size soil (obtaining a reduced sample of minus 
No. 4 soil is used here as an example). If the original 
soil contains particles larger than the No. 4 sieve, the soil 
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must be separated using a No. 4 sieve. The sample is 
obtained by one of the following methods: 

12.1.1 Reduce the original soil sample to a smaller, 
workable size by splitting (par. 13) or quartering (par. 
14) and then separate the smaller portion using a No. 4 
sieve or by performing a gradation analysis in accordance 
with USBR 5325. The mass of the smaller portion to be 
separated must be such that the required mass of minus 
No. 4 soil will be obtained. 

12.1.2 Separate the entire original soil sample using 
a No. 4 sieve or by performing a gradation analysis on 
the soil in accordance with USBR 5325 and then reduce 
the mass of minus No. 4 sieve size soil obtained by splitting 
(par. 13) or quartering (par. 14) to the required mass. 

13. Procedure Using Mechanical Splitter 

13.1 Select an appropriate size splitter based on the 
maximum particle size or lump present in the soil to be 
split. The minimum width of the individual chutes must 
be at least 1.5 times the diameter of the maximum particle 
size or soil lump. , 

13.2 If an appropriate splitter is not _available the 
method of quartering must be used. 

13.3 If the total mass of soil to be split is greater than 
the capacity of the splitter, follow the directions of 
subparagraph 13.10 or 13.11. 

13.4 Mix the soil thoroughly; avoid segregation of the 
particles as much as possible. 

13.5 Place the soil in the hopper (feed chute) or feed 
pan and distribute the soil to uniform thickness from edge 
to edge so that, when the soil is introduced into the chutes, 
equal amounts will flow through each chute. 

13.6 Open the hopper or empty the feed pan into the 
hopper at a rate that allows the soil to flow freely through 
the chutes into the receptacles. 

13.7 Take one portion of the split soil and reintroduce 
it into the splitter. Repeat the process as many times as 
necessary to obtain slightly more than the required mass. 
Do not attempt to arrive at the exact mass. 

13.8 The portion of the soil collected in the other 
receptacle may be reduced in the same manner to obtain 
other samples. 

13.9 At any point in the splitting operation, a split 
portion of the soil may be removed as the required amount 
of the sample and the remaining soil further reduced to 
obtain other samples. 

13.10 If the total mass of soil to be split is greater 
than the capacity of the splitter, the original soil sample 
may be divided into X number of portions with each portion 
about equal to or less than the capacity of the splitter. 
Each portion is split down until fraction is obtained with 
a mass that is about 1/ X of the mass of the portion. These 
fractions are recombined and mixed to obtain an amount 
of soil that can then be reduced to obtain the required 
sample mass by splitting. 

13.11 If the total mass of soil to be split is greater 
than the capacity of the splitter, the original soil sample 
may be quartered (in accordance with par. 14) until the 
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appropriate amount is obtained and rhen rhe required 
sample mass obtained by splitting. 

14. Procedure for Quartering 

14.1 Use either rhe procedure described m subpara­
graph 14.2 or 14.3 or a combination of both. 

14.2 Quartering done on a hard, clean, level surface 
(see fig. 2) : · 

14.2. l Place rhe soil on a hard, clean, level surface 
where there will be neither loss of soil nor rhe accidental 
addition of foreign material. Mix rhe soil thoroughly by 
turning rhe entire sample over at least three rimes. 

14.2.2 Shovel rhe soil into a conical pile by depositing 
each shovel full on rop of rhe proceeding one. 

14.2.3 Carefully flatten rhe conical pile ro a uniform 
thickness and diameter by pressing down the apex with 
a shovel. 

14.2.4 Divide the flattened soil into four equal 
quarters with a shovel or trowel and completely remove 
rwo· diagonally opposite quarters , and brush rhe cleared 
spaces clean. 

14.2.5 If the remaining soil is more than twice rhe 
desired quantity, successively mix and quarter rhe remaining 
soil until rhe sample is reduced ro rhe appropriate amount. 

14.3 Quartering using a quartering cloth (see fig. 3 ): 
14.3.l Place rhe soil on quartering cloth. Mix the 

soil thoroughly using a shovel, or by alternately lifting 
each corner of rhe cloth and pulling the corner over the 
pile toward the diagonally opposite corner causing the soil 
to be rolled. 

14.3.2 Carefully flatten the conical pile ro a uniform 

thickness and diameter by pressing down the apex with 
a shovel. 

14.3.3 Quarter rhe pile by one of the following 
methods. The first method (subpar. 14.3.3.1) is usually 
more convenient for soils rhar are predominantly fine­
grained while che second method (subpar. 14.3.3.2) is better 
suited for soils that are predominantly coarse-grained. The 
second method is more applicable when the surface beneath 
the cloth is uneven. 

14.3.3.1 Divide the flattened mass into four equal 
quarters with a shovel or trowel and completely remove 
two diagonally opposite quarters, and brush the cleared 
spaces clean. 

14.3.3.2 Insert a stick or pipe beneath the cloth 
under the center of the pile. Slightly lift both ends of the 
stick ro divide the sample into two equal parts. Remove 
the stick leaving the fold of the cloth between the divided 
portions. Insert the stick under the center of the pile ac 
right angles ro rhe first division and again lift both ends 
of the stick, dividing the sample into four equal parts. 
Remove two diagonally opposite quarters while being 
careful ro clean the fines from the cloth. 

14.3.4 If the remaining soil is more than twice the 
desired amount, successively mix and quarter the remaining 
soil until the sample is reduced ro the appropriate amount. 

14.4 The portion of the soil not used as rhe required 
amount of soil may be reduced in the same manner ro 
obtain ocher samples. 

14.5 At any point in the quartering process, two 
opposite quarters of the soil may be removed as the required 
amount of the sample and the remaining soil further 
reduced ro obtain other samples. 

_L .. ,...._ __ _ 
Cone Sample on Hard Clean Surface Mix h~ t'ormin11 Ne"' Cone Quaner After Flattenint> Cone 

Sample Divided into Quaners Retain Opposite Quaners 
Reject the Other Two Quaners 

Figure 2. - Quartering done on a hard, clean, level surface [ASTM C 702]. 
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V 
Mix by Rolling on Bianlet Form Cone after Mixing Quarter After Flallening Cone 

Sample Divided inlo Quarte" Relain Opp.>sile QuJrlers 
Rej"l lhe Olher Two 

Quaners 

Figure 3. - Quartering using a quartering cloth [ASTM C 7021-

232 



USBR 5205 

APPENDIX 

Xl. SUMMARY OF QUANTITY OF SOIL NEEDED FOR LABORATORY TESTS 

Xl.1 Sample Size 

Xl.1.1 The cables in chis appendix summarize the mass 
of soil required for laboracory resting. Three values of mass 
are : 

• Practical Field Sample Size 
• Recommended Tesr Sample Size 
• Required Minimum Test Specimen Size 

Xl.2 Field Sample 

X 1.2.1 The field sample is the soil collected at the 
sire for purposes of identification or to obtain samples 
for testing. The field sam_ple must be obtained in such 
a manner as co best reflect the properties of the soil it 
represents. This is the most important step in obtaining 
reliable rest results. Accordingly, as much material should 
be obtained as practical. The field sample can then be split 
or quartered to obtain the test sample (see subpar. Xl.7). 

Xl.3 Test Sample 

Xl.3.1 The test sample is the soil needed at the 
beginning of a given procedure. It may or may not be 

,. •- .the same mass as the test specimen-depending on how 
-· the 't~sf- -specimen must be prepared for testing and the 

moisture content requirements of the test specimen. 

Xl.4 Test Specimen 

Xl.4.1 The test specimen is the soil required to 

perform the test. The minimum mass is stated and this 
usually depends on rhe maximum particle present in the 
soil being tested. This may correspond either co rhe original 
field sample or to a size fraction of rhe original sample. 

Xl.5 Tables 

Xl.5.1 Table Xl.1 notes the requirements for 
individual soil res rs typically performed in a field laboratory. 

Xl.5 .2 Table XL2 indicates the requirements for 
certain common combinations of soil tests. 

Xl.5.3 Table Xl.3 shows the requirements for soil rests_ 
performed ar the Denver Office in the Bureau's geocechnical 
laboratory. 
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Xl.5.4 These tables are only for convenient reference 
and nor all soil tests are described. The requirements for 
each soil procedure are described in the specific designation. 
The values shown are for typical conditions for most soils. 
There are particular circumstances and unusual soils chat 
may require special consideration. 

Xl.6 Notes and Development of Tables 

Xl.6.1 The rest specimen is reseed in one of three 
moisture states; as received (or field moisture), air-dried, 
or o~en dried. When the field sample is collected, the soil 
is normally at its in-place moisture content. If the soil 
is tested in an air-dried or oven-dried scare, the mass of 
water in the field sample must be considered in order to 
provide sufficient soil for resting. 

Xl.6.2 Where possible, the field sample should be 
about four times larger than the test sample-so it is split 
(or quartered) rwice. For practical reasons or for test 
requirements, the field sample may range from one to 
eight times larger than the rest sample. At the minimum, 
the field sample must be large enough to provide the 
minimum mass of test specimen required. When possible, 
the maximum mass of the field sample was limited to 
200 lbm for practical concerns of handling, shipping, and 
storing. 

Xl.6.3 Field samples of disturbed soils are usually 
collected in sacks. The mass of the sack and soil should 
be limited to about 50 lbm for safe handling. Therefore, 
the field sample mass shown in the tables may have been 
rounded to an increment of 50 lbm. 

Xl.6.4 In some cases, test specimen and test sample 
are measured and tested in gram or kilogram units. For 
these rests the field sample is given in pound mass for 
practical reasons. 

Xl.7 Field Sample - Shipping and Storing 

X 1. 7 .1 The large amount of field sample to be collected 
at the sire aids in obtaining a sample that best represents 
the in-place material. For practical purposes of shipping 
and storage, the field sample may be reduced at rhe sire 
to the test sample size by splitting or quartering in 
accordance with chis designation. 



USBR 
designation 

No. 
5330 or 

5335 

5325 

5320 
Method A 

5320 
Methods 
B or C 

Accerberg limits 
(LL, PL, and 
SL) 

5350 

5355 

5360 

5365 

5525 
and/or 
5530 

5500 

5515 

5600 
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Table XI.I - Requirements for individual soil tests. 

Nominal 
description 

of test 
Gradation: 

minus No. 4 

Gradation: 
gravel sizes 

Specific 
gravity 
minus No. 4 

Specific 
gravity and 
absorption 
plus No. 4 

LL- l point 

LL- 3 point 

Plastic limit 

Shrinkage limit 

Minimum and/ 
or maximum 
index unit 
weight 
(WET OR 
DRY MAXI­
MUM) 

(WET AND 
DRY 
MAXIMUM) 

Laboratory 
com pace ion: 
minus No. 4 

Maximum 
particle 

size' 
No. 4 fraction 

3/8 in 

3/ 4in 

1-1/2 in 

3 in 

No. 4 fraction 

3/8 in 

3/4 in 
1-1/2 in 
3 in 

No. 4 fraction 

No. 4, 3/8-
or 3/4-in 

1-1/2- or 3-in 

No. 4, 3/8-
or 3/4-in 

1-1/2- or 3-in 

No. 4 fraction 

Laboratory 3-in 
compaction: 
gravelly soils 
(one specimen) 

3 specimens 

Permeability 
minus No. 4 

No. 4 fraction 

Practical 
field 

samfule 
5 I 

5 lbm* 

15 lbm 

100 lbm 

200 lbm 

5 lbm 

Recommended 
test sample 

500 g 

For air dried 
specimens, same 
as test specimen 
mass. If not air 
dried, need 
test specimen 
mass plus amount 
equivalent to 
mass of moisture 
content. 

500 g 

20 lbm** Same as cesc 
specimen 

30 lbm** 
50 lbm** 

200 lbm** 

5 lbm* 

100 lbm 

150 lbm 

100 lbm 

200 lbm 

200 lbm 

350 lbm* 

900 lbm 

50 lbm 

500 g* air dried 

25 lbm 

75 lbm 

50 lbm 

150 lbm 

50lbm 
air-dried 

350 lbm* 

900 lbm 

15 lbm 

Required 
minimum test 

specimen 
100 g oven dned 

200 g* air dried 

1,100 g* air dried 

20 lbm air dried 

150 lbm air dried 

100 g oven dried 

2 kg** air dried 

3 kg** air dried 
5 kg** air dried 

18 kg** air dried 

100 g air-dried 

100 g air-dried 

20 g air-dried 

30 g air-dried 

25 lbm 

75 lbm 

50 lbm 

150 lbm 

50 lbm air-dried 

225 lbm 

900 lbm 

15 lbm 

Permeability 3-in 350 lbm* 350 lbm* 225 lbm 
gravelly soils 

Comments 

* 10 lbm recommended 
for large mechanical 
sieve shakers 

**Required mass of 
plus No. 4 particles 

*or more, as required, 
to have 120 g of air­
dried soil ( 150 g if 
shrinkage limit 
included) 

Need two 8-g wee mass 
cesc specimens 

*or more as needed to 
have 50 lbm of minus 
No. 4 and about 
50 lbm of plus No. 4 

1 Maximum pamde size present tn ongmal sample. 
No. 4 fraction means either maximum particle in original sample was No. 4 or smaller or a representative portion of the minus 
No. 4 fraction of che original sample is required. 
SJ standard: No. 4 sieve - 4.75 mm, 3/8 inch - 9.5 mm, 3/4 inch - 19.0 mm, 1-1/2 inch - 37.5 mm, 3 inch - 75 mm, and 
5 inch - 125 mm. 
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Table Xl.2 - Combinations of soil resrs. 

Test compinations 1 

Laboratory classification (gradation, Arcerberg limits) USBR 5000 

Physical properties: Cohesive soil (gradation, Atterberg limits, 
specific gravity, laboratory compaction) 

Phys ical properties: Cohesionless soil (gradation, Arrerberg limits, 
specific gravity, maximum and minimum index unit weight) 

Soil-cement (for 3 cement contents) 

Maximum 
particle size2 

No.4 
3/8-in 
3/4-in 

1-1/2-in 
3-in 

No. 4 
3/8-in 
3/4-in 

1-1/2-in 
3-in 

No.4 
3/8-in 
3/4-in 

1-1/ 2-in 
3-in 

1-1/2-in 

Minimum 
sample 

required, lbm 

50 
50 
50 

100 
200 

50 
100* 
100* 
100* 
200* 

*or more as needed 
co have 50 lbm 
of minus No. 4 

100 
100 
200 
200 
200 

2000 

1 Assumes field sample will be used for more than one rest, if sample is divided co provide separate resr samples add up values 
in rable XI. I. 
2 Maximum particle size present in original sample. 
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Table Xl.3 - Soil rests performed at the Denver Office 

These rests are usually performed in conjunction with physical properties and compaction tests and size of field sample must be adjusted accordingly. 

For placement of compacted specimens from disturbed samples. 

USBR Nominal Maximum Practical Recommended Required 
designation description particle field test sample minimum test Comments 

No. of test size' sample specimen 

5400 Dispersive clay No. 4 fraction 5 lbm 500 g 500 g 
5405 testing (crumb, 
5410 pinhole, 

double 
hydrometer 

5700 or One-dimensional No. 4 fraction 15 lbm 3 lbm About 1.5 lbm 
consolidation or 

5705 or Expansion or 

5715 Uplift 

5740 Triaxial Ko No. 4 fraction 20 lbm 4 lbm · About 2 lbm For one 2-in 
( usually dia. specimen 
performed in 3/4 -in 100 lbm 50 lbm 45 lbm For one 6-in 
conjunction dia. specimen 
with other 1-1 / 2-in 200 lbm 170 lbm 150 lbm For one 9-in 
triaxial tests) dia. specimen 

Triaxial tests 
5745 or UU or No.4 65 lbm 16 lbm 8 lbm For four 2-in 

dia. specimens 
5740 or CU or 3/4.-in 200 lbm 200 lbm 180 lbm For four 6-in 

dia. specimens 
5755 CD 1-1/ 2-in 700 lbm 700 lbm 600 lbm For four 9-in 

dia. specimens 

1 Maximum particle size present in original sample. 
No. 4 fraction means either maximum particle in original sample was No. 4 or smaller or a representative portion of the minus No. 4 fraction 
of the original sample is required. 
SI standard: No. 4 sieve - 4.75 mm, 3/8 in - 9.5 mm, 3/4 in - 19.0 mm, 1-1/2 in - 37.5 mm, 3 in - 75 mm, and 5 in - 125 mm. 
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X2. PREPARATION OF COMPOSITE SAMPLES 

X2.l Scope 

X2. l. l This appendix outlines the procedure for 
preparing composite samples for laboratory use. 

X2.2 Significance and Use 

X2.2.l Individual test pit samples from different strata 
may be composited to represent any desired depth for study. 
Samples may be composited by proportioning individual 
samples on the basis of percentage passing the No. 4 (4.75 
mm) sieve or on the basis of some other maximum size 
and stratum thickness. Composite samples also may be 
prepared on given desired precentage proportions specified 
other than stratum thickness or maximum size. 

X2.3 Procedure 

X2 .3.l All data are to be recorded on the "Preparation 
of Composite Samples" form as shown on figure X2. l. 

X2 .3.2 Record the sample number and soil classifica­
tion of each sample used for the composite sample. 

X2.3.3 Record the thickness of strata each sample 
represents. 

X2. 3.4 Locate from the gradation curve or the 
gradation analysis form (fig. X3.2) the percent passing 
the No. 4 (4.75-mm) sieve or the percent passing the 
maximum particle size to be considered for each sample 
and record the appropriate values. 

X2.3.5 Calculate the effective thickness of each sample. 
X2.3 .6 Calculate the total effective thickness of the 

compos\te sample. 
X2 .3.7 Determine and record the desired total mass 

of the composite sample. 
X2 .3.8 Calculate the mass per unit thickness for each 

sample. 
X2.3.9 Calculate the required mass of each sample to 

obtain the desired mass for the composite sample. 

X2.4 Calculations 

X2.4. l Calculate the effective thickness of each sample. 

14\ 
(5) = (3) X ~ (X2-l) 
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where: 

(5) 
(3) 
(4) 

100 

effective thickness, ft or m 
thickness of strata, ft or m 
percent passing the No. 4 (4.75-mm) sieve or 

percent passing the maximum size considered 
convert from percent to decimal 

X.2.4.2 Calculate the total effective thickness of the 
composite sample. 

T~tal effective thickness= (5)1 + (5)2 + .. . (5)n 

where: 

(X2-2) 

(5 )i, (5 )2, ... (5 )n = effective thickness calculated 
for each sample n, ft or m 

X2.4.3 
sample. 

Calculate the mass per unit thickness of each 

_@ 
(6) - (B) 

where: 

(6) 
(A) 

(B) 

X2.4.4 

where: 

(X2-3) 

mass per unit thickness, lbm/ft or kg/m 
total desired mass of composite sample, lbm 

or kg 
total effective thickness of composite sample, 
· ft or m 

Calculate the required mass of each sample. 

(7) = (5) X (6) (X2-4) 

(7) mass required, lbm or kg 
(5) effective thickness (each sample), ft or m 
(6) mass per unit thickness, lbm/ft or kg/m 

X2.5 Report 

X2.5.l The report is to consist of a completed and 
checked "Preparation of Composite Samples" form 
(fig. X2.l). 

X2.5.2 All calculations are to show a checkmark. 
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7-2348 (S-86) 
Bureau of Reclamation PREPARATION OF COMPOSITE SAMPLES Designation USBR S20S-~ 

PROJECT Exomi;ile FEATURE Exomi;ile LOCATION A 

DEPTH/ELEV. 0-6 0ft Om SAMPLE NO, II J-X90 SPECIMEN NO. I 

COMPUTED BY DATE CHECKED BY DATE 

LABORATORY MIX 

SAMPLE CLASSIFICATION THICKNESS % PASSING EFFECTIVE M~S MASS 
NO. OF STRATA N0, 4 SIEVE THICKNESS PER ft m REQUIRED 

(.1) (2) Gt) (3) m (4) (it) (5) m Q(6) Kg ~(7) Kg 
-

I I J-23 ML 5 94 . 4 4.72 11 .49 54 . 23 

I I J-24 GM I 50.1 0.50 11 .49 5.75 

- -- ---
6 5.22 59.98 

Co I. (41- From graduation curve or grodotion analysis form 

Col. (5)- Col.(3J•Col.(4l+I 00 

Co I. (6) -Total moss of composite sample desired• • Total of Col. (51 

Co I. (71 ~ Col.(5)•Col.(6l 

• Approximately 60 lbm desired In this case 
I 

FIELD MIX 

MAXIMUM SIZE CONS! DE RED ti INCHES 

SAMPLE CLASSIFICATION THICKNESS % PASSING EFFECTIVE M@S MASS 
NO. OF STRATA MAX. SIZE THICKNESS PER ft m REQUIRED 

(ti) 
CONSIDERED 

(ft) 6bni ~ m m Kg Kg 
- -

t I J-23 ML 5 96.4 4.82 13.61 65.60 

I IJ-24 GM I 68 . 8 0.69 13.61 9.39 

- -- ---
11 J-X9I SM 6 5.51 74.99 

Figure X2.l. - Preparation of composite samples - example. 
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X3. SYNTHETIC GRADATION ANALYSIS 

X3.l Scope 

X3 . l. l This appendix oudines the procedure for 
performing synthetic gradation computations. 

X3.2 Significance and Use 

X3.2. l Synthetic gradation analysis is a term used to 
define the method for computing the change in gradation 
of a soil caused by adding or removing certain fractions, 
or the gradation of material when two or more soils are 
combined whose gradations have been previously 
determined. This analysis is often used to study different 
combinations of materials prior to making laboratory 
composite samples or to study the effects of removing 
or adding various particle sizes. 

X3.3 Analysis 

X3.3. l All data are to be recorded on the "Synthetic 
Gradation Analys is Computations'" form as shown on figure 
X3.1. 

X3.3.2 Combining two or more gradation analyses: 
X3.3.2. l Record the sample number of each sample 

to be combined. 
X3.3.2.2 Record the thickness of strata each sample 

represents. 
X3.3.2.3 Determine the percent of total strata each 

sample thickness represents and record the values under 
the column Strata, % of total These percentages also may 
be some other desired proportion rather than by thickness 
of strata. 

X3.3.2.4 Using the original gradation curves or 
sample preparation forms (fig. X3.2), determine the 
percentage passing each sieve size for each of the soils 
to be combined. Record the values in the lower right corner 
of the divided square provided for each sieve size as shown 
on figure X3.2 
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X3.3.2 .5 Multiply the individual percentages 
recorded in subparagraph X3.3.2.4 by the percentage 
(expressed as a decimal) each sample is % of the total 
and record the product in the upper left corner of the 
corresponding square. 

X3.3.2 .6 Repeat subparagraph X3.3.2.5 for each 
sample to be combined. 

X3.3.2 .7 Add the figures in the upper left corner 
in any one vertical column and record the sum in the lower 
right corner of the row designating the combined sample 
number. (On example computation form, fig . X3.l, the 
combined sample is designated as 3X.) This sum is the 
percent passing the size indicated by the column heading 
for combined analysis. 

X3.3.3 Gradation analysis after removal of a limiting 
maximum size: 

X3.3. 3. l Record the values'obtained in subparagraph 
X3.3.2.7 in the upper left corner of the squares (fig. X3. l). 

X3.3.3 .2 Enter the figure "100" in the lower right 
corner of the square of the smallest particle size considered 
as removed. 

X3.3.3.3 Determine the multiplying factor as shown 
on figure X3.1. 

X3.3.3.4 Multiply each of the individual percentages 
recorded in the upper left corner by the factor and record 
the product in the lower right corner. 

X3.3.3 .5 The figures in the lower right corner 
represent the percent passing each size indicated by the 
column heading, assuming all particles larger than a given 
size [No. 4 (4.75-mm) sieve in the example] have been 
removed. 

X3.4 Report 

X3.4.l The report is to consist of a completed and 
checked "Synthetic Gradation Analysis Computations" 
form (fig. X3. l) . 

X3.4.2 All calculations are to show a checkmark. 
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7-1384,\ ( 12-86) 
Bureau of Reclamation SYNTHETIC GRADATION ANALYSIS COMPUTATIONS Designation USBR S20S- .B9 

PROJECT Example FEATURE Example LOCATION Example DEPTH/ELEV. 0-6 [Kl ft □ m 

SAMPLE NO. 3X SPECIMEN NO. I COMPUTED BY __________ DATE ___ CHECKED BY __________ DATE __ _ 

SAMPLE NO. 

2 

3X 

3X 

STRATA 

THICK. 

® m 

5 

6 

% OF 
TOTAL I 0.005 

93 .3 

16.7 

100 

I . 149" 

PARTICLE SIZE (mmJ 

0,009 0,019 0.037 0 .05 

Percent above diagonal is proportional percent of this sample of total combined sample. 
Percent below diagonal is percent of this sample passing. 

SIE_VE SIZE 

200 100 50 30 16 8 

•Foclor 
% Passing No.4 

. 87~ 1. 149 

Figure X3. l. - Synthetic gradation analysis computations - example. 

SCREEN SIZE (mm) 

4 9 .5 19 37.5 75 125 

c:: 
rJJ 
t:J:j 
::,:) 
V1 
N 
0 
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7-1451 (9-86) 
Bureau of Reclamation GRADATION ANALYSIS Designation USBR 5325- 89 

Designation USBR 5 330- 89 
Designation USBR 5335-__ 

SAMPLE NO. 
I 

PROJECT FEATURE 
Example Example 

AREA EXC. NO_ DEPTH 
8 I 0 - 10 IL 

GRADATION OF GRAVEL SIZES 
TESTED ANO COMPUTED BY DATE % MOISTURE CONTENT OF+ NO. 4 WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE % MOISTURE CONTENT OF - NO. 4 TOTAL ORY MASS OF SPECIMEN 

SIEVE SIZE 3" 1-1/2'" 3/4" 3/B" NO.4 PAN (75mm) (37.5 mm) (19.0mm) (9.5mm) (4.75mm) 
MASS OF CONTAINER AND 

RETAINED MATERIAL 

MASS OF CONTAINER 

WET MASS RETAINED 

ORY MASS RETAINED 

ORY MASS PASSING 
IR)lbm Qkg Qg 

% OF TOTAL PASSING 100.0 96-4 95.8 94.9 94 . 4 

GRADATION OF SAND SIZES 

DRY MASS OF SPECIMEN 50 . 0 :!FACTOR~ %TOTALPASSINGN0. 4 • ~1.1 = , _000 
& DRY MA""' nF <::pErJMEN 50 n 

DISH NO- I ORY MASS OF SPECIMEN (SIEVED) 
18 21 .4 g 

SIEVING TIME IOATE 
15 min. 

SIEVE MASS MASS g % OF TOTAL PARTICLE REMARKS NO. RETAINED (g) PASSING (g) (j PASSING DIAMETER z 
B 0.2 49.8 vi (j 94.0 2.36 mm 

"'z <-
0.4 49.6 

Q. 1/) 
93-6 16 V> I . IB mm 

VI<( -· 

30 1.1 48.9 
~Q. 

92-3 600J..(m I: _J ---x< 
50 3.3 46.7 1-- 88.2 300µm - a::o 

01--
100 11.6 38.4 l--11. 

~o 
72.5 ISOµm 

200 21.4 28.6 11.s'! 54 . 0 75µm 

PAN trace -
TESTED AND COMPUTED BY I DATE I CHECKED BY IOATE 

TOTAL 21.4 

HYDROMETER ANALYSIS 

HYDROMETER NO. IOISPERSING AGENT 

STARTING TIME IOATE IAMOUNT 
mL 

TIME TEMP HYO HYO CORR II % OF TOTAL PARTICLE REMARKS oc READ CORR READ 0 PASSING DIAMETER < 
UJ 
a:: 
1-- (j 

I min 27.0 22.5 3.0 19.5 u~ 36.8 37 um UJUl 
ix:"' 

◄ min 27.0 16 . 0 3.0 13.0 a::< 24.5 I9um 00.. 

27.0 3.0 10.5 
U_J 

19.8 19 min 13.5 x< 9um 1--

27 . O 3.0 8.0 
a::o 

15.1 
AUXILIARY TESTS: 

60 min 11 . 0 01-- Sum USBR 5205-..89. 
I- LL. USBR 5300-..89. 

7 h 15 min• ~o 1um 11.i.e 

25 h 45 min• lum 
TESTED AND COMPUTED BY I DATE I CHECKED BY IDATE 

• Not required for standard test. 

Figure X3.2. - Gradacion analysis - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5210-89 

PREP ARING COMP ACTED SOIL SPECIMENS 
FOR LABORATORY USE 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5210. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines procedures for preparing 
compacred soil specimens for laboratory use. It covers 
techniques and equipment for compacting both cohesion­
less ·and cohesive soils. 

1.2 The procedure is appropriate for preparing 
compacted soil specimens on which soil properties­
including permeability, compressibility, and static and 
dynamic shear strength-are determined. 

1.3 Five methods of specimen preparation are outlined 
which involve use of two compaction procedures and three 
types of compaction molds. 

• One method presents techniques for compacting only 
cohesive soil. 
• Three methods present techniques for compacting only 
cohesionless soil. 
• One method presents techniques for compacting either 
cohesive or cohesionless soil. 

The following table presents a summary of compaction 
techniques and compaction mold systems available and 
identifies whether cohesive and/or cohesionless soils can 
be compacted. 

Compaaion 
technique 

Tamping 
(uniform 
lift heights) 

Pouring with 
vibration 

Compaaion mold system 
Split mold Rigid mold Stand-up vacuum 

(no membrane) (no membrane) (membrane) 

Method A MethodB MethodC 
Cohesive Cohesive and Cohesion less 

soil cohesion less soil 
soil 

MethodD Method£ 

Cohesionless Cohesionless 
soil soil 

2. Auxiliary Tests 

2.1 Test samples must be prepared in accordance with 
USBR 5205. Other appropriate tests to be performed prior 
to performing this procedure are: 

2/42 

Test 
Moisture Content 
Specific Gravity 

5300 
5320 

USBR 

Gradation Analysis 
Laboratory Compaction 
Laboratory Compaction - Gravel 
Minimum Index Unit Weight 
Maximum Index Unit Weight 

5325 and/ or 5330 
5500 
5515 
5525 
5530 

3. Applicable Documents 

3.1 USER Procedures: 
USER 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USER 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples By Splitting or 
Quartering 
USER 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USER 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USER 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USER 5500 Performing Laboratory Compaction of 
Soils - 5.5-lbm Rammer and 18 -in Drop 
USER 5515 Performing Laboratory Compaction of Soils 
Containing Gravel 
USER 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USER 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 

4. Summary of Method 

4.1 Method A - Preparing Compacted Cylindrical 
Specimens of Cohesive Soil Using Split Molds and Tamping 
Compaction: 

4.1.1 Compacted specimens are prepared using 
tamping compaction applied to equal masses of soil to 
produce compacted lifts of equal thickness in a split mold 
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(no membrane). The material must have enough structure 
or cohesion co srand unsupported. after the mold is removed. 
The soil may contain plus No. 4 material (gravel). 

4.1.2 Cohesive soil is compacted to a predetermined 
dry unit weight ar a specified moisture content. The soil 
is placed and compacted in layers (from 3 ro 10) using 
tamping compaction. 

4.1.3 After the specimen is compacted, the mold is 
removed and che specimen volume is determined by direct 
measurement or by che mass-in-air/mass-in-water method. 
Specimen initial conditions including dry unit weight, void 
ratio, and degree of saturation are calculated. 

4.2 Method B - Preparing Compacred Specimens in 
Rigid Mold: 

4.2.1 Compacted specimens are prepared using 
tamping compaction applied ro equal masses of soil to 
produce compacted lifts of equal thickness in a rigid mold 
that is an integral part of the test apparatus. 

];-J'OfE l.-Reference [1]1 describes an undercompaction 
technique used to prepare specimens of cohesionless soil. Tamping 
compacrion is applied to equal masses of soil co produce compacred 
lifts of unequal thickness. This is done in an attempt co compensate 
for the compaction which occurs in previously placed layers to 
produce a more uniform specimen. 

4.2.2 A cohesive or cohesionless soil is compacted 
in layers (from 1 ro 3) to a predetermined dry unit weight 
at a specified moisture content. 

4.2 .3 After the specimen is compacted, initial 
placement conditions are determined using either the mass 
placed in che specimen as it was prepared or the actual 
compacted specimen mass, along with the calibrated 
volume of the rigid compaction mold. 

4.3 Method C - Preparing Compacted Cylindrical 
Specimens of Cohesionless Soil Using a Stand-Up Vacuum 
Mold: 

4.3.1 Compacted specimens are prepared using 
tamping compaction applied to equal masses of soil to 
produce compacted lifts of equal thickness in a stand-up 
vacuum compaction mold on the test apparatus. A specimen 
membrane is affixed ro the interior perimeter of the mold 
by vacuum. The soil may contain plus No. 4 material. 

4.3.2 A cohesionless soil is compacted in layers (from 
3 ro 10) to ·a predetermined dry unit weight at a specified 
moisture content. 

4.3.3 After the specimen is compacted, end plates 
are affixed ro the specimen and the membrane is secured 
ro the end plates. A vacuum is applied ro the specimen 
through the end plates so the specimen will stand alone 
when the mold is removed. After the mold is removed 
from rhe compacted specimen, the volume of the specimen 
is determined by direct measurement and the test system 
is assembled. 

4.4 Method D - Preparing Compacred Specimens of 
Cohesionless Soil Using Rigid Molds and Compaction by 
Pouring and Vibration : 

1 Number in brackers refers co rhe reference. 
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4.4.1 Compacted specimens are prepared using a 
pouring and sifting technique with vibration in which 
cohesionless soil is compacted in a rigid mold chat is aµ 
integral pare of the test apparatus. References [2, 3, and 
4] discuss pouring placement techniques (air pluviation). 

4.4.2 Dry, cohesionless, minus No. 4 material is 
placed to a predetermined dry unit weight using a 
combination of pouring and sifting the material while 
simultaneously striking the mold. The rate at which the 
material is sifted and the frequency of striking-and/or 
magnitude of striking force-required to achieve a 
particular dry unit weight is determined experimentally. 

4.4_. 3 This compaction procedure can produce 
specimens with placement dry unit weights ranging from 
a dry unit weight corresponding co the minimum index 
unit weight of the material ro dry unit weights approaching 
the maximum index unit weight of the material. 

4.4.4 After the specimen is compacted, placement 
conditions are determined as described in subparagraph 
4.2.3 . 

4.5 Method E - Preparing Compacted Cylindrical 
Specimens of Cohesionless S011 Using a Stand-Up Vacuum 
Mold and Compacrion by Pouring and Vibrations: 

4.5. l Compacted specimens are prepared using a 
pouring and sifting technique with vibration in which 
cohesionless soil is compacted in a stand-up vacuum 
compaction mold that rests on an end plate affixed to 
the tesc system. A specimen membrane is affixed to the 
interior perimeter of the mold by vacuum. References [2, 
3, and 4] describe various pouring placement techniques 
(air pluviation). 

4.5.2 Dry, cohesionless, minus No. 4 material is 
placed co a predetermined dry unit weight using a 
combination of pouring and sifting the material while 
simultaneously striking the mold. The rare at which the 
m aterial is sifted and the frequency of striking-and/or 
magnitude of the striking force-required to achieve a 
particular dry unit weight is determined experimentally. 

4.5.3 This compaction procedure can produce 
specimens with placement dry unit weights ranging from 
a dry unit weight corresponding co che minimum index 
unit weight of the material to dry unit weights approaching 
the maximum index unit weight o f the material. 

4.5.4 After the specimen is compacted, the rop end 
plate is affixed ro the top of the specimen, and the 
membrane sealed with O-rings. A vacuum is applied to 
the specimen through the end places, and the stand-up 
vacuum mold removed from the specimen. Initial 
placement conditions are determined as described in 
subparagraph 4.2.3. 

5. Significance and Use 

5.1 General: 
5.1. l Proper preparation of compacted specimens 

for laboratory use is important for determining represen­
tative values of permeability, compressibility, and shear 
strength. 

5.1.2 Compacted specimens having incorrect place­
ment dry unit weight, moisture content, or particle size 
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distribution will not accurately represent the soil condition 
desired, and may lead to erroneous conclusions based on 
results of laboratory tests performed on the specimens. 

5.2 Methods D and E: 
5.2.1 Preparation of uniform specimens of cohesion­

less materials at various dry unit weights ranging from 
the minimum to the maximum relative density of the soil 
is important for determining representative properties of 
static shear strength, dynamic shear strength, and moduli. 

5.2.2 Preparation of specimens by these techniques 
more closely simulates the natural deposition processes 
involving cohesionless materials and produces more 
uniform specimens than placing and compacting the 
materials in lifts. 

5.2.3 Compacted specimens prepared by methods 
which do not simulate the natural mode of deposition result 
in specimens which have a different fabric and structure 
than natural material in-place. The differences may lead 
to erroneous conclusions based on results of laboratory 
tests performed on the specimens. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Pluviation.-A technique in which soil place­

ment is by pouring the soil like rain. Placement may be 
made by raining the material through air or water. 

6.2.2 Rigid compaction mold-Either a cylindrical or 
square, brass or aluminimum mold which confines a 
specimen laterally and is an integral piece of the test 
apparatus in which the specimen is tested. The mold may 
have a compaction baseplate and collar for facilitating 
compaction of the specimen. Rigid molds are typically used 
for one-dimensional consolidation, direct shear, and 
repeated direct shear testing. 

6.2.3 Split compaction mold-A cylindrical compaction 
mold which is split along a longitudinal axis. The mold 
opens longitudinally and is fitted with hinges, clasps, pins, 
or other suitable hardware to rigidly hold the two halves 
together. 

6.2.4 Stand-up vacuum compaction mold-A brass 
or aluminum split mold designed to rest on a triaxial 
assembly baseplate where the bottom end plate is the base 
of the compaction mold. A specimen membrane is held 
against the inside perimeter of the compaction mold with 
a vacuum applied between the membrane and the inside 
perimeter of the split mold. 

6.2.5 Tamping compaction.-A tamping-type com­
pactive action which compresses equal masses of soil into 
lifts of equal thickness. 

7. Apparatus 

7.l General Apparatus: 
7.1.1 Axial Deformation Jndicator.-The axial 

deformation indicator should be a dial indicator or L VDT 
(linear variable differential transformer) having 0.001 inch 

(0.03 mm) resolution. Other measuring devices meeting 
these requirements for precision and range may be used. 

7.1.2 Balance or Scale.-Typical balances or scales 
used for this designation are: 

Application Readable to Approximace capacity 
Moisture content 0.1 g 1000g 
Mass of compacted 

specimen: 
Small 0.1 g 1000 g 
Medium 0.01 lbm 50 lbm 
Large 0.01 lbm 150 lbm 

7.1.3 Desiccator.-An enclosed container with a 
moisture-absorbing chemical compound inside, used for 
cooling a heated soil sample while maintaining zero change 
in moisture content due to condensation. 

7.1.4 Dish, Evaporating.-A suitable dish resistant to 
corrosion or changes in mass when subjected to repeated 
heating, cooling, or cleaning. 

7.1.5 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.1.6 Graduated Cylinder.-1000-mL capacity, grad­
uated to 10 ml. 

7.1.7 Metal Calibration Specimen.-A brass, stainless 
steel, or aluminum, right cylindrical specimen or ring which 
serves as a reference specimen .of known height. 

7.1.8 Pi Tape.-A scaled pi (1r) tape, 2 to 12 inches 
outside diameter, readable to 0.001 inch, or a metric pi 
tape, 30 to 200 mm outside diameter, readable to 0.01 mm. 

7.1.9 Porous Inserts.-Porous inserts are manufac­
tured from silicon carbide, aluminum oxide, sintered bronze, 
or ceramic. The material must not be susceptible to 
corrosion by soil substances or moisture. The proper grade 
(coarseness) of insert depends upon the type of test being 
performed and the soil being tested. 

7.1.10 Specimen End Plates.-The end plates must 
be constructed of a noncorrosive impermeable material such 
as aluminum, stainless steel, or titanium; and each must 
have a circular cross section and circular plane surface of 
contact with the specimen. 

7.1.11 Straightedge.-A stiff metal straightedge of 
convenient length. The scraping edge must be beveled if 
it is thicker than 1/8 inch (3 mm). 

7.1.12 Tamper.-Meta1 tampers with square or 
circular faces having diameters or widths equal to or slightly 
larger than one-half the diameter or width of the specimen. 
(See specific procedure for more detailed description.) The 
stem of the tamper may be engraved with circumferential 
marks which correspond to a specific thickness of a 
compacted lift. 

7.1.13 No. 4 Sieve.-U.S. Standard series No. 4 
(4.75 mm) sieve with stand, conforming to the require­
ments of USBR 1025. 

7.1.14 3-in Sieve.-U.S. Standard series 3-in (75-mm) 
sieve conforming to the requirements of USBR 1025. 

7.1.15 Miscellaneous.-Spatulas, knives, hacksaw 
blades, mallet, rod, etc. 
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7.2 Equipment Unique to Method A (figs. 1 to 4): 
7.2.l Split Compaction Mold, Compaction Pedestal, 

Baseplate, and Collar.-Cylindrical brass or aluminum split 
molds are either hinged on one side and have a clasping 
device on the other side, or the two sides are fastened 
with pins. Typical mold sizes include: 

Diameter, in 
2.0 
2.8 

3.0 
3.25 
6.0 

9.0 

Height, in 
5.0 
6.5 
9.0 
4.0 
15.0 
22 5 

The split compaction mold fits over the compaction 
pedestal, and is attached to the baseplate which provides 
a firm base for compacting the soil. The collar provides 
additional height above the mold to allow the specimen 
to be compacted to che full height of the mold. 

7.2.2 Liner: 
7.2.2.l Plastic Film.-Square, circular, or rectangu­

lar piece of plastic film, cut to fit and line the inside of 
the split molds; prevents the compacted specimen from 
adhering co the inside of the split mold. 

7 .2.2.2 Heavy Paper.-A rectangular piece of heavy 
paper, slit longitudinally, used with 9.0-inch diameter by 
22.5-inch high specimens to prevent gravel from 
penetrating specimen membranes. 

7.2.3 Moisture Proof Containers.-Glass mason-type 
jars (I-quart capacity), with a eight sealing lid for storing 
compacted 2.0-inch-diamecer by 5.0-inch-high specimens 
to be tested. 

7.2.4 Specimen Membrane.-A membrane used to 
encase the specimen to isolate it from the chamber fluid. 

7.2.5 Carriage and Rod-Refers co either a metal wire 
basket or other suitable system capable of suspending the 
compacted specimen, end places (blank or with porous 
inserts), membrane, and two O-rings for determining the 
mass of the specimen suspended in a water bath (used 
for the mass-in-air/ mass-in-water determination). 

7.2.6 Solid Plastic End Plates.-Plascic end places 
having a diameter equal to the diameter of the compacted 
specimen. 

7.2.7 Lifting Cradle.-Mecal hanger which attaches 
co the 9.0- by 22.5-inch split mold and is used for lifting 
the split mold and compacted specimen by mechanical 
means. 

7.3 Equipment Unique to Method_ B: 
7.3.1 Rigid Compaction Mold, (figs. 5 and 6).-Eicher 

a cylindrical or square,'btiss ~r-aluminum mold which 
confines a-specimen laterally and ;s an integral piece of 
che cesc apparatus in which th~ specimen is tested. The 
mold may have a compaction baseplate and collar for 
facilitating compaction of the specimen. Typical rigid molds 
for preparing specimens.fQ.r one-dimensional consolidation 
and. direct and repeated direct shear testing are shown 
on figures 5 and o.-

7 .3.2 Porous Plates.-Porous plates made of silicon 
carbide, aluminum oxide, or other materials not susceptible 
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co corrosion from soil substances or moisture. (For a 
detailed description, refer to rhe Apparatus paragraph of 
the particular USBR designation for which the specimen 
is being prepared.) 

7.4 Equipment Unique to Method C: 
7.4.1 Stand-up vacuum compaction mold (fig. 7 and 

8).-A brass or aluminum split mold designed to sit firmly 
on top of an end plate used in the rriaxial assembly. The 
mold is flared at the bottom to allow a membrane to be 
affixed to the bottom end place with O-rings. A cube 
through each side of the split mold is connected to 
longitudinal and circumferential grooves through which 
the vacuum pulls the membrane to the mold. The diameter 
of the mold is slightly larger than the diameter of the 
specimen being formed to accommodate the thickness of 
the membrane. 

7.4.2 Vacuum Pump.-A regulatable vacuum pump 
capable of applying a vacuum equivalent to at least 15 
inches of mercury. 

7.4.3 Deformation Indicator Clamp or Reference 
Stand-A clamp or device capable of holding a deformation 
indicator securely ac a fixed height. 

7.5 Equipment Unique to Method D : 
7.5.l Pouring Tube With Screen (fig. 9).-A 

cylindrical or rectangular cube with a wire screen attached 
to the bottom end of the tube. The diameter or width 
of the tube must be slightly smaller than the dimensions 
of the rigid mold into which the specimen is being placed. 
The size of the openings in the screen varies with the 
maximum particle size of the material being placed. In 
general, the screen opening should be twice the size of 
the maximum particle size present in the specimen. 

7.5.2 Sifting Screen (fig. 9) .-A circular or square wire 
screen having a diameter or width slightly smaller than 
the dimensions of the rigid mold into which the specimen 
is being placed. A wire bail is attached to the screen and 
is used to pull the screen through the material which has 
been placed in the mold. 

8. Precautions 

8.1 Safety Precautions: 
8.1. l The surface upon which the test specimen is 

compacted must be strong enough co support the 
com pacrive effort. 

8.1.2 Two persons (or one person with mechanical 
assistance) should move compacted rest specimens having 
a mass greater than 50 lbm to prevent a possible lifting 
IO)Ury. 

8.1.3 This designation may involve hazardous 
materials, operations, and equipment. 

8.2 Technical Precautions: 
8.2.1 The rest specimens should be placed and com­

pacted as quickly as possible co minimize unrecorded 
moisture loss. If possible, compact the specimen in a 
humidity controlled room. 

8.2.2 Compacted specimens should be moved care­
fully to prevent disturbance to the specimen. 
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d 

Figure l.-Split compaction mold equipment (2.0 in diamerer by 5.0 in high ). a) rnmpaetion 
pedestal , b) sp lit compacrion mold, c) compacrion collar, d ) top plug, e) basep late, 
and f) film line rs. 

Figure 2.-Assembled sp lit compaction mold (2.0-dia. by 5.0-in high ). 
a) top plug, b) compaction collar, c) split compaction mold , and d) tampers. 
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Figure 3.-Split companion mold equipment (9.0-d ia. by 22.5- in high ). 
a) compacrion pedesta l, b) split compaction mold , c) compaction collar, 
d ) mm per, e) baseplate, and f ) p,,pcr liner. 



USBR 5210 

Figure ~. - Assembled sp li t mold wi th lifting cradle. 

a 

Figure 5.- Direct and repeated direct shea r test spec ime n equipment. a) 
compaction ta mpe r, b) shear box, c) basep late, and d) porous p late. 

a 

Figure 6. - One-dimcns ional consolidation, expansion , and uplift test 
specimen compaction equipment. a ) tamper, b) colla r and s pecimen ring 
reta iner, c) wmpact ion baseplate , d ) compaction co ll a r, e ) specimen ring, 
and f ) plastic liner. 

Figu re 7.- Sta nd -up vacuum mo ld wit h me1nbrane under vacuu1n (2 .0-
d ia. by 5.0- in h ig h). 
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Figure 8.-Srnnd-up vacuu111 111old equip111ent (9.0-dia . by 22.5- in hig h ). 
a) split rn111pacr ion mold, b ) tamper, c) specimen membrane, d ) O -rings, 
and c) bottom end plate ( triaxial ). 

Pouring tube with screen. 

Figure 9.-Pou ring tube with screen. 

8.2.3 In Methods D and E plugging of the pouring 
tube wire screen or the sift ing screen can interfere with 
uniform deposition and compaction of the spec imens. 

9. Sampling, Test Specimens, and Test Units 

9.1 Sample Preparation: 
9.1. l Prepare a soil sample in accordance w ith USBR 

5205. 
9. l.2 All data required to prepare and compact soi l 

specimens are recorded as shown on figures 10 and 11 

(data sheet 1 and data sheet 2). If the specimen contains 
only minus No. 4 material, record the data on "Compaction 
D ata for Specimens of Minus No. 4 Material-Data Sheet 
l. " If the specimen contains plus No. 4 material (gravel ), 
record the data on "Compaction Data for Specimens 
Containing Plus No. 4 Material-Data Sheet 2." 

9.1.2.1 Record the sample number on line (1) of 
the form as Sample No. 

9.1.2.2 Check the box on line (2) denoting the 
method of compaction being performed. 

9.1.2.3 Record the test designation for which the 
specimens will be used. 

9.1.3 Proceed ro the appropriate subparagraph 
depending upon method of specimen preparation. 

Method 
A 
B 
C 
D 
E 

Subparagraph 
92 
95 
96 
97 
98 

9.2 Specimen preparation - Method A : 
9.2.l Check the boxes on line (4) of the form for 

the type of mold be ing used. Record the mold number 
if applicable. 

9.2.2 Record to 0.001 inch the diameter and height 
of the compaction mo ld (from the mold calibration data 
sheet). 

NITTE 2.-The size of equ ipment required to resr rhe mater ial 
is dependent on the maximum particle size present in the material. 

9.2.3 If a p last ic film liner is used ro prevent the 
soil from sticking tO the mold , determine liner thickness 
and record tO O 00 I inch on line (4d). 

9.2.4 Calculate the area of the compacted specimen. 

A = 0.7854 (d - 2t) 2 
where: 

A = area of compacted specimen, in 2 

cf = inside diameter of the compaction mold, in 
t = liner thickness, in 

0.7854 = the constant n-/4 

Record the area to 0.001 in 2 on line (4e). 

NITTE 3.-If a liner is not used, t = 0. 

( I ) 

9.2.5 Calculate the volume of the compacted 
specimen. 

V = A (H - nt) 
where: 

V = volume of compacted specimen, in 3 

H = height of compaction mold, in 

(2) 

n = l if a p lastic liner is used on the botrom of the 
compaction mold, or n = 0 if a liner is not used 

t = liner thickness, in 

Record the vo lume to 0.001 in l on li ne (4 f). 
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COMPACTION DATA FOR SPECIMENS 
7-2388 (12-86) OF MINUS NO. 4 MATERIAL 
Bureau of Reclamation (DATA SHEET 1) Designation USBR s210-!J1;! 

PROJECT FEATURE 

Example Example 
COMPUTED BY DATE CHECKED BY CATE 

1. SAMPLE NO. .IQQA-1 
2. COMPACTION METHOD: IX) TAMPING COMPACTION 0 POURING WITH VIBRATION 

3. TEST DESIGNATIONS: USBR 5750-CU Triaxial Shear 

4 . COMPACTION MOLD SYSTEM: IX] SPLIT MOLD 0RIGIO MOLD □STANO-UP VACUUM MOLD NO. 

4e. IX] CIRCULAR MOLD 

4b. DIAMETER 2 .000 (in) 4c. HEIGHT 5.000 (in) 

4d. LINER THICKNESS· - (in) 

441. AREA• 0.78544-/ ((4b) - 2 x (4d)] 2 3.1.42 (ln2) 

4f. VOLUME= (14c) • (4d)] x (4e) 15.710 (in3) 

4g. □ SQUARE MOLD 

4h. LENGTH 1 (in) 4i. LENGTH 2 (in) 

4j . HEIGHT (in) 4k. LINER THICKNESS (in) 

4L. AREA • 1(4h) - (2 x (4k))] 1(41) - (2 x (4k))] (in2) 

4m. VOLUME• ((4j) - (4k)I (4L) (in3) 

5. PLACEMENT CONDITIONS 

5e. DESIRED ORY UNIT WEIGHT 115.0 (lbl/lt3) 

5b. PERCENTAGE OF LABORATORY CONTROL TEST 00 % Comp 0%RD 95 

5e. DESIRED MOISTURE CONTENT 9 9 (%) 

6d. SPECIFIC GRAVITY 2.65 

6. COMPACTION DATA 

6a. MASS OF ORY SOIL PER SPECIMEN• (5a)(4f or 4m)(5.787 x 10•4)!!,/ 1.046 (lbm) 

6b. NUMBER OF SPECIMENS PER TEST 3 

6e. MASS OF ORY SOIL PER TEST• (6a) (&bl (1.05 or 2.0)£./ 6.276 (lbm) 

6d . COMPACTION - MOISTURE CONTENT 9.7 (%) 

6•. NUMBER OF LIFTS PER SPECIMEN JO 

61. MASS OF WET SOIL PER LIFT •1§!1 ll + ~ I 0.115 (lbm) 
(68) 100 !!_/ 

6g. MASS OF WET SOIL PER LIFT• 453.6!./ (6f) 52.2 (g) 

7 . 

LIFT MASS OF WET SOIL PLUS CONTAINER LIFT MASS OF WET SOIL PLUS CONT Al NE R 
NO. 01bm [l!lg NO. 01bm i!lg 

le. 1025.0 

7b. (7e) - (6g) 1 972.8 7g. (71) - (6g) 6 711.8 

le. (7b) - (6g] 2 920.6 7h. (lg). (6g) 7 659.6 

7d. (le) . (6g) 3 868 . 4 71. (7h) - (6g) 8 r::n7 4 

, .. (7d) • (6g) 4 816.2 7J . (7i) . (6g) 9 '\"ii\ .2 

7f. (7el - (6g) 5 764.0 7k . (71) • (6g) 10 503.0 = Conlalner mass 

!./ CONSTANT • 7rt4 

1ft3 1 lbm 
!!_/ CONSTANT• ll2B in3 Tiijj"" 

£_/ CONSTANT• FACTOR TO PROVIDE EXCESS MATERIAL FOR MOISTURE CONTENT DETERMINATION 

• 1.05 FOR LARGE SPECIMENS ANO 2.0 FOR SMALL SPECIMENS 

!!_/ CONSTANT•~ 
1.0 

!/ CONST A NT• ~ 

Figure 10.-Compaction data for specimens of minus No. 4 material (data sheet I) - method A example. 
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COMPACTION LIFT DATA 

8, DEPTH TO BOTTOM OP MOLD C"-.. 911 ..... 

9. DESIRED LIP:T THICICNa• 

10. LIFT HEIGHT MEASUlllaMaNT DATA: 

10., LIFT NUMBER 

10b. DESIRED DEl•TH TO LIPT 

(81 - 110.1(81 

10c. DEPTH 1 

10d. DEPTH 2 

10.. DEPTH 3 

10f. AVERAGE DaPTH 

(10cl+(10dl+(1091 

3 

t 

6 .000 

Fi 01 '\ 

6.010 

5.995 

6.007 

2 

5.500 

5 499 

5.500 

5.515 

5.505 

USBR 5210 

I • 

5.000 4.500 

4.485 4 . 515 

4.480 4.530 

5.000 4.510 

4.655 4.518 

6.500 , ... , 
0.500 ------- , ... , 

• • • • to 

4.000 3.500 3.000 2.500 2.000 1.500 

4.015 3.485 2 . 970 2.480 1.995 1. 500 

3.995 3.515 2 . 985 2.530 1.985 1.505 

3.985 3.500 3 . 015 2.515 1.970 1 .495 

3.998 3.500 2 . 990 2.508 1.983 1.500 

Figure 10.-Compaction da ta fo r specimens of minus N o. 4 mate rial (data sheet l) - method A example (back of fo rm) - Continued. 
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COMPACTION DATA FOR SPECIMENS CONTAINING 
7-2389 (12-86) PLUS NO. 4 MATERIAL 
Bureau of Reclamation (DATA SHEET 2) Designation USBR 5210-~il 

PROJECT FEATURE 

Example Example 
.. 

Cvw,r'U, cu BY uA,c CHECKED BY DATE 

1. SAMPLE NO. IOOA-2 

2. COMPACTION METHOD: 1K) TAMPING COMPACTION 0 POURING WITH VIBRATION 

3. TEST DESIGNATION: USBR 5750-CU Triaxial Shear 

4. COMPACTION MOLD SYSTEM: 00 SPLIT MOLD □ RIGID MOLD 0 STAND-UP VACUUM □ MOLD NO. 

4a. 00 CIRCULAR MOLD 

4b. DIAMETER 9.000 (in) 4c, HEIGHT 22.500 (in) 

4d. LINER THICKNESS 0.01 In) 

4e. AREA= 0.7854!!./ [(4b) - 2 x (4d)) 2 63.335 (in2) 

41. VOLUME - [(4c) - (4d)) x (4e) [424.404 (in3) 

4g. □ SQUARE MOLD 

4h. LENGTH 1 (in) 41. LENGTH 2 (in) 

4j. HEIGHT (in) 4k. LINER THICKNESS (in) 

4L. AREA• [(4h) - (2 x (4k))) ((41) • (2 X (4k))) (ln2) 

4m. VOLUME• ((41) - (4k)) (4L) (in3) 

MINUS PLUS TOTAL 
5. PLACEMENT CONDITIONS NO. 4 NO, 4 

(1) (2) .· (3) 

5a. DESIRED DRY UNIT WEIGHT (lbf/ft3) 115.0 131.8 

5b. PERCENTAGE OF LABORATORY CONTROL TES'!' lxJ%COMP □%RD 95 95 

5c. DESIRED MOISTURE CONTENT (%) 9.9 .2.6 5.2 

5d. SPECIFIC GRAVITY 2.65 2.50 2.55 

5e. PERCENTAGE OF TOTAL SPECIMEN (%) 
100 

36.3 63.7 

-NO. 4/ TOTAL 

6. COMPACTION DATA 
BEDDING LIFT MATERIAL 

(1) (2) 

6a. LIFT THICKNESS (in) 0.750 3.00 

6b. NUMBER OF LIFTS 2 7 

6c. MASS OF DRY SOIL PER LIFT (lbm) 3.161 14.492 

(-NO. 4/BEDDING LIFT)• (5a)l/ x (6a)l/ x (48 or 4L) x 5.787 x 10-4 !!./ 

(TOTAL MATERIAL)~ (5a)l./ x (6a);!/ x (4e or 4L) x 5,787 x 10-4 !!_/ 

!.I USE VALUE FROM COLUMN (1) 

V USE VALUE FROM COLUMN (3) 

V USE VALUE FROM COLUMN (2) 

!!I CONSTANT• 7r/4 

1 ft3 1 lbm 
!!_/ CONSTANT• (

1728 
ln3 ) (--) 

1 lbf 
r-

Figure 11.-Compaetion data for specimens containing plus No. 4 material (data sheet 2) - method A example. 
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RETAINED ON SIEVE SIZE 1-1/2 In 3/4 In 3/8 In + NO. 4 • No. 4 
( 1) (2) (3) (4) (5) 

6d. PERCENT RETAINED (%) 25.9 15.5 12.2 10.1 36 . 3 

6•. PERCENT TESTED (%) 26.1 20.6 17.0 36.3 
6f. MASS OF DRY PLUS NO. 4 MATERIAL FOR A Sf'ECIMEN (lbm) w, 

a (6c)l/ x (6b)l/ x (6e)V >< 0.01 !./ 26 .48 20.90 17.25 

6g. MASS OF DRY MINUS NO. 4 MATERIAL FOR SPECIMEN LIFTS (lbm) ½~ ~ ~ a (6c)l/ >< (6b)l/ >< (6a);t/ >< 0.01 !./ 36.82 

6h. MASS OF DRY MINUS NO. 4 MATERIAL FOR BEDDING LIFTS (lbm) w w, ~ • (6c)Y x (6b)i/ 6.32 

61. NUMBER OF SPECIMENS 3 ///// ////// ////, 
6i. MASS OF DRY PLUS NO. 4 MATERIAL PER TEST (lbm) w = (6f)~/ X (61) X 1.05 83.41 65.84 54.34 

6k. MASS OF DRY MINUS NO. 4 MATERIAL PER TEST (lbm) ~ ~ ~ [(6g) + (6h)] X (61) X 1.05 135.89 
6L. COMPACTION MOISTURE CONTENT (%) ///// ///// '///// 9.7 
6m. MASS OF WET MINUS NO. 4 MATERIAL PER BEDDING LIFT (lbm) ~ ~ ~ , • (6c)i/ x [ 1 + (6Ll >< 0.01 !./ ] 3.47 
6n . MASS OF WET MINUS NO. 4 MATERIAL PER SPECIMEN LIFT (lbm) 

~ ~ ~ a (6g) X (1 + (6L) ~ 0 .01 a/ ] 

(6b)ll 5.77 

60. MASS OF WET PLUS NO. 4 MATERIAL PER SPECIMEN LIFT (lbm) 

~ • (6f)V x [ 1 + (6c)l/ x 0.01 !.I] 

(6b)1f 3.88 3 .06 2.53 
6p. CUMULATIVE WET MASS OF SOIL PER SPECIMEN LIFT (lbm) 

3 . 88 6.94 9.47 15 . 24 

COMPACTION LIFT DATA 

25.500 
8 . DEPTH TO BOTTOM OF MOLD (FROM TOP OF COLLAR) (In) 

9. DESIRED LIFT THICKNESS 
0.750 3.000 (In) 

10. COMPACTION LIFT DATA: 

10a. LIFT NUMBER 1 2 3 4 5 6 7 8 9 10 

10b. DESIRED DEPTH TO LIFT: 

(B) - (10a)(9) 24.750 21 .750 18.750 15.750 12.750 9.750 6.750 3.750 3.000 (In) 

10c. DEPTH 1 24.700 21.750 18.780 15.700 12.700 9.700 6.750 3.750 3.000 (In) 

10d. DEPTH 2 24.670 21 .750 18.810 15.750 12.800 9.800 6.850 3.810 3.030 (In) 

10a. DEPTH 3 24 .730 21.750 18.750 15.800 12.750 9.700 6.800 3.750 3.050 (In) 

10f. AVERAGE DEPTH (JOc)+(10d)+(10a) 
3 

24.700 21.750 18.780 15.750 12.750 9.733 6.800 3.770 3.027 (In) 

1/ USE VALUE FROM COLUMN (2) 

V USE VALUES FROM COLUMNS (2), (3), (4), RESPECTIVELY 

:v USE VALUES FROM COLUMN (5) 

ii USE VALUES FROM COLUMN (1) 

!.I 
1 ' 

CONSTANT = (100%) 

~/ CONSTANT a FACTOR TO PROVIDE EXCESS MATERIAL FOR MOISTURE CONTENT DETERMINATION 

GPoeea - 021 

Figure l l.-Compacrio n data fo r specimens comaining plus No. 4 materia l (data sheet 2) - method A example (b; ck of form ) - Continued. 
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9.3 Placement Condirions.-lf the specimen contains 
plus No. 4 material proceed to subparagraph 9.3.2, 
otherwise continue with subparagraph 9.3.1. Record the 
following desired placement conditions. 

9.3. l Specimens consisting of minus No. 4 material 
only (fig. 10): 

9.3.1. l Record the value of desired dry unit weight 
to 0.1 lbf/ ft\ percentage of laboratory control test to 0.1 
percent, desired moisture content to 0,1 percent, and 
specific gravity to 0.01 on lines (5a), (5b), (5c) , and (5d), 
respectively. 

9.3.1.2 Proceed to subparagraph 9.4. 
9.3.2 Specimens consisting of plus and minus No. 

4 material (fig. 11) : 
9.3 .2.1 Record the information described in 

subparagraph 9.3.1.1 in section 5, column (1) as shown 
on the form (fig. 11). The placement information for the 
minus No. 4 material is used to calculate the masses of 
material required for the bedding lifts (minus No. 4 material 
only) (fig. 12) and the total lifts (plus and minus No. 4 
material). 

9.3.2.2 Record the value of desired moisture 
content to 0.1 percent, specific gravity to 0.01, and 
percentage of minus No. 4 material in the total specimen 
to 0.1 percent in column (2) as shown on figure 11. 

9.3.2.3 Record the absorption to 0.1 percent, 
specific gravity to 0.01, and percentage of plus No. 4 
material in the total specimen to 0.1 percent on line (5c) 
in column (2) as shown on figure 11. 

9.3.2.4 Record the desired dry unit weight to 0.1 
lbf/ ft3, the percentage of laboratory control test to 0.1 
percent, and desired moisture content to 0.1 percent of 
the total specimen in column (3) as shown on figure 11. 

NOfE 4.-If a laboratory control test is not performed, the 
maximum dry unit weight may be estimated as described in USBR 
5515 and the total specimen moisture content can be calculated. 

= [ Wc(+4) P(+4)] + [ Wc(-4) P(-4)] (3) Wt 
100 

where: 
Wt moisture content of total specimen, % 

Wc(+4) = absorption of plus No. 4 material, % 
P<+4J = percentage of plus No. 4 material in 

specimen,% 
Wc(-4) = desired moisture content of minus No. 4 

material,% 
P<-4> percentage of minus No. 4 material in 

specimen,% 
100 = convert from percent to decimal 

9.3.2.5 Calculate the specific gravity of the total 
specimen. 

100 G=------
P!-4> + P<+4> 
G<-4> G't+4J 

where: 
G = specific gravity of total specimen 

P(-4) = percentage of minus No. 4 material in 
specimen,% 

(4) 

0.15• BEDDING LIFT ( minus No.4 l 

, 
/1 

~ 
1/ 

I TOTAL LIFTS ( plus ond minus No .4 l ., 

~ 
\\ 
\ 

0 . 15• BEDDING LIFT ( minus No.4 l 
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Figure 12.-Bedding lift placement informarion. 

percentage of plus No. 4 material in 
specimen, % 

specific gravity of minus No. 4 material in 
specimen 

specific gravity of plus No. 4 material in 
speomen 

[Record the specific gravity to 0.01 on line 5d in col. (3).) 

9.4 Compaction Data.-Compaction data are calculated 
using inch-pound units. A conversion is supplied to 
determine the mass in metric units for subsequent 
measurement of the specimen mass when the use of 
balances and scales in metric units provides greater accuracy. 

• Subparagraph 9.4 . l describes the procedure for 
calculating data required for compacting specimens 
consisting of only minus No. 4 material. 
• Subparagraph 9 .4 .2 describes the procedure for 
calculating dara required for compacting specimens 
containing both plus and minus No. 4 material. 
• If the specimen contains plus No. 4 material proceed 
to subparagraph 9.4.2, otherwise continue with subpara­
graph 9.4.1. 

9.4.1 Compaction data - minus No. 4 material only. 
Record all data in section 6 on data sheet l (fig. 10). 

9.4.1. l Calculate the mas~ of dry minus No. 4 
material required per specimen. 

Ms, d(-4) = ')Id V (:_5.787 X 10-4 ) (5) 
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where: 
Ms, d(-4) mass of dry minus No. 4 material per 

specimen, lbm 
desired dry unit weight of min.us No. 4 

material, lbf/ft3 
V 

5.787 X 10-4 
volume of compacted specimen, in3 

constant for inch-pound units, changes 
in3 to ft3 (assume 1 lbm = 1 lbf) 

[Record the mass t0 0.001 lbm on line (6a).] 

9.4.1.2 Calculate the mass of dry minus No. 4 
material required per test. 

Mt, d(-4) = Ms, d(-4) S Con2 (6) 
where: 

Aft, d(-4) mass of dry minus No. 4 material per test, 
lbm 

Ms, d(-4) mass of dry minus No. 4 material per 
specimen, lbm 

S = number of specimens required for a test 
Con2 = constant (A 1.05 provides 5 % surplus 

material for large specimens and a 2.0 
provides 100% surplus material for 
small specimens.) 

[Record the mass to 0.001 lbm on line (6c).] 

NOfE 5.-The constant equal ro 1.05 or 2.0 provides excess 
material for specimens for moisture determinations and material 
loss during handling. 

9.4.1.3 Prepare the minus No. 4 material to the 
proper moisture content as described in appendix X2. Place 
the material in plastic, moisture proof bags, and srore in 
accordance with the following standing times. 

Classification, USER 5005 
SM 

ML, CL, OL, SC 
MH, CH,Pt 

Minimum standing time, hours 
3 

18 

36 

9.4.1.4 Check the moisture content of the material 
according t0 USBR 5300; record the data on the back of 
the form titled "Compacted Specimen Placement Data 
Sheet" (fig. 18) . The moisture content of the minus No. 4 
material must be within ±0.5 percentage points of the 
desired moisture content as recorded on line (5c) (fig. 10). 
If the material moisture content varies from the desired 
moisture content by more than ±0.5 percentage points, 
the moisture content must be adjusted according to the 
procedure described in appendix X2. 

Record the moisture content tO 0.1 percent as 
Compaction moisture content(%) on line (6d). 

9.4.1.5 Determine and record the number of lifts 
t0 be used to compact the specimen. 

9.4.1.6 Calculate the mass of wet minus No. 4 
material required for each lift. 

( 
W(-4)) 

Mi, w(-4) = 
Ms, d(-4) 1 + lOO 

(7) 

where: 
Mi, w(- 4) mass of wet minus No. 4 material per lift, 

lbm 
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Ms, d(-4) 

W(-4) 

NJ= 
100 = 

mass of dry minus No. 4 material per 
specimen, lbm 

compaction moisture content, % 
number of lifts 
convert from percent tO decimal 

[Record the masses tO 0.001 lbm on line (6f).] 

9.4.1.7 If desired, convert the wet mass of soil 
required per lift from lbm tO g. 

where: 
(1) 
(2) 

Con3 

(1) = (2) Con3 

converted mass of soil required per lift, g 
mass of wet soil per lift, lbm 
453.6, g/ lbm 

[Record the mass to 0.1 g on line (6g).] 

(8) 

9.4.1.8 Place the mass of wet minus No. 4 material 
required for a single specimen in a container with a tight 
fitting lid, and determine the mass of the wet soil and 
container. Record the mass to 0.001 lbm on line (7a) as 
Mass of wet soil plus container (/bm) (fig. 10). 

9.4.1.9 Calculate the mass of wet soil plus con­
tainer after the mass of wet soil for a single lift is removed 
from the container. 

where: 
Mn 
Mc 

M1, w<-4> = 

new mass of wet soil plus container, lbm 
mass of wet soil plus container, lbm 
mass of wet minus No. 4 material per lift, 

lbm 

(9) 

[Record the mass to 0.005 lbm or 0.1 g on line (7b) 
through (7k) (fig. 10).] 

9.4.1.10 Repeat subparagraph 9.4.1.9 until the 
mass of wet minus No. 4 soil plus container has been 
calculated and recorded for each lift. 

9.4.1.11 Proceed to paragraph 10. 
9.4.2 Compaction data - plus No. 4 and minus No. 4 

material. Record all data on data sheet 2 (fig. 11). 

NOfE 6.-This subparagraph describes calculation of dara 
required co compact a. cesc specimen containing both plus No. 4 
and minus No. 4 material. The example data are for a 9.0-inch 
diameter by 22.5-inch high specimen which consists of two 
3/4-inch thick lifts of only minus No. 4 material 
(bedding lifts)-one on each end of the specimen-and seven 
3-inch chick lifts of plus No. 4 and minus No. 4 material (fig. 12). 
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9.4.2. l Record che thickness of any lifts containing 
only minus No. 4 material (bedding lifts) and the thickness 
of any lifts containing both plus No. 4 and minus No. 4 
material co 0.001 inch on line (6a) columns (1) and (2) 
as shown on figure 11. 

9.4.2.2 Record the number of lifts in which the 
specimen will be compacted on line (6b). 

9.4.2.3 Calculate the mass of dry minus No. 4 
material required for one bedding life. 

Mb, d(-4) = ')'d(-4) L(-4) A (5.787 X 10-4
) (10) 

where: 
Mb, d(-4) 

')'d(-4) 

L<-4> 
5.787 X 10-4 

A 

mass of dry minus No. 4 material for 
one bedding life, lbm 

desired dry unit weight of minus No. 4 
material, lbf/fc3 

life thickness, in 

constant for inch-pound units, changes 
in3 co fc3 (assume l lbm = l lbf) 

specimen area, in2 

[Record the mass co 0.001 lbm on line (6c) in col. (l).] 

9.4.2.4 Calculate the mass of dry plus No. 4 and 
minus No. 4 material required for one specimen life. 

Ms, d(+4,-4) = ')'d(t) L(t) A (5.787 X 10-
4

) (11) 
where: 

Ms, d(+4,-4) 

')'d(t) 

l(IJ 
A 

5.787 X 10-4 

mass of dry plus a,nd minus No. 4 
material for one specimen life, lbm 

desired dry unit weight of coral 
specimen, lbf/fc3 

life thickness, in 
area of compacted specimen mold, in2 

constant for inch-pound units, converts 
in3 co fc3 (assume l lbm = l !bf) 

[Record the mass co 0.001 lbm on line (6c) col. (2).] 

9.4.2.5 Determine the percentage of gravel 
retained on the 1-1/2-, 3/4-, 3/8-inch, and No. 4 sieves 
and record co 0.1 percent (as determined using USBR 5 325) 
on the back of data sheet 2 on line (6d) in columns (1), 
(2), (3), and (4) as Percent retained(%). 

9.4.2.6 Determine che percentage of material 
passing the No. 4 sieve and record co 0.1 percent on line 
(6d) in column (5) and on line (6e) in column (5) as 
Percent retained(%), and Percent tested(%), respectively. 

9.4.2.7 Determine che gradation of material co be 
reseed, as described in appendix Xl. Record the adjusted 
gradation on line (6e) in the appropriate column as Percent 
tested(%). 

9.4.2.8 Calculate the mass of each size of dry plus 
No. 4 material for all specimen lifts in a specimen. 

Pr<+4J 
Ms, d(+4) = Ms, d(+4,-4) M(+4,-4) 100 (12) 
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where: 
Ms, d(+4) 

M<+4,-4J" 

Ms, d(+4,-4) 

Pr<+4J 

100 

mass of each size of dry plus No. 4 material 
for all specimen lifts in a specimen, lbm 

number of specimen lifts 
mass of dry plus and minus No. 4 material 

for one specmen life, lbm 
percent retained of each size of plus No. 4 

material,% 
convert from percent co decimal 

[Record the mass co 0.01 lbm on line (6f) in cols. (2) 
through (4).] 

9.4.2.9 Calculate che mass of dry minus No. 4 
material for all specimen lifts in a specimen. 

where: 

Pr<-4> 
Ms, d(-4) = Ms, d(+4,-4) M(+4,-4) lOO (13) 

Ms, d(-4) 

Pr<-4> 
100 

mass of dry minus No. 4 material for all 
specimen lifts in a specimen, lbm 

percent of minus No. 4 material, % 
convert from percent co decimal 

[Record che mass co 0.01 lbm on line (6g) in col. (5).] 

9.4.2.10 Calculate the dry mass of minus No. 4 
material for all bedding lifts in a specimen. 

where: 
Msb, d(-4) 

Mb, d(-4) 

Msb, d(-4) = Mb, d(-4) Mb(-4) 

mass of dry minus No. 4 material for all 
bedding lifts in specimen, lbm 

(14) 

mass of dry minus No. 4 material for one 
bedding life, lbm 

number of bedding lifts 

[Record the mass co 0.01 lbm on line (6h) in col. (5).] 

9.4.2.11 Determine the number of specimens re­
quired for a test and record on line (6i). 

9.4.2.12 Calculate the total mass of dry plus No. 
4 material of each size required for a test. 

Mt, d(+4) = 1.05 Ms, d(+4) S (15) 
where: 

Mt, d(+4) mass of each size of dry plus No. 4 material 
for a test, lbm 

Ms, d(+4J mass of each size of dry plus No. 4 material 
for a specimen, lbm 

S = number of specimens required for a test 
1.05 = constant (le provides 5% surplus material 

for preparing the gravel for the test 
specimen.) 

[Record che mass co 0.01 lbm on line (6j) in cols. (2), 
(3), and (4).] 

9.4.2.13 Calculate the total mass of dry mmus 
No. 4 material required for a test. 
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Mt, d(-4) = 1.05 (Ms, d(-4) + Msb, d(-4)) S 
where: 

(16) 

Aft, d(-4) 

Ms, d(-4) 

Msb, d(-4) 

1.05 

mass of dry minus No. 4 material required 
for a test, lbm 

mass of dry minus No. 4 material required 
for all specimen lifts in a specimen, lbm 

mass of dry minus No. 4 material required 
for all specimen bedding lifts in a 
specimen, lbm 

constant (It provides 5% surplus material.) 

[Record the mass to 0.01 lbm on line (6k) in col. (5).] 

9.4.2.14 Prepare the mass of minus No. 4 material 
calculated in subparagraph 9.4.2.13 to the desired moisture 
content and check the moisture content according to 
subparagraphs 9.4.1.3 and 9.4.1.4. Compare to the value 
on the back of the "Compacted Specimen Placement Data 
Sheet" (fig. 17). Record the moisture content to 0.1 percent 
on line (6L) in column (5) as Compaction moisture content 
(%). 

9.4.2.15 Calculate the mass of wet minus No. 4 
material for one bedding lift. 

'" ( W(-4)) 1Y1Jb, w(-4) = Mb, d(-4) 1 + lO0 (17) 

where: 
Mb, w(-4) 

W(-4) 

100 

mass of wet minus No. 4 material for one 
bedding lift, lbm 

mass of dry minus No. 4 material for one 
bedding lift, lbm 

compaction moisture content, % 
convert from percent to decimal 

[Record the mass to 0.01 lbm on line (6m) in col. (5).J 

9.4.2.16 Calculate the mass of wet minus No. 4 
material to be used for one specimen lift. 

where: 
Ms, w(-4) 

Ms, d(-4) 

W(-4) 

Mc+4,-4> 

100 

( ..!!1=1!) Ms, d(-4) 1 + lO0 
Ms, w(-4) = N 

1(+4,-4) 

mass of wet minus No. 4 material in one 
specimen lift, lbm 

mass of dry minus No. 4 material for all 
specimen lifts in a specimen, lbm 

compaction moisture content, % 
number of specimen lifts · 
convert from percent to decimal 

(18) 

[Record the mass to 0.01 lbm on line (6n) in col. (5).] 

9.4.2.17 Calculate the mass of each size of wet 
plus No. 4 material for one specimen lift. 

Ms, d(+4,-4) ( 1 + ~) 

N1c+4,-4> 
Mis, w(+4,-4) (19) 
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where: 
Mis, w(+4,-4) 

Mis, d(+4,-4) 

mass of each size of wet plus No. 4 
material for one specimen lift, lbm 

mass of each size of dry plus and minus 
No. 4 material for one specimen lift, 
lbm 

W(+4) 

100 
absorption of plus No. 4 material, % 
convert from percent to decimal 

[Record the masses to 0.01 lbm on line (60) in cols. 
(2) through (4).] 

9.4.2.18 Calculate the cumulative mass of each size 
of wet plus and minus No. 4 material for a specimen lift. 

where: 
(1) 
(2) 
(3) 

(1) = (2) + (3) (20) 

cumulative wet mass, lbm 
previous cumulative wet mass, lbm 
wet mass of next smaller particle size, lbm 

[Record the masses to 0.01 lbm on line (6p) in cols. (2) 
through (5).J 

9.4.2.19 Proceed to paragraph 10. 
9.5 Specimen Preparation - Method B: 

9.5.1 Prepare a sample then calculate and record the 
data required to prepare and compact a specimen as 
described in subparagraph 9.1 through 9.2.3 as shown on 
figure 13. 

9.5.2 Calculate the area of the compacted specimen. 
9.5.2.1 Circular mold (refer to subpar. 9.2.4). 
9.5.2.2 Square mold: 

where: 
A 
ii = 
h = 
t= 

A = (ii - 2 t) (h - 2 t) 

area of compacted specimen, in2 

length of one side of mold, in 
length of adjacent side of mold, in 
liner thickness, in 

[Record the area to 0.001 in2 on line (4e).] 

NOfE 7.-If a liner is not used, t= 0. 

9.5.3 Proceed to paragraph 10. 
9.6 Specimen Preparation - Method C: 

(21) 

9.6.1 Prepare a sample then calculate and record the 
data required to prepare and compact a specimen as 
described in subparagraphs 9.1 through 9.4 as shown on 
data sheet 1 (fig. 14). 

9.6.2 Proceed to paragraph 10. 
9.7 Specimen Preparation -Method D: 

9.7.1 Prepare a sample then calculate and record the 
data required to prepare a specimen c1s described in sub­
paragraphs 9.1, 9.2, and 9.3 using data sheet 1 (fig. 15). 
Calculate the mass of dry soil required for a specimen as 
described in subparagraphs 9.4.1.1 and 9.4.1.2. 
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9.7.2 As required, oven or air dry the mass of minus 
No. 4 material calculated in subparagraph 9.7.1. If oven 
drying is required, place the material in a drying oven 
for about 16 hours at 110 ° C. After drying, score the material 
in a plastic moisture proof bag. 

9.7.3 If oven dried material is used, record the value 
of desired moisture content as "O" on line (5c) (fig. 15). 
If air drying is used, the actual moisture content is 
determined using USBR 5300 and recorded on line (5c). 

9.7.4 Proceed co paragraph 10. 
9.8 Specimen Preparation - Method E: 

9.8.1 Prepare a sample then calculate and record the 
data required co prepare a specimen as described in 
subparagraphs 9.1, 9.2, and 9.4.1. Calculate the mass of 
dry soil required for a specimen as described in 
subpaiagraphs 9.3.1.1 and 9.4.1.2 (fig. 16). 

9.8.2 Check the moisture content of the material 
according to USBR 5300. Record the moisture content to 
0.1 percent as Compaction· moisture content(%) on line 
(6d). . 

9.8.3 Oven dry the minus No. 4 material in an oven 
for about 16 hours at 110 ° C. After the material is dry, 
place it in a desiccator until cool, and store it in a moisture 
proof container. 

10. Preparation of Apparatus 

Proceed to the appropriate subparagraph depending upon 
the method being used to compact a specimen. 

Merhod 
A 
B 
C 
D 
E 

10.1 Method A: 

Subparagraph 
10.1 
10.2 
10.3 
10.4 
10.5 

10.1. l Prior to preparing the compaction mold, 
ensure that it has been calibrated according co paragraph 11. 

10.1.2 Inspect the split compaction mold for wear 
or damage. The mold should close tightly at both edges. 
The hinges, clasps, and/or pins should move freely. The 
closed mold should sit snugly on the compaction base and 
have a means for securely fastening the mold to the base. 
The collar should easily slip on and off the cop of the 
compaction mold. 

10.1.3 Inspect the lining material for wear and 
damage, replace if necessary. 

10.1.4 Inspect the membrane in which the specimen 
will be tested for wear and holes, replace if necessary. 

NOfE 8.-The compacted dry unit weight of che specimen may 
be determined by direct linear measurement or by the mass­
in-air/ mass-in-water method. A membrane is required co perform 
che mass-in-air/ mass-in-water method. 

10. 1.5 Proceed to paragraph 11. 
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10.2 Method B: 
10.2.1 Refer to subparagraph 10.1.1 and 10.1.2. 
10.2.2 Proceed to paragraph 11. 

10.3 Method C: 

10.3.1 Inspect the specimen end plate and flush the 
porous insert as specified in the procedure by which the 
specimen will be tested. 

10.3.2 Inspect the stand-up vacuum mold to make 
sure it fits easily over the bottom end plate and sits securely 
on the test system baseplate. 

10.3.3 Inspect the specimen membrane in which the 
specimen will be tested for wear and holes, replace if 
necessary. 

10.3.4 Air dry end plates and end plate porous inserts 
using compressed air at less than 30 !bf/ in2 pressure. 

10.3.5 Proceed to paragraph 11. 

10.4 Method D: 
10.4.1 Refer to subparagraphs 10.1.1 and 10.1.2. 
10.4.2 Proceed to paragraph 11. 

10.5 Method E: 

10.5.1 Refer co subparagraph 10.3. 

11. Calibration and Standardization 

11.1 Methods A through E: 

11.1.1 Verify that equipment is currently calibrated 
in accordance with the applicable calibration procedure. 
If the calibration is not current, perform the calibration 
before using the equipment for this procedure. 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 

12. Conditioning 

12.1 Selected Method-Proceed to the appropriate 
subparagraph depending upon the method being used to 
compact a specimen. 

Merhod 
A,B,C 

D 
E 

Subparagraph 
12.2 
12.3 
12.4 

12.2 Methods A, B, and C: 
12.2. l Place the minus No. 4 material for each 

specimen in moisture proof plastic bags and store in 
accordance with the following standing times. 

Classificarion, 
USER 5000 or 5005 

SM 
ML, CL, OL, SC 

MH, CH, OH, PT 

Minimum sranding 
rime, hours 

3 
18 

36 

12.2.2 Place each size of plus No. 4 material in a 
separate pan and soak in tap water. Allow the gravel to 
soak at least 16 hours prior to preparing a test specimen. 



USBR 5210 

12.2.3 Proceed to paragraph 13. 
12.3 Method D: 

12.3.1 Place the minus No. 4 material for each 
specimen in a moisture proof plastic bag and store in a 
dry place. 

NOTE 9.-The presence of more rhan 2 ro 3 percent moisture 
may cause the material to bulk and nor ro pour freely from rhe 
pouring funnel and can or pouring rube. If the material bulks 
redry the material in an oven and repeat subparagraphs 9.7.2 
and 9.7.3. 

12.3.2 Proceed to paragraph 13. 
12.4 Method E: 

12.4.1 Place the minus No. 4 material for each speci­
men in a moisture proof container and store in a dry place. 

13. Procedure 

Proceed to the appropriate subparagraph depending 
upon the method being used to compact a specimen. 

Method Subparagraph 
A 13.1 
B 13.2 
C 13.3 
D 13.4 
E 13.5 

13.1 Method A.-If the specimen contains plus No. 4 
material proceed to subparagraph 13.1.2, otherwise 
continue with subparagraph 13.1.1. 

13.1.1 Compacting specimens consisting of minus 
No. 4 material: 

13.1.1.1 All data required to place the specimen 
were previously calculated and recorded on lines (7a) 
through (7k) on data sheet 1 "Compaction Data for 
Specimens of Minus No. 4 Material" (fig. 10). 

13.1.1.2 Assemble the split mold by closing and 
fastening the mold and securely fastening the mold to the 
compaction baseplate. 

13.1. 1.3 Place a circular piece of liner in the bottom 
of the mold, and a rectangular piece of liner around the 
inside perimeter of the mold to the top of the mold without 
the compaction collar. Attach the compaction collar to the 
top of the mold. 

13.1.1.4 Place the moisture proof container with 
wet soil (with the lid on) onto a scale or balance. The 
mass should equal that previously measured in subpara­
graph 9.4.1.8 and recorded on line (7a) as Mass of wet 
soil plus container. If the current value is different, cross 
out the old value and record the new value beside it. 
Recalculate the mass of the container, container lid, and 
wet soil left after the mass of wet soil required for one 
lift is removed as described in subparagraph 9.4.1.9. 

13.1.1.5 Determine the depth to the top of each 
compacted lift as follows. 

13.1.1.5.1 Direct measurement: 
13.1.1.5.1.1 Measure the depth from the top 

of the compaction collar ro the bottom of the mold to 
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±0.001 inch using a ruler. Record the value to 0.001 inch 
on the back of the form as shown (fig. 10). 

13.1.1.5.1.2 Record the desired thickness of 
each lift to 0.001 inch on the back of the form (fig. 10). 

NOTE 10.-If all the lifts are not to be a uniform thickness 
(as for the 9.0-in diameter by 22.5 -in high specimen, with bedding 
layers) record rhe different thicknesses robe used. 

13.1.1.5. 1.3 Calculate the desired depth from 
the top of the compacrion collar to the surface of each 
compacted lift by subtracting the thickness of each lift from 
the measured depth from top of collar to bottom of mold. 

where: 
D1 
Db 

fl 

TJ 

(22) 

depth to surface of each compacted lift, in 
depth from top of collar to bottom of mold, in 
lift number 
desired thickness of each successive compacted 

lift, in 

[Record the values on line (106) as shown on figure 10.) 

13.1.1.5.2 Indirect measurement: 

NOTE 11.-Subparagraph 13.1.1.5.2.1 refers to the technique 
where rhe thickness of a compacted lift is measured using either 
a calibrated stick or calibration marks engraved on the stem of 
the tamper. 

13.1.1.5.2.1 Visually compare the height of 
the calibration mark on the stem of the tamper which 
corresponds to the full height of the specimen to the surface 
of the top of the compaction collar using a straight edge. 
The mark must be within ±0.030 inch of the surface of 
the compaction collar. 

13.1.1.6 Remove the cover from the container, set 
the cover on the balance, and remove a sufficient mass 
of wet soil until the scale or balance reads the mass 
previously calculated in subparagraph 13.1.1.4 and shown 
on line (76) as shown on figure 10. Replace the cover 
on the container. 

13.1.1.7 Place the soil in the compaction mold and 
spread it to a uniform thickness in the mold. 

13.1.1.8 Set the tamper on the soil and lightly 
compress the soil. Repeat this until the entire surface of 
the soil has been compressed. 

NOTE 12.-The diameter of the tamper face should be at lease 
1/2-but less than 3/4-the diameter of the compacrion mold. 

13.1.1.9 Compact the soil by tamping with the 
tamper. Move the tamper around the surface of the lift 
to distribute the compaction effort. 

13.1.1.10 Measure the depth from the top of the 
collar tO the surface of che compacted lift. 

13.1.1.10.1 Direct measurement: 
13.1.1.10.1.1 Measure the depth from the top 

of the compaction collar co the surface of the compacted 
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life of soil in three locations at approximately 120-degree 
intervals around the perimeter of the mold. Record the 
values ta che nearest 0.001 in on lines (10c), (10d), and 
(lOe) in column (1) as Depth 1, Depth 2, and Depth 3 
as shown on figure 10. 

13.1.1.10.1.2 Calculate the average depth. 

(23) 

where: 
da = average depth to compacted lift, in 

d1, d2, da = individual depth measurements, in 
3 = constant to average values 

[Record the average depth to nearest 0.001 inch on line 
( lOf) of the form as Average depth (in).] 

13.1.1.10.1.3 Compare the average depth 
(lOf) to the desired depth (10a) . The average depth must 
be equal to the desired depth ±0.030 inch (da = D1 ±0.030) . 
If the average depth is greater than the desired depth 
(±0.030 in) remove the compacted soil. The specimen is 
too dense and must be recompacted according ta the 
procedure described in ~ubparagraph 13.1. If the average 
depth is less than the desired depth (-0.030 in), the 
specimen is too loose; apply additional compactive effort 
and repeat subparagraph 13.1.10. 

NOfE 13.-If additional measurements are required because 
the specimen must be removed and recompacted or additional 
compactive effort is required, cross off the old depth 
measurements before proceeding. 

13.1.1.10.2 Indirect measurement: 
13.1.1.10.2.1 Visually compare the height of 

the calibration mark corresponding to the height of the 
first compaction lift to the surface of the compaction collar 
using a straight edge. The mark must be within ±0.030 
inch of the mark on the tamper or ruler. If the mark 
is more than 0.030 inch below the straight edge, the 
specimen is too dense and must be removed and 
recompacted according to the procedure described in 
subparagraph 13.1.1. If the mark is more than 0.030 inch 
above the straight edge, apply additional compactive effort 
and repeat subparagraph 13.1.1.10.1.3. 

NOfE 14.-The height of each compacted lift may also be 
controlled by attaching a collar to the stem of the tamper. The 
collar must have a diameter greater than the specimen diameter. 
The collar is set to the predetermined calibration mark 
corresponding to the thickness of the lift being compacted. 

13.1.1.11 After the lift is compacted to the proper 
height, scarify the surface of the compacted lift-using 
a knife or sharp edged instrument-to a depth of 
approximately one-tenth the depth of the lift. 

13.1.1.12 Rotate the split mold approximately 90 
degrees. 
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13.1.1.13 Remove the mass of soil from the 
container, which is required for the next lift (subpar. 
13.1.1.6), and place it in the mold. 

13.1.1.14 Spread the soil to a uniform thickness. 
Compact the soil to the desired height as described in 
subparagraphs 13.1.1.8 through 13.1.1 .10. 

13.1.1.15 Repeat subparagraphs 13.1.1.7 through 
13.1.1.14 until the entire specimen has been compacted. 

13.1.1.16 Place the compaction mold plug into the 
collar and strike firmly with a rubber mallet until the plug 
is seated on the top of the compaction collar. 

NOfE 15.- The compaction mold system may not have a 
compaction mold plug, but instead a disc with diameter slightly 
smaller than the diameter of the compaction mold. 

13.1.1.17 Remove the plug and collar from the 
compaction mold. 

13.1.1.18 If the soil extends slightly above the top 
of the compaction mold, replace the compaction mold plug 
on top of the specimen, center the plug on the specimen 
and strike the plug several times with a rubber mallet. 

13.1.1.19 Remove the compaction mold plug. 
13.1.1.20 Roughen the surface of the specimen 

using the teeth of a hacksaw blade by moving the blade 
slowly back and forth across the rop of the specimen using 
a sawing motion. 

NOfE 16.- It may not be practical to roughen the surface of 
silty soils without disturbing the underlying soil. 

13.1.1.21 Carefully unfasten the two halves of the 
split mold and open it. 

NOfE 17.-Small amounts of soil may be pulled from the 
specimen due to adhesion to the liner. Small holes in the specimen 
may be carefully filled using a knife and small amounts of the 
soil that adhered to the liner. 

13.1.1.22 Determine the wet mass of the com­
pacted specimen and compare it to the calculated wet mass 
of soil from which the specimen was prepared. If the 
difference in wet masses is greater than 1.0 percent of 
the calculated mass, the specimen is either too loose or 
too dense. Discard the specimen (provided there is 
sufficient material to do so) and compact a new specimen 
according to subparagraph 13.1. 

NOfE 18.-A difference of 1.0 percent between the calculated 
and actual specimen wet mass corresponds to approximately 1.0 
lbf/ftl difference in dry unit weight. 

NOfE 19.-Subparagraph 13.1.1.22 is provided only as a quick 
check to verify that the mass of the compacted specimen is 
approximately equal to the desired mass. 

13.1.1.23 Place a solid plastic end plate on the 
top of the specimen. · 

13.1.1.24 Prepare the specimen for determining 
its initial placement properties as follows. 
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NOTE 20.-Two methods are presented for determining the 
initial specimen volume. The preferred method is_ the "mass­
in-air/mass-in-water method;" the "direct" method 1s presented 
as an alternative. 

13.1.1.24.1 Mass-in-air/ mass-in-water: 
13.1.1.24.1.1 Place a specimen membrane into 

the vacuum expander and roll the ends of the membrane 
over the ends of the expander. 

13.1.1.24.1.2 Attach the vacuum line on the 
expander to a vacuum source and apply a vacuum. 

13.1.1.24.1.3 Slide the membrane and ex­
pander over the compacted specimen. 

13.1.1.24.1.4 Release the vacuum. 
13.1.1.24.1.5 Roll the top of the membrane 

up and ove~ the top of the plastic end plate. 
13.1.1.24.1.6 Roll the bottom of the mem­

brane over the compaction mold baseplate. 
13.1.1.24.1.7 Remove the membrane expander 

from the specimen. 
13.1.1.24.1.8 
13.1.1.24.1.9 

the compacted specimen. 

Invert the specimen. 
Roll the membrane down over 

13.1.1.24.1.10 Remove the compaction mold 
baseplate and remove the plastic liner from the bottom 

' of the specimen. 
13.1.1.24.1.11 Place the plastic end plate on 

the bottom of the specimen. 
13.1.1.24.1.12 Roll the membrane up onto the 

plastic end plate. 
13.1.1.24.1.13 Place one O-ring on the O-ring 

expander. 
13.1.1.24.1.14 Slide the O-ring expander 

down over the specimen. 
13.1.1.24.1.15 Roll the O-ring off the ex­

pander and on to the bottom end plate. 
13.1.1.24.1.16 Invert the specimen. 
13.1.1.24.1.17 Place one O-ring on the top 

end plate as described in subparagraphs 13.1.1.24.1.13 
through 13.1.1.24.1.15. 

13.1.1.24.1.18 Determine the volume and 
mass of the specimen and calculate initial placement 
conditions as described in appendix X3 (fig. 17). 

13.1.1.24.2 Direct measurement: 
13.1.1.24.2.1 Determine the volume and 

mass of the specimen and calculate initial placement 
conditions as described in appendix X3. 

13.1.1.24.3 Proceed to place the test specimen 
in the test apparatus as described in the particular USBR 
designation by which the specimen will be tested. 

13.1.1.24.4 Proceed to paragraph 14. 
13.1.2 Compacting specimens containing plus No. 4 

material. 
13.1.2. l All data are recorded on data sheet 2 

(fig. 11). 
13.1.2.2 Assemble and fasten the split mold on 

the compaction baseplate. 
13.1.2.3 Place a circular piece of liner in the bottom 

of the mold and a rectangular piece of liner around the 
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inside perimeter of the mold from the top of the compaction 
mold to the bottom of the mold. 

13.1.2.4 Attach the compaction collar to the top 
of the mold. Determine and record the depth of each 
compacted lift as described in subparagraph 13.1.1.5. 

13.1.2.5 Place a large dry pan on the scale or bal­
ance and tare the mass of the pan. 

13.1.2.6 Prepare the mass of soil for a bedding 
lift (minus No. 4 material only) or a specimen lift (plus 
and minus No. 4 material) as follows. 

13.1.2.6.1 Bedding lift (minus No. 4 material 
only).-Measure the mass of wet soil required for a bedding 
lift [as calculated on line (6m) on the back of the form]. 

13.1.2.6.2 Specimen lift (containing plus and 
minus No. 4 material): 

13.1.2.6.2.1 Remove a wet mass of minus 
1-1/2- to plus 3/4-inch material from the soaking pan 
and place on a dry towel. 

13.1.2.6.2.2 Remove excess moisture from 
the surface of the material by blotting with the towel. 

13.1.2.6.2.3 Measure the mass of moist minus 
1-1/2- to plus 3/4-inch material required for a specimen 
lift [ as calculated on line ( 6p)] and place in the pan. 

13.1.2.6.2.4 Remove a mass of minus 3/4- to 
plus 3/8-inch material from the soaking p~n an~ remove 
excess moisture from the surface by blotting with a dry 
towel. 

13.1.2.6.2.5 Add moist minus 3 / 4- to plus 
3/8-inch material to the pan containing the IT.linus 1-1/2-
to plus 3/4-inch material until the cumulative mass of 
these materials equals the value of cumulative mass 
calculated o□ line (6p). 

13.1.2.6.2.6 
size materials, repeat 
13.1.2.6.2.5. 

For each of the plus No. 4 sieve 
subparagraphs 13.1.2.6.2.4 and 

13.1.2.6.2.7 Measure the mass of wet minus 
No. 4 material required for a lift as calculated and add 
it to the plus No. 4 material in the pan. 

13.1.2.6.2.8 Thoroughly mix the plus and 
minus No. 4 materials to obtain a homogeneous mixture 
and place the mixture in a moisture proof container. 

13.1.2.6.2.9 Prepare the required mass of wet 
plus and minus No. 4 material for the remaining number 
of specimen lifts as described in subparagraph 13.1.2.6.2. 

13.1.2.7 Place and distribute evenly the mass of 
wet soil for a bedding lift on the bottom of the mold. 

13.1.2.8 Set the tamper on the soil and lightly 
compress the soil. Repeat this until the entire surface of 
the soil has been compressed. 

NOTE 21.-The diameter of the tamper face should be at least 
1/2-but less than 3/4-of the diameter of the compaction mold. 

13.1.2.9 Compact the soil by tamping with the 
tamper. Move the tamper around the mold to ensure even 
distribution of the compactive effort. 

13.1.2.10 Measure and record the depth to the 
surface of the compacted lift as described in subparagraph 
13.1.1.10. 
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13.1.2.11 Scarify the surface of the compacted 
lift-using a knife or sharp edged instrument-to a depth 
of approximately one-tenth the depth of the lift. 

13.1.2.12 Rotate the split mold approximately 90 
degrees. 

13.1.2.13 Place and distribute evenly the mass of 
wet soil for a specimen lift in the mold. 

NITTE 22.-Attempt to distribute the coarse gravel (plus 3/4-
to minus 1-1/2-in size) approximately 1/2 inch away from the 
sides of the mold to reduce the potential for rupturing the 
membrane during the test. Care should be taken to prevent gravel 
particles from point loading. 

13.1.2.14 Set the tamper on the soil and lightly 
compress the soil. Repeat this until the entire surface of 
the soil has been compressed. 

13.1.2.15 Compact the soil by tamping with the 
tamper. Move the tamper around the mold to ensure even 
distribution of the compactive effort. 

13.1.2.16 Measure and record the depth to the 
surface of the compacted lift as described in subparagraph 
13.1.1.10. 

13.1.2.17 Scarify the surface of the compacted 
lift-using a knife or sharp edged instrument-to a depth 
of approximatley one-tenth the depth of the lift. 

13.1.2.18 Rotate the split mold approximately 
90 degrees. 

13.1.2.19 Repeat subparagraphs 13.1.2.13 through 
13.1.2.18 until all specimen lifts are place and compacted. 

13.1.2.20 Place and compact the last bedding lift 
as described in subparagraphs 13.1.2.6 through 13.1.2.9. 

13.1.2.21 Place the compaction mold plug into the 
collar and strike firmly with the tamper. 

13.1.2.22 Remove the plug and collar from the 
compaction mold. 

13.1.2.23 If the soil extends above the top of the 
compaction mold, place and center the compaction mold 
plug or. a disc on the top of the specimen, and lightly 
strike it using the tamper until the plug or disc is seated 
on the compaction mold. 

13.1.2.24 Remove the compaction mold plug or 
disc. 

13.1.2.25 Roughen the surface of the specimen 
using the teeth of a hacksaw blade by moving the blade 
slowly back and forth in a sawing motion across the top 
of the specimen. 

13.1.2.26 Carefully unfasten the mold from the 
compaction mold baseplate. 

13.1.2.27 Unfasten the two halves of the split 
mold and open the mold slightly. 

13.1.2.28 Slide the split mold upward along the 
specimen until the split mold just clears the top surface 
of the compaction mold baseplate. 

13.1.2.29 Close the split mold and refasten the 
fasteners. 

13.1.2.30 Place the split mold lifting cradle onto 
the split mold. 
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13.1.2.31 Attach the lifting cradle to a hydraulic 
lift, and carefully lift the split mold and specimen until 
the specimen is free of the compaction mold baseplate. 

13.1.2.32 Remove the compaction mold baseplate 
from the compaction baseplate. 

13.1.2.33 Place the bottom end plate on the 
compaction baseplate underneath the split mold and 
specimen. 

NITTE 23.-The mass of the end plate and attached Jines in 
air and in water are obtained from equipment calibration data. 

13.1.2.34 Remove the liner from the bottom of the 
speomen. 

13.1.2.35 Carefully lower the split mold and speci­
men onto the end plate so the specimen is centered on 
the end plate. 

13.1.2.36 Unfasten the split mold and open the 
mold. 

13.1.2.3 7 Carefully slide the split mold off of the 
speomen. 

13.1.2.38 Remove the liner from the perimeter of 
the specimen. 

13.1.2.39 Prepare the specimen for determining 
its initial placement properties.as follows. 

13.1.2.39.1 Mass-in air/ mass-in-water: 
13.1.2.39.1.1 Place a specimen membrane 

into the vacuum expander and roll the ends of the 
membrane over the ends of the expander. 

NITTE 24.-If the specimen contains more than about 25-percent 
gravel, it is suggested that two specimen membranes be placed 
around the specimen to prevent rupture of the membrane. If 
the specimen contains more than about 25-percent angular gravel, 
it is suggested that two membranes separated by a slitted plastic 
liner be placed around the specimen during compaction and 
testing. 

13.1.2.39.1.2 Attach the vacuum line on the 
expander to a vacuum source and apply a vacuum. 

13.1.2.39.1.3 Slide the membrane and ex­
pander over the compacted specimen. 

13.1.2.39.1.4 Release the vacuum. 
13.1.2.39.1.5 Place a light coating of grease 

around the perimeter of the bottom end plate. 
13.1.2.39.1.6 Roll the bottom of the mem­

brane over the bottom end plate. 
13.1.2.39.1. 7 Place a blank end plate on top 

of the specimen. 
13.1.2.39.1.8 Roll the top of the membrane 

up and over the top blank end plate. 
13.1.2.39.1.9 Slide the membrane expander 

from the specimen. 
13.1.2.39.1.10 Place two O-rings on the 

O-ring expander. 
13.1.2.39.1.11 Slide the O-ring expander down 

over the specimen ro the bottom end plate. 
13.1.2.39.1.12 Roll the O-rings off of the 

expander and on to the bottom end plate. 
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13.1.2.39.1.13 Remove the O-ring expander 
from the specimen and place two O-rings onto the O­
ring expander. 

13.1.2.39.1.14 Slide the O-ring expander with 
the O-rings on it down over the specimen. 

13.1.2.39.1.15 Roll the top of the membrane 
down past the blank end plate on the top of the specimen 
and remove the blank end place. 

13.1.2.39.1.16 Place a light coating of grease 
around the perimeter of the top end place. 

13.1.2.39.1.17 Place a cop end place on cop 
of the specimen. 

13.1.2.39.1.18 Roll the top of the membrane 
up and over the top end place. 

13.1.2.39.1.19 Roll the O-rings off of the 
expander and onto the top end plate. 

13.1.2.39.1.20 Determine and record the 
volume and mass of the specimen and calculate initial 
placement conditions as described in appendix X3 (fig. 17) . 

13.1.2.39.2 Direct measurement: 
13.1.2.39.2.1 Determine and record the 

volume and mass of the specimen and calculate the 
specimens initial placement conditions as described in 
appendix X3. 

13.1.2.40 Proceed to paragraph 14. 
13.2 Method B: 

13.2.1 All data required co place the specimen were 
previously calculated and recorded on lines (7a) through 
(7k) on data sheet 1 (fig. 13 ). 

13.2.2 Assemble the rigid compaction mold: 
13.2.2.1 One-dimensional consolidation mold: 

13.2.2.1.1 Place the specimen ring onto the 
compaction base place and secure the ring to the baseplate. 

13.2.2.1.2 Place a plastic liner in the bottom of 
the mold. 

13.2.2.1.3 Set the collar on the specimen ring 
and compaction baseplate. 

13.2.2.2 Direct shear mold: 
13.2.2.2.1 Place the baseplate into the shear box 

and place a porous plate onto the baseplate. 
13.2.3 Place the container, container lid, and wet soil 

on a scale or balance. The mass should equal that previouly 
measured and recorded on line (7a). If the mass has 
changed, cross out the old value and record the new value 
beside it. Recalculate the mass of the container, container 
lid, and wet soil left after the mass of wet soil required 
for one lift is removed (subpar. 9.4.1.9). 

13.2.4 Determine the desired depth from the surface 
of the compaction mold or collar to the surface of each 
compacted lift as follows. 

13.2.4.1 Equal lift thickness: 
13.2.4.1.1 Determine the desired depth as 

described in subparagraph 13.1.1.5. 
13.2.4.2 Unequal lift thickness (undercompac­

tion) . Determine the desired depth of each compacted lift 
using the undercompaction technique proposed by R.S. 
Ladd [l]. 

13.2.5 Remove the mass of wet soil from the 
container which is required for a single lift, place and 
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compact the lift, and measure the depth to the surface 
of each compacted lift as described in subparagraphs 
13.1.1.6 through 13.1.1.15. 

13.2.6 Repeat subparagraph 13.2.5 until the entire 
specimen has been placed,. 

13.2.7 Determine the placement dry unit weight of 
the specimen as follows. 

13.2. 7 .1 One-dimensional consolidation mold: 
13.2.7.1.1 Remove the compaction collar. Level 

the top surface of the specimen using a straight edge or 
hacksaw blade. 

13.1. 7 .1.2 Determine initial placement proper­
ties as described in appendix X3 by che direct measurement 
method. Record the results on the "Compacted Specimen 
Placement Data Sheet' '. (fig. 18). 

13.2.7.2 Direct shear mold: 
13.2.7.2.1 Determine if the final compacted 

height of the specimen meets desired height (subpar. 
13.1.10). 

13.2.7.2.2 Determine initial placement proper­
ties as described in appendix X3 by the direct measurement 
methods using the wet mass and moisture content with 
which the specimen was prepared and the volume of the 
rigid mold determined on data sheet 1 (fig. 13 ). 

13.2.8 Roughen the top surface of the specimen 
using the teeth.of a hacksaw blade by moving the blade 
slowly back and forth across. che top of the specimen using· 
a sawing motion, or using a knife or sharp instrument. 

NOTE 25.-Roughening the surface of the specimen improves 
bonding between the soil and porous place used in the direct 
shear test and removes any surface smearing that could inhibit 
movement of water through the porous pla_te in the direct shear, 
one-dimensional consolidation, expansion, and uplift tests. . . . 

13.2.9 Proceed to paragraph 14. 
13.3 Method C: 
If the specimen contains plus No. 4 material proceed 

to subparagraph 13.3.2, otherwise continue with subpa­
ragraph 13.3.1. 

13.3.1 Compacting specimens consisting of minus 
No. 4 material. 

13.3.1.1 All data required to place the specimen 
were previously calculated and recorded on lines (7a) 
through (7k) on data sheet 1 (fig. 14). 

13.3.1.2 Prepare the test system as described in 
the Preparation of Apparatus paragraph of the 'particular 
USBR designation being performed. 

NOTE 26.-The end plate porous inserts should be dry for 
most cohesionless soils being rested. 

13.3.1.3 Place a calibration specimen on the bot­
tom end plate. 

13.3.1.4 Place the top end plate on cop of the 
calibration specimen. 

13.3.1.5 Determine the reference height of the 
calibration specimen as follows. 
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13.3.1.5. l All dara are to be recorded on rhe 
back of rhe form entirled "Compacted Specimen Placement 
Dara Sheer" (fig. 19). 

13.3.1.5.2 Affix a deformation indicator clamp 
on the rest assembly tie down_ rod,_9r position a deformation 
indicator reference stand adjacent to the rest assembly. 

13.3.1.5.3 Attach a deformarion indicator to the 
clamp or reference stand and position rhe stem of the 
indicator in the insert for rhe loading piston in the top 
end plate. 

13.3.1.5.4 Record rhe predetermined height of 
the calibration specimen ro rhe nearest 0.001 inch on line 
(15a) . Record rhe dial guage reading of rhe calibrarion 
specimen and top end plare ro rhe nearest 0.001 inch on 
line (15b) on rhe back of rhe "Compacred Specimen Place­
ment Dara Sheer" (fig. 19). 

13.3.1.5 .5 Rorare rhe deformation indicator 
away from the top end plate; remove the top end plate 
and calibration specimen from the bottom end plate. 

13.3.1.5.6 Apply a light coat of grease to the 
perimeter of rhe bottom end plare or plaren. 

13.3.1.5.7 Place a membrane over the bottom 
end plare. 

13.3.1.5 .8 Place rwo O-rings over rhe mem­
brane to secure rhe membrane to the end plare. 

13.3.1.5.9 Place rhe rwo halves of rhe srand­
up vacuum split mold over rhe bottom end plate, 
membrane, and O-rings, and close and fasten the mold. 

13.3.1.5 .10 Lift the membrane out of the mold 
and stretch the membrane up am;l over the top of the 
split mold; remove any wrinkles in the membrane. 

13.3.1.5.11 Roll rhe top of rhe membrane down 
over the top of the split mold. 

13.3.1.5.12 Place rwo O-rings over the mem­
brane to secure the membrane to the outside of the mold. 

13.3.1.5.13 Arrach the vacuum source supply 
line to the split mold vacuum supply tube. 

13.3.1.5 .14 Apply a vacuum of approximately 
15 to 20 inches of mercury co rhe split mold ro pull rhe 
membrane to the inside wall of the split mold. 

NITTE 27.-If wrinkles are present, repeat subparagraphs 
13.3.1.5.p through 13.3.1.5.14 until wrinkles are not present. 
If the membrane does not draw up and conform to the inside 
of the mold, the membrane may have a leak. Replace the 
membrane, if necessary, and go to subparagraph 13.3.1.5.7. 

13.3.1.6 Place the container, container lid, and wet 
soil on a scale or balance. The mass should equal that 
previously measured and recorded on line (7a). If rhe mass 
has changed, cross our rhe old value and record rhe new 
value. Recalculate rhe mass of rhe container, container lid, 
and wer soil left after rhe mass for one lift is removed 
(subpar. 9.4.1.9). 

13.3.1.7 Determine rhe depth to each compacted 
lift as described in subparagraph 13.1. 1.5., or subparagraph 
13.2.4.2. l if undercompacrion is desired. 

13.3.1.8 Remove rhe mass of wet soil required 
for a lifr; place, spread, and compact rhe lifr, and measure 
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and record rhe thickness of rhe compacted lifr for each 
lifr as described in subparagraphs 13.1.1.6 through 
13.1.1 .15. Repeat subparagraph 13.3.1.8 until all specified 
lifts have been compacted. 

13.3.1.9 Apply a light coat of grease co the 
perimeter of the rop end place and place it on rop of the 
compacted specimen. 

13.3.1.10 Roll the membrane up over the top end 
place. 

13.3.1.11 Place two O-rings on the top end place 
co secure the membrane. 

13.3.1.12 Apply a 2 to 3 lbf/in2 vacuum to the 
specimen through the bortom end plate. 

13.3.1.13 Release the vacuum applied to the split 
mold. 

13.3.1.14 Carefully separate the split mold and 
remove ir from the specimen. 

13.3.1.15 Determine the heighr of the compacted 
specimen as follows. 

13.3.1.15.1 All data are recorded on the back 
of the form entirled "Compacted Specimen Placement Data 
Sheet" (fig. 19). 

13.3.1.15.2 Reattach the deformation indicator 
to the dial gauge clamp and position the seem in the insert 
for the loading piston in rhe top end plate. 

13.3.1.15.3 Record the deformation indicator 
reading to 0.001 inch on line (15c) . 

13.3.1.15.4 Calculate the dial gauge difference 
as shown on the form. 

NITTE 28.-The example calculation shows the dial gauge 
reading increasing with compression of the specimen. If the dial 
gauge reading decreases, wirh compression of the specimen, the 
gauge difference equals ( 15c) • minus ( 15b). Check this on the 
form. 

13.3.1.16 Calculate and record the initial height 
of the specimen on line (15e). Record the value on line 
( 15) on the from of the form. 

13.3.1.17 Determine the average diameter of the 
specimen as follows. 

13.3.1.17 .1 Measure the diameter of the speci­
men with membrane to 0.001 inch using a pi (1r) tape 
at 3 equally spaced locations along the axis of the specimen 
and record the values on lines (14a) , (14b), and (14c) . 

13.3.1.17.2 Calculate the average diameter and 
record the value to 0.001 inch on line (14d) . 

13.3.1.17.3 Obtain the thickness of the speci­
men membrane, double the thickness and record to 0.001 
inch on line (14e). 

13.3.1.17.4 Calculate the average diameter of 
the specimen and record the value on line (14f) and line 
(14) on the from of the form. 

13.3.1.18 Calculate .initial placement conditions as 
described in appendix X3 using the mass of wet material 
placed in the specimen, material moisture content, and 
specimen dimensions as determined by the direct 
measurement method. 

13.3.1.19 Proceed to paragraph 14. 
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13.3.2 Compacting specimens containing plus No. 
4 material. 

13.3.2.1 Prepare the test system assembly as 
described in the Preparation of Apparatus paragraph of 
the particular USBR designation being performed. 

13.3.2.2 Determine the reference height of the 
calibration specimen as described in subparagraph 13.3.1.5. 

13.3.2.3 Apply a light coat of grease to the 
perimeter of the bottom end plate. 

13.3.2.4 Place four small holes, two each on 
diametrically opposed sides of one of the membranes, and 
mark the location of each hole with a marking pen. 

13.3.2.5 Insert another membrane inside the 
membrane with the holes. 

13.3.2.6 Place the two membranes over the 
bottom end plate. 

13.3.2 .7 Prepare the membrane and mold for 
compacting the specimen, compact the specimen, and seal 
the specimen as described in subparagraphs 13.3.1.9 
through 13.3.1.19. 

13.3.2.8 Seal the holes in the outer membrane with 
rubber cement and tire patch. 

13.3.2.9 Determine the average diameter of the 
specimen as described in subpa~agraph 13.3.1.17. 

13.3.2.10 Determine the height of the compacted 
specimen as described in subparagraph 13.3.1.5. 

13.3.2.11 Calculate initial placement conditions as 
described in appendix X3; record the data as shown on 
figure 19. 

13.3.2.12 Proceed to paragraph 14. 
13.4 Method D: 

13.4.1 The mass of dry minus No. 4 material required 
for placing a specimen was previously calculated and 
recorded on line (6a) on data sheet 1 (fig. 15). 

13.4.2 Prepare the rigid compaction mold as 
described in subparagraph 13.2.2. 

13.4.3 Determine the desired depth from the surface 
of the compaction collar to the surface of the compacted 
lift as described in subparagraph 13.1.1.5 and record the 
values to 0.001 inch (fig. 15). 

NOfE 29.-For chis method, use n = 1 (n equals che number 
of lifts) and Ti is equal to the total desired height of the specimen. 

13.4.4 Compact the specimen. 
13.4.4.1 Pouring and/or sifting technique: 

13.4.4.1.1 Place the pouring tube or sifting 
screen in the bottom of the mold. 

13.4.4.1.2 Remove the mass of dry minus No. 4 
material required for one specimen from the container 
of material previously prepared in subparagraph 9.7 and 
as recorded on line (6a). 

13.4.4. 1.3 To minimize segregation and loss of 
fines, slowly pour the entire mass of soil into the pouring 
tube or into the compaction mold on top of the sifting 
screen. 

13.4.4.1.4 Carefully and slowly, with a steady 
morion, raise the pouring tube or sifting screen and deposit 
the material in the mold. If necessary, simultaneously strike 
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che side of the mold with light blows of a brass mallet 
to increase the dry unit weight of the specimen. 

13.4.4.1.5 Continue placing the material until 
the pouring tube is empty or the sifting screen emerges 
from the specimen and mold. 

13.4.4.1.6 Evaluate the compactness of the 
specimen. If the specimen does not reach the desired height, 
it is too compact. Remove the specimen from the mold 
and repeat subparagraphs 13.4.4.1.1 through 13.4.4. 1.5, and 
decrease the amount of compaction. If the specimen exceeds 
che desired height, che specimen is too loose. Remove the 
specimen from the mold and repeat subparagraphs 
13.4.4.1.1 through 13.4.4.1.5 and increase the amount of 
compaction. 

NOfE 30.- The compaction may be decreased by raising the 
pouring tube or sifting screen through the specimen more slowly 
and not striking the mold. The compaction may be increased 
by striking the mold more frequently and/ or harder. 

13.4.4.1. 7 Calculate initial placement properties 
(fig. 20) as described in appendix X3 by the direct 
measurement method using the dry mass with which the 
specimen was prepared and the volume of the rigid mold 
determined in subparagraph 9.7.1 and shown on line (4m) 
on data sheet 1 (fig. 14). 

13.4.5 Proceed to paragraph 14. 
13.5 Method E : 

13.5.1 The mass of dry minus No. 4 material required 
for placing a specimen was previously calculated and 
recorded on line (6a) on data sheet 1 (fig. 16). 

13.5.2 · Prepare the stand-up vacuum compaction 
mold as described in subparagraphs 13.3.1.2 through 
13.3.1.5 and record initial data on the "Compacted Specimen 
Placement Data Sheet" (fig. 21). 

NOfE 31.-For this method, use n = 1 (n equals the number 
of lifts) and T1 is equal to the total desired height of the specimen. 

13.5.3 Place and compact the specimen. 
13.5.3.1 Pouring and sifting technique: 

13.5.3.1.1 Place the pouring cube or sifting 
screen in the bottom of the compaction mold. 

13.5.3.1.2 Remove the mass of dry minus No. 4 
material required for one specimen from the material 
prepared in subparagraph 9.7. 

13.5.3.1.3 To minimize segregation and the loss 
of fines, slowly place the entire mass of dry soil into the 
pouring tube or into the compaction mold on top of the 
sifting screen. 

13.5.3.1.4 Carefully and slowly, with a steady 
motion, raise the pouring tube or sifting screen and compact 
the specimen, as described in subparagraphs 13.4.4.1.4 
through 13.4.4.1.6. 

13.5.3 .1.5 Assemble the top end plate, apply 
vacuum to the specimen and determine the initial specimen 
height and diameter as described in subparagraphs 13.3.1.9 
through 13.3.1.17 as shown on the back of the form (fig. 19). 
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13.5.3.1.6 Calculate initial placement properties 
(fig. 21) as described in appendix X3 by the direct 
measurement method using the dry mass from which the 
specimen was prepared (refer to subpar. 9.3) and the 
calculated volume of rhe specimen. 

14. Calculations 

14.l Required calculations for method A are performed 
in subparagraphs 9.1 and 9.2, and subpa:ragraph 13.1. 

14.2 Required calculations for method Bare performed 
in subparagraphs 9.1 and 9.5, and subparagraph 13.2 (which 
refers ro subpars. 9.1.1 through 9.9.4). 

14.3 All required calculations for method C are 
performed in subpargraphs 9.1 and 9.6, and subpargraph 
13.3. 

14.4 All required calculations for method D are 
performed in subparagraphs 9.1 and 9.5, and subparagraph 
13.2 (which refers to subpars. 9.1.1 through 9.4). 

14.5 All required calculations for method E are 
performed in subparagraphs 9.1 and 9.5, and subparagraph 
13.2 (which refers to subpars. 9.1.1 through 9.4). 

15. Report 

15.1 The report for methods A through Eis to consist 
of the following completed and checked forms, as required: 

"Compaction Data for Specimens (minus No. 4 mate-
.•. ria!)-:- Data Sheer l" (figs. 10, 13, 14, 15, 16). 

"Compaction Data for Specimens (plus and minus No. 4 
material) - Data Sheet 2" (fig. 11). 
"Added Water Determination" (fig. X2.l). 
"Compacted Specimen Placement Data Sheet" (figs. 17, 
18, 19, 20. 21). 
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COMPACTION DATA FOR SPECIMENS 
7-2388 c12-86l OF MINUS NO. 4 MATERIAL 
Bureau of Rec amallon (DATA SHEET 1) Designation USBR 5210-!I~ 

PROJECT FEATURE 

Example Example 
COMPUTED BY DATE CHECKED BY OATE 

1 . SAMPLE NO. 100B-1 
2. COMPACTION METHOD: IX) TAMPING COMPACTION □ POURING WITH VIBRATION 

3 . TEST DESIGNATIONS: USBR 5725-Direcl Shear 

4 . COMPACTION MOLD SYSTEM: OsPLITMOLD @RIGID MOLD □ STANO-UP VACUUM MOLD NO. 

4a. D CIRCULAR MOLD 

4b. DIAMETER (in) 4c. HEIGHT (in) 

4d . LINER THICKNESS (In) 

4e. AREA• 0 .7854A./ ((4b) · 2 x (4d)J 2 ( in2) 

4f. VOLUME = I (4c) · (4d) J x (4e) ( in3) 

4g. 00 SQUARE MOLD 

4h. LENGTH 1 2.000 (in) 4i . LENGTH 2 2 . 000 (In) 

4i. HEIGHT 1.000 (in) 4k . LINER THICKNESS -- (in) 

4L. AREA • l(4h) · (2 x (4k))] ((41) · (2 x (4k))] 4.000 ( ln2) 

4m. VOLUME= 1(4j) · (4k)I (4L) 4 . 000 (in3) 

5 . PLACEMENT CONDITIONS 

6a. DESIRED DRY UNIT WEIGHT I 10.0 (lbf/ ft3) 

Sb . PERCENTAGE OF LABORATORYCONTROLTEST IKJ,i. Comp 0% RD 100.0 

5c . DESIRED MOISTURE CONTENT 16 . 8 (%) 

6d. SPECIFIC GRAVITY 2 . 70 

6 . COMPACTION DATA 

6a . MASS OF ORY SOIL PER SPECIMEN • (5a)(4f or 4m)(6.787 x 10·4 )!!/ 0.255 (lbm) 

6b. NUMBER OF SPECIMENS PER TEST I 

6c. MASS OF DRY SOIL PER TEST • (6a) (6b) 11.05 or 2.0]£./ 0.510 (lbm) 

6d. COMPACTION - MOISTURE CONTENT 16 . 5 (%) 

6e. NUMBER OF LIFTS PER SPECIMEN 3 

6f . MASS OF WET SOIL PER LIFT •i!!!l. ll + .!.§!!J 
(68) 100 <;!/ 

I 0 . 099 (lbm) 

6g. MASS OF WET SOIL PER LIFT • 453.5!/ (61) 44 . 9 (g) 

7. 

LIFT MASS OF WET SOIL PLUS CONTAINER LIFT MASS OF WET SOIL PLUS CONTAINER 
NO. Otbm ll!Jg NO. □1bm liJg 

7a. 388.3 

7b. (7a) - (&g) 1 343 . 4 7g. (7f) · (6g) 6 

7c . (7b) · (6g) 2 298.5 7h. (7g) . (6g) 7 

7d . (7c) . (&g) 3 ;:,53 6= Cnnlnln .. _.,,.,. 7i. 17h) · (6g) 8 

7•. (7d) • (6g) 4 7j. (7il • (6g) 9 

7f . (7e) . (6g) 5 7k. 17]) · (6g) 10 

!_/ CONSTANT= Tr/4 

11t3 1...!!!!!?. !!_/ CONSTANT= l728 in3 1 lbf 

£_/ CONSTANT• FACTOR TO PROVIDE EXCESS MATERIAL FOR MOISTURE CONTENT DETERMINATION 

• 1.05 FOR LARGE SPECIMENS ANO 2.0 FOR SMALL SPECIMENS 

<;!/ CONSTANT•~ 1.0 

!./ CONSTANT•~ 

Figure 13.-Compaction data fo r specimens of minus No. 4 material (data sheet I) - method B example. 
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COMPACTION DATA FOR SPECIMENS 
7-2388 c12-86l OF MINUS NO. 4 MATERIAL 
Bureau of Rec amatlon (DATA SHEET 11 Designation USBR 52J0._8jl 

PROJECT FEATURE 
Example Example 

COMPUTED BY DATE CHECKEO BY DATE 

1. SAMPLE NO. IOOC-1 
2 . COMPACTION METHOD: (XI TAMPING COMPACTION 0 POURING WITH VIBRATION 

3 . TEST DESIGNATIONS: USBR 5745-UU Triaxlal Shear Test 

.. COMPACTION MOLD SYSTEM: QSPLIT MOLD □RIGID MOLD l!JSTAND-UP VACUUM MOLD ND. •.. 00 CIRCULAR MOLD 

4b. DIAMETER 2.000 (In) 4c. HEIGHT 5.000 (in) 

4d . LINER THICKNESS --- (In) 

4e. AREA• 0.78541./ ((4b) . 2 x (4d)I 2 3.142 (in2) 

41 . VOLUME• (14c) · (4d)) • (4e) 15.710 (in3) 

411. 0 SQUARE MOLD 

4h. LENGTH 1 (In) 4i. L_ENGTH 2 (In) 

4j. HEIGHT (in) 4k . LINER THICKNESS (in) 

4L. AREA• ((4h). (2 x (4k))) ((41) · (2 x (4k))I (in2) 

4m. VOLUME• ((4j) · (4k)) (4L) (in3) 

5. PLACEMENT CONDITION~ . 

5e. DESIRED DRY UNIT WEIGHT 115.0 (lbl/lt3) 

5b. PERCENTAGE OF LABORATORY CONTROL TEST 0% Comp 0% RD 95.0 

6c . DESIRED MOISTURE CONTENT 9.9 (%) 

lid. SPECIFIC GRAVITY 2.65 

6 . COMPACTION OATA 

6e. MASS OF ORY SOIL PER SPECIMEN• (5e)(41 o, 4m)(5.787 x 10•4)!!.I I .046 (lbm) 

6b. NUMBER OF SPECIMENS PER TEST 3 

6c . MASS OF DRY SOIL PER TEST• (6e) 16bl (1.05 o, 2.0)£./ 6.276 (lbm) 

6d . COMPACTION - MOISTURE CONTENT 9.7 1%) 

6•. NUMBER OF LIFTS PER SPECIMEN 10 

61. MASS OF WET SOIL PER LIFT• .1.§!l (l + ~ I 0.115 llbm) 
16•> 100 !!/ 

611. MASS OF WET SOIL PER LIFT• 453.6!/ 161) 52.2 (g) 

7 . 

LIFT MASS OF WET SOIL PLUS CONTAINER LIFT MASS OF WET SOIL Pl.US CONTAINER 
NO. O1bm liJ11 NO. Olbm 1111 

h . 946.5 

7b. 17e) • 1611) 1 894 . 3 711. 171) · (69) 6 633.3 

7c . (7b) · (69) 2 842.1 7h. (79) . (6g) 7 581 I 
7d, 17c). (611) 3 789 9 71. 17h) · (611) 8 o;?R 9 

7•. (7d) · 1611) 4 737.7 7l. 171) · 1611) 9 476.7 

71. (7e) • (611) 5 685.5 7k . (7)) . (611) 10 424.5" Conlolner moss 

!.I CONSTANT• 7r/4 

1ft3 1 lbm 
!!_/ CONSTANT• 172& in3 "i"ibf'"' 
£.I CONSTANT• FACTOR TO PROVIDE EXCESS MATERIAL FOR MOISTURE CONTENT DETERMINATION 

• 1.06 FOR LARGE SPECIMENS ANO 2 .0 FOR SMALL SPECIMENS 

!!/ CONSTANT•~ 
1.0 

!.I CONSTANT•~ 

Figure 14.-Compaction data for specimens of minus No. 4 material (data sheet 1) - method C example. 
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USBR 5210 

COMPACTION DATA FOR SPECIMENS 
OF MINUS NO. 4 MATERIAL e 

7-2388 (12-86/ 
Bureau of Rec amatlon (DATA SHEET 1) Designation USBR 5210-_8..9 

PROJECT FEATURE 
Example Example 

COMPUTED BY DATE CHECKED BY DATE 

1 . SAMPLE NO. 100D-l 
2 . COMPACTION METHOD: 0 TAMPING COMPACTION lXJ POURING WITH VIBRATI ON 

3. TEST DESIGNATIONS: USBR 5725 Dire cl She gr Test 

; 

4 . COMPACTION MOLD SYSTEM: □ SPLIT MOLD OORIGID MOLD □STAND-UP VACUUM MOLD NO. 

4a. D CIRCULAR MOLD 

4b. DIAMETER (in) 4c. HEIGHT (in) 

4d . LINER THICKNESS (in) 

4a. AREA• 0 .7854A./ ((4b) - 2 x (4d)) 2 ( in2) 

4f . VOLUME • [(4c) - (4d)] x (4e) (in3) 

49. D SQUARE MOLD 

4h. LENGTH 1 2.001 (In) 41. LENGTH 2 2.000 (In) 

4j. HEIGHT 1.000 (in) 4k . LINER THICKNESS - (in) 

4L. AREA• [(4h) - (2 x (4k))] ((41) · (2 x (4k))) 4.002 (in2) 

4m. VOLUME • ((4j) • (4k)] (4L) 4,002 (ln3) 

5. PLACEMENT CONDITIONS 

5a. DESIRED ORY UNIT WEIGHT 100.0 (lbf/ft3) 

5b . PERCENTAGE OF LABORATORY .CONTROL TEST 0%Comp Ci% RD 70.0 

6c . DESIRED MOISTURE CONTENT -o (%) 

6d . SPECIFIC GRAVITY 2.60 

6 . COMPACTION DATA 

6•. MASS OF DRY SOIL PER SPECIMEN• (5e)(4f or 4mH6.787 x ,o-4)!!./ 0.232 (lbm) 

6b. NUMBER OF SPECIMENS PER TEST I 

6c . MASS OF ORY SOIL PER TEST• (6a) (6b) [ 1.05 or 2 .0] £.I 0.464 (lbm) 

6d . COMPACTION - MOISTURE CONTENT .o (%) 

6a. NUMBER OF LIFTS PER SPECIMEN I 

6f . MASS OF WET SOIL PER LIFT•.!§.!l 11 + ~ I 0.232 (lbm) 
(6e) 100 !!I 

6g, MASS OF WET SOIL PER LIFT• 453.6!/ (60 105.2 (g) 

7 . 

LIFT MASS OF WET SOIL PLUS CONTAINER LIFT MASS OF WET SOIL PLUS CONTAINER 
NO. D1bm Da NO. Olbm Du 

7e . 

7b. (7e) - (6g) 1 7g, (7f) · (6g) 6 

7c. (7bl · (&g) 2 7h. (7g) . (6g) 7 

7d. (7c) - (60) 3 7i. (7h) • (6g) 8 , .. (7d) · (6g) 4 7j . (71) . (6g) 9 

7f. (7al - (6g) 5 7k. (71) • (6g) 10 

!.I CONSTANT• 1T/4 

1ft3 l...!!!!!!. 2_/ CONSTANT• 172S in3 1 lbf 

£_/ CONSTANT• FACTOR TO PROVIDE EXCESS MATERIAL FOR MOISTURE CONTENT DETERMINATION 

• 1.05 FOR LARGE SPECIMENS AND 2 .0 FOR SMALL SPECIMENS 

!!I CONSTANT• .l.Q!r! 
1.0 

!-' CONSTANT•~ 

Figure 15.-Compaction data for specimens of minus No. 4 material (data sheet 1) - method D example. 
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COMPACTION LIFT DATA 

8. DEPTH TO BOTTOM OF MOLD (f,_ t9P ef ceea.) 

9. DESIRED LIFT THICKNESS 

10. LIFT HEIGHT MEASUREMENT DATA: 

10.. LIFT NUMBER 

101>. DESIRED DEPTH TO LIFT 

(8) · ( 10.)(9) 

10c. DEPTH 1 

10d. DEPTH 2 

10.. DEPTH 3 

10f. AVERAGE DEPTH 

( 10c)+ (10d)+(10e) 

3 

' 

0.510 

0.'560 

0.500 

0.530 

0.530 

USBR 5210 

1.510 Uni 

0.510 (111) (lnl 

2 a • • • 1 • 10 

Figure 15.-Compaction data for specimens of minus No. 4 mate rial (data sheet I) - method D example - (back of form ) - Continued. 
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USBR 5210 

COMPACTION DATA FOR SPECIMENS 
7 -2 388 (ll-86) OF MINUS NO. 4 MATERIAL 
Bureau of Reclamation (DATA SHEET 1) Designation USBR 5210-!31' 

PROJECT FEATURE 

Example Example 
COMPUTED BY DATE CHECKED BY DATE 

1. SAMPLE NO. IOOE-1 I 
2. COMPACTION METHOD: 0 TAMPING COMPACTION IX] POURING WITH VIBRATION 

3 . TEST DESIGNATIONS: USBR 5745-UU Triaxial Shear Test 

4 . COMPACTION MOLD SYSTEM: □ SPLIT MOLD ORIGIO MOLD [Kl STAND-UP VACUUM MOLD NO. 

4a. 1K) CIRCULAR MOLD 

4b. DIAMETER Z,.000 (in) 4c . HEIGHT 5.000 (in) 

4d. LINER THICKNESS 0.025 (in) 

48. AREA • 0.7854'1-/ {14b) • 2 x (4d)) 2 2.986 (in2) I 

4f. VOLUME • (14c) · (4d)) X (48) 14.855 lin3) ' 
4g. D SQUARE MOLD 

4h . LENGTH 1 (in) 4i . LENGTH 2 (in) 

4j. HEIGHT (in) 4k . LINER THICKNESS lin) 

4L. AREA a {(4h). 12 x (4k))) {l4i) · (2 x (4kl)I (i n2) 

4m. VOLUME • {(4j) · (4k)) (4L) (i n3l 

5 . PLACEMENT CONDITIONS 

5•. DESIRED ORY UNIT WEIGHT 90.0 (lbf/ft3) 

Sb. PERCENTAGE OF LABORATORY CONTROL TEST 0% Comp ~%RD 60.0 

Sc. DESIRED MOISTURE CONTENT =O 1%) 

5d . SPECIFIC GRAVITY 2.60 

6. COMPACTION DATA 

6a. MASS OF DRY SOIL PER SPECIMEN= 15a)(4f or 4mll5.787 x 10•41!!./ 0.774 llbm) 

5b. NUMBER OF SPECIMENS PER TEST 4 

6c. MASS OF ORY SOIL PER TEST • (6a) (6bl {1.05 or 2 .0)S/ 6.192 (lbm) 

5d. COMPACTION - MOISTURE CONTENT •o 1%) 

6•. NUMBER OF LIFTS PER SPECIMEN I 

6f. MASS OF WET SOIL PER LI FT•~ { 1 + (6d) I 0.774 llbm) 
(68) 100 !!.I 

6g. MASS OF WET SOIL PER LIFT• 453.6!/ (6f) 337.5 (g) 

7 . 

LIFT MASS OF WET SOIL PLUS CONTAINER LIFT MASS OF WET SOIL PLUS CONTAINER 
NO. O1bm Og NO. Olbm Og 

7a. 

7b. 17a) • (6g) 1 7g. (7f) · (6g) 6 

7c. f7b) · (6g) 2 7h. (7g) · (6g) 7 

7d . (7c). (6g) 3 7i. (7h) · (6g) 8 

7a. (7d) · (6g) 4 7j. (7i). (6g) 9 

7f. (7a). (6g) 5 7k, (7j) · (6g) 10 

!/ CONSTANT• 7r/4 

1ft3 .!...!2!!!. !!_/ CONSTANT• !728 ln3 1 lbf 

£.I CONSTANT• FACTOR TO PROVIDE EXCESS MATERIAL FOR MOISTURE CONTENT DETERMINATION 

• 1.06 FOR LARGE SPECIMENS >.ND 2.0 FOR SMALL SPECIMENS 

'!I CONSTANT• ~ 
1.0 

!.I CONSTANT•~ 

Figure 16.-Compacrion data for specimens of minus N o. 4 ·material (data sheet 1) - method E example. 
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USBR 5210 

7-2390 (12-36~ 
COMPACTED SPECIMEN PLACEMENT DATA SHEET 

Bureau of Rec malfon Designation USBR S210-~~ 

PROJECT FEATURE 

Example Example 

COMPUTED BY DATE CHECKED BY DATE 

,. SAMPLE NO. IOOF-2 

2. SPECIMEN NO. 21 

3. MASS OF WET SPECIMEN+ CONTAINER IN AIR IKJ1bm Oa 139.99 

4. MASS OF CONTAINER IN AIR 1&)1bm Oa 26 . 54 

5 . MASS OF WET SPECIMEN IN AIR• (3) • (4) l&J1bm Oa 113 . 45 

5a. MASS OF WET SPECIMEN• 0 .002205!./ (5) (lbm) ---
6. MOISTURE CONTENT ''" 5.2 

7. !5•! or (51 
MASS OF ORY SPECIMEN IN AIR• I+ O.Ol!i!.I (6 ) (lbm) 

107.84 

8 . MASS OF WET SPECIMEN+ CONTAINER IN WATER l&J1bm Oa 81 . 93 

9 . MASS DIFFERENCE OF WET SPECIMEN+ CONTAINER 

IN AIR ANO WATER (3). (8) 001bm Oa 58.06 

10. MASS DIFFERENCE OF CONTAINER 001bm Oa 6 . 70 

,,. MASS DIFFERENCE OF SPECIMEN• (9) - (10) 001bm Oa 51 .36 

11a. MASS DIFFERENCE OF SPECIMEN• 0 .002205 x (11) lbm ---
12. SPECIMEN VOLUME• 27.741V (I la) or (11) ln3 

1424 . 78 

13a. DIAMETER 1 In 

13b. DIAMETER 2 In 

13c. DIAMETER 3 In 

14. AVERAGE DIAMETER• 1(13a)+(13b) ♦ (13c)l/3 In 

15. SPECIMEN LENGTH In 

16. SPECIMEN VOLUME• 0.7854!!./ (14)2 (15) 1n3 

17 . MOISTURE CONTENT (") 
5 . 2 

18. ,~a!/w (lbl/ft3) 130 . 8 DRY UNIT WEIGHT• (i or ( j 

19. SPECIFIC GRAVITY 2.55 

20. · ABSOLUTE ORY UNIT WEIGHT• 62.43!./ (19) (lbf/ft3) 159.2 

21 . SOIL VOLUME• 100i/ f½gj- ("l 82.2 

22 . WATER VOLUME• (l 9 ) (!7) 
62.29!!/ 

(") 10.9 

23. FREE AIR VOLUME• 1001.I. (21) • (22) <"l 6.9 

24. 100L/ 
VOID RATIO• (21)" 1 0.216 

25. DEGREE OF SATURATION• 11°oa/1 <22> 
<100L/ . 12u 

(") 

61.2 

!.I CONSTANT• ( I lbm I 
453.6 g !I CONSTANT• UNIT WEIGHT OF WATER AT 4•c 

!!./ CONSTANT• (
1
~1 'ill CONSTANT•(~) 

,.0 

fl./ CONSTANT• 
11t3 ) ( 1728 1n3

1 !!./ CONSTANT• UNIT WEIGHT OF WATER AT 22 •c 
62 .29 lbm 1 tt3 

'!_/ CONSTANT•¾- ll CONSTANT• UNITY. EXPRESSED AS PERCENT 

!/ CONSTANT• (172B ln
3

I (~) 
11t3 1 lbm 

Figure 17.-Compacrion specimen placement data sheer - example. 
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USBR 5210 

14a, DIAMETER 1 (In) 

14b, DIAMETER 2 (In) 

14c, DIAMETER 3 (In) 

14d. AVERAGE DIAMETER [(14a) + (14b ) + ( 14c))/3 (In) 

14e, MEMBRANE DOUBLE THICKNESS (in) 

141, SPECIMEN DIAMETER (14d) • (14f) (In) 

15e. HEIGHT OF CALIBRATION SPECIMEN (In) 

15b, CALIBRATION SPECIMEN DIAL GAUGE READING (In) 

15_c. SOIL SPECIMEN DIAL GAUGE READING (In) 

15d. DIAL GAUGE DIFFERENCE (15b) • ( 15c)1/ (In) 

15•. INITIAL SOIL SPECIMEN HEIGHT (15a) + (15d) (In) 

1/ □ DIAL GUAGE READING INCREASES WITH SPECIMEN COMPRESSION 

□ DIAL GUAGE READING DECREASES WITH SPECIMEN COMPRESSION (15c) • (15b) 

UNITS Du □ kg O1bm 

MASS - SPECIMEN 1 MASS - SPECIMEN 2 MASS. SPECIMEN 3 
PARTS PARTS PARTS 

AIR WATER LOSS AIR WATER LOSS AIR WATER LOSS 

CARRIAGE NO, G 12.24 9.22 3.02 

MEMBRANE NO. D-11 3.60 3.24 0 .36 
TOP AND BOTTOM 

PLASTIC PLATE F-12 10 . 58 7.28 3.30 

2 •o • RINGS -- 0.20 0.18 0 . 02 

MISC. - - - -
-- - -- -

TOTAL -- 26.62 19.92 6.70 

SAMPLE NUMBER 
IOOF-2-21 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

CONTAINER NUMBER 356 
UNITS 

DATE PLACED IN OVEN 6/8/89 

MASS OF CONTAINER + WET SPECIMEN 661.9 mi g 

MASS OF CONTAIN EA+ DAY SPECIMEN 616.8 

MASS OF CONTAINER 152.3 □ kU 

MASS OF WATER 45.1 

MASS OF DAY SPECIMEN 464.5 □ lbm 

MOISTURE CONTENTS(%) 9.7 
COMPUTED BY ANO DATE 

CHECKED BY AND DATE 

GPO 8?53-238 

Figure 17.-Compaccion specimen placement data sheet - example (back of form) - Continued. 
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USBR 5210 

7-2390 (ll-861 COMPACTED SPECIMEN PLACEMENT DATA SHEET 
Bureau of Rec amallon Designation USBR 5210 -_!3.§I 

PROJECT FEATURE 

Example Example 
COMPUTED BY DATE CHECKED BY DATE 

1. SAMPLE NO. I00F-3 

2 . SPECIMEN NO . I 

3 . MASS OF WET SPECIMEN + CONTAINER IN AIR 01bm Ou 
4 . MASS OF CONTAINER IN AIR 01bm Qg 
5 . MASS OF WET SPECIMEN IN AIR • 13) - (4) 01bm IB!u 127 .0 

51. MASS OF WET SPECIMEN • 0 .002205!./ (5) (lbm) 0.280 

6 . MOISTURE CONTENT (%) 16 . 5 

7. MASS OF ORY SPECIMEN IN AIR g (
5 i) or (5 ) 

1 + 0.01!!.1 (6) 
(lbm) 

0.240 

B. MASS OF WET SPECI MEN+ CONTAINER IN WATER 01bm Ou 
9. MASS DIFFERENCE OF WET SPECIMEN+ CONTAINER 

IN AIR ANO WATER (3). (8) 01bm Ou 
10. MASS DIFFERENCE OF CONTAINER 01bm Ou 
11. MASS OIFFERENCE OF SPECIMEN • (9) - (10) 01bm og 
111. MASS DIFFERENCE OF SPECIMEN • 0 .002205 x ( 11) lbm 

12. SPECIMEN VOLUME= 27.74H./ (11a) or (11) ln3 

4.000 

13a. OIAMETER 1 in 

13b. OIAMETER 2 In 

13c. DIAMETER 3 In 

14. AVERAGE DIAMETER• ((13a)+(13b)+(13c)) /3 In 

15 . SPECIMEN LENGTH In 

16. SPECIMEN VOLUME • 0.7854!!./ (14)2 (15) 1n3 

17 . MOISTURE CONTENT (%) 16.5 

18 . 1~e•/ \7l (lbf/ft3) 103.7 DRY UNIT WEIGHT • (i or ( 6 j 
2.70 19. SPECIF IC GRAVITY 

20. ABSOLUTE ORY UNIT WEIGHT g 62 .43!..I (19) (lbf/ft3) 168.6 

21 . SOIL VOLUME - 1ooi.' g~1 (%) 61 . 5 

22. WATER VOLUME • (lBJ (t7) 
62 .29!!/ 

(%) 27.5 

23. FREE AIR VOLUME·• 100.i./ · (21) - (22) (%) 11.0 
: . I 

24. VOID RATIO • ~ - 1 0 . 626 (21) 

25 . DEGREE OF SATURATION• (lOOlll) <22> 
(100LI - (21) 

(%) 

71.4 

!.I CONSTANT • ( 1 lbm) 
453.6 g 

y CONSTANT • UNIT WEIGHT OF WATER AT 4°C 

!;!_/ CONSTANT • ( 1~0°") !1/ CONSTANT • (~) 
1.0 

~_I CONSTANT • 1 tt3 ) ( 1728 ln3) 
!!.I CONSTANT • UNIT WEIGHT OF WATER AT 22 •c 

62 .29 lbm 1 ft3 

!!_/ CONSTANT • ¾- ll CONSTANT • UNITY . EXPRESSED AS PERCENT 

!.I CONSTANT • (1728 ln3) (~) 
1 tt3 1 lbm 

Figure 18.- Compaction specimen placement darn sheet (one-dimensional consolidation mold) - example. 
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14a. DIAMETER 1 (In) 

14b. DIAMETER 2 (In) 

14c. DIAMETER 3 (In) 

14d. AVERAGE DIAMETER ((14a) + (14b) + (14c))/3 (In) 

14e. MEMBRANE DOUBLE THICKNESS (In) 

14f. SPECIMEN DIAMETER (14d) • (14f) (In) 

16a. HEIGHT OF CALIBRATION SPECIMEN (In) 

15b. CALIBRATION SPECIMEN DIAL GAUGE READING (In) 

15c. SOIL SPECIMEN DIAL GAUGE READING (In) 

15d. DIAL GAUGE DIFFERENCE (16b) • (15c)lf (In) 

16e. INITIAL SOIL SPECIMEN HEIGHT (15a) + (15d) (In) 

1./ 0 DIAL GUAGE READING INCREASES WITH SPECIMEN COMPRESSION 

0 DIAL GUAGE READING DECREASES WITH SPECIMEN COMPRESSION (16c) • (15b) 

UNITS □ g □ kg Otbm 

MASS. SPECIMEN 1 MASS· SPECIMEN 2 MASS· SPECIMEN 3 
PARTS PARTS PARTS 

AIR WATER LOSS AIR WATER LOSS AIR WATER LOSS 

CARRIAGE NO. 

MEMBRANE NO. 

TOP AND BOTTOM 

PLASTIC PLATE 

2 'o" RINGS 

MISC. 

TOTAL 

SAMPLE NUMBER IOOF-3-1 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

CONTAINER NUMBER CL-45 UNITS 

DATE PLACED IN OVEN 6/6/89 
--

MASS OF CONTAINER + WET SPECIMEN 380.1 IX! g 

MASS OF CONTAINER+ DRY SPECIMEN 343.1 

MASS OF CONTAINER 118.6 □ kg 

MASS OF WATER 37.0 

MASS OF DRY SPECIMEN 224.5 0 lbm 

MOISTURE CONTENTS l'lO 16.5 
COMPUTED BY AND DATE 

CHECKED BY ANO DATE 

GPO 8!53-238 

Figure 18.-Compaction specimen placement data sheet (one-dimensional consolidation mold) - example (back of form) - Continued. 
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USBR 5210 

7-2390 (I 2-86l 
COMPACTED SPECIMEN PLACEMENT DATA SHEET 

Bureau of Rec amatlon Designation USBR s210 • .§1~ 
PROJECT FEATURE 

Example Example 

COMPUTED BY DATE CHECKED BY DATE 

1. SAMPLE NO. 
IOOF-4 

2. SPECIMEN NO. 31 

3. MASS OF WET SPECIMEN+ CONTAINER IN AIR 01bm Qg 

4. MASS OF CONTAINER IN AIR 01bm Qg 
5. MASS OF WET SPECIMEN IN AIR= (3) • (4) 01bm □g 
5a. MASS OF WET SPECIMEN= 0.002205.!!./ (5) (lbm) 

6. MOISTURE CONTENT (%) 

7. MASS OF DRY SPECIMEN IN AIR= (5a) or (S) 
1 + 0.01!!/ (6) 

(lbm) 

I .046 

B. MASS OF WET SPECIMEN+ CONTAINER IN WATER 01bm □g 
9. MASS DIFFERENCE OF WET SPECIMEN+ CONTAINER 

IN AIR AND WATER (3). (B) D1bm Og 

10. MASS DIFFERENCE OF CONTAINER 01bm □g 
11. MASS DIFFERENCE OF SPECIMEN= (9) • (10) 01bm □g 
1 la. MASS DIFFERENCE OF SPECIMEN• 0.002205 x (11) lbm 

12. SPECIMEN.VOLUME= 27.741£/ (11a) or (11) ln3 

13a. DIAMETER 1 in 

13b. DIAMETER 2 in 

13c. DIAMETER 3 in 

14, AVERAGE DIAMETER• ((13a)+(13b)+(13c))/3 in 1.970 

15, SPECIMEN LENGTH In 4.885 

16. SPECIMEN VOLUME= 0,7854<!/ (14)2 (15) in3 
14.890 

17. MOISTURE CONTENT (%) 9.7 

18. DRY UNIT WEIGHT= tf:ii80°/1\?.;\ (ibf/ft3) 121.4 

19. SPECIFIC GRAVITY 2.65 

20. ABSOLUTE DRY UNIT WEIGHT= 52.43!_/ (19) (lbf/ft3) 165.4 
I 

21. SOIL VOLUME= 100.S/ irn (%) 73.4 

22. WATER VOLUME= (lB) (l 7 ) 
62.29t!/ 

(%) 18.9 

23, FREE AIR VOLUME= 100j_/ · (21) · (22) (%) 7.7 

24, VOID RATIO= lOO!._/. 1 
(21) 0.362 

25. DEGREE OF SATURATION= (lOOB/) (22) 
1100L/. 121> 

(%) 

71.1 

.!!.I CONSTANT=(....!..!!?!!!..) 
453.6 g !..I CONSTANT= UNIT WEIGHT OF WATER AT 4°C 

'9../ CONSTANT= ( 16~,r,l 9./ CONSTANT= ( 1 OO%) 
1.0 

£/ CONSTANT= ( 1 tt3 ) ( 1728 ln3) 
62 .29 lbm 1 ft3 

!!_/ CONSTANT= UNIT WEIGHT OF WATER AT 22 °C 

g.J CONSTANT=¾- ll CONSTANT= UNITY. EXPRESSED AS PERCENT 

!.I CONSTANT= (1728 in
3

) (.!...!£!_) 
1 ft3 1 lbm 

Figure 19.-Compacted specimen placement data sheet (reference height of calibration specimen and compacted specimen determination) -
example. 
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USBR 5210 

14a. DIAMETER 1 2 . 025 (In) 

14b. DIAMETER 2 2.015 (In) 

14c. DIAMETER 3 2.020 (In) 

14d. AVERAGE DIAMETER [(14a) + (14b) + (14c)]/3 2.020 (In) 

14e. MEMBRANE DOUBLE THICKNESS 0 . 050 (In) 

14f. SPECIMEN DIAMETER (14d). (14f) 1.970 (In) 

15e. HEIGHT OF CALIBRATION SPECIMEN 5.000 (In) 

1!5b. CALIBRATION SPECIMEN DIAL GAUGE READING 0 . 865 (In) 

15c. SOIL SPECIMEN DIAL GAUGE READING 0.980 (In) 

15d. DIAL GAUGE DIFFERENCE (15b) - (15c)1./ -o . 115 (In) 

15e. INITIAL SOIL SPECIMEN HEIGHT (15a) + (15d) 4 . 885 (In) 

1./ ~ DIAL GUAGE READING INCREASES WITH SPECIMEN COMPRESSION 

0 DIAL.GUAGE READING DECREASES WITH SPECIMEN COMPRESSION (15c). (15b) 

UNITS Ou □ kg O1bm 

MASS· SPECIMEN 1 MASS· SPECIMEN 2 MASS. SPECIMEN 3 
PARTS PARTS PARTS 

AIR WATER LOSS AIR WATER LOSS AIR WATER LOSS 

CARRIAGE NO. 

MEMBRANE NO. 

TOP AND BOTTOM 

PLASTIC PLATE 

2 •o• RINGS 

MISC. 

TOTAL 

SAMPLE NUMBER IOOF-4-31 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

CONTAINER NUMBER CL-8 UNITS 

-
DATE PLACED IN OVEN 6/6/89 

MASS OF CONTAINER + WET SPECIMEN 297.2 IE u 

MASS OF CONTAINER+ DRY SPECIMEN 281.2 

MASS OF CONTAINER 116.4 □ kg 

MASS OF WATER 16.0 

MASS OF DRY SPECIMEN 164.8 0 lbm 

MOISTURE CONTENTS (%) 9.7 
COMPUTED BY AND DATE 

CHECKED BY AND DATE 

GPO 8!53-238 

Figure 19.-Compacted specimen p lacement data sheet (reference height of calibration specimen and compacted specimen determination) 
- example - Continued. 
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USBR 5210 

7-2390 (ll-86l COMPACTED SPECIMEN PLACEMENT DATA SHEET 
Bureau of Rec amatton Deslgnallon USBR S210-~~ 

PROJECT FEATURE 

Example Example 
COMPUTED BY DATE CHECKED BY DATE 

1. SAMPLE NO. 
IOOF-5 

2. SPECIMEN NO. 10 

3. MASS OF WET SPECIMEN+ CONT Al NE A IN AIA 01bm Do 
4. MASS OF CONTAIN EA IN AIA 01bm □g 
5. MASS OF WET SPECIMEN IN AIA = (3) · (4) 01bm Do 
Sa. MASS OF WET SPECIMEN• o.0022os~/ (5) (lbm) 

6. MOISTURE CONTENT (%) 

7. MASS OF DAY SPECIMEN IN AIA = (Sa) or 15 ) 
1 + 0.01~.l l6l 

(lbm) 

0.231 

8 . MASS OF WET SPECIMEN + CONTAINER IN WATER D1bm Do 
9. MASS DIFFERENCE OF WET SPECIMEN+ CONTAINER 

IN AIA AND WATER (3). (8) D1bm Og 
10. MASS DIFFERENCE OF CONTAINER 01bm Dg 
11. MASS DIFFERENCE OF SPECIMEN= (9) · (10) 01bm Oo 

·1 la . MASS DIFFERENCE OF SPECIMEN= 0 .002205 x (11) lbm 

12. SPECIMEN VOLUME = 27 ,741 £./ (11a) or (11) ln3 4.000 

13a. DIAMETER 1 In 

13b, DIAMETER 2 In 

13c. DIAMETER 3 In 

14. AVERAGE OIAMETEA • 1(13a)+(13b)+(13c))/3 In 

15. SPECIMEN LENGTH In 

16, SPECIMEN VOLUME= 0,7854V (14)2 (15) ln3 

17 . MOISTURE CONTENT (%) - 0 

18. 17~8!./ \7' (lbf/f t3) 99 . 8 DRY UNIT WEIGHT~ (f2 or ( S) 
2.60 19. SPECIF IC GRAVITY 

20. ABSOLUTE DAY UNIT WEIGHT • 62.43f.../ (19) (lbf/tt3) 162.3 

21 . SOIL VOLUME= lOOll.l ~ (%) 61.5 

22. WATER VOLUME= (l 9 ) (l 7 ) 
62 .29!!.I 

(%) 0 

23. FREE AIR VOLUME= 1001/ · (21) • (22) (%) 38 . 5 

24. VOID RATIO • lOoL/ · 1 
(21) 0.626 

25. DEGREE OF SATURATION - (lOOll.l) (22) 
1100!.J • (21) 

(%) 

0 

~, CONSTANT • (~) 
453.6 g !.I CONSTANT• UNIT WEIGHT OF WATER AT 4°C 

~/ CONSTANT= (1~~%) s./ CONST ANT • (~) 
1.0 

£./ CONSTANT • ( 1 ft3 ) ( 1728 lnJ) 
62 .29 lbm 1 ft3 

!!/ CONSTANT • UNIT WEIGHT OF WA TEA AT 22°C 

<ii CONSTANT • ¾- 11 CONSTANT• UNITY, EXPRESSED AS PERCENT 

~, CONSTANT • (1728 ln3) (.!J2!_) 
1 tt3 1 lbm 

Figure 20.- Compacced specimen placement data sheet (pouring and/or si fring technique) - example. 
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1 .2390 c12 .s6l COMPACTED SPECIMEN PLACEMENT DATA SHEET 
Bureau of Rec amatlon Designation USBR s210-!ll3 

PROJECT FEATURE 

Example Example 
COMPUTED BY DATE CHECKED BY DATE 

1, SAMPLE NO. IOOE-2 

2 . SPECIMEN NO. 41 

3 , MASS OF WET SPECIMEN+ CONTAINER IN AIR 01bm □g 
4 , MASS OF CONTAINER IN AIR 01bm □g 
5 , MASS OF WET SPECIMEN IN AIR = (3) • (4) Olbm □g 
5a, MASS OF WET SPECIMEN• 0.002205!./ (5) (lbm) 

6 . MOISTURE CONTENT (%) 

7 . MASS OF DRY SPECIMEN IN AIR = (5 a) or (5 ) 
1 + o.o,!U (6) 

(lbm) 

0 . 778 

8 . MASS OF WET SPECIMEN+ CONTAINER IN WATER D1bm Og 

9 , MASS DIFFERENCE OF WET SPECIMEN+ CONTAINER 

IN AIR AND WATER (3) • (B) 01bm011 

10. MASS DIFFERENCE OF CONTAINER Otbm Og 

11. MASS DIFFERENCE OF SPECIMEN• (9) - (10) 01bm □g 
11a. MASS DIFFERENCE OF SPECIMEN• 0.002205 x (11) lbm 

12 . SPECIMEN VOLUME= 27.741£./ (11a) or (11) tn3 

13a. DIAMETER 1 in 

13b, DIAMETER 2 in 

13c . DIAMETER 3 In 

14. AVERAGE DIAMETER a ((13a)+(13b)+(13c))/3 In 1 . 978 

15, SPECIMEN LENGTH In 5 . 015 

16. SPECIMEN VOLUME• 0 .7854!!/ (14)2 (15) in3 
15 . 41 

17. MOISTURE CONTENT {%) 0 

18. ,~e!.1 H/ (lbf/ft3) 87.2 
DRY UNIT WEIGHT~ (l or ( j 

2 . 60 19. SPECIFIC GRAVITY 

20, ABSOLUTE DRY UNIT WEIGHT • 62.43!.I (19) (lbf/ft3) 162.3 

21 . SOIL VOLUME • 10011/ mt- (%) 53.7 

22 . WATER VOLUME • (lB) (t 7 ) 
62.29!!/ 

(%) 0 

23. FREE AIR VOLUME= tool/· (21) • (22) (%) 46.3 

24. VOID RATIO• tooL/ · 1 
(21) 0.862 

25 , DEGREE OF SATURATION• (tOoll./) 122) 
(1ooLI . 120 

(%) 

0 

!.I CONSTANT• (....l..!E.!!!..) 
453,6 g !/ CONSTANT= UNIT WEIGHT OF WATER AT 4°C 

!!,/ CONSTANT= ( 1~;,°%1 al CONSTANT= (lOO%) 
1.0 

£_/ CONSTANT= 
1 ft3 ) ( 1728 ln3) 

!!/ CONSTANT= UNIT WEIGHT OF WATER AT 22°C 
62 .29 lbm 1 ft3 

<!I CONSTANT•¾- ll CONSTANT= UNITY, EXPRESSED AS PERCENT 

!.I CONSTANT• (17281n
3

) 1.!....!!!!...) 
1 ft3 1 lbm 

Figure 21.-Compacted specimen placement data sheet - method E example. 

278 



USBR 5210 

14a. DIAMETER 1 2.035 (In) 

14b. DIAMETER 2 2.030 (In) 

14c. DIAMETER 3 2.020 (In) 

14d. AVERAGE DIAMETER ((14a) + (14b) + (14c))/3 2.028 (In) 

14e. MEMBRANE DOUBLE THICKNESS 0.050 (In) 

14f. SPECIMEN DIAMETER (14d). (14f) 1.978 (In) 

15a. HEIGHT OF CALIBRATION SPECIMEN 5.000 (In) 

15b. CALIBRATION SPECIMEN DIAL GAUGE READING I .065 (In) 

15c. SOIL SPECIMEN DIAL GAUGE READING 1.050 (In) 

15d. DIAL GAUGE DIFFERENCE (15b). (15c)1/ 0.015 (In) 

15e. INITIAL SOIL SPECIMEN HEIGHT (15a) + (15d) 5.015 (In) 

1/ 00 DIAL GUAGE READING INCREASES WITH SPECIMEN COMPRESSION 

□ DIAL GUAGE READING DECREASES WITH SPECIMEN COMPRESSION (15c). (15b) 

UNITS 011 □ kg O1bm 

MASS· SPECIMEN 1 MASS· SPECIMEN 2 MASS· SPECIMEN 3 
PARTS PARTS PARTS 

AIR WATER LOSS AIR WATER LOSS AIR WATER LOSS 

CARRIAGE NO. 

MEMBRANE NO. 

TOP ANO BOTTOM 

PLASTIC PLATE 

2 •o• RINGS 

MISC. 

TOTAL 

SAMPLE NUMBER 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

CONTAINER NUMBER 
UNITS 

DATE PLACED IN OVEN 

MASS OF CONTAINER + WET SPECIMEN 011 

MASS OF CONTAINER+ ORY SPECIMEN 

MASS OF CONTAINER □ kg 

MASS OF WATER 

MASS OF DRY SPECIMEN □ lbm 

MOISTURE CONTENTS(%) 

COMPUTED BY AND.DATE_ 

CHECKED BY ANO DATE 

GPO B!53-238 

Figure 21.-Compacred specimen placement data sheer - method E example (back of form) - Continued. 
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APPENDIX 

XL GUIDELINES FOR PREPARING TEST SPECIMENS 
CONTAINING PLUS NO. 4 MATERIAL 

Xl.1 Scope 

Xl.1.1 This appendix provides guidelines for prepar­
ing soil test specimens that contain particle sizes, which 
in relation to the size of the specimen, may affect results 
obtained from the test. These guidelines deal with soil 
which contains plus No. 4 (4.75 mm) material. 

Xl.1.2 The presence of plus No. 4 (4.75 mm) material 
in a soil generally increases shear strength and decreases 
compressibility and hydraulic conductivity, depending on 
the percentage of plus No. 4 material present. The ability 
to accurately measure these properties in the laboratory 
is restricted by the size of test specimen which may be 
tested (test equipment size). 

Xl.1.3 The following guidelines are presented for 
shear strength tests including triaxial shear and direct shear. 

Xl.1.4 Specimen size selection guide. 
Xl.1.4.1 Specimen size selection is based on the 

maximum size particle present in the soil. Select a specimen 
size having a minimum dimension (length, height, or 
diameter) at least six times the size of the maximum particle 
present in the material to be tested, as outline in the 
following table. 

Maximum particle Minimum specimen 
size present dimension 

m mm In mm 

3 75 18 450 
1-1/2 37.5 9 225 

3/4 19 4.5 115 
3/8 9.5 2.25 58 

No.4 4.75 1.50 29 

If the appropriate size test specimen cannot be used, 
use the following criteria to deal with the oversize (material 
which exceeds the maximum size specified by the table): 

• If the material contains less than 10-percent oversize, 
remove the oversize material and discard it. 
• If the material contains 10-percent or more oversize, 
the oversize material may be removed and replaced using 
a procedure prepared by the Corp of Engineers [1]. An 
example calculation form and example gradation plot are 
shown on figrues Xl.1 and Xl.2, respectively. 
• Recent research [2] has shown that results of triaxial 
shear tests performed on full gradation and removed/ 
replaced gradation can give a wide range of results 
depending on the type of triaxial shear test performed. 
Triaxial shear tests performed in the unconsolidated­
undrained state can result in a value of shear strength 
higher than the actual shear strength of the material. 
Triaxial shear tests performed in the consolidated­
undrained state can result in a value of shear strength 
lower than the actual shear strength of the material. 
Therefore, if it is necessary to perform triaxial shear tests 
on removed/ replaced material; the validity of results must 
be established by relating test results to available work 
performed on both full size and removed/ replaced 
materials. 

The technique used; that is, if the oversize material 
is removed and discarded or if the oversize material is 
removed and replaced, must be recorded on the sample 
preparation data forms. 

Xl.2 References 

[1] Laboratory Soils Testing, EM 1110-2-1906, U.S. Army 
Corp of Engineers, Change 1, pp. VIA-5,6, May 1980. 

[2] Donaghe, Robert T., and Victor H. Torrey III, Strength 
and Deformation Properties of Earth-Rock Mixtures, 
Geotechnical Laboratory, U.S. Army Engineer Waterways· 
Experiment Station, Vicksburg, Mississippi, September 
1982. 
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OVERSIZE MATERIAL SCALP AND 
,.2391 c12.a6l 
Bureau of Rec amatlon 

REPLACEMENT DATA SHEET 
Designation USBR s210.§_§I 

PROJECT FEATURE 

Example Example 
COMPUTED BY DATE CHECKED BY DATE 

1. SAMPLE NO. 
I00F-2 

2. TEST DESIGNATION USSR 5750 - cu Trioxial Shear 

3. TOTAL DRY MASS OF MATERIAL REQUIRED FOR A SINGLE TEST SPECIMEN 101.44 (Kl lbm Ou 

4. PERCENTAGE OF PLUS NO. 4 (4.75-mm) MATERIAL PRESENT IN SAMPLE 63.7 % 

6. PERCENTAGE OF OVERSIZE MATERIAL TO BE REMOVED FROM SAMPLE AND REPLACED 25.9 % 

ORIGINAL SAMPLE TEST SPECIMEN 

MASS FOR 
COMPACTION 

SIEVE 

" 
SPECIMEN 

SIZE 
REPLACEMENT % 

IKJ1bm Du (In) % RETAINED % RETAINED % TOTAL 
TOTAL INDIVIDUAL ORIGINAL (cl 

SAMPLE SIEVE SAMPLE (5)x~ 
(cl+ (d) (31 x (el 

"TlRr 
(al (bl (cl (d) (a) (fl 

3 0 0 0 0 0 0 

1-1/2 25.9 25.9 0 0 0 0 

3/4 41.4 15.5 15.5 10.6 26. I 26.48 

3/8 53.6 12.2 12.2 8.4 20.6 20.90 

NO.4 63.7 10.1 10.1 6.9 17.0 17.24 

PAN 100 36.3 36.3 0 36.3 36.82 

TOTAL 100 74.1 25.9 100 101.44 

GPO 8!52-936 

Figure X l.1.-0versize material-scalp and replacement data sheet - example. 
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X2. ADDED WATER DETERMINATION FOR COMPACTED SOIL SPECIMENS 

X2.l Scope 

X2. l. l This appendix outlines the procedure for 
determining the mass of water to be added to or removed 
from a soil in order to bring the soil tO a specific moisture 
content. 

X2. l.2 Procedure 
X2. l.2. l All data are to be recorded on the "Added 

Water Determination" form as shown on figure X2. l. 
X2. l.2.2 The natural or air-dried moisture content 

of the soil specimen is to be determined in accordance 
with USBR 5300. Record the moisture content value in 
column (1) as Inidal moisture conrenr (%) . 

X2. l.2.3 The desired moisture content for each 
specimen is determined. Record the value in column (2) 
as the Desired moisture contenr ( %). 

X2.l.2 .4 Calculate the moisture content difference 
for each test specimen. 

(3) = (2) - (1) + 0.3 
where: 

(3) moisture content difference, % 
(2) = desired moisture content, % 
(1) = initial moisture content, % 

(X2-l) 

0.3 = moisture content added to account for assumed 
handling and evaporation loss, % 

[Record the values for each test specimen in col. (3) 
of the form as Moisture conrenr ( %), Difference.] 

X2. l.2.5 Determine the mass of the container and 
record the value in column (5) of the form as Mass of 
container. 

X2. l.2.6 Determine the mass of the soil and 
container. Record the value in column (4) as Mass of 
specimen and container. 

X2.l.2.7 Calculate the mass of the specimen. 

(6) = (4) - (5) 
where: 

(6) = mass of specimen, g 
(4) = mass of specimen and container, g 
(5) = mass of container, g 

(X2-2) 

[Record the value in column (6) as Mass of Specimen.] 

NOfE X2. l.-lf a container is not needed, subparagraphs X.1.2.5 
through Xl.2.7 may be omitted and the mass of the specimen 
recorded directly. 

X2. l.2.8 Calculate the dry mass of the specimen. 

where: 
(7) 
(6) 
(1) = 
100 

(7) = ___,.(-'--6)..._ 
ill 

l + 100 

dry mass of specimen, g 
mass of specimen, g 
initial moisture content, % 
convert from percent to decimal 

(X2-3) 

[Record the value in col. (7) as Dry mass of specimen.] 

X2. l.2.9 Calculate the mass of water to add to each 
soil specimen. 

- ill (8) - (7) 100 (X2-4) 

where (8) equals mass of water to add, g. 

[Record the value in col. (8) as Mass of water to add.] 

NOfE X2.2 .-The water may be measured by volume, rather 
than mass. For the purpose of chis procedure, assume I gram 
equal co 1 milliliter equal to 1 cubic centimeter. 

283 



USBR 5210 

7-2327 (10-85) 

I 
ADDED WATER DETERMINATION I Designation USB R - 5210 - !:Ii'_ Bureau of Reclamation 

SAMPLE NO. !PROJECT rEATURE 
I OOF-10 Example Example 

COMPUTED BY IDATE !CHECKED BY IDATE 

Moisture Content % Mass g 

Specimen 
Specimen Dry Water 

Initial Desired Difference and Container Specimen Mass of to 
No. Container Specimen Add 

(1) (2) (3) (4) (5) (6) (7) (8) 

10 6.3 9.7 3.4 397 .6 258.7 138.9 130.7 4.44 

(2) - (1) (4) - (5) ~ (6) Ll 100 00+(1) (7) [(3)J 
100 

Remarks : Auxiliary Tests : 

USBR 5300 - J!._9_ 

GPO 848-762 

Figure X2.l. - Added water determination - example. 
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X3. SPECIMEN INITIAL PLACEMENT CONDITIONS 

X3.l Scope 

X3 . l. l This appendix outlines che procedure for 
determining initial conditions of undisturbed or compacted 
rest specimens used for laboratory resting. 

X3.l.2 Two methods of determining sp~cimen volume 
are described ( 1) the mass- in-air/ mass-in-water method, 
and (2) the direct measurement method. 

X3 .l.3 The procedure also describes the equations for 
calculating specimen dry unit weight, void ratio, and degree 
of saturation. 

X3.2 Procedure 

X3.2. l Record all data on the "Compacted Specimen 
Placement Dara Sheer" as shown in figure 17 through 21. 

X3.2.2 Record the sample and specimen number on 
the front of rhe form. 

X3 .2.3 Determine the wet mass and dry mass of the 
compacted specimen as follows . 

X3.2.3. l Determine the mass of the wet specimen 
and container in air. Record the value co 0.1 g or 0.01 
lbm on line (3 ). 

X3.2.3.2 Determine the mass of the container in 
air from either direct measurement or from container 
calibration data. Record the value co O. lg or 0.01 lbm on 
line ( 4) 

NOfE X3.1 If the mass-in-air/ mass-in-water method is 
performed, the mass-in-air of the container shall come from the 
equipment calibration data sheet. 

X3.2 .3.3 Calculate the mass of the wet specimen by 
subtracting line (4) from line (3). Record the value to 
0.1 g or 0.01 lbm on line (5). 

X3.2 .3.4 If the mass of wet specimen was determined 
in grams calculate the equivalent pounds mass as shown 
on the form. Record the value to the nearest 0.001 lbm 
on line (5a) . 

X3 .2.3.5 Determine the moisture content of the 
specimen to 0.1 percent and record on line (6). 

X3.2.3.6 Calculate the dry mass of the specimen as 
follows : 

X3.2.3.6.l If the masses on lines (3), (4), and (5) 
were recorded in grams, calculate the dry mass using the 
value of wet mass from line (5a) and record the value 
to 0.01 lbm on line (7). 

X3.2.3.6.2 If the masses on lines (3), (4), and (5) 
were recorded in lbm, calculate the dry mass using the 
value of wee mass from line (5) and record the value to 
0.01 lbm on line (7). 

X3.2.4 Determine specimen volume. 
X3.2.4. l Mass-in-air/ mass-in-water mer hod: 

X3.2 .4. l.1 Obtain the number, mass-in-air, and 
loss (mass difference) of the carriage and rod, membrane, 
top end place, bottom end plate, and two O-rings from 

the equipment calibration sheers and record to 0.1 g or 
0.01 lbm as shown on the back of che form. 

X3.2.4. l.2 Compute and record the sums of the 
Mass-in-air and Mass difference on back of the form as 
Total. Record the value of container mass-in-air on line 
(4) and the value of container mass difference on line 
(10) to 0.1 g or 0.01 lbm as shown on the front of the 
form. 

X3 .2.4. l.3 Determine the mass of the wet 
specimen plus the container in water as follows: 

X3.2.4. l.3. l Place the specimen in the carriage 
and suspend it with the rod from the balance or scale 
in the water bath. 

X3.2.4. 1.3.2 Using a water bulb with stem, flush 
all air bubbles from the specimen, container, and submerged 
portion of the rod. 

X3 .2.4. l.3.3 Record the mass of the wet 
specimen plus container in water to 0.1 g or 0.01 lbm 
on line (8). 

X3 .2.4 . l.4 Calculate the difference m mass 
between the specimen plus container in water and the 
specimen plus container in air and record the value to 
0.1 g or 0.01 lbm on line (9). 

X3.2.4. l.5 Calculate the mass difference of the 
specimen, and record the value to 0.1 g or 0.01 lbm on 
line (11). 

X 3.2.4. l.6 If the mass difference of the specimen 
was determined in grams, calculate the equivalent pound 
mass as shown on the form. Record the value to the nearest 
0.001 lbm on line (l la). 

X3 .2.4. l.7 Calculate the specimen volume as 
follows : 

X3.2.4. l.7. l For the mass difference determined 
in grams and converted to pound mass, calculate the 
specimen volume using the value of mass difference from 
line (l la) and record the value co the nearest 0.01 in3 

on line ( 12). 
X3.2.4. l. 7 .2 For the mass difference determined 

in pound mass, calculate the specimen volume using the 
value of mass difference from line ( 11) and record the 
value co the nearest 0.01 in3 on line ( 12). 

X 3.2.4.2 Direct measurement method: 
X3 .2.4.2.1 Measure the diameter of the specimen 

at three locations along the axis of the specimen using 
· a pi rape. Record the diameters on the form to 0.001 inch 
on lines (14a) through (14c). 

X3.2.4.2.2 Calculate the average diameter and 
record to 0.001 inch on line (14d). 

X3 .2.4.2.3 Measure the specimen height using a 
dial gauge and reference specimen as follows: 

X3 .2.4.2.3 .1 Determine the height of the 
appropriate size brass calibration specimen and record co 
the nearest 0.001 inch on line (15a) . 

X3.2.4.2.3.2 Place the cal ibration specimen and 
two blank end places into the dial gauge reference srand. 
Determine the dial gauge reading as Calibration specimen 
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dial gauge reading and record to the nearest 0.001 inch 
on line (156). 

X3.2.4.2.3.3 Remove the calibration specimen 
and place the soil specimen with blank end plates on either 
end into the dial gauge reference stand. Determine the 
dial gauge reading as Soil specimen gauge reading and 
record to the nearest 0.001 inch on line (15c). 

X3.2.4.2.3.4 Calculate the Dial guage difference 
and record to the nearest 0.001 inch on line (15d) . 

X3.2.4.2.3.5 Calculate the Initial soil specimen 
length and record to the nearest 0.001 inch on line (15e) . 

NOI'E X3.2.-The example calculation shown on figure 21 
indicates dial gauge readings increasing with compression of the 
specimen. If the dial gauge reading decreases with compression 
of the specimen the gauge difference equals (15c) - (15b). Note 
this on the form. 

X3.2.4.3 Calculate the specimen volume and record 
to 0.01 in3 one line (16) . 

X3.2.5 Calculate the dry unit weight of the specimen 
and record to 0.1 lbf/ ft 3 on line (18). 

X3.2.6 Calculate the absolute dry unit weight of the 
specimen and record to 0.1 lbf/ft3 on line (20). 

NOI'E X3.3-The calculation determines the absolute unit 
weight of the specimen using density of water as 62.43 lbm/ftl 
(density of water at 4 °() . 

X3.2.7 Calculate the volume of solids in the specimen 
and record to 0.1 percent on line (21). 

X3.2.8 Calculate the volume of water in the specimen 
and record to 0.1 percent on line (22). 

X3.2.9 Calculate the volume of free air in the specimen 
and record to 0.1 percent on line (23 ). 

X3.2.10 Calculate the void ratio and record to 0.001 
on line (24). 

X3.2. l l Calculate the degree of saturation and record 
to 0.1 percent on line (25 ). 

286 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5215-89 

PREPARING SOIL SPECIMENS 
FOR LABORATORY USE FROM UNDISTURBED SAMPLES 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5215. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1. 1 This designation outlines the procedure for 
preparing soil specimens for laboratory use from 
undisturbed samples. 

1.2 This procedure is valid when preparing rest 
specimens from undisturbed block or tube-type samples. 
Two soil specimen preparation procedures are discussed. 
Method A outlines the procedure for preparing specimens 
that are trimmed directly into a testing chamber. Method 
B outlines the procedure for preparing specimens that are 
trimmed and placed into a membrane prior to testing. 
Table 1 provides guidance concerniAg which specimen 
preparation method should generally be used for a variety 
of laboratory tests. 

Table l. - Specimen preparation guide. 

Test type 

Triaxial shear 
Direcr shear 
Repeated direcr shear 
Back pressure permeability 
Consolidation 
Pinhole 
Expansion 
Uplift 
Constant rate of loading consolidation 
Exposed end plate 
Unconfined compression 
Cyclic triaxial properties 
Cyclic triaxial strength 

2. Auxiliary Tests 

Method of speci­
men preparation 

B 
A 
A 
B 
A 
A 
A 
A 
A 

A or B 
A or B 

B 
B 

2.1 An initial moisture content must be determined 
in accordance with USBR 5300 as part of performing this 
procedure. Physical properties are determined as appro­
priate and may include specific gravity resting (USBR 
5320), gradation analysis (USBR 5330), liquid limit 

determination (USBR 5350), or plastic and shrinkage limit 
determination (USBR 5360 and 5365). 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5200 Processing Tube-Type Samples 
USBR 5300 Determining Moisrure Content of Soil and 
Rock by the Oven Method 

-USBR 5320 Determining Specific Gravity of Soils 
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USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 

4. Summary of Method 

4.1 An undisturbed soil sample is secured to a cutting 
stand, and a test specimen is carefully trimmed from the 
sample using a cutting appararus as shown on figure 1 
or 2. The specimen is either trimmed directly into a testing 
chamber (method A), or is trimmed and placed in a 
membrane prior to testing (method B). 

4.2 For some applications, a hand-operated soil lathe 
can be used to trim undisturbed samples .. See appendix 
Xl for a detailed description of the trimming procedure 
using the soil lathe. 

5. Significance and Use 

5.1 Careful preparation of test specimens from undis­
turbed soil samples is of extreme importance in obtaining_ 
reliable laboratory test results to accurately assess 
engineering properties of soil in-place. 
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Figure I. - Cutting an undisturbed soil specimen directly into testing 

chamber. (a) lever ar m, (b) guide rod, (c) spacer chamber, (d) testing 

chamber, (e) cutt ing bit, ( f) so il sample, (g) wax , and (h) cutting stand. 

5.2 Extreme care must be exercised when handling 
undisturbed samples during specimen preparation t0 mini­
mize disturbance which could affect laborarory test results. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms nor included in USBR 3900 specific ro this 

designation are: 
6.2.1 Block Sample. -An undisturbed soil sample, 

genera lly hand-cut from parent stratum, wrapped in cheese 
cloth and wax for transport. 

6.2.2 Tube-typeSample.-An undisturbed soil sample 
obtained by using one of a number of mechanical samplers 
(e.g., Denison, Osterberg, Pitcher, Butters, auger, ere.). 
Drilling fluid is commonly used t0 ass ist in the drilling 
process. 

6.2.3 Liner.- A nonroraring inner part of a mechan­
ical sampler used tO receive and hold the sample during 
dri lling and tO facilitate handl ing. The ends of the liner 
are capped and waxed to preserve the natural moisture 
content of the sample during shipment and srorage. 

6.2.4 Slickenside.-A surface that has become 
polished from the sliding morion of an adjacent surface. 

6.2.5 Varved Clay.- Alternating thin layers of silt (or 
fine sand) and clay formed by variations in sedimentation 
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during the various seasons of the year, often exhibiting 
contrasting colors when partially dried. 

6.2.6 Wax.-The term refers to microcrystalline 
waxes. 

7. Interferences 

7.1 The presence of gravel or coarse sand particles may 
make trimming the rest specimen difficult if the coarser 
particles are in the path of the cutting bit. If this situation 
occurs and the gravel or coarse sand particles are removed, 
soil matrix material shall be used tO fill in the void. If 
material from another specimen or sample is substituted, 
a note shall be made on the appropriate data form. 

8. Apparatus 

8.1 Power Saw. - A saw of appropriate type and of 
sufficient power tO cur through medium to large soil blocks 
should be used. The cutting device (band, blade, chain, 
ere.) should be of a type appropriate for cutting through 
soil and/ or rock. 

8.2 Equipment Unique to This Procedure (fig. 1): 
8.2.1 Cutting Bit.-A curring bit may be either round 

or square depending on specimen dimensions. Genera lly, 
it is made of stainless steel and has a sharp cutting edge. 

8.2.2 Lever Ann.-A lever is used to advance the 
curring bit into the soil sample. 

8.2.3 Spacer Chamber.-A chamber is used to separate 
the curring bit from the gu ide rod . As the trimming process 
proceeds, the spec imen advances into this chamber. 
Genera lly, the chamber is made of plastic or aluminum. 

8.2.4 Testing Chamber.-The appropriate chamber to 
confine the specimen during resting is used. The rest 
specimen is trimmed directly into the resting chamber as 
shown on figure 1. 

8.2.5 Membrane Stretcher.-A membrane stretcher 
with vacuum tube attachment for fitting or placing a 
membrane. 

8.2.6 O-Ring Stretcher.-A mechanical stretcher used 
tO facilitate 0-ring placement over specimen end places. 

8.2.7 Soil Lathe.-A specially designed lathe used for 
trimming soil specimens (see app. XI). 

8.2.8 Miscellaneous Equipm ent.-Wax pot, brush, 
knife, straightedge, etc., are needed for waxing, trimming, 
and preparing test specimens. 

9. Precautions 

9.1 Safety Precautions: 
9.1.1 All necessary safety equipment (face protec­

tion, chaps, ere.) are tO be worn whenever using the power 
saw. All manufacturers ' operating instructions are tO be 
strictly followed. 

9.1.2 Caution should be used when trimming soil 
with a knife or other sharp or pointed tools . 

9.1.3 The lever arm should be removed from the 
trimming apparatus when not in use. This may prevent 
injury in case the guide rod locking screw becomes loose. 
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9.1.4 Caution should be used when handling sample 
liners which have been previously cut. 

9.2 Technical Precautions. 
9.2.1 The soil specimen must be handled with care 

to avoid unnecessary disturbance. Specimens containing 
slickensided surfaces or zones of varved clay must be 
handled with extreme care. 

9.2.2 The cutting bits should be regularly checked 
for nicks or warpage and should be kept sharp. If the 
cutting bits are damaged, they should be repaired or 
replaced. 

10. Sampling, Test Specimens, and Test Units 

10.1 Block Sample Preparation: 
10.1.1 Examine the soil sample to determine if it 

can withstand vibration. If the sample is competent, a 
suitable power saw may be used to cut the block sample 
into sections of a workable size [approximately 6- to 8-
inch (150- to 200-mm) cubes]. If the block sample is 
determined to be of material that may not be capable of 
withstanding vibrations, it is recommended that test 
specimens be cut directly from the block. 

10.1.2 Cut the sections into still smaller units of an 
appropriate size for the required test specimen. The unit 
from which a test specimen is to be trimmed should be 
at least 1/2 inch (13 mm) larger in diameter and at least 
1 inch (25 mm) longer than the finished specimen size. 

10.1.3 Wax and store the units from which speci­
mens will be trimmed. 

10.1.4 Wax and store any part or parts of the block 
not used. 

10.2 Tube-type Sample Preparation: 
10.2.1 The tube-type sample is to be processed in 

accordance with USBR 5200. 
10.2.2 Measure and cut the liner about 1 inch longer 

than the desired specimen length. 
10.2.3 Carefully slide a thin object (stiff wire, 

hacksaw blade) between the soil and the liner. 
10.2.4 Using a sawing motion, cut between the soil 

and liner around the circumference of the sample in order 
to free the soil from the liner. 

10.2.5 Set the sample upright and attempt to lift 
the liner from the soil. 

10.2.6 If the liner cannot be removed, wax the ends 
of the sample and cut the liner axially. 

10.2.7 Extreme care must be taken to prevent the 
liner from springing open suddenly after being cut, which 
could result in the sample splitting or pulling apart. 

10.2.8 Carefully spread the liner and remove the 
sample. 

10.2.9 Wax the sample and cut it into appropriate 
shapes and lengths using a band saw or other suitable 
cutting device in accordance with subparagraph 10.1.2. 

10.2.10 Wax each portion from which specimens will 
be trimmed. 

10.2.11 Wax and store any remaining portions of 
the undisturbed sample not needed for testing. 
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11. Calibration and Standardization 

11.1 Not applicable, reference standards are not used 
for this procedure. 

12. Conditioning 

12.1 It is recommended that as much of the handling 
and trimming of the undisturbed sample as possible be 
performed in a humidity controlled room to minimize 
possible moisture loss. 

13. Procedure 

13.1 Method A.-Preparing specimens that are trimmed 
directly into a testing chamber: 

13.1.1 Wax the soil sample to the cutting stand. 
13.1.2 Check the alignment of the sample to ensure 

that it is perpendicular to the cutting stand surface. 
13.1.3 Place the cutting stand plus soil sample under 

the guide rod then position the cutting bit, testing chamber, 
and spacer chamber (fig. 1) on top of the sample. 

13.1.4 Lower the guide rod into contact with the 
spacer chamber and attach the lever arm to the apparatus. 

13.1.5 Ensure that the sample and the assembled 
specimen container are aligned and are perpendicular to 
the cutting stand surface. 

13.1.6 Begin trimming the soil sample with an 
appropriate size knife as shown on figure 1. 

13.1.7 Trim the soil as close to the bit as possible 
without cutting through an imaginary line projected 
vertically dowpward from the cutting bit edge to the stand. 
Trim the soil at least 1 inch (25 mm) below the bit and 
maintain a slight outward slope to avoid undercutting of 
the specimen. Pull down on the lever arm of the apparatus 
until the cutting bit moves down approximately 1/4 inch 
(6 mm). 

13.1.8 Repeat subparagraphs 13.1.6 and 13.1.7 until 
the cutting bit has traveled the entire length of the soil 
sample or as far as necessary to obtain a test specimen. 
The specimen will advance into the testing chamber and 
spacer chamber as the trimming process proceeds. 

13.1.9 Position the specimen so that equal amounts 
of soil protrude from each end of the testing chamber 
or to a point where the soil to be tested is contained within 
the testing chamber. 

13.1.10 Remove the lever arm and raise and secure 
the guide rod. 

13.1.11 Remove the spacer chamber and trim the 
specimen flush with the top of the testing chamber using 
a sharpened straightedge tool. 

13.1.12 Place a smooth flat plate (usually plastic) 
over the trimmed end of the soil specimen to preserve 
moisture. 

13.1.13 Free the soil specimen from the cutting stand 
and, with the cover plate in place, invert the testing 
chamber. 

13.1.14 Remove the cutting bit and use the 
sharpened straightedge tool to trim the soil flush with 
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the resting chamber. After trimming, place a smooth flat 
plate over the soil. 

13.1.15 If grave l or coarse sand is encountered in 
the cutting bit path , refer to subparagraph 7.1 for a soi l 
substitution procedure. 

13.1.16 As a general guide line, the maximum particle 
size should nor exceed one-sixth the diameter of the rest 
specimen. If this criter ion is exceeded, consideration shou ld 
be given to not resting specimens from that soil sample, 
or to testing a larger specimen if material is availab le. 
If such spec imens are tested, it should be noted on the 
appropriate test data sheets. 

13.2 Method B.- Preparing specimens that are trimmed 
and then placed into a membrane prior to testing: 

NorE 1.- The following procedure is commonly used in the 
Bureau of Reclamation, and has been found co work well for 
the majority of Bureau Project soils. For specimen trimming 
procedures using a soil lathe, see appendix XI. 

13.2.1 Wax the soi l sample to the cutting stand. 
13.2.2 Check the alignment of the sample to ensure 

that it is perpendicular to the cutting stand surface. 
13.2.3 Place the cutting stand plus soil sample under 

the guide rod; then position the cutting bit and spacer 
chamber (fig. 2) on top of the sample. 

Figure 2. - Cutting an undisturbed so il spec ime n to be placed in a 

membrane. (a) lever arm, (b) guide rod , (c) space r cha mbe r, (d ) cutt ing 

bit, and (e) wax. 
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13.2.4 Lower the guide rod into contact with the 
spacer chamber and attach the lever arm to the apparatus . 

13.2.5 Ensure that the sample and the assembled 
specimen container are aligned and are perpendicular co 
the cutting stand surface. 

13.2.6 Begin trimming the soi l with an appropr iate 
size knife. 

13.2.7 Trim the soil as close to the bit as possible 
without cutting through an imaginary line projected 
vertica lly downward from the cutt ing bit edge to the stand. 
Trim the soi l at least l inch (25 mm) inch below the 
bit and maintain a s light outward slope to avoid 
undercutting the specimen. Pull dow n on the lever arm 
of the apparatus until the cutting bit moves approximately 
l/4 inch (6 mm). 

13.2 .8 Repeat subparagraphs 13.2.6 and 13.2 .7 until 
the cutt ing bit has traveled the entire length of the soil 
sample or as far as necessary to obtain a test specimen. 
The specimen will adva nce into the spacer chamber as 
the trimming process proceeds. 

13 .2.9 Remove the lever arm and ra ise and secure 
the guide rod. 

13.2.10 Free the soil specimen from the cutting stand 
and remove the spacer chamber from around the specimen. 

13.2.11 Support the specimen and carefully separate 
the cutting bit from the soil. 

13.2.12 Place the specimen in a trimming mold (fig. 
3) and trim the excess length of material not required 
for testing. 

Figure 3. - Soi l specimen in trimming mold. 
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13.2.13 Place the speomen m a membrane in 
preparation for testing. 

13.2.14 The following procedure is to be followed 
for fitting end caps and the membrane on the test 
specimen [l]. 1 

a. Place the specimen on the lower end cap and 
place the top cap on the upper end of the specimen. 

b. Fit two rubber O-rings over an O-ring stretcher 
and roll them to near the middle of its length. 

c. Fit a rubber membrane inside the membrane 
stretcher and fold back the ends over the outside of the 
tube so that the membrane is not wrinkled or twisted. 

d. Apply suction to the fitting on the membrane 
stretcher so as to draw the membrane tightly against the 
inside wall of the stretcher tube. 

e. Maintain the suction while lowering the device 
carefully over the specimen. 

f. When the membrane stretcher is positioned 
centrally over the specimen, the suction is released so that 
the membrane clings to the specimen. Care should be taken 
at this point to avoid moving the membrane stretcher. 

g. Roll the membrane ends gently onto the end 
caps, making a smooth fit with no entrapped air and 
carefully remove the membrane stretcher from around the 
specimen. 

h. Hold the O-ring stretcher steady with one hand, 
place it over the specimen until the lower end is about 
level with the middle of the lower end cap, and roll off 
the O-rings to seal the membrane onto the lower end cap. 

i. Raise the O-ring stretcher and repeat subpar­
agraphs 13.2.14.b and 13.2.14.h to seal the top cap, then 
remove the O-ring stretcher. 

1 Number in brackets refers ro the reference. 
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j. Finally fold back the ends of the membrane 
neatly over the sealing O-rings at each end. 

NOfE 2.-Wirh soft or friable specimens, it is preferable to 
fit the lower end cap in place on the resting pedestal first­
before placing the specimen-to minimize the amount of 
specimen handling. 

13.2.15. If gravel or coarse sand is encountered in 
the cutting bit path, refer to subparagraph 7.1 for a soil 
substitution procedure. 

13.2.16 Guidelines concerning maximum particle 
size in a specimen are identical to those discussed in 
subparagraph 13.1.16. 

14. Calculations 

14. l Determine the moisture content of the material 
in accordance with USBR 5300. 

15. Report 

15.1 A report is not required for this procedure. 
However, pertinent information should be noted on the 
laboratory data forms for the specimen. 

16. Reference 

[l] Head, K. H., Manual of Soil Laboratory Testing, 
Volume 2: Permeability, Shear Strength and Compress­
ibility Tests, John Wiley and Sons, New York, NY, pp. 
620-621, 1982. 
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APPENDIX 

XL USE OF SOIL LATHE 1 

Xl.l Scope 

Xl.l. l This appendix outlines the procedure for 
trimming undisturbed samples using a soil lathe. It is 
recommended that the soil lathe be used for samples in 
the firm ro stiff, or very stiff, consistency range. Softer 
clays may be subjected ro excessive disturbance by this 
procedure, but satisfacrory specimens of this type of 
material usually can be obtained by means of sample cubes. 

(a) Sample roughly trimmed and mounted in lathe. 

(b) Removing surplus soil by progressive vertical curs. 

(c) Trimming ro final diameter using wire saw against 

vertical guide plates. 

Figure X 1.1. - Soil lathe use. 
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X 1.2 Procedure 

Xl.2.1 Roughly trim the soil sample to shape using 
a sharp blade or wire saw before mounting the sample 
in the soil lathe. The length should be somewhat longer 
than the required specimen length, and the end faces 
trimmed flat and parallel. 

Xl.2.2 Mount the faces of the soil sample between 
the platens of the lathe as shown on figure Xl.l (a). 

Xl.2.3 Lower the upper platen of the soil lathe until 
it is firmly in contact with the upper surface of the soil 
sample. 

Xl.2.4 Lock the upper plate into position so that the 
soil sample is securely held in position. 

Xl.2.5 Remove surplus mater ial progressively from 
the sample by means of a series of fine vertical cuts, rotating 
the sample slightly between each cut [fig. Xl.l (b)]. For 
firm clays a wire saw is suitable, but for stiffer clays a 
sharp knife may be more effective. 

Xl.2.6 Avoid any tendency ro cause d isrorrion by 
dragging at the soil. Any srones or hard nodules should 
be removed carefully, and resulting cavities should be filled 
with fine material from the trimmings. 

Xl.2.7 Accurately trim the specimen ro the final 
diameter by using the frame of the lathe as a guide for 
the wire saw or knife blade as shown on figure Xl.l (c). 

NOfE Xl.l. - One type of lathe has the rotating platen 
mounted eccentrically so that specimens of e ither 1.5- or 2-inch 
(38- or 50-mm) diameter may be accurately prepared (fig. Xl.2 ). 

Xl.2.8 Rotate the soil specimen slightly between each 
cut until a smooth cy lindrical surface is obtained. 

Xl.2.9 Remove the soil specimen from the lathe, place 
in a trimming mold, and carefully cut the ends ro give 
the correct length using a wire saw or a sharp blade. 

quide foce 50 mm 

wire so w for 
50mm dio . 

guide face 38 mm 

-----t w1re sow for 
38 mm dio . 

IO!he 
ba,e 

ver11co1 frame 

Figure X l.2. - Use of soi l lathe gu ides for preparing either 1.5- or 

2-inch (38- or 50-mm) diameter spec imens. 

1 Head, K. H., Manual of Soil Laboratory Testing, Volume 2: Permeability, 
Shear Strength and Compressibility Tests, John Wiley and Sons, New 
York, NY, pp. 392-394, 1982. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5 300-89 

DETERMINING MOISTURE CONTENT OF SOIL AND ROCK 
BY THE OVEN METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5300. The number immediately_ 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the moisture content of soil, rock core, and 
rock particles by the oven method. 

1.2 This method may not provide reliable results for 
materials containing significant amounts of organic matter; 
halloysite, montmorillonite, or gypsum minerals; or 
materials in which the water contains dissolved solids such 
as salt in marine deposits. 

2. Applicable Documents 

2. l USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 

3. Summary of Method 

3.1 A test specimen is dried in an oven to a constant 
mass. The loss of mass due to drying is considered to be 
water. The moisture content is calculated using the mass 
of water and the mass of the dry specimen. 

4. Significance and Use 

4.1 The moisture content of soil or rock is used 
throughout geotechnical practice both in the laboratory 
and in the field. 

4.2 For many soil types, the moisture content is one 
of the most significant index properties used in establishing 
a correlation between soil behavior and an index property. 

4.3 In fine-grained (cohesive) soils, the consistency of 
a given soil type depends on its moisture content. The 
moisture content of a soil, along with its liquid and plastic 
limits, is used to express relative consistency or liquidity 
index. 
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4.4 The term moisture (or "water") as used in' 
geotechnical engineering, is typically assumed to be "pore" 
or "free" water and not that which is hydrated to the mineral 
surfaces. Therefore, the moisture content of materials 
containing significant amounts of hydrated water at in situ 
temperatures or at temperatures less than 110 °C can be 
misleading. 

4.5 The term solid particles as used in geotechnical 
engineering, is assumed to mean naturally occurring 
mineral particles that are not soluble in water. The moisture 
content of test specimens containing extraneous material 
such as cement, water soluble matter such as salt, and highly 
organic materials such as peat moss, normally require 
special treatment or a qualified definition of moisture 
content. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 

5.1.1 Moisture Content ( w, % ).-The ratio expressed 
as a percentage of: (1) the mass of water in a given soil 
mass, to (2) the mass of solid particles (ASTM definition). 

5.2 Terms not included in USBR 3900 specific to this 
designation are: 

5.2.l Desiccant.-A solid chemical compound which 
absorbs moisture. Some commonly used desiccants are: 

Anhydrous CaS04 
Hydrous silica gel 
Mg (HCL04)2 
CaCL2 

5.2.2 Hydrated Water.-Water which has bonded 
chemically to a mineral surface. 

6. Apparatus 

6.1 Balances or Scales.-The mass of a moisture content 
specimen can range from 5 g to 35 kg or more depending 
on the maximum particle size present or the specific 
requirements of a particular test designation (see subpar. 
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8.2 and ll.3 ). Typical balances or sca les used for this 
designation are: 

Approxim.1ce c;1pacicy Readable fO 

200 g 0.0 1 g 
IOOO g 0.1 g 

20 kg I g 
l50 lbm 0.0 1 lbm 

NOTE 1.-Differenr ranges of rhe sa me balance or sca le may 
be used. 

6.2 Desiccator (fig. 1).-An enclosed conta iner, with a 
chem ical desiccant ins ide, used for cool ing a heated 
specimen while maintaining a zero moisture content. 

6.3 Drying Oven (fig. 2).-A n oven, thermostat ica lly 
contro lled, preferably of the forced-draft type, and capab le 
of maintaining a uniform temperature of 230±9 °F 
( I lO±S O C) throughout the drying chamber. 

6.4 Specimen Containers.-Suitable containers such as 
pans or porcelain dishes resistant to corros ion or changes 
in mass when subjected to repeated cycles of heating, 
coo ling, and cleaning. 

Figure 1. - Desiccator. 
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6.S Container H older. - An asbestos g love or a device 
su itable for removing hot containers from an oven. 

7. Precautions 

7. l Safety Precautions. - This designation may in volve 
hazardous materials, operations, and equipment. Contain­
ers heated at l lO °C can cause serious burns if handled 
improperly. Use a container holder whenever handling hot 
spec imen conta iners. 

8. Test Specimens 

8. l Specim en.-For a determination of moisture content 
in conjunction with or as part of another designation, use 
the method of specimen se lection and the spec imen mass 
as described in that designation. 

8.2 Specimen Size.-For a determination of moisture 
content-when the test spec imen is a portion of a larger 
amount of materi a l-the required minimum mass of the 
test spec imen depends on the maximum particle s ize 
present in the soil as fo llows: 

Figure 2. - Drying oven. 
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U.S.A. Standard series sieve 
maximum parricle size 

No. 4 4.75 mm 
3/8 in 9.5 mm 
3/4 in 19.0 mm 

1-1/2 in 37.5 mm 
3 inch 75 mm 

Minimum mass of 
test specimen, grams 
200 

1000 
2000 
3000 
3000 or more to 

obtain a representa­
tive specimen 

8-2.1 For material with nonuniform moisture 
content distribution, the specimen mass should be two to 
four times as large as the recommended minimum value. 

8.2.2 Remark on the test data form it a test specimen 
is used that is smaller than the recommended value. 

8.2.3 In some cases, if random isolated particles are 
encountered-which are significantly larger than the basic 
material and not enough material is available to meet the 
minimum requirement for specimen mass-it may be 
appropriate not to include the large particles in the test 
specimen. This requires discretion and judgment based on 
the material and the application of the test result. 

8.3 Test Specimen Selection-When the test specimen 
is a portion of a larger amount of material, the specimen 
must be selected to be as representative as possible of 
the moisture condition of the entire amount of material. 
The manner in which the test specimen is selected depends­
on the purpose and application of the test, the type of 
material being tested, the moisture condition, and the type, 
of sample (from another test, bag, tube, block, etc.). 

8.3.1 For disturbed samples such as trimmings, bag 
samples, excavation, etc., obtain the test specimen by one 
of the following methods (listed in order of preference): 

8.3.1.1 If the material is such that it can be 
manipulated and handled without significant moisture loss, 
the material should be mixed and then reduced to the 
required size by splitting or quartering in accordance with 
USBR 5205 except the reduction must be done at the 
existing moisture content. 

8.3.1.2 If the material is such that it cannot be 
thoroughly mixed and/or split, form a stockpile of the 
soil and mix as much as possible. Obtain at least 5 portions 
of the material at random locations using a sampling tube, 
shovel, scoop, trowel, or similar device appropriate for 
the maximum particle size present in the material. Combine 
all the portions for the test specimen. 

8.3.1.3 If the material or conditions are such that 
a stockpile cannot be formed, select as many portions of 
the material as possible at random locations that will best 
represent the moisture condition. Use an appropriate device 
as described in subparagraph 8.3.1.2. Combine all the 
portions for the test specimen. 

8.3.2 For undisturbed (intact) samples such as blocks, 
tubes, split barrel, etc., obtain the test specimen by one 
of the following methods depending on the purpose and 
potential use of the sample: 

8.3.2.1 Carefully trim at least 1/8 inch of material 
from the outer surface of the sample to see if material 
is layered (see subpar. 8.3.2.3) and to remove material that 
is drier or wetter than the main portion of the sample. 
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Then carefully trim at least 1/4 inch, or a thickness equal 
to the maximum particle size present, from the entire 
exposed surface or from the interval being tested. 

8.3.2.2 Slice the sample in half. If material is 
layered see subparagraph 8.3.2.3. Then carefully trim at 
least 1/4 inch, or a thickness equal to the maximum particle 
size present, from the exposed surface of one-half, or from 
the interval being tested. A void any material on the edges 
that may be wetter or drier than the main portion of the 
sample. 

8.3.2.3 For a layered soil (or more than one soil 
type encountered), selecr an average specimen, or individual 
specimens, or both. Specimens must be properly identified 
as to location, what they represent, and appropriate remarks 
entered on data forms. 

8.4 Specimens Tested in Fractions.-ln some instances 
it may be necessary or desirable to test the material in 
two or more separate size fractions (see note 2). 

8.4.1 Separate the material into two or more 
fractions using the appropriate sieves or by performing 
the sieving procedure described in USBR 5325. The data 
form used in USBR 5325 may be used for either case. 

8.4.2 The minimum specimen mass for each fracrion 
must conform with the requirements of subparagraph 8.2. 

8.4.3 The fractions must be reduced to the required 
size in accordance with subparagraph 8.3. 

8.4.4 In order to calculate the moisture content of 
the total material, the percentage (by dry mass) of each 
size fraction must be determined in accordance with the 
principles of USBR 5325. 

NOfE 2.-For easy handling or in preparation for other rests, 
separating the material into fractions may be desirable if only 
a few random significantly larger particles are present-if 
particles 5 inches in diameter or larger are encountered. Since 
only 200 g is needed for a specimen of minus No. 4 material, 
separating on the No. 4 sieve may be advantageous to conserve 
the minus No. 4 material. 

_9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 

10. Conditioning 

10.1 The test specimens should be prepared and 
processed as quickly as possible to minimize unrecorded 
moisture loss which would result in an erroneous moisture 
content determination for the test specimen. 

11. Procedure 

11.1 All data are to be recorded on the "Moisture 
Content" form as shown on figure 3 or the appropriate 
portion of various other forms or data sheets used for 
specific procedures. 
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11.2 Assign or locate and record the sample number. 
11.3 Based on the total wet mass of the specimen, 

determine and record all measurements of mass to the 
minimum increment of mass as follows: 

Specimen wet 
mass 

0 to 100 g 
100 to 1000 g 

1000 to 10 000 g 
10 to 100 kg 
0 to 150 lbm 

150 to 300 lbm 
300 lbm and larger 

Minimum increment 
of mass 
0.01 g 
0.1 g 
1 g 

10 g or 0.01 kg 
0.01 lbm 
0.1 lbm 

0.1 % of the mass 
being determined 

NOTE 3.-Other test designations may have different 
requirements based on use or required accuracy of a specific 
procedure. 

11.4 Determine and record the mass of the container. 
11.5 Place the test specimen (as prepared in accordance 

with subpar. 8.1) in the container. 
11.6 Determine and record the mass of the wet 

specimen and container. 
11.7 Place the specimen and container in a drying oven 

at 110 °C. (see note 4.) 
11.8 Keep the specimen in the drying oven for a 

minimum of 16 hours or until a constant mass is attained. 
(See notes 4, 5, and 6.) 

11.8.1 Rock core and large particles of rock, espe­
cially those having a dimension larger than 2 inches, will 
require greater time for the moisture to travel from the 
interior of the core or particle to the surface. (See note 5.) 

11.8.2 For rock mechanics work, at least two 
measurements of mass should be made ( typically at 24 
and 48 hours) to determine if a constant mass has been 
attained. 

11.9 Remove the specimen and container from the 
oven. 

11.10 Allow the specimen and container to cool to room 
temperature or until the container can be handled 
comfortably with bare hands and operation of the balance 
or scale will not be affected by convection currents. 
Determine and record the mass of the container and 
ovendried material. 

11.10.1 For smaller specimens, cooling in a 
desiccator is recommended since it prevents absorption 
of moisture from the atmosphere during cooling. 

NOTE 4.-For materials containing gypsum or other minerals 
having significant amounts of hydrated water or for soil containing 
a significant amount of organic material, alternate methods of 
drying may need to be used. In many cases, and depending on 
the intended use for these types of materials, it may be more 
applicable to maintain the drying oven at 60 ±5 ° C or use a 
vacuum desiccator at a vacuum of approximately 133 pascals (10 
mm Hg) and at a temperature ranging between 23 and 60 °C 
for drying. If either of these drying methods are used, it should 
be noted in the report of the test results. 

NOfE 5.-The time required to obtain constant mass will vary 
depending on the type of material, size of specimen, oven type 
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and capacity, and other factors. The influence of these factors 
generally can be established by good judgment and experience 
with the materials being tested and the apparatus being used. 
In most cases, drying a test specimen over night (about 16 hours) 
is sufficient. In cases where there is doubt concerning the adequacy 
of drying, drying should be continued until the mass after two 
successive periods (at least 1 hour, preferably, 3 h) of drying 
indicate an insignificant change (less than about 0.1 % ). Specimens 
of sand may often be dried to constant mass in a period of about 
4 hours, when forced-draft oven is used. 

NOTE 6.-Dry material may absorb moisture from wet 
specimens; therefore, it is recommended that the dried specimens 
be removed before placing wet samples in the oven. This is 
not necessary if the specimens are to be ovendried for an additional 
16-hour period. 

11.11 Determine and record the mass of the container 
and dry specimen. 

11.12 Calculate and record the mass of water contained 
in the specimen. 

11.13 Calculate and record the mass of the dry 
specimen. 

11.14 Calculate and record to the nearest 0.1 percent 
the moisture content. 

12. Calculations 

12.1 Determine the moisture content of the material. 

Inw In 1 - In2 

Ins In2 - Inc 

W = 100 ( ll1w) 
Ins 

where: 

mw mass of water, g, kg, or lbm 
m1 mass of container and wet specimen, g, kg, or 

lbm 
m2 mass of container and dry specimen, g, kg, or 

lbm 
ms mass of dry specimen, g, kg, or lbm 
me mass of container, g, kg, or lbm 

w moisture content, % 
100 convert from decimal to percent 

(1) 
(2) 

(3) 

12.2 If the total material was separated into fractions, 
calculate the moisture content for the total material. 

w 

where: 

W1, w2, Wn 

100 

13. Report 

P1 W1 + P2 w2 Pn Wn 
100 100 + . . . + 100 

moisture content of total material, % 
percent of each size fraction in total 

material,% 

(4) 

moisture content of each size fraction, % 
constant representing total material, % 

13.1 The report is to consist of a completed and checked 
"Moisture Content" form (fig. 3) or the appropriate portion 
of data forms used in other procedures. 

13.2 All calculations are to show a checkmark. 
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7-1452 (9-86) MOISTURE CONTENT I 
Bureau of Reclamation Dcsigna1ion USBR 5300· 89 

PROJECT I FEATURE 
Example Example 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

SAMPLE NUMBER I 2 
UNITS 

CONTAINER NUMBER 15 20 

DATE PLACED IN OVEN 9/8/89 9/8/89 
(81 9 

MASS OF CONTAINER+ WET SPECIMEN 366.1 374.6 

MASS OF CONTAINER+ DRY SPECIMEN 348 .0 342.1 
□ kg 

MASS OF CONTAINER 129. 4 118 . 0 

MASS OF WATER 18 .1 32.5 
01bm 

MASS OF DRY SPECIMEN 218.6 224.1 

MOISTURE CONTENT(%) 8.3 14 .5 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

SAMPLE NUMBER 
UNITS 

CONTAINER NUMBER 

DATE PLACED IN OVEN 

□ 9 
MASS OF CONTAINER+ WET SPECIMEN 

MASS OF CONTAINER+ DRY SPECIMEN 

□ kg 

MASS OF CONTAINER 

MASS OF WATER 
01bm 

MASS OF DRY SPECIMEN 

MOISTURE CONTENT(%) 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

SAMPLE NUMBER 
UNITS 

CONTAINER NUMBER 

DATE PLACED IN OVEN 

□ g 
MASS OF CONTAINER+ WET SPECIMEN 

MASS OF CONTAINER+ DRY SPECIMEN 
□ kg 

MASS OF CONTAINER 

MASS OF WATER 

□ lbm 

MASS OF DRY SPECIMEN 

MOISTURE CONTENT(%) 

GPOBSl-688 

Figure 3. - Moisture content - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5305-89 

DETERMINING MOISTURE CONTENT 
OF SOILS USING THE MOISTURE TELLER DEVICE 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5305. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

L Scope 

This designation outlines the procedure for performing 
moisture content determinations of soil using the Moisture 
Teller device. A Moisture Teller can be used to determine 
more rapidly-although less accurately-soil moisture 
content than by the oven method (USBR 5300). The 
Moisture Teller can be used when a moisture content of 
±1 percentage point of the ovendried moisture content 
is acceptable for use. The Moisture Teller may be used 
for most soils, except for soils with liquid limits (LL) equal 
to or greater than 50, peat (Pt), or other highly organic 
soils. The Moisture Teller method of determining moisture 
content is limited to soils, or the portion of a soil, passing 
the U.S.A. Standard series No. 4 (4.75-mm) sieve. 

NOfE 1.-The term "Moisture Teller" is a commercial name 
for a moisture testing device.1 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. A more 
accurate method (USBR 5300) for determining moisture 
content must be used periodically to check the performance 
of the Moisture Teller device. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 

3.2 ASTM Standard: 
E 11 Specification for Wire Cloth Sieves for Testing 
Purposes 

1 Number in brackets refers to the reference. 
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4. Summary of Method 

4.1 A specimen of wet soil is placed into a sample 
pan. The mass of wet soil specimen and the sample pan 
is determined. The specimen and pan are placed in the 
Moisture Teller. The Moisture Teller produces a rapidly 
moving stream of hot air which is directed at the soil 
specimen. The hot air dries the soil in a few minutes. 
The mass of the dry soil specimen and sample pan is 
determined, and the moisture content of the soil specimen 
is calculated. 

5. Significance and Use 

5.1 The Moisture Teller is used as a quick-drying 
method to determine soil moisture content more rapidly­
although less accurately-than by the ovendrying method 
and when moisture contents within ±1 percentage point 
of the ovendried moisture content are adequate for use. 

5.1.1 For more accurate moisture content determi­
nations, the ovendrying method (USBR 5300) must be 
used. 

5.2 Before the Moisture Teller is used on a routine 
basis, the moisture content of a representative sample of 
each soil type, which may be encountered on a particular 
project, should be initially determined using the oven 
method (USBR 5300). 

5.2.1 If the moisture content-as determined by the 
Moisture Teller-varies more than 1 percentage point from 
the moisture content as determined using the oven method, 
it is recommended that the Moisture Teller device not be 
used for that particular soil type. 

5.2.2 Soil type refers to the Unified Soil Classification 
System symbol for a given soil (USBR 5000 or 5005). 

5.3 The moisture content as determined by the 
Moisture Teller device should be verified against the oven 
method soil moisture content at least once every year or 
1000 tests, whichever occurs first. 

5.3.1 A particular soil should be retained and used 
for succeeding verifications. An adequate supply of this 
soil must be stored, and marked appropriately, for future 
use. 

5.3.2 Compare the most recent moisture content 
determination verification results to results previously 
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determined. If the Moisture Teller moisture contents are 
2 percentage points or more different than the previous 
determinations, the Moisture Teller probably should not 
be used for that soil and/ or the device should be checked 
for proper operation. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 

7. Apparatus 

7.l General Apparatus: 
7.1.l Sieve.- U.S .A. Standard series No. 4 (4.75 mm) 

conforming co the requirements of ASTM E 11. 
7.1.2 Bags.-Moistureproof, plastic. 
7.1.3 Voltage.-Supply 115 or 230 V a.c., 50/60 hertz. 
7.1.4 Ba/anceorScale.-A typical balance or scale used 

for this designation must be readable co 0.1 g and have 
a capacity of about 500 g. 

7 .1.5 Desiccator.-An enclosed container with a 
chemical desiccant inside used for cooling a heated soil 
sample while maintaining zero moisture content change. 

7.1.6 Mixing pans.-Metal pans of suitable size co 
contain and mix sample. 

7.2 Equipment Unique to This Procedure (fig. 1): 
7.2.l Moisture Teller Dev1ce.-Equipped with an 

adjustable thermostatic regulacor, armored thermometer, 
and timer. The Moisture Teller has an overall height of 
20 inches (500 mm), base of 10 by 12 inches (250 by 
300 mm), and a net mass of 16 lbm (7.3 kg). 

7.2.2 Sample Pan.-Pans with wire mesh (described 
by manufacturer as "500 mesh" ) botroms for holding soil 
specimen. 

7.2.3 
7.2.4 

botroms. 

Pan Lifter.-For handling hot pans. 
Soft Brush-For cleaning wire cloth pan 

7.2.5 Filter Paper Dis-ks.- Disks 5-1/4-inches (133 
mm) diameter ; available in packs of 100 from the 
manufacturer of the Moisture Teller equipment. 

8. Precautions 

8.1 Safety Precautions.-Before connecting the Moisture 
Teller to an electric outlet, check the motor nameplate 
to assure specified vo ltage and frequency are the same as 
the supply line being used. 

8.2 Technical Precautions: 
8.2.1 Be sure the thermostat control is preset at the 

desired temperature. 
8.2.2 Once the soil specimen is placed in the sample 

pan, any undue delay will cause unrecorded loss of moisture 
and could lead co inaccurate results. 

8.2.3 After testing is completed, it is imperative that 
the hot sample pan ·and specimen quickly be placed in 
the disiccator, or moisture from the atmosphere will be 
absorbed into the specimen. 

8.2.4 Let hot sample pan cool before reuse. It is 
almost impossible co avoid unrecorded moisture loss if a 
hot sample pan is used. 
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Figure l. - Moisture Teller with accessory equipment. I) Moisture Teller 
device, 2) rimer, 3) adjustable thermostat , 4) thermometer, 5) pan 
holder, and 6) pan lifter. 

9. Sampling, Test Specimens, and Test Units 

9.l Sample Preparation: 
9.1.1 Prepare a test sample of at least 100 grams 

in accordance with USBR 5205 . 
9.2 Specimen Preparation: 

9.2.1 Pass the 100-gram sample through a No. 4 
(4.75-mm) sieve, and thoroughly mix the minus No. 4 
sieve-size material co ensure an even distribution of 
moisture throughout. 

9.2.2 If the mixed soil is not tested immediately, 
it should be stored in moistureproof plastic bags. 
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10. Calibration and Standardization 

10.1 Verify that all equipment-excluding the Moisture 
Teller-is currently calibrated in accordance with the 
applicable calibration procedure. If the calibration is not 
current, perform the calibration before using the equipment 
for this procedure. 

10.2 Manufacturer's literature suggests the Moisture 
Teller does not need calibration nor reference to standards. 

10.3 . Periodic check of Moisture Teller performance (as 
compared to USBR 5300) is recommended. 

11. Conditioning 

11. l Conditioning is not necessary if the soil is tested 
immediately after specimen preparation. 

12. Procedure 

12. l All data are to be recorded on the "Moisture 
Content" form shown on figure 2. This form is used for 
the ovendrying moisture content method (USBR 5300) 
but can be used for this procedure with added remarks 
as shown. 

12.2 Split the 100-gram specimen (prepared in subpar. 
9.2) into two 50-gram specimens using a sample splitter. 

12.2.1 When testing soils, with moisture contents 
of 20 percent or more, a smaller specimen (such as 25 
grams) should be used. 

12.3 Remove the sample pan from the Moisture Teller 
and check that it is clean, dry, and cool. 

12.4 Place a disk of filter paper in the bottom of the 
sample pan. The filter paper minimizes loss of fines and 
helps keep the sample pan clean. 

12.5 Determine the mass of the sample pan and filter 
paper and record to the nearest 0.1 gram. 

12.6 Place the soil specimen in the sample pan, and 
determine the mass of the sample pan, filter paper, and 
wet soil and record to the nearest 0.1 gram. 

12.7 Insert the sample pan · into the Moisture Teller 
by depressing the rubber button on the panholder and 
sliding the sample pan in so that it rests evenly in the 
holder. Release the panholder and make sure that the top 
of the sample pan fits snugly against the body of the 
Moisture Teller. 

12.8 Set the thermostat control to a setting corre­
sponding to about 300 °F (150 °C) . 

12.9 Start the Moisture Teller by turning the timer 
pointer to the desired drying time. 

12.9.1 Recommended minimum drying times: 
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Clean sands (less than 5% fines) . . . . 5 minutes 
Silty or clayey soils . . . . . . . . . . . . . . . . 15 minutes 

12.9.2 Some soils may take longer to dry. When a 
particular soil type is first tested, the minimum drying 
time should be established. After drying for the minimum 
time in accordance with subparagraph 12.9.1, perform steps 
in subparagraphs 12.7 through 12.12; then redry for 2 to 
5 minutes. Repeat steps in subparagraphs 12.7 through 
12.12 to note if further moisture loss occurs. This sequence 
is continued until additional loss of moisture can not be 
measured. The total elapsed time then should be used for 
all subsequent testing for that soil type. 

12.10 When the timer turns off the Moisture Teller, 
remove the sample pan using the pan lifter. 

12.11 Place the sample pan into the desiccator to cool. 
12.12 Determine the mass of the sample pan, filter 

papers, and dry soil and record to the nearest 0.1 gram. 
12.13 Calculate and record the moisture content. 
12.14 After each test, empty the sample pan and brush 

out any adhering material. Do not rap the sample pan 
on the bench or table. 

12.15 Let the hot pan cool before reuse. It is almost 
impossible to avoid unrecorded moisture loss when a hot 
pan is used. 

13. Calculations 

13.1 Calculate the moisture content. 

where: 
w= 
A= 
B= 

C= 
100 

( A-B) 
w = 100 B- C 

moisture content, % 
mass of sample pan, filter paper, and wet soil, g 
mass of sample pan, filter paper, and dried 

soil, g 
mass of sample pan and filter paper, g 
convert from decimal to percent 

14. Report 

14.1 The report is to consist of a completed and checked 
"Moisture Content" form (fig. 2). 

14.2 All calculations are to show a checkmark. 

1 S. Reference 

[l] "No. 276 Moisture Teller Instructions," Harry W. 
Dietert Company, 9330 Roselawn, Detroit MI 48204, 
October 1982. 
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7-1452 (9 -86) MOISTURE CONTENT 
Bureau of Reclamation Designation USBR 5300• 

PROJECT I FEATURE 

Example Moisture Teller Device USBR 5305-89 
TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

SAMPLE NUMBER I 2 3 
UNITS 

36 I 37 38 CONTAINER NUMBER 

DATE PLACED IN OVEN 12/15 12/15 12/15 

* 250.2 258.6 247.5 
OOo 

MASS OF CONTAINER+ WET SPECIMEN 

* 240.4 245.6 241.3 MASS OF CONTAINER+ DRY SPECIMEN 

□ kg 

* MASS OF CONTAINER+ FILTER PAPER 190.4 191.0 189.9 

MASS OF WATER 9.8 13.0 6.2 
01bm 

MASS OF DRY SPECIMEN 50.0 54.6 51.4 

MOISTURE CONTENT(%) 19.6 23.8 12.1 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

SAMPLE NUMBER 
UNITS 

CONTAINER NUMBER 

DATE PLACED IN OVEN 

09 

MASS OF CONTAINER+ WET SPECIMEN 

MASS OF CONTAINER+ DRY SPECIMEN 

□ kg 
MASS OF CONTAINER 

MASS OF WATER 
01bm 

MASS OF ORY SPECIMEN 

M O ISTURE CONTENT(%) 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

SAMPLE NUMBER 
··- UNITS 

CONTAINER NUMBER 

DATE PLACED IN OVEN 
09 

MASS OF CONTAINER+ WET SPECIMEN 

MASS OF CONTAINER+ DRY SPECIMEN 
□ kg 

MASS OF CONTAINER 

MASS OF WATER 

□ lbm 

MASS OF ORY SPECIMEN 

MOISTURE CONTENT(%) 

GPO 8S1 -688 

Figure 2. - Moisture content - using the Moisture Teller. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5 310-89 
PROCEDURE FOR 

DETERMINING MOISTURE CONTENT OF SOILS 
USING THE CALCIUM CARBIDE REACTION DEVICE 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5 310. The number immediately 
following the designation indicates the year of acceptance or th~ year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the moisture content of soils using the CCRD 
(calcium carbide reaction device) . 

1.2 A CCRD can be used to determine the moisture 
content of certain soils when not enough time is available 
to use the oven method (USBR 5300), and when a moisture 
content value within ±1 percent of the ovendried moisture 
content is acceptable. 

1.3 The CCRD should not be used for peat (Pt) or 
other highly organic soils. 

1.4 The CCRD method of determining moisture 
content is limited to soils, or the portion of a soil, passing 
the U.S.A. Standard series No. 4 (4.75-mm) sieve, and 
to soils with a moisture content of 40 percent or less. 

1.5 Experience has shown that lower CCRD moisture 
contents are obtained when operating at ambient air 
temperatures below 55 °F. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. The oven 
method (USBR 5300) for determining moisture content 
should be used to check periodic performance of the CCRD. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1060 Calibrating the Calcium Carbide Reaction 
Device 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 

3.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 A prescribed amount of calcium carbide reagent 
and two steel balls are placed into the chamber of the 
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CCRD. The soil specimen is placed in the cap, and the 
cap is inserted in the end of the pressure vessel and sealed. 
The CCRD with soil, reagent, and steel balls is rotated 
manually for 3 minutes. The moisture in the soil reacts 
with the calcium carbide to produce a specific volume of 
acetylene gas. The gas pressure is read on a pressure gauge 
located on one end of the pressure vessel. The gauge is 
calibrated co read in percentage of moisture based on the 
wet mass of the soil specimen. The moisture content based 
on dry mass is obtained from a calibration curve ( or equation 
or table) that is unique for each device and each soil type. 

5. Significance and Use 

5.1 A CCRD can be used to determine moisture content 
of certain soils when (1) not enough time is available to 
use the oven method, and (2) moisture content values 
within ±1 percent of the ovendried moisture content are 
acceptable. 

5.1.1 For more accurate moisture content determi­
nations, the oven-drying method (USBR 5300) must be 
used. 

5.2 Normally, a calibration table is supplied with the 
CCRD. However, to obtain accurate moisture content 
values, a calibration plor or equation must be prepared 
in accordance with USBR 1060 for each individual device 
and for each soil type to be tested. 

5.2.1 "Soil type" means soils that have different 
Unified Soil Classification System symbols. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 

7. Apparatus 

7.1 General Apparatus: 
7.1.1 Sieves.-U.S.A . Standard series No. 4 (4.75 mm) 

sieve conforming to the requirements of ASTM E 11. 
7.1.2 Bags.-Moistureproof, plastic, 10- by 10-inch or 

any convenient medium-sized bags. 
7.2 Equipment Unique to This Procedure (fig. 1) : 

7.2.1 CCRD.-The CCRD is a hollow aluminum 
pressure vessel having a pressure gauge on one end and 
a cap with a clamping arrangement on the other. 



USBR 5310 

Figure l. - Calcium carbide reacrion device and accessory equipmenr, 

(a) CCRD, (b) brass beam balance, (c) cleaning brushes, (d) calcium 

carbide reagent, and (e) standard measuring scoop. 

7.2.2 Balance.-Each CCRD kit comes complete with 
a brass beam balance. The weighing device consists of a 
rigid, uniformly dense beam, horizontally suspended by 
a low-friction support located slightly off center that 
balances when the small specimen pan with 26 grams of 
soil is suspended from one end of the beam. 

7.2.3 Standard Measuring Scoop-Measures 7-1 / 3 
grams of calcium carbide. 

7.2.4 Steel Balls.-Two l-1 /4- inch diameter stee l balls 
ro facilitate mixing of so il and ca lcium carb ide reagent. 

7.2.5 Half-Specimen Balancing Mass. - A small brass 
mass (half the standard mass). 

7.3 Optional Equipment: 
7.3.1 Balance or Scale.-A typical balance or sca le used 

for this designation must be readable to 0. l g and have 
a capacity of about 200 g . 

8. Reagent and Materials 
8.1 Calcium Carbide (CaC2).-Use only sma ll grain-s ize 

reagents (finely ground). The reagent is availab le from 
the source for the CCRD and usually must be purchased 
as a carton of 24 l-lbm cans . 

9. Precautions 

9. l Safety Precautions: 
9.1. 1 Ca lcium carbide (CaC2) reagent used in the 

CCRD produces acety lene gas when it reacts with water 
from moist so il. The CCRD must be used outdoors or 
in a well-ventilated area. [nhalation of acetylene for 
prolonged periods in a confined, unventilated area can be 
detr imental to health. 

9.1.2 After resting, the built-up pressure within the 
CCRD should be re leased away from a person's body or 
face, and in a downwind direction. 

9 .1. 3 After several successive rests have been 
performed, the exte rior of the CCRD becomes hot and 
g loves are recommended for protection. 

9 .1.4 Acety lene gas, when under pressure, is 
extremely fl ammable. Tests should be performed clear of 
e lectr ical sparking, and smoking or open fl ame should not 
be permitted in the resting area. If a fire resu lts, water 
should not be used to put out the fire . A blanket or an 
ABC class dry chemical fire ext ingu isher should be used. 

CAUTION: This procedure requires use of hazardous materials. 
Ir is the responsibility of the person using this procedure to 

estab lish appropri ate safety practices and to dete rmine, prior to 
use, the app licability of regulatory limitations. 

9. l.5 Calcium carbide shou ld be stored 111 a locked, 
moisture-proof conta iner. 

9.1.6 Federal regulations require that calc ium carbide 
reagents be shipped only by surface motor truck freight 
in the United States. 

10. Sampling, Test Specimens, and Test Units 

I 0. l Sample Preparation: 
L0 .1.1 Prepare a test sample tn accordance with 

USBR 5205 . 
L0. l.2 Pass the materia l through a No. Ii sieve, and 

mix thoroughly to ensure even distribution throughout the 
material. 

I 0.2 Specimen Preparation: 
10.2.1 If specimens are not rested immediately , the 

soil should be stored in moistureproof, plastic bags . 
L0.2.2 Using the balance, obtain a 26-gram rest 

specimen from the so il sample ro be rested. If the sample 
is well mixed and homogeneous, a scoop of material from 
the sample can be used. Otherwise, split the sample to 

a 26-gram size specimen using quartering techniques or 
a sample splitter. 

11. Calibration and Standardization 

11.l Verify that equipment is currently ca librated in 
accordance with the applicab le calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

12. Conditioning 

12. l Conditioning is nor necessary; soi l samples as 
described in subparagraph I 0.1 or 10.2 may be rested 
immediately. 

13. Procedure - Use of 26-Gram CCRD 

l3.l All data are to be recorded on the " Determining 
Moisture Content of Soils Us ing the Ca lcium Carbide 
Reaction Device" form as shown o n figure 2. 



USBR 5310 

7-2352 (12-86) DETERMINING MOISTURE CONTENT OF SOILS USING 
Bureau of Reclamation THE CALCIUM CARBIDE REACTION DEVICE Designation USBR S310-JI~ 

PROJECT Examele FEATURE Examele 

SAMPLE NO. 60N CLASSIFICATION SYMBOL ML INSTRUMENT NO. 8225-14 

CALIBRATION EQUATION y=I .I 96x•0.02 DATE 

TESTED BY DATE CHECKED BY DATE 

SAMPLE NOMINAL DIAL GAUGE CORRECTED MOISTURE CONTENT 
NO. SPECIMEN READING READING FROM CALIBRATION 

SIZE (g) ON CCRD CURVE 
(%) 

(1) 121• (3) (4) .. (51 

60N-8 26 9.0 9.0 10.8 

- 12 26 (0 . 5 10 . 5 12.6 

-20 26 16.5 16.5 19.8 

-24 26 17.7 17.7 21.2 

-28 13 (half-size) 10.3 20.6 24.7 

-30 13 (half-size) 11.3 22 . 6 27.0 

60N-108 26 9.6 9.6 11 .5 

-112 26 II .4 11.4 13.7 

•If the moisture content of the full specimen exceeds the limit of the AUXILIARY TESTS: USBR 5205...89 
CCRD, a half -size specimen is used . USBR 1060-.Jl!J 

.. If (2) = half-size specimen, (4) = (3) X 2. 
If (2) = full-size specimen , (4) = (3) 

GPO 855-0tlil 

Figure 2. - Determining moisture content of soils using the calcium carbide reaction device - example. 
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13.2 The following procedures are for the 26-gram size 
CCRD. If the 6- or 142-gram CCRD is used, substitute 
the appropriate amount of reagent and soil according tO 

manufacturer's instructions. 
13.3 Place three measures (about 22 grams) of calcium 

carbide and the two 1-1/4-inch diameter steel balls in the 
pressure chamber of the CCRD. The pressure chamber 
should be in a horizontal position when the steel balls 
are placed so they will not drop onto and damage the 
pressure gauge orifice. 

13.4 Using the balance, obtain a 26-gram test specimen 
from the soil sample to be tested in accordance with 
subparagraph 10.2. 

13.4.1 If the moisture content of the soil exceeds 
the limit of the CCRD, use a one-half size (13-gram) 
specimen and double the CCRD gauge reading. 

13.4.2 When determining the mass of a one-half 
size specimen, a manufacturer-supplied brass mass (one­
half the standard mass) is hooked through the link holding 
the scale pan cradle or is hung on the edge of the scale 
pan and the mass of the specimen is determined in the 
normal manner. 

13.5 Place the soil specimen in the CCRD cap. With 
the pressure vessel in a horizontal position, insert the cap 
into the pressure vessel and tighten the clamp to seal the 
cap to the unit. 

13.6 -Raise the CCRD to a vertical position so the soil 
in the cap drops into the pressure vessel. 

13.7 Holding the CCRD horizontally, manually rotate 
the device for 10 seconds so the steel balls are put into 
motion around the inside circumference; then rest for 20 
seconds. The steel balls facilitate mixing of soil particles 
with reagent tO maximize their reaction. Repeat the rotate­
rest cycle for 3 minutes. Do not allow the steel balls t0 

fall against either the cap or the orifice leading to the 
pressure gauge because this might damage the pressure 
gauge. 

13.8 After 3 minutes of the rotate-rest intervals, read 
the CCRD pressure gauge and record on figure 2. The 
pressure gauge should be read at eye level in a horizontal 
position. Determine the moisture content of the soil on 
a dry-mass basis from the calibration form or calibration 
equation and record on figure 2. 

13.9 Relea·se the pressure away from a person's body 
or face and in a downward direction. Unclamp and remove 
the cap; empty and clean the device. 

13.10 Directions for Cleaning Apparatus: 
13.10. l Between each test, the pressure vessel should 

be inverted and lightly tapped with the palm of the hand 
or shaken to expel the soil and reagent mixture. 

13.10.2 The interior of the cap should be wiped clean 
with a clean brush or towel to remove any residual material. 

14. Calculations or Interpretation of Results 

14.l The relationship between CCRD readings and 
ovendried moisture content based on dry mass for each 
soil type may be expressed in graphical form (calibration 
curve), represented by a table of values, and expressed 
as an equation. 
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14.1.1 Use of a calibration equation is illustrated. 
If the calibration equation for a particular soil is : 

Y = 0.1 + 1.2 X 
where: 

Y = ovendried moisture content 
X = CCRD gauge reading 

A CCRD reading of 15 has been obtained and an 
ovendried moisture content is required. Using the example 
calibration equation: 

Y = 0.1 + 1.2 X 
Y = 0.1 + 1.2 (15) 
Y = 18.1 percent, ovendried moisture content. 

14.1.2 A calibration plot is illustrated on figure 3. 

" 

" 

DETERMINING MOISTURE CONTENT OF 
SOILS USING THE CCRO 
Tut Oui;no tion VSBA 5ll0 

>- - - - -- ---~--t-- --- - - -
Example: / - /v CCRO Q0 11q, rudi r11,1 : 15 

From co li bro li on plot : 

Tht ovtndr itd moisture / - content tQuolt 
oppro1imotly 19_1•1. / 

/ 
V 

/ I 

?{v 
I 

I 
I 

I 

I 
I 
I I 
I ! 

I 

I 

i 
I 

I. 
I 

0 
0 .. 14 IS 15 

CCRD GAUGE READING 
IUSBR ~l•Ol 

Figure 3. - CCRD calibration plot - example. 

./ 

14.1.3 Tabular values are used tO obtain an ovendried 
moisture content as follows: 

CCRD 
reading 

0 
2 
4 
6 
8 

10 
12 
14 
16 
18 

Ovendried moisture 
content,% 

0.1 
2.5 
4.9 
7.3 
9.7 

12.1 
14.5 
16.9 
19.3 
21.7 

Ar a CCRD reading = 15, a value is not given; 
therefore, a linear interpolation is necessary .. Ser up a ratio: 
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X= 

CCRD 
reading 

14 
15 
16 

Ovendried moisture 
content,% 

16.9 
Xwamed 

19.3 
15 - 14 X - 16.9 
16 - 14 19.3 - 16.9 

(15 - 14)(19.3 - 16.9) + 
6 

(16 - 14) 
1 

·9 

X = 18.l percent ovendried moisture content 

15. Report 

15.1 The report is co consist of a completed and checked 
"Determining Moisture Content of Soils Using the Calcium 
Carbide Reaction Device" form (fig. 2). 

15.2 All calculations are co show a checkmark. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
. BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5315-89 

DETERMINING MOISTURE CONTENT 
OF SOILS BY THE MICROWAVE OVEN METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5315. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines a procedure for deter­
mining the moisture content of soils using a microwave 
oven. It is not intended as a replacement for moisture 
determination using the conventional oven method, USBR 
5300, but rather as a supplement when more rapid results 
are required to expedite other phases of testing. 

1.2 The method is best suited for minus No. 4 ( 4.75 
mm) material. Larger size particles can be tested; however, 
care must be taken because of the increased chance of 
particle shattering. 

1.3 The method is applicable for most soil types; 
however, some may behave adversely such as those 
containing minerals with a high attraction to microwave 
energy or those which have high organic contents. 

2. Applicabie Documents 

2. l USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 

3. Summary of Method 

3.1 A wet soil specimen is placed in a suitable container 
and its mass is determined. The container with soil is placed 
in a microwave oven, subjected to an interval of drying, 
and is removed from the oven and reweighed. Increments 
of drying and reweighing are repeated until the mass 
becomes nearly constant. The difference between the mass 
of the wet specimen and the mass of the dried specimen 
is considered the mass of water originally contained in 
the specimen. The moisture content is determined using 
this value. 

4. Significance and Use 

4.1 The moisture content of a soil is used throughout 
geotechnical practice both in the laboratory and in the 
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field. USBR designation 5300 for determining moisture 
content requires a long period of time, and there are 
occasions when a more rapid method is required. The use 
of a microwave oven is one such method. 

4.2 Principal objection to use of a microwave oven for 
moisture content determination has been the possibility 
of overheating the soil, thereby yielding a moisture content 
higher than would be determined using USBR 5 300. While 
not eliminating this possibility, the incremental drying 
procedure described in this method will minimize the effect. 

4.3 The behavior of a soil, when subjected to microwave 
energy, is dependent on its mineralogical composition, and 
as a result, no single procedure is applicable for ·all types 
of soil. Therefore, the method recommended in this 
designation is meant to serve as a guide when using the 
mJCrowave oven. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 

5.1.1 Moisture Content ( w, % ).-The ratio expressed 
as a percentage of: (1) the mass of water in a given soil 
mass to, (2) rhe mass of soil particles (ASTM definition) 

5.2 A term not included in USBR 3900 specific to this 
designation is: 

5.2.1 Microwave Heating.-A process by which heat 
is induced within a material due to interaction between 
the molecules of the material and an alternating electric 
field generated by microwaves. 

6. Apparatus 

6. l Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.1 g and have 
a capacity of about 500 g. 

6.2 Drying Oyen (fig. 1).-A household-type microwave 
oven preferably with a vented chamber. The size and power 
of the oven required is dependent on its intended use. 
For routine laboratory applications, ovens with. input power 
ratings b~tween 1 and 2 kW have proven adequate. 

6.3 Dish, Evaporating (fig. 1).-A nonmetallic dish 
resistant to thermal shock and change in shape and mass 
when subjected to repeated heating, cooling, or cleaning. 



USBR 5315 

Figure l. - Determining moisture content using 
microwave oven. 

6.4 Dish Holder (fig. 1).-An asbesros glove or a device 
suitable for removing hot dishes from the oven. 

7. Precautions 

7 .1 Safety-This designation may involve hazardous 
materials, operat ions, and equipment. 

7.1.1 Hot dishes should only be hand led with a dish 
holder. Some soil types can generate considerable heat, 
and serious burns could result from improper handling. 

7.1.2 Suitable eye protection is recommended due 
ro the possibility of particle shattering. 

7.1.3 Safety precautions supplied by the manufac­
turer of the microwave oven should be observed. Particular 
attention should be paid ro keeping the door-sea ling gasket 
clean and in good working condition. 

NOTE l.-When first introduced, microwave ovens were 
reported ro affect heart pacemakers primarily because of rhe 
operating frequencies of the rwo devices. Since that time, 
pacemakers have been redesigned, and the microwave oven is 
not regarded as the health hazard it once was. However, it is 
advisable ro post warnings that a microwave oven is in use. 

8. Sampling, Test Specimens, and Test Units 

8.1 The guidelines recommended in USBR 5300 should 
be followed when obtaining a sample for testing. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
ca libration is nor current, perform the calibration before 
using the equipment for this procedure (USBR 1012). 

9.2 In that the microwave oven is nor designed to 
maintain a constant temperature within the chamber, the 
calibration procedures as outlined in USBR 1020 are nor 
applicab le. Manufacturer's recommendations regarding 
maintenance should be observed tO ensure proper oven 
operation. 
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10. Conditioning 

10. i The test specimens should be prepared and 
processed as quickly as possible tO minimize unrecorded 
moisture loss which would result in an erroneous moisture 
content determination. The specimen should be broken 
or cut into smal l size pieces to facilitate more uniform 
drying. 

11. Procedure 

11. i All data are tO be recorded on the "Moisture 
Determination Using Microwave Oven" form as shown 
on figure 2. 

NOTE 2.-Moisrure content determinations conducted in 
accordance with USBR 5300 may be recorded on rhe "Moisture 
Determination Using Microwave Oven" form (fig. 2). This is 
nor a mandarory requirement, but has only been included as a 
convenience when rhe two methods are robe compared. 

11.2 Determine the mass of the evaporating dish and 
record the value tO the nearest 0.1 gram. 

NOTE 3.-Mass determinations on figure 2 have been recorded 
ro 0.01 gram ro illustrate rhe relatively insignificant effect the 
removal of an additiona l sma ll amount of water has on rhe 
calculated moisture content. 

11.3 Place the test specimen in a clean, dry evaporating 
dish. 

11.4 Determine the mass of the wet soil and 
evaporating dish and record the value tO the nearest 
0.1 gram. 

11.5 Place the soil specimen and evaporat ing dish in 
a microwave oven. 

11.6 Turn the oven on for 3 minutes (see notes 4 and 5 ). 
11.7 After 3 minutes in the microwave oven, remove 

the dish and soil specimen, and determine and record the 
mass tO the nearest 0.1 gram. 

11.8 Carefully mix the soi l w ith a small spatula or knife 
taking specia l precaution not tO lose any soil. 

11.9 Return soil and dish to the oven and turn the 
oven on for 1 minute. 

11.10 Repeat steps in subparagraph 11.7 through 11.S, 
until the change between two consecutive determinations 
of mass is insignificant (0.1 % or less of the initial wet 
weight of rhe soil). Use the final mass determination tn 

calculating the moisture content. 
11.11 Calculate and record the moisture content. 

NOTE 4.-Mosr ovens have a variable power setting. The 
majority of soils rested have responded favorably ro a setting 
of "high." However, for some soils such a setting may be roo 
severe. The proper setting only can be determined through 
experience and use of a particular oven with various soil types. 

NOTE 5.-lr is believed that the incremental hearing and drying 
procedure rogerher with stirring will minimize overhearing and 
result in a moisture content more consistent with results obtained 
in USBR 5300. The increments stated, while found suitable for 
most soil specimens with a mass of approximately 200 grams, 
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may not be applicable for all soils and ovens, and adjustment 
may be necessary. 

12. Calculations 

12.1 Determine the moisture content of the material 
using the following equations. 

mw m1-m2 (1) 
ms m2 - me (2) 

w= 100 (mw) (3) 
ms 

where: 
mw = mass of water, g 
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m1 mass of dish, + wet soil, g 
m2 mass of dish, + dry soil, g 
ms mass of dry soil, g 
me mass of dish, g 

w = moisture content, % 
100 convert to percent 

13. Report 

13.1 The report is to consist of a completed and checked 
"Moisture Determination Using Microwave Oven"form 
(fig. 2). 

13.2 All calculations are to show a checkmark. 



USBR 5315 

7 -2355 (I 2-86) MOISTURE DETERMINATION USING MICROWAVE OVEN 
Designation USBR 5315 ~ Bureau of Reclamation 

SAMPLE NO. PROJECT FEATURE 
I Example Example 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

DISH NO. MASS OF DISH .lg) 

36 146 .30 

TIME TOTAL TIME MASS OF MASS OF MASS OF MOISTURE 
IN OVEN IN OVEN DISH+ SOIL SOIL WATER CONTENT 

(min) (min) (g) (g) (g) (%) 

0 0 2 31. 62 -- -- --

3 3 217. 75 71.45 13.87 19.4 

I 4 216. 22 69. 92 15. 40 22.0 

I 5 215. 72 69. 42 15. 90 22. 9 

I 6 215. 48 69. 18 16. 14 23.3 

I 7 215. 32 69. 02 16.30 23.6 

I 8 215. 22 68. 9 2 16. 40 23.8 

I 9 215. 19 68 . 89 16. 43 23. 8 

I 10 215. 19 68 . 89 16 . 43 23.8 

MOISTURE DETERMINATION USING STANDARD OVEN 
Designation USBR 5300-J!.9 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 
/ 

DISH NUMBER 113 
REMARKS: 

MASS OF DISH+ WET SOIL 282.82 

MASS OF DISH+ DRY SOIL 260. 40 

MASS OF DISH 165.95 

MASS OF WATER 22.42 

MASS OF DRY SOIL 94.45 

PERCENT MOISTURE 23 . 7 
GPO 853-020 

Figure 2. - Moisture determination using microwave oven - ·example. 

310 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5320-89 

DETERMINING SPECIFIC GRAVITY OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, code D-3760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5320. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining specific gravity of soils. Also, the absorption 
of plus No. 4 particles can be obtained. 

1.2 This procedure is used to determine the ratio of 
the mass in air of a given volume ·of material to the mass 
in air of an equal volume of distilled water at a stated 
temperature. 

1.3 Three methods for determining specific gravity are 
outlined. 

(1) Method A (pars. 6 to 15) describes the procedure 
for determining the apparent specific gravity of minus 
U.S.A. Standard series No. 4 (4.75-mm) sieve-size material 
by t\le. volume method. 

(2) Method B (pars. 16 to 25) describes the procedure 
for determining the specific gravity and absorption of gravel 
and cobbles by the displacement (siphon) method. 

(3) Method C (pars. 26 to 35) describes the procedure 
for determining the specific gravity and absorption of gravel 
and cobbles by the mass in air and water method 
(suspension method). 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1030 Calibrating Specific Gravity Flasks 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 

3.2 ASTM Standards: 
C 127 Standard Test Method for Specific Gravity and 
Absorption of Coarse Aggregate 
C 188 Standard Test Method for Density of Hydraulic 
Cement 
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E 1 ASTM Thermometers 
E 11 Specifications for Wire-Cloth Sieves for Testing 
Purposes 

4. Significance and Use 

4.1 In soil investigations, the volume occupied by soil 
solids, the volume occupied by soil moisture, and the volume 
occupied by air in the soil mass are required values. These 
volumes are readily determined from the respective masses. 
To correlate mass and volume of material, specific gravity 
is required. There are several specific gravity determina­
tions in common use. Those used by · the Bureau of 
Reclamation are: specific gravity of solids, apparent specific 
grav_ity, and hulk specific gravity (specific mass gravity) . 

4.2 As an index rest, spe<;:ific gravity is somewhat 
indicative of the durability of a material. Materials with 
low specific gravity often break down and change properties 
with time, whereas materials with high specific gravity 
normally do not deteriorate rapidly. This observation is 
primarily applicable in evaluating coarse-grained materials 
and riprap or rockfill materials. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

5.1.1 Apparent Specific Gravity (Ga) . ...:Ratio of: (1) 
the mass in air of a given volume of the impermeable 
portion of a permeable material (that is, the solid matter 
including its impermeable pores or voids) at a . stated 
temperature, ·to (2) the mass in air of an equal volume 
of distilled water at a stated temperature (ASTM 
definition). 

5.1.2 Bulk Specific Gravity (specific mass gravity) 
( Gm).-Ratio of: (1) the mass in air of a given volume 
of a permeable material (including both permeable and 
impermeable voids normal• to the material) at a stated 
temperature, to (2) the mass in air of an equal volume 
of distilled water at a stated temperature (ASTM). 

5.1.3 Speofic Gravity of Solids (G5 ):-Ratio of: (1) 
the mass in air of a given volume of solids at a stated 
temperature, to (2)' the mass in air of an equal volum~ 
of distilled water at a stated temperature (ASTM). 

5.1.4 Void-Space in a soil or rock mass nor occupied 
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by solid mineral matter. This space may be occupied by 
air, water, or other gaseous or liquid material (ASTM). 

5.2 Terms not included in USBR 3900 specific to this 
designation are: 

5.2 .1 Bulk Specific Gravity (SSD).- The ratio of the 
mass in air of a unit volume of soils including the mass 
of water within the voids filled to the extent achieved 
by submerging in water for approximately 24 hours (but 
not including the voids between particles) at a stated 
temperature, compared to the mass in air of an equal 
volume of distilled water at a stated temperature. 

5.2.2 Bulk Specific Gravity (ovendry).- The ratio of 
the mass in air of a unit volume of ovendried soil at a 
stated temperature, to the mass in air of an equal volume 
of distilled water at a stared temperature. 

METHOD A 
Apparent Specific Gravity of Minus No. 4 (4.75 mm) 

Sieve Size Material by the Volume Method 

6. Summary of Method A 

6.1 A soil sample is prepared. A specimen is placed 
in a specific gravity flask and distilled water-sufficient 
to cover the specimen-is added to the flask. A vacuum 
is applied carefully to the flask so soil is not pulled from 
the flask by violent boiling. The flask is rolled and shaken 
occasionally to assist in removal of air from the soil-water 
mixture. When air evacuation is complete, the flask is filled 
with distilled water to the calibration line on the neck. 
The total mass of the flask, specimen, and water is 
determined. The temperature of the soil-water mixture 
in the flask is determined and the specific gravity of the 
soil specimen is calculated. 

7. Apparatus - Method A 

7.1 Balance or Scale.-A typical balance or scale used 
for this designation must be readable ro 0.01 g and have 
a capacity of about 500 g. 

7.2 Desiccator.-An enclosed container, containing a 
moisture absorbing chemical compound, used for cooling 
a heated soi l sample while maintaining a zero moisture 
content atmosphere. 

7.3 Drying Oven.- An oven, thermostatically con­
trolled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 °F 
(110± 5 °C) throughout the drying chamber. 

7.4 Thermometer.-0 to 50 °C range, 0.5° divisions, 
conforming to the requirements of ASTM E 1. 

7.5 Water Bath.- A water bath for maintaining the 
specific gravity flask and contents at a constant temperature 
during the procedure. The water bath is not mandatory 
but is recommended ro minimize effects of density 
variations of the water from room temperature fluctuations. 

7.6 Specific Gravity Flask (fig . 1).-A flask having a 
capacity of 250 ml or larger. 

7.7 Vacuum Pump (fig. 2).-A vacuum pump capable 
of app lying a vacuum of at least 10 inches (250 mm) of 
mercury ro the specific gravity fl ask. 
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Calibration 
line 

Figure l. - Specific gravity flask. 

7.8 Flexible Tubing (fig. 2).-Noncollapsible flexible 
tubing for applying vacuum to the specific gravity flasks. 

7.9 Hand-Held Vacuum (fig. 3).-A hand-held vacuum 
pump capable of applying a vacuum of at least 10 inches 
(250 mm) of mercury may be used in place of the vacuum 
system as shown on figure 2. 

8. Reagents and Materials - Method A 

8.1 Distilled water is to be used any time water 1s 
called for in this rest method. 

8.2 For materials such as coa l, fly ash, and soluble salts, 
kerosene may be a better wetting agent for performing 
the specific gravity test. Refer ro ASTM C 188. 

9. Precautions - Method A 

9.1 Safety Precautions.- This designation may involve 
hazardous materials, operations, and equipment. 

9.2 Technical Precautions.-When applying vacuum to 
the test specimen, care shou ld be exercised not to allow 
soil robe drawn into the vacuum line due ro violent boiling. 

10. Sampling, Test Specimen, and Test Units -
Method A 

10.1 Sample Preparation: 
10.1.1 Prepare a test sample 10 accordance with 

USBR 5205. 
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Figure 2. - Apparatus for determining apparent specific gravity. ( 1) 
vacuum gauge, (2) rubber tubing, (3 ) vacuum source, (4 ) specific gravity 
flask, and (5) constant temperature bath. 

10.1.2 Oven Dry Soils: 
10.1.2.l P lace the samp le of minus No. 4 

(4.75-mm) material into a drying oven. 
10.1.2.2 Dry the sample to a constant mass. 
10.1.2.3 Cool the sample to room temperature in 

a desiccator. 
10.2 SpeCJinen Preparation: 

10.2. l Obtain a specimen of approximately 100 g 
from the soil sample prepared in subparagraphs 10.1.2.1 
through 10.1.2.3. 

10.2.2 Record the mass of the specimen as shown 
on figure 4. 

10.2.3 Soils at Natural Moisture Content: 
10.2.3. l W hen required, soi l may be tested at 

natural moisture content. When testing soil at natural 
moisture content, determination of the dry mass of the 
specimen is made based on a companion specimen of 
ovendried material. 

10.2.4 When testing fine-grained soil of medium to 
high plasticity, or soil at natural moisture content, the soil 
specimen should be mixed into a slurry with distilled water 
and carefully poured into the specific gravity flask for 
test ing. 

11. Calibration and Standardization - Method A 
l l. l Verify that equipment is currently calibrated in 

accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1030 Calibrating Specific Gravity Flasks 

Figure 3. - Hand-held vacuum pump. 
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12. Conditioning - Method A 

12.1 Fine-grained speomens of medium co high 
plasticity should be placed in distilled water for a minimum 
of 16 hours prior tO testing to enhance saturation. 

12.2 Perform this procedure in an area isolated from 
excess ive heat sources or air currents and maintained at 
or near room temperature, 68 ° F (20 ° C). 

13. Procedure - Method A 

13.1 All data are co be recorded on the "Specific Gravity 
Determination (Volume Method) " form as shown on 
figure 4. 

13.2 Record the specific gravity flask number. 
13.3 Locate and record the appropriate flask calibration 

data (USBR 1030). . 
13.4 Fill the specific gravity flask with about 1/2 inch 

(13 mm) of distilled water. 
13.5 Carefully pour the specimen (as prepared m 

subpar. 10.2) into che specific gravity flask so soil is not 
lose. 

13.6 Fill the flask with sufficient distilled water co 
completely cover the test specimen. 

13.7 Care should be taken so all of the test specimen 
is washed from inside the neck of the flask into the body 
of the flask. 

13.8 Apply a vacuum to the specific gravity flask taking 
care co prevent soil from being pulled out of the flask 
by violent boiling. Violent boiling may be decreased by 
reducing che vacuum or by placing the flask in a water 
bath, if available. 

13.9 Occasionally, roll or shake the flask to assist in 
removing entrapped air. 

13.10 When most of the air appears tO have been 
removed from the soil specimen, fill che flask with distilled 
water until the water level is in the lower pare of the 
flask neck some distance below the calibration line. 

13.11 Check for complete air evacuation by alternately 
applying and releasing vacuum co the test specimen. When 
no change in water level is observed, air evacuation is 
complete. 

13.12 Fill the specific gravity flask with distilled water 
until the botcom of the meniscus is even with the calibration 
line on the neck (see fig. 1). 

13.13 Determine and record the mass of soil, water, 
and flask co the nearest 0.01 g. 

13.14 Stir or agitate the test specimen and insert a 
thermometer tO middepth in the flask. Read and record 
the temperature co che nearest 0.5 °C. 

13.15 Repeat subparagraphs 13.2 through 13.14 co 
obtain a second trial. 

13.16 Calculate and record tO the nearest 0.01 the 
specific gravity obtained for each of the two trials. 

13.17 The two calculated specific gravities should be 
within ±0.02 of each ocher. If this is not che case, the 
procedure is co be repeated until two consecutive specific 
gravity values are within ±0.02 of each other. 
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13.18 Calculate an average specific gravity for each soil 
specimen from the two values determined. 

14. Calculations - Method A 

14.1 All calculations are as shown on the "Specific 
Grav ity Determination (Volume Method)" form (fig. 4) . 

15. Report - Method A 

15.1 The report is to consist of a completed and checked 
"Specific Gravity Determination (Volume Method)" form 
(fig . 4) . 

15.2 All calculations are to show a checkmark. 

Table I. - Absolute density of water in grams per cubic cenrimerer.l 

Degrees 0 2 3 4 5 6 7 8 9 
C 

0 
I 
2 
3 
4 

5 
6 
7 
8 
9 

10 
II 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

0.999841 847 
900 905 
94 1 944 
965 967 
973 973 

965 963 
941 938 
902 898 
849 843 
781 774 

700 691 
605 595 
498 486 
377 364 
244 230 

099 084 
0.998943 926 

774 757 
595 576 
405 385 

203 183 
0.997992 970 

770 747 
538 514 
296 271 

044 018 
0.996783 756 

512 485 
232 204 

0.995944 914 
646 616 

854 860 866 872 878 884 889 895 
909 914 918 923 927 930 934 938 
947 950 953 955 958 960 %2 964 
968 969 970 971 972 972 973 973 
973 972 972 972 970 969 968 966 

961 959 957 955 952 950 947 944 
935 931 927 924 920 916 91 I 907 
893 888 883 877 872 866 861 855 
837 830 824 817 810 803 796 789 
766 758 751 742 734 726 717 709 

682 673 
585 574 
475 463 
352 339 
216 202 

664 654 645 635 
564 553 542 531 
451 439 427 415 
326 312 299 285 
188 173 159 144 

625 
520 
402 
272 
129 

615 
509 
390 
258 
114 

069 054 038 02 3 007 •991 •975 •959 
910 893 877 860 843 826 809 792 
739 722 704 686 668 650 632 613 
558 539 520 501 482 463 444 424 
365 345 325 305 285 265 244 224 

162 141 120 099 078 056 035 013 
948 926 904 882 860 837 815 792 
724 701 678 655 632 608 585 561 
490 466 442 418 394 369 345 320 
246 221 1% 171 146 120 095 069 

•992 *967 *941 •914 *888 *862 *836 *809 
729 703 676 649 621 594 567 540 
457 429 401 373 345 317 289 261 
175 147 118 089 060 031 002 •973 
885 855 826 7% 766 736 706 676 
586 555. 525 494 464 433 402 371 

t For inch-pound applications, multiply the values in this ,able by 62.4280 to convert 

to lbm/ft'. 
" Firsr three significant figures shown in line below. 

METHODB 
Specific Gravity of Gravel and Cobbles 
by the Displacement (Siphon) Method 

16. Summary of Method B 
16.1 A sample of plus No. 4 (4.75 mm) sieve-size 

material is prepared and immersed in water for a minimum 
of 24 hours. The specimen is removed from the water 
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7-1589 (10-86) 
SPECIFIC GRAVITY DETERMINATION 

Bureau of Reclamation (VOLUME METHOD) Designation USliR 5320- .89 

SAMPLE NO. I PROJECT I FEATURE 

I Example Example 
SPECIMEN NO. I HOLE NO. I 

DEPTH 
ft 1K] mO 2 17 0-5 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

TRIAL NO. 

, 2 

58 57 
1 . FLASK NO. 

(g) 
79.88 79.89 

2 . MASS OF FLASK • 

3 . VOLUME OF FLASK• (cm3) 246.57 246.52 

4 . MASS OF SPECIMEN (g) 
105.20 104.80 

5 . MASS OFF LASK+ SPcCIMEN +WATER (g) 391 .29 390.90 

6. TEMPERATURE OF WATER 1°c> 23.5 23.0 

7. MASS OF FLASK +WATER= (5) · (4) (g) 286.09 286 . 10 

MASS OF WATEH IN FLASK = (7) • (2) (g) 
206 . 21 206.21 

B. 

(g/cm3) 
0.997418 0.997538 

9 . ABSOLUTE DENSITY OF WATER AT TEMP (6) 

10. VOLUM!: OF WATER IN FLASK= (B) / (9) (cm3) 
206 . 74 206.72 

11. VOLUME OF SOIL= (3) - (10) (cm3) 
39.83 39.80 

12. SPECIFIC GRAVITY= (4) / (11) •• 2.64 2.63 

13. AVERAGE 

2.64 

• Calibration data from USBR 1030 
•" Implies that for water 1 g = 1 mL = 1 cm3 

Figure 4. - Specific gravity determination (volume method) - example. 

3l5 
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Solder 

Solder 

Spout 

f Copper lubing 7"long 

I I 

i I \ 

STD." 6'' x 12" 
TIN CAN 

Figure 5. - Specific gravity siphon can. 

and surface dried. The mass of the SSD (saturated surface­
dry) specimen is determined. The specimen is placed 
carefully in a siphon can filled with water. The displaced 
water from the can is collected and the volume of the 
water displaced is determined. The specimen is removed, 
placed in a drying oven, and the ovendry mass is 
determined. Bulk specific gravities-both saturated surface­
dry and ovendry-and absorption are calculated. 

17. Apparatus - Method B 

17 .1 Balance or Scale.-The balance or scale used 
depends on the test sample mass (see subpar. 20.1). Typical 
balances and scales used for this method are: 

Approximate capacity 
4000 g 

20 kg 
80 kg 

Readable to 

lg 
1 g 

0.01 kg or 10 g 

If a balance or scale with a greater capacity is used, 
the accuracy must be sufficient to determine the mass to 
0.1 percent at any point within the range of use. 

17.2 Drying Oven.-An oven, thermostatically con­
trolled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

17.3 Container.-A container of suitable size to catch 
the flow of water from the siphon. can spout; 1000-mL 
capacity graduated cylinder, graduated to 10 mL, may be 
used for soil with a maximum particle size of 3/8-inch. 
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17.4 Towel-A towel of sufficient size to surface-dry 
the sample. 

17 .5 Pan.-A large pan, preferably galvanized steel, 
about 3 by 2 feet by 4 inches deep (90 by 60 by 10 cm 
deep), used for holding the specimen for soaking prior 
to testing. For maximum particle size of 5 inches and larger, 
pans or containers of appropriate size are required. 

17.6 Equipment Unique to This Procedure: 
17 .6.1 Siphon Can.-A can or other container of 

appropriate size with a spout baving an inside extension 
protruding down the side of the can. A typical siphon 
can that can be used for soils with a maximum particle 
size of 3/8-inch is shown on fig. 5. 

· 17 .6.2 Stopper.-Any suitable device for stopping the 
flow from spout. 

18. Reagents and Materials - Method B 

18.1 Tapwater free of acids, alkalies, or oils and is 
suitable for drinking should be used for performing the 
test method. 

19. Precautions - Method B 

19.1 Safety Precautions.-This designation may involve 
hazardous materials, operations, and equipment. 

19.2 Technical Precautions.-Care should be taken to 
avoid evaporation from the saturated surface-dry particles. 

20. Sampling, Test Specimen, and Test Units -
Method B 

20.1 Sample Preparation.-Prepare a test sample of plus 
No. 4 sieve-size particles in accordance with USBR 5205. 
The mass of the test sample depends on the maximum 
particle size present in the soil as follows: 

Maximum particle size Minimum test sample mass 
m mm lbm kg 

Vs 9.5 4 2 
¾ 19.0 7 3 

1-½ 37.5 11 5 
3 75 40 18 
5 125 165 75 
8 200 716 325 

12 300 2425 1100 

For some test procedures, all the available soil is tested; 
and although the specimen mass may not meet the 
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minimum requirements, the value obtained is used as the 
specific gravity of chat soil for the purposes of that 
procedure. 

20.2 Testing by Fractions.-In some instances, partic­
ularly with plus 3-inch particles, it may be desirable to 
rest the soil in two or more separate size fractions. When 
reseed in separate size fractions, the minimum required 
mass of each fraction becomes the difference between the 
masses indicated in subparagraph 20.1 for the maximum 
and minimum particle size of the fraction. If the sample 
is reseed in fractions, the gradation of the sample muse 
be determined. 

20.3 Specimen Preparation.-To prepare the rest 
specimen, wash the individual particles of the test sample. 
Submerge the particles in a container of water for a 
minimum of 24 hours . 

21. Calibration and Standardization - Method B 

21.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 

22. Conditioning - Method B 

22.l Conditioning is described in paragraph 20 as part 
of specimen preparation. 

23. Procedure - Method B 

23.1 All data are co be recorded on the "Bulk Specific 
Gravity and Percent Absorption of the Plus No. 4 Fraction" 
form (Siphon Method) as shown on figure 6. 

23.2 Based on the total mass of the specimen, or the 
mass of the fraction being tested, determine and record 
all measurements of mass co the minimum increment of 
mass as follows: 

Specimen mass, kg 
l to 10 

10 to 100 
100 co 1000 

Minimum increment of mass 
lg 

0.01 kg or 10 g 
0.1 kg 

23.3 Fill the siphon can with water co a level higher 
than the spout opening. Allow water to drain through 
the siphon spout until an equilibrium level is reached. 

23.4 Place a stopper in the siphon can spout opening. 
23.5 Carefully remove the specimen from the pan 

containing water (subpar. 20.3) and roll it in a large towel 
or cloth until all visible surface water is removed. Wipe 
the larger particles individually. The surfaces should still 
appear glossy or damp. In chis condition, the specimen 
is referred to as SSD (saturated surface-dry) . 

23.6 Protect the surface-dry particles from excess 
evaporation. 

23.7 Determine and record the mass of the SSD 
specimen. 

23.8 Carefully place the specimen into the siphon can 
and stir the test specimen with a rod to remove all 
entrapped air. 

23.9 When the water surface calms, remove the stopper 
from the siphon spout and allow the water co flow into 
a container. 

23.10 Measure and record the mass of water displaced 
from the siphon can and record as the "volume of water 
displaced," assuming that 1 g of water equals 1 mL. 

23.10.1 For soil having a maximum particle size of 
3/8-inch, the volume may be measured directly by draining 
the wacerflow from the spout into a graduated cylinder. 
Determine and record the volume of water to the nearest 
5 mL. 

23.11 Remove the specimen from the siphon can and 
ovendry co a constant mass. 
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23.12 Determine and record the ovendry mass of the 
speomen. 

23.13 Calculate and record to the nearest 0.01 both 
SSD and ovendry bulk specific gravities of the specimen 
as shown on figure 6. 

23.14 Calculate and record to the nearest 0.1 percent 
the absorption. 

23.15 If the specific gravity and absorption were 
determined for separate size fractions, calculate and record 
to the nearest 0.01 the average specific gravity and calculate 
and record to the nearest 0.1 percent the average absorption 
for the original specimen. . 

23.16 If desired, specified, or if test results are 
questionable, repeat subparagraphs 23.3 through 23.15 . 

23. 16.1 Each bulk specific gravity obtained from each 
trial is to be within ±0.02 of each ocher. If this is not 
the case, chis procedure is co be repeated until two 
consecutive trials meet these criteria. 

23. 16.2 Calculate and record the average bulk specific 
gravity and the absorption for the specimen. 

24. Calculations - Method B 

24.1 All calculations are as shown on the "Bulk Specific 
Gravity and Percent Absorption of the Plus No. 4 Fraction" 
form (fig. 6). 

24.2 Average Specific Gravity-When the sample is 
tested in separate size fractions, the average value for bulk 
specific gravity, bulk specific gravity (SSD), or apparent 
specific gravity can be computed as the weighted average 
of the values using the following equation (see note 1) : 

G= 

where: 

1 

_E1_ + P2 + Pn 
100 G1 100 ~ . . . 100 Gn 

G = average specific gravity. All forms of 
expression of specific gravity can be 
averaged in chis manner. 

G1, ~, . . . Gn = appropriate specific gravities for each 
size fraction depending on the type 
of specific gravity being averaged. 
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7•2336 (1•86) 
Bureau of Reclamatio n 

BULK SPECIFIC GRAVITY AND PERCENT ABSORPTION 
OF THE PLUS NO. 4 FRACTION Designation USBR 5320• .J§I_ 

SAMPLE NO . 

I 
PROJECT 

Example I 
FEATURE 

Example 

HOLE NO. 
5 I DEPTH 

0 -10 !t(Xl mo 
TESTED BY DATE I COMPUTED BY DATE !CHECKED DATE 

SUSPENSION METHOD 
TRIAL NO . 

2 

1. Mass of basket in water .. · · ·· · ····· · ··· · · · ··· · · ···· ·· ·· · ·· · · · · · · · · ···· · <gJ ____ _ 

2. Mass of basket in air . . •• ..... • .. .. . ...... . . . . (gl 

3 . Mass of sso • specimen + basket in air · ·· ·· ··· · · ····· (g) ____ _ 

4 . Mass o f SSD speci m en + basket in water ·· · · · · · · · · · · · · · · ·· · · ···(9)-----

5. Mas:; of ovendry ~pecimen .. . . . .. . . .(g) ____ _ 

6. M ass of SSD srecimen in ,;ir (3) • (2) . . . . . (g ) ____ _ 

7. Mass of SSD spec im en in w ater (41 . ( 1 J. . . . (g) ____ _ 

8. Appa rent speci fic gravity (51 /1( 51 • (71] 

9. Averag~ apµ a:-en t specif ic gravity . 

10. Bulk specific grav ity (SSD) (61/1 (6) • (7)] . . .. ... . . .. ·------

11 . Average bulk specif ic grav ity (SSD) .... . . 

12. Bulk spec i f ic gravi t y (ove,idry l (~1/1(6) • (71 ] ·· ······ · ··· · · ··· · · · ·· ·· ···· ·------
13. Average bulk speci f ic gravity (ovandry) 

14 . Abso,ption [ 116 ) . (5)) / (51] x 100 .. (% ) 

15. Average absorption .... .. . ... (% ) ____ _ 

SIPHON METHOD 

1. Mass o f specimen ISSD I . . . . 191 _;;;2,.;,0_2...;o'---­ 2050 

2 . Volum e of wa~e, d ispl.J~!:d. 

3. M ass o f ovendr v sp~cimen 

4. Mass o f water ( 11 • (3 ) . . 

. . . (mL) 

.. (g) 

. . . (g ) 

5 . Bulk specil ic ~•avi t v (SSD) 11)/(2) . . . . .. . .. . . . ... . .. . .. .... . . . .• . .. . . .. . 

6. Average bulk spec ific gral!itv (SSD). 

7. Bulk specific gravit y (ovendryl (3)/(2) . .. 

8. Average bulk spec i fic gravit y fovcndry) . . 

9. Absorption i(4i / (3 1) ·, 100 . 

760 

1999 

21 

2 .66 

2 .63 

I. I 

765 

2025 

25 

2.68 

2 .67 

2.65 

2 .64 

1.2 

10. Average absorptio n .. . ............ .. .. (%) __ :...;( ·c.::2:___ 

•sso (Sa turated surface·dryl 

Figure 6. - Bulk specific gravity and percent absorption of the plus No. 4 fraction (siphon method) - example. 
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Pi, P2, ... Pn percentages, by dry mass, of each size 
fraction present in the original sam­
ple, % . 

100 = convert from percent co decimal. 

24.3 Average Absorption.-When the sample is tested in 
separate size fractions, the average absorption is the average 
of the values weighted in proportion co the percentages 
of the size fractions in the original sample as follows: 

where: 
A average absorption, % 

A1, A2, ... An absorption percentages for each size 
fraction, % 

A, P2, . . . Pn percentages, by dry mass, of each size 
fraction present in the original 
sample, % 

100 = convert from percent co decimal 

Note 1.-Derivation of these equations can be found in ASTM 
C 127 appendix XL 

25. Report - Method B 

25. l The report is co consist of a completed and checked 
"Bulk Specific Gravity and Percent Absorption of the Plus 
No. 4 Fraction" (Siphon Method) form (fig. 6). 

25.2 All calculations are to show a checkmark. 

METHODC 
Specific Gravity of Gravel and Cobbles by the 
Mass in Air and Water (Suspension Method) 

26. Summary of Method C 

26. L A sample of plus No. 4 (4.75 mm) sieve-size 
material is prepared and immersed in water for a minimum 
of 24 hours. The specimen is removed from the water 
and surface-dried. The mass of the SSD (saturated surface­
dry) specimen is determined. The specimen is placed in 
a wire basket of known mass , suspended in water, and 
the specimen mass in water is determined. The specimen 
is removed, ovendried, and its mass in air is determined. 
Bulk specific gravities-both saturated surface-dry and 
ovendry-and absorption are calculated. 

27. Apparatus - Method C 

27. l Balance or Scale.-The balance or scale used 
depends on the test sample mass (see subpar. 30.l ). The 
balance or scale must be equipped with suitable apparatus 
for suspending the wire basket in water from the center 
of the platform or pan of the balance or scale. Although 
it may be used for other purposes, a balance or scale is 
usually set up specifical ly for this method (see fig. 7). 

3 l9 

Typical balances and scales used are: 

Approximate capacity 
4000 g 

20 kg 

Scale 

Readable to 

lg 
lg 

Water container 

Wire baskets 

Figure 7. - Bulk spec ific g ravity (suspension 
method ) equipment. 
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27.2 Drying Oven.-An oven, thermostatically con­
trolled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

27.3 Pan.-A large pan, preferably galvanized steel, 
about 3 by 2 feet by 4 inches deep (90 by 60 by 10 cm 
deep) , used for holding the specimen for soaking prior 
to testing. For maximum particle size of 5 inches, a larger 
pan or container will be required. 

27.4 Equipment Unique to This Procedure (fig. 7): 
27 .4.1 Wire Basket.-A brass wire (No. 6 or finer) 

container large enough to hold 5000 grams of material 
for testing soils with a maximum particle size up to 
1-1/2 inches. A stronger and larger container will be 
required for soils with a maximum particle size of 3 inches 
or larger.The container must be constructed so as to prevent 
trapping air when the container is submerged. 

27.4 .2 Suspension Wire.-A wire of sufficient 
strength and length to suspend the wire basket (during 
calibration) and the wire basket plus specimen (during 
testing) in the water container such that the wire basket 
does not touch the sides or bottom of the water container. 

27.4.3 Water Container.-A water container large 
enough to allow submersion of the wire basket and 
specimen without touching the sides or bottom. 

28. Reagents and Materials - Method C 

28. l Tapwater that is free of acids, alkalies, or oils 
and is suitable for drinking should be used for performing 
chis rest method. 

29. Precautions - Method C 

29. l Safety Precautions.-This designation may involve 
hazardous materials, operations, and equipment. 

29.2 Technical Precautions.-Care should be taken to 
avoid evaporation from the saturated surface-dry particles. 

30. Sampling, Test Specimen, and Test Units -
Method C 

30. l Sample Preparation.-Prepare a test sample of plus 
No. 4 sieve-size particles in accordance with USBR 5205. 
The mass of the test sample depends on the maximum 
particle size present in the soil as follows : 

Maximum particle size Minimum test sample mass 
m mm lbm kg 

Vs 9.5 4 2 
¾ 19.0 7 3 

1-½ 37.5 11 5 
3 75 40 18 
5 125 165 75 

For some test procedures all the avc.1.ilable soil is tested, 
and although the sample mass may not meet the minimum 
requirements, the value obtained is used as the specific 
gravity of that soil for the purposes of chat procedure. 

30.2 Testing by Fractions.-In some instances, partic­
ularly with plus 3-inch particles, it may be desirable to 
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test the soil in two or more separate size fractions. When 
tested in separate size fractions , the minimum required 
mass of each fraction becomes the difference between the 
masses indicated in subparagraph 30.1 for the maximum 
and minimum particle size of the fraction. If the sample 
is tested in fractions, the gradation of the sample must 
be determined. 

30.3 Specimen Preparation.-To prepare the test 
specimen, wash the individual particles of the test sample. 
Submerge the particles in a container of water for a 
minimum of 24 hours. 

31. Calibration and Standardization - Method C 

31.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 

31.2 Wire Basket Calibration: 
31.2.1 Submerge the wire basket in the water con­

tainer using the suspension wire (see subpar. 27.4.2) to 
connect the basket to the underside of the balance or scale. 

31.2.2 Determine the mass of the empty wire basket 
completely immersed but suspended by the suspension wire 
in the water. 

31.2.3 Record the value to the nearest 1 g as Mass 
of basket in water on the "Bulk Specific Gravity and Percent 
Absorption of the Plus No. 4 Fraction" form (Suspension 
Method) as shown on figure 8. 

32. Conditioning - Method C 

32.1 Conditioning is described in paragraph 30 as part 
of the specimen preparation. 

33. Procedure - Method C 

33.1 All data are to be recorded on the "Bulk Specific 
Gravity and Percent Absorption of the Plus No. 4 Fraction" 
form (Suspension Method) as shown on figure 8. 

33.2 Remove the specimen from the pan containing 
water (see subpar. 30.3) and roll it in a large cloth or 
towel until all ·visible surface water is removed. Wipe the 
larger particles individually. The surfaces should still appear 
glossy or damp. The specimen in this condition is referred 
co as SSD (saturated surface-dry) . 

33.3 Protect the surface-dry particles from excess 
evaporation. 

33.4 Determine and record the mass of wire basket 
and suspension wire in air to the nearest 1 gram. 

33.5 Carefully place the SSD specimen into the wire 
basket. 

33.6 Determine and record the mass of the SSD 
specimen, basket, and suspension wire in air to the nearest 
1 gram. 

33.7 Immerse the SSD specimen and wire basket into 
the water with the same suspension wire and to the same 
depth in water used in calibrating the wire basket. 
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33.8 Remove entrapped air from around and under 
the basket and specimen. 

33.9 Determine and record the mass of the specimen, 
basket, and suspensio_n wire in water to the nearest 1 gram. 

33.10 Remove wire basket and specimen from the 
water. 

33.11 Place specimen into a suitable pan for drying. 
33.12 Place the specimen and pan into a drying oven 

for a minimum of 18 hours. 
33. 13 Determine and record the mass of the ovendry 

specimen co the nearest 1 gram. 
33 .14 Calculate and record to the nearest 0.01 the bulk 

(SSD and ovendry) and apparent specific gravities. 
Calculate and record co the nearest 0.1 percent the 
absorption. 

33.15 If the specific gravity and absorption were 
determined for separate size fraccions , calculate and record 
to the nearest 0.01 the average specific gravity and calculate 
and record co the nearest 0.1 percent the average absorption 
for the original specimen. 

33. 16 If desired , specified, or if test results are 
questionable, repeat subparagraphs 33.2 through 33.15 . 

33.16. l Each bulk specific gravity and apparent 
specific gravity obtained from each trial is to be within 
±0.02 of each ocher. If this is not the case, this procedure 
is co be repeated until two consecutive trials meet these 
criteria. 

33.16.2 Calculate and record the average bulk specific 
gravity and the absorption for the specimen. 

34. Calculations - Method C 

34.1 All calculations are as shown on che "Bulk Specific 
Grav icy arid Percent Absorption of the Plus No. 4 Fraction" 
(Suspension Method) form (fig. 8). 

34.2 Average Specific Gravity.-When the sample is 
reseed in separate size fractions, che average value for bulk 
specific gravity, bulk specific gravity (SSD), or apparent 

321 

specific gravity can be computed as che weighted average 
of rhe values using che following equation (see note 1): 

where: 

1 G=-------------
Pi + P2 + Pn 

100 G1 100 ~ . . . 100 Gn 

G = average specific gravity. All forms of 
expression of specific gravity can be 
averaged in chis manner. 

G1, ~ • . .. Gn appropriate specific gravities for each 
size fraction depending on the type 
of specific gravity being averaged. 

P1, P2, .. . Pn percentages, by dry mass, of each size 
fraction present in the original 
sample,%. 

100 = convert from percent to decimal. 

34.3 Average Absorption.-When the sample is reseed 
in separate size fractions, the average absorption is the 
average of the values weighted in proportion to the 
percentages of the size fractions in the original sample 
as follows : 

A = (AAi/100) + (P2A2/l00) + .. . (PnAn/100) 
where: 

A average absorption, % 
A 1, A2, ... An absorption percentages for each size 

fraction,% 
A, P2, ... Pn percentages, by dry mass, of each size 

fraction present in the original 
sample, % 

100 = convert from percent co decimal 

35. Report - Method C 

3 5.1 The report is co consist of a completed and checked 
"BulkSpecific Gravity and Percent Absorption of the Plus 
No. 4 Fraction" (Suspension Method) form (fig. 8). 

35.2 All calculations are co show a checkmark. 
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7•2336 (1•86) 
Bureau of Reclamation 

BULK SPECIFIC GRAVITY AND PERCENT ABSORPTION 
OF THE PLUS NO. 4 FRACTION Designation USBR 5320· 89_ 

SAMPLE NO. l PROJECT 
Example 

I FEATURE 
Example 

HOLE NO. 
3 

I DEPTH 0-15 

TESTED BY DATE I COMPUTED BY DATE !CHECKED DATE 

SUSPENSION METHOD 
TRIAL NO. 

1. Mass of basket in water . 

2. Mass of basket in riir 

3. Mass of sso• specime:1 + basket in air 

4. Mass of SSD specimen + basket in water 

5 . Mass of ovenory specimen 

6 . Mass of SSD specimen in air (3) • (2) . 

7 . Mass of SSD specimen in water (4) • (1) 

8. Apparent specific gravity (5)/[(5). (7)] 

9. Average apparent specific gravity . 

10. Bulk specific gravity (SSD) (6)/[(6) • (7)1 

11. Average bulk specific gravity (SSD). 

12. Bulk specific gravity (ovendry) 15)/[(6) • (71] 

13. Average buik specific gravity (ovendry) . 

14. Absorption [!(6) • (5,1 /(51] x 100 .. 

15. Average absorption . . . 

....••.. • . . . . ..... (g) __ 4_8_5 __ _ 

. ... . ........ (g) __ 5_4_0 __ 

..•.••...... (g) _3_2_7_7 __ 

.. . . . . . . • • • . • • • • • • . .... (g) _2_13_2 __ 

... .•• . • .... (g) __ 2_6_4_5 __ 

... ... . .. . (g) _::c27.;_3~7'---­

· ·· · ·• ·· jg) __ IM~7 __ 

2.65 

2 . 66 

. . . . . .. . . . .. __ 2_._5_;1_ 

2.52 

2 . 43 

2.44 

(%) 3.5 

2 

485 

540 

3352 

2181 

2720 

2812 

1696 

2.66 

2.52 

2.44 

3 . 4 

.t%) __ 3_.s __ 

SIPHON METHOD 

1. Mass of specimen (SSD) . .... . . . . .. •• .. .• . • . . . .. . . . . ·············•·(g) _____ _ 

2. Volume of wmcr d i!);p liJctd ............... . . .. . •• • ..... (ml) ------

3. Mass of ovend:·y specimen · · • · · · • · • • · · · · ·(g) c_ ___ _ 

4 . Mass of water ( 1 I • (3) . .. ..(g) ____ _ 

5. Bulk specific graviw (SSD) ( 1 )/(2) . 

6. Average bu!k !iipecific gravity {SSD) . 

7 .. Bulk specific gravity (o,er.d,y) i3)/(2) ... . .. . ·· · ·· ·· · · · · ······ · ·------
8. Average bulk specific 9ravity (ovendry) .... . ...... . .. . . .... . ... ... ............. . 

9. Absorption [ (4)/(3) I • 100 ... . .. . . .... . . . ................... (%) -----

10. Average absorption ... . . . .. . · · · · · · · · · · · • • · · · ·• · · · · • ·••• ·· · · · · · · · · · (%) ____ _ 

*SSD (Saturated surface-dry ) 

Figure 8. - Bulle specific gravity and percent absorption of the plus No. 4 fraction (suspension method) - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5325-89 
PROCEDURE FOR 

PERFORMING GRADATION ANALYSIS 
OF GRAVEL SIZE FRACTION OF SOILS 

INTRODUCTION 

This procedure is under the jurisdicrion of che Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under che fixed designation USBR 5325. The number immediately 
following che designation indicates che year of acceptance or the· year of lase revision. 

1. Scope 

1. 1 This designation outlines the procedure for 
performing gradation analysis of the gravel size fraction 
of soils. The term "gravel" refers to particles of rock chat 
will pass a 3-inch (75-mm) sieve and be retained on a 
No. 4 (4.75-mm) sieve. The sieve sizes included in this 
designation are noted. 

US.A. Standard series sieve 
mm 

75 
37.5 
19.0 
9.5 
4.75 

2. Auxiliary Tests 

Ill 

3 
1-1/2 

3/ 4 
3/8 

(No. 4) 

2.1 A sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. The 
moisture content of the soil must be determined in 
accordance with USBR 5300 as part of this procedure. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1025 Checking Sieves 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR *4136 Sieve Analysis of Fine and Coarse Aggre­
gates 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5335 Performing Gradation Analysis of Soils 
Without Hydrometer-Wet Sieve 

* Concrere Manual, Bureau of Reclamarion, part 2, in press. 
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3.2 ASTM Standards: 
C 136 Standard Method for Sieve Analysis of Fine and 
Coarse Aggregates 
E 11 Specification for Wire-Clorh Sieves for Testing 
Purposes 
E 323 Specification for Perforated-Plate Sieves for 
Testing Purposes 

4. Summary of Method 

4. 1 Soil is separated in sizes by a series of sieves of 
progressively smaller openings. The mass retained on each 
sieve is determined and the percent of the total sample 
mass passing each sieve is calculated. 

5. Significance and Use 

5.1 The percentage and distribution of particle sizes 
influence the strength, permeability, and compressibility 
of a soil mass. The amount of fines, sand (USBR 5330), 
and gravel (USBR 5325) are used to obtain gradation 
curves. These curves are widely used for identification and 
classification of soils and in the assessment of in-place 
characteristics of a soil mass. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Gradation.-The proportions by mass of a soil 
or fragmented rock distributed in specified particle-size 
ranges (ASTM definition). 

6.1.2 Gradation Analysis.-The process of determin­
ing gradation (ASTM). 

6.1.3 Gravel-Particles of rock that will pass a 3-
inch (75-mm) U.S.A. Standard sieve and be retained on 
a No. 4 (4.75-mm) sieve. 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2. l Maximum Particle Size.-The largest particle 
in a soil sample as related to sieve openings of 3-, 1-1/2-, 
3/4-, 3/8-inch or the No. 4 sieve. A maximum particle 
size of l-1/2-inch means the largest particle passes a 
1-1/2-inch sieve, but is retained on a 3/4-inch sieve. 



USBR 5325 

6.2.2 Pan.- A pan used in a set (nest) of sieves placed 
beneath the smallest sieve size and used to collect the 
particles that pass the smallest sieve opening. 

7. Apparatus 

7.1 Balance or Scale. - A balance or scale of appropriate 
capacity for dete rmining moisture content. The mass of 
the specimen can range from 200 g up to 35 kg or more 
depending on: 
• Maximum particle size present 
• Entire sample is tested 
• Representative portion of sample tested 

NITTE 1.- A typical set of balances or scales that would cover 
the re9uirements of this desi8nation are: 

Readable co 
0.01 g 
0.1 g 
I g 

0.01 lbm 

Approximate capacity 
200 g* 

IOOO g* 
20 kg 

150 lbm 
*Often same apparatus. 

7.2 Balance or Scale.-A typical balance or scale used 
to measure the mass of soil particles retained on each sieve 
must be readable to 0.01 lbm (O. l kg or 10 g) and have 
a capacity of about 150 lbm (80 kg). 

7.3 Sieves.-U.S.A. Standard series 3-, 1-1/2-, 3/4-, 
3/8- inch, and No. 4 (75-, 37.5 -, 19.0-, 9.5-, 4.75-mm) sieves, 
conforming to the requirements of ASTM E 11 or ASTM 
E 323. 

7.4 Cans, Containers, or Bags.-Suirable metal can, 
container, or bag for sample storage and containers for 
measurements of mass, as required. 

7.5 Sieving Device. - A mechanical sieve shaker (fig. L) 
that causes the particles to bounce and turn so that all 
particles have ample opportunities in various orientations 
to reach the sieve openings. The agitation of particles must 
be such that adequate sieving is reached within a reasonable 
rime. Adequate sieving is reached when an addit ional l 
minute of sieving does nor change the mass on any of 
the sieves by more than 1.0 percent. 

The sieving device illustrated in USBR 5330 may be 
used except that it is genera lly impractical for maximum 
particle sizes of 1-1/2 inch and larger. Care must be taken 
nor to overload the sieves (see subpar. 8.2.2). 

7.6 Separating Device (Oprional).-A device such as 
shown on figure 2 may be used for separat ing soi ls on 
the No. 4 sieve. This device should nor be used to perform 
a gradation analysis. 

8. Precautions 

8.1 Safety Precautions: 
8.1. l Appropriate personal protective apparel are to 

be worn when handling the sample and during operation 
of the sieving device. 

8.1.2 Ear protection should be worn during operation 
of the mechanical sieving device. 

Figure I. - Mechanical sieve shaker. 

8.2 Technical Precautions.-
8.2 . l Due to the effects of sampling, handling, 

processing, and resting on some materials, results of this 
test may nor reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/ or friable decomposed granite, sandstone, shale, 
limestone, claysrone, etc., or so ils affected by air and/or 
oven drying. Such materials must be identified before 
processing and the person requesting the rest should verify 
whether standard procedures are to be followed, whether 
modifications are appropr iate, or whether the material 
shou ld be processed and rested at all. Cautionary statements 
must be made on data forms and in reporting the test 
data. 

8.2 .2 Care must be taken to prevent over loading the 
sieves. 

8.2.2.1 The total quantity of material to be sieved 
must be limited so that on a given sieve all the particles 
have an opportunity to reach sieve openings a number 
of times during the sieving operat ion. As a rule, if the 
material retained on a s ieve at the completion of testing 
is spread our even ly over the area of the sieve, the layer 
of material should not be more than one particle thick. 

8.2.2.2 For wire cloth sieves, the load on the cloth 
must never be so great that permanent deformation of 
the cloth occurs . This should be checked visua lly to avoid 
overloading the sieve. 
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Fig ure 2. - Sc: p<1r.1r ing dc:v icc . 

9. Sampling, Test Specimens, and Test Units 

9. l Sample Preparation: 
9. l. l Prepare a test sample of minus 3-inch material 

in accordance with USBR 5205. The mass of the specimen 
to be tested depends on the maximum particle size present 
in the soil as follows: 

Maximum particle Minimum d1y mass 
size of resr specimen 

in mm lbm kg 

3/8 
3/4 

1-1 / 2 
3 

9.5 
19.0 
37.5 
75 

0.5* 
2.5• 

20 
150 

0 25* 
l. l • 

10 
70 

• For the equipment typically used in this 
procedure, a tes r specimen mass of at least 
IO lbm ('1 .5 kg ) is recomme nded (see sub­
pa r. 12.2.2). 

These values are in terms of dry mass. Values for 
wet mass of the specimen will have to be adjusted based 
on an estimated moisture content. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the ca libration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1025 Checking Sieves 

11. Conditioning 

11.l Before a soil can be separated by sieving, it must 
be at a moisture content such that soil lumps and/ or 

individual soil particles will be free flowing and such that 
the soil can be separated by the sieving process. 

l 1.1.1 Preparation of a sample in accordance with 
USBR 5205 will normally result in an appropriate moisture 
content for sieving. 

11.1.2 If the entire amount of soil available is to 

be rested and is not reduced in size in accordance with 
USBR 5205, the soil must be conditioned to the appropriate 
moisture content in accordance with USBR 5205. 

l l. l.3 For soils to be tested at their natural moisture 
content, the test specimen should be separated on a No. 4 
sieve with the minus No. 4 material not allowed to become 
drier than the natural moisture content. The plus No. 4 
material can then be conditioned and rested in accordance 
with this designation. However, the dry mass of the minus 
No. 4 material must be determined and added to the dry 
mass of the total specimen as determined in this procedure. 

12. Procedure 

12. l Al l data are to be recorded on a "Gradation 
Analysis" form as shown on figure 3 or 4. 

12.2 For a specimen mass of 10 lbm (4.5 kg) or larger, 
all measurements of mass are to be determined and recorded 
to the nearest 0.01 lbm (0.01 kg). 

12.2 .1 A minimum specimen mass of 10 lbm (4.5 
kg) is recommended when the mechanical sieving device, 
shown on figure 1, is used in combination with a balance 
or scale readable to 0.01 lbm (0.01 kg). 

12 .2.2 The required m inimum specimen mass is 0.5 
lbm for soil having a maximum particle size of 3/ 8-inch, 
and 2.5 lbm for a maximum particle size of 3/ 4 inch. If 
for some reason the specimen mass for these soils is less 
than 10 lbm, other combinations of sieving equipment 
(such as described in USBR 5 330) and balances and scales 
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7-1451 (9-86) 
Bureau of Reclamation GRADATION ANALYSIS Designation USBR 5325-~~ 

Designation USBR 5330-__ 
Designation USBR 5335-__ 

SAMPLE NO. PROJECT FEATURE 
Example 

AREA EXC. NO. DEPTH 
(individual) 

GRADATION OF GRAVEL SIZES 

TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF+ NO. 4 WET MASS OF TOTAL SPECIMEN 
assumed 1.8 162.C7 

CHECKED BY DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN 
12.3 149.47 

SIEVE SIZE 3" 1-1/2" 3/4" 3/8" NO.4 PAN (75mm) (37.5 mm) (19.0mm) (9.5mm) (4.75 mm) 

MASS OF CONTAINER AND I 
RETAINED MATERIAL 18.94 33.33 24.23 28.28 124.94 

MASS OF CONTAINER 12.21 12.21 12.21 12.21 18.81 

WET MASS RETAINED 6.73 21. 12 12.C2 16.07 106. 13 

DRY MASS RETAINED 6.61 20.75 11.81 15.79 94.51 

DRY MASS PASSING 149.47 142.86 122. 11 110.30 94.51 
l!)lbm 0kg □ g 

% OF TOTAL PASSING 100.0 95.6 81. 7 73.8 63.2. 

GRADATION-OF SAND SIZES 

DRY MASS OF-SPECIMEN I FACTOR~ 'lb TOTAL PASSING NO. 4 

& DAY MASS OF SPECIMEN 
= = 

DISH NO. I DRY MASS OF SPECIMEN (SIEVED) 

SIEVING TIME IDATE 

SIEVE MASS MASS u % OF TOTAL PARTICLE REMARKS NO. RETAINED(&) PASSING(&) Cl PASSING DIAMETER z 
8 in C) 2.36 mm "'z <-a.. V) 

16 V) 1.18 mm VI<{ 

30 
~a.. 

600Llm l::..J --·--
x< 

so 1-- 300um - a:o 
01--

100 rLL 
~o 

ISO um 

200 LL~ 75µm 

PAN TESTED AND COMPUTED BY I DATE I CHECKED BY IDATE 

TOTAL 

HYDROMETER ANALYSIS 

' 
HYDROMETER NO. !DISPERSING_ AGENT -- -~ -. 

STARTING TIME IDATE !AMOUNT 
ml 

TIME TEMP HYO HYO CORR' II % OF TOTAL PARTICLE REMARKS 
oc READ CORR READ 0 PASSING DIAMETER < w 

a: 
re> 

I min u~ 37 Um W<II a: V) 

◄ min a:< 19um oa.. 
U..J 

19 min x~ 9um 
a:o AUXILIARY TESTS: 

60 min Or Sum USSR 5205-.!!. ~ 
1-- LL 
~o 

USSR 5300-.!!. ~ 
7 h IS min• 2um LL~ 

25 h 45 min• lum 
TESTED AND COMPUTED BY I DATE I CHECKED BY IDATE 

• Not required for standard test. GPOB52-184 

Figure 3. - Gradation analysis (individual method) - example. 
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7-1451 (9-86) 
Bureau of Reclamation GRADATION ANALYSIS Designation USBR 5325-_89 

Designation USBR 5330-__ 
Designation USBR 5335-__ 

SAMPLE NO. 
Example 

PROJECT FEATURE 

ARl:A EXC. NO. DEPTH 
(' Ccumulaiivel 

GRADATION OF GRAVEL SIZES 

TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF+ NO. 4 WET MASS OF TOTAL SPECIMEN 
assumed 1.8 162.07 

CHECKED BY DATE % MOISTURE CONTENT OF • NO. 4 TOTAL ORY MASS OF SPECIMEN 
12.3 149.47 

SIEVE SIZE 3"' 1-1/2" 3/4" 3/8" N0.4 PAN 175 mm) (37.5 mm) (19.0mm) (9 .5mm) (4.75 mm) 

MASS OF CONTAINER AND 
18.94 ~-A0.06 RETAINED MATERIAL 52.C8 68. 15 124.94 

MASS OF CONTAINER 12. 21 12.21 12.21 12.21 18.81 

WET MASS RETAINED 6.73 27.85 39.e7 55.94 106. 13 

DRY MASS RETAINED 6.61 27.36 39. 17 54.95 94.51 

DRY MASS PASSING 149.47 142.86 122 . 11 110.30 94.52 E)1bm 0kg Os 
-

% OF TOTAL PASSING 100.0 95.6 81 .7 73 . 8 63 . 2 
GRADATION OF SAND SIZES 

ORY MASS OF SPECIMEN ,I FACTOR~ % TOTAL PAS:s1NG Nu. 4 
& DAY MAec nF e0cr1Mi=N 

= ~ 

DISH NO. I DRY MASS OF SPECIMEN (SIEVED) 

SIEVING TIME ,□ATE 

SIEVE MASS MASS u % OF TOTAL PARTICLE REMARKS 
NO. RETAINED (g) PASSING (g) '-' PASSING DIAMETER z 
8 vi<.:, 2.36 mm Viz 

<-
16 

Cl.VI 
1.18 mm VI 

VI<( Vici. 
30 ~...J 600Llm --·--

so x~ 
300tim - a:o 

01-
100 1- u. 

':i_o ISOum 

200 
11.1/1 

75µm 
. -- • ·-

PAN 
TESTED AND COMPUTED BY I DATE I CHECKED BY !DATE 

TOTAL 

HYDROMETER ANALYSIS 

HYDROMETER NO. IDISPERSING AGENT 

STARTING TIME IDATE 'AMOUNT 
mL 

TIME TEMP HYO HYO CORR u % OF TOTAL PARTICLE REMARKS 
oc READ CORR READ 0 PASSING DIAMETER 

< w 
a: - 1-l:> 

I min u~ 37 um WV"I a: VI 

4 min a:< 
I9um oci. 

U...J 
19 min x< I- 9tim 

a:o AUXILIARY TESTS: 
60 min 01- Sum USBR 5205- 8 9 

I- 11. USBR 5300-! ~ 
7 h IS min• ':i_o 

2 tim 
11.1/1 

25 h 45 min• lum 
TESTED AND COMPUTED BY I DATE I CHECKED BY I DATE 

• Not required for standard test. GPO 852 - 184 

Figure 4. - Gradation analysis (cumulative method) - example. 
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may be used. In this case, a balance or scale must be used 
such that the mass is determined and recorded to at least 
0.1 percent of the total specimen mass. 

12.3 Determine and record the wet mass of total 
specimen (or dry mass, if appropriate - see notes 2 and 3). 

NOfE 2.-In chis designation, "wee mass' " refers to material 
chat has not been ovendried and "dry mass" to material chat 
has been ovendried or the dry mass calculated. 

NOfE 3.-The gradation analysis may be performed on 
ovendried material. In this case, substitute "dry mass" for "wet 
mass" in chis designation and disregard che seeps pertaining to 
determining moisture content and calculating the dry mass. The 
data should be recorded in the spaces on the form for "dry mass." 

12.4 Separation of specimen prior to sieving: 
12.4.1 If the amount of material co be tested is greater 

than the capacity of the sieving equipment (do not overload 
the sieves), divide the specimen into appropriate portions 
for testing. For each portion, follow the steps in 
subparagraphs 12.5 through 12.11. Calculate the sum of 
the wet masses retained on each sieve and in the pan, 
and record as wet mass retained for each sieve size and 
in the pan and proceed with subparagraph 12.12. 

12.4.2 Alternately, if the amount of material to be 
tested is greater than the capacity of the sieving equipment 
or to not overload the sieves, the specimen may be separated 
using a No. 4 sieve prior to testing. Separation on the 
No. 4 sieve also may be necessary for (1) testing the minus 
No. 4 portion of a soil before or during the testing of 
the plus No. 4, (2) convenience of test scheduling, or (3) 
when the plus No. 4 particles need to be soaked in water 
(see subpar. 12.7.1). The wet mass of the separated minus 
No. 4 material must be determined and then added to 
the wet mass of any minus No. 4 particles collected and 
measured during the sieving of the plus No. 4 material. 

12.5 Assemble the set (nest) of sieves to be used in 
order of decreasing size of opening from top to bottom 
and place in the sieving device. The sieves may be the 
standard set as described in subparagraph 7.3, or others 
as required by the specifications covering the material to 
be tested. If desired, sieves coarser than the maximum 
particle size may be omitted from the set. However, a 
sieve at least one size larger than the anticipated maximum 
particle size should be included in the set. Additional sieve 
sizes may be added to restrict the amount of material on 
a particular sieve (see subpar. 12.4.1) or to protect individual 
.sieves from excessive wear. 

12.6 Place the soil specimen on the top sieve and turn 
on the sieving device. To avoid overloading the top sieve, 
it may be necessary to feed the soil onto the top sieve 
,gradually. Sieve the material for about 15 minutes, or longer 
if necessary, to separate all the material. A satisfactory 
end-point is considered to have been reached when an 
additional one minute of sieving does not change the mass 
on any individual sieve by more than 1.0 percent. 

12.6.1 Hand sieving may be used; however, use of 
a mechanical sieving device is the most common and 
accepted method of performing this procedure. Hand 
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sieving must be done in accordance with the directions 
in USBR 4136 or ASTM C 136. If hand sieving is used 
for part or all of this procedure, it should be noted on 
the data forms. 

12.7 Any significant amount of minus No. 4 particles 
adhering to the plus No. 4 particles must be brushed or 
wiped off and placed in the minus No. 4 fraction. 

12.7.1 If the minus No. 4 material cannot be easily 
removed from the plus No. 4 particles, the plus No. 4 
particles should be soaked and/or washed on a No. 4 sieve 
until all minus No. 4 material is removed. If tests are 
to be performed on the minus No. 4 material, the minus 
No. 4 particles must be collected and added to the minus 
No. 4 material and thoroughly mixed in. The plus No. 4 
material must then be rescreened. 

12.8 Determine and record the mass of container(s) 
co be used. 

12.9 Starting with the coarsest sieve, remove all 
particles retained on each sieve and place in the 
container(s). Determine and record the mass of container 
and retained material The mass may be determined and 
recorded as the mass for each individual sieve size (fig. 3) 
or as the mass on a cumulative basis (fig. 4). When 
removing the particles, take care to avoid permanent 
deformation of sieve openings or the sieve cloth. 

12.10 Remove all particles retained in the pan and 
place into a container. Determine and record the mass 
of container and retained material 

12.11 Calculate and record the wet mass retained on 
each sieve size (individual or cumulative) and in the pan 
by subtracting the mass of container from the mass of 
container and retained material 

NOfE 4.-As a check, the sum of the wet mass retained on 
each sieve (or cumulative on the No. 4 sieve) and the wet mass 
retained in the pan should be about equal to the wet mass of 
toral specimen. 

12.12 Determine and record to the nearest 0.1 percent 
the moisture content of the plus No. 4 material and the 
moisture content of the minus No. 4 material in accordance 
with USBR 5 300. 

12.12.1 A moisture content may be assumed for the 
plus No. 4 material if previous tests on similar material 
have been performed and the value is relatively constant. 
Note on the form that the value is assumed. 

12.13 Using the moisture content of the plus No. 4 
material and the wet mass retained, calculate and record 
the dry mass recained on each sieve (individual or 
cumulative). 

12.14 Using the moisture content of the minus No. 4 
material and the wet mass of soil retained in the pan 
(passing the No. 4 sieve), calculate and record the dry 
mass retained in the pan. 

12.15 Calculate and record the total dry mass of 
specimen by one of the following methods: 

12.15.1 Mass determined for each individual sieve 
(fig. 3).-Calculate the sum of the dry mass retained on 
each sieve and in the pan. Also, record this value as dry 
m ass passing under the 3-inch sieve size column (or under 



USBR 5325 

the column for the next larger sieve size than the sieve 
size on which particles were retained). 

12 .15 .2 Mass determined on cumulative basis 
(fig. 4).-Calculate the sum of the dry mass retained on 
the No. 4 sieve and the dry mass retained in the pan. 

12.16 Cal01late and record the dry mass passing each 
sieve by one of the following methods. 

12.16.1 Mass determined for each individual sieve 
(fig. 3 ).-Starting with the coarsest sieve on which particles 
were retained, calculate the dry mass passing each sieve 
by subtracting the dry mass retained from the dry mass 
passing the next larger size sieve. 

12.16.2 Mass determined on cumulative basis 
(fig. 4).-Calculate the dry mass passing each sieve by 
subtracting the dry mass retained from the dry mass of 
total specimen. 

NOTE 5.-As a check, the dry mass passing the No. 4 sieve 
must equal (±0.01 lbm or kg)the dry mass retained in the pan . 

12.17 Calculate and record to the nearest 0.1 percent 
the percent of total passingeach sieve. Record 100.0 percent 
in the sieve size column that is one sieve size larger than 
the coarsest sieve size on which material was retained. 

12.18 If required, plot the results as shown on figure 5. 
Typically, this procedure is performed in conjunction with 
USBR 5330 or 5335 to determine the gradation of the 
minus No. 4 material and the plot is prepared after the 
minus No. 4 gradation has been determined. 
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13. Calculations 

13.1 Calculate the percent of rotal passing for each 
sieve using the following expression: 

P f I . _ 100 ( dry mass passing ) 
ercenc o coca pasSmg - cotal dry mass of specimen 

14. Report 

14.1 The report is to consist of a completed and checked 
"Gradation Analysis" form (fig. 3 or 4). 

14.2 All calculations are t0 show a checkmark. 
14.3 If required, the results are t0 be plotted as shown 

on the "Gradation Test" form (fig. 5). 
14.4 For reports, summary tables, etc., the gradation 

percentages are generally reported to the nearest 1 percent. 
The percentages may be reported as either percent passing 
or percent retained. 

14.5 In many cases, the gradation is reported in terms 
of percent gravel, percent sand, and percent fines. The 
percentages must add tO 100 percent. Due tO rounding, 
the total may be either 99 or 101 percent; 1 percent must 
be added to or subtracted from the component (gravel, 
sand, or fines) with the largest percentage so the rotal 
is 100 percent. If the percentages, when rounded to the 
nearest 1 percent are equal, make the adjustment to the 
coarser component. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5330-89 

PERFORMING GRADATION ANALYSIS 
OF FINES AND SAND SIZE FRACTION OF SOILS, 

INCLUDING HYDROMETER ANALYSIS 

INTRODUCTION 

This pr~cedure is· ~nder the jurisdiction of the Georechnical Services Branch, Code D-3760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5330. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

The method is similar co ASTM D 422-63, the principal difference being the sieve sizes used and the separation on the No. 4 
instead of No. 10 sieve (4 .75 and 2.00 mm) for the hydrometer tesc. 

1. Scope 

1.1 This designation outlines the procedure for per­
forming gradation analysis of fines and sand size fraction 
of soils, including hydrometer analysis. le is used for cne 
quantitative determination of distribution of particle sizes 
in soils. 

1.2 The distribution of particle sizes larger than 
retained on the No. 200 sieve (75 µm) is determined by 
sieving, while the distribution of particle sizes smaller than 
No. 200 is determined by a sedimentation process, using 
a hydrometer to secure the necessary data. 

1.3 If gravel size particles were present in the original 
soil sample, chis rest is usually performed in conjunction 
with USBR 5325. 

1.4 If the particle size distribution of the minus No. 
200 (75 µm) sieve size soil is nor required, USBR 5335 
may be used in place of this designation. 

1.5 Two methods of dispersing the soil are provided (1) 
a mechanical stirring device, and (2) an air dispersion cube. 
The air dispersion method must be specially requested or 
specified and its use noted on the rest form (see subpar. 5.3 ). 

2. Auxiliary Tests 

2.1 A soil sampie muse be prepared in accordance with 
USBR 5205 prior to performing this procedure. 

3. Applicable Documencs 

3.1 USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1405 Calibrating Hydrometers 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR *4136 Sieve Analysis of Fine and Coarse 
Aggregates 

* Concrere Manual, Bureau of Reclamacion, pare 2, in press. 
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USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5325 Performing Gramtion Analysis of Gravel 
Size Fraction.of Soils. 
USBR 5335 Performing Gradation Analysis of Soils 
Without Hydrometer-Wee Sieve 

3.2 ASTM Srandards: 
C 136 Standard Method for Sieve Analysis of Fine and 
Coarse Aggregates 
E 1 ASTM Thermometers 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 
E 100 Specification for ASTM Hydrometers 
D 422 Standard Method for Particle-Size Analysis of Soils 

4. Summary of Method 

4.1 A sample of minus No. 4 (4.75-mm) material is 
prepared and placed in a dispersing agent (usually sodium 
hexamecaphosphate) for a period of at least 16 hours. Then 
it is mixed thoroughly and placed in a 1000-mL hydrometer 
cylinder and filled with distilled water. Hydrometer 
readings are taken at time intervals of 1, 4, 19, and 60 
minutes after the beginning of sedimentation. 

For soils with a high percentage of very small particles, 
readings are also taken at time intervals of 7 hours 15 
minutes, and 25 hours 45 minutes after the beginning of 
sedimentation. 

4.2 After completion of the hydrometer analysis, the 
material is washed on a 200-mesh sieve. The fraction 
retained on the No. 200 sieve is ovendried and· separated 
on the following sieves. (The sieving is done using a 
powered sieve shaker.) 

US.A . Standard series sieves 
No. 8 2.36 mm 
No. 16 l.18 mm 
No. 30 600 µm 

No. 50 300 µm 

No. lOO 150 µm 
No. 200 75 µm 
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4.3 After sedimentation and sieving, the percentage 
of particles passing specified sizes are calculated, recorded, 
and plotted. 

5. Significance and Use 

5.1 Gradation is a descriptive term which refers to the 
proportions by dry mass of a soil or fragmented rock 
distributed in specified particle-size ranges. 

5.2 The gradation of a soil gives an indication of the 
engineering properties of the soil. Permeability, compres­
sibility, and shear strength are all influenced by the 
gradation characteristics of a soil mass . Therefore, reliable 
determination of the amount of fines, sand, and gravel 
in a representative soil sample is of extreme importance 
for design considerations. 

5.3 Normally, the mechanical stirring device is used 
to disperse the soil specimen. Its use may cause degradation 
of some soil particles. Performing the gradation analysis 
on a mechanically dispersed specimen and on an air­
dispersed specimen may be useful in evaluating the 
durability and hardness of sand size particles. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Dispersing Agent.- An agent used to assist in 
separating individual fine soil particles and to prevent them 
from flocculating when in suspension. 

6.1.2 Fines.-Portion of soil finer than a No. 200 
(75 µm) U.S.A. Standard sieve (ASTM definition). 

6.1.3 Gradation.-The proportions by mass of a soil 
or fragmented rock distributed in specified particle-size 
ranges (ASTM). 

6.1.4 Gradation Analys1s.-The process of determin­
ing gradation (ASTM). 

7. Apparatus 

7.1 Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.1 g and have 
a capacity of about 500 g. 

7.2 Soil Hydrometer.-A soil hydrometer, graduated to 
read in grams per liter of suspension and conforming to 
the requirements for hydrometer 152H in ASTM E 100. 

7.3 Hydrometer Cylinder.-A glass cylinder essentially 
18 inches in height and 2-1/2 inches (457- by 64-mm) 
in diameter, and marked for a volume of 1000 mi. The 
inside diameter is to be such that the 1000-mL mark is 
14±1 inch (355±25 mm) from the bottom of the inside. 

7.4 Stirring Apparatus (malt mixer).-A mechanically 
operated stirring device in which a suitably mounted electric 
motor turns a vertical shaft at a speed of not less than 
10,000 revolutions per minute without load. The shaft 
should be equipped with a replaceable stirring paddle made 
of metal, plastic, or hard rubber. The shaft is to be of 
such a length that the stirring paddle will operate not 
less than 1-1/2 inches (38 mm) above the bottom of the 

dispersion cup. A special dispersion cup conforming to 
either of the designs shown on figure 1 should be used. 

7.5 Water Bath (optional).-A water bath for main­
taining the soil suspension at a constant temperature during 
the hydrometer analysis. A satisfactory constant temper­
ature bath is an insulated tank with automatic temperature 
control that maintains the soil suspension at a convenient 
constant temperature at or near 68 ° F (20 ° C). Such a 

. device is shown on figure 2. If a constant temperature 
water bath is not used, a water-filled container (such as 
an additional hydrometer cylinder) must be used to store 
the hydrometer between readings. The water in this storage 
cylinder must be at the same temperature as the solution 
in the test hydrometer cylinder. 
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7.6 Thermometer.-0 to 50 °C range, 0.5° divisions, 
conforming to the requirements of ASTM E 1. 

7.7 Rubber Stopper.-An appropriate size rubber 
stopper to adequately seal the hydrometer cylinder. 

7.8 Sodium Hexametaphosphate.-A chemical agent in 
powder, crystal, or granular form, used as a dispersing 
agent, of technical grade or better. 

7.9 Evaporating Dish-A porcelain evaporating dish, 
300-mL capacity, approximately 4-1/2 inches in diameter 
by 2 inches (115 by 50 mm) deep. 

7.10 Tub1ng.-Flexible tubing of sufficient length and 
diameter to direct the flow of water for washing the soil 
specimen through a No. 200 (75-µm) sieve. 

7.11 1in11ng Device.-A clock or stopwatch with a 
second hand. 

7 .12 Sieve Set.-A set of sieves, of square-mesh, woven­
wire cloth, conforming to the requirements of ASTM E 11. 
A full set of sieves includes the following: 

A lid 
No. 8 2.36 mm 
No. 16 1.18mm 
No. 30 600 µm 

No. 50 300 µm 

No. 100 150 µm 

No. 200 75 µm 

A pan 

7.13 Washing Sieve.-No. 200 washing sieve may be 
fabricated, or 8-inch (203-mm) brass No. 200 sieve may 
be used. 

7 .14 Sieve Shaker.-A motor-driven electric sieve 
shaker, equipped with timer as shown on figure 3, should 
be used. 

7.15 Brush-A fine brass wire brush used for removing 
soil from the sieves and pan. 

7 .16 Drying Oven.-An oven, thermostatically controll­
ed, preferably of the forced-draft type, and capable of 
maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.17 Air Dispersion Tube and Air Supply-An air 
dispersion tube conforming to the requirements of figure 4. 
The air supply must be capable of producing 2 cubic feet 
per minute for each dispersion tube. A water trap on the 
air line may be useful to remove water that condenses 
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Figure I. - Dispersion cup designs [ASTM D 422). 

in the air line when nor in use. Otherwise, the water must 
be blown our of the air line before using for dispersion 
purposes. 

7.18 Graduated Cylinder.-250 mL capacity, graduated 
in 2 mL divisions or other suitable container or method 
to measure 125 mL of the dispersing agent solution. 

8. Reagents and Materials 

8.1 Distilled water is to be used whenever water is 
called for in this procedure except for water in the water 
bath or when washing the specimen on a No. 200 sieve. 
Tapwater that is free of acids, alkalies, or oils and suitable 
for drinking may be used to fill the tank, provided the 
water is changed regularly (about once per week) . 

8.2 A 4-percent sodium hexametaphosphate solution 
is used to disperse the representative soil sample. 

8.3 To prepare a 4-percent sodium hexametaphosphare 
solution, rhe following procedure is to be followed : 

8.3.1 Fill a 1000-mL hydrometer cylinder with 
distilled water to approximately 750 mL. 

8.3.2 Obtain 40 grams of sodium hexametaphos­
phate and place into the dispersion cup. Add approximately 
100 mL of distilled water to the sodium hexametaphos­
phate. Mix the sodium hexametaphosphate and water for 
5 minutes using the malt mixer or until the sodium 
hexametaphosphate is completely dissolved. 

8.3.3 Add the solution from the dispersion cup to 
the hydrometer cylinder. Fill the hydrometer cylinder to 
the 1000-mL line with distilled water. Insert the rubber 
stopper and securely place it on top of the hydrometer 
cylinder. With one hand over the cop of the hydrometer 
cylinder and the other on the bottom, shake the hydrometer· 
qrlinder co thorou~hly mix the solution. 
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8.4 In some instances, an 8- or 12-percent solution 
may be required as a dispersing agent. The following 
amounts of sodium hexameraphosphare are used for the 
required percent solution of sodium hexameraphosphare. 

Solurion required, 
percenr 

4 
8 

12 

Sodium hexamera­
phosphare required, grams 

40 
80 

120 

8.5 If an 8- or 12-percent solution is required, the 
procedure outlined in subparagraph 8.3 is to be used along 
with the appropriate amount of sodium hexametaphos­
phate as given in subparagraph 8.4. 

8.6 A prepared sodium hexametaphosphate solution 
may be srored for no more than 21 days if the storage 
temperature remains near room temperature of 73 ° F 
(23 °C), and for no more than 7 days if the temperature 
of rhe scorage area consistently exceeds 73 ° F. 

8.7 All containers of the dispersing solution must have 
the date of preparation and percent solution marked on 
them. 

9. Precautions 

9.1 Technical Precautions: 
9.1.1 Ensure that the hydrometer is clean, especially 

the reading portion of the stem, by washing the hydrometer 
with soapy water, then rinsing it with alcohol and again 
in clean water. 

9.1.2 Because sodium hexametaphosphate in 
powder, granular, or crystalline form absorbs moisture, the 
material must be scored in airtight containers. 

9.1.3 Due co the effects of sampling, handling, 
processing, and resting on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limestone, claystone, etc., or soils affected by air and/or 
ovendrying. Such materials must be identified before 
processing and the person requesting rhe test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested ar all. Cautionary statements 
must be made on test data forms and in reporting the 
test data. 

9.1.4 A temperature differential may create convec­
tion currents in the solution-in the hydrometer cylinder­
that would affect the hydrometer reading. When the· 
hydrometer is read during the test, it is important that· 
the equipment and the fluids are all at the same· 
temperature. The test should be performed away from 
sources of heat or cold such as direct sunlight or heating/ 
air conditioning vents. 

10. Sampling, Test Specimens, and Test Units 

10.1 Prepare a test sample of approximately 500 grams 
of minus No. 4 (4.75-mm) material in accordance with 
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Figure 2. - Constant temperature bath (ASTM D 422). 

USBR 5205. If 500 grams of soil is nor available, obtain 
at least enough soil to have an ovendried test specimen 
that meets the requirements of subparagraph 10.3. 

10.2 Place the test sample into a suitable container 
and ovendry the sample for a minimum of 16 hours. 

10.3 Thoroughly mix the soil and obtain a specimen 
of approximately 100 grams for sandy soils and about 50 
grams for silty or clayey soils by splitting in accordance 
with USBR 5205. Determine the mass of the specimen 
to the nearest 0.1 g and record on the "Gradation Analysis" 
form as shown on figure 5. 

10.4 The test specimen must be dispersed in accordance 
with either subparagraph 10.5 or 10.6 (see subpar. 5.3) . 
If the air dispersion method is used, it must be noted on 
the test form. 
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10.5 Dispersion of Soil Specimen (mechan ical 
stirring): 

10.5.1 Place the soil specimen in an evaporating dish. 
10.5.2 Add 125 ml of 4-percent sodium hexameta­

phosphate solution and enough distilled water tO cover 
the soil. 

10.5.3 Soak the soil specimen in the sodium hexa­
metaphosphate solution for a period of at least 16 hours. 

10.5.4 Wash the specimen into a dispersion cup with 
distilled water. 

10.5.5 Continue adding distilled water until the 
dispersion cup is within 2 inches (50 mm) of being filled. 

10.5.6 Mix the contents of the dispersion cup using 
the malt mixer for 1 minute. 

10.6 Dispersion of Sotl Specimen (air dispersion): 
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Figure 3. - Sieve ana lysis equipment. 

10.6. 1 Place rhe soil specimen into a hydrometer 
cylinder. 

10.6.2 Add 125 ml of 4-percent sodium hexamera­
phosphare so lution co rhe hydrometer cylinder. 

10.6.3 Add enough distilled water ro rhe hydrometer 
cy linder co bring rhe volume ro about 250 ml and sr ir. 

10.6.4 Soak rhe soil spec imen in rhe sodium hexa­
meraphosphare so lutio n for a period of ar lease 16 hours. 

10.6.5 Turn on rhe air supply co rhe air dispersion 
rube so rhere is a small air pressure (about l co 2 lbf/ in 2

) 

and insert rhe rube into rhe hydrometer cy linder. 
10.6.6 Increase rhe air pressure co about 15 lbf/ in2 

and lee rhe mixture disperse for 10 minutes. Occas ionally 
rinse rhe sides of rhe cylinder wirh distilled water. For 
some soi ls containing coarse sand particles, ir may be 
necessary co increase rhe air pressure ro adequate ly agitate 
and disperse rhe particles. 

10.6.7 Decrease rhe air pressure ro a very low pres­
sure and s low ly withdraw rhe air dispersion rube. Rinse 
rhe rube with distilled water as it is being withdrawn and 
rinse the sides of rhe hydrometer cy linder. 

11. Calibration and Standardization 

11.1 Verify that equipment is currenrly calibra ted in 
accordance with the app licable ca libra tio n procedure. If the 
calibration is not current, perform the ca libration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balance or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1405 Calibrating Hyd rometers 

12. Conditioning 

12.1 A warer bath is recommended for maintaining 
rhe soi l suspension ar a consta nt temperature during the 
hyd rometer ana lysis. 

12.2 The temperature of the soi l suspension and water 
bath should be checked co ensure chat they remain within 
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the range of temperatures bracketed dur ing ca libration of 
rhe hydrometer (USBR 1405) . 

13. Procedure 

13. l All data are co be recorded on rhe "Gradat ion 
Analysis" form as shown on figure 5. 

13.2 Record rhe hydrometer number. 
13.3 Place rhe dispersed soi l specimen that was 

prepared according co subparagraph 10.5 into a hydrometer 
cylinder or take rhe hydrometer cy linder contai ning the 
specimen as prepared in subparagraph 10.6 and fill the 
cy linder co a level approximate ly 2 inches (50 mm) below 
the 1000-mL mark with d isti lled water. The hydrometer 
cylinder and irs co ntents, the consta nt temperature water 
barh (or extra hydrometer cy linder filled wirh water), and 
rhe hydrometer muse all be ar rhe same temperature before 
starring rhe resr. 

13.4 Place a rubber stopper over rhe mourh of the 
hydrometer cy linder. Wirh OJle hand over rhe cop of rhe 
hydrometer cylinder and rhe other on rhe hydrometer 
cylinder borrom, thoroughly mix the contents by turning 
rhe cy linder end over end for l minute. 

13.5 Place the hydrometer cy linder into rhe constant 
temperature water bath ( if avai lable) and stare rhe riming 
device. 

13.6 R emove rhe stopper and quickly and carefully 
wash into rhe cyli nder-with distilled warer-any soi l char 
may be present on rhe stopper or along the cop of 
hydrometer cy linder. The water level should be approx­
imately ar the 1000-mL mark. 

13.7 Carefully place rhe hydrometer into rhe hydro­
meter cy linder. Record hydrometer readings after e lapsed 
times of 1, 4, 19, and 60 minutes. The hydrometer is read 
co the neares t 0.5 gram per lirer ar rhe cop of the menicus 
formed by rhe suspension arou nd irs seem. 

NITTE l.- When the hydrometer is initially placed in the 
dispersed soil specimen, foam may appear round the hydrometer 
stem making it difficult to read. A few drops of alcohol can 
be added to remove the foam and aid in making an accurate 
reading of the hydrometer. 

13 .8 Record rhe temperature of rhe liquid in rhe hyd ro­
merer cy linder co rhe nearest 0.5 ° C ar each hydrometer 
reading interva l. Over the period of 60 minutes rhe te m­
perature o f the solutio n in the hydrometer cy linder must 
not vary by more than ±2 ° C. If ir does, the resr must 
be abando ned and started over. 

13.9 After rhe 4-minure reading, remove rhe hydro­
merer from rhe hydromete r cylinder after each reading 
and wash o ff rhe hydrometer in rhe constant temperature 
warer bath. Place rhe hyd rome ter in rhe cons tant 
remperarure warer bath until it is needed for rhe nex t 
reading. 

NITTE 2.-If a constant temperature water bath is not avai lable, 
the hyd rometer is to be stored between readings in a water­
filled hyd rometer cy linder. The water is co be of the quality 
descr ibed in subparagraph 8. l. The water must be at the same 
temperature as the solution in the test hydrometer cylinder. 
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Figure 4. - Air dispersion cube. 101-0-523 

13.10 Place the hydrometer in the hydrometer cylinder 
approximately 30 seconds before subsequent readings are 
to be taken. 

13.11 If the 60-minute reading indicates that 40 percent 
or more of the specimen is smaller than the 0.005-mm 
size, continue the test by taking temperature and 
hydrometer readings at 7-hour 15-minute and 25-hour and 
45-minure time intervals. If the 60-minute reading indicates 
that less than 40 percent of the specimen is smaller than 
the 0.005-mm size, the test is complete. (See subpars. 14.3 
and 14.4 for the necessary calculations.) If the temperature 
is more than ±2 °C from the last temperature reading, 
keep taking temperature readings over the next 30 minutes 
to ascertain whether the system was at equilibrium when 
the hydrometer reading was made. If more than ±2 ° C 
temperature change occurred in the 30-minute period, do 
not use the reading. 

13.12 After the hydrometer readings have been com­
pleted, carefully wash the soil specimen on a No. 200 sieve 
until all fines are removed. 

13.13 Pour the remaining soil into an evaporating dish 
and decant excess water. 

13.14 Place the evaporating dish into an oven at 
2 30±9 ° F ( 110±5 ° C) and dry for 16 hours. 

13.15 Remove the specimen from the oven after 16 
hours and obtain the dry mass of the specimen. 

13.16 Place the specimen into the top sieve of a sieve 
set and place the lid on the top sieve. Place the sieve 
set into a sieve shaker. The sieve set should consist of 
the six sizes noted in subparagraph 7.12. 

13.16.1 Hand sieving may be used; however, use of 
a mechanical sieving device is the most common and 
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accepted method of performing this procedure. Hand 
sieving must be done in accordance with the directions 
in USBR 4136 or ASTM C 136. If hand sieving is used 
for part or all of this procedure, it should be noted on 
the data forms. 

13.17 Sieve the soil specimen for approximately 15 
minutes using the powered sieve shaker and record the 
mass of the soil retained on each sieve to the nearest 0.1 
gram as shown on figure 5. 

13.18 Calculate and record to 0.1 percent the percent 
of total soil mass passing each size for both the hydrometer 
and sieve analysis. 

13.19 Plot the percent of total mass passing versus 
the particle diameter as shown on figure 6. 

14. Calculations 
14.1 Computations required on the "Gradation 

Analysis" form are divided into three parts: 

• Gradation of gravel sizes 
• Gradation of sand sizes 
• Hydrometer analysis 

14.2 Gradation of Gravel Sizes.-The method and 
calculations required to determine the percentages and 
distribution of particles larger than the No. 4 sieve size 
are outlined in USBR 5325. 

14.3 Gradation of Sand Sizes. 
14.3.1 Calculate the factor used to compute the 

percentage of the total sample mass passing a given sieve 
or the percentage of the total sample mass smaller than 
a given particle size as follows: 
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where: 

F= W,% 
w 

F = percent faccor, %/g (record co 0.001) 

(1) 

W, % = percent of total sample mass passing rhe No. 4 
(4.75-mm) sieve 

W = rota! dry mass of minus No. 4 sample, g 

14.3.2 Calculate the mass of soil passing each sieve 
using the following expression: 

Dry mass passing, g 
dry mass of sample, g - dry mass retained, g 

(2) 

14.3.3 Calculate rhe " % of total passing' each sieve 
by multiplying the mass passing each sieve, "mass passing," 
on rhe form by the factor F calculated in accordance with 
subparagraph 14.3.1. 

14.4 Hydrometer Analysis: 
14.4.1 The hydrometer reading obtained is corrected 

using the following expression: 

where: 
(1) 
(2 ) 
(3) 

(1) = (2) - (3) (3) 

corrected hydrometer reading 
hydrometer reading obtained from rest 
hydrometer correction obtained from USBR 1405 

NITTE 3.-The hydrometer correctio.n value can be either 
positive or negative. Care should be taken when applying this 
correccion co ensure that the proper mathematical sign is used. 

14.4.2 Calculate the percentage of the rota! sample 
mass smaller than a given particle size. 

(4) = F (1) 
(4) 

where: 
(4) = percent of coca! mass passing, % 

F = factor calculated in accordance with 
subparagraph 14.3. l 

(1) = corrected hydrometer reading 

NITTE 4.-The results of several hundred tescs on widely 
different soil types indicated chat the maximum size particles 
in suspension for any given time of sedimentation varied over 
a comparatively narrow range, and was sufficiently independent 
of temperature, hydrometer reading, and soil type that the 
determination of the maximum particle size in suspension-based 
on hydrometer reading times-is sufficiencly accurate for 
analyzing soils for construction purposes. If a more accurate 
particle size determination is desired, the method given in ASTM 
D 422 may be used. 

15. Repon 

15.1 The report 1s co consist of the completed and 
checked: 

"Gradation Analysis" form (fig. 5). 
"Gradation Test" plot (fig. 6). 
15.2 All calculations are co show a checkmark and all 

plotting must be checked. 
15.3 For reports, summary tables, etc., the gradation 

percentages are generally reported to the nearest l percent. 
The percentages may be reported as either percent passing 
or percent retained. 

15.4 In many cases, the gradation is reported in terms 
of percent gravel, percent sand, and percent fines. The 
percentages must add to 100 percent.· Due co rounding, 
the total may be either 99 or 101 percent; l percent must 
be added co or subtracted from the component (gravel, 
sand, or fines) with the largest .. percentage so the coral 
is 100 percent. If the percentages, -when rounded co the 
nearest 1 percent are equa l, make the adjustment co the 
coarser component. 

APPENDIX 

Xl. COMMENTS ON CERTAIN ASPECTS OF THE HYDROMETER TEST 

Xl.l A review of procedures and standards published 
by various sources revealed a variety of recommended 
reading times for rhe hydrometer rest. The times 
traditionally used by rhe Bureau of Reclamation (and 
continued with this procedure) were selected based on rhe 
following rationale. 

Xl.2 Ir has been found to be convenient co assume 
a value of specific gravity for che hydrometer rest. The 
value assumed is 2.65. This is a reasonable assumption, 
and moderate variations from this value have only a small 
effect on test results. By assuming a value of specific gravity, 
it was possible to print gradation forms with both particle 
diameter and time of reading values on the abscissa. This 
eliminates the need co calculate Sroke's Law (or use a 
nomograph) for each reading, thus reducing the chance 
for error. The particular times selected - at which readings 
are to be taken - were based on both convenience in 
performing rhe rest, and in obtaining data points which 
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have approximately equal spacing when plotted on the 
form. The three longer time readings (60 min, 7 h 15 min, 
and 25 h 45 min) correspond co particular particle sizes 
of interest (0.005, 0.002, and 0.001 mm, respectively) . 

Xl.3 There are various recommendations concerning 
storage of the hydrometer between readings. These 
recommendations range from placing in clean water to 
distilled or demineralized water. While distilled water is · 
required for preparing the soil suspension, the hydrometer 
may be scored between readings in either distilled water 
or capwarer that is free of acids, alkalies, or oils and is 
suitable for drinking. The capwater will noc cause a 
flocculating reaction with the soil, and allows laboracories 
chat use water baths for controlling hydrometer test 
temperatures co score the hydrometer in rhe water bath 
between readings. Test results are nor affected as long as 
the hydrometer bath water is changed regularly (about once 
per week) . 
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SAMPLE NO. PROJECT FEATURE 

AREA EXC. NO. DEPTH 

GRADATION OF GRAVEL SIZES 
TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF+ NO. 4 WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN 

- - ·--
SIEVE SIZE 3" 1-1/2" 3/4" 3/8" N0.4 PAN (75mm) (37.5 mm) (19.0mm) (9.5mm) (4.75 mm) 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER 

WET MASS RETAINED 

DRY MASS RETAINED 

DRY MASS PASSING ( examole rom U.S.8.I t. 5325 I 
□ Ibm 0kg □g 

% OF TOTAL PASSING I00.0 95.6 81.7 73.8 63.2 

GRADATION OF SAND SIZES 

DRY MASS OF SPECIMEN 
59. I 

.I FA % TOTAi. PAS:slNG NO. 4 63.2 = 1.069 g CTOR = DRY MA<:<: nF SPECIMEN • 59J 
DISH NO. I DRY MASS OF SPECIMEN (SIEVED) 
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SIEVING TIME IDATE 

15 min. 
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16 8.3 50.8 n."' 54.3 I.IS mm "' "'< 
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48.0 600t.tm :i:: _J -- -
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~o 
30 . 3 ISOµm 
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HYDROMETER ANALYSIS 
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!DISPERSING AGENT 
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STARTING TIME 
10• 15 IDATE !AMOUNT 125 mL 

TIME TEMP HYO HYO CORR II % OF TOTAL PARTICLE REMARKS oc READ CORR READ 0 PASSING DIAMETER < 
w 
a:: 
1-1.!> 

I min 27.0 16.5 3 . 5 13.0 v~ 13.9 37 um WVl 
a::"' 

◄ min 27.0 11.0 3.5 7.5 a::< 8 . 0 I9um on. 

19 min 27 . 0 8.0 3.5 4.5 
U_J 

4.8 x~ 9um 

27.0 6.5 3 . 5 3.0 
a::o 

3.2 
AUXILIARY TESTS: 

60 min 0 I- 5µm USBR 5205-.l!. ~ 
I- IL 

~o 
USBR 5300-__ 

7hI5min• 2um 
IL* 

25 h ◄5 min• I um 
TESTED AND COMPUTED BY I DATE I CHECKED BY IDATE 

• Not required for standard test. GPO 8 !53 - 6!59 

Figure 5. - Gradation analysis - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5335-89 

PERFORMING GRADATION ANALYSIS 
OF SOILS WITHOUT HYDROMETER-WET SIEVE 

INTRODUCTION 

This procedure is under the jurisdiction of Geotechnical Services Branch, code D-3760, Research and Laboratory Servic_es Division, 
Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5335. The number 1mmed1ately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the amount of soil finer than the No. 200 
(75 µm) sieve and performing gradation analysis of the 
sand size fraction. 

1.2 The amount of material finer than the No. 200 
(75 µm) sieve is determined by wet sieving and the 
distribution of particle sizes larger than 75 µm (retained 
on the No. 200 sieve) is determined by dry sieving. 

1.3 If gravel size particles were present in the original 
soil sample, this test is usually performed in conjunction 
with USBR 5325. 

1.4 Two methods of dispersing the soil are provided (1) 
a mechanical stirring device, and (2) an air dispersion rube. 
The air dispersion method must be specially requested or 
specified and its use noted on the test form (see subpar. 5.3 ). 

l.~ This procedure is used when a standard gradation 
analysis is required. When a quick, approximate determi­
nation of the percent fines in a soil is needed, USBR 4117, 
ASTM C 117, or ASTM D 1140 may be used. 

2. Auxiliary Tests 

2.1 A soil sample must be prepared in accordance with 
USBR 5205 prior to performing this procedure. 

3. Applicable Documents 

3.1 USER procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR *4117 Materials Finer Than No. 200 (75-µm) 
Sieve in Mineral Aggregates by Washing 
USBR *4136 Sieve Analysis of Fine and Coarse 
Aggregates 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 

* Concrete Manual, Bureau of Reclamation, part 2, in press. 

3.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 
C 117 Standard Test Method C for Materials Finer Than 
75-µm (No. 200) Sieve in Mineral Aggregates by Washing 
D 1140 Standard Test Method for Amount of Material 
in Soils Finer Than the No. 200 (75-µm) Sieve. 

4. Summary of Method 

4.1 A sample of minus No. 4 (4.75 mm) material is 
prepared and placed in a dispersive agent (usually sodium 
hexametaphosphate) for a period of at least 2 hours. Then 
it is thoroughly mixed and washed on a No. 200 sieve. 
The fraction retained on the No. 200 (75 µm) sieve is 
ovendried and separated on U.S.A. Standard sieves No. 
8, 16, 30, 50, 100, and 200 (2.36 mm, 1.18 mm, 600 µm, 
300 µm, 150 µm, and 75 µm, respectively) . The sieving 
is done using a powered sieve shaker. 

4.2 After sieving, the percentage of particles passing 
specified sizes are calculated, recorded, and plotted. 

5. Significance and Use 
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5.1 Gradation is a descriptive term which refers to the 
proportions by dry mass of a soil or fragmented rock 
distributed in specified particle-size ranges. 

5.2 The gradation of a soil gives an indication of the 
engineering properties of the soil. Permeability, compres­
sibility, and shear strength are all influenced by the 
gradation characteristics of a soil mass. Therefore, reliable 
determination of the amount of fines, sand, and gravel 
in a representative soil sample is of extreme importance 
for design considerations. 

5.3 Normally, the mechanical stirring device is used 
to disperse the soil specimen. Its use may cause degradation 
of some soil particles. Performing the gradation analysis 
on a mechanically dispersed specimen and on an air 
dispersed specimen may be useful in evaluating the 
durability and hardness of sand size particles. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 
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6.1.1 Dispersing Agent.-An agent used to assist in 
separating individual fine soil particles and to prevent chem 
from flocculating when in suspension. 

6.1.2 Fines.-Portions of soil finer than a No. 200 
(75 µm) U.S.A. Standard sieve (ASTM definition). 

6.1.3 Gradation.-The proportions by dry mass of a 
soil or fragmented rock distributed in specified particle­
size ranges (ASTM definition). 

6.1.4 Gradation Analysis.-The process of determin­
ing gradation (ASTM). 

7. Apparatus 

7.1 Balance or Scale.-A typical balance of scale used 
for chis designation must be readable to 0.1 g and have 
a capacity of about 500 g. 

7.2 Stirring Apparatus (male mixer).-A mechanically 
operated stirring device in which a suitably mounted electric 
motor turns a vertical shaft at a speed of nor less than 
10,000 revolutions per minute without load. The shaft 
should be equipped with a replaceable stirring paddle made 
of metal, plastic, or hard rubber. The shaft is to be of 
such a length that the stirring paddle will operate not 
less than 1-1/2 inches (38 mm) above the bottom of the 
dispersion cup. A special dispersion cup conforming to 
either of the designs shown on figure 1 should be provided. 

7.3 Sodium Hexametaphosphate.-A chemical agent in 
powder, crystal, or granular form, used as a dispersing 
agent, of technical grade or better. 

7.4 Evaporating Dish.-A porcelain evaporating dish, 
300-ml capacity, approximately 4-1/2 inches (115 mm) 
in diameter by 2 inches (50 mm) deep. 

7.5 Hydrometer Cyhnder.-A glass cylinder 18 inches 
(457 mm) in height and 2-1/2 inches (63.5 mm) in 
diameter, and marked for a volume of 1000 ml. The inside 
diameter is to be such that the 1000-ml mark is 14±1 
inch (360±20 mm) from the bottom on the inside. 

7.6 Rubber Stopper.-An appropriate size rubber 
stopper to seal the hydrometer cylinder. 

7.7 Tubing.-F1exib1e rubber tubing of sufficient length 
and diameter to be used for washing the soil specimen 
through a No. 200 (75 µm) sieve. 

7.8 Sieve Set.-A set of sieves of square-mesh woven­
wire cloth, conforming to the requirements of ASTM E 11. 
A set of sieves includes the following: 

A lid 

No. 8 2.36 mm 
No. 16 1.18mm 
No. 30 600 µm 
No. 50 300 µm 

No. 100 150 µm 
No. 200 75 µm 
A pan 

7.9 Washing Sieve.-No. 200 washing sieve may be 
fabricated, or an 8-inch diameter (203-mm) brass No. 200 
sieve may be used. 

7.10 Sieve Shaker.-A motor-driven electric sieve 
shaker, equipped with timer as shown on figure 2 should 
be used. 

34l 
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Figure 1. - Dispersion rup designs [ASTM D 422]. 

7.11 Brush.-A fine brass wire brush used for removing 
soil from the sieves and pan. 

7.12 Drying Oven.-An oven, thermostatically con­
trolled, perferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.13 Air Dispersion Tube and Air Supple.-An air 
dispersion tube conforming to the requirements of figure 3. 
The air supply must be capable of producing 2 cubic feet 
per minute for each dispersion tube. A water trap on the 
air line may be useful to remove water that condenses 
in the air line when not in use. Otherwise, the water must 
be blown out of the air line before using for dispersion 
purposes. 

7.14 Graduated Cylinder.-250 ml capacity, graduated 
in 2 ml divisions or other suitable container or method 
to measure 125 ml of the dispersing agent solution. 

8. Reagents and Materials 

8.1 Tapwater that is free of acids, alkalies, or oils and 
is suitable for drinking may be used for washing the sample. 

8.2 A 4-percent sodium hexametaphosphace solution 
is used to disperse the representative soil sample. 

8.3 To prepare a 4-percent sodium hexametaphosphate 
solution, the following procedure is to be followed: 

.8.3. l Fill a 1000-ml hydrometer cylinder with dis­
tilled water to approximately 750 mL. 

8.3.2 Obtain 40 grams of sodium hexametaphos­
phace and place into the dispersion cup. Add approximately 
100 ml of distilled water to the sodium hexametaphos­
phate. Mix the sodium hexameraphosphate and water for 
about 5 minutes using the malt mixer or until the sodium 
hexametaphosphate completely dissolves. 
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Figure 2. - Sieve ana lysis equipment. 
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Figure 3. - Air dispersion tube. I0I -D-523 

8.3.3 Add the solution from the dispersion cup ro 
the hydrometer cylinder. Fill the hydrometer cylinder ro 
the 1000-mL line with distilled water. Securely place the 
rubber sropper on rop of the hydrometer cylinder. With 
one hand over the rop of the hydrometer cylinder and 

Yi2 

the other on the bottom, shake the hydrometer cylinder 
to thoroughly mix the so lution. 

8.4 A prepared sodium hexametaphosphate solution 
may be scored for no more than 21 days if the srorage 
temperature remains near 73 °F (23 ° C), and for no more 
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than 7 days if the temperature of the storage area 
consistently exceeds 73 °F (23 °C). 

8.5 All bottles containing the dispersing solution must 
have the date of preparation and percent solution marked 
on them. 

9. Precautions 

9. l Technical Precautions: 
9.1.1 Because sodium hexametaphosphate in 

powder, granular, or crystalline form absorbs moisture, the 
material must be stored in airtight containers. 

9.1.2 Due to the effects of sampling, handling, 
processing, and testing on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limestone, clays tone, etc., or soils affected by air and/ or 
ovendrying. Such materials must be identified before 
processing and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested at all. Cautionary statements 
must be made on test data forms and in .reporting the 
test data. 

10. Sampling, Test Specimens, and Test Units 

10.1 Prepare a test sample of approximately 500 grams 
of minus No. 4 (4.75-mm) material in accordance with 
USBR 5205. If 500 g of soil is not available, obtain at 
least enough soil to have an ovendried test specimen that 
meets the requirements of subparagraph 10.3. 

10.2 Place the test sample into a suitable container 
and ovendry the sample for a minimum of 16 hours. 

10.3 Thoroughly mix the soil and obtain a specimen 
of approximately 100 grams for sandy soils and approx­
imately 50 grams for silty or clayey soils by splitting in 
accordance with USBR 5205. Determine the mass of the 
specimen to the nearest 0.1 g and record on the "'Gradation 
Analysis" form as shown on figure 4. 

10.4 The test specimen must be dispersed in accordance 
with either subparagraph 10.5 or 10.6 (see subpara. 5.3 ). 
If the air dispersion method is used, it must be noted on 
the test form. 

10.5 Dispersion of Soil Specimen (mechanical 
stirring): 

10.5.1 Place the soil specimen in an evaporating dish. 
10.5.2 Add 125 ml of 4 percent sodium hexameta­

phosphate solution and enough water to cover the soil. 
10.5.3 Soak the soil specimen in the sodium hexa­

metaphosphate solution for a period of at least 2 hours. 
10.5.4 Wash the specimen into a dispersion cup with 

distilled water. 
10.5.5 Continue adding distilled water until the 

dispersion cup is within 2 inches (50 mm) of being filled. 
10.5.6 Mix the contents of the dispersion cup using 

the malt mixer for 1 minute. 

10.6 Dispersion of Soil Specimen (air dispersion): 
10.6.1 Place the soil specimen into a hydrometer 

cylinder. 
10.6.2 Add 125 ml of 4-percent sodium hexamera­

phosphate solution to the hydrometer cylinder. 
10.6.3 Add enough distilled water to the hydrometer 

cylinder to bring the volume to about 250 ml and stir. 
10.6.4 Soak the soil specimen in the sodium hexa­

metaphosphate solution for a period of at least 2 hours. 
10.6.5 Turn on the air supply to the air dispersion 

cube so there is a small air pressure (about 1 to 2 lbf/ in2) 

and insert the cube into the hydrometer cylinder. 
10.6.6 Increase the air pressure to about 15 lbf/in2 

and let the mixture disperse for 10 minutes. Occasionally 
rinse the sides of the cylinder with distilled water. For 
some soils containing coarse sand particles, it may be 
necessary to increase the air pressure to adequately agitate 
and disperse the particles. 

10.6.7 Decrease the air pressure to a very low pres­
sure and slowly withdraw the air dispersion cube. Rinse 
the tube with distilled wateJ as it is being withdrawn and 
rinse the sides of the hydrometer cylinder. 

11. Calibration and Standardization 

11.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balance or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 

12. Conditioning 

12.1 After dispersion and mixing as outlined in either 
subparagraph 10.5 or 10.6, the specimen is ready for testing. 

13. Procedure 

13.1 All data are to be recorded on the "Gradation 
Analysis" form as shown on figure 4. 

13.2 Pour the dispersed soil specimen prepared 
according to subparagraph 10.5 or 10.6 onto a No. 200 
sieve and carefully wash the specimen until all fines are 
removed. 

13.3 Pour the remaining soil into an evaporating dish 
and decant excess water. 

13.4 Place the evaporating dish into an oven at 
230±9 °F (110±5 °C) and dry for 16 hours. 

13.5 Remove the specimen from the oven after 16 
hours and obtain the dry mass of the specimen. Record 
the mass as shown on figure 4. 

13.6 Place the specimen into the top sieve of a sieve 
set and place the lid on the top sieve. Place the sieve 
set into a sieve shaker. The sieve set should consist of 
six sizes noted in subparagraph 7.8. 

13.6.1 Hand sieving may be used; however, use of 
a mechanical sieving device is the most common and 
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accepted method of performing this procedure. Hand 
sieving must be done in accordance w·ith the directions 
in USBR 4136 or ASTM C 136. If hand sieving is used 
for part or all of this procedure, it should be noted on 
the data forms. 

13.7 Sieve the soil specimen for about 15 minutes using 
the powered sieve shaker and record cumulative masses 
of theso1i retained on each sieve to the nearest 0.1 gram 
as shown on figure 4. 

13.8 Calculate and record to 0.1 percent the percent 
of total passing of soil mass for each sieve. 

13.9 Plot the percent of total mass passing versus the 
diameter of particle as shown on figure 5. 

14. Calculations 

14.1 Computations required on the "Gradation 
Analysis" form are divided into three parts: 

• Gradation of gravel sizes 
• Gradation of sand_sizes 
• Hydrometer analysis 

14.2 Gradation of Gravel Sizes.-The method and 
calculations required to determine the percentages and 
distribution of particles larger than the No. 4 sieve size 
are outlined in USBR 5325. 

14.3 .Gradation of Sand Sizes: 
14.3.1 Calculate the factor used to compute the 

percentage of the total sample mass passing a given sieve 
or the percentage of the total sample mass smaller than 
a given particle size as follows : 

where: 

F= W, % 
w 

F = percentage factor, % /g (record to 0.001) 

(1) 

W, % = percent of total sample mass passing the No. 4 
(4.75-mm) sieve 

W = total dry mass of minus No. 4 sample, g 
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14.3.2 Calculate the dry mass of soil passing each 
sieve using the following expression: 

Dry mass passing, g = (2) 
total dry mass of sample, g - dry mass retained, g 

14.3.3 Calculate the " % of total mass passing" each 
sieve by multiplying the mass passing each sieve, "mass 
passing," on the test form by the factor F calculated in 
accordance with subparagraph 14.3.1. 

14.4 Hydrometer Analys1s.-The hydrometer analysis 
portion of the form is not used as a part of this procedure. 

15. Report 

15.1 The report is to consist of the following completed 
and checked: 

"Gradation Analysis" test form (fig. 4). 
"Gradation Test" plot (fig. 5). 
15.2 All calculations are to show a checkmark and all 

plotting must be checked. 
15.3 For reports, summary tables, etc. , the gradation 

percentages are generally reported to the nearest 1 percent. 
The percentages may be reported as either percent passing 
or percent retained. 

15.4 In many cases, the gradation is reported in terms 
of percent gravel, percent sand, and percent fines . The 
percentages must add to 100 percent. Due to rounding, 
the total may be either 99 or 101 percent; 1 percent must 
be added to or subtracted from the component (gravel, 
sand, or fines ) with the largest percentage so the total 
is 100 percent. If the percentages, when rounded to the 
nearest 1 percent are equal, ·make the adjustment to the 
coarser component. 
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7-145 I (9-86) 
Bureau of Reclamation GRADATION ANALYSIS Designation USBR 5325-__ 

Designation USBR 5330-__ 
Designation USBR 5335- 89 

SAMPLE NO. PROJECT FEATURE 
Example 

ARt:A Exc. NO. DEPTH . 

GRADATION OF GRAVEL SIZES 
TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF+ NO. 4 WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE % MOISTURE CONTENT OF - NO. 4 TOTAL ORY MASS OF SPECIMEN 

SIEVE SIZE ! 3·• 1-1/2" 3/4" 3/8" N0.4 PAN (75mm} (37.5 mm} (19.0mm} (9.5mm} (4.75mm} 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

MASS OF CONTAINER 

WET MASS RETAINED 

ORY MASS RETAINED 

ORY MASS PASSING I exam ,le lrom U.! .B.R. 5325 I Oibm 0kg 09 

% OF TOTAL PASSING 100.0 95.6 81.7 73.8 63.2 

GRADATION OFSANDSIZES 

DRY MASS OF SPECIMEN ,,FACTOR="' v ALt'ASSINc;Nu.4 • Ii~ 2 a 

59. I g DAY M.O.<:c: OF SPECIMEN 59.1 I,Q6li! 
DISH NO. I ORY MASS OF SPECIMEN (SIEVED} 

18 39.2 
SIEVING TIME IDATE 

15 min. 

SIEVE MASS MASS a % OF TOTAL PARTICLE REMARKS 
NO. RETAINED (g) PASSING (2) \.? PASSING DIAMETER z 
8 3.4 55.7 vii.? 59.5 2. 36 mm 125 ml 4% Sod. Hexamelaohosohale "'z <-

8.3 50.8 
0.. VI 

54.3 1. 18 mm dispersing agent used. 16 VI 
1/) ,c( 

30 14.2 44.9 
~a. 

48.0 600/Jm I:...J 
x< 

50 22. I 37.0 
I- 39.6 300µm - a:o 

01-

100 30.8 28.3 I- u. 
~o 

30.3 ISOµm 

200 39.0 20.1 
u.~ 

21 .5 75µm 

PAN 0.1 TESTED AND COMPUTED BY I DATE I CHECKED BY IDATE 

TOTAL 39. I 

HYDROMETER ANALYSIS 

HYDROMETER NO. IDISPERSING AGENT 

~TARTING TIME IDATE !AMOUNT 
mL 

TIME TEMP HYO HYO CORR II % OF TOTAL PARTICLE REMARKS 
OC READ CORR READ 0 PASSING DIAMETER 

,c( 
w a: 
I-\.? 

I min u~ 37 um WVI a: 1/) 

4 min a:< I9um 00. 
U...J 

19 min x< I- 9um 
a:o AUXILIARY TESTS: 

60 min 01- Sµm USBR 5205-~ ~ 
I- u. 
~o 

USSR 5300-__ 
7 h 15 min• 2Ltm u.~ 

25 h 45 min• lum 
TESTED AND COMPUTED BY IDATE I CHECKt:D BY IDATE 

• Not required for 1tandard test. GPO 8S3-0S9 

Figure 4. - Gradation analysis - example. 
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7-1415 (10-86) 
Bureau of Reclamation 

.. 
SIEVE ANALYSIS 

U.S . STANDARD SIEVE OPENING I 
In Inches 

GRADATION TEST 

U.S. STANDARD SIEVE NUMBERS 

1½" 3/4" 3/B" N4 NS 610 #16 M• n 640 #50 #100 #200 1 min 

Dealgnatlon USBR 

HYDROMETER ANALYSIS 
TIME READINGS 

4 min 19min 60min 

5335 - 89_ 

7 hr- 25 hr-
15min 4(.. - min 
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60 

~DAV-Fl 
COARSE T 
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NO . 

I I 

9.5 

w 
10 

FINE 
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"' .....__ 
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1 0.5 0.1 0.05 

DIAMETER OF PARTICLE IN MILLIMETERS 
SA""' I 

MEDIUM I FINE I 

~-

.019 .009 
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0.01 
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--.005 
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0 .005 
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Figure 5. - Gradation test - gradation analysis data plot example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5345-89 

PERFORMING GRADATION ANALYSIS OF SOILS 
BY THE BOTTOM WITHDRAW AL TEST METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5345. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure· for 
performing gradation analysis of sediment samples or 
prepared soil samples by the bottom withdrawal test 
method. 

1.2 The procedure is used to determine the gradation 
of soil in soil-water sediment sample having a minimum 
volume of 400 ml and a maximum particle size of 1.0 mm. 

2. Applicable Documents 

2.1 USBR Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5405 Determining Dispersibility of Clayey Soils 
by the Double Hydrometer Test Method 

2.2 ASTM Standard: 
E l ASTM Thermometers 

3. Summary of Method 

3.1 The gradation of fine soil particles in a soil-water 
sediment sample is determined using a bottom withdrawal 
tube. After the sediment sample is uniformly dispersed 
in the bottom withdrawal tube, the tube is fastened in 
an upright position. At predetermined time intervals, a 
soil-water specimen of known volume is withdrawn from 
the bottom of the tube using the quick-acting outlet. The 
mass · of the sediment in each collected specimen is 
determined after the water has evaporated. Then, the 
gradation of the sediment· is determined using an Oden 
curve constructed using the data collected during the test. 

4. Significance and Use 

4.1 The test was originally developed to study the 
behavior of streambed sediments, and is used to determine 
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the gradation of fine soils in low concentration soil-water 
sediment samples. Soil particles are assumed to behave 
as spheres settling at terminal velocity according to Stokes 
Law (1). 1 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
5.2 A term not included in USBR 3900 specific to this 

designation is: 
5.2.1 Oden Curve.-Graphical representation of 

collected test data used to determine the gradation of the 
soil particles in the soil-water sediment sample. 

6. Apparatus: 

6.1 General Apparatus. 
6.1. l Drying Oven.-An oven, thermostatically 

controlled, preferably of the forced-draft type and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °() throughout the drying chamber. 

6.1.2 Analytical Balance.-An analytical balance 
having a capacity of about 200 g and readable to 0.0001 g. 
The accuracy of the balance must be sufficient to determine 
the mass to the nearest 0.1 percent. 

6.1.3 Graduates.-100 ml capacity, readable to 1 ml; 
and 250 ml capacity, readable to 2 ml. 

6.1.4 Timing Dev1ce.-Stopwatch or clock with sweep 
second hand. 

6.1.5 Thermometer.-10 to 110 °C; 0.5 °C divisions, 
conforming to the requirements of ASTM E l. 

6.1.6 Gooch Crucib/e.-A perforated, porcelain 
evaporating dish for containing the filter paper and 
precipitate of the tested soil-water sediment sample during 
the filtering. 

6.1.7 Filtering Ffask.-250-mL filtering flask and 
stopper to fit gooch crucible with a side tube capable of 
withstanding a vacuum. 

6.1.8 Filter Paper.-Glass fiber filter, grade 934AH 
or equivalent, sized co fit gooch crucible. 

1 Number in brackets refer co che reference. 
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6.1.9 Gooch Crucible Storage Rack.-Rack, designed 
to store a minimum of 10 crucibles for easy handling, 
ovendrying, etc. 

6.2 Equipment Unique to This Procedure: 
6.2.1 Bottom Withdrawal Tube.-A glass tube, 

equipped with a volumetric scale and a quick acting outlet 
at the lower end similar to that shown on figure 1. • 

6.2.2 Stand-A structural stand fitted with clamps 
or other devices to hold bottom withdrawal tube vertical 
during test. 

6.3 Miscellaneous Equipment.-Desicator, rubber 
stopper for bottom withdrawal tube, 400-mL capacity 
beaker, glass stirring rod, 200 mL graduate, bottle brush 
for cleaning bottom withdrawal tube, rubber tubing for 
quick acting outlet on bottom withdrawal tube, pinch 
clamps for rubber tubing quick acting outlet. 

7. Reagents and Materials 

7 .1 Distilled water is to be used for washing the 
specimen into the bottom withdrawal tube and for filling 
the bottom withdrawal tube to the 1000-mm height mark. 

.. e[D ~ E 
c.o c.o 
<t N 

,IQ.QQ 

lj 

Rubber tube 

Note: Glass tube to be 
uniform in diameter. 

Pinch - clamp 

Figure 1. - Bottom withdrawal rube with quick acting outlet. 

8. Precautions 

8.1 Safety Precautions.-Exercise caution when han­
dling glass bottom withdrawal tubes, especially when 
inverting to disperse the test specimen. 

8.2 Technical Precautions.-If the total volume of the 
soil-water sediment sample is 1000 mL or more, the mass 
of dissolved solids per unit volume of undistilled water 
in the specimen is to be determined using the procedure 
of appendix Xl. 

9. Sampling, Test Specimens, and Test Units 

9.1 A bottom withdrawal test may be required on a 
sample that has noc been collected in the field as a soil­
water sediment sample. For this case, a representative 
sample should be prepared in accordance with the 
procedures outlined in appendix X2. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 

11. Conditioning 

11.1 If the sam pies are to be stored for more than 
2 weeks before testing, a dark room, subdued light, or 
refrigeration should be used to retard algae growth. A few 
drops of formaldehyde may be added to prevent algae 
growth. 
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12. Procedure 

12.1 All data are to be recorded on the "Bottom 
Withdrawal Test Data Sheet" as shown on figure 2. 

12.2 Obtain 10 gooch crucibles, place filter paper in 
the bottom of each crucible and ovendry the crucibles 
overnight at 230±9 ° F ( 110±5 ° C). 

12.3 Transfer the gooch crucibles, with filter paper, 
co a desiccator and allow them to cool to room temperature. 
Determine the mass of each crucible to 0.0001 gram. 

12.4 Record the number and mass of each crucible in 
columns (4) and (6) of the form. 

12.5 Clean the bottom withdrawal tube with the bottle 
brush and assemble the rubber tubing and pinch clamp 
as shown on figure 1. 

12.6 Check the watertight integrity of the rubber tubing 
and pinch clamp with a small amount of water before 
using the tube assembly for the test. 

12.7 Attach the bottom withdrawal tube to the stand. 
12.8 Transfer the soil-water sediment sample to the 

bottom withdrawal tube. 
12.9 Wash the remainder of the sample into the tube 

using distilled water to bring the height of the soil-water 
suspension to the 1000-mm mark. If distilled water is not 
used for this step, a correction factor must be determined 
using appendix XL 
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7-2365 (9-86) 
Bure au of Reclamation 

BOTTOM WITHDRAWAL TEST DATA SHEET 
Deatanatlon USBR 5345-~~ 

SAMPLE NO. PROJECT FEATURE 
I Example Example 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

Oet• Received Date T-ed Withdrawal Tube No. 14 Temperature 26 •c 

Soll-Water Sam pie Volume 422.40 ml Soll-Water Sample Mau 422.85 g Sediment Mau 0.45 g 

□ Olstllled water to bring ,,,.panaion to 1000 mm height et beginning of t•rt Grou cruclble men 42.3844 g 

[K] Net crucible maa 42.2744 g 
Undlatllled water to bring 1u1pen1lon to 1000 mm height at beginning oft-

Mau of dlnolved 1ollds O • 0 I I 0 0 

Oluolved 10lld1correc:tlon factor• Mau/Specimen volume .0.0110 • _Q,.Q.Q.QJ_lg/ml 100 mt 100 Spec lmen vo1um• 

Volume of water for• 100 mm wlthdrewal • 100 ml (el Men of dlnolved 10lld1 pr ... nt In 100 mm withdrawal• 0 · 0 I I 0 g 

MASS DETERMINATIONS Sedimen1 in Time to 
Depth Su1penalon Percent Settle 

Clock ElePHd Fall Olah Factor 1000 mm Fall In 1000mm Time Crucible Time Ht. No. Prec::loltate Sed iment Cumulative 1000/(3) (91 X (10) Suao. (21 X (101 min + Crucible 
Sediment 0 

(5) • (6) (7) • (a) (reed up) g " min 
mm 0 0 g 0 

(1) (2) (3) (4) (5) (6) 171 (Bl (9) (10) (11 l (12) (13) 

8•00 0 1000 - - - - . 0 . 4519 1.000 0 . 4519 100 

8•08 8 903 20 61 .6420 61 .5667 0.0753 0 . 0643 0 . 3876 1 . 107 0 . 4291 95 8 . 9 

8•24 24 800 10 65.8947 65.8100 0 . 0847 0.0737 0.3139 I . 250 0.3924 86 . 8 30 . 0 

8 1 40 40 696 3 ~0.5398 60 .4627 0.0771 0.0661 0.2478 I . 437 0.3561 78.8 57.5 

8 • 54 54 600 38 58 . 356~ 58 .2931 0.0632 0 . 0522 0.1956 I . 667 0.3261 72 . 2 90 . 0 

9•09 69 495 12 62.300 62 .2362 0.0639 0.0529 0.1427 2 . 020 0 . 2883 63 . 8 139.4 

9•22 82 400 50 70. 7371 70 . 6865 0.0509 0.0399 0.1028 2.500 0.2570 56.9 205 - . -
9•36 96 300 25 60.952! 60.903i 0.0488 0 . 0378 0.0650 3.333 0.2166 47 . 9 320 

9•50 110 200 24 64 . 051( 64.008i 0.0423 0.0313 0.0337 5 . 000 0. 1685 37 . 3 550 

10•04 124 99 43 64.990E 64.957( 0 .0338 0.0228 0 . 0 109 10 . 10 0 . 1101 24.4 1252 

- - 0 45 63. 740~ 63.7184 0 .0219 0 . 0109 - . . - . 

REMARKS: Data and elols from reference (I l. 

Figure 2. - Barrom withdrawal test data sheet - example. 
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12.10 Insert the rubber stopper into the top end of 
the cube. 

12.11 In the 2 or 3 minutes required to transfer the 
sample into the cube, the large particles will have settled 
and collected at the bottom of the tube. Remove the tube 
from che stand and hold the cube nearly horizontal with 
the constricted bottom end slightly higher than che top 
end so that the entrapped air bubble moves to the 
constricted bottom end. Move the cube horizontally, using 
a backward and forward motion to wash the particles from 
the constricted bottom end. Continue chis motion until 
che suspension appears uniform throughout the cube. 

NOfE L-The uniformity of the suspension can be evaluated 
by observing the tube before a light source. Hold the tube slightly 
inclined, with the air bubble in the constricted bottom end of 
the tube. The coarser particles should be uniformly distributed 
along the length of the tube, settled, and collected on its lower 
side. 

12.12 Move the cube to upright, bottom end down. 
12.13 Invert the cube, allowing the entrapped air bubble 

to travel the full length of the tube before the next inversion. 
A complete inversion cycle; i.e., rotating the cop co bottom 
and returning, should cake about 10 seconds with the air 
bubble caking 5 seconds to travel the length of the cube. 

12.14 Continue inversion cycles until the sediment 
sample is completely dispersed by observing uniform 
turbidity throughout the cube. Generally, chis occurs within 
2 to 5 minutes. 

NOfE 2.-Once the tube inversion process has started, it should 
be continuous until the sample is uniformly dispersed. If the 
process is interrupted, return to subparagraph 12.11 

12.15 To start the final cube inversion cycle, invert 
the cube such chat the entrapped air bubble is located at 
the bottom, constricted end of the cube. Start the stopwatch 
as the cube is inverted to a vertical upright position and 
securely placed and attached to the stand. 

12.16 Remove the rubber stopper from the cop end 
of the cube. 

12.17 Determine and record on the form col. (1), the 
clock time when che cube is in place in the stand. Using 
the predetermined elapsed time intervals, shown in column 
(2) of the form, complete the required withdrawal clock 
times and record clock time in column 1. 

Note 3.-Time intervals are selected in such a manner as co 
accurately define the Oden curve. In general, for material 
containing particles as coarse as 1.0 f!_lm , the withdrawal times 
typically used are at 10 seconds, 30 seconds, 1, 3, 7, 16, 40, 80, 
and 120 minutes. For samples containing particles of 1/ 16 mm 
or smaller the time intervals typically used are at 4, 15, 40, 54, 
69, 82, 97, llO, and 124 min. Deviations from any certain set 
time will not do harm if the actual time of withdrawal is noted. 

12.18 Approximately 10 seconds before the required 
withdrawal time, place the end of che rubber cubing into 
the open end of the 200-mL graduate. 

12.19 Approximately 1 second before the required 
withdrawal time (clockcime), quickly open the pinch clamp 
to full width, collect the withdrawal specimen, and slowly 

close the pinch clamp as the lase portion of the 100 mm 
length of sample is withdrawn. 

NOfE 4.-For the initial withdrawal of the 100-mm length 
of sample, it is important that the withdrawn wat~r clears the 
constricted tube end and rubber tubing of all coarse sediment 
particles. Subsequent openings and closings of the pinch clamp 
may be completed less rapidly for improved control as specimens 
are withdrawn. 
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12.20 Record the height of the water column remaining 
in the bottom withdrawal cube after removal of each 
withdrawal specimen in column 3 of the form. 

12.21 Insert the appropriate gooch crucible into the 
rubber stopper of the vacuum filtering flask. Connect the 
vacuum source to the filtering flask. 

12.22 Slowly transfer the withdrawn specimen into the 
gooch crucible; be extremely careful to transfer all the 
sediment without spillage. Wash the graduate with a stream 
of distilled water to assist in removing all the sediment 
from the graduate to the gooch crucible. 

12.23 When the graduate is empty and the water level 
in the gooch crucible is relatively low, disconnect the 
vacuum and place the crucible in the storage rack. 

12.24 Continue withdrawing 100-mm-length speci­
mens of the soil-water sediment sample as described in 
subparagraphs 12.18 through 12.23 until the lase specimen 
is withdrawn. 

12.25 Determine and record the room temperature on 
the form. 

12.26 Place the gooch crucibles and the storage rack 
in the drying oven for a minimum of 16 hours at 230±9 ° F 
(110±5 °C) . . 

12.27 Transfer the gooch crucibles and rack to a 
desiccator, cool co room temperature. Determine and record 
the mass of each crucible filter paper and collected sediment 
to 0.0001 gram in column 5 of the form. 

12.28 Clean the gooch crucibles, graduates, and bottom 
withdrawal cubes; return the equipment to storage area. 

13. Interpretation of Results 

13.l The "Bottom Withdrawal Test Data Sheet" is 
completed using the following guidelines. 

13.1.1 Column (1), Clock T,ine.-lnitial clock time 
is determined at start of test when the cube is placed upright 
in stand. Remaining clock times for each withdrawal 
specimens are computed from the initial clock time and 
the predetermined time intervals. 

13.1.2 Column (2), Elapsed Tiine.-Preselected time 
intervals to assure full range coverage of particle diameters 
expected in the soil-water sediment sample. 

13.1.3 Column (3), Ht.-Height (mm) along length 
of cube determined and recorded after withdrawal of each 
specimen. 

13.1.4 Column (4), Dish No.-Crucible number 
preselected, recorded, and prelisced in sequence to be used 
during the test. 

13.1.5 Column (5), Gross.-Mass of crucible, filter 
paper, and ovendry soil sediment after rest, determined 
and recorded to 0.0001 gram. 
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13.1.6 Column (6), Tare.-Mass of crucible and filter 
paper before test, determined and recorded to 0.0001 gram. 

13.1.7 Column (7), Precipitate.- Mass of dry sedi­
ment determined by subtracting column 6 from column 5. 

13. 1.8 Column (8), Sediment.-Net mass of soil 
sediment calculated using the values in column 7 minus 
the amount of dissolved solids determined in accordance 
with appendix XL If distilled water is used for preparing 
the specimen and filling the bottom withdrawal rube, 
correction is nor necessary for dissolved solids in the water. 

13.1.9 Column (9), Cumulative.-Cumulative sedi­
ment mass is calculated by adding the values in column 8, 
beginning at the bottom of the column and proceeding 
upwards. 

13.1.10 Column (10), Depth Faetor.-Adjusts the 
actual observed height of the soil-water sediment column 
to account for continually decreasing particle settling 
lengths during the test. 

13.1.11 Column (11), Sediment inSuspension.-Mul­
tiplying values in column 9 by column 10 adjusts the total 
mass of the settling particles withdrawn at actual settling 
height ro the mass that would occur with 1000 mm total 
settling height. 

13.1.12 Column (12), Percent in Suspension.­
Determined by dividing the sediment m suspension 
recorded in column 11 at each withdrawal by the total 
mass of sediment. 

13.1.13 Column (13), Time to Settle 1000 mm.­
Equivalent time required for particles collected to settle 
1000 mm according to Stokes' Law (determined by 
multiplying col. 2 by col. 10). 

13.2 Figure 3 is the completed Oden curve used to 
determine the final gradation of the soil sediment sample. 
The Oden curve is constructed from the test data. The 
final gradation is determined graphically by using the data 
in table 1 in conjunction with the Oden curve constructed 

Table l. - Particle seeding cime cable for use in preparing OMn curve'. 

Temp. 
oc 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

20.5 
21. 
21.5 
22 
22.5 

23 
23.5 
24 
24.5 
25 

25.5 
26 
27 
28 
29 

30 

31 
32 

Particle Diameter millimeters 
1.00 0.50 0.25 0.125 0.0625 0.0442 0.0312 0.0221 0.0156 0.0110 0.0078 0.0055 0.0039 0.00276 0.00195 

0.115 0.243 0.592 1.73 6.22 

.114 

.11 3 

.11 2 

.111 

.110 

.109 

.108 

.107 

.107 

.106 

.106 

.105 

.105 

.104 

.104 

.104 

.104 

. l03 

. l03 

.103 

.102 

. l02 

.101 

.101 

.100 

.240 

.237 

.233 

.232 

.228 

.227 

.225 

.222 

.220 

.218 

.217 

.217 

.215 

.213 

.213 

.212 

.210 

.210 

.210 

.208 

.208 

.207 

.205 

.203 

.202 

.577 l.68 

.568 1.65 

.562 1.62 

.552 1.59 

.543 1.56 

.538 1.53 

.528 1.50 

.522 1.48 

.515 l.45 

.508 1.41 

.505 l.40 

.503 1.39 

.500 1.38 

.497 1.37 

.492 l.36 

.488 1.34 

.487 1.33 

.485 l.32 

.480 1.31 

.478 1.30 

.475 1.29 

.472 1.28 

.467 1.26 

.462 1.24 

.455 1.22 

6.03 
5.87 
5.72 
5.57 
5.42 

5.27 
5.15 
5.02 
4.88 
4.77 

4.72 
4.67 
4.61 
4.55 
4.50 

4.45 
4.39 
4.33 
4.29 
4.25 

4.20 
4.15 
4.05 
3.97 
3.88 

.0998 .200 .450 1.20 3.80 

.0991 .198 .445 I.JS 3.71 

.0987 . l 97 .442 l.17 3.65 

12.4 

12. l 
11.7 
11.4 
II.I 
10.8 

10.6 
10.3 
10.0 
9.77 
9.53 

9.43 
9.32 
9.21 
9.10 
8.99 

8.88 
8.78 
8.67 
8.58 
8.48 

8.38 
8.28 
8.10 
7.93 
7.77 

7.6-0 

7.43 
7.28 

24.9 

24.2 
23.6 
22.9 
22.3 
21.7 

21.2 
20.6 
20.l 
19.6 
19.2 

19.0 
18.7 
18.5 
18.3 
18. l 

17.8 
17.6 
17.4 
17.2 
17.0 

16.9 
16.7 
16.3 
15.9 
15.6 

15.3 

14.9 
14.6 

49.7 

48.3 
46.9 
45.7 
44.5 
43.3 

42.2 
41.1 
40.1 
39.l 
38.2 

37.8 
37.3 
39.9 
36.4 
36.0 

35.5 
35 . l 
34.7 
34.3 
33.9 

33.6 
33.2 
32.4 
31.7 
31.J 

30.4 

29.8 
29.2 

99.6 

96.9 
94.2 
9 1.6 
89.2 
86.9 

84.6 
82.5 
80.5 
78.5 
766 

75.8 
74.9 
74.0 
73.0 
72.2 

71.3 
70.5 
69.6 
68.9 
68.l 

67.4 
66.6 
65.l 
63.7 
62.3 

61.0 

59.7 
58.5 

200 

195 
189 
184 
180 
175 

170 
166 
162 
158 
154 

153 
151 
149 
147 
145 

143 
142 
140 
139 
137 

136 
134 
131 
128 
125 

123 

120 
118 

399 

388 
377 
367 
357 
348 

339 
330 
322 
314 
306 

303 
299 
296 
292 
289 

285 
282 
279 
276 
273 

270 
266 
260 
255 
249 

244 

239 
234 

802 

780 
758 
737 · 
718 
698 

681 
664 
647 
631 
616 

609 
602 
600 
587 
580 

574 
567 
560 
554 
548 

541 
534 
524 
512 
501 

491 

481 
471 

1594 

1551 
1507 
1466 
1428 
1391 

1354 
1320 
1288 
1256 
1225 

1212 
1198 
1179 
1168 
1155 

1141 
1128 
1114 
1102 
1090 

1078 
1065 
1042 
1019 
997 

976 

956 
936 

3182 6380 

3095 
3007 
2927 
2850 
2776 

2703 
2969 
2570 
2507 
2445 

2418 
2391 
2362 
2332 
2303 

2227 
2251 
2225 
2200 
2175 

2151 
2136 
2076 
2034 
1990 

. 6206 
6031 
5868 
5715 
5566 

5421 
5285 
5254 
5026 
4904 

4849 
4794 
4735 
4675 
4621 

4566 
4514 
4461 
4411 
4361 

4312 
4263 
4169 
4079 
3991 

1948 3907 

1908 3825 
1869 3747 

Time in minutes required for spheres having a specific gravity of 2.65 co fall 1000 mm in water at varying temperatures. Terminal 
fall velocity for particles 0.00195 co 0.0625 mm compuced according co Stoke's Law; terminal fall velocity for coarser particles taken 
from curves prepared at the California Institute of Technology, from reference [I). 
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from the test data. Constructing the Oden curve 1s 
illustrated in three steps in appendix X3. 

14. Report 

14.1 The report is to consist of a completed and checked 
"Bottom Withdrawal Test Data Sheet" (fig. 2) with a 
completed Oden Curve, (fig. 3). 

14.2 All calculations are to show a checkmark and all 
plotting must be checked. 

:c 
I-
a.. 
I.LI 
0 

E 
e 
I 

0 
0 

60 Q 
I 

z 
0 
en 
z 
I.LI 50 a.. 
Cl) 
~ 
Cl) 

z 

I- 40 -- --z 
I.LI 
0 
a:: 
I.LI 
a.. 

30 
GRADING 

SIZE IN MM. CUM.%FINER 

.0625 99.6 
20 .0442 99.1 

.0312 98.2 

.0221 96.5 

.0156 90.5 

. 0110 82.2 

.0078 72.0 
10 .0055 55.3 

.0039 42.3 

15. Reference 

(l] A Study of Methods Used in Measurements and 
Analysis of Sediment Loads in Streams: Report No. 7, 
A Study of New Methods for Size Analysis of Suspended 
Sediment Samples, St. Paul U.S. Army Corps of Engineers 
District Suboffice Hydraulic Laboratory, University of Iowa, 
Iowa City, Iowa, June 1943. 
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Figure 3. - Completed Oden curve. 
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APPENDIX 

XL DISSOLVED SOLIDS DETERMINATION FOR UNDISTILLED WATER 

Xl.1 Scope 

Xl.1.1 This appendix outlines the procedure for 
determining dissolved solids that may exist in undistilled 
water. The dissolved solids correction factor is used to 
reduce the precipitate mass determination to account for 
the mass of dissolved solids in undistilled water. 

Xl.2 Procedure 

Xl.2.1 All data are to be recorded on the "Bottom 
Withdrawal Test Data Sheet" as shown on figure 2. 

Xl.2.2 Prepare a gooch crucible with filter paper as 
outlined in subparagraphs 12.2 and 12.3 of this procedure. 

Xl.2.3 Record to the nearest 0.0001 g the mass of 
the crucible with filter paper in the location provided on 
the data form for net crucibJe·mass. 

Xl.2.4 Obtain 100 mL of undistilled water by carefully 
decanting the upper most portion of the water sample. 
The large water sample should not be stirred or agitated 
for a minimum of 24 hours prior to performing the 
decanting operation. Using a pipette or burette to decant 
the 100-mL water specimen will generally produce a water 
specimen that contains no soil sediment particles. 

Xl.2.5 Place the crucible in the filtering flask and 
carefully pour the 100 mL water specimen through the 
crucible into the flask. 

Xl.2.6 Ovendry the crucible for a minimum of 16 
hours. Transfer to a desiccator and allow to cool to room 
temperature. 

Xl.2.7 Determine the mass of the crucible, filter paper, 
and collected dissolved solids and record to the nearest 
0.0001 g in the location provided on the data form for 
gross crucible mass. 

Xl.2.8 Subtract the net crucible mass from the gross 
crucible mass to determine the mass of dissolved solids 
and record to the nearest 0.0001 g. 

Xl.2.9 Calculate the dissolved solids correction factor 
by dividing the mass of dissolved solids by the volume 
of the water specimen. This correction factor is the mass 
of dissolved solids per unit volume of undistilled water 
in g/mL. 

X 1.2 .10 Record the dissolved solids correction factor 
as shown on figure 2. 

Xl.2.11 Determine the volume of water in mL for 
the standard 100-mm withdrawal from the bottom 
withdrawal tube by filling the tube to the 100-mm mark 
and using a graduated cylinder to collect the water required 
to fill the tube to the 100-mm mark. 

Xl.2.12 Record the volume of water collected in 
subparagraph Xl.2.11 as the Volume of water for 100-
mm withdrawalto the nearest 1.0 mL as shown on figure 2. 

Xl.2.13 Calculate the mass of dissolved solids present 
in a 100-mm withdrawal by multiplying the value obtained 
in subparagraph Xl.2.12 by the dissolved solids correction 
factor determined in subparagraph Xl.2.9. 

Xl.2.14 Record the value obtained in subparagraph 
Xl.2.13 as the Mass of dissolved solids present in a 100-
mm withdrawal as shown on figure 2. 

X2. PROCEDURE FOR PREPARING BOTTOM WITHDRAW AL TEST SPECIMEN 
FROM REPRESENTATIVE SOIL SAMPLE 

X2.l Scope 

X2. l. l This appendix outlines the procedure for 
preparing bottom withdrawal test specimens from a 
representative soil sample. 

X2.l.2 This procedure should be used when it is 
required to determine the gradation of a fine-grained soil 
sample that has not been collected as a soil-water sediment 
sample. 

X2.2 Procedure 

X2.2.l Obtain approximately 0.5 gram of minus No. 
16 ovendry soil in accordance with USBR 5205. 
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X2.2.2 Place the soil specimen in a 300-mL porcelain 
evaporating dish and add 125 mL of dispersing agent as 
specified in USBR 5330. 

X2.2.3 Allow the soil specimen to soak for a minimum 
of 16 hours. 

X2.2.4 Transfer the specimen to the vacuum filtering 
flask as specified in USBR 5405. 

X2.2.5 Connect the filtering flask to a vacuum source 
and evacuate entrapped air for 10 minutes using the 
procedure outlined in USBR 5405. 

X2.2.6 Transfer the de-aired soil specimen to the 
bottom withdrawal tube and continue the test starting with 
paragraph 12 of this procedure. 
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X3. INSTRUCTIONS FOR CONSTRUCTING AN ODEN CURVE 

X3.l Scope 

X3. l. l This appendix outlines the procedure for 
constructing an Oden curve. 

X3.2 Procedure 

X3.2.l On rectangular coordinate paper, plot "Percent 
in Suspension" as ordinate (y-axis) with scale from O to 
100; and plot "Time and Minutes" as abscissa (x-axis). 
The time axis should have two different scales; one scale 
full range O to 140 minutes and the other scale full range 
0 to 1,400 minutes. Other scales may be used. 

X3.2.2 Plot the values of columns 12 and 13 (from 
fig. 2) as the ordinate and abscissa values, respectively. 
Plot the values to each of the two scales. Construct two 
smooth curves by connecting the points using a French 
curve. Figure X3.l shows completed curves. 

X3.2.3 Using the time and temperature values (from 
table 1) mark the points and corresponding particle sizes 
on the two curves as plotted on figure X3.l. Figure X3.2 
shows completed curves. 

X3.2.4 Construct lines tangent to the curves at the 
points plotted from table 1 values. Each tangent line should 
be extended to intersect the "Percent in Suspension" 
ordinate axis. It is helpful to use two right angle triangles 
in constructing the tangent lines to visually determine the 
tangency and perpendicularity of the lines intersecting the 
curve. The tangent lines are shown on figure X3.3. 
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Figure X3.1 - Oden curve construction. 
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X3.2.5 The completed Oden curve-with a table 
showing the grading-is shown on figure 3 of the 
procedure. 
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Figure X3.2 - Oden curve construction - Continued. 
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Figure X3.3 - Oden curve construction - Continued. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING THE LIQUID LIMIT 
OF SOILS BY THE ONE-POINT METHOD 

USBR 5350-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5350. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for deter­
mining the liquid limit of soils by the one-point method. 

1.2 The one-point liquid limit procedure is frequently 
used for routine classification purposes. When greater 
precision is required, as when used for the acceptance of 
a material or for correlation with other.. .test data, the 
multipoint procedure should be used (USBR 5355). 

1.3 The correlations on which the calculations of the 
one-point procedure are based may not be valid for certain 
soils, such as organic soils or soils from a marine 
environment. The liquid limit of these soils should 
therefore be determined by the multipoint procedure 
(USBR 5355). 

1.4 The liquid limit of a soil is the moisture content 
at which a groove in a pat of soil will flow together a 
distance of 1/2 inch (13 mm) under the impact of 25 
blows in a standard liquid limit device. This moisture 
content corresponds to the arbitrary limit between the 
liquid and plastic stares of consistency of soil. 

1.5 The liquid limit test is one of three rests known 
as Arterberg limit rests. The plastic limit and shrinkage 
limit procedures are outlined in USBR 5360 and 5365, 
respectively. 

2. Auxiliary Tests 

2.1 A rest sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. As a part 
of performing this procedure, the moisture content must 
be determined in accordance with USBR 5300. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
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USBR 5 300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5355 Determining the Liquid Limit of Soils by 
the Three-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 

3.2 ASTM Standards: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 
D 4318 Standard Test Method for Liquid Limit, Plastic 
Limit, and Plasticity Index of Soils 

4. Significance and Use 

4.1 Four stages, or stares, can be identified for 
describi_ng the consistency of a soil: (1) the liquid state, 
(2) the plastic state, (3) the semisolid state, and (4) the 
solid state. These states of consistency are related to the 
moisture content. Although transition between each of the 
states is gradual, rest conditions have been established to 
determine the moisture content at a definite point in the 
transition from one stage of consistency to another. These 
moisture contents are called the liquid limit (LL), plastic 
limit (PL), and shrinkage limit (SL). 

4.2 The significance of the limits and their relationship 
to the stages of consistency can be explained best by a 
discussion of figure 1. As a very wet, fine-grained soil dries, 
it passes progressively through different stages of 
consistency. In a very wet condition, the mass acts like 
a viscous liquid and is referred to as the liquid state. As 
the soil dries, there is a reduction in volume of the mass 
which is nearly proportional to the loss of moisture. When 
the moisture content in soil reaches a value equivalent 
to the liquid limit, the mass enters the plastic state. 

4.3 The liquid limit is defined as that moisture 
content-expressed as a percentage of the dry mass of 
soil-at which the soil first shows a small but definite 
shear strength. Conversely, with increasing moisture 
content, it is also that moisture content when the soil mass 
just begins to become fluid under the influence of a series 
of standard shocks applied by the standard liquid limit 
device. 
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Figure 1. - Atterberg limits. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

5.1.1 Atterberg Limits.-The boundaries ( determined 
by laboratory tests) of moisture content in a soil between 
the liquid state and plastic state (known as the liquid limit), 
between the plastic state and the semisolid state (known 
as the plastic limit), and between the semisolid state and 
the solid state (known as the shrinkage limit). 

5.1.2 Consistency.-The relative ease with which a 
soil can be deformed (ASTM designation). 

5.1.3 Hygroscopic Moisture Content (wH, %).-The 
moisture content of an air-dried soil or rock (ASTM). 

5.1.4 Liquid Limit (LL).-The moisture content 
corresponding to the arbitrary limit between the liquid 
and plastic states of consistency of a soil [ASTM definition 
(a)]. 

5.1.5 Plasticity Index (PI).-Numerical difference 
between the liquid limit and the plastic limit (ASTM). 

6. Apparatus 

6.1 Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.01 g and have 
a capacity of about 500 g. 

6.2 Liquid Limit Device.-A mechanical device consist­
ing of a brass cup suspended from a carriage designed 
to control its drop onto a hard rubber base. Figure 2 shows 
the essential features of the device and the critical 
dimensions. The design of the device may vary provided 
the essential functions are preserved. The device may be 
operated either by a hand crank or by an electric motor. 

6.3 Grooving Tool-A flat grooving tool having the 
dimensions shown on figure 3. The grooving tool must 
be made of plastic or noncorroding metal (preferred). The 
design of the tool may vary as long as the essential 
dimensions are maintained. The tool may, but need not, 
incorporate the gauge for adjusting the height of drop 
of the liquid limit device. 

6.4 Gauge.-A metal gauge block for adjusting the 
height of drop of the cup having the dimensions shown 
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on figure 4. The design of the tool may vary provided 
the gauge will rest securely on the base without being 
susceptible to rocking, and the edge (which contacts rhe 
cup during adjustment) is straight - at least 10 mm 
(3/8 in wide) and without bevel or radius. 

6.5 Sample Container.-A suitable container to hold the 
sample such as a 6-ounce aluminum can with a lid. 

6.6 D1:S-h.-Porcelain, evaporating, 300-mL capacity, 
about 4-1/2 inches diameter by 2-inches deep (115 by 
50 mm). 

6.7 Dish.-Weighing, aluminum, about 2-inches 
diameter by 1/2-inch high (50 by 12 mm). 

6.8 Spatula.-A blade 4 inches (100 mm) long. 
6.9 Mortar and Pestle.-Mortar, iron, or porcelain about 

5 to 8 inches (125 to 200 mm) diameter with rubber­
cipped pestle. · 

6.10 Pan.-Drying, small, metal, cast aluminum, about 
8 by 8 by 2 inches (200 by 200 by 50 mm). 

6.11 Sieve.-U.S.A. Standard series No. 40 (425 µm) 
conforming to the requirements of ASTM E _ 11. 

7. Reagents and Materials 

7.1 Distilled water is to be used for preparing the LL 
test specimen. 

8. Precautions 

8.1 Technical Precautions: 
8.1.1 The test specimens should be prepared and 

processed as quickly as possible to minimize moisture loss. 
8.1.2 Due to the effects of sampling, handling, 

processing, and testing on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limestone, claystone, etc., or soils affected by air and/or 
ovendrying. Such materials must be identified before 
processing, and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are · appropriate, or whether the material 
should be processed and rested at all. Cautionary statements 
must be made on test data forms and in reporting rhe 
test data. 

9. Sampling, Test Specimens, and Test Units 

9.1 Sample Preparation: 
9.1.1 Prepare a test sample of about 500 g of minus 

No. 4 material in accordanc.e with USBR 5205. This is 
the typical quantity for most soils which will provide 
enough material to perform the LL, PL, and SL tests. The 
test sample may need to be more, or may be less, but 
must be of sufficient size to provide the minimum mass 
of test specimen as described in subparagraph 9.2.1. 

9.1.2 Air-dry the soil until any lumps will pulverize 
readily (see note 1). 

NOfE 1.-This procedure also may be performed on material 
prepared at natural moisture content as described in ASTM 
D 4318. 
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DIMENSIONS 

LETTER A• e• ca £6 F G H J6 Ka La Ma 

MM 54 2 27 56 32 10 16 60 50 150 125 
±0.5 ±0.1 ±0.5 ±2.0 ±1.0 ±2.0 ±2.0 ±2.0 

LETTER N p R T ua V w z 
MM 24 28 24 45 47 3.8 13 6.5 

±1.0 

CAM CAM ANGLE RADIUS 
DEGREES 

0 0. 742R 

30 0. 753R 

V-DIAMETER 60 0. 764R 
CRS OR BRASS PIN 90 0. 773R 

120 0. 784R 

J 
150 0. 796R 

I 80 0.818R 

T 
210 0. 854R 

240 0. 901 R 
I' 
o I 270 0. 945R 

K I' 
I I ' I 
I I I I 300 0. 974R 

Z- SPHERICAL 
RADIUS r'-', 

I I I I -1w r' ', ,J ', 330 0. 995R 

L .j M 
360 I.OOOR 

· HARD RUBBER BASE SOFT RUBBER FEET 

Figure 2. - Hand-operated liquid limit device [ASTM D 4318). 

9.2 Test Specimen Preparation: 
9.2.1 Obtain sufficient soil from the test sample to 

provide a test specimen of at least 100 g of minus No. 
40 material if only the LL test is required; 120 g if both 
the LL and PL are required; and 150 g if the LL, PL, 
and SL are required. If necessary, because of minimum 
availability of material, the LL, PL, and SL can be performed 
using a minimum specimen size of 100 g of minus No. 
40 material by performing the LL test and using what 
is left for the PL and SL tests. If the sample is to be 
reduced in size, split as described in USBR 5205. 

9.2.2 Pulverize the soil and separate on a No. 40 
sieve using the following procedure. (If practical or desired, 
procedure may start at subpar. 9.2.2.2 instead of 9.2.2.1.) 

9.2.2.1 Separate the soil on a No. 40 sieve. 
9.2.2.2 Place all of the material retained on the 

No. 40 (or all of the material) in a mortar and pulverize 
using a rubber-tipped pestle. A rubber-tipped pestle is used 
to prevent crushing sand grains. Care must be taken when 
pulverizing not to crush individual particles. 

9.2.2.3 Repeat the steps in subparagraphs 9.2.2.l 
and 9.2.2.2 until the soil has been completely disaggregated 
and the material retained on the No. 40 consists only of 
individual sand grains .. 

9.2.3 Discard the material retained on the No. 40 
sieve. 

9.2.4 Thoroughly mix the material passing the 
No. 40 sieve. 
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9.3 Test Specimen for Plastic Limit: 
9.3.1 Obtain about 100 g of soil that passed the 

No. 40 sieve. If necessary, split the soil in accordance with 
USBR 5205. 

9.3.2 Place the specimen in an evaporating dish. 
9.3.3 Add 15 .to, 20 ml of distilled water to the soil 

specimen and thoroughly mix by alternately (and. 
repeatedly) stirring, kneading, and chopping with a spatula. 

9.3.4 Add further amounts of water in increments. 
Thoroughly mix each increment of water with the soil 
(described in subpar. 9.3.3) before adding another· 
increment of water. 

9.3.5 After sufficient water has been thoroughly 
mixed with the soil to produce a consistency that will require: 
30 to 35 drops of the cup co cause closure of the groove 
(subpar. 1.4) along a distance of 1/2 inch (13 mm), the: 
wetted soil should be placed in a suitable sample container· 
having a lid for 16 to 24 hours to ensure an even distribution: 
of moisture throughout the specimen. 

10. Calibration and Standardization 

10.1 Verify chat equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for chis procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR-1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
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DIMENSIONS 

LETTER Ar. er. er. or. £6 FA 
MM 2 II 40 8 50 2 

±0.1 ±0.2 ±0.5 ±0.1 ±0.5 ±0.1 
LETTER G H J K LA N 
MM 10 13 60 10 60° 20 

MINIMUM ±0.05 .± 10 

r.- ESSENTIAL DIMENSIONS 

a- BACK AT LEAST I5MM FROM TIP 

NOTE: DIMENSION A SHOULD BE 1.9-2.0 AND DIMENSION 
D SHOULD BE 8:0-8.1 WHEN NEW TO ALLOW FOR 
ADEQUATE SERVICE LIFE. 

N 

J 

D 

♦ 
B 

t 
C 

(FD 
L t:::::::::=O::::::::::::r::============:c:~f ~ 

SECTION 

Figure 3. - Grooving tool (optional height-of-drop gauge attached) [ASTM D 4318]. 

50 

1
10 
±.05 

25 

DIMENSIONS IN MILLIMETERS 

Figure 4. - Height of drop gauge [ASTM D 4318]. 

10.2 Liquid Limit Device and Grooving Tool-Verify 
that the liquid limit device is in good working order and 
that it and the grooving tool have been inspected as 
described in appendix Xl. 

10.3 Height of Drop.-The height of drop of the cup 
must be checked at the beginning of each day the equipment 
is used. If necessary, adjust the height of drop of the cup 
so that the point on the cup that comes in contact with 
the base rises to a height of 10±0.2 mm. 
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NOTE 2.-A convenient procedure for adjusting the height of 
drop is as follows: place a piece of masking tape across the outside 
bottom of the cup parallel with the axis of the cup hanger pivot. 
The edge of the tape away from the cup hanger should bisect 
the spot on the cup that contacts the base. For new cups, placing 
a piece of carbon paper on the base and allowing the cup to 
drop several times will mark the contact spot. Attach the cup 
to the device and turn the crank until the cup is raised to its 
maximum height. Slide the height gauge under the cup from 
the from, and observe whether the gauge contacts the cup or 
the tape (see fig. 5 ). If the tape and cup are both contacted, 
the height of drop is approximately correct. If not, adjust the 
cup until simultaneous contact is made. Check adjustment by 
turning the crank at 2 revolutions per second while holding the 
gauge in position against the tape and cup. If a ringing or clicking 
sound is heard without the cup rising from the gauge, the 
adjustment is correct. If ringing is not heard or if the cup rises 
from the gauge, readjust the height of drop. If the cup rocks 
on the gauge during this checking operation, the cam follower 
pivot is excessively worn and the worn parts should be replaced. 
Always remove tape after completion of adjustment operation. 

11. Conditioning 

11.1 Test specimens should be prepared and processed 
as quickly as possible to minimize unrecorded moisture 
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POINT WHERE CUP 
CONTACTS BASE----

HEIGHT GAUGE 

MASKING TAPE APPLIED AS AN AID 
IN ADJUSTMENT OPERATION - ---

Figure 5. - Calibration for height of drop [ASTM D 4318]. 

loss which would result in an erroneous moisture content 
determination for the rest specimen. 

11.2 Prepared rest specimens should be allowed to set 
16 to 24 hours in a sample container to ensure even 
moisture distribution throughout the soil. 

12. Procedure 

12.1 All data are to be recorded on the "Soil Consistency 
Test (One-Point Liquid Limit Method)" form as shown 
?n figure 6. 

12.2 Place the test specimen, as prepared in accordance 
with paragraph 9, in an evaporating dish and thoroughly 
remix the soil. 

12.3 Place a portion of the specimen in the cup above 
the spot where the cup rests on the base. Squeeze the 
soil specimen down and spread it into the position shown 
on figure 7(a) with as few strokes of the spatula as possible. 
Take care to prevent entrapping air bubbles within the 
mass. 

12.4 With the spatula, form the soil cake by leveling 
the soil in the cup and, at the same time, trim it to a 
depth of 10 mm at the point of maximum thickness. 

12.5 Return the excess soil to the evaporating dish. 
12.6 Form a groove in the soil pat by drawing the 

tool, beveled edge forward, through the soil on a line joining 
the highest point to the lowest point on the rim of the 
cup. When cutting the groove, hold the grooving tool 
against the surface of the cup and draw in an arc while 
maintaining the tool perpendicular to the surface of the 
cup throughout its movement. In soils where a groove 
cannot be made in one stroke without tearing the soil, 
cut the groove with several strokes of the grooving tool. 
Alternatively, cut the groove to slightly less than required 
dimensions with a spatula and use the grooving tool to 
bring the groove to final dimensions. Exercise extreme 
care to prevent sliding the soil pat relative co the surface 
of the cup. 
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12.7 Verify that crumbs of soil are not present on the 
base or the underside of the cup. 

12.8 Lift and drop the cup by turning the crank (fig. 2), 
or by means of a motorized device (fig. 7), at the rate 
of 2 blows per second, until the two halves of the soil 
cake come in contact at the bottom of the groove along 
a distance of 1/2 inch (13 mm). 

12.9 If the number of blows required to close the groove 
is greater than 30, remove the material from the cup and 
place it into the evaporating dish with the remaining 
portion of the specimen. 

12.10 Add water to the specimen and mix thoroughly 
to bring the soil to a wetter condition. 

12.11 Thoroughly wash and dry the cup and grooving 
tool in preparation for the .next trial. 

12.12 Obtain a portion of the specimen prepared in 
subparagraph 12.)0 and repeat subparagraphs 12.3 through 
12.11 until an ·acceptable test is performed. A test is 
acceptable when the number of blows required to close 
the groove is between 20 and 30, inclusive. 

12.13 The test should always proceed from the drier 
co the wetter condition of the soil. -

12.14 When an acceptable test is · performed, record 
the number of blows required and remove the material 
from the cup and place it into the evaporating dish with 
the remaining portion of the specimen. 

12.15 Thoroughly mix the specimen and repeat the 
test until the difference in the number of blows between 
two successive trials is two or less. 

12.16 Record the number of blows required co close 
the groove in the soil cake of the second acceptable trial. 

12.17 Remove a slice of soil the width of the spatula 
from the specimen. This slice is to be taken across 
(perpendicular co) the groove and should include the area 
where the groove flowed together. 

12.18 Place the slice of soil in a suitable moisture 
container and determine the moisture content in accordance 
with USBR 5300. The masses are to be determined and 
recorded to 0.01 g and the moisture content is to be 
calculated and recorded to 0.01 percent. 

NOfE 3.-Decermine the mass of the ovendried moisture 
specimen as soon as it has cooled, but before hygroscopic moisture 
can be absorbed. 

12.19 Calculate and record to the nea~esr 0.1 percent 
the liquid limit of the rest specimen. 

13. Calculations 

13. l Calculate the moisture content of the test 
specimen in accordance with USBR 5300 and record the 
result as Wn on the test form. 

13.2 Calculate LL for each moisture content specimen. 

LL = F,, Wn 
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7-1702 (11-85) I 
Burtau of kedamal ion SOIL CONSISTENCY TEST (ONE-POINT LIQUID LIMIT METHODI l o .. ;gna,;on USBR 5350 . ~-

SAMPLE NO. FEATURE lPROJECT 
I Example Example 

Air dried IX] Tested by Date 

Oven dried D Computed by Date 

Natural D Checked by Date 

PLASTIC LIMIT LIQUID LIMIT 

Trial No. I 2 1 2 

Dish No. 99 145 143 
No. of blows (N) - - - - - - -- 21 /22 
Mass of dish + wet soil (g) 12.10 12.24 19.60 

Mass of dish + dry soil (g) 11.05 11.16 14 . 32 

Mass of dish (g) 6.28 6.26 6 . 13 

Mass of water (g) 1.05 1.08 5.28 

Mass of dry soil (g) 4.77 4.90 8 . 19 

Moisture % 22.0 22 .0 Wn= 64 .47 

Average Plastic Limit 22 . 0 Fn = 0.985 

Liquid Limit 63 . 5 

SHRINKAGE LIMIT I ( N) 0.120 

1. Shrinkage Dish No. 84 I 
LL= Wn 2S 

2. Mass of dish + wet soil (g) 34.61 -(N) 0.120 Fn- -
3._ Mass of dish + dry soil (g) 24.98 

I 
25 

4. Mass of dish (g) 11.56 LL= (Fnl IWnl 

5. Mass of water (2 · 3) (g) 9.63 

I 6. Mass of dry soil (W0 ) (3 · 4) (g) 13 . 42 N Fn 

7. % Moisture (5/6 x 100) 71.8 20 0.974 

8. Vol . Shrinkage Dish (V) 14 . 90 I 21 0.979 

9. Vol. Ory Soil (V 01 7.20 ~2) 0.985 

10. V · V 0 = (8 · 9) 7.70 I 23 0.990 

11.V-V0 (10 ) 
24 0.995 

--x 100= -)( 100 
57.4 I 25 1.000 Wo 6 

12. Shrinkage Limit (7 · 11) 14.4 26 1.005 

13. Shrinkage Ratio (6/9) 1.86 

I 
27 1.009 

28 1.014 

Pl= LL· PL 29 1.018 

PLASTICITY INDEX: I 30 1.022 
Pl=~- .22...._= _.!12...._ 

-- -- -- -- --- -- + -- -- -- -- -- ---

I 
Auxiliary tests : USSR 5205 · ~-

LIQUID LIMIT (LL)= 64. USBR 5300 · -8.9_ 

PLASTIC LIMIT (PL) = 22 USBR 5350 · ..§.9_ 

PLASTICITY INDEX (Pl) = 42 I USBR 5360 · ~-

SHRINKAGE LIMIT (SL)= 14 USBR 5365 - ~9_ 

I Remarks: 

I 
I 

Figure 6. - Soil consistency tesr (one-point liquid limit method) - example. 
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~ 
Groove formed Groove closed 

(a) Soil divided before test. Note groove formed in cup. (b) Soil closed after test. Note groove closed in cup. 

Figure 7. - Liquid limit test. 

where: 

LL liquid limit of test specimen 
Fn facror, from table on test form (fig. 6) or 
Fn ( ~) 0.120 

N = number of blows required co close the groove the 
required distance in the soil cake 

Wn = moisture content of test specimen 
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14. Report 

14. l The report is co consist of a completed and checked 
"Soi l Consistency Test (One-Point Liquid Limit Method)" 
form (fig . 6). 

14.2 All calculations are co show a checkmark. 
14.3 For reports, summary tables, etc., the LL value 

generally is reported co the nearest l percent. This also 
applies co the values for PL and SL 
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APPENDIX 

XL INSPECTION AND CONDITION OF LIQUID LIMIT DEVICE AND GROOVING TOOL 

Xl.l Initial Acceptance.-Upon receipt, the LL (liquid 
limit) device and the grooving tool must be inspected for 
conformance to the following requirements. 

Xl.1.1 Essential D1inens1ons.-Dimensions of the LL 
device, the grooving tool, and the height-of-drop gauge 
must conform to the dimensions as shown on figures 2, 
3, and 4, respectively. 

Xl.1.2 Base.-The base must have a resilience such 
that an 8-mm (5 / 16-inch) diameter polished steel ball­
when dropped from a height of 250 mm (9.84 in)-will 
have an average rebound of at least 80 percent (200 mm) 
but no more than 90 percent (225 mm). The tests must 
be conducted on the finished base with feet attached. 

Xl.1.3 Feet.-The base must be supported by soft 
rubber feet designed to provide isolation of the base from 
the work surface. 

Xl.1.4 Cup.-The cup must be brass and have a mass 
(including cup hanger) of 200±15 g. 

Xl.1.5 Cam.-The cam must raise the cup smoothly 
and continuously to its maximum height through a distance 
of at least 80 degrees of cam rotation. The preferred cam 
motion is a uniformly accelerated lift curve. The design 
of the cam and follower combination must be such that 
there is no upward or downward velocity of the cup when 
the cam follower leaves the cam. The cam and follower 
design is for uniformly accelerated (pa~abolic) motion after 
contact and ensures that the cup has no velocity at drop 
off. Other cam designs also provide this feature and may 
be used. However, if the cam-follower lift pattern is not 
known, zero velocity at drop off can be ensured by carefully 
filling or machining the cam and follower so that the cup 
height remains constant over the last 20 to 45 degrees 
of c.im rotation. 

Xl.1.6 Carriage.-The cup carriage must be con­
structed in a way chat allows convenient but secure 
adjustment of the height of drop of the cup to 10 mm 
(0.394 in). The cup hanger muse be attached to the carriage 
by means of a pin which allows removal of the cup and 
cup hanger for cleaning and inspection. 

Xl.1.7 Motor Drive (optional) .-The motor must 
turn the cam at 2±0.1 revolutions per second and must 
be isolated from the rest of the device by rubber mounts 
or in some way that prevents motor vibration from being 
transmitted to the rest of the apparatus. It must be equipped 
with an On...:off switch and means of conveniently 
positioning the cam for height of drop adjustments. Check 

for excessive vibration by removing or raising the cup and 
cam follower assembly off the base and placing a 250-mL 
beaker half full of water on the base. With the motor 
running, not more than a barely recognizable ripple should 
be noticeable. 

Xl.2 Annual Inspection.-The following items must be 
checked annually: · 

• Resilience of base described in Xl.1.2 
• Revolutions per second of cam .by the motor drive 
as described in Xl.1.7 
• Vibration of assembly as described in Xl.1.7 

Xl.3 Periodiclnspect1on of Wear.-The following items 
must be checked for wear monthly if the equipment is 
being used regularly, at the beginning of any testing if 
the equipment has not been used in several months, and 
at least on an annual basis. 

Xl.3.1 Wear of Base.-The spot on the base where 
the cup makes contact should be worn no greater than 
10 mm (3/8 in) in diameter. If the wear spot is greater 
than this, the base can be machined to remove the worn 
spot provided the resurfacing does not make the base 
chinner than specified and the other dimensional 
relationships are maintained. 

Xl.3.2 Wear of Cup.-The cup must be replaced when 
the grooving tool has worn a depression in the cup 0.1 
mm (0.004 in) deep or when the edge of the cup has 
been reduced to one-half its original thickness. Verify that 
the cup is firmly attached to the cup hanger. 

Xl.3.3 Wear of Cup Hanger.-Verify that the cup 
hanger pivot does not bind and is not worn co an extent 
that allows more than 3-mm (1/8 in) side-to-side 
movement of the lowest point on the rim. 

Xl.3.4 Wear of Cam.-The cam muse not be worn 
to an extent that the cup drops before the cup hanger 
(cam follower) loses contact with the cam. 

Xl.3.5 Grooving Tools.-Inspect grooving tools for 
wear on a frequent and regular basis. The rapidity of wear 
·depends on the material from which the tool is made and 
the-types of soils being tested. Sandy soils cause rapid wear 
of grooving tools ; therefore, when testing these materials, 
tools should be inspected more frequently than for other 
soils. Any tool with a tip width greater than 2.1 mm must 
not be used. The depth of the tip of the grooving tool 
must be 8.0±0.1 mm . 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING THE LIQUID LIMIT 

USBR 5355-89 

OF SOILS BY THE THREE-POINT METHOD 

INTRODUCTION 

This procedure is u~der the jurisdiction of the Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5355. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the liquid limit of soils by the three-point 
method. 

1.2 The three-point method of determining the liquid 
limit of soils_ is used as an alternate method to the one­
point metliod, (USBR 5350) and is used when greater 
precision is required .. That is, it is used for the accep.tance 
of a material or for correlation with other test data. The 
three-point method should be used when testing certain 
soils, such as organic soils or soils from a mar-ine 
·environment. ' 

1.3 The liquid limit of a soil is the moisture content 
at which a groove in a pat of soil will flow together a 
distance of 1/2 inch (13 mm) under the impact of 25 
blows in a standard liquid limit device. This moisture 
content corresponds to the arbitrary limit between the 
liquid and plastic states of consistency of soil. · 

1.4 The liquid limit test is one of three tests known 
as Atterberg limit tests. The plastic limit and shrinkage 
limit procedures are outlined in USBR 5360 and 5365, 
respectively. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. As a pare 
of performing this procedure, the moisture content must 
be determined in accordance with USBR 5300. 

3. Applicable Documents 

3.1 USER Procedures: 

USBR 1012 Calibrating Balances or Scales 
USBR 1025 Checking Sieves 
_USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
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USBR 5350 Determining the Liquic! Limit of Soils by 
·the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index in Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 

3.2 ASTM Standards: 

E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 
D 4318 Standard Test Method for Liquid Limit, Plastic 
Limit, and Plasticity Index of Soils 

4. Significance and Use 

4.1 Four stages, or states, can be identified for 
describing the consistency of a soil: (1) the liquid state, 
(2) the plastic state, (3) the semisolid state, and ( 4) the 
solid state. These states of consistency are related to the 
moisture content. Although the transition between each 
of the states is gradual, test conditions have been established 
to determine the moisture content at a definite point in 
the transition from one stage of consistency to another. 
These moisture contents are called liquid limit (LL), plastic 
limit (PL), and shrinkage limit (SL). 

4.2 The significance of the limits and their relationship 
co the stages of consistency can be explained best by a 
discussion of figure 1. As a very wee, fine-grained soil dries, 
it passes progressively through different stages of 
consiscency. In a very wee condition, the mass will ace like 
a viscous liquid which is referred to as the liquid state. 
As the soil dries, there is a reduction in volume of the 
mass which is nearly proportional co the loss of moisture. 
When che moisture in soil reaches a value equivalent to 
the liquid limit, the mass enters the plastic state. 

4.3 The liquid limit is defined as that moisture 
content-expressed as a percentage of the dry mass of 
soil-at which the soil first shows a small but definite 
shear strength. Conversely, with increasing moisture, it 
is also that moisture content when the soil mass just begins 
to become fluid under the influence of a series of standard 
shocks applied by the standard liquid limit device. 
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Figure 1. - Atterberg limits. 

S. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

5 .1.1 A tterberg Limits. - The boundaries ( determined 
by laboratory tests) of moisture content in a soil between 
the liquid state and plastic state (known as liquid limit), 
between the plastic state and the semisolid state (known 
as the plastic limit), and between the semisolid state and 
the solid state (known as the shrinkage limit). 
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DIMENSIONS 
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±0.5 
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±2.0 

T 

F G 

32 10 

u• V 

47 3.8 
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5.1.2 Cons1stency.-The relative ease with which a 
soil can be deformed (ASTM definition). 

5.1.3 Hygroscopic Moisture Content (wH, %).-The 
moisture content of an air-dried soil or rock (ASTM). 

5.1.4 Liquid Limit (LL) .-The moisture content 
corresponding to the arbitrary limit between the liquid 
and plastic states of consistency of a soil [ASTM definition 
(a)]. 

5.1.5 Plasticity Index (PI).-Numerical difference 
between the liquid limit and the plastic limit. 

6. Apparatus 

6.1 Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.01 g and have 
a capacity of about 500 g. 

6.2 Liquid Limit Device.-A mechanical device consist­
ing of a brass cup suspended from a carriage designed 
to control its drop onto a hard rubber base. Figure 2 shows 
the essential features of the device and the critical 
dimensions. The design of the device may vary provided 
that the essential functions are preserved. The device may 
be operated either by a handcrank or by an electric motor. 

6.3 Grooving Toof.-A flat grooving tool having the 
dimensions shown on figure 3. The grooving tool must 
be made of plastic or noncorroding metal (preferred). The 
design of the tool may vary as long as the essential 
dimensions are maintained. The tool may, but need not, 

H J' K' L' M' 

16 60 50 150 125 
±1.0 ±2.0 ±2.0 ±2.0 

w z 
13 6.5 

CAM CAM ANGLE RADIUS 
DEGREES 

0 0 . 742R 

30 0 . 753R 

V-DIAMETER 60 0. 764R 
CRS OR BRASS PIN 90 0. 773R 

120 0. 784R 

150 0. 796R 

180 0. 818R 

T 
210 0. 854R 

I I ' 
240 0 . 901 R 

' I 
0 I ' 

270 0 . 945R 
I I I I 
I I I I 300 0 . 974R 
I I I I -jW r' ', ,J .., 330 0. 995R 

360 I . 000R 
M 

SOFT RUBBER FEET 

Figure 2. - Hand-operated liquid limit device [ASTM D 4318]. 
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incorporate the gauge for adjusting the height of drop 
of the liquid limit device. 

6.4 Gauge.-A metal gauge block for adjusting the 
height of drop of the cup having the dimensions shown 
on figure 4. The design of the tool may vary provided 
the gauge will rest securely on the base without being 
susceptible to rocking, and the edge (which contacts the 
cup during adjustments) is straight - at least 10 mm 
(3/8 in) wide, and without bevel or radius. 

6.5 Sample Container.-A suitable container to hold the 
sample such as a 6-ounce aluminum can with a lid. 

6.6 D,sh.-Porcelain, evaporating, 300 ml capacity, 
about 4-1/2 inches diameter by 2-inches deep (115 by 
50 mm). 

6.7 Dish-Weighing, aluminum, about 2-inches 
diameter by 1/2-inch deep (50- by 12-mm). 

6.8 Spatula.-A blade 4-inches (100 mm) long. 
6.9 Mortar and Pestle.-Mortar, iron, or porcelain about 

5 to 8 inches (125 to 200 mm) diameter with rubber­
tipped pestle. 

6.10 Pan.-Drying, small, metal, cast aluminum about 
8 by 8 by 2 inches (200 by 200 by 50 mm). 

6.11 Sieve.-U.S.A. Standard series No. 40 (425 µm) 
conforming to the requirements of ASTM E 11. 

7. Reagents and Materials 

7.1 Distilled water is to be used for preparing the LL 
test specimen. 

8. Precautions 

8.1 Technical Precautions: 
8.1.1 The test specimens should be prepared and 

processed as quickly as possible to minimize moisture loss. 
8.1.2 Due to the effects of sampling, handling, 

processing, and testing on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limestone, claystone, etc., or soils affected by air and/ or 
ovendrying. Such materials must be identified before 
processing and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested at all. Cautionary statements 
must be made on test data forms and in reporting the 
test data. 

9. Sampling, Test Specimens, and Test Units 

9.1 Sample Preparation: 
9.1.1 Prepare a test sample of about 500 g of minus 

No. 4 material in accordance with USBR 5205. This is 
the typical quantity for most soils which will provide 
enough material to perform the LL, PL, and SL tests. The 
test sample may need to be more, or may be less, but 
must be of sufficient size to provide the minimum mass 

of test specimen as described in subparagraph 9.2.1. 
9.1.2 Air-dry the soil until any lumps will pulverize 

readily (see note 1). 

NOfE 1.-This procedure also may be performed on material 
prepared at natural moisture content as described in ASTM 
D 4318. 

9.2 Test Specimen Preparation: 
9.2.1 Obtain sufficient soil from the test sample to 

provide a test specimen of at least 100 g of minus No. 
40 material if only the LL test is required; 120 g if both 
the LL and PL are required; and 150 g if the LL, PL, 

=·and SL are required. If necessary, because of minimum 
availability of material, the LL, PL, and SL can be performed 
using a minimum specimen size of 100 g of minus No. 
40 material by performing the LL test and using what 
is left for the PL and SL tests. If the sample is to be 
reduced in size, split as described in USBR 5205. 
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9.2.2 Pulverize the soil and separate on a No. 40 
sieve using the following procedure. (If practical or desired, 
procedure may start at subpar. 9.2.2.2 instead of 9.2.2.1.) 

9.2.2.l Separate the soil on a No. 40 sieve. 
9.2.2.2 Place all of the material retained on the 

No. 40 (or all of the material) in a mortar and pulverize 
using a rubber-tipped pestle. A rubber-tipped pestle is used 
to prevent crushing sand grains. Care must be taken when 
pulverizing not to crush individual particles. 

9 .2.2.3 Repeat the steps in subparagraph 9.2.2.1 
and 9.2.2.2 until the soil has been completely disaggregated 
and the material retained on the No. 40 consists only of 
individual sand grains. 

9.2.3 Discard the material retained on the No. 40 
sieve. 

9.2.4 Thoroughly mix the material passing the No. 
40 sieve. 

9.3 Test Specimen for Liquid Limit". 
9.3.1 Obtain about 100 g of soil that passed the No. 

40 sieve. If necessary, split in accordance with USBR 5205. 
9.3.2 Place the specimen in an evaporating dish. 
9.3.3 Add 15 to 20 mL of distilled water to the soil 

specimen and thoroughly mix by alternately (and 
repeatedly) stirring, kneading, and chopping with a spatula, 

9.3.4 Add further amounts of water in increments. 
Thoroughly mix each increment of water with the soil. 
(described in subpar. 9.3 .3) before adding another 

. increment of water. 
9.3.5 After sufficient water has been thoroughly 

mixed with the soil to produce a consistency that will require 
30 to 35 drops of the cup to cause closure of the groove 
(subpar. 1.3) along a distance of 1/2 inch (13 mm), the 
wetted soil should be placed,in a suitable sample container 
having a lid for 16 to 24 hours co ensure an even distribution 
of moisture throughout the ·specimen. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
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DIMENSIONS 

LETTER AA SA CA DA £A FA 
MM 2 II 40 8 50 2 

±0.1 ±0.2 ±0.5 ±0.1 ±0.5 ±0.1 
LETTER G H J K LA N 
MM 10 13 60 10 60° 20 

MINIMUM ±0.05 .±Io 

A - ESSENTIAL DIMENSIONS 

a- SACK AT LEAST 15MM FROM TIP 

NOTE: DIMENSION A SHOULD BE 1.9-2.0 AND DIMENSION 
D SHOULD BE 8.0-8.I WHEN NEW TO ALLOW FOR 
ADEQUATE SERVICE LIFE. 

H 

t 
A 

+ 
N B C 

J 
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Figure 3. - Grooving tool (optional height-of-drop gauge attached) [ASTM D 4318). 
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DIMENSIONS IN MILLIMETERS 

Figure 4. - Height of drop gauge [ASTM D 4318). 

calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 

10.2 Liquid Limit Device and Grooving Tool-Verify 
that the liquid limit device is in good working order and 
that it and the grooving tool have been inspected as 
described in appendix XL 
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10.3 Height of Drop.-The height of drop of the cup 
must be checked at the beginning of each day the equipment 
is used. If necessary, adjust the height of drop of the cup 
so that the point on the cup that comes in contact with 
the base rises to a height of 10±0.2 mm. 

NOfE 2.-A convenient procedure for adjusting the height of 
drop is as follows: place a piece of masking tape across the outside 
bottom of the cup parallel with the axis of the cup hanger pivot. 
The edge of the tape away from the cup hanger should bisect 
the spot on the cup that contacts the base. For new cups, placing 
a piece of carbon paper on the base and allowing the cup to 
drop several times will mark the contact spot. Attach the cup 
to the device and turn the crank until the cup is raised to ics 
maximum height. Slide the height gauge under the cup from 
the front, and observe whether the gauge contacts the cup or 
the tape (fig. 5) . If the tape and cup are both contacted, the 
height of drop is approximately correct. If not, adjust the cup 
until simultaneous contact is made. Check adjustment by turning 
the crank at 2 revolutions per second while holding che gauge 
in position against the tape and cup. If a ringing or clicking 
sound is heard without the cup rising from the gauge, the 
adjustment is correct. If ringing is not heard or if the cup rises 
from the gauge, readjust the height of drop. If the cup rocks 
on the gauge during chis checking operations, the cam follower 
pivot is excessively worn and the worn parts should be replaced. 
Always remove cape after completion of adjustment operation. 
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POINT WHERE CUP 
CONTACTS BASE----

HEIGHT GAUGE 

MASKING TAPE APPLIED AS AN AID 
IN ADJUSTMENT OPERATION--~ 

Figure 5. - Calibration for height of drop [ASTM D 4318]. 

11. Conditioning 

11.1 Test specimens should be prepared and processed 
as quickly as possible to minimize unrecorded moisture 
loss which would result in an erroneous moisture content 
determination for the test specimen. 

11.2 Prepared test specimens should be allowed to set 
16 to 24 hours in a sample container to ensure even 
moisture distribution throughout the soil. 

12. Procedure 

12.1 All data are to be recorded on the "Soil Consistency 
Test (Three-Point Liquid Limit Method) form as shown 
on figure 6. 

12.2 Place the test specimen, as prepared in accordance 
with paragraph 9, in an evaporating dish and thoroughly 
remix the soil. 

12.3 Place a portion of the specimen in the cup above 
the spot where the cup rests on the base. Squeeze the 
soil specimen down and spread it into the position shown 
on figure 7a with a few strokes of the spatula as possible. 
Take care to prevent entrapping air bubbles within the 
mass. 

12.4 With the spatula, form the soil cake by leveling 
the soil in the cup and at the same rime trim it to a 
depth of 10 mm at the point of maximum thickness. 

12.5 Return the excess soil co the evaporating dish. 
12.6 Form a groove in the soil pat by drawing the 

cool, beveled edge forward, through the soil on a line joining 
the highest point co the lowest point on the rim of the 
cup. When cutting the groove, hold the grooving cool 
against the surface of the cup and draw in an arc while 
maintaining the tool perpendicular co rhe surface of the 
cup throughout its movement. In soils where a groove 
cannot be made in one stroke without tearing the soil, 
cut the groove with several strokes of the grooving tool. 
Alternatively, cut the groove to slightly less than required 
dimensions with a spatula and use the grooving cool to 

bring the groove to final dimensions. Exercise extreme 
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care to prevent sliding the soil pat relative to the surface 
of the cup. 

12.7 Verify that crumbs of soil are not present on the 
base or the underside of rhe cup. 

12.8 Lift and drop the cup by turning the crank (fig. 2), 
or by means of a motorized device (fig. 7), at the rate 
of 2 blows per second, until the cwo halves of the soil 
cake come in contact ac the bottom of the groove along 
a distance of 1/2 inch (13 mm) . 

12.9 If the number of blows required co close the groove 
is greater than 35, remove the material from the cup and 
place it into the evaporating dish with the remaining 
portion of the specimen. 

12.10 Add water to the specimen and mix thoroughly 
to bring the soil to a wetter condition. 

12.11 Thoroughly wash and dry the cup and grooving 
tool in preparation for the next trial. 

12.12 Obtain a portion of the specimen prepared in 
subparagraph 12.10 and repeat subparagraphs 12.3 through 
12.11 until an acceptable test is performed. A test is 
acceptable when the number of .blows required to close 
the groove is between 15 and 35. (See note 4.) 

12.13 The test should always proceed from the dryer 
to the ·wetter condition of the soil. 

12.14 When an acceptable test is performed, record 
che number of blows required and remove a slice of soil 
the width of the spatula from the specimen. This slice 
is co be taken across (perpendicular to) the groove and 
should include the area where the groove flowed together. 

12.15 Place the slice of soil in a suitable moisture 
container and determine the moisture content in accordance 
with USBR 5300. The masses are to be determined and 
recorded to the 0.01 g and che moisture content is to be 
calculated and recorded to 0.1 percent. 

NOfE 3.-Determine the mass of the ovendried moisture 
specimen as soon as it has cooled, but before hygroscopic moisture 
can be absorbed. 

12. 16 Transfer the soil remaining in the cup to the 
evaporating dish. 

12.17 Wash and dry the cup and grooving tool in 
preparation for the next trial. 

12.18 Add water to the soil remaining in the 
evaporating dish to bring the specimen to a wetter 
condition, and repeat subparagraphs 12.3 through 12.11 
a minimum of two times such that the number of blows 
required to close the groove for each test specimen is 
between 15 and 25 . 

NOfE 4.-The object of this procedure is to obtain specimens 
of such consistency that the number of drops (blows) required 
to close the groove on different trials will be both above and 
below 25. The number of drops should be less than 35 and should 
exceed 15. The test should always proceed from the dryer to 
che wetter condition of the soil. 

12.19 Repeat subparagraphs 12.14 through 12.17 for 
each test specimen prepared in subparagraph 12.18. 

13. Calculations 
13.1 Calculate and record the moisture contents of the 

specimens tested. 
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7-1414 (ll-86) I 
Bureau of Reclamation SOIL CONSISTENCY TEST (THREE-POINT LIQUID LIMIT METHOD) 

Designation USB R 5355 . 89 
SAMPLE NO . FEATURE PROJECT 

5 Example E xomple 

Air dried 00 Tested by Date 

Oven dried □ Computed by Date 

Natural □ Checked by Date 

Plastic Limit Liquid Limit 
Trial No. 1 2 1 2 3 
Dish No. 19 20 21 
No. of blows 16 21 34 
Mass of dish + wet soil (g) 45.36 51 . 26 50.74 
Mass of dish + dry soil (g) 43. 20 47. 95 48. 85 
Mass of dish (gl 33. 94 33. 24 40.07 
Mass of water (g) 2. 16 3.31 1.89 
Mass of dry soil (g) 9.26 14.71 · 8 . 78 
% moisture 23.3 22. 5 21 .5 
Average plastic limit 

FLOW CURVE 
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NO. OF BLOWS 

Liquid 
(LLI I 22 

Plastic Plasticity 
Limit Limit (PL) Index (Pl= LL - PL) 

SHRINKAGE TEST 

Shrinkage dish no. Vol. of shrinkage dish (VI 
Mass of dish - wet soil (gl Vol. of dry soil (Vol 
Mass of dish - dry soil (gl V-Vo 
Mass of water (g) 
Mass of dish (g) V-Vo 
Mass of dry soil (Wol (g) Wo 
% moisture Shrinkage limit 

Shrinkage ratio 

Auxiliary tests: USBR 5205 - _fill_ Remarks : From gro12h the LL@ 25 blows lo 

USBR 5300 -~- the nearest 0.1 i;i~rcent is 22.2 % 
USBR 5360 -__ 
USBR 5365 - __ 

- I GPO 8~5 0 7 

Figure 6. - Soil consistency test (three-point liquid limit method) - example. 
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~ 
Groove formed Groove closed 

(a) Soil divided before test. Note groove formed in cup. (b) Soil closed after test. Note groove closed in cup. 

Figure 7. - Liquid limit rest. . 

13.2 Plot a "flow curve" (fig. 6) representing the 
relationsh ip between moisture content and corresponding 
number of blows for each rest specimen on a semiloga­
rithmic graph. Moisture content plots as the ordinate on 
the arithmet ical scale and the number of blows as abscissa 
on the logarithmic scale. The flow curve is a straight line 
drawn as near as possible through three or more plotted 
points . 

13.3 Determine and record the liquid limit of the soil 
specimen to the nearest 0.1 percent. 

14. Interpretation of Results 

14.1 The moisture content at the intersection of the 
flow curve and the 25-blow scale is the liquid limit of 
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the soil specimen. Record this value to the nearest whole 
number. 

15. Report 

15.1 The report is to consist of a completed and checked 
"Soi l Consistency Test (Three-Point Liquid Limit 
Method)" form (fig. 6). 
15.2 All calculations are to show a checkmark and all 

plotting must be checked. 
15.3 For reports, summary tables, ere., the LL value 

generally is reported to the nearest 1 percent. This also 
applies to the values for PL and SL. 
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APPENDIX 
XL INSPECTION AND CONDITION OF LIQUID LIMIT DEVICE AND GROOVING TOOL 

Xl.l Initial Acceptance.-Upon receipt, the LL (liquid 
limit) device and the grooving tool must be inspected for 
conformance to the following requirements. 

X 1.1.1 Essential Dimensions.-Dimensions of the LL 
device, the grooving tool, and the height of drop gauge 
must conform to the dimensions as shown on figures 2, 
3, and 4, respectively. 

Xl.1.2 Base.-The base must have a resilience such 
that an 8-mm(5/16-in) diameter polished steel ball-when 
dropped from a height of 250 mm (9.84 in)-will have 
an average rebound of at least 80 percent (200 mm) but 
no more than 90 percent (225 mm). The tests must be 
conducted on the finished base with feet attached. 

Xl.1.3 Feet.-The base muse be supported by soft 
rubber feet designed co provide isolation of the base from 
the work surface. 

Xl.1.4 Cup.-The cup must be brass and have a mass 
(including cup hanger) of 200±15 g. 

Xl.1.5 Cam.-The cam muse raise the cup smoothly 
and continuously to its maximum height through a distance 
of at least 80 degrees of cam rotation. The· preferred cam 
motion is a uniformly accelerated lift curve. The design 
of the cam and follower combination must be such that 
there is no upward or downward velocity of the cup when 
the cam follower leaves the cam. The cam and follower 
design is for uniformly accelerated (parabolic) motion after 
contact and ensures that the cup has no velocity at drop 
off. Ocher cam designs also provide this feature and may 
be used. However, if the cam-follower lift pattern is not 
known, zero velocity at drop off can be ensured by carefully 
filing or machining the cam and follower so that the cup 
height remains constant over the last 20 to 45 degrees 
of cam rotation. 

Xl.1.6 Carnage.-The cup carriage muse be con­
structed in a way that allows convenient but secure 
adjustment of the height of drop of the cup ro 10 mm 
(0.394 in). The cup hanger must be attached to the carriage 
by means of a pin which allows removal of the cup and 
cup hanger for cleaning and inspection. 

Xl.1.7 Motor Drive (optional).-The motor must 
turn the cam at 2±0.1 revolutions per second, and must 
be isolated from the rest of the device by rubber mounts 
or in some way that prevents motor vibration from being 
transmitted to the rest of the apparatus. It muse be equipped 
with an on-off switch and means of conveniently 
positioning the cam for height of drop adjustments. Check 
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for excessive vibration by removing or raising the cup and 
cam follower assembly off the base and placing a 250-
mL beaker half full of water on the base. With the motor 
running, not more than a barely recognizable ripple should 
be noticeable. 

Xl.2 Annual Inspection.-The following items must be 
checked annually: 

• Resilience of base described in Xl.1.2. 
• Revolutions per second of cam by the motor drive 
as described in Xl.1.7. 
• Vibration of assembly as described in Xl.1.7. 

Xl.3 Periodic Inspection of Wear.-The following items 
must be checked for wear monthly if the equipment is 
being used regularly, at the beginning of any testing if 
the equipment has not been used in several months, and 
at least on an annual basis. 

Xl.3.1 Wear of Base.-The spot on the base where 
the cup makes contact should be worn no greater than 
10 mm (3/8 in) in diameter. If the wear spot is greater 
than chis, the base can be machined to remove the worn 
spot provided the resurfacing does not make the base 
chinner than specified and the other dimensional 
relationships are maintained. 

Xl.3.2 Wear of Cup-The cup must be replaced when 
the grooving tool has worn a depression in the cup 0.1 . 
mm (0.004 in) deep or when the edge of the copy has 
been reduced to one-half its original thickness. Verify that 
rhe cup is firmly attached to the cup hanger. 

Xl.3.3 Wear of Cup Hanger.-Verify that the cup 
hanger pivot does not bind and is not worn to an extent 
that allows more than 3-mm (1/8-in) side-to-side 
movement of the lowest point on the rim. 

Xl.3.4 Wear of Cam.-The cam must nor be worn 
to an extent that the cup drops before the cup hanger 
(cam follower) loses contact with the cam. 

Xl.3.5 Grooving Tools.-Inspect grooving tools for 
wear on a frequent and regular basis. The rapidity of wear 
depends on the material from which the tool is made and 
the types of soils being tested. Sandy soils cause rapid wear 
of grooving tools; therefore, when testing these materials, 
cools should be inspected more frequently than for other 
soils. Any tool with a tip width greater than 2.1 mm must 
not be used. The depth of the tip of the grooving tool 
must be 8.0±0.l mm. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING THE PLASTIC LIMIT 
AND PLASTICITY INDEX OF SOILS 

USBR 5 360-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5360. The number immediately 
following th~ designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines che procedure for 
determining the plastic limit and plasticity index of soils. 

1.2 The plastic limit of a soil is the moisture content 
at which a soil will begin to crack and crumble when rolled 
into threads approximately 1/8 inch (3 mm) in diameter. 
This moisture content corresponds to the arbitrary limit_ 
between the plastic and semisolid states of consistency of 
a soil. 

1.3 The plastic limit rest is one of three rests known 
as the Atterberg limits rests. The liquid limit and shrinkage 
limit rest procedures are outlined in USBR 5350 and 5365. 
The plasticity index of a soil is obtained from results of 
the liquid limit and the plastic limit rests. 

2. Auxiliary Tests 

2.1 A rest sample muse be obcai~ed in accordance with 
USBR 5205 prior co performing chis procedure. As part 
of performing chis procedure, che moisture content muse 
be determined in accordance with USBR 5300. To obtain 
the plasticity index, the liquid limit must be obtained in 
accordance with USBR 5350 or 5355. Generally, the 
shrinkage limit and shrinkage ratio are determined in 
accordance with USBR 5365 in conjunction with chis 
procedure. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5355 Determining the Liquid Limit of Soils by 
the Three-Point Method 
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USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 

3.2 ASTM Standards: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 
D 4318 Standard Test Method for Liquid Limit, Plastic 
Limit, and Plasticity Index of Soils 

4. Significance and Use 

4.1 The physical and engineering properties of most 
fine-grained soils, and particularly clayey soils, are greatly 
affected by the amount of water contained in the soil system. 
A clay, for example, may be very soft, or it may be very 
hard, depending on its moisture content. At moisture 
contents between those extremes, the clay may be molded 
and formed without cracking or rupturing. In this condition, 
the clay is referred co as being plastic. Plasticity is a 
significant characteristic of clays and is used to identify 
and distinguish clayey soils. 

4.2 Four stages, or states, can be identified for 
describing the consistency of a soil: ( 1) the liquid state, 
(2) the plastic state, (3) the semisolid state, and ( 4) the 
solid state. These states of consistency are related co the 
moisture content. Although the transition between each 
of the states is gradual, test conditions have been established 
ro arbitrarily determine the moisture content at a definite 
point in the transition from one stage of consistency co 
another. These moisture contents are called the liquid limit 
(LL), plastic limit (PL), and shrinkage limit (SL) . 

4.3 The significance of the limits and their relationship 
co the stages of consistency can be explained best by a 
discussion of figure 1. As a very wet, fine-grained soil dries, 
it passes progressively through different stages of 
consistency. In a very wet condition, the mass acts like 
a viscous liquid and is referred to as the liquid state. As 
the soil dries, there is a reduction in volume of the mass 
which is nearly proportional to the loss of moisture. When 
the moisture content in soil reaches a value equivalent 
to the liquid limit, the mass enters the plastic state. 

4.4 The liquid limit and plasticity index furnish a basis 
for classification and identification of fine-grained soils and 
are used direccly in specifications for controlli"ng soil for 
use in fill and in semiempirical methods of design. 
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Figure l. - Atterberg limits. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

5 .1.1 A tterberg Limits. - The boundaries ( determined 
by laboratory tests) of moisture content in a soil between 
the liquid state and plastic stare (known as liquid limit), 
between the plastic state and the semisolid state (known 
as the plastic limit), and between the semisolid state and 
the solid state (known as the shrinkage limit). 

. 5.1.2 Cons1stency.-The relative ease with which a 
soil can be deformed (ASTM definition) . 

5.1.3 Plasticity Index (Pl) .-Numerical difference 
between the liquid limit and the plastic limit (ASTM) . 

5.1.4 Plastic Limit (PL).-The moisture content 
corresponding to an arbitrary limit between the plastic 
and the semisolid states of consistency of a soil [ASTM(a)]. 

6. Apparatus 

6. l Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.01 g and have 
a capacity of about 500 g. 

6.2 Moisture Container.-A suitable moisture container 
ro hold the sample such as a 6-ounce aluminum can with 
a lid. 

6.3 Dish-Porcelain, evaporating, 300-mL capacity, 
about 4-1/2-inches diameter by 2-inches deep (115 by 
50 mm) . 

6.4 Dish-Weighing, aluminum, about 2-inches 
diameter by 1/2-inch deep (50 by 12 mm). 

6.5 Spatula.-A blade 4-inches (100-mm) long. 
6.6 Mortar and Pestle.-Mortar, iron, or porcelain about 

5 ro 8 inches (125 to 200 mm) diameter with rubber­
tipped pestle. 

6.7 Pan.-Drying, small, metal, cast aluminum, about 
8 by 8 by 2 inches (200 by 200 by 50 mm). 

6.8 Rod (optional) .-A metal or plastic rod or tube 
1/8-inch (3.2-mm) diameter and about 4-inches (100-mm) 
long for judging the size of plastic limit thread. 

6.9 Drying Oven.-An oven, thermostatically con­
trolled, preferably of the forced-draft type, and capable 
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of maintammg a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

6.10 Sieve.-V.S.A. Standard series No. 40 (425 µm) 
conforming ro the requirements of ASTM E 11. 

6.11 Rolling Surface.-Ground glass plate or other 
material that does not absorb moisture. 

7. Reagents and Materials 

7.1 Use distilled water for preparing the plastic limit 
test specimen. 

8. Precautions 

8.1 Technical Precautions: 
8.1.1 The test specimen should be prepared and 

processed as quickly as possible to minimize moisture loss. 
8.1.2 Due to the effects of sampling, handling, 

processing, and testing on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limestone, claystone, etc., or soils affected by air and/or 
ovendrying. Such materials must be identified before 
processing, and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested at all. Cautionary statements 
must be made on test data forms and in reporting the 
test data. 

9. Sampling, Test Specimens, and Test Units 

9. l Sample Preparation: 
9.1.1 Prepare a test sample of about 500 g of minus 

No. 4 material in accordance with USBR 5205. This is 
the typical quantity for most soils which will provide 
enough material to perform the LL, PL, and SL tests. The 
test sample may need tO be more, or may be less, but 
must be of sufficient size ro provide the minimum mass 
of test specimen as' described in subparagraph 9.2.1. 

9.1.2 Air-dry the soil until any lumps will pulverize 
readily (see note 1) . 

NOfE 1.-This procedure also may be performed on material 
prepared at natural moisture content as described in ASTM 
D4318. 

9.2 Test Specimen Preparation: 
9.2.1 Obtain sufficient soil from the test sample ro 

provide a test specimen of at least 100 g of minus No. 
40 material if only the LL test is required; 120 g if both 
the LL and PL are required; and 150 g if the LL, PL, 
and SL are required. If necessary, because of minimum 
availability of material, the LL, PL, and SL can be performed 
using a minimum specimen size of 100 g of minus No. 
40 material by performing the LL test and using what 
is left for the PL and SL tests. If the sample is ro be 
reduced in size, split as described in USBR 5205. 
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9.2.2 Pulverize the soil and separate on a No. 40 
sieve using the following procedure. (If practical or desired, 
procedure may start at subpar. 9.2.2.2 instead of 9.2.2.1.) 

9.2.2.1 Separate the soil on a No. 40 sieve. 
9.2.2.2 Place all of the material retained on the 

No. 40 (or all of the material) in a mortar and pulverize 
using a rubber-tipped pestle. A rubber-tipped pestle is used 
to prevent crushing sand grains. Care must be taken when 
pulverizing not to crush individual particles. 

9.2.2.3 Repeat the steps in subparagraphs 9.2.2.1 
and 9.2.2.2 until the soil has been completely disaggregated 
and the material retained on the No. 40 consists only of· 
individual sand grains. 

9.2.3 Discard the material retained on the No. 40 
sieve. 

9.2.4 Thoroughly mix the material passing the No. 
40 sieve. 

9.3 Test Specimen for Plastic Limit: 
9.3.1 Obtain about 15 g of soil that passed the No. 

40 sieve. If necessary, split the soil in accordance with 
USBR 5205 (see subpar. 9.3.5). 

9.3.2 Place the sample in an evaporating dish and 
thoroughly mix with distilled water using a spatula until 
the mass becomes sufficiently plastic to be easily shaped 
into a ball. 

9.3.3 Place the sample in a suitable moisture 
container and allow to stand for a minimum of 16 hours 
(overnight). 

9.3.4 From the sample prepared in subparagraph 
9.3.3 obtain a test specimen having a mass of at least 8 
grams. 

9.3.5 If both the liquid and plastic limits are required, 
obtain a test specimen having a mass of at least 8 grams 
from the test specimen prepared for the liquid limit test 
in accordance with USBR 5350 or 5355. 

9.3.5.1 Obtain the 8-gram test specimen at any 
stage during the mixing process at which the soil becomes 
plastic enough to be easily shaped into a ball without 
sticking to the fingers excessively when the soil is squeezed. 

9.3.5.2 If the 8-gram test specimen is obtained 
before completion of the liquid test, place the specimen 
in a suitable moisture container and allow it to stand for 
at least 16 hours (overnight). If the specimen is obtained 
after completion of the liquid limit test and is too dry 
to permit rolling it into a 1/8-inch thread, add more water. 

NOfE 2.-Moisture can be added to the specimen any time 
during the procedure if the material dries out excessively. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
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11. Conditioning 

11.1 Test specimens should be prepared and processed 
as quickly as possible to minimize unrecorded moisture 
loss which would result in an erroneous moisture content 
determination for the test specimen. 

11.2 Prepared test specimens should be allowed to 
stand a minimum of 16 hours in a suitable sample container 
to ensure even distribution of moisture throughout the 
soil. 

12. Procedure 

12.1 All data are to be recorded on the "Soil Consistency 
Test" form as shown on figure 2. 

NOfE 3.-Figure 2 shows the PL data entered on the "Soil 
Consistency Test'" form for the one-point liquid limit method. 
If a three-point liquid limit test is to be performed, the plastic 
limit data may be similarly entered on the "Soil Consistency Test" 
form for the three-point liquid limit method. 

12.2 Squeeze and form the 8-gram test specimen 
obtained in accordance with paragraph 9 into an ellipsoidal­
shaped mass. 

12.3 Roll this mass between the fingers or palm of 
the hand and the ground-glass plate lying on a smooth 
horizontal surface with just sufficient pressure to roll the 
mass into a thread of uniform diameter throughout its 
length (fig. 3 ). 

12.3.1 The rate of rolling is to be between 80 and 
90 strokes per minute, counting a stroke as one complete 
motion of the hand forward and backward to the starting 
position. 

12.4 When the diameter of the thread becomes 1/8 
inch, break the thread into six to eight pieces. 

12.5 Squeeze the pieces together between the thumbs 
and fingers of both hands into a uniform mass roughly 
ellipsoidal in shape and reroll. 

12.6 Continue this alternate rolling into a 1/8-inch­
diameter thread, gathering together, kneading, and 
recoiling until the thread crumbles under the pressure 
required for rolling and the soil can no longer be rolled 
into a thread. The crumbling may occur when the thread 
has a diameter greater than 1/8 inch. This is considered 
a satisfactory endpoint-provided the soil had been 
previously rolled into a 1/8-inch-diameter thread. 

NOfE 4.-The crumbling will manifest itself differently with 
the different types of soil. Some soils fall apart in numerous 
aggregations of particles; ochers may form an outside tubular 
layer that starts splitting at both ends. The splitting progresses 
toward the middle until finally the thread falls apart in many 
small platy particles. Fat clay soils require much pressure to deform 
the thread, particularly as they approach the plastic limit and, 
finally, the thread breaks into a series of barrel-shaped segments 
each about 1/4 co 3/8 inch (6 to 10 mm) in length. 

12.7 At no time should the operator attempt to produce 
failure at exactly 1/8 inch diameter by allowing the thread 
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7 -1702 (11 -85) I 
Bureau of Reclamatiun SOIL CONSISTENCY TEST (ONE.POINT LIQUID LIMIT METHOD) I Designation USBR _5360 . ~-

SAMPLE NO. rEATURE rROJECT 
I Example Example 

Air dried IX) Tested by Date 

Oven dried D Computed by Date 

Natural D Checked by Date 
. 

PLASTIC LIMIT LIQUID LIMIT 

Trial No. 1 2 1 2 

Dish No. 99 145 143 
No. of blows (N) ---- ---- 21122 
Mass of dish + wet soil (g) 12.10 12.24 19 . 60 

Mass of dish + dry soil (g) 11.05 11.16 14.32 

Mass of dish (g) 6.28 6.26 6 . 13 

Mass of water (g) 1.05 1.08 5.28 

Mass of dry soil (g) 4.77 4.90 8 . 19 

Moisture % 22.0 22.0 Wn= 64 . 47 

Average Plastic Limit 22.0 Fn = 0 . 985 

Liquid Limit 63 . 5 

SHRINKAGE LIMIT I L (N)0.120 L=W -
1. Shrinkage Dish No. 84 I 

n 25 

2. Mass of dish + wet soil (g) 34.61 Fn = (:) 0.120 
3. Mass of dish + dry soil (g) 24.98 

I 4. Mass of dish (g) 11.56 LL= IFn) (Wnl 

5. Mass of water (2 - 3) (g) 9.63 

I 6. Mass of dry soil (W0 ) (3 - 41 (g) 13.42 N Fn 

1 . % Moist'ure (5/6 x 100) 71.8 20 0.974 

8. Vol. Shrinkage Dish (VI 14.90 I 21 0 .979 

9. Vol. Dry Soil (V 0 ) 7.20 Q2 0.985 

10. V - V 0 = (8 - 9) 7.70 I 23 0.990 

11.V-Vo (10 ) 
24 0.995 

--x 100= -x 100 
57.4 I 25 1.000 Wo 6 

12. Shrinkage Limit (7 - 11) 14.4 26 1.005 

13. Shrinkage Ratio (6/9) I .86 

I 
27 1.009 

28 1.014 

Pl= LL -PL 29 1.018 

PLASTICITY INDEX: I 30 1.022 
Pl=~-.E.._=~ 

-- -- -- -- --- -- + -- -- -- -- -- ---. 

I 
Auxiliary tests : USB R 5205 - ..m,_ 

LIQUID LIMIT (LL) = 64 USBR 5300 - -.J!,9_ 

PLASTIC LIMIT (PL) = 22 USBR 5350 - _§9_ 

. PLASTICITY INDE-X (Pl)= 42 I USBR 5360 - _!19_ 

SHRINKAGE LIMIT (SL)= 14 USBR 5365 - ~9-

I Remarks: . 

I 
I 

Figure 2. - Soil consistency test (one-point liquid limit method) - example. 
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Figure 3. - Test for plastic limit. 

to reach 1/8 inch, then reducing the rate of rolling or 
the hand pressure, or both, and cont inuing the rolling 
without further deformation until the thread falls apart. 

12.8 Ir is permissible, however, to reduce the total 
amount of deformation for slightly plastic soils by making 
the initial diameter of the ellipsoidal-shaped mass nearer 
to rhe required 1/ 8-inch final diameter. 

12.9 If the soil specimen cannot be rolled to a thread 
of 1/ 8 inch by using any of the techniques described, it 
should be stared as such on the data form under Remarks, 
and the soil will be reported as nonplastic, NP. 

12.10 When the soil reaches the cracking or crumbling 
point and cannot be rerolled, place the pieces of soil into 
a suitable moisture container. 

12.11 Determine and record the moisture concern of 
the test specimen in accordance with USBR 5300. The 
masses are to be determined and recorded to 0.01 g and 
the moisture concern is to be calculated and recorded to 
0.1 percent. This moisture concern is the plastic limit of 
the rest specimen. 

12 .12 Repeat subparagraphs 12.2 through 12.11 to 
obtain a second trial. 

12.13 The difference between the moisture contents 
(plastic limit) of the two trials should be less than 2 percent. 

375 

If the difference is greater than 2 percent, repeat the 
procedure until results are within the required range. 

12.14 Calculate and record the average plastic limit. 
12.15 Calculate and record the plasticity index. 

13. Calculations 

13.1 Calculate the average plastic limit. 

PL= A+ B 
2 

where: 

PL average plastic limit 
A moisture concern of first trial 
B moisture concern of second trial 

13.2 Plasticity index can be determined upon comple­
tion of plastic limit rest and the liquid limit rest. Calculate 
the plasticity index using the expression: 

Plasticity index (Pl ) = liquid limit (LL) - plastic limit (PL) 

14. Interpretation of Results 

14.1 The plasticity index is co be reported as non plastic 
(NP) under the following conditions: 

14.l.l When the liquid limit or plastic limit cannot 
be determined using rhe standard testing procedures, report 
the PI as nonplasric, NP. 

14.1.2 When the so il is very sandy, the plastic limit 
rest is to be performed before the liquid limit rest. If the 
plastic limit cannot be determined, report the plasticity 
index as nonplasric, NP (see subpar. 14.1.4). 

14.1.3 When the plastic limit is either equal to or 
greater than rhe liquid limit, report the plasticity index 
as nonplastic, NP. 

14. 1.4 If the liquid limit or the plastic limit can be 
obtained, but the plasticity index is reported as non plastic -
in accordance with subparagraphs 14.1.1, 14.1.2, and 
14.1.3 - the liquid or plastic limits are still of value for 
identifying special soil properties and should be reported 
along with the indicated nonplasric plasticity index. 

15. Report 

15.1 The report 1s to consist of the completed and 
checked "Soil Consistency Test (One-Point Liquid Limit 
Method)" form (fig. 2) or the "Soil Consistency Test 
(Three-Point Liquid Limit Method)" form (see USBR 
5355). 

15.2 All calculations are to show a checkmark. 
15.3 For reports, summary tables, ere., the PL value 

generally is reported to the nearest 1 percent. This also 
applies to the values for LL and SL 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING SHRINKAGE LIMIT 
AND SHRINKAGE RA TIO OF SOILS 

USBR 5365-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5365. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the shrinkage limit and shrinkage ratio of 
a cohesive soil. 

1.2 The data obtained using this procedure may be 
used to calculate shrinkage limit, shrinkage ratio, volumetric 
shrinkage, linear shrinkage, and approximate specific 
gravity. 

1.3 Two alternative procedures are provided: 
1.3. l In method A, the mass in air minus the mass 

in water is used to determine the volume of the dried 
soil pat, and is referred to as the wax method. 

1.3.2 In method B, the volume of displaced mercury 
is used to determine the volume of the dried soil pat, and 
is referred to as the mercury method. 

CAUTION: Mercury is a toxic material and the mercury method 
is to be performed ONLY in the Geotechnical Services Branch 
in the Denver Office. 

2. Auxiliary Tests 

2.1 A soil sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. The 
moisture content must be determined in accordance with 
USBR 5 300 as part of performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
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USBR 5355 Determining the Liquid Limit of Soils by 
the Three-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 

3.2 ASTM Standards: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 
D 427 Shrinkage Factors of Soils 

4. Summary of Method 

4.1 The shrinkage limit of a soil is the maximum 
moisture content at which a reduction in moisture content 
will not cause a decrease in the volume of the mass of 
soil. The shrinkage ratio of a soil is the ratio of a given 
volume change, expressed as a percentage of the dry 
volume, to the corresponding change in moisture content 
above the shrinkage limit, expressed as a percentage of 
the mass of the ovendried soil. In this procedure, the volume 
of an ovendried pat of soil is determined by the 
displacement of water or mercury to determine the 
shrinkage limit and the shrinkage ratio. 

5. Significance and Use 

5.1 The shrinkage factors covered by this procedure 
can only be determined on predominantly fine-grained 
cohesive soils which exhibit a dry strength when ovendried. 

5.2 The term shrinkage limit, expressed as a moisture 
content in percent, represents the amount of water required 
to fill the voids of a given cohesive soil at its minimum 
void ratio obtained by ovendrying. The shrinkage limit 
can be used to evaluate the shrinkage potential, crack 
development potential, and swell potential of earthwork 
involving cohesive soils. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Linear Shrinkage (Ls, %).-Decrease in one 
dimension of a soil mass, expressed as a percentage of 
the original dimension, when the moisture content is 
reduced from a given value to the shrinkage limit (ASTM 
definition). 
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6.1.2 Shrinkage Limit (SL ).-The maximum mois­
ture content at which a reduction in moisture content will 
noc cause a decrease in che volume of che soil mass (ASTM). 

6.1.3 Shrinkage Ratio (R).-The ratio of: (1) a given 
volume change, expressed as a percentage of che dry 
volume, to (2) che corresponding change in moisture 
content above the shrinkage limit, expressed as a percentage 
of the mass of rhe ovendried soil (ASTM) . 

6.1.4 Volumecric Shrinkage ( Vs, %).-The decrease 
in volume, expressed as a percentage of the soil mass when 
dried, of a soil mass when the moisture content is reduced 
from a given percentage to che shrinkage limit (ASTM). 

7. Apparatus 

7.1 General Apparatus: 
7.1.1 BalanceorScale.-A typical balance or scale used 

for chis designation muse be readable to 0.01 g and have 
a capacity of about 500 g. 

7.1.2 Dish, Evaporating.-Porcelain, evaporating, 
300-mL capacity, about 5-1/2 inches (140 mm) diameter 
by 2 inches deep (115 by 50 mm) . 

7.1.3 Dish, Shrinkage.-A circular porcelain or Mone! 
metal milk dish having a flat bottom, about 1-3/4-inches 
diameter and 1/2-inch deep (45 by 15 mm). 

7 .1.4 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 °F 
( 110±5 ° C) chroughouc the drying chamber. 

7.1.5 Mortar and Pestle.- Mortar, iron, or porcelain 
about 5 to 8 inches (125 to 150 mm) diameter with rubber­
tipped pescle. 

7.1.6 Sparula.-A blade 4 inches long. . 
7.1.7 Srraightedge.-A stiff metal straightedge of 

convenient length. The scraping edge muse be beveled if 
ic is thicker than 1/8 inch (3 mm). 

7.1.8 Sieve.-U.S.A. Standard series No. 40 (425 µm) 
sieve conforming to the -requirements of ASTM E 11. 

7.1.9 Liquid Limit Device and Grooving Tool.-As 
described in USBR 5350. 

7.2 Equipment Unique ro This Procedure: 
7.2.1 Dish, Glass or Plastic-A dish 2-1/4-inches 

diameter and 1-1/4-inches high (60 by 30 mm), the top 
rim of which is ground smooth and is in a plane essentially 
parallel with the bottom of rhe cup. 

7 .2.2 Graduated Cylinder.-25-mLcapacicy, graduated 
to 0.2 ml. 

7.2.3 Microcrystalline Wax.-Sufficient quantity to 
cover che soil pat. 

7.2.4 . Plate, Glass or Plastic-A place with three metal 
prongs for immersing che soil pat in mercury as shown 
on figure 1. 

7.2.5 Sewing Thread-Fine. 
7.2.6 Water Bath.-Of sufficient size to allow the soil 

pat co be submerged when determining mass in water. 
7.2.7 Wax Warmer.-Sufficient temperature control 

co avo_id overheating. 
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Figure 1. - Apparatus for determining the volumetric change 
[ASTM D 427, vol. 04.08]. 

8. Reagents and Materials 

8.1 Distilled water to be used for wetting the soil. 
8.2 Mercury without any foreign matter, sufficient to 

fill the glass . d_i_sh _co. overflowing (see caution statement 
in subpar. 1.3.2). 

9. Precautions 

9.1 Safety Precautions: 
9.1.1 This designation involves hazardous materials, 

operations, and equipment. 
9.1.2 Mercury has been identified as a hazardous 

material; extreme care should be taken when working with 
it. Mercury should not be used without proper ventilation 
or if the user has open sores. Consult current organizational 
health and safety regulations before using mercury. 

9.1.3 When the mercury method is used, the soil 
pat is considered contaminated with mercury and it muse 
be disposed of as a hazardous waste product. 

9.1.4 The equipment used in the mercury method 
is considered contaminated and must be handled and stored 
in accordance with current health and safety regulations. 
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9.1.5 Wax melting equipment or hot wax may burn 
unprotected skin; overheated wax may burst into flames; 
therefore, extreme care should be taken when working 
with hot wax. 

9.2 Technical Precautions: 
9.2.1 Due to the effects of sampling, handling, 

processing, and testing on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/ or friable decomposed granite, sandstone, shale, 
limestone, claystone, etc., or soils affected by air and/or 
ovendrying. Such materials must be identified before 
processing, and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested at all. Cautionary statements 
must be made on test data forms and in reporting the 
test data. 

9:2.2 The calibration of the shrinkagedish-must be 
performed using the same method as is used to determine 
the volume of the soil pat. Method A utilizes an accurate 
mass measurement of water to determine the volume of 
the dish and soil pat. Method B utilizes a relative volume 
method to determine the volume of the dish and soil pat. 
Test errors will result if the volume measurement methods 
are interchanged. 

10. Sampling, Test Specimens, and TestUnits 

10.1 Sample Preparation: 
10.1.1 Prepare a test sample of about 500 g of minus 

No. 4 material in accordance with USBR 5205. This is 
the typical quantity for most soils which will provide 
enough material to perform the LL, PL, and SL tests. The 
test sample may need to be more, or may be less, but 
must be of sufficient size to provide the minimum mass 
of test specimen as described in subparagraph 10.2.1. 

10.1.2 Air-dry the soil until any lumps will pulverize 
readily. 

10.2 Test Specimen Preparation: 
10.2.1 Obtain sufficient soil from the test sample 

to provide a test specimen of at least 100 g of minus No. 40 
material if only the LL test is required; 120 g if both the 
LL and PL are required; and 150 g if the LL, PL, and 
SL are required. If necessary, because of minimum 
availability of material, the LL, PL, and SL can be performed 
using a minimum specimen size of 100 g of minus No. 40 
material by performing the LL test and using what is left 
for the PLand SL_tests. If the sample is to be reduced 
in size, split as described in USBR 5205. ·· 

10.2.2 Pulverize the soil and separate on a No. 40 
sieve using the following procedure. (If practical or desired, 
procedure may start at subpar. 10.2.2.2 instead of 10.2.2.1.) 

10:2.2.1 Separate the soil ·on a No. 40 sieve. 
10.2.2.2 Place all of the- material retained on the . 

No. 40 (or all of the material) in a.mortar and pulverize 
using a rubber-tipped pestle. A rubber-tipped pestle is used 
to prevent crushing sand grains. Care must be taken when 
pulverizing not to crush individual particles. 

10.2.2.3 Repeat the steps in subparagraphs 
10.2.2.1 and 10.2.2.2 until the soil has been completely 
disaggregated and the material retained on the No. 40 
consists only of individual sand grains. 

10.2.3 Discard the material retained on the No. 40 
sieve. 

10.2.4 Thoroughly mix the material passing the 
No. 40 sieve. 

10.3 Test Specimen for Shrinkage Limit: 
10.3.1 Obtain about 30 g of soil that passed the 

No. 40 sieve. If necessary, split the soil in accordance with 
USBR 5205. 

10.3.2 Place the specimen in the evaporating dish 
or similar con_tainer and thoroughly mix the sp~ci!}1en with 
distilled water. AdcF a· sufficien't amount of water to fill 
the soil voids and make the soil pastey enough to be readily 
worked into the shrinkage dish without inclusion of air 
bubbles. The amount of wat~r required to furnish friable 
soils with the desired. consistency is equal to or slightly 

.. greater. than the liquid limit. The amount of water necessary 
to furnish plastic soils with the desired consistency may 
exceed the liquid limit by as much as 10 percent. It has 
been found that an acceptable moisture content is one that 
will produce about a 1/2-inch (13-mm) closure of the liquid 
limit groove in 10 blows. 

11. Calibration and Standardization 

11.1 Verify that equipment is currently· ca-Jibrated in , 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 

11.2 Shrinkage Dish- Volume Calibration-Method A: 
11.2.1 All data are to be recorded on the "Shrinkage 

Dish-Volume Calibration" form as shown on figure 2. 
11.2.2 Lightly grease the inside of the shrinkage dish 

and face of the glass plate. 

NOfE 1.-The face of the glass plate is greased to provide 
an adequate watertight seal while moving the dish and glass 
plate to the scale. 

11.2.3 Determine and record the mass of the greased 
dish and greased plate. 

11.2.4 Place water into the greased dish to 
overflowing. 

11.2.5 Remove the excess water by pressing the 
greased glass -pfate over· the .to-1<_ of the dish. Be sure all 
of the air is removecHrom·withiPtthe dish. Dry the outside 
of the plate and dish. 7 . -:?, 

11.2.6 Determine and recdrd the mass of the greased 
dish, greased plate, and water. · 

11.2.7 Calculate and record the value of the mass 
of water. 

11.2.8. Determine-and.record water temperature. 
11.2.9 Obtain and record the absolute density of 

water from table 1 for the temperature recorded m 
subparagraph 11.2.8. 
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7-23 12 ( 12-86) I 
Burtau of Reclamation SHRINKAGE DISH-VOLUME_ CALIBRATION I Onignetion USBA 113611 • !19 

Dish No. _..;.1.;;;.0..;:5;.._ __ _ 

Calibration performed by 

Calibration checked by 

Date ______________ _ 

Date 

Trial A 

1. Mass of greased dish + greased plate + water . .. .. . .. . .. .. . .. ... . .. . 

2. Mass of greased dish + greased plate ............ . . . . .... .•...... 

3. Mass of water = ( 11 - (21 . .. . . .......... .. . ... . ... ......... . 

4. Temperature of water .... . ..... .... . ... .. ... ... .. . . . . . .... . 

5. Absolute density of water from table 1 

6. Volume of dish = (31 
(5) . ..... .. . .. . · ·· ·· · · ... . . ... .. ....... . . 

Trial B 

7. Mass of greased d ish + greased plate + water . . .. . .... .... • ......... 

8. Mass of greased dish + greased plate ... .. ... .•. ... .. .. ... .. . .... 

9 . Mass of water= (71 - (81 ...... .... . .... ..... . .. .. . .. . ..... . 

10. Temperature of water . ........ . . .... ... . . . . .. ....... .. . . .. . 

11. 

12. 

13. 

14. 

Absolute density of water from table 1 

Volume of dish m (91 
(11) 

Difference between Trial A and Trial Ba (61 - (12) 

Average dish volume = (61 + (121 
2 

65.86 

51 . 33 

14.53 

24.5 

0 . 997171 

14 . 57 

65 . 91 

51 .38 

14.53 

24 . 5 

0.99717 1 

14,57 

0.00 

14 . 57 

NOTE: The difference in volume between trials is to be within.!. 0.01 an' (for wax method) 
or.!. 0.1 an' (for mercury method) 

Figure 2. - Shrinkage dish - volume calibration example - method A. 
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Table 1. - Absolute density of water in grams per cubic centimeter.t 

Degrees 0 1 2 3 4 5 6 7 8 9 
C 

0 0.999841 847 854 860 866 872 878 884 889 895 
1 900 905 909 914 918 923 927 930 934 938 
2 941 944 947 950 953 955 958 960 962 964 
3 965 967 968 969 970 971 972 972 973 973 
4 973 973 973 972 972 972 970 969 968 966 
5 965 963 961 959 957 955 952 950 947 944 
6 941 938 935 931 927 924 920 916 911 907 
7 902 898 893 888 883 877 872 866 861 855 
8 849 843 837 830 824 817 810 803 796 789 
9 781 774 766 758 751 742 734 726 717 709 

10 700 691 682 673 664 654 645 635 625 615 
11 605 595 585 574 564 553 542 531 520 509 
12 498 486 475 463 451 439 427 415 402 390 
13 377 364 352 339 326 312 299. 285 272 258 
14 244 230 216 202 188 173 159 144 129 114 
15 099 084 069 054 038 023 007 *991 *975 *959 
16 0.998943 926 910 893 877 860 843 826 809 792 
17 774 757 739 722 704 686 668 650 632 613 
18 595 576 558 539 520 501 482 463 444 424 
19 405 385 365 345 325 305 285 265 244 224 
20 203 183 162 141 120 099 078 056 035 013 
21 0.997992 970 948 926 904 882 860 837 815 792 
22 770 747 724 701 678 655 632 608 585 561 
23 538 514 490 466 442 418 394 369 345 320 
24 296 271 246 221 196 171 146 120 095 069 
25 044 018 992 *967 *941 *914 *888 *862 *836 *809 
26 0.996783 756 729 703 676 649 621 594 567 540 
27 512 485 457 429 401 373 345 317 289 261 
28 232 204 175 147 118 089 060 031 002 *973 
29 0.995944 914 885 855 826 796 766 736 706 676 
30 646 616 586 555 525 494 464 433 402 371 

t For inch-pound applications, multiply the values in this table by 62.4280 
to convert to lbm/ft3. 

* First three significant figures shown in line below. 

11.2.10 Calculate and record the volume of the 
shrinkage dish. (Trial A) 

11.2.11 Completely clean the dish and the glass plate 
and repeat subparagraphs 11.2.2 through 11.2.10. (Trial B) 

11.2.12 If the difference in volume between the two 
trials is greater than ±0.01 cm3, repeat the procedure until 
the difference between apy two trials is within ±0.01 cm3. 
Average and record the· results from the two trials . 

. 11.3 Shrinkage Dish-Volume Calibration-Method B: 
11.3.1 The shrinkage dish volume is to be recorded 

on the "Shrinkage Dish-Volume Calibration" form as 
shown on figure 2. 

11.3.2 Fill the shrinkage dish with mercury until it 
just begins to overflow (see subpars. 1.3.2 and 9.1 on safety 
requirements). 

11.3.3 Remove the excess mercury by pressing a glass 
plate firmly over the top of the dish. 

11.3.4 Measure, by means of a glass graduated 
cylinder, the volume of mercury held in the dish estimated 
to the nearest 0.1 mL. Record this volume as the volume 
of the shrinkage dish assuming that 1 cm3_ is equal to 1 mL. 
(Trial A) 
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11.3.5 Repeat subparagraphs 11.3.2 to 11.3.4. (Trial B) 
11.3.6 If the difference in volume between the two 

trials is greater than ±0.1 cm3, repeat the procedure until 
the difference between any two trails is within ±0.1 cm3. 
Average and record the results from the two trails. 

12. Conditioning 

12.1 Place the material for each soil specimen, as pre­
pared in subparagraph 10.2, in a moisture proof container 
and store for a minimum standing time of 16 hours. 

13. Procedure 

13.1 All data are to be recorded on the "Shrinkage 
Limit and Shrinkage Ratio" form as shown on figure 3. 

13.2 Lightly grease the inside of the shrinkage dish. 
13.3 Determine the mass of the greased shrinkage dish 

and record the value as the mass of the empty shrinkage 
dish. 

13.4 Place, in the center of the dish, an amount of 
the wetted soil equal to about one-third the volume of 
the dish and cause the soil to flow to the edges by tapping 
the dish on a firm surface cushioned by several layers of 
blotting papei; or similar material. Add an amount of soil 
approximately equal to the first portion, and tap the dish 
until the soil is thoroughly compacted and all included 
air has been brought to the surface. Add more soil and 
continue the tapping until the dish is completely filled 
and excess soil stands out about its edge. Strike off the 
excess soil with a straightedge and wipe off all soil adhering 
to the outside of the dish. 

13.5 Determine the mass of the dish immediately after 
it is filled and record the struck measure value as the mass 
of dish plus wet soil. 

13.6 Allow the soil pat to dry in air until the color 
of the pat turns from dark to light. Ovendry the pat to 
constant mass at 230±9 °F (110±5 °C) and record the 
mass of dish plus dry soil. 

NOTE 2.-Drying the soil pat in air may produce cracking of 
the soil due co rapid moisture losses in dry climates. If chis problem 
is encountered, it may be necessary co dry the soil in a humidity 
controlled environment. In chis case, it may cake from 1 co 2 
weeks for the color of the soil pat co turn from dark co light. 

13.7 Determine and record the mass of the dry soil 
pat. 

13.8 Calculate and record the moisture content of the 
soil at the time it was placed in the dish. 

13.9 Method A (wax method).-Determine the volume 
of the dried soil pat: 

13.9.1 Make a "cradle" for the soil pat by tying 
together the loose ends of a 250- to 300-mm piece of sewing 
thread ( fig. 4). 

13.9.2 Place the soil pat on the loop of thread (fig. 5 ). 
13.9.3 Bring the tied end of thread over the soil 

pat and through the looped end of the thread (fig. 6). 
13.9.4 Tighten by pulling the tied end through the 

loop (fig. 7). 
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7-23 11 16-86) I SHRINKAGE LIMIT AND SHRINKAGE RATIO I 89_ Bweau of Reclamation Onlgnetion USSR 5365 -

SAMPLE NO. FEATURE PROJECT 

I Example Example 
TESTED BY IDATE COMPUTED BY 'DATE CHECKED BY IDATE 

Method A (Wax Method) Shrinkage dish No. 105 

1. Mass of dish + wet soil . . . . . . ... . . . . . . . . . . . . . .. . . 34.52 g 

2. Mass of dish + dry soil . . . . . . . . . . . .. . . . . . . . ...... . . . 25 44 g 

3. Mass of dish . . . . . . . . . . . . . . . . . .... . . . . . . .. . . . . 12 . 26 g 

4 . Mass of water = ( 1 I - (21 . . . . . . . . . . . . . . . . . . . ... .. 9 . 08 g 

5. Mass of dry soil (M 0 ) = (2) - (31 . . . . . . . . . . . . . . . . . . .... . . . . 13 . 18 g 

6. Moisture content (w) = (41/(5) x 100 . . . . . . . . . . . .... 68.9 % 
7. Mass in air of dry soil + wax 

. 17 . 30 g . . . . . . . . . . . . . . . . . . . . .. . .. 
8. Mass of wax = (7) - (5) . . . . . . . . . . . . . . . . . . .. .. . . . 4.12 g 

9. Mass in water of soil + wax . . . . . . . . . . . . . . . . . . . . .. 6 . 3 g 

10. Volume of soil+ wax= ((7) - ( 91 I IPw .. 11 . 0 cmJ . . . . . . . . . 
11. Specific gravity of wax••• . . . . . ... . . . . . . . . . . . . . . . .. . . 0 . 91 

12. Volume of wax = (8)/( 11) ... ' 4.53 cmJ . . . . . . . . .. . . . . . . . . . . . . . 
13. Volume of dry soil (V 0) = ( 10) - ( 12) . . . . . . . . . .... . 6 . 47 cmJ 

14. Volume of dish (V) (From calibration sheet) . . . . . . . . 14 . 57 cmJ 

15. (V -V0 ) = (14) - (13) . . . . . . ··•. . . . . . . 8 . 10 cmJ 

16. V -Vo x 100 = (15) Pw•• x 100 . . . . . . . . .. . . . . . . . . . . 61 . 5 % 
7vfo ""ITT 

17. Shrinkage limit (SL) = (6) - ( 16) . . . . . . . .. . .. .. . . 7 . 4 % 

Shrinkage ratio ( R) = 
(5) 2.0 

18. 
fi13)Pw] 

. . . . . . . . . . . . . . . . . . . 

. The term wax denotes microcrystalline wax . .. Pw@4°C = 1 g/cm3 
•••specific Gravity of wax is obtained from manufacturer (usually 0.!:11) 

Sample No. 2 

Method 8 (Mercury Method) Shrinkage dish No. 106 . 

1. Mass of dish + wet soil 35.99 g . . . . . . . . . . . . . . . . .. . . . . . . . . . 
2. Mass of dish + dry soil . . . . . . . . . . . . . . . . .. . . . . . . . . . .. 27 . 08 g 

3. Mass of dish .. . . . . . . . . . . . . . .... . . . . .. . . . . . . . . . . . ... 12 . 37 g 
4. Mass of water ,. ( 1 I - (2) . . . . . .. . . . . . . . ... .. . . . . . . . . . . . 8.91 g 

5. Mass of dry soil (M0 ) = (2) - (3) . . . . . . . . . . . . . . . . . . . .. .. .. 14.71 g 

6. Moisture content (w) = (4)/(5) x 100 . . . ...... . . . . . . ... 60 . 6 % 
7. Volume of dish (VI (From calibration sheet) . . . . . . . .. . . 14.9 cmJ . . 
8. Volume of dry soil (V0 ) • •.... 7.1 cmJ . . . . . . . . . . .. . . .. . . . . . 
9. V - Vo= (7) - (8) . . . . . . . . . . . . . . . . .. ... . .. . . . . . . 7 . 8 cmJ 

10. v M_:o x 
100 ° (9) Pw .. X 100 .. .. . . . . . . . . . . . . . 53 . 0 % 

15f 
11. Shrinkage limit (SL) = (6) - ( 10) . 7.6 % . . . . . . . .. .. . . . ... . .. . . . . . 
12. Shrinkage ratio (R) = (5) . . . . . .. . . . . . . . . . . .. 2 . I 

-m;~· 
. . 

GPO IISl-397 

Figure 3. - Shrinkage limit and shrinkage ratio - example. 
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Figure 4. - "Cradle" for dry soil pat. 

Figure 5. - Pat on loop of thread. 

Figure 6. - Tied end over dry soil pat and through looped end. 

~ 
-«.. 

Figure 7. - Tighten by pulling tied end to position shown. 

13.9.5 Immerse the dry pat of soil in melted wax, 
holding the dry pat with the sewing thread, completely 
coating the pat. Do not allow air bubbles to develop in 
the wax coating. If air bubbles are present, use a sharp 
object to cut out the bubble; refill the hole with wax. 

CAUTION: The melted wax and associated equipment are hot 
and care should be exercised to avoid burns. 

13.9.6 Remove the pat of soil from the melted wax 
and allow the wax coating to cool. 

13.9.7 Determine the mass of the wax-coated pat 
of soil in air and record the value as the mass in air of 
the dry soil and wax. 

13.9.8 Determine the mass indicated when the wax­
coated pat of soil is suspended from a balance while 
submerged in a water bath. Record this as the mass m 
water of the dry soil and wax. 

13.9.9 Calculate and record the shrinkage limit. 
13.10 Method B (mercury method).-Determine the 

volume of the dry soil pat: 
13.10.1 Place the glass or plastic dish in an evapo­

rating dish as shown on figure l. Fill the glass dish to 
overflow with mercury (see subpars. 1.3.2 and 9.1 on safety 
requirements) . 

13.10.2 Remove the excess mercury by pressing the 
glass plate with the three prongs (fig. 1) firmly over the 
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top of the dish. The excess mercury will collect in the 
evaporating dish. 

13.10.3 Carefully wipe off any mercury that may be 
adhering to the outside of the dish. 

13.10.4 Place the glass or plastic dish, filled with 
mercury, in the evaporating dish and place the soil pat 
on the surface of the mercury. 

13.10.5 Carefully force the pat under the mercury 
with the glass plate, with the three prongs (fig. 1), and 
press the plate firmly over the top of the cup. It is essential 
that no air be trapped under the soil pat. 

13.10.6 Using a graduated cylinder, measure the 
volume of mercury displaced into the evaporating dish. 
Record the value as the volume of dry soil, Vo, (see fig. 3). 

13.10.7 Calculate and record the shrinkage limit. 
13.10.8 The soil pat is considered contaminated with 

mercury and it must be disposed of as a hazardous waste 
product. 

14. Calculations 

14.1 Calculation of Moisture Content: 
14.1.1 Calculate the moisture content of the soil at 

the time it was placed in the dish expressed as a percentage 
of the dry mass of the soil. 

w= 100 cm-mo) 
mo 

(1) 

where: 
w = moisture content of the soil when placed in the 

dish, % 
m = mass of wet soil obtained by subtracting the mass 

of the shrinkage dish from the mass of the 
dish and wet soil, g 

m 0 mass of dry soil obtained by subtracting the mass 
of the shrinkage dish from the mass of the 
dish and dry pat, g 

100 = convert from decimal to percent 

14.2 Determine the volume of the shrinkage dish: 

V = ....!!!:_ = mass of water, g 
'Yw absolute density of water, g/cm3 

(2) 

Record this as the volume of the shrinkage dish, V 
14.2.1 Determine the volume of dry pat of soil: 

Mass of water = (mass of dish + wet soil) 
- (mass of dish+ dry soil) 

Mass of dry soil, mo= (mass of dish + dry soil) 
- (mass of dish) 

loo ( mass of water ) 
Moisture content, w = 

mo 

Mass of wax = (mass in air of dry soil + wax) 
- (mass in air of dry soil) 

(3) 

(4) 

(5) 

(6) 

Volume of pat + wax = (mass in air of dry soil + wax) 
- (mass in water of dry soil+ wax) (7) 
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mass of wax, g Volume of wax = --------~~--- (8) 
(specific gravity of wax) 1 g/cm3 

Volume of dry soil, Vo= (volume of pat + wax) 
- (volume of wax) (9) 

NOfE 3.-Absolute density of water is assumed equal to 1.0; 
if more accuracy is required, corrections for temperature may 
be necessary. 

14.3 Shrinkage Limit SL: 

SL = w - 100 ( V - Vo ) 
mo Pw (10) 

where: 
SL = shrinkage limit 

w = moisture content of wet soil, in percentage of the 
mass of ovendried soil, % 

V = volume of wet soil pat = volume of the 
shrinkage dish 

Vo volume of dry soil pat 
m 0 mass of ovendried soil pat, g 
Pw 1 g/cm3 at 4 °C 

14.3.1 Optional Method-When both the specific 
gravity, Gs, and the shrinkage ratio, R, are known, calculate 
the shrinkage limit as follows: 

SL = 100 ( l - l ) 
R Gs 

(11) 

14.4 Shrinkage Ratio R.-Calculate the shrinkage ratio, 
R, from the data obtained in the volumetric shrinkage 
determination. 

R (12) 
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See reference [ 1]. 
14.5 Calculation of Volumetric Shrinkage, Linear 

Shrinkage, and Specific Gravity. 
14.5.1 The volumetric shrinkage, Vs, is calculated. 

Vs = R ( W1 - SL) (13) 
where: 

V. volumetric shrinkage 
w1 given percentage of moisture content, % 
SL = shrinkage limit 
R shrinkage ratio 

14.5.2 The linear shrinkage, Ls, is calculated. 

[ ( 100 ) 1/3] 
Ls = 100 1 - Vs + 100 (14) 

14.5.3 The specific gravity of the soil solids, Gs, may 
be calculated. 

15. Report 

1 
R 

1 
SL 

100 

(15) 

15.1 The report is to consist of a completed and checked 
"Shrinkage Limit and Shrinkage Ratio" form (fig. 3). 

15.2 · All-calculations are to show a-checkmark. 
15.3 For reports, summary tables, etc., the SL value 

generally is reported to the nearest 1 percent. This also 
applies to the values for LL and PL. 

16. Background Reference 

Head, K. H., Manual of Laboratory Testing, vol. 1, ELE 
International Ltd., Pentech Press, London, 1984. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5370-89 
PROCEDURE FOR 

DETERMINING UNIT WEIGHT 
OF CYLINDRICAL SOIL SPECIMENS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. This procedure is issued under the fixed designation USBR 5370. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the unit weight of any soil specimen of 
uniform cylindrical shape. 

2. Auxiliary Tests 

2.1 The moisture content must be determined in 
accordance with USBR 5 300 as part of performing this 
procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 

3.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 The diameter and length of a cylindrical soil 
specimen are carefully measured, and the volume of the 
specimen is calculated. The mass of the specimen is 
determined and the wet unit weight calculated. The 
moisture content of the soil is determined, and the dry 
unit weight is calculated. 

5. Significance and Use 

5.1 A careful assessment of unit weight is important 
in earthwork because varying unit weights in a soil mass 
can correspond to significantly different engineering 
properties. An increased unit weight generally corresponds 
to increased strength, reduced permeability, and reduced 
compressibility of the soil mass. 

5.2 Cylindrical soil specimens are used in tests such 
as triaxial shear, one-dimensional consolidation, and 
unconfined compression. To have meaningful test results, 
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accurate values of specimen volume, density, and unit 
weight are essential. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Unit Weight (y).-Weight per unit volume 
(ASTM definition). 

6.1.2 Dry Unit Weight (yd).-The weight of solid 
particles per unit of total volume. 

6.1.3 Wet Unit Weight (Ywet).-The unit weight of 
solids plus water per unit volume, irrespective of the degree 
of saturation. 

6.1.4 Density (p) .-Mass per unit volume (ASTM). 

7. Apparatus 

7 .1 Balances or Scales.-Typica1 balances or scales used 
for this designation are: 

Application Readable to 

Mass of specimen, in-lb 0.01 lbm 
Mass of specimen, SI 0.1 g 

Approximate capacity 
2 lbm 

1000 g 

7.2 Drying Oven.-An oven, thermostatically con­
trolled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.3 Vernier or Dial Caliper.-For inch-pound unit 
applications, a vernier or dial caliper scaled to read 0.1 
inch is to be used. For metric applications, a vernier or 
dial caliper scaled to read 1 millimeter is to be used. The 
required length of the caliper depends on the length of 
the specimen being measured. 

7.4 Flexible Metal Printed Tape or Engraved Rule.­
A linear measurement device graduated to read in 1/16-
or 0.1-inch (1-mm) increments. 

7.5 Pi Tape.-A scaled pi (1r) tape 2- to 12-inch outside 
diameter and readable to 0.001 inch, or a metric pi tape 
30 to 200 mm outside diameter and readable to 0.01 mm. 

7.6 Sieve.-U.S.A. Standard series No. 4 (4.75 mm) sieve 
conforming to requirements of ASTM E 11. 
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8. Precautions 

8.1 Safety Precautions.-This designation may involve 
hazardous materials, operations, and equipment. 

8.2 Technical Precautions.-This procedure is applicable 
only to cylindrical soil specimens which are intact and can 
maintain their shape in an unconfined state. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibrations before 
using the equipment for this procedure. 

10. Conditioning 

10.1 The soil specimens should be prepared and 
processed as quickly as possible to minimize unrecorded 
moisture loss which would result in an erroneous moisture 
content determination. 

11. Procedure for Uniform Cylindrical 
Specimens 

11.1 All data are to be recorded on the "Moisture 
Content and Unit Weight Determination of Cylindrical 
Specimens" form as shown on figure IA (in-lb units) or 
figure 1B (SI units). 

11.2 Determine Volume of Specimen: 
11.2.1 Measure and record the diameter of the 

cylindrical specimen at three different locations along the 
specimen with a pi ( 1r) tape or other appropriate measuring 
device. These measurements are to be taken at approx-· 
imately the one-quarter points along the cylindrical 
specimen length. Reco~d the specimen diameter values to 
the nearest 0.001 inch (0.01 mm). 

11.2.2 Calculate and record the average specimen 
diameter to the nearest 0.001 inch (0.01 mm). 

11.2.3 For SI units, convert and record the average 
specimen diameter to the nearest 0.001 cm. 

11.2.4 Calculate and record the area of the cylindrical 
specimen to the nearest 0.001 in2 (0.01 cm2). 

11.2.5 Measure and record the length of the 
cylindrical specimen at three different locations on the 
cylinder using a flexible metal printed tape, engraved rule, 
or calipers. These measurements are to be taken at 
approximately the one-third points around the circumfer­
ence of the specimen. Record the specimen lengths to the 
nearest 1/16 or 0.1 inch (1 mm). 

11.2.5.1 Record initial and final readings, if 
required, on the data form where specimen length is 
recorded. The specimen length is determined by subtracting 
the initial measuring device reading from the final 
measuring device reading. 

11.2.6 Calculate and record the average specimen 
length to the nearest 1/16 or 0.1 inch (1 mm). 
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11.2.6.1 For SI units, convert and record the 
average specimen length tO the nearest 0.1 cm. 

11.2.7 Calculate and record the volume of the 
cylindrical specimen to the nearest 0.1 in3 (0.1 cm3). 

11.3 Determine Wet Unit Weight of Specimen: 
11.3.1 Determine and record the mass of the 

cylindrical specimen to the nearest 0.01 lbm (0.1 g). 
11.3.2 Calculate and record the wet density of the 

cylindrical specimen to the nearest 0.1 lbm/ft3 (1 kg/m3). 
11.3.2.1 For inch-pound applications, convert wet 

density to wet unit weight by changing lbm/ft3 to lbf/ft3 
and record to the nearest 0.1 lbf/ft3. (Assume 1 !bf = 
1 lbm.) 

11.3.2.2 For SI applications, calculate and record 
the wet unit weight of the cylindrical specimen to the 
nearest 0.01 kN/m3. 

11.4 Determine Moisture Content.-As appropriate, the 
moisture content can be determined using an adjacent piece 
of core, material from the parent sample from which the 
cylindrical specimen was prepared, the cylindrical specimen 
itself, or a portion of the cylindrical specimen. 

• If the moisture content is uniform throughout the 
cylindrical specimen (as in a prepared specimen), only 
one moisture content determination 1s necessary (see 
fig. lB). 
• If the moisture content varies throughout the 
cylindrical specimen (as in core sample), a moisture 
content should be determined for both the top and 
bottom of the specimen (see fig. lA). 
• If the cylindrical specimen consists of only minus 
No. 4 (4.75 mm) sieve-size material, follow the 
procedure in subparagraph 11.4.1. 
• If the moisture content is uniform and the cylindrical 
specimen consists of both plus No. 4 (4.75 mm) and 
minus No. 4 (4.75 mm) sieve-size material, follow the 
procedure in subparagraph 11.4.2. 
• If the moisture content varies and i:he specimen 
contains both plus No. 4 (4.75 mm) and minus No. 4 
(4.75 mm) material, follow the procedure in subpara­
graph 11.4.3. 

11.4.1 The moisture content of cylindrical specimens 
consisting of minus No. 4 sieve-size particles only should 
be determined in accordance with USBR 5300. 

11.4.1.1 If the moisture content is uniform, as in 
a prepared specimen, obtain a representative specimen of 
the material used tO prepare the cylindrical specimen and 
use it as the moisture content specimen. The moisture 
content of this specimen is considered co be the average 
moisture content of the cylindrical specimen. Record the 
average moisture content to the nearest 0.1 percent. 

11.4.1.2 If the moisture content varies, obtain a 
representative moisture content specimen from each end 
of the cylindrical specimen. Designate each moisture 
content specimen as "top" or "bottom" as appropriate. 
Determine and record the moisture content of the top 
and bottom specimens and calculate and record the average 
moisture content of the cylindrical specimen to the nearest 
0.1 percent. 
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11.4.2 The moisture content of cylindrical specimens 
having a uniform moisture content and consisting of both 
minus No. 4 and plus No. 4 sieve-size particles should 
be determined according to the following procedure: 

11.4.2.1 Determine and record the total wet mass 
of the specimen. Separate the plus No. 4 sieve-size material 
from the total specimen by screening the material over 
a No. 4 sieve. Save both portions. 

11.4.2.2 Wash the plus No. 4 portion to remove 
any minus No. 4 sieve-size material which may be adhering 
to the coarse-size particles. 

11.4.2.3 Dry the plus No. 4 portion by blotting 
with a towel. 

11.4.2.4 Determine and record the wet mass of 
the plus No. 4 portion to the nearest 0.1 gram. 

11.4.2.5 Calculate and record the wet mass of the 
minus No. 4 portion of the specimen to the nearest 0.1 
gram. 

11.4.2.6 Calculate and record the dry mass of the 
plus No. 4 portion of the specimen to the nearest 0.1 
gram. 

NOTE 1.-Assume the plus No. 4 material is in the SSD 
(saturated surface dried) condition and has an absorbed moisture 
content of 1.5 percent. If the material is porous, then the moisture 
content should be determined in accordance with USBR 5 300. 

11.4.2. 7 Determine and record the moisture 
content of the minus No. 4 portion of the specimen in 
accordance with USBR 5300. 

11.4.2.8 Calculate and record the dry mass of the 
minus No. 4 portion of the specimen to the nearest 0.1 
gram. 

11.4.2.9 Calculate and record the dry mass of the 
total moisture content specimen to the nearest 0.1 gram. 

11.4.2.10 Calculate and record the percentage by 
mass of plus No. 4 material in the total moisture content 
specimen to the nearest 0.1 percent. 

11.4.2.11 Calculate and record the percentage by 
mass of minus No. 4 material in the total moisture content 
specimen to the nearest 0.1 percent. 

11.4.2.12 Calculate and record the moisture 
content of the total specimen to the nearest 0.1 percent. 

11.4.3 For cylindrical specimens with nonuniform 
moisture content and which consist of both minus No. 4 
and plus No. 4 sieve-size particles, obtain a moisture content 
specimen representing each end of the cylindrical specimen. 
Designate each specimen as "top" or "bottom" as 
appropriate. Determine the moisture content of the "top" 
specimen and the "bottom" specimen separately by 
following the procedure in subparagraphs 11.4.2.1 through 
11.4.2.12 for e.ach specimen. 

11.4.3.1 Calculate and record the average moisture 
content to the nearest 0.1 percent. 

11.5 Using the average moisture content and the wet 
unit weight, calculate and record the dry unit weight of 
the cylindrical specimen to the nearest 0.1 lbf/ft3 (0.01 
kN/m3). 
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12. Calculations 

NOTE 2.-Numbers contained in parentheses correspond to 
line numbers on data forms. 

12.1 Calculation of Moisture Content of a Soil Specimen 
Containing Plus No. 4 Sieve-Size Material-The following 
calculations are used in both methods of density 
determinations previously discussed in this procedure. 

12.1.1 Calculate the wet mass of the minus No. 4 
sieve-size portion of the moisture content specimen. 

where: 
(12) = (10) - (11) 

wet mass of minus No. 4 material, g 
wet mass of plus No. 4 material, g 

(1) 

(12) 
(11) = 
(10) = total wet mass of moisture content specimen, g 

12.1.2 Calculate the dry mass of the plus No. 4 
portion of the moisture content specimen. 

(13) = 

where: 

(11) 

ill 
l + 100 

(13) dry mass of plus No. 4 material, g 
(8) = moisture content of plus No. 4 material, % 
100 = convert from percent to decimal 

(2) 

12.1.3 Calculate the dry mass of the minus No. 4 
portion of the moisture content specimen. · 

where: 
(14) 

(9) = 
100 = 

(14) = __,,(_12..,_) _ 
m 

l + 100 

dry mass of minus No. 4 material, g 
moisture content of minus No. 4 material, % 
convert from percent to decimal 

(3) 

12.1.4 Calculate the total dry mass of the moisture 
content specimen. 

(15) = (13) + (14) (4) 

where (15) equals total dry mass of the moisture content 
specimen, g. 

12.1.5 Calculate the percentage by mass of plus No. 4 
material in the total moisture content specimen. 

_.Lll)_ 
(16) - (15) (5) 

where (16) equals percentage of plus No. 4 material in 
moisture content specimen,%. 

12.1.6 Calculate the percentage by mass of minus 
No. 4 material in the total moisture content specimen. 

(17) = 100 - (16) (6) 

where ( 17) equals percentage of minus No. 4 material 
in the moisture content specimen,%. 
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12.1.7 Calculate the moisture content of the total 
top or bottom moisture content specimen. 

(l8) = (16) X (8) + (17i X (9) 
100 100 

(7) 

where (18) equals moisture content of total top or bottom 
specimen, % . 

12.1.8 Calculate the average moisture content of the 
soil specimen. 

( 19) = (18)Top + (18)Bottom (8) 
2 

where (19) equals average moisture content of soil 
specimen,% . 

12.2 Uniform Cylindrical Specimens (in-lb units, 
fig. lA) : 

12.2. l Calculate area of the soil specimen. 

(2) = 0.7854 X (1)2 
where: 

(2) = area of soil specimen, in2 

(1) = average diameter of soil specimen, in 
0.7854 = constant, rr/4 

12.2.2 Calculate the volume of the soil specimen. 

(4) = (2) X (3) 
where: 

(3) = average length, in 
(4) = volume of soil specimen, in3 

12.2.3 Calculate the wet density. 

(9) 

(6) = (5) X 1,728 
(4) 

(11) 

where: 
(6) = wet density, lbm/ft3 
(5) = mass of soil specimen, lbm 

1,728 = change in3 to ft3 

12.2.3.1 Wet density is converted to wet unit 
weight by changing lbm/fr3 to lbf/fr3. (Assume 1 lbm 
= 1 lbf.) 

12.2.4 Calculate the dry unit weight of the soil specimen. 

(20) = ----'-'-(7.,_) _ 

1 + D2l 
100 

(12) 

where: 
(7) = wet unit weight, lbf/ft3 

(20) = dry unit weight, lbf/ft3 
(19) = average moisture content of soil specimen, % 
100 = convert from percent to decimal 

12.3 Umform Cylindrical Specimens (metric units, 
fig. 18): 

12.3. l Calculate the average soil specimen diameter. 

(2) = ill 
10 

(13) 
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where: 
(2) = soil specimen diameter, cm 
(1) = average specimen diameter, mm 
10 = change millimeters to centimeters 

12.3.2 Calculate the area of the soil specimen. 

(3) = 0.7854 X (2) 2 (14) 
where: 

(3) = area of soil specimen, cm2 

0.7854 = constant, rr/4 

12.3.3 Calculate the average length of the soil 
speomen. 

where: 

(5) = ill 
10 

(4) average length of soil specimen in millimeters, 
mm 

(15) 

(5) = average length of soil specimen in centimeters, ctn 
10 = change millimeters to centimeters 

12.3.4 Calculate the volume of the soil specimen. 

(6) = (3) X (5) 

where (6) equals volume of soil specimen, cm3. 
12.3.5 Calculate the wet density. 

(20) = (7) X 1000 
(6) 

where: 
(20) = wet density, kg/m3 

(7) = wet mass of soil specimen, g 
1000 = change g/cm3 to kg/m3 

12.3.6 

where: 
. (21) 

0.009807 

Calculate the wet unit weight. 

(21) = (20) X 0.009 807 

= 
wet unit weight, kN/m3 
9.807 /1000 

(16) 

(17) 

(18) 

9.807 acceleration of gravity, constant to convert 
from kg to N 

1000 = change N to kN 

12.3.7 Calculate the dry unit weight of the soil 
specimen. 

(22) 

where: 

(21) 

l +@ 
100 

(22) = dry unit weight, kN/m3 
(19) = average moisture content of soil specimen,% 
100 = convert from percent to decimal 

13. Report 

(19) 

13. l The report is to consist of a completed and checked 
"Moisture Content and Unit Weight Determination of 
Cylindrical Specimens" form (fig. lA or lB). 

13.2 All calculations are to show a checkmark. 
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7-2338 (I 2-86) I 
Bureau of Reclamation 

MOISTURE CONTENT AND UNIT WEIGHT DETERMINATION 
OF CYLINDRICAL SPECIMENS I Designation USBR S 370 . _!I~ 

SAMPLE NO. 
14 

PROJECT 
Example 

SPECIMEN NO. 

622-3 IHOLE NO. 

15-2 
I DEPTH 

TESTED BY DATE COMPUTED BY 

a 2.023 
Soll specimen diameter b 2.020 

C 2.025 
(1) Averag431 specimen diameter 2,n?3 

(2) Soil specimen area 3,214 G 0 ,7854 X (1)2 

a 5.0 

Length of soil specimen b 5.0 
C 5.0 

(3) Average length of soil specimen 5.0 
(4) Soil specimen volume 16.ld(2)x(3) 

(5) Wet mass of soil specimen 1.12 

(6) Wet density 120.2 • (5) X 1728/(4) 

(7) Wet unit weight• 120.2 

(20) Ory unit weight 109.3 • (7)/[1 + (19)/100) 

(8) 

(9) 

Moisture content 
+ No. 4 

Dish No. 

Mass of dish + wet soil (g) 

Mass of dish + dry soil (g) 

Mass of dish (g) 

Mass of water (g) 

Mass of dry soil (g) 

Moisture content+ No. 4 • • (%) 
-

Moisture content No. 4 •• (%) 

Complete the following only if + No. 4 is present: 

Top Bottom 

- No,4 + No. 4 -No.4 

32 49 
359.9 358.4 

342.4 339.6 

155.7 162.3 

17.5 18.8 

186.7 177.3 

·-
9.4 10.6 

FEATURE 
Example 

0.0-5.0 fl. 
CHECKED BY 

Remarks: 

(10) 

(11) 

(12) 

(13) 

(14) 

Total wet mass of moisture 
specimen 

Mass of wet + No. 4 

Mass of wet No. 4 

Mass of dry + No. 4 

Mass of dry No. 4 (!( ~ ~"----------I 

(+ No. 4) + (- No. 4) ( ) 

(16) Percentage of particle size 

9 

f----~-
(15) 

Auxiliary Test: 

DATE 

(In) 

(in) 

(in) 

(In) 

(In) 

(In) 

(In) 

(In) 

(lbm) 

Mass of dry moisture specimen ~ 

1--(-1_7_) +-P-e_r_c_e_n-ta_g;..e_o_f_p_a_rt-ic_l_e_s_iz_e______ • I 00 I 00 
USSR 5300 · ~~ 

(18) 
Moisture content of total 

specimen••• (%) 9.4 10.6 

(19) Average moisture content (%) 1O.O 

• lmpliea 11bm • 11bf 

• • If + No. 4 is not porous, a moisture content (% absorption) of 1.5 percent 

may be assumed for+ No. 4 material only. 

(16) X (8) (17) X (9) 
• • • ( 18) = --;-oo- + ---iiio 

Constants: 0 .7854 • rr /4 

1728 • Convert in3 to ft3 

Figure lA. - Moisture content and unit weight determination of cylindrical specimens - in-lb units example. 
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7M-2338 (5-86) I MOISTURE CONTENT AND UNIT WEIGHT DETERMINATION I Designation USBR 5370 - ~~ Bureau of Reclamation OF CYLINDRICAL SPECIMENS 
SAMPLE NO. PROJECT I FEATURE 

23 (sack) Example Example 
SPECIMEN NO. I HOLE NO. I DEPTH 

61S-428 Borrow Area A 0.0-3.0m 
TESTED BY DATE COMPUTED BY DATE I CHECKED BY 

a 50.80 (mm) 

Soil specimen diameter b 50.80 (mm) 

C 50.80 (mm) 

(1) Average soil specimen diameter 50.80 (mm) 

(2) Soil specimen diameter in centimeters 5.080 = (1)/10 (cm) 

(3) Soil specimen area 20.27 = 0. 7B54 X (2) 2 (cm 2 ) 

a 127 (mm) 

Length of soil specimen b l::>7 (mm) 

C 127 (mm) 

(4) Average length of soil specimen 127 (mm) 

(5) Average length of soil specimen 12.7 = (4)/10 (cm) 

(6) Soil specimen volume 257.4 = (3) X (5) (cm3 ) 

(7) Wet mass of soil specimen 508.0 (g) 

(20) Wet density 1974 = (7) X 1000/(6) (kg/m 3 ) 

(21) Wet unit weight 19.36 = (20) X 0.009807 (kN/mJ) 

(22) Dry unit weight 17.68 = (21)/11 + (19)/100) (kN/m
3

) 

Top Bottom 
Remarks: Comoacled lest 

Moisture content 
+ No. 4 - No. 4 + No. 4 -No.4 soecimen I 

Dish No. CL-8 
Mass of dish + wet soil (g) 360.3 
Mass of dish + dry soil (g) 341.5 
Mass of dish (g) 143.8 I 

Mass of water (g) 18.8 
Mass of dry soil (g) 197.7 

(8) Moisture content + No. 4• (%) + •. 

(9) Moisture content - No. 4• (%) 9.5 ~ .. t~'t-". 

Complete the following only if+ No. 4 is present: 

Total wet mass of moisture 
(10) specimen (g) 

(11) Mass of wet + No. 4 (g) 
-~ : ...... ; 

(12) Mass of wet - No. 4 (g) ,' . :~-.~..:-<~· •. '-# ;_;, 

(g) 
•-1· -. :·· '.f. (13) Mass of dry t- No. 4 .. 

(14) Mass of dry - No. 4 (g) 

(15) 
Mass of dry moisture specimen 

(+ No. 4) + (- No. 4) (g) 
Auxiliary Test: 

.• 
(16) Percentage of particle size ., .... , . USBR 5300 - !I~ 
(17) Percentage of particle size :: 100 -· .. ::;, 

.;• .. 
Moisture content of total 

(18) specimen .. (%) 9.5 
(19) Average moisture content (%) 9.5 

. If + No. 4 is not porous. a moisture content (% absorption) of 1.5 percent may be assumed 

for + No. 4 material only. 

.. (16) X (8) + (17) X (9) 
18 

100 100 

Constants: 0.7854 = Tf/4 

3 3 
1 000 = Convert g/cm to kg/m 

0.009807 = Convert kg to kN 

GPO 851- 058 

Figure 1B. - Moisture content and unit weight determination of cylindrical specimens - SJ units example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
. BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING UNIT WEIGHT 

USBR 5372-89 

OF CYLINDRICAL TUBE-TYPE SAMPLES 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver; Colorado. The procedure is issued under the fixed designation USBR 5372. The number immediately 
following the designation indicates the year· of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining unit weight of cylindrical soil samples 
contained within sampling tubes. 

1.2 Method A describes the procedure for determining 
the unit weight of soil contained within a sampling tube 
from which the ends have been cut off. Method B describes 
the procedure for determining the unit weight of soil 
contained within a sampling tube from which the ends 
have not been cut off. 

2. Auxiliary Tests 

2.1 Upon receipt of tube-type samples at the 
Geotechnical Services Branch, Denver Office, they are 
routinely X-rayed and processed in accordance with USBR 
5100 and 5200, respectively.· The moisture content must 
be determined in accordance with USBR 5300 as part of 
performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5100 Performing Radiographic Inspection of Soil 
or Rock Samples 
USBR 5200 Processing Tube-Type Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining the Specific Gravity of Soils 

3.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 A cylindrical soil sample within a sampling tube 
is obtained. The diameter and length of the soil sample 
are carefully determined and the volume of the sample 
is calculated. The mass of the sample is determined and 
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the wet unit weight calculated. A representative moisture 
content of the sample is determined and the dry unit weight 
is calculated. 

5. Significance and Use 

5.1 A careful assessment of unit weight is important 
in earthwork because varying unit weights in a soil mass 
can correspond to significantly different engineering 
properties. An increased unit weight generally corresponds 
to increased strength, reduced permeability, and reduced 
compressibility of the soil mass. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Unit Weight (-y).-Weight per unit volume 
(ASTM definition). 

6.1.2 Dry Unit Weight (-ya).-The weight of solid 
particles per unit of total volume. 

6.1.3 Wet Unit Weight ('Ywet ).-The unit weight of 
solids plus water per unit volume, irrespective of the degree 
of saturation. 

6.1.4 Density (p).-Mass per unit volume (ASTM). 

7. Apparatus 

7.1 Balances or Scales.-Typical balances or scales used 
for this designation are: 

Application Readable to 

Moisture content 0.1 g 
Mass of specimen, in-lb 0.01 Ihm 
Mass of specimen, SI 1 g 

Approximate capacity 
1000 g 

50 Ihm 
20 kg 

7.2 Drying Oven.-An oven, thermostatically con­
trolled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying' chamber. 

7.3 Vernier or Dial Caliper.-A scaled vernier or dial 
caliper graduated to read to 0.001 inch is to be used when 
inch-pound units are required. A scaled vernier or dial 
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caliper graduated to read to 0.02 millimeter is to be used 
when metric units are required. 

7.4 Flexible Metal Printed Tape or Engraved Rule.­
A linear measurement device graduated to read in 1/16-
or 0.1-inch (1-mm) increments. 

7.5 Pi Tape.-A scaled pi (7T) tape, 2- to 12-inch outside 
diameter and readable to 0.001 inch, or a metric pi tape 
30 to 200 mm outside diameter and readable to 0.01 mm. 

7.6 Hand-Operated Trimming Device (for method B).­
Device for trimming soil samples contained within an uncut 
sampling tube (see fig. 1). 

7.7 Light (method B).-Any light which provides 
enough light to inspect the ends of soil samples contained 
within uncut sample tubes. 

7 .8 Sieve.-U.S.A. Standard series No.4 ( 4.75 mm) sieve 
conforming to requirements of ASTM E 11. 

8. Precautions 

8.1 Safety Precaut1ons.-This designation may involve 
hazardous materials, operations, and equipment. Safety 
shoes and gloves are to be worn whenever handling tube­
type samples. 

8.2 Technical Precaut1ons: 
8.2.1 This procedure is applicable to tube-type 

undisturbed samples of soil. The tube is assumed to be 
in complete contact with the soil sample; i.e., no cracks, 
voids, or other discontinuities existing in the soil sample. 

r Cutting head 
I , 

Figure l. - Hand-operated 
trimming device (nor 
drawn co scale). The 
diameter of the curring 
head should be about 
1/4 inch smaller than the 
inside diameter of the 
sample tube. 
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The radiographs (X-rays) of the soil sample should be 
reviewed carefully to assure that this assumption is correct. 

8.2.2 To determine accurately the unit weight of a 
soil sample, the sample tube containing the soil must be 
clean and free of foreign substances such as wax and 
adhesive tape. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

10. Conditioning.,:,~,<. 

10.1 The soil samples should be prepared and processed 
as quickly as possible to minimize unrecorded moisture 
loss which would result in an erroneous moisture content 
determination. 

11. Procedure - Method A: Soil Samples in Cut 
Sample Tubes 

11.1 All data are to be recorded on the "Moisture 
Content and Unit Weight Determination of Soil Sample 
in Cut Sample Tube" form as shown on figure 2A (in-lb 
units) or 2B (SI units). 

11.2 The tube samples are to be processed in accordance 
with USBR 5200. 

11.3 Determine the average moisture content of the 
soil sample. If the soil sample consists of only minus No. 
4 (4.75 mm) sieve-size material, follow the procedure in 
subparagraph 11.3.1. If the soil sample consists of both 
plus No. 4 and minus No. 4 sieve-size material, follow 
the procedure in subparagraph 11.3.2. 

11.3.1 For soil samples consisting of only minus No. 
4 sieve-size particles, the average moisture content 
determined is the average of the moisture contents (fig. 2B) 
obtained from the top and bottom moisture content 
specimens cut from the ends of the tube sample (fig. 3). 
Determine the moisture content in accordance with USBR 
5300. 

11.3.2 
4 and plus 
content is 
(fig. 2A): 

For soil samples consisting of both minus No. 
No. 4 sieve-size particles, average moisture 
determined using the following procedure 

11.3.2.1 Obtain a moisture content specimen from 
each cut end portion of the sample tube. A minimum of 
150 grams is required for each specimen. Designate one 
specimen as "top" and one as "bottom" - as appropriate. 
The moisture content of each specimen is determined using 
the following procedure: 

11.3.2.1.1 Determine and record the total wet 
mass of the moisture content specimen to the nearest 0.1 
gram. Separate the plus No. 4 sieve-size material from 
the total.specimen by screening the material over a No. 4 
sieve. Save both portions. 



USBR 5372 

7-23S3 (I 1-86) MOISTURE CONTENT AND UNIT WEIGHT DETERMINATION 
Bureau of Reclamation OF SOIL SAMPLE IN CUT SAMPLE TUBE Designation USBR S372-~~ 

SAMPLE NO. I PROJECT 'FEATURE 
67T-397 Example Example 

SPECIMEN NO. I HOLE NO. I DEPTH 
34 DH-24 15.0-20.0 ft. 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

a 6.002 (in) a 0.032 (in) 

Outside diameter of tube b 6.001 (in) Tube thickness b 0.032 {in) 

C 6.002 {in) C 0.032 {in) 

(1) Average outside diameter of tube .6.002 {in) (2) Average tube thickneH 0.032 {in) 

(3) Two times average tube thickness s 2 X (2) 0.064 (in) 

(4) Soil sample diameter ~ (1) - (3) 5.938 (in) 

(5) Soil sample area = 0.7854 X (4)2 27.69 (in2) 

a 21 l!!f1& {in) 

Length of soil sample b 22C¥1e {in) 

C 21 13/111 {In) 

(6) Average length of soil sample 21.9 {in) 

(7) Volume of soil sample = (5) X (6) 608.4 (in3) 

(B) Tube factor (mass per length) 0.158 {lbm / in) 

(9) Mass of soil sample and tube 50.37 (lbm) 

(10) Mass of tube = (6) X (8) 3.46 (lbm) 

(11) Mass of soil sample = (9) - (10) 46.91 (lbm) 

(12) Wet density = (11) X 1728/(7) 133.7 
(lbm/ft3) 

(13) Wet unit weight 2 ( 12)• •• 133.7 (lbf /ft3) 

(26) Ory unit weight E (13)/[1 + {25)/100] 115.7 (lbf/ft3) 

Top Bottom Tube factor Trial No. 
Moisture content 

determination + No. 4 · No. 4 + No. 4 - No. 4 1 2 3 

Dish No. L-21 40 Mass of tube (lbm) 1.56 1.03 1 . 31 
Mass of di$h + wet soil (g) 386.C 287.6 Length of tube {.in) 91:v1s 61¥16 8:li1s 
Mass of dish + dry soil {g) 345.0 261 .6 Length of tube {in) 91~1& 67/18 8!¥18 
Mass of dish (g) 126.6 118.1 Length of tu be (in) 91:!f16 61¥11 86f1e 

Mass of water (g) 41.C 26.0 Average length 
Mass of dry soil (g) ?18 4 143.5 of tube (in) 91::1/1& 61¥1e 85(111 

(14) Moisture content + No. 4 • (%) I .5 ' ';:.{~:,, . 1.5 r~it_~d-~ Tube factor {lbm/in) 0. 159 0.158 0.158 
(15) Moisture content - No. 4 (%) :.~lJ 18.8 "' ::: IS.I ~'Ii ,.. . (8) Average tu be o. 158 Complete the following only if+ No. 4 is present: factor (lbm/in) 

(16) Total wet mass of moisture 
content specimen (g) 329.6 296.3 

Remarks: 

(17) Mass of wet + No. 4 (g) 52.3 :$.ti~li 40.2 ~ i i:J 
(18) Mass of wet - No. 4 {g) ~~~ 277.3 ~~~ 256.1 
(19) Mass of dry + No. 4 (g) 51 .5 ['mH 39.6 ~ !~J 
{20) Mass of dry - No. 4 {g) ~ 233.4 t~~,::_Tth_ 216.9 

(21) Mass of dry total moisture 
content specimen (g) 284.9 256.5 

(22) Percentage of + No. 4 18. I ~~ 15.4 ~ 
(23) Percentage of - No. 4 '-'.ilir-:.-E 81.9 ~ 84.6 
(24) Moisture content total 

specimen•• (%) 15.7 15.5 

(25) Average moisture content (%) 15.6 

• If + No. 4 js not porous, a moisture content of 1.5 percent may be Auxiliary Tests : 
a11umed for+ No. 4 Material only, 

USBR 5200-_l!_9 
u (24) _ (22) X { 14) (231 oJ 15) 

- 100 · + 1 USBR 5300-_89 

• • • implies 1 lbm = lbf 

Figure 2A. - Moisture content and unit weight determination of soil sample in cur sample rube (in-lb units) - example. 
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7M-2353 (11-86) MOISTURE CONTENT AND UNIT WEIGHT DETERMINATION 
Bureau of Reclamacion OF SOIL SAMPLE IN CUT SAMPLE TUBE UcsQ!.narion LISUI( S.172 -!:J~ 

SAMPLE NO. I PROJECT 'FEATURE 43S-486 Example Example 
SPECIMEN NO. I HOLE NO. I DEPTH 

24 DH-17 5.0-10.0 m 
TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

8 152.47 (mm) 8 1.28 (mm) 

Outside diameter of tube b 152.50 (mm) Tube thicknns b 1.30 (mm) 

C 152.43 (mm) C 1.28 (mm) 

(1) Average outside diameter of tube I"'-' 47 (mm) (21 Average tube thickness 1.29 (mm) 

(3) Two times average tube thickness ~ 2" (2) 2.58 (mm) 

(4) Soil sample diameter - ((1) · (3)) /10 14.99 (cm) 

(5) Soll sample area = 0. 7854 >< (4)2 176.48 (cm2) 

a 507 (mm) 

Length of soil sample b 505 (mm) 

C 506 (mm 

(6) Average length of soil sample 506 (mm) 

(7) Average length of soil sample - (6)/10 50.6 (cm) 

(8) Volume of soil sample = (5) "(7) 8930 (cm3) 

(9) Tube factor (mass per length) I .64 (g/mm) 

(10) Mass of soil sample and tube 19160 (g) 

(11) Mass of tube = (6)" (9) 830 (g) 

(12) Mass of soit sample = (10) · (11) 18330 (g) 

(13) Wet density = (12) >< 1000/(8) 2053 (kg/m3) 

(26) Wet unit weight = (13) X .009807 20. l~kN/m3) 

(271 Ory unit weight = (26)/(1 + (25)/100] 17. 37(kN/m3) 

Top Bottom Tube factor Trial No. 
Moisture content determination + No. 4 · No. 4 + No. 4 · No. 4 1 2 3 

Dish No. 59 31 Mass of tube section (g) 166 182 173 

Mass of dish + wet soil (g) 306.6 260.3 Length of tube section (mm) IOI 110 105 

Mass of dish + dry soil (g) 283.1 243.5 Length of tube section (mm) 103 110 104 
Mass of dish (g) 146.2 127.9 Length of tube section (mm) 102 109 106 
Mass of water (g) 23.5 16.8 Average length 

: Mass of dry soil (g) 136.9 I 15.6 of tube section (mm) 102 110 105 

~14) Moisture content + No. 4 • (%) 
~ 

Tube factor (g/mm) 1.6~ 1.65 1.65 .. .• 
(15) Moisture content • No. 4 (%) fr: 17.2 14.5 

(91 Average tube 
Complete the following only If + No. 4 is present: factor (g/mm) I . 64 

(16) Total wet mass of moisture 
content specimen (g) 

Remarks: 

(17) Mast of wet + No. 4 (g) 
.. 
~ · • ' 

(18) Mass of wet • No. 4 (g) 

(19) Ma11 of dry + No. 4 (g) ._ ....... :,_ 

(20) Mast of dry • No. 4 (g) ~ :. ... 

(21) Mass of dry total moisture 
content specimen (g) 

(221 Percentage of + No. 4 (g) - .- !· :. ., 
(231 Percentage of • No. 4 (g) ~r.:;n 100 ,f -,~.,- JOO 
(24) Moisture content total 

specimen•• (g) 17.2 14.5 

(25) Average moisture content (g) 15.9 

• tf + No. 4 11 not porous. a moisture content of 1 .5 percent may be Auxiliary Tests: 
assumed for + No. 4 material only. 

USSR 5200-_!!~ 
•• (24) - (22~01:1(14) + (23),iiri15) 

USSR 5300-_89 

GPO 852-431 

Figure 2B. - Moisrure conrent and unit weight determination of soil sample in cut sample rube (SI units) - example. 
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Cut tube end containing soil specimen 
from top of tube somple. 

- , 

' ' ' ' ' 

' , Soil sample 

/\:\ ~: .. .,., '"' """""'"' '"' '""·'" ~ from bottom of tube sample . 

Figure 3. - Sample tube containing rhe soil sample 
showing cur tube ends. 

11.3.2.1.2 Wash the plus No. 4 portion to 
remove any minus No. 4 sieve-size material which may 
be adhering to the coarse-size particles. 

11.3.2.1.3 Surface dry the plus No. 4 portion 
by blotting with a towel. 

11.3.2.1.4 Determine and record the mass of 
the wet plus No. 4 portion to the nearest 0.1 gram. 

11.3.2.1.5 Calculate and record the mass of the 
wet minus No. 4 portion of the specimen to the nearest 
0.1 gram. 

11.3.2.1.6 Calculate and record the mass of the 
surface-dry plus No. 4 portion of the specimen to the 
nearest 0.1 gram. 

NOfE 1.-Assume the plus No. 4 material has an absorbed 
moisture content of 1. 5 percent. If the material is porous, moisture 
content should be determined in accordance with USBR 5300. 

11.3.2.1.7 Determine and record the moisture 
content of the minus No. 4 portion of the specimen in 
accordance with USBR 5300. 

11.3.2.1.8 Calculate and record the mass of the 
dry minus No. 4 portion of the specimen to the nearest 
0.1 gram. 

11.3.2.1.9 Calculate and record the m~ss of the 
dry total moisture content specimen to the nearest 0.1 
gram. 

11.3.2.1.10 Calculate and record the percentage 
(by dry mass) of plus No. 4 material in the total moisture 
content specimen to the nearest 0.1 percent. 

11.3.2.1.11 Calculate and record the percentage 
(by dry mass) of minus No. 4 material in the total moisture 
content specimen to the nearest 0.1 percent. 

11.3.2.1.12 Calculate and record the moisture 
content of the total moisture content specimen to the 
nearest 0.1 percent. 

11.3.2.2 Calculate and record the average moisture 
content of the soil sample co the nearest 0.1 percent by 
averaging the moisture contents obtained from the "top" 
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and "bottom" moisture content specimens obtained from 
the ends of the cube sample. 

11.4 Determine the volume of the soil sample. 
11.4.1 The tube containing the soil sample should 

be clean and free of any foreign substances such. as wax 
or adhesive tape. 

11.4.2 Measure and record the outside diameter of 
the cube to the nearest 0.001 inch (0.01 mm) at three 
different locations along the tube using a pi ( rr) tape. These 
measurements are to be taken at approximately the one­
quarter points along the tube length. 

11.4.3 Calculate and record the average outside 
diameter of the tube to the nearest 0.001 inch (0.01 mm). 

11.4.4 Measure and record the cube thickness of one 
of the end specimens to the nearest 0.001 inch (0.01 mm) 
at three different locations around the circumference of 
the tube using a vernier or dial caliper. These measurements 
are to be taken at approximately the one-third points 
around the circumference of the tube. 

11.4.5 Calculate and record the average cube 
thickness. Calculate the value equal to twice the average 
tube thickness and record. 

11.4.6 Calculate and record the soil sample diameter 
to the nearest 0.001 inch (0.01 cm) . 

11.4. 7 Calculate and record the area of the soil sample 
to the nearest 0.01 in2 (0.01 cm2). 

11.4.8 Measure and record the length of the soil 
sample to the nearest 1/ 16 or 0.1 inch (1 mm) at three 
different locations on the tube using a flexible metal printed 
tape or engraved rule. These measurements are co be taken 
at approximately the one-third points around the 
circumference of the tube. 

11.4.9 Calculate and record the average length of 
the soil sample to the nearest 0.1 inch (1 mm). For metric 
units, calculate and record the average length of the soil 
sample to the nearest 0.1 cm. 

11.4.10 Calculate and record the volume of the soil 
sample co the nearest 0.1 in3 (1 cm3). 

11.5 Determine the soil sample mass. 
11.5.1 Determine and record the mass of the soil 

sample and cube to the nearest 0.01 lbm (1 g) . 
11.5.2 Determine the tube factor. 

11.5.2.1 Obtain three straight lengths of empty 
tube sections from three different cube samples. If only 
one tube is being tested, two tube sections should be cut 
from it. These sections can be cue from the ends of the 
tube samples that are not entirely filled with soil. The 
minimum length of a tube section should be 1 inch (25 
mm); if three different tube samples are not available, 
the tube factor is to be calculated from as many (1 or 2) 
empty cube sections as can be obtained. 

11.5.2.2 The tube sections must be clean and free 
of any soil, wax, or other material which is not part of 
the tube. Burrs, from cutting the tube, must be removed. 

11.5.2.3 Determine and record the mass of each 
tube section co the nearest 0.01 lbm (1 g). 

11.5.2.4 Measure and record the length of each 
rube section co the nearest 1/ 16- or 0.1-inch ( 1 mm) at 
three different locations on each tube section. 
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11.5.2.5 Calculate and record the average length 
of each tube section. 

11.5.2.6 Calculate and record the tube factor for 
each tube section t0 the nearest 0.001 lbm/in (0.01 g/mm). 

11.5.2.7 If the tube facrors calculated are not 
within 10 percent of each other, a tube factor must be 
obtained for each rube sample. 

11.5.2.8 Calculate and record the average rube 
facror t0 the nearest 0.001 lbm/in (0.01 g/mm). 

11.5.3 Calculate and record the mass of the tube 
containing the soil sample tO the nearest 0.01 lbm (1 g). 

11.5.4 Calculate and record the mass of the soil 
sample to the nearest O.Ol lbm (1 g). 

11.6 Calculate and record the wet density of the soil 
sample to the nearest O.l lbm/ft3 (1 kg/m3). 

11.6.1 In the procedure, wet density is converted to 
wet unit weight by changing from lbm/ft3 to lbf/ft3. 
(Assume 1 lbm = 1 lbf.) 

11.6.2 For SI units, calculate the wet unit weight 
and record to the nearest 0.01 kN/m3. 

11.7 Calculate and record the dry unit weight to the 
nearest 0.1 lbf/ft3 (0.01 kN/m3). 

12. Procedure ·-'- Method B: Uniform Cylindrical 
Samples in Uncut Tubes 

12. l All data are to be recorded on the "Moisture 
Content and Unit Weight Determination of Soil Sample 
in Uncut Sample Tube" as shown on figure 4A (in-lb units) 
or on 4B (SI units) . 

12.2 The tube containing the soil sample should be 
clean and free of any foreign substances such as wax or 
adhesive tape. 

12.3 Determine the area of rhe soil sample. 
12.3.l Measure and record the inside diameter of 

each end (top and bottom) of rhe sampling rube to the 
nearest 0.001 inch (0.02 mm). The measurements should 
be made at three different locations around the circum­
ference of the rube. The measurements should be made 
using a vernier or dial caliper. Calculate and record the 
average inside diameter of the rube. 

12.3.1.1 For the SI system, change the average 
inside diameter of the tube from millimeters to centimeters 
and record. 

12.3.2 Calculate and record the area of the soil sample 
using the average inside diameter of the tube as the average 
diameter of the sample-co the nearest 0:001 in2 (0.01 cm2) . 

12.4 Determine the length of the soil sample within 
the sample rube. 

12.4.1 Using the hand-operated trimming device 
(fig. 1), trim the sample ends within the tube to make 
them perpendicular to the inside walls of the tube. Trim 
both ends of the sample. Care should be excercised to trim 
only enough material to square the ends. Next, inspect 
the sample ends to make sure they are clean, square, and 
free of large voids; an electric light may be required (fig. 5). 

12.4.2 Measure and record the distance from the end 
of the soil sample to the end of rhe sample tube to the 
nearest 0.1 inch (1 mm) using a flexible metal tape or 
engraved rule. Make this measurement three times for each 
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end. These measurements are to be made at approximately 
the one-third points around the circumference of the rube. 

12.4.3 Calculate and record the average distance from 
each end. 

12.4.4 Measure and record the total length of the 
sample tube t0 the nearest 0.1 inch (1 mm) at three different 
locations around the circumference of the rube using a 
flexible metal primed tape or engraved rule. 

12.4.5 Calculate and record the average length of 
the sample tube. 

12.4.6 Calculate and record the average length of 
the soil sample within the sample tube to the nearest 0.1 
inch (0.1 cm). 

12.5 Calculate and record the volume of the soil sample 
t0 the nearest 0.1 in3 (1 cm3). 

12.6 Determine and record the mass of the sample 
tube and soil to the nearest 0.1 lbm ( 1 g). The exterior 
and exposed interior portions of the sample rube should 
be clean and free of any foreign matter such as wax, masking 
tape, etc. 

12.7 Determine the moisture content of the soil 
sample. If the sample consists of only minus No. 4 sieve­
size material, follow the procedures in su_!Jparagraph 12.7.1. 
If the soil sample consisrs :of both. plus No. 4 and minus 
No. 4 sieve-size material, follow the procedure in sub­
paragraph 12.7.2. 

12.7.1 For soil samples consisting of only minus No. 
4 sieve-size particles, the average moisture content is the 
average of the moisture contents obtained from the top 
and bottom moisture content specimens trimmed from the 
ends of the tube sample (fig. 5). Determine the moisture 
content in accordance with USBR 5300. 

12.7.2 For soil samples consisting of both minus No. 
4 and plus No. 4 sieve-size particles, the average moisture 
content should be determined using the following 
procedure: 

12.7.2.l Obtain a moisture content specimen from 
each end of the sample tube. A minimum of 150 grams 
is required for each specimen. Designate one specimen 
as "top" and one as "bottom" - as appropriate. Determine 
the moisture content of each specimen using the following 
procedure: 

12.7.2.1.1 Determine and record the total wet 
mass of the moisture content specimen to the nearest 0.1 
gram. Separate the plus No. 4 sieve-size material from 
the moisture specimen by screening the material over a 
No. 4 sieve. Save both portions. 

12.7.2.1.2 Wash the plus No. 4 portion to 
remove any minus No. 4 sieve-size material which may 
be adhering t0 the coarse-size particles. 

12.7.2.1.3 Surface dry the plus No. 4 portion 
by blotting with a towel. 

12.7.2.1.4 Determine and record the mass of 
the wet plus No. 4 to the nearest 0.1 gram. 

12.7.2.1.5 Calculate and record the mass of the 
wet minus No. 4 portion of the specimen to the nearest 
0.1 gram. 

12.7.2.1.6 Calculate and record the surface-dry 
mass of the plus No. 4 portion of the specimen to the 
nearest 0.1 gram. 
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7.2354 (11-86) MOISTURE CONTENT AND UNIT WEIGHT DETERMINATION 
Bureau of Reclamation OF SOIL SAMPLE IN UNCUT SAMPLE TUBE Designation USBR 5372-~~ 

SAMPLE NO. I PROJECT I FEATURE 
21W-483 Example Example 

SPECIMEN NO. I HOLE NO. I DEPTH 

10 DH-337 20.0-25.0 ft. 
TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

a 3.003 (in) a 3 . 010 (in) 

Inside diameter of 
b 3.005 (in) 

Inside diameter of 
b 3.008 (in) 

tube (top) tube (bottom) 

C 3.004 (in) C 3 . 009 (in) 

(1) Average inside tube diameter 3.007 (in) 

(2) Soil sample area 2 0 .7854x(1)2 7. 102 (in2) 

a 4.2 (in) a 6 . I (in) 
Distance from and of Distance from end of 

tube to soil b 4.3 (in) tube to soil b 6 . 2 (in) 
(top) (bottom) 

C 4.2 (in) C 6 . I (in) 

Average distance Average distance 
(3) (top) 4.2 (in) (4) (bottom) 6 . 1 (in) 

a 36, I (in) 

Length of sample tube b 36.1 (in) 

C -..a; B (in) 

(5) Average length of sample tube 36 0 (in) 

(6) Average length of soil 5ample • (5) · (4) · (3) ?5 7 (in) 

(7) Volume of soil sample - (2) X (6) 182.5 (in3) 

(8) Mass of soil sample and tube 21. 7 (lbm) 

(9) Tube factor (mass per length) 0 . 219 (lbm/in) 

(10) Mass of tube • (5) X (9) 7.9 (lbm) 

(11) Mass of soil sample ~ (8) · (10) 13.80 (lbm) 

112) Wet dens ity • (11) X 1728/(7) 130 . 7 Clbm/ft3) 

(13) Wet unit weight - (12)' •• 130.7 (lbf/ft3) 

(26) Ory unit weight - (13)/[1 + (25)/100) I 14.0 (lbf/ft3) 

Top Bottom Tube factor Trial No. 
Moisture content 

+ No. 4 - No. 4 + No. 4 · No. 4 determ-inat ion 1 2 3 

Dish No. 136 147 Mass of tube (lbm) 7.9 
Mass of dish + wet soil (g) 178.!5 20[ .7 Length of tube (in) 36.) 
Mass of dish + dry soil (g) 165.4 188.0 Length of tube (in) 36.1 
Mass of dish (g) 72. I 98.1 Length of tu be (in) 35.8 
Mass of water (g) 13. l 13.7 Average length 
Mass of dry soil (g) 93.3 89.9 of tube (in) 36.0 

(14) Moisture content + No. 4' (%) •f<,c--"~ ) N" '•. Tube factor (lbm/in) 0.2[9 
(15) Moisture content - No. 4 (%) __ ::~--i _;,~J 14.0 ~~·; ,:, ··• ' 15.2 

(9) Average tube 
Complete the following only if+ No. 4 is present : factor (ibm/in) 0.219 

(16) Total wet mass of moisture 
content specimen (g) 

Remarks : Tube factor def.ermined usinq entire 
(17) Mess of wet + No. 4 ~4.:':Jd L..i~ ·lube aft.er the sample was extruded. g 

f~~lli.l !,W: "!s: , . l (18) MaH of wet • No. 4 (g) It a~ ~ a., ,_. 

(19) Mau of dry + No. 4 (g) !ttlllllll ·•.·f:· ·;t~ ~- ... 
(20) Mass of dry • No. 4 (g) ~ ;.~,,; 
(21) Mass of dry total moisture 

content specimen (g) 

(22) Percentage of + No. 4 ~ ,~~· 
(23) Percentage of • No. 4 ~ 100 
(24) Moisture content total 

specimen•• (%) 14.0 15.2 

(25) Average moisture content (%) 14;6 
• If + No. 4 i• not porous, a moisture content of 1.5 per-cent may be Auxiliary Tests : 

a11umed for+ No. 4 Meterlal only . 
USBR 5200-!11! 

.. 124> _ 122~00114> , (23>
1
;,J15l 

USSR 5300-_!l_§I 

• • • lmplles 1 lbm = lbf 

GPO 852-439 

Figure 4A. - Moisture comenc and unit weight determination of soil sample in uncut sample tube (in-lb units) - example. 
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7M-2JS4 (11-86) 
MOISTURE CONTENT AND UNIT WEIGHT DETERMINATION 

Bureau of Reclamation OF SOIL SAMPLE IN UNCUT SAMPLE TUBE Designation USBR 5372._8_!J 

SAMPLE NO. I PROJECT I FEATURE 
35T-I 86 Example Example 

SPECIMEN NO. 'HOLE NO. I DEPTH 
28 DH-I 76 5.0-10.0 m 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

a 75.62 (mm) a 75.90 (mm) 

inside diameter of b 75 . 58 (mm) Inside diameter of b 75.88 (mm) 
tube (top) tube (bottom) 

(mm) / C 75.68 (mm) C 75.86 

(1) A'verage inside diameter of tube 75.75 (mm) 

12) Average inside diameter of tube = (1)/10 7.58 (cm) 

(3) Soil sample area ~ 0. 7854 X (2)2 45. 13 (cm2) 

a 137 (mm) a 126 (mm) 
Distance from end of Distance from end of 

tube to soil b 138 (mm) tube to soil b 125 (mm) 
(top) (bottom) 

C 137 (mm) C 123 (mm) 

14) Average distance (5)1 Ave,age d;sunce 
(top) 

137 (mm) (bottom) 
125 

(mm) 

a 910 (mm) 

Length of sample tube b I 912 (mm) 

C 913 (mm) 

(6) Average length of sample tube 912 (mm) 

(7) Average length of soil sample = (6) - (51 · (4) 650 (mm) 

(8) Average length of soil sample • (7) / 10 65.0 (cm) 

19) Volume of aoil sample • 13) X 18) 2933 {cm3) 

110) Mass of so i l sample and tube 7376 (g) 

(11) Tube factor (mass per length) 1.23 lg/mm) 

(121 Mass of tube • (6) X (11) 1122 (g) 

(13) Man of soil sample • (10) · (12) 6254 (g) 

(13a) Wet density ~ 1000 X (13)/(9) 2132 (kg/m3) 

(13b) Wet unit weight s (130) X .009807 20.91 (kN /m3) 

(26) Ory unit weight » (13b)/[1 + (25)/1001 18 . 39 (kN / m3) 

Top Bottom Tube factor Trial No. 
Moisture content determination + No. 4 · No. 4 + No . 4 · No. 4 1 2 3 

Dish No. 136 147 Mass of tube (g) 1130 1107 1127 

Mass of dish + wet soil (g) 178 . 6 201.7 Length of tube (mm) 911 915 910 

Mass of dish + dry soil (g) 165.4 188.O Length of tube (mm) 912 915 908 
Mass of dish (g) 72. I 98.1 Length of tube (mm) 911 916 909 
Mass of water (g) 13.2 13.7 

Average length 
' Mass of dry soil (g) 93.3 89.9 of tube (mm) 911 915 909 

(14) Moisture content + No. 4• (%) I . 5 1 . 5 Tubo factor (g/mm) I .24 1.21 1.24 

(15) Moisture content - No. 4 (%) 14.1 15.2 
(11) Average tube 

1.23 Complete the following only If + No. 4 i1 present : factor (g/mm) 

(16) Total wet mass of moisture 
content specimen (g) 206 .• 1 302.7 

Remarks: 

(17) Mass of wet + No. 4 (g) 20.7 
.... .. 10 . 6 

C 

(18) Mau of wet - No. 4 (g) 
:..-·. _ __ ,.._ 

.. ,. 185 . 4 _:; ,_, 292.1 

(19) Mass of dry + No. 4 (g) 20.4 
.:~ . 

10 . 4 
.. .. -.,,...~ 

.. i• , :_ . 

(g) 
- - . .. 

162.3 - 253.6 (20) Mass of dry . No. 4 ..... ..J ·-
(21) Mass of dry total moisture 

content specimen (g 182 . 7 264.0 
(22) Percentage of + No. 4 11.2 .~:..,..c .·:, 3. 9 ~"'."·Ii 
(23) Percentage of • No. 4 -~~ 88.8 .. ~ :s 96.1 ~-
(24) Moisture content total 

specimen•• (%) 12.7 14.7 
(25) Average moisture content (%) )3.7 

• If + No. 4 is not porous, a moisture content of 1 .5 percent may be Auxiliary Tests : 
n,umed for + No. 4 Matarlal only. 

USBR 5200-_8~ 

•• (24) - (22\011(14) + (23>,;~15) USBR 5300--~ 

Figure 4B. - Moisrure conrenc and unit weight decerminacion of soil sample in uncut sample cube (SI unics) - example. 
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L, •Sample tube length. 
Ls •Soil sample length. 
La, • Dist once from end of 1 ube to 

soil-bottom. 
L,. • Distonce from end of tube to 

soil- top . 
D10 • 1nside tube diameter- bot tom . 
o,, • lnside tube diameter-top. 

Figure 5. - Uncut sample rube showing trimmed soil sample 
within sample rube. 

NOTE 2.-Assume the plus No. 4 material has an absorbed 
moisture content of 1.5 percent. If the material is porous, moisture 
content should be determined in accordance with USBR 5300. 

12.7.2.1.7 Determine and record the moisture 
content of the minus No. 4 portion of the specimen in 
accordance with USBR 5300. 

12.7.2.1.8 Calculate and record the dry mass of 
the minus No. 4 portion of the specimen to the nearest 
0.1 gram. 

12.7.2.1.9 Calculate and record the dry mass of 
the total moisture content specimen to the nearest 0.1 
gram. 

12.7.2.1.10 Calculate and record the percentage 
by mass of plus No. 4 material in the total specimen to 
the nearest 0.1 percent. 

12.7.2.1.11 Calculate and record the percentage 
by mass of minus No. 4 material in the total specimen 
to the nearest 0.1 percent. 

12.7.2.1.12 Calculate and record the moisture 
content of the total specimen to the nearest 0.1 percent. 

12.7.2.2 Calculate and record the average moisture 
content of the soil sample to the nearest 0.1 percent by 
averaging the moisture contents obtained from the "top" 
and "bottom" moisture content specimens obtained from 
the ends of the tube sample. 

12.8 Repeat the procedure described in subparagraphs 
12.3 through 12.7 for each tube sample that is to be tested. 

12.9 Determine the mass of the sample rube. 
12.9.1 When all sample tubes containing soil have 

been processed, a geotechnical engineer should review test 
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results to determine which, if any, samples will not be 
used for undisturbed testing. The engineer will be interested 
in sample length, soil type, and available radiographs (X­
ray). If possible, the engineer should select two or three 
sample tubes to be used to determine an average tube mass 
per unit length; however, if only one sample tube is 
available, then only the one tube can be used. 

12.9.2 Each of the sample tubes containing soil 
samples selected by the engineer should be completely 
cleaned of any soil, wax, or other foreign substances. The 
soil which is removed should be retained. 

12.9.3 Determine and record the mass of each empty, 
clean sample tube to the nearest 0.1 Ihm (1 g) . 

12.9.4 Measure and record the length of each empty 
sample tube to the nearest 0.1 inch ( 1 mm) at three different 
locations around the circumference of the tube using a 
flexible metal printed tape or engraved rule. 

12.9.5 Calculate and record the average length of 
each empty sample tube. 

12.9.6 Calculate and record the tube factor for each 
sample tube to the nearest 0.001 lbm/in (0.01 g/mm) by 
dividing the empty sample tube mass by the average sample 
tube length. 

12.9.6.1 Calculate and record the average tube 
factor to the-nearest 0.001 lbm/in (0.01 g/mm). 

12.9.7 Calculate the mass of the sample tube 
containing the soil sample to the nearest 0.1 lbm (1 g) 
by multiplying the average length of sample tube (as 
determined in subpar. 12.4.5) by the average tube factor. 

12.10 Calculate and record the mass of the soil sample 
contained within each sample tube to the nearest 0.01 lbm 
(1 g). 

12.11 Calculate and record the wet density of the soil 
to the nearest 0.l lbm/ft3 (1 kg/m3). 

12.11. l In the procedure, wet density is converted 
to wet unit weight by changing from lbm/ft3 to lbf/ft3. 
(Assume 1 lbm = 1 !bf.) 

12.11.2 For the SI system, calculate and record the 
wet unit weight to the nearest 0.01 kN/m3. 

12.12 Calculate and record the dry unit weight to the 
nearest 0.l lbf/ft3 (0.Ql kN/m3). 

13. Calculations 

NOTE 3.-Numbers within parentheses correspond co line 
numbers on data forms. 

13.1 Moisture Content Determination.-The following 
calculations are used in method A or B for determining 
the moisture content of a soil specimen containing plus 
No. 4 sieve-size material. 

13.1.1 Calculate the masi; of wet minus No. 4 sieve­
size portion of the moisture content specimen. 

(18) = (16) - (17) 
where: 
(18) = mass of wet minus No. 4 material, g 
(17) = mass of wet plus No. 4 material, g 

(1) 

(16) = total wet mass of moisture content specimen, g 
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13.1.2 Calculate the mass of the dry plus No. 4 
portion of the moisture content specimen. 

where: 
(19) 
(14) 
100 = 

(19) = (17) 

1 + J1&. 
100 

mass of dry plus No. 4 material, g 
moisture content of plus No. 4 material, % 
convert from percent to decimal 

(2) 

13.1.3 Calculate the mass of the dry minus No. 4 
portion of the moisture content specimen. 

where: 
(20) 
(15) 
100 = 

(20) = (18) 

1 + .i!2L. 
100 

mass of dry minus No. 4 material, g 
moisture content of minus No. 4 material, % 
convert from percent to decimal 

(3) 

13.1.4 Calculate the mass of the dry total moisture 
content specimen. 

(21) = (19) + (20) (4) 

where (21) equals mass of the dry total moisture content 
specimen, g. 

13.1.5 Calculate the percentage (by dry mass) of plus 
No. 4 material in the total moisture content specimen. 

_@ 
(22) - (21) (5) 

where (22) equals percentage of plus No. 4 material in 
moisture content specimen, %. 

13.1.6 Calculate the percentage (by dry mass) of 
minus No. 4 material in the total moisture content 
speomen. 

(23) = 100 - (22) (6) 

where (23) equals percentage of minus No. 4 material 
in the moisture content specimen, %. 

13.1.7 Calculate the moisture content of the total 
moisture content specimen (top or bottom). 

(24) = (22) X (14) + (23) X (15) 
100 100 

(7) 

where (24) equals moisture content of tocal moisture 
content specimen (top or bottom), %. 

13.1.8 Calculate the average moisture content of the 
soil sample: 

(25) = (24)top + (24)bottom 
2 

(8) 

where (25) equals average moisture content of soil sample, 
%. 
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13.2 Method A - Soil Sample in a Cut Sample Tube 
(in-lb units, fig. 2A) : 

13.2.1 Calculate the soil sample diameter. 

(4) = (1) - (3) 
where: 

(4) = soil sample diameter, in 
(3) = 2 X (2), in 
(2) = average tube thickness, in 
(1) = average outside diameter of tube, in 

13.2.2 Calculate the area of the soil sample. 

(5) = 0.7854 X (4) 2 

where: 
(5) 

0.7854 
area of soil sample, in2 

rr/4 

13.2.3 ·Calculate the volume of the soil sample: 

(9) 

(7) = (5) X (6) (11) 
where: 

(7) = volume of soil sample, in3 

(6) = average length of soil sample, in 

13.2.4 Calculate the mass of the tube. 
13.2.4.1 First, calculate the tube factor. 

T b f 
_ mass of tube section, lbm 

u e actor - . 1 h f be . . average engt o tu section, m 

13.2.4.2 Next, calculate the mass of the tube. 

(10) = (6) X (8) 
where: 
( 10) = mass of tube, lbm 

(8) = average tube factor, lbm/in 

13.2.5 Calculate the mass of the soil sample. 

(11) = (9) - (10) 
where: 
(11) = mass of soil sample, lbm 

(9) = mass of soil sample and tube, lbm 

(12) 

(13) 

(14) 

13.2.6 Calculate the wet density of the soil sample. 

- .ill2. (12) - 1,728 X (7) 

where: 
(12) = wet density, lbm/ftl 
1,728= change inl to ftl 

(15) 

13.2.6.1 In the procedure, wet density is converted 
to wet unit weight by changing from lbm/ftl to lbf/ft· . 
(Assume 1 lbm = 1 !bf.) 

13.2.7 Calculate the dry unit weight of the soil 
sample. 

(26) = (13) 
1 + ® 

100 

(16) 
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where: 
(26) 
(13) 
(25) 
100 

dry unit weight, lbf/ft3 
wet unit weight, lbf/ft3 
average moisture content of soil sample, % 
convert from percent to decimal 

13.3 Method A - Soil Sample in a Cut Sample Tube 
(SI units, fig. 2B): 

13.3.1 Calculate the soil sample diameter. 

(4) = (1) - (3) 
10 

where: 
(4) 
(3) 
(2) 
(1) 
10 

soil sample diameter, cm 
2 X (2), mm 
average tube thickness, mm 
average outside diameter of tube, mm 
change millimeters to centimeters 

13.3.2 Calculate the area of the soil sample. 

(5) = 0.7854 X (4) 2 

where: 
(5) = area of soil sample, cm2 

0.7854 = rr/4 

(17) 

(18) 

13.3.3 Calculate the average length of the soil 
sample. 

where: 
,(7) 
(6) 
10 

(7) =@ 
10 

average length of soil sample, cm 
average length of soil sample, mm 
change millimeters to centimeters 

13.3.4 Calculate the volume of the soil sample. 

(8) = (5) X (7) 

where (8) equals volume of soil sample, cm3. 

13.3.5 Calculate the mass of the tube. 
13.3.5.1 First, calculate the tube factor. 

(19) 

(20) 

Tube factor = mass of tube section, g (2l) 
average length of tube section, mm 

13.3.5.2 Next, calculate the mass of the tube. 

(11) = (6) X (9) (22) 
where: 
(11) mass of tube, g 

(9) = average tube factor, g/mm 

13.3.6 Calculate the mass of the soil sample. 

(12) = (10) - (11) (23) 
where: 
(12) mass of soil sample, g 
(10) = mass of soil sample and tube, g 
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13.3.7 Calculate the wet density. 

where: 

(13) = lO00X .<.ill 
(8) 

(13) = wet density, kg/ m3 
1000 = change g/cm3 to kg/m3 

13.3.8 Calculate the wet unit weight. 

(26) = 0.009 807 X (13) 
where: 

(26) = wet unit weight, kN/m3 
0.009 807 = 9.807 / 1000 

(24) 

(25) 

9.807 = acceleration of gravity to convert kg to N 
1000 = change N to kN 

13.3.9 Calculate the dry unit weight of the soil 
sample. 

where: 
(27) = 
(25) 
100 = 

(27) = --=(2...;;..6)'--
1 +@ 

100 

dry unit weight, kN/m3 
average moisture content, % 
convert from percent to decimal 

(26) 

13.4 Method B - Uniform Cylindrical Samples in 
Uncut Sample Tubes (in-lb units, fig . 4A): 

13.4.1 Calculate the area of the soil sample. 

where: 
(1) 
(2) 

0.7854 

(2) = 0.7854 X (1) 2 

average inside tube diameter, in 
soil sample area, in2 

rr/4 

(27) 

13.4.2 Calculate the average length of the soil 
sample. 

(6) = (5) - (4) - (3) (28) 
where: 

(3) = 
(4) 
(5) = 
(6) = 

average distance from top of tube to soil, in 
average distance from bottom of tube to soil, in 
average length of sample tube, in 
average length of soil sample, in 

13.4.3 Calculate the volume of the soil sample. 

(7) = (2) X (6) 

where (7) equals volume of soil sample, in3. 

13.4.4 Calculate the mass of the tube. 
13.4.4.1 First, calculate the tube factor. 

T b f 
_ mass of tube section, lbm 

u e actor - 1 h f b . . average engt o tu e secuon, m 

13.4.4.2 Next, calculate the mass of the tube. 

(29) 

(30) 

(10) = (5) X (9) (31) 
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where: 
( 10) = mass of cube, lbm 

(9) = average cube factor, lbm/in 

13.4.5 Calculate the mass of soil sample contained 
within the sample tube. 

(11) = (8) - (10) (32) 
where: 
(11) = mass of soil sample, lbm 
(10) mass of tube, lbm 
(8) mass of soil sample and tube, lbm 

13.4.6 Calculate the wet density of the soil sample. 

where: 
(12) 

1,728 

- .Llll (12) - 1,728 X (
7

) 

wet density of the soil sample, lbm/ft3 
change in3 to ft3 

(33) 

13.4.6. l In the procedure, wet density is converted 
to wet unit weight by changing from lbm/ft3 to lbf/ft3. 
(Assume l lbm = l lbf.) 

13.4.7 Calculate the dry unit weight of the soil 
sample. 

(26) 

where: 

(13) 

l +@ 
100 

(26) = dry unit weight of the soil sample, lbf/ft3 
(13) = wet unit weight of the soil sample, lbf/ft3 

(25) = average moisture content of soil sample,% 

(34) 

13.5 Method B - Uniform Cylindrical Samples in 
Uncut Sample Tubes (SI units, fig. 4B): 

13.5.1 Calculate the average inside diameter of the 
tube. 

where: 

(2) = ill 
10 

(1) = average inside diameter of tube, mm 
(2) average inside diameter of tube, cm 
10 = change millimeters to centimeters 

13.5.2 Calculate the area of the soil sample. 

where: 
(2) 

(3) 
0.7854 

13.5.3 

(3) = 0. 7854 X (2)2 

average inside diameter of tube in 
centimeters, cm 

soil sample area, cm2 

rr/4 

Calculate the length of soil sample. 

(7) = (6) - (5) - (4) 

(35) 

(36) 

(37) 
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where: 
(4) 
(5) 
(6) 
(7) 

average distance from cop of tube to soil, mm 
average distance from bottom of cube to soil, mm 
average length of sample tube, mm 
average length of soil sample, mm 

13.5.4 Calculate the average length of the soil 
sample. 

where: 

(8) = ill 
10 

(8) average length of soil sample, cm 
10 = change millimeters to centimeters 

13.5.5 Calculate the volume of the soil sample. 

(9) = (3) X (8) 
where: 

(9) volume of soil sample, cm3 

(3) = soil sample area, cm2 

13.5.6 Calculate the mass of the tube. 
13.5.6. l First, calculate the tube factor. 

(38) 

(39) 

Tube factor = mass of tube section, g (40) 
average length of tube section, mm 

13.5.6.2 Next, calculate the mass of the tube. 

(12) = (6) X (11) (41) 
where: 
( 12) mass of cube, g 
(l l) = average tube factor, g/mm 

13.5.7 Calculate the mass of soil sample contained 
within rhe sample tube. 

where: 
(13) 
(12) 
(10) 

(13) = (10) - (12) 

mass of soil sample, g 
mass of tube, g 
mass of soil sample and tube, g 

(42) 

13.5.8 Calculate the wet density of the soil sample. 

- {ill (13a) - 1000 X (
9

) (43) 

where: 
(13a) wet density of the soil sample, kg/m3 
1000 = change g/cm3 to kg/m3 

13.5.9 Calculate the wet unit weight of the soil 
sample. 

where: 
(13b) = 0.009 807 X 13a (44) 

(13b) = wet unit weight, kN/m3 
0.009 807 9.807 /1000 

9.807 = acceleration of gravity to convert kg to N 
1000 = change N to kN 
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13.5.10 Calculate the dry unit weight of the soil 
sample. 

where: 

(26) = 
(25) 

(26) = _ __,_0~3b~)_ 

1 + illl 
100 

dry unit weight, kN/m3 

(45) 

average moisture content of the soil sample, % 
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14. Report 

14.l The report for method A is to consist of a com­
pleted and checked "Moisture Content and Unit Weight 
Determination of Soil Sample in Cut Sample Tube" (fig. 
2A or 2B). 

14.2 The report for method B is co consist of a com­
pleted and checked "Moisture Content and Unit Weight 
Determination of Soil Sample in Uncut Sample Tube" (fig. 
4A or 4B). 

14.3 All calculations are to show a checkmark. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING DRY UNIT WEIGHT 

USBR 5375-89 

OF IRREGULARLY SHAPED SOIL SPECIMENS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5375. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the dry unit weight of an irregularly shaped 
soil specimen. 

2. Auxiliary Tests 

2.1 The moisture content must be determined in 
accordance with USBR 5300 as part of performing this 
procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 

4. Summary of Method 

4.1 After the irregularly shaped specimen is coated with 
wax, the mass in air and the mass when suspended in 
water are obtained. The volume and unit weight of the 
specimen are calculated. 

5. Significance and Use 

5.1 The dry unit weight of a soil mass is an important 
consideration as it can significantly affect engineering 
properties. Increasing the dry unit weight of soil usually 
increases the shear strength, and reduces the permeability 
and compressibility of a ~oil mass. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.l Unit Weight (-y) .-Weighc per unit volume 
(ASTM definici~n) . 
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6.1.2 Dry Unit Weight (-yd) .-The weight of solid 
particles per unit of total volume. 

6.1.3 Wet Unit Weight (-Ywet).-The unit weight of 
solids plus water per unit volume, irrespective of the degree 
of saturation. 

6.1.4 Density (p) .-Mass per unit volume (ASTM). 

7. Apparatus 

7.l Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.01 g and have 
a capacity of about 1000 g. 

7.2 Wite Basket.-A brass wire (No. 6 sieve or finer) 
container large enough to hold approximately 200 grams 
of material. 

7.3 Suspension Wite.-A wire of sufficient strength and 
appropriate length to suspend the basket and specimen 
in the water container without touching the bottom. 

7.4 Water Containet.-A water container large enough 
to allow submersion of the basket and specimen without 
touching the container sides or bottom. 

7.5 Drying Oven.-An oven, thermostatically con­
trolled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.6 Wax.-Paraffin type having a density of 0.89 g/cm3 

or microcrystalline orange having a density of 0.91 g/cm3• 

7.7 Brush-Paint brush, about 5 inches (130 mm) wide. 

8. Reagents and Materials 

8.1 Tapwater that is free of acids, alkalies, or oils, and 
suitable for drinking, should be used for performing the 
procedure. 

9. Precautions 

9. l Safety Precautions.-This designation may involve 
hazardous materials, operations, and equipment. 

9.2 Technical Precautions: 
9.2.1 The wax used co coat the soil specimen should 

be sufficiently warm to flow when brushed on the specimen, 
yet ic should not be so hot chat ic penetrates che pores 
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of the soil. If hot wax comes in contact with a moist soil 
. specimen, it may cause the water to vaporize and form 
air bubbles beneath the wax. 

9.2.2 When determining the submerged mass of the 
wax-coated specimen, a number of precautions should be 
carefully noted: 

• Care should be taken to ensure that the waxed 
specimen is fully submerged in water. 
• The basket holding the specimen should not touch 
the sides or bottom of the water container. 
• Care should be taken to eliminate all entrapped air 
from the soil specimen and the basket before the mass 
in water is determined. 
• The basket with specimen must be submerged to 
the same depth as that used when the submerged mass 
of the basket only was determined. 
• The same balance or scale is to be used for making 
all mass determinations. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedures. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Soles 
USBR 1020 Calibrating Ovens 

l 1. Conditioning 

11.1 The specimen used for the moisture content 
determination should be processed as quickly as possible 
to minimize unrecorded moisture loss which would result 
in an erroneous moisture content and dry unit weight of 
the test specimen. 

12. Procedure 

12.1 All data are to be recorded to the nearest 0.01 
gram on the "Unit Weight Determination (Suspended Mass 
in Air and Water Method)" form as shown on figure 1. 

12.2 Determine the mass of the basket plus suspension 
wire in air. Record the mass as the mass of basket in air. 

12.3 Select a test specimen from the sample for which 
the dry unit weight is required. 

12.4 Carefully trim rough or sharp edges from the 
specimen. 

12.5 Place the specimen into the basket (include 
suspension wire) and determine the mass in air. Record 
the value as the mass of basket+ wet specimen in air. 

12.6 Carefully remove the specimen from the basket. 
12.7 Cover the specimen with a thin coat of melted 

wax by using a paint brush or by dipping the specimen 
in the container of melted wax. (See subpar. 9.2.1 for 
precautions regarding wax temperature.) 

12.8 Allow sufficient time for the first coat of wax 
to harden; and then apply a second coat. 

12.9 Place the wax-coated specimen into the wire 
basket (include suspension wire). Determine the mass and 
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record the value as the mass of basket + wet specimen 
+ wax in air . 

12.10 Carefully remove the wax-coated specimen from 
the basket. 

NOTE 1.-The specific gravity values used in this procedure· 
(0.89 for paraffin and 0.91 for microcrystalline orange) are 
manufacturer specified values. Actual values may be slightly 
different. Also, this procedure does not require an adjustment 
to the density of water for temperature variations. If a particular 
application requires greater precision, the water temperature must 
be measured and the water density adjusted accordingly. Also, 
the wax specific gravity must be accurately determined. Unless 
techniques are used to provided greater precision, the dry density 
and unit weight values determined should be rounded to three 
significant digits. 

12.11 With the suspension wire attached to the 
underside of the balance or scale, submerge the basket in 
the water container as shown on figure 2. 

12.12 Determine the mass of the empty basket plus 
suspension wire submerged and suspended in water. 

12.13 Record the mass as the mass of basket in water. 
12.14 Remove the basket from the water and carefully 

place the wax-coated specimen into the basket. 
12.15 Lower the basket and wax-coated specimen into 

the water. Be sure to use the same suspension wire as 
that used in subparagraph 12.11. 

12.16 Determine and record as the mass of basket + 
wet specimen + wax in water. 

12.17 Determine and record the moisture content of 
the specimen in accordance with USBR 5300. 

NOTE 2.-For determining the moisture content, a portion of 
moist soil may be obtained by using excess cuttings from the 
specimen during the trimming operation or using the entire 
specimen after the mass in air and water has been determined. 
If the entire specimen is used for moisture content determination, 
care should be taken to remove all the wax from the specimen. 
The wax can be removed by peeling it off after a break is made 
in the wax surface. Use only that portion of the specimen which 
is free of wax or wax inclusions for the moisture content 
determination. 

12.18 Calculate and record the dry density of the 
specimen. 

12.19 Calculate and record the dry unit weight of the 
specimen. 

13. Calculations 

13.1 Calculations for determining the dry density and 
dry unit weight are shown on figure 1. 

14. Report 

14.1 The report is to consist of a completed and checked 
"Unit Weight Determination.(Suspended Mass in Air and 
Water Method)" form (fig. 1). 

14.2 All calculations are to show a checkmark. 
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7-1586 (11-85) I 
UNIT WEIGHT DETERMINATION 

I Bureau of Reclamation (SUSPENDED MASS IN AIR AND WATER METHOD) Designation USBR 5375-~~ 

SAMPLE NO. rROJECT rEATURE 

38W-15 Example Example 
!SPECIMEN NO. TESTED BY DATE 

18 
r-,uMt'U, cu BY DATt: l(;Ht:CKED BY DATt: 

(11 Mass of basket in air ...................................................... I 17.85 9 

(2) Mass of basket+ wet specimen in air .......... • ............................... 860.45 
9 

(3) Mass of basket+ wet specimen + wax in air ..................................... 909.70 
9 

(4) Mass of basket in water .... • ......... • .. • .. • ...................... . ........ 104.45 
9 

(5) Mass of basket+ wet specimen + wax in water ... • ..... • ....... • ....... . ..... • ... 475. 15 
9 

(6) Moisture content (USBR 5300) ........ • .. . ........•.... . ....... • ..... • ...... 19.54 (%) 

(7) Mass of wet specimen (2) · (1) ................•.............................. 742.60 
9 

(8) Mass of wax (3) - (2) ....... . .. . ..... . .................... . ................. 
49.25 

9 

(9) Mass of dry specimen (7)/[ 1 + (6)/100]. ....................... . ........•...... 621 .21 
g 

(10) Volume of basket + wet specimen + wax [ (3) - (5) I /[ 1 g/cm
3

) ........ . ............. 
434.55 

cm3 

(11) Volume of basket [(1) • (4))/[1 g/cm 3
J .•• • •.••• • ••..•.••••••••••.••••.•• • ••.. 

13.40 
cm3 

(12) Volume of Wax [ (8)/density of wax) ... (wax type_b_, 0.9) g/cm3 ) .......... . ..... 
54. 12 cm3 

(13) Volume of basket +wax (11) + (12) .............................. • ........... 67.52 cm3 

(14) Volume of wet specimen (10) - (13) ............... . ...................... . ... 367.03 cm3 

(15) Dry density of specimen [(9)/(14)) X 1000 ........ . ..... , .................. . ... 1693 kg/m3 

(16) Dry unit weight of specimen (15) x 0.00981 16.6 kN/m3 ...... . ............................. 
105.7 lbf/11 3 

Constants: 1 g/cm 3 = absolute density of water at 4 °c MOISTURE DETERMINATION 

1000 converts g/cm 3 to kg/m 3 
(1) Dish No ...................... CL-191 

0.00981 converts mass (kg) to weight (kN) 
(2) Mass of dish + wet soil .......... 407.40 g 

Density of wax: 366.55 (3) Mass of dish+ dry soil .......... g 

(al Paraffin = 0.89 g/cm 3 
(4) 157.45 Mass of dish .................. g 

(bl Micro-Crystalline Orange= 0.91 g/cm 3 
40.85 (5) Mass of water ................. g 

Auxiliary Tests: USBR. 5300 • _§_ JL (6) Mass of dry soil ....... • .....•. 209.10 g 

USBR 5205 - JL ~ (7) Moisture content ............... 19.54 % 

Figure I. - Unit weight determination (suspended mass in air and water method - example. 
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f 

Suspension wire 

Figure 2. - Suspended mass in air and water assembly. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5380-89 

DETERMINING THE ANGLE OF REPOSE OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5380. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining che angle of repose of cohesionless soils. 

1.2 This procedure is used to determine the angle of 
repose of dry cohesionless soil having a maximum particle 
size up to 3 inches (75 mm) . -.....___-, 

1.3 This procedure is appropriate for soil classified as 
clean coarse-grained soil in accordance with USBR 5000 
or 5005. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 before ·petforming this procedure and should 
be classified in accordance with USBR 5000 or 5005. After 
the sample has been air-dried, the moisture: content must 
be determined and recorded in accordance with USBR 5300 
as part of performing this procedure. The graduation of 
the material must be determined in accordance with USBR 
5325 and submitted as part of the report for this procedure. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 

3.2 ASTM Standard: 
E 11 Specification for Wire Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 A base template, with concentric circles, is placed 
on a level surface. The air-dried soil is placed into an 
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appropriate pouring device. While holding the pouring 
device over the center of the base template, the soil is 
poured onto the template, maintaining a free-fall height 
of approximately l inch (25 mm) above the template or 
the cop soil pile. Pouring is continued until the resultant 
soil pile height is greater than the designated minimum 
height. The angle of repose is determined. (The angle is 
that which the pile slope makes with the base template.) 

5. Significance and Use 

5.1 Angle of repose can be used to establish a lower 
bound factor of safety of a slope. The following conditions 
must exist: 

: 5.1.1 Slope is assumed to be continuous and to consist 
of homogenous, cohesionless material. 

5.1.2 Slope is not subjected co external forces such 
as seepage, surcharge, earthquake, _vibration, etc. 

5.1.3 Slope muse be dry because angle of repose has 
no meaning when applied to damp or moist soils. 

5.1.4 Granular, cemented materials cannot be 
properly modeled using angle of repose in slope stability 
analyses. 

5.2 Use of the angle of repose for design is strictly 
limited by the above considerations; its use should be 
evaluated by a geotechnical engineer. 

5.3 Angle of repose can be estimated-with some 
scaling error-by observation of natural slopes (like dune 
sand) or mechanically placed slopes such as batch-plant 
stockpiles. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 

6.1.1 Angle of Repose [ a, degrees (0 )].-Angle 
between the horizontal and the maximum slope that a 
soil assumes through natural p'rocesses. For dry granular 
soils, the effect of height of slope is negligible; for cohesive 
soils, the effect of height of slope is so great that the 
angle of repose is meaningless (ASTM definition). 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2.1 Pile D,ameter.-Horizontal distance at base of 
the pile from edge to edge through the pile center. 
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6.2.2 Pile Height.-Vertica1 distance through the 
center of the soil pile from base to top. 

6.2.3 Pile Slope Length-Length of slope measured 
from the slope toe along the centerline of the pile to the 
top of the pile. 

7. Apparatus 

7.1 General Apparatus: 
7 .1.1 Balance or Scale.-A typical balance or scale used 

for this designation must be readable to 1 lbm and have 
a capacity sufficient for the minimum sample . mass 
requirements given in subparagraph 9.7. 

7.1.2 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.1.3 Drying Pan.-Large metal pan 2 by 3 feet (0.6 
by 0.9 m) by 4 inches (100 mm) deep. 

7.1.4 S1eve.-U.S.A . Standard series 3-inch (75-mm) 
sieve conforming to the requirements of ASTM E 11. 

7.1.5 Yardstick-Graduated in 1/16-inch increments; 
(optional) two yardsticks with holes drilled at the exact 
center of the stick width and at various lengths (i.e., 5, 
10, 15, 20, and 25 inches) and attached using a bolt, 
lockwasher, and a wingnur. 

7.2 Equipment Unique ta This Procedure: 
7.2.1 Base Template.-A template having minimum 

dimensions of 20 by 20 inches (500 by 500 mm). The 
template should have concentric circles drawn at diametral 
increments of 1 inch (25 mm) . Perpendicular bisectors 
should be marked on the template, and the circle radii 
should be labeled every 5 inches (125 mm) at each 
perpendicular bisector. Template material should be 
smooth and flat on both sides. Appropriate material could 
be clear plastic, masonite, or Plexiglas; however, plywood 
is recommended. 

7.2.2 Pouring Dev1ce.-Devices are selected based 
upon maximum particle size of soil. 

Maximum particle size 
m mm 

3 
1-1/2 

3/4 
3/8 

No. 4 

75 
37.5 
19.0 
9.5 

4.75 

Pouring device 

Shovel or extra large hand scoop 
Large hand scoop ' 
Large hand scoop 
Metal can with attached funnel having 

a 1-in (25-mm) diameter spout 
Metal can with attached funnel having 

a 1/2-in (13-mm) diameter spout 

NOTE 1.-The metal can in the last two items is typically a 
standard 6- by 12-inch metal cylinder can. The funnels should 
have a lipped brim, or other means, to connect the spout securely 
to the container. The above equipment is the same as that 
described in USBR 5525. 

7 .2.3 Angle Measuring Device (method A) .­
Mechanic's protractor with universal bevel, vernier scale, 
revolving dial; disk graduation 90 to O to 90 degrees with 
one vernier scale; two blades, 6-1/2 and 12 inches (165 
and 300 mm) long. 
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7.2.3.1 Alternate Angle Measuring Device.­
Mechanic's protractor (plain); rectangular head, graduated 
to 180 degrees boch directions, 1 degree minimum 
graduation; arm is 6 inches (150 mm) long. 

7.2.4 Angle Measuring Device (method B) .­
Protractor (transparent plastic); with cutout center, 1/2 
degree graduations, and 6-inch (150-mm) diameter. 

8. Precautions 

8.1 Safety Precautions.-When soil to be tested is in 
sacks, care should be taken when lifting, handling, and 
obtaining samples as sack samples are heavy, awkward, 
and bulky. 

8.2 Technical Precautions: 
8.2.1 To obtain an accurate reading of the angle of 

the soil pile, the area near the edge of the pile should 
be cleaned with a small brush. 

8.2.2 If the bottom portion of the pile slope is 
concave, it is necessary to push the measuring device into 
the pile such that the corner of the device lies at the point 
of intersection between the true (projected) pile slope and 
the base template. 

8.2.3 An uncentered pile will not cause appreciable · 
error but the pile should be as symmetrical as possible. 
Using a template helps to form a symmetric, centered pile. 

9. Sampling, Test Specimens, and Test Units 

9.l Specimen Preparation: 
9.2 Obtain an adequate amount (subpar. 9.7) of the 

material to be tested and thoroughly mix the material. 
9.3 Perform a gradation analysis in accordance with 

USBR 5325 on a test sample obtained in accordance with 
USBR 5205. 

9:4 Obtain a test specimen in accordance with USBR 
5205 for moisture content determination. Perform the 
moisture content determination in accordance with USBR 
5300. 

9.5 Air-dry or ovendry the portion of the sample that 
will be used in the angle of repose test. Soil moisture content 
must be less than 0.5 percent. 

9.6 Record the moisture content on the "Angle of 
Repose Test" form as shown on figure 1 or 2. 

9.7 The sample size required for conducting the angle 
of repose test is dependent on the maximum particle size. 
The following table summarizes the minimum pile height 
and minimum sample mass required for each maximum 
particle size. The minimum sample mass has been 
estimated for low values of the angle of repose and is 
shown only as a guide. For soils having a greater angle 
of repose, less material probably will be needed. 

Maximum particle Minimum pile Minimum mass 
size height required for testing 

in mm m mm lbm kg 

3 75 12 300 500 250 
1-1/2 37.5 12 300 500 250 

3/4 19.0 10 250 300 150 
3/8 9.5 8 .200 150 75 

No.4 4.75 6 150 60 30 
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Bureau of Reclamation 

ANGLE OF REPOSE TEST 
Designation USBR 5380.J!.lil 

PROJECT Example FEATURE ________________ _ LOCATION _______________ _ 

DEPTH/ELEVATION ______ □ ft Om TEMPLATE MATERIAL Plywood ----''--:....:.....:------ POURING DEVICE 6-by 12-lnch cylinder can 

FUNNEL SIZE I12 -inch MAXIMUM PARTICLE SIZE No.I G □ in 0mm [K] SIEVE TESTED BY _______ _ DATE 

COMPUTED BY ___________ DATE ______ _ 

SAMPLE NO. 

SPECIMEN NO. 

CLASSIFICATION 
SYMBOL 

MOISTURE 
CONTENT(%) 

AUXILIARY TESTS: 

USSR 6000--­
USBR 6006--..... 
USBR6206-~ 
USSR 5300- .,,. 
USSR 6325-~ 

SP 

0.4 

TRIAL 
NO. 

2 

READING 
NO. 

2 

SLOPE 
LENGTH 

(in) 

AVERAGE SLOPE 
LENGTH= 

3 

4 

AVERAGE SLOPE 
LENGTH~ ' 

2 

AVERAGE SLOPE 
LENGTH= 

3 

4 

AVERAGE SLOPE 
LENGTH= 

CHECKED BY ___________ DATE _____ _ SHEET 

CONVERTED 
SLOPE 

LENGTH· 
DECIMAL 

(in} 

BASE 
LENGTH 

(in} 

2 

CONVERTED 
BASE 

LENGTH· 
DECIMAL 

(in} 

CALCULATED 
ANGLE OF 

REPOSE 
( •) 

34.9 
35. I 

VERTEX 
ANGLE 

l •) 

OF 

MEASURED TRIAL 
ANGLE OF ANGLE OF 

REPOSE REPOSE ,., ( ., 
34.0 --
36.0 

I 
35.0 I 

34.5 I 

34.9 

35.5 --
34.5 

36.0 

34.5 

35. I 

35.0 AVERAGE VALUE. ROUND TO THE NEAREST 1° = 35 • 

Figure I. - Angle of repose test - measurement merhod A. 
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7-2350 (6-86) 
Bureau of Reclamation 

ANGLE OF REPOSE TEST 
Designation USBR 5380-~~ 

PROJECT Example FEATURE _______________ _ LOCATION _______________ _ 

DEPTH/E
1

LEVATION ______ D ft Om TEMPLATE MATERIAL Plywood _--<..-_..:....:: ____ ~ POURING DEVICE 6-by 12-lnch cylinder can 

FUNNEL SIZE l/2-inch MAXIMUM PARTICLE SIZE No,16 □ in D mm 00 SIEVE TESTED BY ________ DATE _____ _ 

COMPUTED BY ___________ DATE ______ _ CHECKED BY ___________ DATE _____ _ SHEET ___ _ OF ___ _ 

SAMPLE NO. 

SPECIMEN NO. 

CLASSIFICATION 
SYMBOL 

2 

SP 

MOISTURE 
CONTENT (%) 0. 4 

AUXILIARY TESTS: 
" 

USBR 5000--­
USBR 5006--­

. USBR 6206-~ 
USBR 5300--­
USBR 6325-~!I 

TRIAL 
NO. 

2 

READING 
NO. 

2 

SLOPE 
LENGTH 

(in) 

145/e 

145/e 

AVERAGE SLOPE 
LENGTH= 

' 3 141/2 

4 149/is 

AVERAGE SLOPE 
LENGTH= 

145/a 

2 141/2 

AVERAGE SLOPE 
LENGTH= 

3 145/a 

4 1411/16 

AVERAGE SLOPE 
LENGTH= 

CONVERTED 
SLOPE .. 

LENGTH -
DECIMAL 

(in) 

14.63 

14.6J 

14.6?3 

14.5.0 

14.56 

14.53 

14.63 

14.50 

14.57 

14.63 

14.69 

14.66 

BASE 
LENGTH 

(in) 

2 

I 

CONVERTED 
BASE 

LENGTH -
DECIMAL 

(in) 

35.0 

CALCULATED 
ANGLE OF 

REPOSE 
( •) 

34.9 

~ 

VERTEX 
ANGLE 

(•) 

MEASURED 
AN.GLEOF 

REPOSE 
1·1 

35.0 

35.5 

35.3 

34.8 

TRIAL 
ANGLE OF 

REPOSE 
I 0 ) 

34.9 

35.1 

AVERAGE VALUE. ROUND TO THE NEAREST 1° = 35 ° 

Figure 2. - Angle of repose test - measurement method B. 
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10. Calibration and Standardization 

I 0. l Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
ca libration is not current, perform the calibration before 
using the equipment for this procedure. 

11. Conditioning 

I 1.1 Soil to be tested must have 0.5 percent or less 
moisture content before forming soil pile on template. 

12. Procedure 

12.1 All data are to be recorded on the "Angle of Repose 
Test' " form as shown on figure l or 2. The same form 
is used but two diffe,ent measurement methods are 
illustrated. 

12.2 Place the base template on a clean level surface. 
The test area should be free of vibration and other dis­
turbances which cou ld affect soil pile formation. 

12. 3 Select the appropriate pouring device. The 
pouring device used is dependent on maximum particle 
size as shown in subparagraph 7.2 .2. 

12.4 Placement of Soils \flith Maximum Particle Size 
3/ 8 inch (9.5 mm) or Smaller: 

12.4. l Fill the pouring device with soil, attach the 
funnel, and invert while holding a finger or the palm of 
the hand over the funnel spout opening. 

12.4.2 While holding the pouring device over the 
center of the base template, let the soil fall so that the 
free-fall height of the soil is about l inch (25 mm) above 
the template or top of the soil pile (see fig. 3). 

12.4.3 The pile height shou ld be estimated using 
a yardstick co ensure the designated minimum height is 
reached as specified in subparagraph 9.7. 

12.4.4 Repeat subparagraphs l2.4.l and l2.4.2 until 
all the soi l has been placed or until the pile height is 
greater than the designated minimum height. 

12.5 Placement of Soils With Maximum Particle Size 
Greater Than 3/8 inch (9.5 mm): 

12.S. l Place the soil-with a large scoop or shovel­
held as close to the soil pile as possible, but just above 
the center of the base template or top of the pile as shown 
on figure 4. 

12.S.2 The soil particles should slide from the scoop 
rather than fall onto the previous ly placed material. If 
necessary, hold large particles back with the hand co prevent 
them from rolling off the scoop (o r shovel ). 

12.S.3 The pile height should be estimated using 
a yardstick to ensure the minimum designated height is 
reached as specified in subparag raph 9.7. 

12.5.4 Repeat subparagraphs 12.5.1 and 12.5.2 until 
all the soil has been placed or until the pile height is 
grea ter than the designated minimum height. 

12.6 Determine the angle of repose by either 
measurement method A or measurement method B 
(subpar. 12.6.1 or 12.6.2). The method selected depends 
on ava ilability of measurement devices. Measurement 

4 I l 

Figure 3. - Placement of soils of 3/ 8-inch maximum particle size 

while maintaining a I -inch free fall height. The pouring device 

is a 6-inch-diameter by 12-inch-high cy linder with a I / 2-i nch 

funnel. 

Figure 4. - Placement of soils g reater than 3/8-inch maximum particle 

size while maintaining a I-inch free fa ll height. The pouring device 

shown is a small scoop. 
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Method B does not require a special measuring device and 
requires equipment readily available from hardware stores 
or lumber yards. 

12.6.1 Measurement Method A: 
12.6.1.1 Using the mechanic's protractor, measure 

from the base template the angle the pile slope makes 
with the base template at the four locations marked by 
the perpendicular bisectors on the template (fig. 5 ). 
Measure and record in the column Measured angle of repose 
the angle to the neares t 0.5 degree for each reading location 
as shown on figure 1. When using the mechanics protractor 
on piles comprised of relatively large particles ( d > l in), 
use of a yardstick placed on (parallel to) the slope aids 
in determining the actual slope; the protractor is placed 
against the stick to measure the angle as shown on figure 6. 
These readings should be within 2 degrees of each other; 
if not, repeat the procedure beginning at paragraph 12. 

12.6.1.2 Calculate the average angle of repose to 
the nearest 0.1 degree and record as the trial angle of 

Figure 5. - Measuring the ang le of repose of sand using a mechanic's 

vernier protractor. 

Figure 6. - Measuring rhe ang le of repose of coarse gravel using 

a mechanic's vernier pr0t ract0r and yardstick on the pile face. 
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repose as shown on figure 1. The trial angle of repose 
values are averaged to the nearest 0.1 degree and recorded 
on the bottom of figure 1 under Values used for average. 
For the final angle of repose value, round to the nearest 
1.0 degree. 

12.6.2 Measurement Method B: 
12.6.2.1 There are many possible methods to 

determine the angle of repose using nonspecialized 
equipment, such as calcu lating the value based on pile 
diameter and height ; any can be used. The method described 
here was found to be simple and practical. 

12.6.2.2 Use two yardsticks to form the vertex 
angle made by the pile as shown on figure 7. The sticks 
need to have holes drilled at the exact center of the stick 
width and at various lengths (i.e. , 10, 15, 20, 25 inches) 
and then be joined using a bolt, lockwasher, and a wingnut 
(fig. 8). Estimate the slope length and bolt the sticks 
together so they will extend most of the way down the 
slope. Place the yardsticks on the slope so that the plane 
of them are perpendicular to the template on the floor. 
With the intersection of the yardsticks at approximate ly 
the peak of the pile, the wingnut is tightened to fix the 
position of them. 

12.6.2.3 The angle of repose can be determined 
either by measuring the dimensions of the triangle formed 
by the yardsticks or by measuring the vertex angle formed 
by them. The following steps describe measuring the 
dimensions of the triangle with the vertex ang le 
measurement shown as optiona l in subparagraph 12.6.2.10. 
The vertex measurement may be performed as a check. 

12.6.2.4 Measure the partial slope length along 
each yardst ick and record to the nearest 1/16 inch (1 mm) 
in the column Slope length. 

12.6.2.5 Convert the slope measurements to 
decimal form and record to the nearest 0.0 l inch in the 
column Converted slope length, decimal. 

12.6.2.6 Average the two slope length measure­
ments and record on the line next to Average slope length. 

12.6.2.7 Measure the base of the triangle formed 
by the two yardsticks as shown on figure 9 and record 
to the nearest 1/16 inch (1 mm) in the column Base length. 

Figure 7. - Using rwo yardsticks t0 obtai n the ang le of repose made 

by the pile. 
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Figure 8. - Measuring the vertex angle using a protractor. 

12.6.2.8 Convert the base length measu rement to 
decimal form and record to the neares t 0.01 inch in the 
column Converted base length, decimal 

12.6.2.9 Calculate the ang le of repose and record 
to the neares t 0.1 degree in the co lumn Calculated angle 
of repose. 

12.6.2.10 (Optional) Measure the vertex angle 
formed by the two yardsticks, as show n in figure 8, using 
a protractor and record to the nearest 0.5 degree in the 
co lumn Vertex ang le. Calculate the angle of repose and 
record to the neares t 0.1 degree in the co lumn Measured 
angle of repose. This value should agree within 2 degrees 
of the value calculated in subparagraph 12.6.2.9. 

12.6.2.11 Repeat steps in subparagraphs 12.6.2.4 
through 12.6.2.10 at a location on the pile that is 90 degrees 
from the previous measurement loca tion. 

12.6.2.12 Average the two Calculated angle of 
repose values and record to the nearest 0.1 degree as the 
Trial angle of repose. 

12.7 Repeat the entire procedure from subparagraphs 
12.2 through 12.6 for a second trial. The angle of repose 
obtained from the two tri als should be within 2 degrees; 
if not, a third trial should be performed. Average the two 
closest trial ang le of repose values obta ined for the final 
est imated ang le of repose of the material, and record to 
the neares t 0.1 degree on bottom of figure 2 under the 
heading Viilues used for average. Round the average to 

the nearest l degree and record. 

13. Calculations (see fig. 10) 

13.1 Calculate the average angle of repose. 

(1) 

/4 l 3 

Figure 9. - Measur ing the triangle base formed by two yardsticks. 

I 

I 

- L 
I 

B 

Figu re I 0. - Diagram for calcu lating the ang le o f repose. 

where: 
a = angle of repose 
L = partial slope length 
B = partia l base length of pile 

13.2 Calcu late the ang le of repose using the pile vertex 
angle. 

O' 

where: 
a angle of repose 
(} pile vertex angle 

14. Report 

90° - ~ 
2 

(2) 

14.1 The report is to consist of the fo llowing completed 
and checked forms and plot: 

"Angle of Repose Test - Method A" (fig. 1) or "Angle 
of Repose Test - Method B" (fig. 2) . 
"Gradat ion Test" plot (see USBR 5325). 

l4.2 All ca lculations are to show a checkmark and 
all plotting must be checked. 

15. Background Reference 

Maclver, B.N. , "Eng ineering Properties of Nuclear 
Craters," Repon 4: The Formation and Initial Stability 
of Slopes on Cohesionless Materials, U.S. Army Corps of 
Engineers, Waterways Experiment Station, Vicksburg, 
Mississippi, August 1967. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5400-89 
PROCEDURE FOR 

DETERMINING DISPERSIBILITY 
OF CLAYEY SOILS BY THE CRUMB TEST METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5400. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

This procedure is similar to that outlined in a Bureau report [l], 1 except that this procedure contains a rewritten and more 
detailed description, photographs of test specimens taken during the test, and the assigned crumb test dispersion grades. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the dispersibility of clayey soils by the crumb 
test method. 

1.2 The crumb test has some limitations in its use­
fulness as an indicator of dispersive clay. A dispersive soil 
may sometimes give a nondispersive reaction in the crumb 
test. Soils containing kaolinite with known field dispersion 
problems have shown nondispersive reactions in the crumb 
test [l). However, if the crumb test indicates dispersion, 
the soil is probably dispersive. 

1.3 Ovendried soil should not be used to prepare crumb 
test specimens, as irreversible changes could occur to the 
soil pore-water physicochemical properties responsible for 
dispersion [2]. 

1.4 The crumb test generally should be conducted along 
with the double hydrometer test and the pinhole test, USBR 
5405 and 5410, respectively. In some cases, the results of 
the pinhole, crumb, and double hydrometer tests may 
disagree. The pinhole test is a direct, physical, quantitative 
test method for identifying dispersive clays. The crumb 
and double hydrometer tests are qualitative tests and, 
therefore, have limitations on their usefulness in identifying 
dispersive clays. 

2. Applicable Documents 

2. l USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5405 Determining Dispersibility of Clayey Soils 
by the Double Hydrometer Test Method 
USBR 5410 Determining Dispersibility of Clayey Soils 
by the Pinhole Test Method 

2.2 ASTM Standard: 
E 1 ASTM Thermometers 

1 Number in brackets refers to the reference. 

414 

3. Significance and Use 

3.1 The crumb test provides a simple, quick method 
for field or laboratory identification of dispersive clay. 

3.2 The crumb test, as originally developed by Emerson 
[3 ], was called the aggregate coherence test and had seven 
different categories of soil-water reactions. Sherard [ 4] later 
simplified the test by combining some soil-water reactions 
so that only four categories, or grades, of soil dispersion 
are observed during the test. 

3.3 The crumb test has been successfully used by the 
Bureau, as an auxiliary test, with the pinhole test as the 
primary test, during preliminary investigations of soil 
dispersibility. As previously noted the crumb test generally 
should be conducted in conjunction with the pinhole and 
double hydrometer tests. 

4. Terminology 

4.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 

4.1.1 Dispersive Clay.-Clay colloids that deflocculate 
in the presence of water because the physicochemical 
repulsive forces on the particles exceed the attractive forces. 
Dispersive clay colloids are easily detached from one 
another, and the individual particles go into suspension 
in the presence of water. 

5. Apparatus 

5.1 Specimen Container.-Dish, porcelain, evaporating, 
300-mL capacity. 

5.2 Thermometer.-0 to 50 °C range, 0.5"°C divisions, 
conforming to the requirements of ASTM E 1. 

6. Reagents and Materials 

6.1 Distilled water should be used for conducting the 
test and for preparing remolded specimens. 
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7. Precautions 

7.1 Technical Precautions: 
7.1.1 Carefully place the soil crumb specimen directly 

on the bottom of the porcelain dish when submerging 
the crumb. Dropping the crumb from the water surface 
can cause excessive slaking and may result 10 erroneous 
interpretation of the dispersion grade. 

7.1.2 Do not jar or move the soil specimen or 
porcelain dish during the test. 

7 .1.3 Do not use ovendried soil for crumb test 
speomens._ 

7 .1.4 The use of natural, irregular-shaped soil crumbs 
may result in a specimen chat is not representative of the 
tocal sample. Therefore, several crumb test specimens are 
to be selected co ensure chat representative test results 
are obtained. The total number of test specimens should 
be determined during the test program and depends on 
the degree of agreement of individual test results. 

8. Sampling, Test Specimens, and Test Units 

8.1 Two methods of obtaining test specimens are 
available: 

8.1.1 Remolded Specimens: 
8.1.1.1 A cube, approximately 15 mm on each side, 

is prepared from moist soil passing the U.S.A. Standard 
series No. 4 (4.75 mm) sieve. Generally, 400 grams of 
minus No. 4 soil are obtained in accordance with USBR 
5205. This 400-g test sample contains enough soil to 
conduct crumb, pinhole, and double hydrometer tests. The 
crumb test specimen can be prepared when the 400-g soil 
sample has been cured at the moisture content desired 
for compacting the pinhole test specimen. As an alternate 
method, the crumb test specimen can be prepared as a 
separate specimen by adding water until wetted approx­
imately to the plastic limit. 

8.1.2 Natural Specimens: 
8.1.2.1 A natural, irregular-shaped soil crumb is 

selected that has been preserved at natural moisture or 
only allowed co air-dry. This soil crumb should be 
approximately the same volume as a cube 15 mm on each 
side. Smaller volume soil crumbs may be used if larger 
ones are unavailable. The crumb test specimen should be 
selected as soon as possible after receiving the soil sample. 

9. Calibration and Standardization 

9.1 . Not applicable, reference standards are not used 
for chis procedure. 

10. Conditioning 

10.1 Preserve crumb test specimens at natural moisture 
content, if possible, or allow specimens to air-dry. 

10.2 Do not use ovendried soil for crumb test 
speomens. 
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11. Procedure 

11.1 All data are to be recorded on the "Crumb Test" 
form as shown on figure 1. 

11.2 Place a 300-ml porcelain evaporating dish on a 
horizontal working surface near the cop of the crumb test 
data form. Placing the evaporating dish on the test data 
form is a simple way of keeping crack of a large number 
of simultaneous tests; however, ocher methods may be used. 

11.3 Record the applicable test specimen information 
as shown on figure 1. · 

11.4 Pour approximately 250 ml of distilled water into 
rhe dish and allow water temperature co stabilize. Deter­
mine and record initial water temperature just before 
beginning the test. 

11.5 Prepare a crumb rest specimen by lightly com­
pressing a moist soil sample into a cube approximately 
15 mm on each side. Use the thumbs and index fingers 
co gently form the cube. 

NOfE 1.-A natural, irregular-shaped soil specimen may be 
used in lieu of the remolded specimen described above. For this 
case, several specimens should be selected to ensure that rest 
results obtained are representative of the coral sample. Natural, 
irregular-shaped crumb specimens should be selected from 
homogeneous soil samples with an abundance of aggregated soil 
lumps suitable for crumb test specimens with little or no additional 
preparation required. 

11.6 Carefully place the specimen in che water and 
gently release it only after placing it directly on the bottom 
of the dish. 

11.7 Note and record the time of specimen placement 
as shown on figure 1. 

11.8 As the soil crumb begins to absorb water, observe 
the tendency for colloidal-sized particles to deflocculate and 
go imo suspension. 

NOfE 2.-The colloidal-sized particles are visible in the form 
of a dense "cloud," or halo, that extends from the soil crumb. 
The extent and turbidity of the suspended clay particle "cloud" 
is visually interpreted. The colloidal "cloud" is influenced by soil 
color; i.e., dark soils produce a darker, more distinctly visible 
cloud. 

11.9 Compare the reaction of the soil crumb to the 
following criteria: 

11.9.1 Grade 1.-No reaction; the soil may crumble, 
slake, diffuse, and spread out, but there is no turbid water 
created by colloids suspended in the water. All particles 
settle during the first hour. 

11.9.2 Grade 2.-Slight reaction; this is the transition 
grade. A faint, barely visible colloidal suspension causes 
turbid water near portions of rhe soil crumb surface or 
all around the surface. If the cloud is easily visible, assign 
grade 3. If the cloud is faintly seen in only one small area, 
assign grade 1. 

11.9.3 Grade 3.-Moderate reaction; an easily visible 
cloud of suspended clay colloids is seen around all of the 
outside soil crumb surface. The cloud may extend up co 
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10 mm away from the soil crumb mass along the bottom 
of the dish. 

11.9.4 Grade 4.-Strong reaction; a dense, profuse 
cloud of suspended clay colloids is seen around the entire 
bottom of the dish. Occasionally, the soil crumb dispersion 
is so extensive that it is difficult to determine the interface 
of the original soil crumb and the colloidal suspension. 
Often, the colloidal suspension is easily visible on the sides 
of the dish. 

NOfE 3.-Refer to figure 2 for soil crumb specimens and the 
assigned dispersion grades. 

l l.10 Determine and record the soil crumb dispersion -
grade ( as o_utlined in sub par. 11.9) at 2 minutes, 15 minutes, 
1 hour, and 24 hours. 

1 i.11 Determine and record the water temperature at 
2 minutes, 15 minutes, 1 hour, and 24 hours. Be careful 
to submerge the thermometer bulb without touching or 
disturbing the test specimen. 

11.12 Photograph the crumb test specimen after the 
24-hour reading. 

12. Interpretation of Results 

12.1 Use the following criteria to classify crumb test 
results: 

12.1.1 
12.1.2 
12.1.3 

Grade 1.-Nondispersive. 
Grade 2.-Intermediate. 
Grades 3 and 4.-Dispersive. 
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12.2 If the dispersive grade changed during the test, 
the 1-hour reading normally is used for the overall test 
evaluation. 

13. Report 

13.1 The report is to consist of the following: 
Completed "Crumb Test" form (fig. 1). 
Photograph of test specimen after 24-hour reading. 

14. References 

[l] Kinney, James L., Laboratory Procedures for 
Determining the Dispersibility of Clayey Soils, Bureau of 
Reclamation Report No. REC-ERC 79-10, 20 pp., Sept. 
1979. 

[2] Holmgren, G.C.S., and C. P. Flanagan, "Factors 
Affecting Spontaneous Dispersion of Soil Materials as 
Evidenced by the Crumb Test, ASTM Proceedings, 
Symposium on Dispersive Clays, STP 623, Chicago, Illinois, 
pp. 218-239, 1976. 

[3] Emerson, W. W., "A Classification of Soil Aggregates 
Based on Their Coherence in Water," Australian Journal 
of Soil Research, vol. 2, pp. 211-217, 1964. 

[ 4] Sherard, J. L., L. P. Dunnigan, and R. S. Decker, 
"Identification and Nature of Dispersive Soils," Proceed­
ings of the ASCE, Journal of the Geotechnical Division, 
vol. 102, No. GT4, Paper 12052, pp. 287-301, April 1976. 
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7-2324 (9-85) CRUMB TEST Bureau of Reclamacion I Designation USSR 5400 • _8_9 __ 
SAMPLE NO . !FEATURE I PROJECT 

56C-107 Example Example 
TESTED BY IOAYE : 

Natural Moisture Content (as received) : 23.4 % 

IXJ Distilled Water was Added to Remold Crumb Test Specimen Initial Water Temperature 22.0 oc 
0 Irregular Shaped Natural Crumb Test Specimen Time at Beginning of Test 7•30 

2 MIN. 15 MIN. 1 HOUR 24 HOURS 
SAMPLE DISH 

NUMBER NUMBER 
GRADE oc GRADE cc GRADE oc GRADE cc 

56C-I 07 

#I 23 2 23.0 3 23.0 4 22.0 4 22.C 

REMARKS Dispersive 

GPO 848-804 

Figure l. - Crumb test - example. 
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(a) Grade l (b) Grade 2 

(c) Grade 3 (d) Grade 4 

Figure 2. - Soil crumb spec imens and ass ig ned dispers io n grades. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5405-89 

DETERMINING DISPERSIBILITY OF CLAYEY SOILS 
BY THE DOUBLE HYDROMETER TEST METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division Denver Office Denver Colorado. The procedure is issued under the fixed designation USBR 5405 . The number immed1acely 
following the designaci~n indica;es the year of acceptance or the year of lase revision. 

This procedure is similar co chat outlined in a Bureau re pore [ 1 ], 1 except that chis procedure contains a rewritten and more 
detailed description. 

1. Scope 

1.1 This designation outlines the procedure for 
estimating the dispersibility of clayey soils by the double 
hydrometer test method. 

1.2 This procedure, when used in conjunction with 
USBR 5330 on a duplicate soil specimen, provides an 
indication of the natural dispersibility of clayey soils. 

1.3 Dispersibility, dispersivity, or dispersion refers to 

the process of clay colloid deflocculacion in the presence 
of water . This procedure measures the dispersive 
characteristics of a soil by determining the percentage of 
soil particles finer than 0.005 mm in a soil-water suspension 
prepared without dispersing agent and without mechanical 
agitation and comparing that result with the percentage 
of soil particles finer than 0.005 mm determined in 
accordance with USBR 5330. · 

1.4 This procedure should be conducted only on soils 
with more than 12 percent minus 0.005 -mm particles and 
with a plasticity index equal to or greater than 8, as 
determined in accordance with USBR 5330, 5350, and 5360. 

1.5 This designation may not identify all dispersive 
clay soils. 

1.6 The double hydrometer test generally should be 
conducted along with the crumb test and pinhole test, USBR 
5400 and 5410, respectively. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. The 
hydrometer must be calibrated in accordance with USBR 
1405 and the moisture content must be determined in 
accordance with USBR 5300 prior to performing chis 
procedure. The gradation analysis of a duplicate soil sample 
must be determined in accordance with USBR 5330 to 
allow interpretation of the results obtained from 
performing chis procedure. 

1 Number in brackets refers co the reference. 
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3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1405 Calibrating Hydrometers 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5400 Determining Dispersibility of Clayey Soils 
~y the Crumb Test Method 
USBR 5410 Determining Dispersibility of Clayey Soils 
by the Pinhole Test Method 

3.2 ASTM Standards: 
E 1 ASTM Thermometers 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 
E 100 Specification for ASTM Hydrometers 

4. Summary of Method 

4.1 The percent of particles finer than 0.005 mm is 
determined from this procedure and compared to che 
percent of particles finer than 0.005 mm determined in 
accordance with USBR 5330. The ratio of the 0.005-mm 
fracrions is then compared to a qualitative table originally 
developed by the Soil Conservation Service [2]. Soils having 
a dispersion ratio of greater than 50 percent have generally 
been found co be dispersive. 
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5. Significance and Use 

5.1 The double hydrometer rest is performed co obtain 
a qualitative indication of the dispersibilicy of clayey soil. 

5.2 A completely dispersive clay soi l will deflocculace 
co individual particles without the add ition of dispersing 
agent or mechanical agitation while a completely 
aggregated, flocculated clay soil will remain aggregated 
under identical conditions. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 

6.1.1 Dispersive Clay. - Clay colloids char deflocculate 
in the presence of water because che physiochemical 
repulsive forces on the particles exceed the attractive forces. 
Dispersive clay colloids are easily detached from one 
another, and the individual particles go into suspension 
in the presence of water. 

6.2 Terms not included in USBR 3900 specific co this 
designation are: 

6.2. I Cnions.-Positively charged ions. Na, Ca, Mg, 
and K are usually the major cations present in a soil-water 
system. 

6.2.2 Percent Dispersion. - The ratio of the percent 
finer than 0.005-mm particles determined in accordance 
with chis procedure co the percent finer than 0.005-mm 
particles determined in accordance with USBR 53 30, 
expressed as a percentage. 

6.2.3 Turb,diry.-Visual cloudiness caused by sus­
pended clay colloids in water. 

7. Interferences 

7.1 This procedure may not identify all dispersive soils. 
Some soils have been classified nondispersive in the double 
hydrometer test yet show field erosion patterns charac­
tersric of dispersive clays. 

8. Apparatus 

8. l General Apparnrus: 
8.1.1 Balance or Scale.-A typical balance or scale used 

for this designation must be readable to 0.1 g and have 
a capacity of about 500 g. 

8.1.2 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

8.1.3 Sieves.-U.S. Standard series Nos. 4, 16, 18, 30, 
SO, 100, and 200 (4.75, 1.18, 1.00 mm, and 600, 300, 150, 
75 µm) sieves, conforming co requirements of ASTM E 11. 

8.1.4 Bags.-One-quarc: moisture proof, plastic. 
8.1.S Sedimentarion cylinder.-A glass cylinder about 

460 mm in height, 63.S mm in diameter, and marked 
360±20 mm (18 by 2.5 by 14 in) from the bottom of 
the inside to indicate a volume of 1000 mL. 

8.1.6 5011 Hydromerer.-A soil hydrometer, gradu­
ated to read in grams per liter of suspension and conforming 
to requirements for hydrometer 152H in ASTM E 100. 
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8.1.7 Thermomerer. - 0 to SO °C range, 0.5° divisions, 
conforming to requirements of ASTM E 1. 

8.1.8 Vacuum Pump.-Capable of evacuating 
entrapped air from test specimen. 

8. 1.9 Timing Device.- Stopwacch or clock with sweep 
second hand. 

8.2 Equipment Unique co This Procedure: 
8.2.1 Vacuum Flask-A flask, 250-mL m1111mum 

capacity, with a rubber stopper and a side tube capable 
of withstanding a vacuum (see fig. 1). 

8.3 Miscellaneous Equipment.-Mixing pans, rubber 
stopper for sedimentation cylinder, sample sp litter, and 
rubber stopper for vacuum flask. 

Figure I. - Vacuum fla sk assembly. a) rubber sropper, 

b) vacuum arrnchmenr, and c) vacuum flask. 

9. Reagents and Materials 

9. l Distilled water must be used for ca librating the 
hydrometer, wetting the soil specimen in the vacuum flask, 
and mixing the soil specimen in the sedimentation cyl inder. 

10. Precautions 

10.1 Technical Precaurions: 
10.1.1 When dispersing the specimens, shake the 

vacuum flask gently to avoid unnecessary scouring or 
breakdown of coarse-grained particles. 

10.1.2 It is important co maintain the soil as close 
as possible to field moisture content prior to resting. 

11. Sampling, Test Specimens, and Test Units 

11.. l Sample Preparation. - Obtain 400 grams of minus 
No. 4 (4.75 mm) rest sample in accordance with USBR 
5205. 
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NOI'E 1.-To provide sufficient material for concurrently 
performing USBR 5400 and 5410, 400 grams of soil are required. 

11.2 Specimen Preparation.-Prepare a 100-gram 
test specimen by splitting or quartering and determine 
the moisture content in accordance with USBR 5 300. Retain 
the remainder of the 400-gram test sample in a moisture 
proof, plastic bag. 

12. Calibration and Standardization 

12.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is nor current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1405 Calibrating Hydrometers 

12.2 The hydrometer calibration should be determined 
using distilled water. 

13. Conditioning 

13.1 Test specimens should be prepared and processed 
as quickly as possible to minimize unrecorded moisture 
loss which would result in an erroneous moisture content 
determination for the test specimen. 

14. Procedure 

14.1 All data are to be recorded on the "Gradation 
Analysis" form as shown on figure 2. 

14.2 Place approximately 100 ml of distilled water in 
the vacuum flask. 

14.3 Determine the mass of moist soil (i.e., soil 
preserved at natural moisture) equivalent to 50.0 grams 
of dry soil. 

where: 
mm = mass of moist soil, g 
md = mass of ovendried soil, g 

w = moisture content of specimen, % 
100 = convert from percent to decimal 

(1) 

14.4 Obtain a moist soil specimen, by splitting or 
quartering, equivalent to 50.0 grams dry soil. 

14.5 Add the moist soil to the vacuum flask. Place 
a rubber stopper into the mouth of the flask and connect 
the flask ro the vacuum pump. 

14.6 Start the vacuum pump and apply full vacuum 
to assist in saturating the specimen. If air bubbles do not 
appear, the vacuum is insufficient. 

14.7 At 3, 5, and 8 minutes after applying the vacuum, 
gently shake and roll the flask to assist removal of the 
entrapped air. Shake the flask gently to avoid unnecessary 
scouring or agitation of the soil specimen. 

14.8 Disconnect the· flask from the vacuum after 10 
minutes total evacuation rime. 
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14.9 Transfer all of the de-aired mixture to the 1000-
mL sedimentation cylinder and add distilled water until 
the rota! soil-water volume is 1000 ml. 

14.10 Place the sedimentation cylinder in a constant 
temperature water bath at 66 to.77 °F (19 to 25 °C) until 
the cylinder adjusts to the bath temperature. 

14.11 Remove the sedimentation cylinder from the 
constant temperature water bath. 

14.12 Place a rubber stopper over the open end of 
the cylinder. Press down firmly on the rubber sropper ro 
ensure a proper seal. 

14.13 Agitate the sedimentation cylinder by turning 
the cylinder end over end for a period of 1 minute. 

14.14 Replace the sedimentation cylinder in the 
constant temperature water bath, remove the rubber 
stopper, and start the stopwatch. 

14.15 Record the starting time as shown on figure 2. 

NOI'E 2.-The time interval for performing subparagraphs 14.6 
through 14.15 must not exceed 1 hour. 

14.16 The remainder of the procedure is performed 
in accordance with USBR 5 330. 

14.17 Determine the percentage finer than the No. 
200 sieve (75 µm) and the gradation of the sand fraction 
of the soil specimen · following the derailed procedure 
outlined in USBR 5330. 

14.18 Plot the results obtained as shown on figure 3. 

15. Calculations and Interpretation of Results 

15.1 Calculate percent dispersion. 

% Dispersion = 

( 
% finer than 0.005 mm in this test ) 

100 
% finer than 0.005 mm in standard test, USBR 5330 

(2) 

15.2 When the percent dispersion equals 100, it 
indicates a completely dispersive clay-sized fraction. When 
the percent dispersion equals 0, it indicates a completely 
nondispersive clay-sized fraction. 

15.3 Interpret the percent dispersion as follows: 

< 30 percent dispersion - nondispersive 
30 to 50 percent dispersion - intermediate 

> 50 percent dispersion - dispersive 

16. Report 

16.1 The report is to consist of the following completed 
and checked forms: 
"Gradation Analysis" form (fig. 2) 
"Gradation Test" plots (fig. 3 ). 

16.2 All calculations are to show a checkmark and all 
plotting must be checked. 

17. References 

[l] Kinney, James L., Laboratory Procedures for 
Determining the Dispersibility of Clayey Soils, Bureau of 
Reclamation Report No. REC-ERC-79-10, 20 pp., Sept. 
1979 . . 
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7-145 I (9-86) 
Bureau of Reclamation GRADATION ANALYSIS Designation USBR 5325 -__ 

Designallon USBR 5330- __ 
Designation USBR 5335-_ _ 

SAMPLE NO. PROJECT FEATURE 
17A-I Example USSR 5405 

AREA EXC. NO. DEPTH 

GRADATION OF GRAVEL SIZES 
TESTED AND COMPUTED BY DATE % MOISTURE CONTENT OF+ NO. 4 WET MASS OF TOTAL SPECIMEN 

CHECKED BY DATE % MOISTURE CONTENT OF - NO. 4 TOTAL DRY MASS OF SPECIMEN 

- -
SIEVE SIZE 3" 1-1/2" 3/4'" 3/8" NO. 4 PAN (75mm) (37.5 mm) (19.0mm) (9 .5mm) (4.75mm) 

MASS OF CONTAINER AND 
RETAINED MATERIAL 

-

MASS OF CONTAINER 

WET MASS RETAINED 

ORY MASS RETAINED 

ORY MASS PASSING 
01bm 0kg 09 

% OF TOTAL PASSING 100.0 

GRADATION OF SAND SIZES 

DAY MASS OF SPECIMEN 
55.7 

:!FACTOR ~ .,.TUTALPASSINGNU. 4 = IQQ,Q = 1 . 795 g DRY MASS nF C:PECIMEN 55 . 7 
DISH NO. I DRY MASS OF SPECIMEN (SIEVED) 

29 . 3 153 

SIEVING TIME 
15 min. IOATE 

SIEVE MASS MASS u % OF TOTAL PARTICLE REMARKS NO. RETAINED (it) PASSING (g) l.:> PASSING DIAMETER z 
8 1 . 5 54.2 iiil.:> 97 . 3 2 .36 mm IO minute voccuum lllz 

<- -

6.3 49 . 4 a.111 
88.7 1.18 mm 16 1/1 

1/1 < 
30 11.6 44.1 

~a. 79 . 2 600l,lm :r .J 
x< 

so 17 . 4 38.3 I- 68.7 300µm a:o - 01-

100 23.2 32.5 I- u.. 58 . 3 IS0µm 
~o -

200 29 . 0 26.7 u..~ 47 . 9 75µm 

PAN 0.3 
TESTED AND COMPUTED BY I DATE I CHECKED BY IDATE 

TOTAL 29.3 

HYDROMETER ANALYSIS 

HYDROMETER NO. 414 IOISPERSING AGENT None• 
STARTING TIME IOATE !AMOUNT 

ml 

TIME TEMP HYD HYO CORR n % OF TOTAL PARTICLE REMARKS oc READ CORR READ 0 PASSING DIAMETER < 
w • Double hydrometer a: 
1- l.:> 

I min 27.0 21.5 3.5 18.0 u~ 32.3 37 um I es I me I hod 
WIii a: 1/1 

4 min 27.0 16.5 3.5 13.0 a:< 23.3 I9um oa. 
U.J 

19 min 27.0 12.5 3.5 9 . 0 x< 
I-

16.2 9um 
a:o AUXILIARY TESTS: 

60 min 27.0 10.5 3.5 7.0 01- 12.6 S µ.m USBA 5205-Jli. I- u.. 
~o USBA 5300-..£19.. 

7h IS min• 2µ.m u..~ 

25 h 45 min• lum 
TESTED AND COMPUTED BY I DATE I CHECKED BY I DATE 

• Not required for standard test. GPO e,3 - 659 

Figure 2. - Gradation analysis - double hydrometer exa mple. 
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GRADATION TEST 
SI EVE ANALYSIS 

U.S. STANDARD SIEVE OPENING I U.S. STANDARD SIEVE NUMBERS 
In Inches 

1½" 3/4" 3/8" I l I 110 • J; • n *40 #50 M111Cl 

~ .. , ...... - --- #200 1 min 

Oealgnation USBR 

HYDROMETER ANALYSIS 
TIME READINGS 

4min 19 min 60 min 

~ I "" I 

I 1, I "l ' I 

I ' I ~ USBR 5330 

I l\.. I "\ 
I 

' \. I 

I I J\.. ".. I I 

I I ' ~~ 
I 

I I l\.. " I I ' "' 1 Test wilhouyJ ....__ 
I \ dispersion 

\ I I 
I 

I I \ I I 

I I ' I j .. 

I I " I I ~ ...... 
Example ~ .... 

0.005 mm test without dispersion = 13 percent. 
........... 

5405- 89 

7 hr- 25 hr-
1 ...... ·- min 
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0.005 mm USBR designation 5330 = 48 percent. 
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SAMPLE 
NO. 

17A-I 

Percent dispersion = 100 (13/48) = 27 percent, nondispersive. · 
I I 

37.5 19.0 

u 
50 

GRAVEL 
COARSE [ 

HOLE 
NO. 

I I I I I I I I I I 
9 .5 

WJ 
10 

FINE 

ELEV. OR 
DEPTH 

Ott Om 

4.75 

1 
5 

2.362.0 

1 

COARSE 

1.18 .6 .425 .3 .15 .075 .037 

1111111 I I 11111 
1 0 .5 0.1 0.05 

DIAMETER OF PARTl~LE IN MILLIMETERS 
.sAM2 

MEDIUM FINE 

UNIFIED SOIL CLASSIFICATION ATTERBERG LIMITS 
MOUP 

GRfVEL sA\o 
% 

S MBOL FINES LL (%) Pl (%) SL(%) 

Figure 3. - Double hydrometer resr results - example plot . 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5410-89 

DETERMINING DISPERSIBILITY OF CLAYEY SOILS 
BY THE PINHOLE TEST METHOD 

INTRODUCTION 

T~i~ _Procedure is u~der the jurisdiction of che Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
D1v1s1on, Denver _Off1c_e, ~en~er, Colorado. The procedure is issued under the fixed designation USBR 5410. The number immediately 
following the des1gnanon mdJCares the year of acceptance or rhe year of lase revision. 

This procedure is similar co that ouclined in a Bureau report [l],l except that this procedure contains a rewritten and more 
detailed description, new equipment design features, and new data forms for recording and interpreting results. 

1. Scope 

1.1 This designation outlines the procedure for 
determining dispersibility of clayey soils by the pinhole 
test method. 

1.2 Dispersibility, dispersivity, or dispersion refers to 
the process of clay colloid deflocculation in the presence 
of water. Deflocculacion of clay colloids occurs when the 
interparticle repulsive forces exceed the attractive forces . 
These physicochemical forces are very large in relation 
to the gravity .force on the . individual clay particles, 
consequently; physiochemical forces cause the individual 
particles co go into suspension in the presence of water. 

1.3 The pinhole test is a direct, physical, quantitative 
method for evaluating the dispersibility of clay soils where 
water flows through a small hole (pinhole) in the soil 
specimen. 

1.4 The dispersion of clay colloids is observed as 
cloudiness in the discharge effluent. 

1.5 For dispersive soils, the measured flow rate 
increases as the pinhole diameter enlarges until the 
hydraulic capacity of the equipment has been reached. For 
nondispersive soils, the measured flow rate remains 
constant at each head and che pinhole diameter stays the 
same' throughout che test. A detailed analysis of pinhole 
equipment hydraulic characteristics for dispersive and 
nondispersive soils is presented in reference [2]. 1 

1.6 The pinhole test should be conducted only on soils 
having more than 12 percent minus 0.005-millimeter 
particles and with a plasticity index equal to or greater 
than 8, as determined in accordance with designations 
USBR 5330, 5350, and 5360. Soils that contain less than 
12 percent minus 0.005-millimeter particles, or have a 
plasticity index less than 8 are generally erodible even if 
the clay colloids are nondispersive. Pinhole tests conducted 
on soils not meeting these criteria may show erosion and 
enlargement of the pinholes; however, that reaction would 

1 Number in brackets refers t0 the reference. 
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be generally indicative of mechanical erosion instead of 
erosion caused by physicochemical dispersion of the clay 
colloids. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing t!Jis procedure. The 
moisture content is determined in accordance with USBR 
5300 and the gradation and Atterberg limits are determined 
in accordance with USBR 5330, 5350, and 5360, all as 
part of this procedure. For compacted specimens, the 
laborarory maximum dry unit weight and optimum 
moisture content must be determined in accordance with 
USBR 5500 or 5510 or muse be estimated prior co 
performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
From Undisturbed Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5400 Determining Dispersibilicy of Clayey Soils 
by the Crumb Test Method 
USBR 5405 Determining Dispersibility of Clayey Soils 
by the Double Hydrometer Test Method 
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USBR 5500 Performing Laboratory Compaction of 
Soils - 5.5-lbm Rammer and 18.-in Drop 
USBR 5 510 Performing Laboratory Compaction of 
Soils - Harvard Miniature 

3.2 ASTM Standard: 
E 11 Specifications for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 A 25-millimeter long by 35-millimeter diameter 
cylindrical soil specimen is secured between two end plates 
and connected to a constant head tank. The intake end 
plate has a 1.5-millimeter diameter hole that serves as 
a centering guide for punching a l.0~millimeter diameter 
hole through the 25-millimeter long soil specimen. The 
LO-millimeter diameter hole (the "pinhole" for which the 
test is named) is made with a 6-inch long (152 mm) No. 
60 aircraft extension drill. Water flows through this pinhole 
under heads of 50, 180, and 380 millimeters, and the flow 
rate and effluent turbidity are recorded. 

4.2 For nondispersive soils, the pinhole diameter 
remains unchanged throughout the test, the discharge 
effluent remains clear, and the measured flow rare remains 
constant at each head. 

4.3 For dispersive soils, the pinhole diameter increases 
throughout the test; the discharge effluent contains visible 
clay colloids in suspension; and the flow rate (at the 50-
millimeter head) increases rapidly during the first 10 
minutes of the test. 

5. Significance and Use 

5.1 The pinhole test has become the generally accepted 
reference test for identifying dispersive clays. 

5.2 Waterflow through the pinhole in the soil specimen 
simulates the waterflow through a crack in the impervious 
core o'f a dam or other structure. The 50-, 180-, and 380-
millimeter heads cause flow velocities ranging from 
approximately 30 to 160 centimeters per second at hydraulic 
gradients ranging from approximately 2 to 15. 

5.3 The pinhole test was originally developed, in part, 
by using clayey soils selected from field sites with known 
erodible and erosion resistant characteristics. The results 
of tests conducted on hundreds of specimens indicate that 
the pinhole test provides the most reliable correlation with 
erosional (dispersive) performance of soils in nature. Other 
indirect rests such as the crumb test (USBR 5400), double 
hydrometer method (USBR 5405 ), and soil-pore water 
ca.rion and zeta potential analyses also have been used as 
dispersive clay identification tests. The results of those tests 
are less effective than the pinhole test for identifying 
dispersive clays. 

5.4 The pinhole rest has been used sucessfully to 
identify dispersive and nondispersive soils for selective use 
in constructing earthen structures. 

5.5 The pinhole test is generally used as the control 
test in research programs for developing new or improved 
techniques for identifying dispersive soils. 

5.6 The pinhole test, as originally developed by Sherard 
[3], was intended as a qualitative rest which emphasized 
visually observing the discharge effluent. As a result of 
Bureau research efforts and operating experience, a 
quantitative evaluation method was developed and 
documented [2]. The quantitative method emphasizes the 
measured flow rate as the primary rest evaluation criterion. 
This procedure is adapted from references [2 and 3]. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 

6.1.1 Dispersive Clay.-Clay colloids that deflocculate 
in the presence of water because the physicochemical 
repulsive forces on the particles exceed the attractive forces. 
Dispersive clay colloids are easily detached from one 
another, and the individual particles go into suspension 
in the presence of water. 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2.1 Turbidicy.-Visual cloudiness in fluid caused by 
suspended clay colloids. 

6.2.2 Cacions.-Positively charged ions. Calcium (Ca), 
magnesium (Mg), potassium (K), and sodium (Na) are 
the major cations available in a soil-water system. 

7. Interferences 
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7. l The presence of significant amounts of fine- and 
medium-sized sand particles in the pinhole test specimen 
can affect the test results. The larger sand particles may 
not completely pass through the pinhole in the specimen 
after separating from the surface of the pinhole. When 
this occurs, the flow rate may be reduced and some excessive 
local scour erosion may occur along the pinhole at the 
location where the sand particles were separated and/or 
deposited. Later in the test, the water velocity at the 180-
or 380-millimeter head may be sufficient to move those 
sand particles and clear up blockages that may have 
occurred. This phenomenon can be determined only at the 
conclusion of the test by inspecting the final shape of the 
eroded pinhole and observing fine- or medium-sized sand 
accumulated at the downstream end of the specimen in 
the discharge end plate or on the bottom of the graduate 
used to collect discharge effluent. 

8. Apparatus 

8.1 General Apparacus: 
8.1.1 Balance or Scale.-A typical balance or scale used 

for this designation must be readable to 0.01 g and have 
a capacity of about 500 g. 

8 .1.2 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

8.1.3 Head Tank.-A glass head tank, about 50-mm 
inside diameter by 900-mm length. Head rank must be 
graduated in 1-mm divisions over a minimum length of 
400 mm. 
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8.1.4 Air Intake Tube.-An air intake rube, about 5-
mm inside diameter by 500-mm length. Air intake tube 
must be made of glass or straight, rigid plastic tubing. 

8. 1.5 Rubber Sropper.-A rubber stopper having an 
outside diameter compatible with the inside diameter of 
the head tank to obtain a secure seal. Rubber stopper must 
have one hole in center, sized to fit outside diameter of 
air intake tube. 

8.1.6 Tubing.-Thick wall plastic or rubber tubing of 
appropriate inside diameter and length to connect pinhole 
test assembly to head tank and discharge valving as shown 
on figure 1. 

8.1.7 Sropwatch.-A stopwatch or other suitable time 
device readable to l second. 

8.1.8 Graduated Cylinder.-100-mL capacity, gradu­
ated to l mL. 

8.1.9 Straightedge.-A stiff metal straightedge of 
convenient length. The scraping edge must be beveled if 
it is thicker than 1/8 inch (3 mm). 

8. 1.10 Sieve.-U .S.A. Standard series No. 4 (4 .75 mm) 
and No. 10 (2.00 mm) sieves conforming co req_uirements 
of ASTM E 11. 

8.1.11 Bags.- l quart, moisture proof, plastic. 
8.2 Equipment Unique t0 This Procedure (see fig. 1): 

8.2.1 Mold Apparaws.-Modified Harvard miniature 
compaction mold stand, collar, pinhole specimen mold, and 
specimen mold adapter. 

8.2.2 End Plates.-Intake and discharge end plates 
with wing nut and bolt assembly. 

8 .2.3 Tamper.-Harvard miniature compaction 
tamper with 20-pound (6.8-kg) spring. 

8.2.4 Extension Drill-A No. 60 aircraft extension 
drill, minimum length of 6 inches (152 mm) for punching 
a 1.0 mm diameter hole through the test specimen. 

8.3 Miscellaneous Equipment.-Mixing pans, spoons, 
scoop, spatula, etc., for thoroughly mixing the soil sample 
with water; wood or plastic dowel for leveling loose soil 
lifts in I the pinhole specimen mold; silicone or other 
lubricant for O-rings and sealing surfaces of molds, end 
plates, and mold adapter; small brush or broom. 

9. Reagents and Materials 

9.1 Distilled water should be used for preparing the 
compacted soil specimen and for performing the pinhole 

9.2 The use of tapwater or water from other sources 
is not recommended. It has been shown that distilled water 
has the greatest potential for exchanging absorbed cations 
from the clay mineral surfaces [3]. Water having impurities ; 
i.e., water containing cations, anions, and ion pairs in 
solution, generally will cause a reduced degree of dispersion. 
The use of distilled water represents the worst case situation 
for laboratory evaluation of clay soil dispersibility. 

10. Precautions 

10.1 Safery Precaution.-The surface on which the rest 
specimen is prepared must be strong enough to support 
the compactive effort. 
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10.2 Technical Precautions : 
10.2.1 The test specimen should be prepared and 

compacted as quickly as possible co avoid unrecorded 
moisture loss. 

10.2.2 As nearly as possible, soil used for this test 
should not be allowed co dry from in-place moisture content. 
If this is not possible, the sample should be allowed to 
air dry. Ovendried soil should not be used because of the 
possible effect on the dispersion potential of some clay 
minerals. 

11. Sampling, Test Specimens, and Test Units 

11. l Sample Preparation (compacted specimens).­
Obtain a test sample of about 400 grams of minus No. 4 
(4.75 mm) soil in accordance with USBR 5205 . 

NOfE 1.-The 400-grams of soil are required co provide 
sufficient material for concurrently performing the crumb and 
double hydrometer tests USBR 5400 and 5405, respectively, in 
addition co the pinhole test. If the crumb and double hydrometer 
tests are not required, only 200 gra-ms of minus No. 4 (4.75 
mm) soil is needed. USSR 5400, 5405, and 5410 generally 
constitute the dispersive clay test series. 

11.2 Specimen Preparation (compacted specimens): 
11.2.1 From the 400-gram minus No. 4 (4 .75 mm) 

test sample obtained according to subparagraph l 1. 1, obtain 
a test specimen of about 150 grams of minus No. 10 (2.00 
mm) soil by splitting or quartering. 

11.2.2 All specimen compaction data are to be 
recorded on the "Pinhole Test Data Sheet 1" as shown 
on figure 2. 

11.2.3 Determine the laboracory maximum dry 
density and optimum moisture content of soil by 
performing USBR 5500 or consult the engineer or 
supervisor in charge for an estimate of these two 
parameters. 

11.2.4 Determine 98 percent of laboratory maximum 
dry density and moisture content 2 percent dry of optimum 
moisture content. Record the values as the Desired dry 
density and Desired moiswrecontent, respectively as shown 
on figure 2. 

NOfE 2.-Pinhole test specimens are generally compacted at 
98 percent of laboratory maximum dry density and 2 percent 
dry of optimum moisture content. Variation from these criteria 
may be requested by the engineer. 

11.2 .5 Determine che moisture content of a 
representative portion of the 150-gram soil specimen by 
performing USBR 5300. 

11.2.6 If the moisture content of che soil is below 
chat required, calculate the amount of distilled water to 
be added to the soil specimen to increase the moisture 
content co the required value. 

11.2.7 Allow the moist soil specimen co mellow for 
a minimum of 16 hours co ensure uniform distribution 
of war.er throughout the specimen. 

11.2.8 Determine the moisture content of a 
representative portion of the mellowed 150-gram soil 
specimen by performing USBR 5300. 
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11.2.9 Repeat subparagraphs 11.2.6 through 11.2.8 
until the measured moisture content is within ±1 percent 
of the desired moisture content. 

11.2.10 Record the calibrated volume of the pinhole 
specimen mold to be used for compacting the rest specimen. 

11.2.11 Determine the initial wet mass of soil char 
is required to achieve the desired placement density in 
the selected pinhole specimen mold as shown on figure 2. 

11.2.12 Divide the total initial wet mass of soil 
required as obtained in subparagraph 11.2.11 by 5, which 
is the required number of lifts for preparing the test 
specimen. The result is the wet mass of soil required for 
each lift. 

11.2.13 Place the specimen container on rhe scale 
and determine and record the mass. 

NOfE 3.-lt is convenient to use a tare mass equal to the 
mass of the specimen container so that the resulting mass, in 
grams, is numerically equal to the mass of soil used. 

11.2.14 Place the wet mass of soil required, as 
calculated in subparagraph 11.2.11, into the specimen 
container. Record the value of wet soil mass and container 
as shown on figure 2. 

11.2.15 Remove the wet mass of soil required for 
a single lift and place it into the assembled pinhole specimen 
mold, mold collar, and compaction stand (fig. 1). Record 
the total mass of moist soil remaining in the container 
as shown on figure 2 (total mass less each lift) . 

11.2.16 Level rhe surface by pressing down lightly 
with a wood plunger or plastic dowel. 

11.2 .17 Compact the soil specimen using the 
Harvard miniature compaction tamper by pressing down 
firmly until the spring is compressed to the full calibrated 
load (20 lbf) . 

11.2.18 Release the load and shift the tamper to 
a new position. 

11.2. 19 Each of the first four tamps should be applied 
in separate quadrants and adjacent to the wall of the mold. 
The fifth tamp should be in the center of the mold making 
one complete coverage. 

11.2.20 Repeat the cycle outlined in subparagraph 
11.2.19 until 25 tamps have been applied. The tamps should 
be applied at the approximate rate of 1 tamp per second. 

11.2.21 It is important to slightly offset the location 
of the tamps during che compaction effort to ensure even 
coverage of the specimen surface. 

11.2.22 Repeat subparagraphs 11.2.15 through 
11.2.21 until five lifts have been placed. 

11.2.23 After rhe final lift is compacted, carefully 
remove the pinhole specimen mold from the collar and 
mold assembly. 

NOfE 4.-An alternate compaction procedure, adapted from 
reference [ 4], may be used. It eliminates determining the mass 
of soil required for each lift. For this procedure, use 2 slightly 
heaping teaspoons of soil per lift, with 3 total lifts required, 
and 25 camps per lift. The proper amount of soil for each lift 
may vary with different soils. Additional trials may be required 
to develop the technique for selecting the proper amount of soil 
per lift. 

11.2.24 Inspect the top of the specimen ( the most 
recently compacted surface) co ensure chat the soil 
completely fills the mold with little or no excess soil. 

11.2.25 Carefully trim excess soil from the top of 
the specimen using a straightedge or fine-tooth hacksaw 
blade. Brush all soil from the mold surfaces. 

11.2.26 Determine and record the mass of the 
specimen and mold. Calculate the actual wee density by 
dividing the wet soil mass by the calibrated mold volume. 
Calculate the actual dry density. If the actual placement 
dry density is within ±2 lbm/ft3 of the desired dry density 
(usually 98 percent laboratory maximum), retain the test 
specimen. If che actual placement dry density is not within 
the allowable variation, the specimen must be rejected and 
another specimen prepared in accordance with subpara­
graphs 11.2.13 through 11.2.25, using more or less tamps 
per lift as the situation dictates . 

11.2.27 Record the actual dry density and actual dry 
soil mass, the number of blows per lift, and the number 
of lifts as shown on figure 2. 

11.2.28 Place the cop of the specimen (the most 
recently compacted surface) and mold in the intake end 
place. Close the assembly using the bolts and wing nuts. 
Alternately and lightly tighten each wing nut making c_he 
end plates close evenly. The watertight seal is maintained 
by the O-ring seals in the end plates, not the torque on 
the wing nuts. 

11.3 Sample Preparation (undisturbed specimens).­
Process the sample in accordance with USBR 5215. 

11.4 Specimen Preparation (undisturbed specimens) : 
11.4.1 Prepare the specimen in accordance with 

USBR 5215 
11.4.2 Record the calibrated volume of the pinhole 

specimen mold used. 
11.4.3 Place the specimen container on the scale and 

determine and record the mass (see note 3). 
11.4.4 Calculate and record the dry density obtained 

as shown on figure 2. 
11.4.5 Place the specimen and mold in the intake 

end plate and press on the discharge end place. Close the 
assembly using the bolts and wing nuts. Alternately and 
lightly tighten each wing nut making the end plates close 
evenly. The watertight seal is maintained by the O-ring 
seals in the end plates-not the torque on the wing nuts. 
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12. Calibration and Standardization 

12.1 Verify chat equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is nor current, perform the calibration before 
using the equipment for this procedure. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 

12.2 Calibrate the Harvard miniature compaction 
tamper in accordance with the calibration procedure 
outlined in USBR 5510. 

13. Conditioning 

13.1 Allow the soil prepared in accordance with sub­
oaragraph 11.2 for a compacted specimen co mellow for 
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a minimum of 16 hours after mixing with water tO ensure 
uniform distribution of water throughout the specimen. 

14. Procedure 

14.1 All data are to be recorded on the pinhole test 
forms as shown on figures 2 through 6. 

14.2 Carefully punch the pinhole through the 
specimen, from the intake end plate completely through 
t0 the discharge end plate, using a No. 60 (LO-mm 
diameter) 6-inch long (152-mm) drill. When the drill 
appears through the discharge end plate, pull it completely 
through using pliers in one slow continuous morion tO 

ensure that a uniform, LO-millimeter diameter pinhole is 
obtained. 

NOfE 5.-0ccasionally, rhe path of the drill is changed by sand 
particles so that it hits the face of the discharge end plate. When 
this occurs, do nor force the drill. Remove the discharge end 
plate and carefully pull rhe drill through the specimen using 
pliers, and rea1tach che discharge end plate. If the end of the 
specimen is disturbed or if a large amount of material is dislodged 
from around the hole, discard the specimen. 

14.3 Close the outlet valve of the constant head tank, 
fill with distilled water, and secure the rubber stopper that 
holds the head vent tube in the mp of the tank. 

14.4 Connect the constant head tank outlet tO the intake 
end plate. Connect the standpipe tube to the vent in the 
intake end plate. Secure the assembled end plates and mold 
in the horizontal position. 

14.5 Open the bleed valve in the head tank outlet line 
until air just begins to enter the head tank through the 
bottom of the air intake tube. 

14.6 Start the test by slowly opening the head tank 
outlet valve and raising the position of the head tank until 
the headwater reaches the 50-millimeter mark on the 
standpipe tube. 

14.7 Record the time at the start of the test as shown 
on figures 3 and 5. 

14.8 Measure the flow rate in milliliters per second 
using a 100-milliliter graduate and a stopwatch. Collect 
the effluent for consecutive 60-second intervals, record the 
amount of effluent collected in milliliters and divide by 
60 to determine milliliters per second. 

14.9 Observe the turbidity (cloudiness) of the effluent 
and record for each 60-second interval throughout the 
duration of the test as either dark, cloudy, slightly cloudy, 
or clear. Observe the effluent through the side of the 
graduate and from the top of the graduate. Clear effluent 
can only be judged from the mp view. 

NOfE 6.-If the flow does nor begin at the start of the test 
or if flow scops during the test, stop the test; close the head 
tank outlet valve, remove the assembled apparatus, repunch the 
pinhole, and continue the test. 

14.10 Continue the test for 5 minutes at the 50-
millimeter head. If the effluent is dark or cloudy, and flow 
rates have gradually increased to 1.0 to 1.4 milliliters per 
second, the test is complete and is terminated. 
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14.10.1 Dismantle the apparatus and determine the 
final size of the enlarged pinhole by either extruding che 
specimen and splitting it longitudinally or observing the 
pinhole from each end. 

14.10.2 Classify the soil as dispersive, 01. Proceed 
co procedure paragraph 15. 

14.11 If the effluent at the 50-millimecer head is dark, 
cloudy, slightly cloudy, or clear at the end of 5 minutes 
and the flow race is less than 1.0 milliliter per second, 
continue the test for an additional 5 minutes at the 50-
millimeter head. 

14.11.1 If the effluent at the 50-millimeter head for 
the second 5 minute interval is dark, cloudy, or slightly 
cloudy, and the flow rate has increased to 0.80 to 1.4 
milliliters per second, the test is complete and is terminated. 

14.11.2 Dismantle the apparatus and determine the 
final size of the enlarged pinhole by either extruding the 
specimen and splitting it longitudinally, or observing the 
pinhole from each end. 

14.11.3 Classify the soil as dispersive, 02, if the flow 
rate is 1.0 to 1.4 milliliters per second. Classify the soil 
as intermediate, ND4, if the flow rate is 0.80 to 1.0 
milliliters per second. Proceed to procedure paragraph 15. 

14.12 If the effluent at the 50-millimeter head is clear 
or slightly cloudy after 10 minutes and the flow rate is 
0.20 to 0.80 milliliter per second, raise i:he head to 180 
millimeters and continue the rest for an additional 5 
minutes. 

14.12.1 If the effluent at the 180-millimeter head 
is cloudy or slightly cloudy after 5 minutes, the flow rate 
has increased to 1.2 to 2.8 milliliters per second, the test 
is complete and is terminated. 

14.12.2 Dismantle the apparatus and determine the 
final size of the enlarged pinhole by either extruding the 
specimen and splitting it longitudinally or observing the 
pinhole from each end. 

14.12.3 Classify the soil as intermediate, ND4, if the 
flow rate is 2.0 to 2.8 milliliters per second. Classify the 
soil as intermediate, ND3, if the flow rate is 1.2 to 2.0 
milliliters per second. Proceed to procedure paragraph 15. 

14.13 If the effluent at the 180-millimeter head is clear 
or slightly cloudy and the flow rate is 0.6 to 1.2 milliliters 
per second after 5 minutes of flow, raise the head to 380 
millimeters and continue the test for an additional 5 
minutes. 

14.14 The test is complete and is terminated after 5 
minutes of testing at the 380-millimeter head. 

14.14.1 Dismantle the apparatus and determine the 
final size of the pinhole by either extruding the specimen 
and splitting it longitudinally or observing the pinhole 
from each end. Note final turbidity of effluent. 

14.14.2 Classify the soil as nondispersive, NDl, if 
the flow rate is 0.80 to 1.6 milliliters per second. Classify 
the soil as nondispersive, ND2, if the flow rate is 1.6 to 
2.4 milliliters per second. Classify the soil as nondispersive, 
ND3, if the flow rate is 2.4 to 3.2 milliliters per second. 

14.15 See table 1, "Pinhole Test Summary," for a 
summary of the flow rates and corresponding decisions 
for classification or continuation of the test. 
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14.16 Determine the mass of dry soil and record the 
value in the Pinhole Enlargement section of the data form 
as shown on figure 2. 

14.17 Calculate and record the percent pinhole enlarge­
ment by dry soil mass as shown on line 22, figure 2. 

15. Interpretation of Results 

15.1 For each 60-second flow measurement interval, 
record: 

• Effluent turbidity 
• Volume of water collected (milliliters) 
• Calculate the flow rate (milliliters per second) 
• Plot the flow rate versus time (figs. 4 and 6) 
• Sketch or photograph the specimen pinhole with 
the specimen still in the specimen mold or extruded 

· and split the specimen longitudinally 

16. Report 

16.1 The report is to consist of completed and checked 
pinhole test data forms. Examples of appropriate data 
forms are shown on figures 2 through 6. 

16.2 All calculations are to show a checkmark and all 
plotting must be checked. 
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17 .1 Background Reference : 
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Large Dams, 4ch Annual USCOLD Leccure, pp. 6-1 through 
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Table I. - Pinhole test summary. 

Total Flow rate 
Head, time interval at head, Effluent Action Dispersive 
mm at head, min mL/s appearance required classification 

50 5 < 1.0 Dark co clear Continue at 50-mm head 

50 5 1.0 to 1.4 Dark to cloudy Terminate 01 

50 10 0.2 to 0.8 Clear to slightly cloudy Raise head to 180 mm 

50 10 0.8 to 1.4 Dark to slightly cloudy Terminate 02 (1.0 co 1.4) 
ND4 (0.8 co 1.0) 

180 5 0.6 to 1.2 Clear to slightly cloudy Raise head co 380 m 

180 5 1.2 to 2.8 Clear co slightly cloudy Terminate ND3 (1.2 co 2.0) 
ND4 (2.0 co 2.8) 

380 5 0.8 co 2.4 Clear co slightly cloudy Terminate NDI (0.8 to 1.6) 
ND2 (1.6 co 2.4) 

380 5 2.4 co 3.2 Dark to cloudy Terminate ND3 
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7-2383 (11-8151 
Bureau of Reclamation 

Oes;gna1;on USBR 5410-~ _ PINHOLE TEST DATA SHEE'T 1 

PROJECT 
Example FEATURE Example 

SAMPLE NO. 
ISW-10 

SPECMEN NO. 
8 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

MOLD NO. 19 'MOLD VOLLME (a) 21.77 cm3 MOLD MASS 28.98 a 

COMPACTION DATA FOR COMPACTED SPECMENS 

1. Desired dry density ( 110.0 lbmlft 3 X 0.01602) = g/cm3 I. 762 g/cm 3 

2. Desired moisture content 15.0 % 
3. Initial dry mass of soil • ( 1) X (a) 38.36 g 

4. Initial wet mass of soil • (3) X [1 + ((2) I 100)] 44.11 g 

5 . Blows per lift 25 

6 . No.rnt>er of lifts• 5 
7. Wet soil mass required per lift = (4) I (6) a.a~ g 
8. Mass of container 160.45 g 

9. Wet soil mass + container • (4) + (8) 204.56 g 

-10. Total mass less each lift (i) 195. 74 g 
(ii) 186.92 g 

(iii) 178.10 g 
(iv) 169.28 g 
(v) 160.46 g 

NTypically 5 lifts are used 

i 

ACTUAL DENSITY OF COMPACTED OR UNDISTURBED SPECMEN I 
11. Wet soil mass + mold 73.08 g I 12. Mass of mold 28.98 g i 13. Mass of wet soil 44. 10 g 
14. Actual wet density 2.026 g/cm 3 I 
15. Actual dry density I. 769 g/cm 3 ' i 
16. Actual dry soil mass • ( 15) X (a) 38.51 g I 

I 

i 
Remarks Actual moisture content <USBR 53001 of 14.5%. ! 

! 
! 
' i 
! 
; 
! 

PIN-iOLE El\l.ARGEMENT 

17. Dish no. CL-18 Cross section of spec men 

18. Dish mass 170.83 g 

19. Ory soil mass 237.28 
UIS DIS 

+ mold + dish g 

20. Mass of mold + dish 199.81' g 
2 1. Final dry soil mass 37.47 g 

22. % enlargement [cc 16> -(21))1(16)] X 100 2 .7 % I mm 2 mm -

<L 7-2> 

Figure 2. - Pinhole test data sheet l - example. 

433 



USBR 5410 

7-2364 (9-86) PINHOLE TEST DATA SHEET 2 
Designation USBR 54I0-_8i) Bureau of Reclamation 

PROJECT FEATURE 
Example Example 

SAMPLE NO. SPECIMEN NO. 
ISW-10 80 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

TIME HEAD FLOW RATE TURBIDITY• 
~--

mm ·ml $ ml/s 

IOiOO 50 14 60 0.23 - SC -

- 20 60 0.33 SC 

37 60 0.62 SC 

49 60 0 .82 SC 

58 60 0 .97 SC 

68 60 I . 13 SC 

69 60 I. 15 SC 

69 60 t. 15 SC 

68 60 I. 13 SC 

70 60 I . 17 SC 

-

. 
. 

-

. 

-

0 TURBITY SYMBOLS: C • CLEAR SC= SLIGHTLY CLOUDY CL• CLOUDY D a DARK 

Figure 3. - Pinhole test dara sheet 2 (dispersive soil) - example. 
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USBR 5410 

DI 02 ND4 ND3 ND2 NOi 
DISPERSIVE INTERMEDIATE NONDISPERSIVE 

HEAD= 50mm 

NOTE: CRITERIA APPLY FOR 1.0mm-DIAMETER 
PINHOLE WITH l.5mm-DIAMETER 
HOLE THROUGH INTAKE END PLATE. 

EFFLUENT TURBIDITY GUIDE 

~ DARK OR CLOUDY 

n,<✓,..,1 CLOUDY OR SLIGHTLY CLOUDY 

[:==l SLIGHTLY CLOUDY OR CLEAR 

C=:JcLEAR 

------REPUNCH HOLE 

5 10 

HEAD=l80mm 

TEST TIME (MINUTES) 

DISPERSIVE GRADE VS FLOW RATE 

PLACEMENT CONDITIONS 
SAMPLE NUMBER DISPERSIVE 

DRY DENSITY MOISTURE CONTENT 

18W- 10 110.4 lbm/f1 3 14.5 

15 

HEAD=380mm 

HYDRAULIC CAPACITY = 
3 .2 ml /s 

: : N03 : ::: 

::::·. ·.::No2:: :: 

NOi 

POTENTIAL 

3.0 

2.0 

1.0 

20 

GRADE CLASSIFICATION 

02 

Figure 4. - Pinhole rest - dispersive grade versus flow rare (dispersive soil). 
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7-2364 (9-86) PINHOLE TEST DATA SHEET 2 
Designation USBR 5410-_8~ Bureau of Reclamation 

PROJECT FEATURE 
Example. Example 

SAMPLE NO. SPECIMEN NO. 
ISW-10 BND 

TESTED BY DATE COMPUTED BY DATE I CHECKED BY DATE 

TIME HEAD FLOW RATE TURBIDITY• 

mm ml s ml/s 

11 • 15 50 21 60 0.35 C 

21 60 0.35 C 

21 60 0.35 C 

21 60 0.35 C 

21 60 0.35 C 

21 60 0.35 C 

21 60 0,35 C 

21 60 0.35 C 

21 60 0.35 C 

21 60 0.35 C 

180 47 60 0.78 C 

50 60 0.83 C 

50 60 0.83 C 

51 60 0.85 C 

51 60 0.85 C 

380 86 60 1.4 C 

82 60 I .4 C 

82 60 1.4 C 

82 60 1.4 C 

82 60 1.4 C 

"TURBITY SYMBOLS: C = CLEAR SC• SLIGHTLY CLOUDY CL• CLOUDY D • DARK 

Figure 5. - Pinhole test data sheet 2 (nondispersive soil) - example. 
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USBR 5410 

DI 02 ND4 ND3 ND2 NOi 
DISPERSIVE INTERMEDIATE NONOISPERSIVE 

HEAD= 50mm 

NOTE: CRITERIA APPLY FOR 1.0mm-DIAMETER 
PINHOLE WITH l.5mm-DIAMETER 

HEAD=l80mm 

HOLE THROUGH INTAKE END PLATE. HYDRAULIC CAPACITY = 

EFFLUENT TURBIDITY GUIDE 

~ DARK OR CLOUDY 

@,~:.,.,j CLOUDY OR SLIGHTLY CLOUDY 

c::J SLIGHTLY CLOUDY OR CLEAR 

L_j CLEAR 

2.8 ml /a 

10 

TEST TIME (MINUTES) 

DISPERSIVE GRADE VS FLOW RATE 

PLACEMENT CONDITIONS 
SAMPLE NUMBER DISPERSIVE 

ORY DENSITY MOISTURE CONTENT 

IOW-10 I IO. 4 lbm/fl 3 14. I 
I 

15 

HEA0=380mm 

HYDRAULIC CAPACITY = 
3.2ml/s 

: :No3:: 

.. :: :: ·. ·.::No2: 

NOi 

2.0 

1.0 

20 

GRADE CLASSIFICATION 

NOi 

Figure 6. - Pinhole test - dispersive grade versus flow rate (nondispersive soil). 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING MOISTURE, ASH, 
AND ORGANIC CONTENT OF SOIL 

USBR 5430-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5430. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the moisture, ash, and organic content of a 
soil by the loss-on-ignition method. 

"2. Auxiliary Tests 

2.1 A test sample must be prepared in accordance with 
USBR 5205 prior to performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1020 Calibrating Ovens 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5205' Preparing Soil Samples by Splitting or 
Quartering 

3.2 ASTM Standard: 
D 2974 Test Methods for Moisture, Ash, and Organic 
Matter of Peat and Ocher Organic Soils 

4. Summary of Method 

4.1 The moisture content of a soil surmised to contain 
organic matter is obtained by ovendrying a specimen of 
the soil at 230±9 ° F ( 110±5 ° C). The ovendried soil 
specimen is then placed in a muffle furnace, and the organic 
matter is burned off by high temperature ignition at 440 ° C. 
The ash content and the organic content are calculated. 

5. Significance and Use 

5.1 Organic content is used to supplement the soil 
classification determined by USBR 5000 and to assist in 
identifying soils classified as inorganic, organic, or peat. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 
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6. l. l Moisture Content ( w, % ).- The ratio expressed 
as a percentage of: (1) the mass of water in a given soil 
mass, to (2) the mass of solid-particles (ASTM definition) . 

6.1.2 Organic Soil-Soil with a high organic content. 
In general, organic soils are very compressible and have 
poor load-sustaining properties (ASTM). 

6.2 Terms not included in USBR 3900 specific co this 
procedure are: 

6 .2. l Ash Content.-The ratio expressed as a 
percentage of: (1) the mass of ash (and m ineral impurities 
such as sand) residue remaining after organic matter is 
burned off by high temperature ignition, to (2) the mass 
of dry solid particles prior to ignition. 

6.2.2 Organic Content-The ratio expressed as a 
percentage of: (1) the organic matter burned off by high 
temperature ignition, to (2) the mass of dry solid particles 
prior to ignition. 

7. Apparatus 

7.1 Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.001 g and have 
a capacity of about 200 g. 

7.2 Drying Oven.-An oven, thermostatically con­
trolled, preferably of the forced-draft type, and capable 
of maintaining a uniform termperature of 230±9 °F 
(110±5 °C) throughout the drying chamber. 

7.3 Muffle Furnace.-A muffle furnace, thermostatically 
controlled and capable of maintaining a uniform 
temperature of approximately 440 ° C with emergency shut­
down valve. 

7.4 Evaporating Dish.-High silica, or porcelain, not 
less than 75-mL capacity, or other suitable container with 
heavy duty aluminum foil cover. 

7.5 Miscellaneous Equipment.-Tongs, porcelain pan, 
spoons, spatula, etc. 

8. Precautions 

8.1 Safety Precaudons: 
8.1. l This designation may involve hazardous 

materials, operations, and equipment. 
8.1.2 Safety precautions should be observed to avoid 

burns associated with the use of the oven and muffle furnace 
and the use of the specimen and container. 
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8.2 Technical Precautions.-When the specimen is 
removed from the oven or muffle furnace, it should be 
covered co preclude absorption of moisture from the air 
as the specimen cools. 

9. Sample, Test Specimens, and Test Units 

9.1 Sample Preparation.-Prepare a test sample of 100 
to 200 grams in accordance with USBR 5205 . 

9.2 Specimen Preparationn: 
9.2.1 Mix the sample thoroughly. If the sample 

appears homogeneous, obtain a 10- to 12-gram test spec­
imen. If the sample does noc appear homogeneous, the 
10- to 12-gram test specimen should be obtained by either 
splitting or quartering. 

9.2.2 Crush soft lumps with a spoon or spatula. 
9.2.3 Protect specimens from moisture loss. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

10.2 Calibrate the muffle furnace in accordance with 
USBR 1020 and procedures contained in the muffle furnace 
operacor's manual. 

1 l. Conditioning 

11.1 The sample and specimen must be protected from 
moisture loss prior co performing the test. Plastic bags 
or containers with lids are sufficient. 

12. Procedure 

12.1 All data are co be recorded on the "Moisn,ire, Ash, 
and Organic Content Test" form as shown on figure 1. 

12.2 Determine the moisture content of the specimen. 
12.2.1 Determine and record the mass of the dish 

and the fitted, heavy-duty aluminum cover co the nearest 
0.001 g. 

12.2.2 Place the specimen in the dish, and determine 
the mass of the test specimen and dish with cover to the 
nearest 0.001 g and reco-rd. 

12.2.3 Remove the cover, and place the dish with 
the specimen in a drying oven maintained at 230±9 °F 
(110±5 °C). Dry for a, minimum of 16 hours or co a constant 
mass. 

12.2.4 After the material has dried to constant mass, 
remove the dish from the oven, cover tightly with the 
foil cover, allow to cool, and determine and record the 
mass co the nearest 0.001 g. 

NOfE 1.-Cooling in a desiccator is recommended since it 
prevents absorption of moisture from che atmosphere during 
cooling. 

12.2.5 Calculate the moisture content of the speci­
men co the nearest 0.1 percent and record. 

12.3 Determine ash and organic content of the 
specimen. 

12.3.1 Remove the cover from the dish containing 
the dried rest specimen used in the moisture content 
determination and place the dish with the specimen in 
a muffle furnace. In accordance with equipment operating 
manual, bring the muffle furnace co 440 °C and hold 
constant for 2 hours or until the specimen has a constant 
mass. 

NOfE 2.-Ignirion at 440 °C may give incorrect results. See 
appendix XI. 

12.3.2 Cover the dish and specimen with the foil 
cover, allow to cool, and determine the mass of the dish, 
cover, and ash, co the nearest 0.001 g and record. 

12.3.3 Calculate and record the ash content co the 
nearest 0.1 percent. 

12.3.4 Calculate and record the organic content co 
the nearest 0.1 percent. 

.13. Calculations 
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13. l Calculate the moisture content. 

( A -B) 
w= 100 B-C 

where: 
w =. percent of moisture in the specimen,% 
A = mass of dish, cover, and wet soil, g 
B = mass of dish, cover, and dried soil, g 
C = mass of dish and cover, g 

100 = convert from decimal to percent 

13.2 Calculate the percent ash. 

where: 
D = mass of dish, cover, and ash, g 
E = percent of ash, % 

100 = convert from aecimal to percent 

13.3 Calculate the percent organic _matt«:r. 

Organic matter, % = 100 - E 

14. Report 

(l) 

(2) 

(3) 

14.1 The report is to consist of a completed and checked 
"Moisture, Ash, and Organic Conte11t Test" form (fig. 1). 

14.2 All calculations are to show a checkmark. 
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7-233 I (11-85) I 
Bureau of Reclamation MOISTURE, ASH, AND ORGANIC CONTENT TEST I Designation USBR 5430 - .!3.9 
SAMPLE NO. PROJECT FEATURE 

18M-9 Example Example 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

SPECIMEN NO. 

MOISTURE CONTENT DETERMINATIONS 

(1) Dish No . . . . . . ... .. .. .. ..... .. · ··· · ·· ···· · ····· ···· 26 

(2) Mass of dish, cover. and wet soil ........ . ... . .. . ... .... . (g) 26.420 

(J) Mass of dish, cover, and dry soi l ... . . ... · · · · ··· . ...... .. (g) 21 .568 

(4) Mass of dish and cover .. ...... ... ...... . .. ... ........ (g) 15. 122 

(5) Mass of water (2) - (J) . . ... . · ··· ·· · . .... . ... ...... .. (g) 4 . 852 

(6) Mass of dry soil (J) - (4) .. ... ............ . . . · ·· · · · .. (g) 6.446 

(7) Moisture content 
(5) 

i'1o l 75.3 
(6) .... .. ... · ·· · ··· · · · ·· ··· ·· · ·. 

ASH AND ORGANIC CONTENT DETERMINATION 

(8) Mass of dish, cover, and ash ... . •.•. .. .... . .. • - • ....... (g) 18.300 

(9) Mass of dish and cover (4) . ....••...•...• . ... .• •• . . .. (g) 15. 122 

(10) Mass of ash residue (8)- (9) . ... .... . ..... . . .... . ... . (g) 3 . 178 

(11) Ash content 
(IQ) 

" 100 • • ·· •· · • • · • ·· · · · ·••·• • •·· (%) 49 . 3 (61 

(12) Organic content 100 - (11) . . .. ······ · · . · · · · ··· · .... (%) 50.7 

REMARKS: 

AUXILIARY TEST: 

USBR 5205 · ~~ 

GPO 9.4; - 320 

Figure 1. - Moisture, ash, and organic content test - example. 
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APPENDIX 

XL SELECTION OF TEMPERATURE FOR ORGANIC CONTENT DETERMINATION 

X 1.1 The test for organic content basically involves 
heating a soil co a high temperature and assuming that 
the resulting loss in mass is due co organic matter being 
burned off. There are many variations of this test method 
with wide differences in the required temperature and the 
length of hearing time. The temperatures used range from 
375 co 950 °C and the heating time from 1 to 8 hours. 

Xl.2 The various temperatures used result from the 
fact that temperatures high enough co ignite the organic 
particles also affect the inorganic material. Opinions differ 
as to the best temperature co obtain "organic content." 
Above 105 ° C, the surface hydration water for clay minerals 
is drive_n off. The temperature that affects the surface 

44l 

hydration water varies with the clay mineral. Carbonates 
can be decomposed with temperatures above 105 °C. The 
clay mineral montmorillonite has large amounts of 
absorbed moisture that can be driven off by heat in the 
temperature range used co determine organic content. 

Xl.3 The Petrography Laboratory at the Bureau's 
Denver Office uses 400 ° C to determine the percent organic 
content. The value of 440 °C was selected for this procedure 
because that is the temperature used in ASTM D 2974 
procedure for defining peat. If the amount of organic matter 
is of critical concern, then tests should be performed at 
various temperatures to evaluate temperature effect on the 
soil. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5450-89 

DETERMINING WATER SOLUBLE SOLIDS IN SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760 and the Applied Sciences Branch, code 
D-3 740, Research and Laboratory Services Division, Denver Office, Denver, Colorado. The procedure is issued under fixed designation 
USBR 5450. The number immediately following the desig[lation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines a procedure for deter­
mining the amount of water soluble solids in soil. 

2. Auxiliary Tests 

2.1 A soil sample must be prepared in accordance with 
USBR 5205 prior to performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 

3.2 ASTM Standards: 
D 1125 Standard Test Methods for Electrical Conductivity 
and Resistivity of Water 
E 1 Specification for ASTM Thermometers 

4. Summary of Method 

4.1 Distilled water is mixed with soil and agitated 
frequently over a period of 4 days to extract water soluble 
solids from soil. The solution containing the dissolved solids 
is separated from the soil-water mixture by filtration and 
a portion is evaporated to obtain a dry residue. The percent 
water soluble solids in soil is determined from the mass 
of the dry residue. 

5. Significance and Use 

5.1 Water soluble soil minerals, referred· to-as "w~ter 
soluble solids," may be dissolved and transported by flowing 
water from exposed soil. The resulting reduction in soil 
volume may allow compression of rhe soil and subsidence 
of the ground surface. Additionally, where removal of soil 
material occurs by solutioning of solids by water, soil pore 
spaces are increased which may allow more water to flow 
through the soil. 

5.2 The method presented does nor predict actual field 
soil performance due to leaching by water. However, the 
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percent of water soluble solids in soils under test conditions 
may indicate potential for compression, leaching, and 
subsidence of soils in contact with water. 

5.3 Chemical components of soils (such as trace metals, 
sulfates, and chlorides which dissolve in water) may be 
determined from solutions prepared by this method. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Conductance-A measure of the ability to 

conduct an electrical rnrrent in sieinans, S. For this desig­
nation, conductance is measured in microsiemans, µS . 

6.2.2 Conductivity-Specific conductance, which is a 
measure of the ability of an aqueous solution to carry an 
electrical current between two conductors of a given surface 
area and distance apart, at a specified temperature, 
expressed in microsiemans per centimeter, µS/cm. 

7. Apparatus 

7.1 Sample Preparation Apparatus.-Sample splitter. 
7.2 Extraction Apparatus: 

7.2.1 Pan Balance-A balance that is readable to 0.1 g 
and has a capacity of about 1200 g. 

7.2.2 Graduate.-500-mL capacity, readable to 5 ml. 
7.2.3 Flask.-500-mL Erlenmeyer flask with rubber 

stopper. 
7.2.4 Flask.-500-mL capacity vacuum filtration flask. 
7.2.5 Paper.-Filter paper, 20 to 25 µm particle 

retention; 7-, 9-, or 11-cm diameter, having high wee 
strength for·vacuum filtration. 

7.2.6 Funnel-Buchner type porcelain filtering 
funnel with flask adapter; 83-, 100-, or 126-mm diameter 
(to fit filter size selected). 

7.2.7 Vacuum.-Vacuum source or water aspirator 
device. 

7.2.8 Bottle.-1000-mL capacity, glass-stoppered 
glass bottle. 

7.3 Apparatus for Drying the Extract Solution: 
7.3.1 Porcelain evaporating dish, 75-mL capacity. 



USBR 5450 

7.3.2 An analytical balance readable to 0.0001 g 
having a capacity of about 200 g. 

7.3.3 Sceam-heaced or low-cemperacure electric hoc 
place. 

7.3.4 Desiccator (containing anhydrous calcium 
sulfate) . 

7.35 Conveccion oven sec at 105±5 °C. 
7.4 Apparatus for Measuring Conduaance: 

7.4.1 Wheatstone bridge conductivity meter, ±3.0 
percent accuracy, meeting requirements of ASTM D 1125. 

7.4.2 P_ifec or _dip-typ~ conductivity cell (cell con­
stant = 1 cm ) meeting requirements of ASTM D 1125. 

7.4.3 Thermometer, 0 co 50 °C, 0.5 °C divisions, 
conforming co the requirements of ASTM E 1. 

7.4.4 1000-ml volumetric flask. 

8. Reagents and Materials 

8.1 Distilled water is to be used any time water is 
called for in chis test method. 

8.2 Potassium chloride (KCI) , reagent grade quality as 
designated by the American Chemical Society, dried at 
105 °C for 2 hours . 

9. Precautions 

9.1 Safety Precautions.-This procedure may involve 
hazardous materials, operations, and equipment. Heating 
equipment and hot containers can cause serious burns if 
handled improperly. Use a container holder whenever 
handling hot containers. 

9.2 Technical Precautions: 
9.2.1 Saturation of the extract mixture muse be 

checked by determining the conductivity of the extract 
mixture. Soil samples that contain large amounts of soluble 
solids may exceed solution capacity of the extract mixture. 
If all soluble solids are not in solution, water soluble solids 
determination will not reflect the true percentage of soluble 
solids in the sample. 

9.2.2 Electrical conductivity increases with temper­
ature at a rate of 1.9 percent per degree Celsius. Procedures 
(used in this method) correct for measurements-not at 
25 °C-by applying the response of a conduccivicy cell 
co a potassium chloride (KCI) reference solution at the 
same temperature as the extract mix.cure. 

10. Calibration and Standardization 

10.1 Verify chat equipment is currently calibrated in 
accordance with applicable calibration procedure. If the 
calibration is not current, calibrate conductivity equipment 
in accordance with ASTM D 1125. 

11. Preparation of Potassium Chloride Reference 
Solution 

11.1 The reference solution is prepare~ to determine 
the response of the conduccivicy cell at the temperature 
of the extract mixture prepared in p_aragrap~ 13. 

/4/4 3 

11.1.1 Dissolve 7 44.0 mg of potassium chloride 
(KCI) in water and dilute to 1000 ml at 20±2 ° C in a 
volumetric flask. This is the standard reference solution 
(0.01 N) which has a conductivity of 1408 µS/cm at 25 °C. 
Store solution in a glass-stoppered glass boccie. 

12. Sampling, Test Specimens, and Test Units 

12.1 Prepare a sample of about 500 g of U.S.A. Standard 
series minus No. 4 (4.75 mm) sieve size material in 
accordance with USBR 5205 . · 

12.2 Mix the 500-g sample thoroughly and reduce co 
a test sample of about 60±10 g using a sample splitter 
in accordance with spliccing procedure and equipment 
described in USBR 5205. Save remainder of sample-in 
a properly labled container-for possible future use. 

13. Preparation of Extract Mixture 

13.1 All data are to be recorded on "Water Soluble 
Solids Determination" form as shown on figure 1. 

13.2 Record the sample number and any ocher required 
identification data. 

13.3 Mix the 60-g test sample thoroughly and measure 
out a cesc specimen of 40±0.5 g. Determine and record 
the mass of test specimen co the nearest 0.1 g. 

13.4 Place test specimen in a clean 500-ml Erlenmeyer 
flask. 

13.5 Measure 400±5 ml of distilled water into a 
graduated cylinder. Determine and record volume of water 
co nearest 5 ml. 

13.6 Add water to flask containing the test specimen. 
Stopper flask tightly. · 

13.7 Calculate and record the excraccion ratio co nearest 
0.1 ml/ g. 

13.8 Agitate mixture of soil and water in flask by 
swirling flask. Agitate mixture at lease four times daily 
for 4 days. 

NITTE 1.-A standard agitation time of 4 days has been adopted 
for this procedure. The agitation time may be modified (either 
shortened or lengthened) depending on the solubility of the solids 
in the soil b"eing tested. The standard agitation time may be 
modified if testing is performed to determine the relationship 
between extract mixture conductivity (an indication of solubility) 
and agitation time. If conductivity becomes constant with 
increasing agitation time, the shortest agitation time which results 
in constant conductivity may be used for routine testing of the 
soil. If no trend develops in the data or if extremely long agitation 
times are required co reach constant conductivity use of the 4-
day standard time is recommended. 

13.9 After final agitation, allow soil particles to settle­
typically overnight. The extract mixture is the clear liquid 
remaining over the settled soil particles. 

14. Conductivity Determination 

14.l Measure temperature of extract mixture. Measure 
temperature of KCl reference solution prepared in 
paragraph 11. If temperatures are not within ±2 °C of 
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each other, store the liquids in the same area until 
temperatures are within ±2 °C of each other. 

14.2 Determine response of che conductivity cell to 
the KCI reference solution as follows : 

14.2.1 Rinse the conductivity cell with distilled 
water. 

14.2.2 Rinse conductivity cell three times with the 
KCI reference solution. 

14.2.3 Fill conductivity cell with enough KCI 
reference solution to cover electrodes; be careful to avoid 
entrapment of air bubbles in the cell. 

14.2.4 Determine and record conductance, K 1, of the 
KCI reference solution, to nearest 10 µS, using conductivity 
meter following instructions provided by manufacturer of 
instrument. 

14.3 Determine and record conductance, Kx, of the 
extract mixture according to subparagraphs 14.2.1 through 
14.2.4 using the extract mixture in place of the KCI 
reference solution. 

NOTE 2.-This procedure also can be performed using the 
extract solution prepared in subparagraph 15.2. 

14.4 Calculate and record cell response,], to nearest 
0.01 cm-1

. 

14.5 Calculate and record conductivity, K, of extract 
mixture to nearest 10 µS/cm. 

14.5.1 If conductivity is larger than 2200 µS/cm, 
extract mixture may be saturated and cannot be used. 
Discard the entire soil and water mixture and prepare 
another extract mixture in accordance with paragraph 13 
except use less soil (higher extraction ratio). The 
conductivity of the new extract mixture is checked to 
determine that saturation of the extract mixture has not 
been exceeded. 

15. Procedure 

15.1 All data are to be recorded on "Water Soluble 
Solids Determination" form (fig. 1) . 

15.2 Take the extract mixture (prepared in par. 13) 
and filter 70±10 mL of the clear liquid by pouring through 
a paper filter using the vacuum apparatus. The filtered 
fluid is the extract solution. If the extract solution is cloudy, 
refilter using a finer filter paper. 

15.3 Dry an evaporating dish in a convection oven 
for 1 hour at 105±5 °C and cool in a desiccator. Determine 
and record mass of evaporating dish to nearest 0.0001 g. 

15.4 Obtain 50±10-mL volume of extract solution. 
15.5 Pour the 50±5-mL volume of extract solution into 

evaporating dish. 
15.6 Determine .and record the mass of dish and extract 

solution to nearest 0.0001 g. 
15.7 Place dish and solution on a steam-heated or 

electric hot plate set at 98 °C and evaporate liquid. 
15.8 Place dish and residue in to a convection oven 

at 105±5 °C and dry 1 hour. 
15 .9 Place dish and dried residue into a desiccator to 

cool. 
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15.10 Determine and record the mass of dish and 
residue to nearest 0.0001 g. 

15.11 Calculate and record mass of residue to nearest 
0.0001 g. 

15.11.1 If mass of residue is less than 0.01 g or more 
chan 0.25 g, results cannot be used. Repeat subparagraphs 
15.2 through 15.11 using more or less extract solution as 
appropriate. 

15.12 Calculate to the nearest 0.1 percent and record 
the water soluble solids content determined by evaporation. 

16. Calculations 

16.1 Specimen Preparation: 
16.1.1 Calculate extraction ratio. 

where: 
R = extraccion ratio, mL/ g 
V = water volume, mL 

ms = specimen mass, g 

16.1.2 Calculate cell response. 

where: 
J = cell response co KCI reference solution at 

-1 measurement temperature, cm 

(1 ) 

(2) 

Ki = measured conductance of KCI reference solution 
at cemperacure of extract mixture, µS 

1408 = conductivity of the KCI reference solution at 
25 °C, µS/cm 

16.1.3 Calculate conductivity of extract mixture. 

where: 
K= 
]= 

K=]Kx 

conductivity of extract mixture, µS/ cm 
cell response to KCI reference solution at 

-1 measurement temperature, cm 
measured conductance of extract mixture, µS 

16.1.4 Calculate mass of residue. 

where: 
mr mass of residue, g 
m mass of dish and residue, g 

md mass of dish, g 

16.1.5 Calculate water soluble solids content. 

where: 
Wss = water soluble solids content, % . 

R = extraction ratio, ml/ g · 
mr = mass cifresidue, g 

(3) 

(4) 

(5) 
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md = mass of dish, g 
mr mass of dish and extract solution tested, g 

100 convert from decimal to percent 

17. Report 

17 .1 The report is co consist of a completed and checked 
"Water Soluble Solids Determination" form (fig. 1). 

17.2 All calculations are to show a checkmark. 
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18. Background References 

Merhod of Tesr for Derermining rhe Quanriry of Soluble 
Su/fare in Sobd (Soil or Rock) and Warer Samples, Bureau 
of Reclamation, Division of Research and Laboratory 
Services, 2 p., May 1973. 

Agriculruraf Handbook No. 60, 1954, "Diagnosis and 
Improvement of Saline and Alkali Soils," United States 
Department of Agriculture. 
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7-2387 (1-87) WATER SOLUBLE SOLIDS DETERMINATION 
Bureau of Recla ma tlon Designation USBR 5450.89 

SAMPLE NO. PROJECT FEATURE 

598 Example Example 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

SPECIMEN NO. 
17 

SPECIMEN PREPARATION 

(1) SPECIMEN MASS, M 1 
40. I 

g 

(2) WATER VOLUME, V 400 
mL 

(3) EXTRACTION RATIO, R•(2)/(1) 10.0 mL/g 

(4) MEASURED CONDUCTANCE OF 

KCL REFERENCE SOLUTION 

K1 
1440 µs 

(5) CELL RESPON·SE, J•1408•t(4) 0.98 em· 1 

(6) CONDUCTANCE, Kx 1370 µs 

(7) CONDUCTIVITY, K • (5)x(6) 1340 µstem 

(8) MASS OF DISH AND EXTRACT 

SOLUTION, Mx 102.3915 
g 

(9) MASS OF DISH+ RESIDUE, M 44.4369 g 

(10) MASS OF DISH , Md 44. 3754 g 

(11) MASS OF RESIDUE, M,•(9)-(10) 0.0615 g 

(12) WATER SOLUBLE SOLIDS, 

W = (/1) X (3) X 100 I. I 
% 

IIS 8) · (10) 

• 14oa = CONDUCTIVITY OF THE KCL REFERENCE SOLUTION AT 2soc, µSiem 

Figure I. - Water soluble solids determination - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5 500-89 

PERFORMING LABORATORY COMPACTION 
OF SOILS - 5.5-LBM RAMMER AND 18-IN DROP 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, Code D-3760, Research and Laboracory Services 
.Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5500. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
performing laboratory compaction of soils. 

1.2 This procedure is performed to determine the 
relationship between the moisture content and the dry unit 
weight of soil when compacted with a given compactive 
effort. A compaction curve is plotted from which the 
optimum moisture content and maximum dry unit weight 
can be determined. · 

1.3 This procedure is typically performed using a 
mechanical compactor that has been calibrated to produce 
the same effect as a manual compactor using a 5.5 lbm 
rammer and an 18-inch drop. 

1.4 ._ This proced_ure is limited to soil particles passing 
the No._4 _sieve. Laboratory compaction of soil containing 
particles up to 3-inches should be performed in accordance 
with US.J?R 5515. Laboratory compaction of soil containing· 
parcicles·.,up to .3/4-inch maximum particle size may be 
performed in accordance with ASTM D 698 - method B 
or C. , 
· _1.5 This procedure is normally performed on soils that 

contain more than 15 percent fines. It may be used, under 
certain c(rcumstances, for soils containing 5. co 15 percent 
fines . 

1.6 This procedure differs from method A of ASTM 
D 698 .. USBR 5500 uses a 1/20 ft 3 compaction mold and 
is based on a manual rammer drop .of 18_ inches. ASTM 
D 698 uses a 1/30 ft 3 compaction mold and is based on 
a manual rammer drop of 12 inches . . Boch . methods, 
how~ver, impart che same compaccive effort of 12,375 
ft-lbf/fc3 co the soil.specimen. 

. .. 
2. Auxiliary Te~ts 

2,1 A c~st sa,mP.l~ must be obtained in accordance with 
USBR 5205 prior ~o performing chis procedure. 

2.2 The moisture content must be de~ermined in 
accorda_nce with . Up_BR 530.0 as part of pe,rfor.ming the 
procedure. 

2.3 The specific gravity of the soil sample must be 
determined ·in accordance wich· USBR 5320 in order to 
plot _th"e"zero ai( voids curve on th~ ' moisture content­
dry unit weight plot. 

2.4 The penetration resistance must be determined in 
accordance with USBR 5505 in order co plot che penetration 
resistance-moisture content curve. 

3. Applicable Documents 

3.1 USBR Procedures. 

USBR 1009 
USBR 1012 
USBR 1020 
USBR 1025 
USBR 1415 
tors 

Calibrating Compaction Molds 
Calibrating Balances or Scales 
Calibrating Ovens 
Checking Sieves 
Calibrating Laboracory Mechanical Compac-

USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil ·Classification 
(Laboracory Method) 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5505 Determining Moisture Comem-Penetration 
Resistance Relationships of Fine Grained Soils 
USBR 7250 Determination of Percent Relative Density 
USBR 7255 Determining the Percent Compaction of 
Earthwork for Construction Control 

3.2 ASTM Standards: 
D 698 Moisture-Density Relations of Soils and Soil­
Aggregate Mixtures Using 5.5-lb (2.49-kg) Rammer and 
12-in (305-mm) Drop 
E 11 Specification for Wire Cloth Sieves 

4. Summary of Method 

4.1 A minimum of five soil specimens from the same 
soil sample are prepared, each at a different moisture 
content. Each specimen is compacted in a mold using the 
same compactive effort. The moisture content and resulting 
dry unit weight of each specimen are determined and a 
companion curve is plotted. From the companion curve, 
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the optimum moisture content and maximum dry unit 
weight are determined. 
To aid in evaluating the results, zero air void values are 
usually plotted and a curve is constructed and compared 
to the compaction curve. 

5. Significance and Use 

5.1 The moisture content-dry unit weight relationship 
is used to evaluate the state of compactness of most cohesive 
soil masses which occur naturally or are placed (fill). 

5.2 The moisture content for most efficient compac­
tion, at which the maximum dry unit weight is achieved 
with a given compactive effort, can be determined from 
the moisture content-dry unit weight relationship. 

5.3 The engineering properties of a given soil mass, 
such as shear strength, compressibility, and permeability 
at a given state of compactness, can vary considerably when 
compacted by various methods and at various moisture 
contents. Therefore, considerable engineering judgment 
must be used in relating engineering properties of soils 
to the state of compactness (percent compaction). 

5.4 Compaction characteristics of soils vary, depending 
on the gradation of the soil and the cohesiveness of any 
fines. Generally, the laboratory compaction test is most 
applicable for soils containing more than 15 percent fines. 
For construction control of these soils, percent compaction 
is used to determine the adequacy of compaction. For soils 
containing less than 5 percent fines, the minimum and 
maximum index unit weight tests are used to evaluate 
compaction characteristics. For construction control of 
these soils, percent relative density is used to determine 
the adequacy of compaction. 

Soils containing 5 to 15 percent fines may need to be 
tested using both the laboratory compaction test and the 
combination of minimum-maximum index unit weight 
tests to determine which is most appropriate. Whether 
percent compaction or percent relative density is used for 
construction control depends on the test results and how 
the soil is being used. See USBR 7250 or 7255 appen­
dix X 1 for further discussion. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.l Compaction Curve.-The curve showing the 
relationship between the dry unit weight and the moisture 
content of a soil for a given compactive effort (ASTM 
definition). 

6.1.2 Optimum Moisture Content (Wo).-The mois­
ture content at which a soil can be compacted to the 
maximum dry unit weight by a given compactive effort 
(ASTM). 

6.1.3 Maximum Unit Weight (Ymax).-The dry unit 
weight defined by the peak of a compaction curve.· 

6.1.4 Zero Air Voids Curve.-The curve showing the 
relationship between dry unit weights and corresponding 
moisture contents, assuming that all of the voids are 
completely filled with water. 
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6.2 A term not included in USBR 3900 specific to this 
designation is: 

6.2.1 Compactive Effort.-The theoretical energy 
used to compact soil into a known volume, expressed as 
ft-lbf/ft3. Compactive effort is computed as the product 
of the drop height, rammer mass, blows per layer, and 
number of layers, divided by the volume of the mold. 

7. Interferences 

7.1 Variations in rammer drop height, rammer mass, 
or number of blows per soil layer will result in erroneous 
test data because of nonstandard compactive effort. To 
ensure a given compactive effort, the mechanical compactor 
must be inspected and calibrated in accordance with 
USBR 1415. 

8. Apparatus 

8.1 General Apparatus: 
8.1.1 Balance or Scale.-A typical balance or scale used 

to determine moisture content must be readable to 0.1 g 
and have a capacity of about 1000 g. 

8.1.2 BalanceorScale.-A typical balance or scale used 
to measure the mass of the compaction specimen must 
be readable to 0.01 lbm and have a capacity of about 50 lbm. 

8.1.3 Desiccator.-An enclosed container, with a 
moisture absorbing chemical compound inside, used for 
cooling a heated soil sample while maintaining zero change 
in moisture content due to condensation. 

8.1.4 Dishes, Evaporating.-Suitable dishes resistant 
to corrosion or changes in mass when subjected to repeated 
heating, cooling, or cleaning. 

8.1.5 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 °F 
(110±5 °C) throughout the drying chamber. 

8.1.6 Graduated Cylinder.-1000-mL capacity, grad­
uated to 10 mL. 

8.1.7 Sieve.-U.S.A. Standard series No. 4 (4.75 mm) 
sieve with stand, conforming to requirements ·of ASTM 
E 11. 

8.1.8 Straightedge.-A stiff metal straightedge of 
convenient length. The scraping edge must be beveled if 
it is thicker than 1/8 inch. 

8.2 Equipment Unique to This Procedure (see figs. 1, 
2, and 3): 

8.2.1 Compaction Apparatus.-A mechanical com­
paction device having a rammer with an initial mass of 
5.5 lbm, an adjustable height of drop of about 12 to 18 
inches, and a counter for registering the number of blows. 
If a mechanical compactor is not available, a manual tamper 
may be used instead (see app. X2). The device includes 
a l/20-ft3 mold with baseplate. The mold assembly must 
rest firmly on a uniform, rigid foundation-equivalent to 
a 200 lbm or larger block of concrete. 

NOfE 1.-There are several varieties of comipercially available 
molds; or t~e mold may be fabricated. (Figure 3 is typical.) The 
critical requirements are the tapered design, the inside diameter, 
and the height. 
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(a) Rainhart compactor 

(b) Howard compactor 

Figure I. - Mechanical compactors. 

8.2.2 Extruder for Compaction Specimen.-A 
mechanical device for removing a compacted soil specimen 
from a compaction mold. 

8.2.3 Moisture Proof Concainers.-Cylindrical metal 
or plastic containers, about 6-inches in diameter by 
12 inches long, using a plastic inner bag for sealing and 
storing specimens to be tested. 
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Figure 2. - Extruder for compaction specimens. 

8.3 Miscellaneous Equipment.-Brushes, knife, m1x10g 
pan, scoop, etc., for mixing, placing, or trimming soil 
specimens. 

9. Reagents and Materials 

9. L Tapwater that is free of acids, alkalies, or oils and 
is suitable for drinking should be used for wetting the 
soil prior to compaction. 

10. Precautions 

10.1 Safety Precautions: 
10.1.1 This procedure may involve hazardous 

materials, operations, and equipment. 
10.1.2 Do not place· hands near the top of the mold 

when the mechanical rammer is operating. 
10.2 Technical Precautions: 

10.2.1 The test specimen should be placed and 
compacted as quickly as possible to mini111ize unrecorded 
moisture loss. 

10.2.2 Due to the effects of sampling, handling, 
processing, and testing on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limestone, clays tone, etc. or soils affected by air and/ or 
oven drying. Such materials must be identified before 
processing and the person requesting the rest should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and rested at all. Cautionary statements 
must be made on test data forms and in reporting the 
rest data. 
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11. Sampling, Test Specimens, and Test Units 

11. l If the soil can be air dried, follow the steps in 
subparagraph 11.2. If the soil is to be rested without air· 
drying, follow the steps in subparagraph 11.3. In either 
case, if enough soil is not available, carefully plan the 
number of specimens and corresponding moisture contents 
to use the available soil. If enough soil is nor available 
to furnish the minimum of five specimens, then during 
performance of the procedure some soil will have to be 
reprocessed and reused. In this case, reprocess the soil in 
accordance with subparagraph 11.4. 

11.2 Air Dry Preparation: 
11.2. l Prepare a test sample of about 50 lbm of minus 

No. 4 soil in accordance with USBR 5205. 
11.2.2 Air dry the test sample if the soil was not 

air dried as part of performing USBR 5205. 
11.2.3 Split the rest sample into six specimens in 

accordance with USBR 5205. Set aside one of the specimens 
and keep it at the air dried moisture content in case an 
additional specimen is requested. 

11.2.4 Prepare the remaining five specimens by 
adding increasing amounts of water to each specimen so 
the moisture content of each succeeding specimen is 
approximately 2 percentage points higher than the previous 
specimen. The moisture contents selected must bracket the 
optimum moisture content to ensure obtaining an 
appropriate compaction curve. Some soils having very high 
optimum moisture contents may require a larger moisture 
content increment between specimens in order to obtain 
a well defined compaction curve. 

NOfE 2.-Judging the optimum moisture content requires 
practice and experience. A table of presumptive values may be 
useful. 

11.2.4. l Thoroughly mix the soil while sprinkling 
the water onto the soil to ensure an even distribution of 
moisture throughout the material. Record the amount of 
water added to each specimen on the "Laboratory 
Compaction Test" form as shown on figure 4. 

11.2.5 Place each specimen in a properly labeled 
moisture proof container and store in accordance with the 
following time: 

C/assifica non 
USER 5000 or 5005 

GM,SM 
ML, CL, OL, GC, SC 

MH,CH,OH 

Minimum storage 
time, hours 

3 
18 
36 

11.3 Moist.Preparation: 
11.3. l Prepare a test sample of about 50 lbm of minus 

No. 4 soil by passing the soil through a No. 4 sieve. If 
plus No. 4 particles are present, select enough material 
to obtain 50 lbm of minus No. 4 soil. 

11.3.2 Thoroughly mix the soil and separate into 
6 specimens. Set aside one of the specimens and keep it 
in a moisture proof container in case an additional specimen 
is required. 

t\ 5 I 

11.3.3 Prepare the remaining five specimens by 
adding or subtracting water to each specimen so the 
moisture content of each succeeding specimen is 
approximately 2 percentage points wetter or dryer than 
the previous specimen. The moisture contents selected must 
bracket the optimum moisture content to ensure obtaining 
an appropriate compaction curve. Some soils having very 
high optimum moisture contents may require a larger 
moisture content increment between specimens in order 
to obtain a well defined compaction curve (see note 2). 

11.3.3. l When adding water, thoroughly mix the 
soil while sprinkling the water onto the soil to ensure 
an even distribution of moisture throughout the material. 

11.3.3.2 When subtracting water, thoroughly mix 
the soil while drying the soil by using a fan or other device 
to blow dry air across the pan of soil. Other drying methods 
may be used-provided the soil temperature does not 
exceed 140 ° F. 

11.3.3.3 Record the amount of water added, or 
subtracted, for each specimen on the "Laboratory 
Compaction Test" form (fig. 4). The mass loss on specimens 
that have been dried must be determined on specimens 
after they have cooled to room temperature if heat was 
used during the drying. 

11.3.4 Store each specimen in accordance with 
subparagraph 11.2.5. 

11.4 Reprocessed Soil: 
11.4.1 Reprocessing of soil consists of breaking 

compacted specimens and passing the broken material 
through a No. 4 sieve in order to prepare additional 
specimens. Reprocessing should take place only when an 
insufficient amount of soil is available. Reprocessing should 
not be used when testing plastic clay soils that tend to 
form lumps or when the soil is friable and the particles 
break down during testing. 

11.4.2 Reprocessing of soil tends to result in 
maximum dry unit weights that are between 1 to 5 lbf/ft3 

higher than obtained using unprocessed soil. 
11.4.3 If reprocessing of soil is necessary, soil that 

has been previously compacted should be mixed with as 
much "new soil" as is available and a note made on the 
data form and compaction curve indicating that reprocessed 
soil was used. 

12. Calibration and Standardization 

12.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1415 Calibrating Laboratory Mechanical Compac­
tors 

13. Conditioning 

13. l Place the material for each soil specimen, as 
prepared for testing, in a moisture proof container and 
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7-1391 (12-86) I LABORATORY COMPACTION TEST Bureau of Reclamation Designation USBR ~-.Jl.9_ 
SAMPLE NO. PROJECT FEATURE 

8 Example Example 
TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

Blows per layer 25 No. of layers 3 Height of drop 18 in 

Mass of tamping rod 5.5 lbm Volume of mold 0 . 0497 113 

Specimen No. I 2 3 4 5 

Wet unit weight determinations 

Water added (gorml) 80 160 240 330 420 

Mass of mold + wet soil ( lbm) 11 . 13 11.52 11.87 11.84 11.69 

Mass of mold (lbm) 5.41 5.41 5.41 5.41 5.41 

Mass of wet soil (lbm) 5.72 6 . 11 6 .46 6.43 6.28 

Wet unit weight (lbf/ft3 ) 115. I 122. 9 130 .0 129. 4 126 .4 

Penetration res istance determinations 

Needle No. 40 40 20 10 4 

Area of needle (in2) 1/40 1/40 1/20 1/10 1/4 

1 72 45 50 50 40 

Penetrometer reading (lbf) 2 73 47 49 49 37 

3 72 46 51 49 39 
Average reading (lbf) 72 46 50 49 39 

Penetration resistance (lbf/in 2 ) 2 880 I 840 1,000 490 156 

Moisture content determinations 

Dish No. 15 44 45 55 20 

Mass of dish + wet soil (g) 382 .4 386.7 382 .1 381.5 369.5 

Mass of dish + dry soil (g) 359. I 359. 6 352 .4 347.3 330.6 

Mass of dish (g) 129.4 1.33 . 8 140. 6 138. 6 118.0 

Mass of water (g) 2 3 . .3 27 . 1 29. 7 34. 2 38. 9 

Mass of dry soil (g) 229 -7 225.8 211 .8 20a 1 212. 6 

Moisture content (% of dry mass) 10. 1 12 .0 14 . 0 16.4 18. 3 

Dry unit weight determinations 

Dry unit weight (lbf /ft3 ) 104.5 109. 7 114.0 111.2 106.8 

Remarks: 
Auxil iary tests : 

USBR 5205. _§_9_ 
USBR 5300 · _8_9_ 
USBR 5320. ~9-
USBR 5505 · ~L 

GPO 840-889 

Figure 4. - Laboratory compaction test - example 
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store in accordance with the minimum time outlined m 
subparagraph 11.2.5. 

14. Procedure 

14.1 All data are to be recorded on the "Laboratory 
Compaction Test" form (fig. 4). 

14.2 Determine the mass of the compaction mold co 
the nearest 0.01 lbm and record the value. 

14.3 Ensure that the compaction device rests firmly 
on a level concrete (or equivalent) base. 

14.4 Assemble the mold and collar and secure to che­
baseplate. 

14.5 Select the initial specimen for testing; and 
immediately prior to compaccion, pass the material to be 
compacted through a No. 4 (4.75 mm) sieve to break up 
any lumps of soil resulting from the specimen preparation 
procedure. 

14.6 Place 2.0 to 2.5 lbm of soil into the mold and 
spread into a layer of uniform thickness. 

14.7 Using a mechanical or manual (see app. X2) 
compaccion apparatus, compacc the layer with 25 blows 
distributed equally over the surface of the layer. 

14.8 Repeat the compaction process outlined in 
subparagraphs 14.6 and 14.7 until three layers have been 
compacted. The third layer, when compacted, should extend 
into the collar about 1/4 inch, but not more than 1/2 
inch. If, after the last layer is compacted the specimen 
is coo shore or coo long, it should be discarded and a new 
specimen compacted. 

NOfE 3.- When compacting specimens wetter chan optimum 
moisture content, uneven compacted surfaces may occur and 
operator judgment is required as co the average height of the 
specimen. The lase blow delivered by the rammer should not 
extend below the cop of che compaction mold. 

14.9 Taking care not to disturb the compacted soil 
within the mold, remove the collar from the mold and 
use a straightedge to trim the specimen flush with the 
cop of the mold. A knife may be used to remove or loosen 
soil sticking to the inside of the collar and for initial 
trimming of the compacted specimen. 

14.10 Remove the mold from the baseplate. 
14.11 Determine and record the mass of the mold and 

the compacted soil to the nearest 0.01 lbm. 
14.12 Perform the penetration resistance test in 

accordance with USBR 5505. 
14.13 Extrude the specimen from the mold and cut 

about 1-1/2-inch-square by 6-inch-long moisture content 
specimen from the center of the compacted specimen. The 
moisture content specimen should have a mass of at least 
200 grams. 

14.13.1 If reprocessing is necessary, place the 
remainder of the specimen back in the container with any 
extra soil and set aside. 

14.14 Place the moisture content specimen obtained 
as outlined in subparagraph 14.13 in a suitable container 
for drying and determination of moisture content. 

14.15 Calculate the wet density of the compacted 
specimen to che nearest 0.1 lbm/fr3. 

14.15.1 Convert wet density to wet unit weight by 
changing lbm/fr3 to lbf/fr3 and record to the nearest 
0.1 lbf/ft3. (Assume 1 lbm = 1 !bf.) 

14.16 Repeat the procedure outlined in subparagraphs 
14.4 through 14.15 until at least five specimens have been 
compacted. 

NOfE 4.-Afcer determining the wee unit weight of the second 
and each successive compacted specimen, compare the wee unit 
weights co ensure chat a desired pattern is developing so chat 
points on each side of che optimum moisture content are 
compacted. 

14.17 Determine the moisture content of each 
compacted specimen in accordance with USBR 5300. 

14.18 Calculate the dry unit weight for each compacted 
specimen and record to the nearest 0.1 lbf/ft3. 

14.19 Plot the moisture contents (abscissa) and dry 
unit weights (ordinate) as shown on figure 5. 

14.20 Draw a smooth curve connecting the plotted 
points. 

14.21 The optimum moisture content is the moisture 
content corresponding to the peak of the curve. Determine 
the value and record to the nearest 0.1 percent. 

14.22 The maximum dry unit weight is the dry unit 
weight corresponding to the optimum moisture content. 

• Determine the value and record co the nearest 0.1 lbf/ft3. 
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14.23 If cwo or more plotted points do not fall on 
each side of the optimum moisture content, additional 
specimens muse be prepa!"ed and compacted at appropriate 
moisture contents. 

14.24 If additional material is nor available, see 
subparagraph 11.4. 

14.25 Determine the specific gravity for the soil sample 
in accordance with USBR 5 320. 

14.26 Use appendix table Xl, "Points for Curve of 
Complete Saturation" (zero air voids curve) to obtain 
appropriate dry unit weight and corresponding moisture 
content values. 

14.27 Plot the zero air voids curve shown on figure 5 
and outlined in appendix XL 

15. Calculations 

15.1 Calculate the wet density of the compacted soil 
specimen co the nearest 0.1 lbm/ft3. 

D-E 
P wet = ---i,- ( 1) 

where: 
Pwet = wet density of compacted soil, lbm/ft3 

V = volume of mold, ft3 
D = mass of mold + wet soil, lbm 
E = mass of mold, lbm 

15.1.1 In the procedure, wee density is converted co 
wet unit weight by changing from lbm/ft3 co lbf/ft3. 
(Assume 1 lbm = 1 !bf.) 
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15.2 Calculate the dry unit weight of the soil specimen. 

"/d = Ywet (2) 

where: 
'Yd dry unit weight of compacted soil, lbf/ft3 

w moisture content, % 
"/wet wet unit weight, lbf/ft3 

16. Report 

16.1 The report· is to consist of the completed and 
checked forms: 

"Laboratory Compaction Test" (fig. 4). 
"Compaetion-Penetration Resistance Curves" (fig. 5 ). 
16.2 All calculations are to show a checkmark and all 

plotting must be checked. 

17. Precision and Accuracy 

17 .1 Criteria for judging the acceptability of the 
maximum dry unit weight and optimum moisture content 
test results are given in table 1. The standard deviation 
sis computed from the equation: 

52 
1 

n-l 

n 

r (X;-X)2 (3) 
i= I 

where: 
n = number of determinations 

X; = individual value of each determination 
X = numerical average of the determinations 

Table I. - Precisiont 

Single-operator precision: 
Maximum dry unit weight 
Optimum moisture content 

Multilaboratory precision: 
Maximum dry unit weight 
Optimum moisture content 

Standard 
deviation, 

s 

±1.66 lbf/ ftl 
±0.86 % 

Acceptable range 
of two results , 
ex pressed as 

percent of mean 
value* 

1.9 
9.5 

4.0 
15.0 

All values shown (in this table) are based on average rest results 
from a variety of different soils and are subject to future revision. 

• This column indicates a limi1ing range o f values which should no1 
be exceeded by 1he difference between any two resul1s, expressed 
as a percentage of 1he average value. In cooperative res t programs 
it has been de1ermined rha1 95 percent of the tests do not exceed 
the limiting acceptable ranges shown above. 

17.2 Criteria for assigning standard deviation values 
for single-operator precision have not been established. 
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7-1414 (9-85) I COMPACTION· PENETRATION RESISTANCE CURVES I Des;gnation USBR 5500 - _1!_9_ Bu reau of Reclam onion 
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Depth ft 0 m □ Checked by Date 

0181 
<II N 

Q. C 3600 
.:,t.:.::::. 

:0 -
w ·~ u 
z ' <! 2400 

'-I-
VJ I' VJ 
w 

" a: 
z 

1200 
"'r-... 

0 I' 
j:: 
<! -- i---. a: -. I- ;-
w -i-. z 
w 0 
a. 

129 
'- THEORETICAL CURVE AT 

~ COMPLETE SATURATION; 
'\ NUMBERS INDICATE 

0181 ' ...-30 PERCENTAGE.OF VOIDS 

MM ' E .;'. 115 

" --- ---z:O ,,, ~~ " .:,: :-- . . . .. , r---. ' V r--.. " I- / '- ' I II 0 
I I'-.. ' (.!) , -w / r--.. '-,..._ 35 

~ 
/ ~ • . 

!::: ' z / • r-..___ 
::, 

~ >- 105 I 
a: la' 
0 

100 ·• 

10 12 14 16 18 20 22 

MOISTURE CONTENT(%) 

CLASSIFICATION SM/ML SPECIFIC GRAVITY COMPACTION 

Gravel 13 % Minus No . 4 2.66 Method 

Sand 40 % Plus No. 4 Percent larger than tested 13 

47 0 kN/rnJ 
Fines % Bulk Maximum dry unit weight 114.0 (gi lbf/ft3 

Apparent 

Absorpt ion % Optimum moisture content 14.0% 

ATTERBERG LIMITS Degree of saturation @ opt % 

Liquid Lim it 28 % Remarks Penetrat ion resistance@ opt 1000 OkPa 
18llbf/in2 

Plasticity Index 4 % 

Shrinkage Limit % 

GPO 848-759 

Figure 5. - Compaction-penetration resistance curves. 
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APPENDIX 

XL ZERO AIR VOIDS CURVE DETERMINATION - Curve of Complete Saturation 

Xl.l Scope 

Xl.1.1 This appendix outlines the procedure to obtain 
and plot appropriate dry unit weight and corresponding 
moisture content values at complete saturation given the 
specific gravity of the soil, along with a completed moisture 
content-unit weight plot. 

Xl.1.2 The resulting curve represents the relationship 
between dry unit weights and corresponding moisture 
content-assuming the voids are completely filled with 
water. Materials compacted by the usual field and laboratory 
compaction methods contain entrapped air. Therefore, the 
field roller density curves and laboratory compaction curves 
will approach but never will cross the zero air voids curve. 

X 1.2 Procedure 

Xl.2 .1 Determine the specific gravity of the soil 
specimen in accordance with USBR 5320. 

Xl.2.2 Construct a compaction curve for the soil from 
a compaction test. 

Xl.2.3 Use table Xl, "Points for Curve of Complete 
Saturation" to obtain appropriate moisture content-dry 
unit weight points for a given specific gravity. 

Xl.2.3.1 Enter the table with the value of specific 
gravity obtained in subparagraph Xl.2.1. 

Xl.2.3 .2 Select at least three values of dry unit weight 
and corresponding moisture content that approximately 
identify maximum and minimum dry unit weight-moisture 
content points obtained in the compaction test. 

Xl.2.4 Plot the points selected as shown on figure 5. 
The points are to be labeled with the corresponding 
percentage of void values also found in table Xl. 

Xl.2 .5 Draw a smooth curve connecting the plotted 
points. 

NOfE Xl.1.-The values in table Xl are calculated using the 
following relationships: 

w 

where: 

!!....:i..!!:. 
"/d 

(Xl-1) 

(Xl-2) 

"/d = dry unit weight of compacted soil in lbf/ft3 or kN/m3 

-Yw = unit weight of water, 62.43 lbf/fc3 at 4 °C 
(9.81 kN/m3) 

Gs = specific gravity of the soil 
n - porosity, % 
w = moisture content, % 

X2. MANUAL COMP ACTOR 

X2.l A manual compactor instead of a mechanical 
compaction device may be used to compact specimens. The 
rammer contact face must be flat and circular and have 
a diameter of 2 inches. The mass of the rammer is 5.5 
lbm ±1 percent. The rammer must be equipped with a 
guide sleeve that allows the rammer to fall freely a distance 
of 18±1/16 inches and which provides sufficient clearance 
so the free fall of the rammer shaft and head is not 
restricted. The guide sleeve must have 4 vent holes at 
each end with centers 3/4±1/16 inch from each end and 
spaced 90 degrees apart. The minimum diameter of the 

vent holes is 3/8 inch. During compaction, the mold 
assembly shall rest firmly on a uniform, rigid foundation­
equivalent co a 200 lbm or larger block of concrete. 
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X2.2 While operating the manual rammer, care should 
be taken to ensure that the rammer falls freely within 
the guide sleeve. The guide sleeve should be held steady 
and in a plumb position. A void rebound of the rammer 
from the top end of the guide sleeve. Apply the blows 
at a uniform rate using not less than 40 seconds per cycle 
of 25 blows. Distribute the blows uniformly over the surface 
of the layer. 
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Table XI. - Poincs for curve of complete saturation. 

Percent voids 
Percent 10 15 20 25 30 35 40 45 50 55 60 

voids 

Specific Dry unit weight in pounds force per cubic foot 
gravity Moisture content in percent 

2.45 137.6 130.0 122.4 114.8 107.1 99.5 91.8 84.2 76.5 68.8 61.2 
4.5 7.2 10.2 13.6 17.5 22.0 27.2 33.4 40.8 49.9 61.3 

2.46 138.3 130.6 122.8 115.2 107.5 99.8 92.2 84.6 76.8 69.2 61.5 
4.5 7.2 10.2 13.5 17.4 21.9 27.1 33.2 40.7 49.6 60.9 

2.47 138.9 131.2 123.5 115.7 108.0 100.4 92.6 84.9 77.2 69.4 61.7 
4.5 7.1 10.1 13.5 17.3 21.8 27.0 33.1 40.5 49.5 60.7 

2.48 139.5 131.6 124.0 116.2 108.5 100.7 93.0 85.2 77.5 69.7 62.0 
4.5 7.1 10.1 13.4 17.3 21.7 26.9 33.0 40.3 49.3 60.4 

2.49 '140.0 132 2 124.4 116.6 108.9 101.l 93.3 85.6 77.8 70.0 62.2 
4.5 7.1 10.1 13.4 17.2 21.6 26.8 32.8 40.2 49.2 60.3 

2.50 140.4 1326 124.8 117.0 109.2 101.4 93.6 85.9 78.1 70.2 62.4 
4.4 7.1 10.0 13.3 17.1 21.5 26.7 32.7 40.0 48.9 60.0 

2.51 141.0 133.2 125.4 117.5 109.7 101.9 94.1 86.3 78.2 70.6 62.7 
4.4 7.0 10.0 13.3 17.1 21.4 26.5 32.6 39.9 48.7 59.8 

2.52 141.6 133.8 125.9 118.1 110.2 102.4 94.4 86.6 78.7 70.8 63.0 
4.4 7.0 9.9 13.2 17.0 21.4 26.5 32.4 39.7 48.5 59.5 

2.53 142.2 134.4 126.3 118.5 110.5 102.7 94.7 86.9 79.0 71.2 63.2 
4.4 7.0 9.9 13.2 16.9 • 21.3 26.3 32.3 39.5 48.3 59.3. 

2.54 142.8 134.9 126.9 119.0 111.1 103.1 95.2 87.2 79.3 71.4 63.4 
4.4 6.9 9.9 13.1 16.8 21.2 26.2 32.2 39.4 48.l 59.l 

2.55 143.2 135.3 127.3 119.4 111.4 103.4 95.5 87.5 79.6 71.6 . 63.6 
4.4 69 9.8 13.1 16.8 21.l 26.2 32.1 39.2 47.9 58.9 

2.56 143.8 135.8 127.8 119.8 111.8 103.8 95.8 87.9 79.9 71.9 63.9 
4.3 6.9 9.8 13.0 16.8 21.l 26.1 32.0 39.1 47.7 58.6 

2.57 144.3 136.3 . 128.3 120.3 112.3 104.2 96.2 88.2 80.2 72.2 64.1 
4.3 6.9 9.7 13.0 16.7 21.0 26.0 31.8 38.9 · 47.5 58.4 

2.58 144.9 136.8 128.8 120.7 112.7 104.6 96.6 88.5 80.5 72.4 64.4 
4.3 6.8 9.7 12.9 16.7 20.9 . 25.9 31.7 38.8 47.4 58.1 

2.59 145.5 137.4 129.3 121.2 °113.1 105.1 97.0 88.9 80.8 72.7 64.6 
4.3 6.8 9.7 12.9 16.6 · 20.8' ·25.6 31.6 38.6 47.2 57.9 

2.60 146.0 137.9 129.8 121.7 113.6 105.5 97.3 89.2 81.1 73.0 64.9 
4.3 6.8 9.6 12.9 16.5 20:7 25.7 31.5 38.5 47.0 57.7 

2.61 146.6 138.4 130.3 122.2 114.0 105.9 · 97.7 89.6 81.4 73.3 65.1 
4.3 6.7 9.6 12.8 16.4 20.6 25.6 31.3 38.3 46.8 57.5 

2.62 147.2 1389 130.8 122.6 114.5 106.3 98.1 89.9 81.8 73.6 65.4 
4.2 ·6.7 9.6 12.7 16.4 20.6 25.5 31.2 38.2 46.6 57.3 

2.63 147.7 139.5 131.3 123 l 114.9 106.7 98.5 90.3 82.1 73.8 65.6 
4.2 6.7 9.5 12.7 16.3 20.5 25.4 31.l 38.0 46.5 57.1 

2.64 148.3 140.0 131.8 123.6 115.3 107.1 98.9 90.6 82.4 74.1 65.9 
4.2 6.7 9.5 12.6 16.3 20.4 25.3 31.0 37.9 46.3 56.8 

2.65 148.8 140.6 132.3 124.0 115.8 107.5 99.2 91.0 82.7 74.4 66.1 
4.2 6.6 9.4 12.6 16.2 20.3 25.2 30.8 37.7 46.l 56.6 

2.66 149.4 141.l 132.8 124.5 116.2 107.9 99.6 91.3 .83.0 74.7 66.4 
4.2 6.6 9.4 12.5 16.1 20.3 25 1 30.8 37.6 45.9 56.4 

2.67 150.0 141.6 133.3 125.0 116.6 108.3 100.0 91.6 83.3 75.0 66.6 
4.2 6.6 9.4 12.5 16.1 20.2 25.0 30.7 37.5 45.7 56.2 

2.68 150.5 142.2 133.8 125.4 117.1 108.7 100.3 92.0 83.6 75.3 66.9 
4.1 6.6 9.3 12.4 16.0 20.l 24.9 30.5 37.3 45.6 56.0 

2.69 151.1 142.7 134.3 125.9 117.5 109. l 100.7 92.3 83.9 75.5 67.1 
4.1 6.6 9.3 12.4 16.0 20.0 24.8 30.4 37.2 45.5 55.8 

2.70 151.6 143.2 134.8 126.4 117.9 109.5 101.1 92.7 84.2 75.8 67.4 
4.1 6.5 9.3 12.3 15.9 19.9 24.7 30.3 37.0 45.3 55.6 

2.71 152.2 143.7 135.3 126.8 118.4 109.9 101.5 93.0 84.6 76.1 67.6 
4.1 6.5 9.2 12.3 15.8 19.9 24.6 30.2 36.9 45. l 55.4 

2.72 152.8 144.3 135.8 127.3 118.8 110.3 101.8 93.4 84.9 76.4 67.9 
4.1 6.5 9.2 12.3 15.8 19.8 24.6 30.l 36.8 44.9 55.2 

2.73 153.3 144.8 136.3 127.8 119.3 110.7 102.2 93.7 85.2 76.7 68.1 
4.1 6.4 9.2 12.2 15.7 19.7 24.4 29.9 36.6 44.7 55.0 

2.74 153.9 145.3 136.8 128.2 119.7 111.l 102.6 94.0 85.5 76.9 68.4 
4.1 6.4 9.1 12.2 15.7 19.7 24.4 29.9 36.5 44.6 54.8 
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Table Xl. - Points for curve of complete saturation - Continued. 

Percent voids 
Percent 10 15 20 25 30 35 40 45 50 55 60 

voids 

Specific Dry unit weight in pounds force per cubic foot 
gravity Moisture content in percent 

2.75 154.4 145.9 137.3 128.7 120.1 111.5 103.0 94.4 85.8 77.2 68.6 
4.0 6.4 9.1 12.1 15.6 19.6 24.3 29.8 36.4 44.4 54.6 

2.76 155.0 146.5 137.8 129.1 120.6 111.9 103.3 94.7 86.2 77.5 68.9 
4.0 6.4 9.1 12.1 15.7 19.5 24.2 29.7 36.2 44.3 54.4 

2.77 155.6 147.0 138.3 129.6 121.0 112.4 103.7 95 .l 86.5 77.8 69.2 
4.0 6.4 9.0 12.0 15.5 19.4 24.0 29.5 36.2 44.2 54.2 

2.78 156.1 147.5 138.8 130.1 121.4 112.8 104.1 95.4 86.8 78.1 69.4 
4.0 6.4 9.0 12.0 15.4 19.4 23.9 29.4 36.0 44.0 54.0 

2.79 156.8 148.1 139.3 130.6 121.9 113.2 104.5 95.8 87.1 78.4 69.7 
4.0 6.3 9.0 12.0 15.3 19.3 23.8 29.3 35.9 43.8 53.8 

2.80 157.4 148.6 139.8 131.0 122.3 113.6 104.8 96.1 87.5 78.7 70.0 
4.0 6.3 8.9 11.9 15.3 19.2 23.8 29.2 35.7 43.6 53.5 

2.81 157.8 149.0 140.0 131.5 122.7 114.0 105.2 96.4 87.7 78.9 70.1 
4.0 6.3 8.9 11.9 15.2 19.2 23.7 29.l 35.6 43.4 53.4 

2.82 158.4 149.6 140.8 132.0 123.2 114.4 105.6 96.8 88.0 79.2 70.4 
3.9 6.3 8.9 11.8 15.2 19.1 23.6 29.0 35.5 43.3 53.2 

2.83 159.0 150.2 141.3 132.4 123.6 114.8 106.0 97.l 88.3 79.5 70.7 
3.9 6.2 8 .8 11.8 15.1 19.0 23.6 28.9 35.3 43.2 53.0 

2.84 159.6 150.7 141.8 132.9 124.1 115.2 106.3 97.5 88.7 79.8 70.9 
3.9 6.2 8.8 11.7 15 .1 18.9 23.5 28.8 35.2 43.0 52.8 

2.85 160.1 151.2 142.2 133.4 124.5 115.6 106.7 97.9 89.0 80.1 71.2 
3.9 6.2 8.8 11.7 15.0 18.9 23.4 28.7 35.1 42.9 52.6 

2.86 160.7 151.8 142.8 134.9 124.9 116.0 107.1 98.2 89.3 80.3 71.4 
3.9 6.2 8.7 11.6 15.0 18.8 23.3 28.6 35.0 42.8 52.5 

2.87 160.1 151.2 143.3 134.3 125.4 116.4 107.5 98.5 89.6 80.7 71.7 
3.9 6.2 8.7 11.6 14.9 18.8 23.2 28.5 34.8 42.5 52.3 

2.88 161.8 152.8 143.8 134.8 125.8 116.8 107.8 98.8 89.9 80.9 71.9 
3.9 6.1 8.7 11.6 14.9 18.7 23.2 28.4 34.7 42.4 52.1 

2.89 162.4 153.4 144.2 135.2 126.2 117.2 108.2 99.2 90.2 81.2 72.2 
3.8 6.1 8.7 11.5 14.8 18.6 23.0 28.3 34.6 42.3 51.9 

2.90 162.9 153.9 144.8 135.7 126.7 117.6 108.6 99.5 90.5 81.5 72.4 
3.8 6.1 8.6 11.5 14.8. 18.6 23.0 28.2 34.5 42.1 51.7 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5505-89 

DETERMINING MOISTURE CONTENT - PENETRATION 
RESISTANCE RELATIONSHIPS OF FINE-GRAINED SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of rhe Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under rhe fixed designation USBR 5505. The number immediately 
following rhe designation indicates rhe year of acceptance or rhe year of lase revision. 

The procedure is similar ro ASTM D 1558, except char this procedure conrains a rewritten and more derailed description and 
rhe inclusion of USBR data forms. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the moisture content-penetration resistance 
relationship of fine-grained soils using a soil penetrometer. 
This procedure normally is performed in conjunction with 
USBR 5500. 

2. Auxiliary Tests 

2.1 Soil specimens used for this procedure are prepared 
and compacted in accordance with USBR 5500. The 
moisture content must be determined in accordance with 
USBR 5300 in order to plot the moisture content­
penetration resistance relationship curve. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1410 Calibrating the Soil Penetrometer 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5 300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5500 Performing Laboratory Compaction of Soils 
--' 5.5-lbm Rammer and 18-in Drop 

3.2 ASTM Standard: 
D 1558 Standard Test Method for Moisture Content 
Penetration Resistance Relationships of Fine-Grained Soils 

4. Summary of Method 

4.1 Soil specimens at various moisture contents are 
prepared and compacted in a mold in accordance with 
USBR 5500. For each compacted specimen, a penetrom­
eter needle is selected, attached to the penetromerer, and 
pushed into the specimen to a prescribed mark on the 
needle; and a penetrometer reading is taken. The procedure 
is performed at three locations on the test specimen, and 
an average penerrometer reading is determined. From the 
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average penetrometer reading and the end area of · the 
penetrometer needle, penetration resistance is calculated. 
Penetration resistance and moisture content are determined 
for each of the compacted specimens, and a curve of 
penetration resistance versus moisture content is plotted. 

5. Significance and Use 

5.1 The moisture content-penetration resistance 
relationship is an indication of the approximate shear 
strength of a soil over a range of unit weights and moisture 
contents. The test is one of a number of index tests used 
to evaluate soils for engineering purposes. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Moisture-Penetration Resistance Curve.-The 
curve showing the relationship between: (1) the penetra­
tion resistance of a soil penetrometer, and (2) the moisture 
content. 

6.1.2 Penerrometer Penetration Resistance.-The 
force required to produce a specified penetration into soil 
at a specified rate of a soil penetrometer .. 

7. Interferences 

7.1 If the compacted soil specimen contains hard layers 
of coarse sand particles, the values obtained may be 
unreliably high. If these conditions are encountered, a note 
indicating that results may be unreliable and the reason 
therefore should be included in the report. 

8. Apparatus 

8.1 Compaction Appararus.-Conforming to the 
requirements prescribed in USBR 5500. 

8.2 Soil Penerromerer (fig. 1).-A soil penetrometer 
consisting of a spring dynamometer with a force-indicating 
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scale on the stem of the handle. The force scale shall be 
graduated to 90 lbf (having 2-lbf divisions) with a line 
encircling the stem at each 10-lbf interval. A sliding ring 
on the stem indicates the maximum force obtained in the 
test. 

8.3 Penetrometer Needle Set (fig. l and table 1).-Each 
penetrometer needle shall consist of a shank with a head 
of known end area. The set of interchangeable needles . 
shall include the sizes as shown in table l. The needle 
shank should have graduations inscribed at intervals of 
1 inch to indicate the depth of penetration, and shall have 
a length of not less than 4 inches - excluding the threaded 
portion. Needles should not be used when they have been 
worn so as to reduce the flat-end area by 5 percent. 

Table l. - Sizes for interchangeable penerrometer needles. 

Needle Nominal area End diameter, Minimum end 
No. in2 in diameter, in 

1 1 1.128 1.100 
2 1/ 2 0.798 0.778 
4 1/40 0.564 0.550 

10 1/ 10 0.357 0.438 
20 1/20 0.252 0.426 
40 1/40 0.178 0.174 

9. Precautions 

9.1 Safety Precautions-This designation may involve 
hazardous materials, operations, and equipment. 

9.2 Technical Precautions: 
9.2.1 When penetration needles are so worn that 

the end diameter is less than the minimum value shown 
in table 1, they should be discarded. 

9.2.2 The three penetrometer readings obtained 
from any one test specimen should be within ±5 lbf of 
one another. Penetrometer readings that differ by more 
than ;i:5 lbf may indicate that the test specimen has not 
been compacted properly. If at least two of the penetrome­
ter readings are not within ±5 lbf of one another, the 
results are to be labeled "may not be reliable" in the report. 

9.2.2.1 It may not be possible to obtain three 
penetrometer readings on an undisturbed soil surface using 

a needle with an end area larger than 1/4 in2. In this 
case, make one or two penetration resistance determina­
tions. Indicate in the report that results "may not be 
reliable" and state the reason why. 

9.2.3 The penetration resistance test should be 
performed as quickly as possible after compaction to 
minimize unrecorded moisture loss which results in an 
erroneous moisture content for the compacted soil 
specimen. 

9.2.4 Due to the effects of sampling, handling, 
processing, and testing on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placment during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limestone, claystone, etc., or soils affected by air and/or 
oven drying. Such materials must be identified before 
processing and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested at all. Cautionary statements 
must be made on test data forms and in reporting the 
test data. 

10. Sampling, Test Specimens, and Test Units 

10.1 Specimen Preparation: 
10. l. l Prepare and compact test specimens 10 

accordance with USBR 5500. 
10. l.2 The penetrometer penetration resistance test 

is performed after preparation and compaction of each 
test specimen. 

11. Calibration and Standardization 

11.l Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibrations are not current, perform the calibrations before 
using the equipment. 

11.2 Calibrate the soil penetrometer and needles in 
accordance with USBR 1410. 

Sliding ring 
Handle 

Needle 

(a) Penecromecer 

Head 

(b) Penetration needle 

Figure 1. - Soil penetrometer. 
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12. Conditioning 

12.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

13. Procedure 

13.1 All data are to be recorded on the "Laboratory 
Compaccion Test" form as shown on figure 2. Since the 
test usually is performed in conjunction with USBR 5500, 
the data for both procedures are recorded on the same 
form. 

13.2 The penetrometer penetration resistance test is 
performed after preparation and compaction of each test 
specimen. Place the mold containing the compacted soil 
specimen on the floor. 

13.3 Select an appropriate penetrometer needle; attach 
it securely to the bottom of the penetrometer barrel. 

NOfE 1.-If the specimen is drier than optimum moisture 
content, the 1/40-in2 penetrometer needle generally produces 
satisfaccory readings. As the moisture content of the compacted 
specimens is increased, the end area of the penetrometer needle 
should be increased also in order to obtain satisfactory readings. 

13.4 The oper~tor should stand so that the mold 
containing the test specimen is between the feet; hold the 
penetrometer in a vertical position. Place the needle away 
from the edge of the mold, keeping in mind that three 
penetrations are required. Push the needle into the soil 
approximately one-half inch by pushing down on the 
penetrometer barrel (not the handle) . Make sure the needle 
is aligned perpendicular to the top of the compacted soil 
specimen. 

13.5 Be sure the sliding ring on the stem is pushed 
against the top of the penetrometer barrel. Place both hands 
on the penetrometer handle as shown on figure 3; push 
the needle into the soil an additional 2-1/2 inches at a 
race of approximately 1/2 in/s. This depth of penetration 
corresponds to the 3-inch mark on the needle. 

13.6 Carefully remove the needle by slowly pulling up 
on the penetrometer handle. 

13.7 Determine the penetrometer reading to the 
nearest 1 lbf by looking into the hole on the sliding ring 
and reading the number from the scale on the stem of 
the penetromecer. 

13.8 If the reading is less than 20 or greater than 80 
lbf, another needle size should be selected and subpara­
graphs 13.5 through 13.7 repeated at a different location 
on the rest specimen until the reading falls in the desired 
range. 

13.8.1 If the reading obtained is less than 20 lbf, 
a larger diameter needle should be selected for subsequent 
trials. If the reading obtained is greater than 80 !bf, a 
smaller diameter needle should be selected for subsequent 
trials. 
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13.9 Once a satisfactory reading is obtained, record the 
needle number, end area of the needle, and the penetrome­
cer reading. 

13.10 Repeat subparagraphs 13.4 through 13.8 two 
additional times performing the penetration at three 
different locations on the compacted test specimen; each 
time record the penetrometer reading obtained. Space the 
individual penetrations on the top of the soil specimen 
so as not to interfere with one another. 

13.11 Calculate and record to the nearest 1 !bf the 
average of the penetrometer readings chat are within ±5 !bf 
of one another (see subpars. 9.2.2 and 9.2.2.1). 

13.12 Calculate and record the penetration resistance 
of the soil to the nearest 1 lbf/in2. 

13.13 Determine the moisture content of the test 
specimen in accordance with USBR 5300. 

13.14 Penetration resistance and moisture content are 
to be determined on each specimen compacted in 
accordance with USBR 5500. 

13.15 Plot penetration resistance and the correspond­
ing moisture contents, and draw a smooth curve through 
the points as shown on figure 4. 

13.16 Determine penetration resistance at optimum 
moisture content and record. 

14. Calculations 

14.1 Calculate the average penetration reading. 

where: 

A d
. tr 

verage penetrometer rea mg = -
n 

n = number of penetrometer readings 
tr = summation of penetrometer readings from the 

"Laboratory Compaccion Test" form (fig. 2) 

14.2 Calculate the penetration resistance value. 

Penetration resistance, 
average penetration reading, !bf 

lbf/in2 = 
end area of needle, in2 

NOfE 2.-Penetration resistance also may be obtained by multi­
plying average penetrometer reading by the reciprocal of the end 
area of the penetrometer needle (e.g. , 70/(1/40) = 70 X 40). 

15. Report 

15.1 The report is to consist of the following completed 
and checked forms : 

"Laboratory Compaction Test" (fig. 2). 
Compaction-Penetration Resistance Curves (fig. 4) . 
15.2 All calculations are to show a checkmark and all 

plotting must be checked. 
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7-1391 (12-86) I LABORATORY COMPACTION TEST 5505 Bureau of Reclamation Designation USBR -89_ 
SAMPLE NO. PROJECT FEATURE 

8 Example Example 
TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

Blows per layer 25 No. of layers 3 Height of drop 18 in 

Mass of tamping rod 5.5 lbm Volume of mold 0.0497 tt3 

Specimen No. I 2 3 4 5 

Wet unit weight determinations 

Water added (g orml) 80 160 240 330 420 

Mass of mold + wet soil Obml 11. 13 11 .52 11.87 11.84 11.69 
---

Mass of mold (lbm) 5.41 5 . 41 5.41 5 . 41 5.41 

Mass of wet soil llbm) 5.72 6. II 6.46 6.43 6.28 

Wet unit weight (lbf/ft3 ) 115.1 122.9 130.0 129.4 126.4 

Penetration resistance determinations 

Needle No. 40 40 20 10 4 
-

Area of needle (in2) 1i..o 1/'I() llzo l/10 114 

1 72 45 50 50 40 

Penetrometer reading (lbf) 2 73 47 49 49 37 

3 72 46 51 49 39 

Average reading (lbf) 72 46 50 49 39 

Penetration resistance (lbf/in2 ) 2,880 1,840 1,000 490 156 

Moisture content determinations 

Dish No. 15 44 45 55 20 

Mass of dish + wet soil (g) 382.4 386.7 382. I 381 .5 369.5 

, Mass of dish + dry soil (g) 359. I 359.6 352.4 347.3 330.6 

Mass of dish (gl i29.4 133.8 140.6 138.6 116 . 0 

Mass of water (gl 23.3 27. I 29.7 34.2 38.9 

Mass of dry soil (gl 229.7 225.8 211 .8 208.7 212.6 

Moisture content (% of dry massl 10.1 12.0 14.0 16.4 18.3 

Dry unit weight determinations 

Dry unit weight (lbf/tt3 ) 104.5 109.7 114.0 111 .2 106.8 

Remarks: 
. Auxiliary tests: 

USBR 5205 · ...89 _ 
USBR 5300. 89_ 
USBR 5320 · 89_ 
USBR 5505. 89_ 

Figure 2. - Laboratory compaction test (penetration resistance determination) - example. 
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Figure 3. - Determining penetration resistance. 
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7-1414 (9-85) I COMPACTION - PENETRATION RESISTANCE CURVES I Designat ion USBR _5505 _ - 89_ Bureau of Reclamation 

SAMPLE NO . FEATURE IPRQJE_CT 

8 Example Example 

Hole No. Plotted by Date 

Depth ft □ m □ Checked by Date 
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MOISTURE CONTENT(%) 

CLASSIFICATION SM/ML SPECIFIC GRAVITY COMPACTION 

Gravel 13 % Minus No. 4 2.66 Method 

Sand 40 % Plus No. 4 Percent larger th3n tested 13 

Fines 47 % Bulk Maximum dry unit weight 114.0 0 kN/m3 
I&] lbf/ft3 

Apparent 

Absorption % Optimum moisture content 14.0 % 

ATTERBERG LIMITS Degree of saturation @ opt % 

Liquid Limit 28 % Remarks Penetration resistance @ opt 1000 OkPa 
00 lbf/in2 

Plasticity Index 4 % 

Shrinkage Limit % 

GPO 848-759 

Figure 4. - Compaction-penetration resistance curves - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5 510-89 

PERFORMING LABORATORY COMPACTION 
OF SOILS-HARV ARD MINIATURE 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5510. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This 9esignation outlines the procedure for 
performing laboratory compaction of soils using the 
Harvard miniature compaction apparatus.[1,2] 1 

1.2 The procedure is used to determine the relation­
ship between the moisture content of the portion of soil 
passing the No. 4 sieve (4.75 mm) and the corresponding 
dry unit weight when the soil is compacted using the 
Harvard miniature compaction apparatus. 

1.3 This procedure is normally performed on soils that 
contain more than 15 percent fines. It may be used, under 
certain circumstances, for soils containing 5 to 15 percent 
fines. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. The 
moisture content must be determined in accordance with 
USBR 5300 as part of performing this procedure. The 
specific gravity of the soil sample must be determined in 
accordance with USBR 5320 in order to plot the zero air 
voids curve on the moisture-unit weight plot. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determing Unified Soil Classification 
(Laboratory Method) 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 

1 Number in brackets refers co the reference. 
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USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 

3.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 A soil specimen is placed and compacted in a mold 
in five lifts using a special tamping device. Twenty five 
tamps are applied to each lift to achieve a standard 
compactive effort. To establish a compaction curve, at least 
five soil specimens are compacted-each at a different 
moisture content. Moisture-unit weight points, both wet 
and dry of optimum moisture content, are required. 

5. Significance and Use 

5.1 The Harvard miniature compaction test is 
performed to obtain data to develop a soil moisture-unit 
weight compaction curve. 

5.2 The compaction mold has a volume equal to 
1/454 ft3. The mass of the soil (in grams) filling the mold 
is, therefore, numerically equal to the density of the soil 
in pounds per cubic foot. 

5.3 The test equipment and procedures were developed 
to compact soil in the laboratory using a kneading action 
which simulates the action of a sheepsfoot roller. 

5.4 This procedure can be used in place of the standard 
compaction test when a limited amount of material is 
available. The procedure also requires less time to perform 
than the standard compaction test. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6,1.1 Compaction curve.-The curve showing the 
relationship between the dry unit weight and the moisture 
content of a soil for a given compactive effort (ASTM 
definition). 
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6.1.2 Maximum Unit Weight ('Ymax) .-The dry unit 
weight defined by the peak of a compaction curve. 

6.1.3 Optimum Moiscure Content ( wa) .-The mo is­
ture content at which a soi l can be compacted co the maxi­
mum dry unit we ight by a g iven compactive effort (ASTM). 

6.1.4 Zero Air Voids Curve.-The curve showing the 
rel ationship between dry unit weights and corresponding 
mois ture contents, ass uming that all o f the voids are 
completely filled with wa ter. 

7. Apparatus 

7.l General Apparaws: 
7. 1. l Balances or Scales.-Typica l ba lances or sca les 

used for this designation are: 
Application Readable ro Approximate capacity 

Compacrion tamper 
ca librat ion 0.5 lbm 100 lbm 

Sample preparation 0.5 lbm 10 lbm 
Specimen preparat ion 0.1 g I 000 g 
Moisture conte nt 0.1 g 500 g 

7.1.2 Dry ing Oven.-An ove n, thermostatically 
controlled, preferably of the forced-draft type, and cap able 
of ma in taining a uniform temperature of 230 ±9° F 
(1 10±5 °C) th roughou t the drying chamber. 

7. l.3 Scraightedge.- A stiff metal straightedge of any 
convenient length. The scraping edge must be beveled if 
it is thicke r than 1/8 inch (3 mm). 

7.1 .4 S,eve.-U.S.A. Standard ser ies N o. 4 (4.75 mm) 
sieve conforming co the requirements of ASTM E l l. 

7.1.5 Bags.-1-quart, moisture proof, plastic. 
7.2 Equipment Unique co This Procedure (see fig. l ): 

7.2. 1 Specimen Ejeaor.-To facilitate removal of the 
so il sample from the mold. 

7.2 .2 Mold H older.-A clamping device co hold the 
mo ld and co llar in place during compact ion, w ith so lid 
base plate. 

7.2.3 Compaction Mo ld.-1/454-ftl capac ity with 
detachab le extension co llar. 

7.2 .4 Collar R em over.- A device for holding the 
compacted so il and mold in place while the extension co ll ar 
is be ing removed. 

7.2.5 Compaaion Tamper.-Provided with springs 
which can be preset co 20-pound (9-kg) load ing. 

7.3 Miscellaneous Equipment.-Mi xing pans, spoon, 
trowel, sp atula, ere. for thoroughly mixing the soi l sample 
with water; a wood plunger for level ing compact ion lifts. 

8. Reagents and Materials 

8.1 Tapwarer that is free of acids, alkalies, or o ils and 
is suitab le for drinking shou ld be used for wett ing the 
so il prior co compact ion. 

9 . Precautions 

9.1 Safety Precautions.-The surface on which the test 
is co be performed must be strong enough ro support the 
compactive effort. 

9.2 Technical Precautions.- The rest spec imen shou ld 
be prepared and compacted as quickly as possible ro 
minimize unrecorded mois ture loss. 

9.2.2 Due co the effects of sampling, handling, 
processing, and resting on some materia ls, resu lts of this 
test may not reflect in-place conditions o r the properties 
of the material after processing and placement during 
construction. Of particular concern are materia ls such as 

Figure I. - H arvard miniature compaction test equipment. 

li66 



USBR 5510 

soft and/or friable decomposed granite, sandstone, shale, 
limestone, clayscone, ere., or soils affected by air and/or 
oven drying. Such materials muse be identified before 
processing and the person requesting rhe rest should verify 
whether standard procedures are co be followed, whether 
modifications are appropriate, or whether the material 
should be processed and rested ar all. Cautionary statements 
muse be made on rest data forms and in reporting the 
rest data. 

10. Sampling, Test Specimens, and Test Units 

10.1 SamplePreparation.-Prepare about a4 co6 pound 
(2 to 3 kg) test sample in accordance wirh USBR 5205. 

10.2 Specimen Preparation: 
10.2. l Air dry the rest sample obtained in 

subparagraph 10.1. 

NOfE 1.-If 4 co 6 pounds of material are noc available, carefully 
plan the number of specimens and corresponding moisture 
contents co avoid reusing material. 

10.2.2 After drying, thoroughly break up the aggre­
gations in such a manner as to avoid reducing the natural 
size of rhe particles. 

10.2.3 Pass rhe material through a No. 4 sieve and 
mix thoroughly. . 

10.2.4 Split this material into six representative 
portions such chat each portion contains enough material 
for two specimens (or one specimen if enough material . 
is not available, see note 1). 

10.2.5 Prepare a series of five specimens by adding 
increasing amounts of water co five of the portions prepared 
in accordance with subparagraph 10.2.4. The moisture 
contents selected are to be such that at least rwo specimens 
wet of optimum moisture and at least two specimens dry 
of optimum moisture are obtained. The moisture contents 
sel~cted should normally vary by approximately 1-1/2 to 

2 percent. One portion should be kept at the air dried. 
moisture content in case an additional specimen is needed. 

10.2.6 Optimum moisture content. is estimated for 
a given soil type by experience or by using the following 
values : 

Laboracory Optimum 
Classification maximum dry moisture 
group USER unit weig_ht content 
5000or 5005 lbf/ft3 kN/m3 % 

SM 116.6 18.3 12.5 
SC 118.9 18.7 12.4 
ML 103.3 16.2 19.7 
CL 109.3 17.2 16.7 
MH 85.1 13.4 33.6 
CH 95.3 15.0 25.0 

Values shown represem average values (see ref. [3)). 

10.2.7 Determine the amount of warer co be added 
to each portion prepared in subparagraph 10.2.4 in 
accordance with the procedure ourlined in appendix XL 

467 

10.2.8 Thoroughly mix the material for each speci­
men to ensure an even distribution of moisture throughout. 

10.2.9 Place each portion in a plastic moisture proof 
bag and store in accordance with the following standing 
times. 

Classification Minimum standing 
USER 5000 or 5005 time, hours 

SM 3 
ML, CL, OL, SC 18 

MH, CH, OH, PT 36 
10.2.10 In normal situations it is important that 

material from a compacted specimen not be remixed and 
reused. If, due to lack of material , this must be done, it 
muse be noted in rhe report. 

11. Calibration and Standardization 

11.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform rhe calibration before 
using the equipment for this procedure. 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 

11.2 Compaction Tamper Calibration: 
11.2.1 Determine the mass of the compaction cam-

per co the nearest.0.5 lbm using the 100-lbm capacity scale. 

NOfE 2.-lt is convenient to use a rare equal to the weight ­
of the compaction tamper so that the resulting weight in pounds 
is numerically equal co the compactive efforc of the tamper. 

11.2.2 Place the compaction camper on the center 
of the scale holc!ing it around the barrel using both hands. 

11.2.3 Push down on the barrel until it just loses 
contact with rhe two calibration nuts that are located ar 
rhe top of the compaction tamper. 

11.2.4 Read rhe scale when rhe tamper is in the 
position as described in subparagraph 11.2.3. 

11.2.5 The desired compaction load is 20 lbf. Adjust 
the calibration nuts as necessary co obtain the appropriate 
scale reading. If the observed scale reading is coo low, the 
calibration nuts need co be moved down; if the scale reading 
is too high, the calibration nuts need co be moved up. 

11.2.6 Record the final scale reading as the tamper 
calibration on the "Harvard Miniature Compaction Test" 
form as shown on figure 2. 

12. Conditioning 

12.1 Place the material for each soil specimen as pre­
pared in subparagraph 10.2 in a moisture proof plastic 
bag and score them in accordance with the minimum 
standing rimes ourlined in subparagraph 10.2.9. 

13. Procedure 

13. l All data are to be recorded on the "Harvard 
Miniature Compaction Test" form as shown on figure 2. 
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7-2325 (lo-85) I HARVARD MINIATURE COMPACTION TEST Ceslgnation USBA 5510 - 89_ Bureau of Reclamation 

SAMPLE NO. PROJECT rEATUAE 
15W-6 Example Example 

TESTEC BY ICATE COMPUTEC BY CATE rHECKEC BY 'CATE 

Blows per layer 25 No. of layers 5 

Tamper calibration 20 lbl Volume of mold 62.40 cm3 

Specimen No. 1 2 3 4 5 6 7 

Wet unit weight determinations 

Desired Moisture Content (%) 14.0 16.0 18.0 20.0 22.0 

Water added g □ ml 00 18.5 27.4 36.6 43.5 52.5 

Mass of mold + wet soil (g) 239.9 249 . I 252.9 252.8 250.4 

Mass of mold (g) 123.4 123.4 123 . 4 123.4 123.4 

Mass of wet soil (g) I 16.5 125.7 129.5 129 . 4 127.0 

Wet unit weight (kN/m3) 18.3 19.8 20.4 20.3 20.0 

Moisture content determinations 

Dish No. L-39 L-31 L-27 50 204 

Mass of dish + wet soil (g) 234.6 252 . 7 261. I 299.8 297.0 

Mass of dish + dry soil (g) 220.8 235.3 241.7 279.0 275.4 

Mass of dish (g) I 18.3 127 . 2 132. I 170.7 170 . 1 

Mass of water (g) 13.8 17.4 19.4 20.8 21 . 6 

Mass of dry soil (g) 102.5 108.1 109.6 108.3 105.3 

Moisture content (% of dry mass) 13.5 16.1 17.7 19.2 20.5 

Dry unit weight determinations 

Dry Unit Weight (kN/m3) 16.1 17.1 17.3 17.0 16.6 

Re.marks : 

Auxiliary Tests: 

USBR 5205 - 89 _ 

USBR 5300 - 89 __ 

- -··. USBR 5320- 89_ 

GPO 8 ,Ul-760 

Figure 2. - Harvard miniature compaction test - example. 
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13.2 Determine the mass of the empty compaction 
mold to the nearest 0.1 gram and record the value on 
the "Harvard Miniature Compaction Test" form. 

13.3 Pass the material to be compacted through a No. 4 
sieve to break up any lumps of soil resulting from the 
specimen preparation procedure. 

13.4 Each specimen must be compacted as follows: 

NOfE 3.-The compaction mold and tamper must be clean, 
dry, and free of any lubricants. 

13.4.1 
13.4.2 

mold. 

Securely clamp the mold and collar to the base. 
Place the desired amount of loose soil in the 

NOfE 4.-Two to three slightly heaping teaspoons are generally 
required for each layer. 

13.-:i,3 Level the surface by pressing down lightly 
with a wood plunger. 

13.4.4 Insert the tamper in the mold until it is in 
contact with the soil surface. 

13.4.5 Press down firmly until the spring is 
compressed to the full calibrated load (20 !bf) . 

13.4.6 Release the force and shift the tamper to a 
new position. 

13.4.7 Each of the first four tamps should be applied 
in separate quadrants and adjacent to the mold. The fifth 
tamp should be in the center, making one complete 
coverage. 

13.4.8 Repeat the cycle outlined in subparagraph 
13.4.7 until 25 tamps have been applied. The tamps should 
be applied at the approximate rate of one tamp per second. 

13.4.9 It is important to slightly offset the location 
of the tamps during the compaction effort to ensure 
complete and even coverage of the specimen surface. 

13.4.10 Repeat subparagraph 13.4.2 through 13.4.9 
until five layers have been placed. 

13.4.11 The top layer should extend at least 1/2 inch, 
but not more than 3/4 inch, into the extension collar. 
If, after the last layer is compacted, the specimen is too 
short or too long, it should be discarded and a new specimen 
placed. 

13.4.12 Transfer the. mold assembly to the collar 
remover and release the collar clamps. 

13.4.13 Press down firmly on the piston and at the 
same time pull up on the handle, prying the collar loose 
from the compacted soil. 

13.4.14 Remove the mold from the base and, using 
the straightedge, carefully trim away any excess soil from 
the top and bottom of the mold. 

13.4.15 Determine the mass of the mold and the 
compacted soil to the nearest 0.1 gram and record the 
value. 

13.4.16 Remove the specimen from the mold using 
the sample ejecror. 

13.4.17 Place the specimen in a suitable container 
for drying and determination of moisture content. 

13.5 Compact the additional specimens from material 
as prepared in paragraph 10, repeating the procedures 
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outlined in subparagraph 13.3 and 13.4, until at least five 
points have been established. 

13.6 Determine the moisture content of each com­
pacted specimen in accordance with USBR 5300. 

13.7 Calculate the wet and dry unit weights for each 
compacted specimen. 

13.8 Plot the moisture contents and corresponding dry 
unit weights as shown on figure 3. 

13.9 If the plotted points do not fall on both sides 
of the optimum moisture content, additional specimens 
must be prepared and compacted at appropriate moisture 
contents. 

13.10 If additional material is not available, see 
subparagraph 10.2.10. 

13.11 Determine the specific gravity for the soil sample 
in accordance with USBR 5320. · 

13.12 Use table X2 to obtain appropriate dry unit 
weight and corresponding moisture content values 
assuming the voids are completely filled with water. 

13.13 Plot the zero air voids curve as shown on figure 3 
and outlined in appendix X2. 

14. Calculations 

14.l Calculate the moisture content. 

(A-B) 
w= 100 B-C 

where: 
w = percentage of moisture in the specimen,% 
A = mass of dish and wet soil, g 
B = mass of dish and dried soil, g 
C = mass of dish, g 

100 = convert from decimal to percent 

(1) 

14.2 Calculate the wet unit weight of the compacted 
soil specimen. 

(2) 

where: 
"/wet = wet unit weight of compacted soil in kilonewtons 

per cubic meter, kN/m3 
V = volume of mold in cubic centimeters, cm3 

9.81 = change g/cm3 to kN/m3 (see note 5) 

NOfE 5.-Three constants are combined into one in this 
calculation. Density in g/cm3 is multiplied by 1000 to convert 
to kg/m3; that number is multiplied by the acceleration of gravity, 
g (9.81 m/s2) , to convert to unit weight in N/m3. Divide by 
1000 to convert to kN/m3. 

14.3 Calculate the dry unit weight of the soil specimen. 

"/d = Ywet 

w 
l + 100 

where 'Yd equals dry unit weight of compacted soil in kilo­
newtons per cubic meter, kN/m3. 
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Bureau of Reclamauon 
COMPACTION - PENETRATION RESISTANCE CURVES I D e,,g nat,on US BR _5_~q_ _ _: 89 

S A MPLE NO. 
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rE A TUR E 
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P ROJ ECT 

Example Example 
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COMPACTION SPECIFIC GRAVITY 
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Method Harvard Miniature 
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Figure 3. - Moisture- dry unit weight plot - Harvard miniature example. 
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15. Report 

15.1 The report is to consist of the following completed 
and checked forms: 

"Harvard Miniature Compaction Test" form (fig. 2). 
"Compaction-Penetration Resistance Curves" (fig. 3). 
"Added Water Determination" form (fig. Xl.l). 
15.2 All calculations are to show a checkmark and all 

plotting must be checked. 

16. References 

(1) "Suggested Method of Test for Moisture-Density 
Relations of Soils Using Harvard Compaction Apparatus," 
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Philadelphia, PA,June 1970. 

(2) Scavuzzo, Robert, ··use of the Harvard Miniature 
Appartus for Obtaining Moisture-Unit Weight Relation­
ship of Soils," Bureau of Reclamation Report No. GR-
84-14, 34 pp., Denver, Colo., September 1984. 

(3] Design of Small Dams, U.S. Department of the 
Interior, Bureau of Reclamation 3d ed., Washington, D.C., 
pp. 96-97, 1987. 
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APPENDIX 

XL ADDED WATER DETERMINATION FOR COMPACTION TEST SPECIMEN 

Xl.1 Scope 

X 1.1.1 This appendix outlines the procedure for 
determining the amount of water to be added to test 
specimens to achieve the desired moisture contents. 

Xl.2 Procedure 

Xl.2.1 All data are to be recorded on the "Added Water 
Determination" form as shown on figure Xl. 1. 

Xl.2.2 The air dried moisture content of the soil 
specimens is to be predetermined in accordance with USBR 
5300. Record the moisture content value in column (1) 
on the form as the Moisture Content%, Initial (fig. Xl. l). 

Xl.2.3 The desired moisture content for each test 
specimen is predetermined. Record the values in column 
(2) on the form as the Moisture Content %, Desired 

Xl.2.4 Calculate the moisture content difference for 
each test specimen: 

where: 
(3) 
(2) 
(1) 

(3) = (2) - (1) 

moisture content difference, % 
moisture content, desired % 
moisture content, initial % 

(Xl-1) 

Record the values for each test specimen in column (3) 
of the form as Moisture Content %, Difference. 

Xl.2.5 Determine the mass of each soil specimen and 
container. Record the value in column (4) of the form 
as Mass g, Specimen and Container. 

Xl.2.6 Determine the mass of the container and 
record the value in column (5) of the form as Mass g, 
Container. 

Xl.2.7 Calculate the mass of the specimen. 

(6) = (4) - (5) (Xl-2) 
where: 

(6) = mass of specimen, g 

1\72 

(4) 
(5) 

mass of specimen and container, g 
mass of container, g 

Record the value in column (6) of the form as Mass g, 
Specimen. 

NOfE XL 1.-If a container is not needed, subparagraphs Xl.2.5 
through Xl.2.7 may be omitted and the mass of the specimen 
recorded directly. 

Xl.2.8 Calculate the dry mass of the specimen. 

(7) = 

where: 

(6) 

ill 
l + 100 

(7) dry mass of specimen, g 
(6) mass of specimen, g 
(1) moisture content, initial % 
100 convert from percent to decimal 

(Xl-3) 

Record the value in column (7) of the form as Mass g, 
Dry Mass of Speoinen. 

Xl.2.9 Calculate the mass of water to add-to each 
soil specimen. 

where: 
(8) 
(7) 
(3) 

100 

- ill (3) - (7) 100 

mass of water to add, g 
dry mass of specimen, g 
moisture content difference, % 
convert from percent to decimal 

(Xl-4) 

Record the value in column (8) of th_e form as Mass g, Water 
toAdd 

NOfE Xl.2.-Water may be measured by volume, rather than 
by mass. For the purpose of this procedure, assume one gram 
equals one milliliter equals one cubic centimeter. 
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7-2327 (10-85) 
I 

ADDED WATER DETERMINATION I Designation USBR · 5510- 89 Bureau of Reclamation 

SAMPLE NO. rROJECT rEATURE 
ISW-6 Example Example 

COMPUTED BY IOATE rHECKEO BY IDATE 

Moisture Content % Mass g 

Specimen 
Specimen Dry Water 

Initial Desired Difference and Container Specimen Mass of to No. Container Specimen Add 

(1) (2) (3) (4) (5) (6) (7) (8) 

I 9.5 14.0 4_5 673.7 223.7 450.0 411.0 18.5 

2 9.5 16.0 6.5 686.0 223.7 462.3 422.2 27.4 

3 9.5 18.0 8.5 695.5 223_7 471.8 430.9 36.6 

4 9.5 20.0 10.5 677.3 223.7 453.6 414.2 43.5 

5 9.5 22.0 12.5 683.7 223.7 460.0 420.1 52.5 

-

(2) - (1) (4) - (5) ~ (6) J 100 
00+(1) 

(7) [(3)] 
100 

Remarks: For Harvard Miniature Compaction Auxiliary Tests: 

USBR 5300 - 89_ 

Figure Xl.l. - Added water determination - example. 
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X2. ZERO AIR VOIDS CURVE DETERMINATION - Curve of Complete Saturation 

X2.1 Scope 

X2.l.l This appendix outlines the procedure for 
obtaining and plotting appropriate dry unit weight and 
corresponding moisture content values given the specific 
gravity of the soil along with a completed moisture-unit 
weight plot. 

X2.2 Procedure 

X2.2.l Predetermine the specific gravity of the soil 
specimen in accordance with USBR 5320. 

X2.2.2 Obtain a completed moisture-unit weight plot 
for the soil from a compaction test. 

X2.2.3 Use table X2 to obtain appropriate moisture­
weight points for a given specific gravity. 

X2.2.4 Enter the table with the appropriate specific 
gravity. 

X2.2.5 Multiply the dry unit weight values given by 
0.1571 to obtain kN/m3. 

X2.2.6 Select at least three values of moisture contents 
and corresponding dry unit weights that approximately 
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bracket the maximum and minimum dry unit weight­
moisture content points obtained in the compaction test. 

X2.2.7 Plot the points selected as shown on figure 3. 
The points are to be labeled with the corresponding 
percentage of void values also found in table X2. 

NCTfE X2. l.-The values found in table X2 may be calculated 
using the following equations: 

where: 
,'d = 

,'w 

Gs 
fl 

w= 

w = nyw 
,'d 

(X2-l) 

(X2-2) 

dry unit weight of soil in pounds force per cubic 
foot, lbf/ft3; or kilonewtons per cubic meter, 
kN/m3 

unit weight of water in units identical to those 
used with 1' d 

specific gravity of the soil 
porosity,% 
water content, % 
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Table X2. - Points for curve of complete saturation. 

Percent voids 
Percent 10 15 20 25 30 35 40 45 50 55 60 

voids 

Specific Dry unit weight in pounds force per cubic foot 
gravity Moisture content in percent 

2.45 137.6 130.0 122.4 114.8 107. l 99.5 91.8 84.2 76.5 68.8 61.2 
4.5 7.2 10.2 13.6 17.5 22.0 27.2 33.4 40.8 49.9 61.3 

2.46 138.3 130.6 122.8 115.2 107.5 99.8 92.2 84.6 76.8 69.2 61.5 
. 4.5 7.2 10.2 13.5 17.4 21.9 27.l 33.2 40.7 49.6 60.9 

2.47 138.9 13 l.2 123.5 I 15.7 108.0 100.4 92.6 84.9 77.2 69.4 61.7 
4.5 7.1 10.1 13.5 17.3 21.8 27.0 33.l 40.5 49.5 60.7 

2.48 139.5 l3 l.6 124.0 I 16.2 108.5 100.7 93.0 85.2 77.5 69.7 62.0 
4.5 7.1 10.1 13.4 17.3 21.7 26.9 33.0 40.3 49.3 60.4 

2.49 140.0 132.2 124.4 ll6.6 108.9 101.1 93.3 85.6 77.8 70.0 62.2 
4.5 7.1 10.1 13.4 17.2 21.6 26.8 32.8 40.2 49.2 60.3 

2.50 140.4 132.6 124.8 117.0 109.2 101.4 93.6 85.9 78.1 70.2 62.4 
4.4 7.1 10.0 13.3 17.1 2 l.5 26.7 32.7 40.0 48.9 60.0 

2.51 141.0 133.2 125.4 117.5 109.7 101.9 94.1 86.3 78.2 70.6 62.7 
4.4 7.0 10.0 13.3 17.1 21.4 26.5 32.6 39.9 48.7 59.8 

2.52 141.6 133.8 125.9 118.1 110.2 102.4 94.4 86.6 78.7 70.8 63.0 
4.4 7.0 9.9 13.2 17.0 21.4 26.5 32.4 39.7 48.5 59.5 

2.53 142.2 134.4 126.3 118.5 110.5 102.7 94.7 86.9 79.0 71.2 63.2 
4.4 7.0 9.9 13.2 16.9 21.3 26.3 32.3 39.5 48.3 59.3 

2.54 142.8 134.9 126.9 I 19.0 111.1 103.1 95.2 87.2 79.3 71.4 63.4 
4.4 6.9 9.9 13.1 16.8 21.2 26.2 32.2 39.4 48.1 59.1 

2.55 143.2 135.3 127.3 ll9.4 111.4 103.4 95.5 87.5 79.6 71.6 63.6 
4.4 6.9 9.8 13.1 16.8 21.1 26.2 32.1 39.2 47.9 58.9 

2.56 143.8 135.8 127.8 I 19.8 11 l.8 103.8 95.8 87.9 79.9 71.9 63.9 
4.3 6.9 9.8 13.0 16.8 21.1 26.1 32.0 39.1 47.7 58.6 

2.57 144.3 136.3 128.3 120.3 112.3 104.2 96.2 88.2 80.2 72.2 64.1 
4.3 6.9 9.7 13.0 16.7 21.0 26.0 31.8 38.9 47.5 58.4 

2.58 144.9 136.8 128.8 120.7 112.7 104.6 96.6 88.5 80.5 72.4 64.4 
4.3 6.8 9.7 12.9 16.7 20.9 25.9 31.7 38.8 47.4 58.1 

2.59 145.5 137.4 129.3 121.2 113.1 105.1 97.0 88.9 80.8 72.7 64.6 
4.3 6.8 9.7 12.9 16.6 20.8 25.6 31.6 38.6 47.2 57.9 

2.60 146.0 137.9 129.8 121.7 113.6 105.5 97.3 89.2 181.l 73.0 64.9 
4.3 6.8 9.6 12.9 16.5 20.7 25.7 31.5 38.5 47.0 57.7 

2.61 146.6 138.4 130.3 122.2 114.0 105.9 97.7 89.6 81.4 73.3 65.1 
4.3 6.7 9.6 12.8 16.4 20.6 25.6 31.3 38.3 46.8 57.5 

2.62 147.2 138.9 130.8 122.6 114.5 106.3 98.1 89.9 81.8 73.6 65.4 
4.2 6.7 9.6 12.7 16.4 20.6 25.5 31.2 38.2 46.6 57.3 

2.63 147.7 139.5 131.3 123.1 114.9 106.7 98.5 90.3 82.1 73.8 65.6 
4.2 6.7 9.5 12.7 16.3 20.5 25.4 31.1 38.0 46.5 57.1 

2.64 148.3 140.0 131.8 123.6 115.3 107.1 98.9 90.6 82.4 74.1 65.9 
4.2 6.7 9.5 12.6 16.3 20.4 25.3 31.0 37.9 46.3 56.8 

2.65 148.8 140.6 132.3 124.0 115.8 107.5 99.2 91.0 82.7 74.4 66.1 
4.2 6.6 9.4 12.6 16.2 20.3 25.2 30.8 37.7 46.1 56.6 

2.66 149.4 141.1 132.8 124.5 116.2 107.9 99.6 91.3 83.0 74.7 66.4 
4.2 6.6 9.4 12.5 16.1 20.3 25.1 30.8 37.6 45.9 56.4 

2.67 150.0 141.6 133.3 125.0 116.6 108.3 100.0 91.6 83.3 75.0 66.6 
4.2 6.6 9.4 12.5 16.1 20.2 25.0 30.7 37.5 45.7 56.2 

2.68 150.5 142.2 133.8 125.4 117.1 108.7 100.3 92.0 83.6 75.3 66.9 
4.1 6.6 9.3 12.4 16.0 20.1 24.9 30.5 37.3 45.6 56.0 

2.69 151.1 142.7 134.3 125.9 117.5 109.1 100.7 92.3 83.9 75.5 67.1 
4.1 6.6 9.3 12.4 16.0 20.0 24.8 30.4 37.2 45.5 55.8 

2.70 15 l.6 143.2 134.8 · 126.4 117.9 109.5 101.1 92.7 84.2 75.8 67.4 
4.1 6.5 9.3 12.3 15.9 19.9 24.7 30.3 37.0 45.3 55.6 

2.71 152.2 143.7 135.3 126.8 118.4 109.9 101.5 93.0 84.6 76.1 67.6 
4.1 6.5 9.2 12.3 15.8 19.9 24.6 30.2 36.9 45.1 55.4 

2.72 152.8 144.3 135.8 127.3 118.8 110.3 101.8 93.4 84.9 76.4 67.9 
4.1 6.5 9.2 12.3 15.8 19.8 24.6 30.1 36.8 44.9 55.2 

2.73 153.3 144.8 136.3 127.8 l 19.3 110.7 102.2 93.7 85.2 76.7 68.1 
4.1 6.4 9.2 12.2 15.7 19.7 24.4 29.9 36.6 44.7 55.0 

2.74 153.9 145.3 136.8 128.2 119.J 111.1 102.6 94.0 85.5 76.9 68.4 
4.1 6.4 9.1 12.2 15.7 19.7 24.4 29.9 36.5 44.6 54.8 
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Table X2. - Points for curve of complete saturation-Continued. 

Pe.rcent voids 
Percent 10 15 20 25 30 35 40 45 50 55 60 

voids 

Specific Dry unit weight in pounds force per cubic foot 
gravity Moisture content in percent 

2.75 154.4 145.9 137.3 128.7 120.1 111.5 103.0 94.4 85.8 77.2 68.6 
4.0 6.4 9.1 12.1 15.6 19.6 24.3 29.8 36.4 44.4 54.6 

2.76 155.0 146.5 137.8 129.1 120.6 111.9 103.3 94.7 86.2 77.5 68.9 
4.0 6.4 9.1 12.1 15.7 19.5 24.2 29.7 36.2 44.3 54.4 

2.77 155.6 147.0 138.3 129.6 121.0 112.4 103.7 95 .1 86.5 77.8 69.2 
4.0 6.4 90 12.0 15 .5 19.4 24.0 29.5 36.2 44.2 54.2 

2.78 156.1 147.5 138.8 130.1 121.4 112.8 104.1 95.4 86.8 78.1 69.4 
4.0 6.4 9.0 12.0 15.4 19.4 23.9 29.4 36.0 44.0 54.0 

2.79 156.8 148.1 139.3 130.6 121.9 113.2 104.5 95.8 87.1 78.4 69.7 
4.0 6.3 9.0 12.0 15.3 19.3 23.8 29.3 35.9 43.8 53.8 

2.80 157.4 148.6 139.8 131.0 122.3 113.6 104.8 96.1 87.5 78.7 70.0 
4.0 6.3 8.9 11.9 15.3 19.2 23.8 29.2 35.7 - 43.6 53.5 

2.81 157.8 149.0 140.0 131.5 122.7 114.0 105.2 96.4 87.7 78.9 70.1 
4.0 6.3 8.9 11.9 15.2 19.2 23 .7 29.1 35.6 43.4 53.4 

2.82 158.4 149.6 140.8 132.0 123.2 114.4 105.6 96.8 88.0 79.2 70.4 
3.9 6.3 8.9 11.8 15.2 19.1 23.6 29.0 35.5 43.3 53.2 

2.83 159.0 150.2 141.3 132.4 123.6 114.8 106.0 97.1 88.3 79.5 70.7 
3.9 6.2 8.8 11.8 15.1 19.0 23.6 28.9 35 .3 43 .2 53.0 

2.84 159.6 150.7 141.8 132.9 124.1 ll5 .2 106.3 97.5 88.7 79.8 70.9 
3.9 6.2 8.8 11.7 15.1 18.9 23.5 28.8 35.2 43.0 52.8 

2.85 160.1 151.2 142.2 133.4 124.5 115.6 106.7 97 .9 89.0 80.1 71.2 
3.9 6.2 8.8 11.7 15.0 18.9 23.4 28.7 35.1 42.9 52.6 

2.86 160.7 151.8 142.8 134.9 124.9 116.0 107.1 98.2 89.3 80.3 71.4 
3.9 6.2 8.7 11.6 15.0 18.8 23.3 28.6 35.0 42.8 52.5 

2.87 160.1 151.2 143.3 134.3 125.4 116.4 107.5 98.5 89.6 80.7 71.7 
3.9 6.2 8.7 11.6 14.9 18.8 23.2 28.5 34.8 42.5 52.3 

2.88 161.8 152.8 143.8 134.8 125.8 116.8 107.8 98.8 89.9 80.9 71.9 
3.9 6.1 8.7 11.6 14.9 18.7 23.2 28.4 34.7 42.4 52.l 

2.89 162.4 153.4 144.2 135.2 126.2 117.2 108.2 99.2 90.2 81.2 72.2 
3.8 6.1 8.7 11.5 14.8 18.6 23.0 28.3 34.6 42.3 51.9 

2.90 162.9 153.9 144.8 135.7 126.7 117.6 108.6 99.5 90.5 81.5 72.4 
3.8 6.1 8.6 11.5 14.8 18.6 23.0 28.2 34.5 42.1 51.7 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5515-89 

PERFORMING LABORATORY COMPACTION 
OF SOILS CONTAINING GRAVEL 

INTRODUCTION 

This procedure is under che jurisdiction of the Georechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5515. The number immediately 
following rhe designation indicates che year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
performing laboratory compaction of soils using a 185.7-
lbm hammer and an 18.0-inch drop. It exerts 12,375 
ft·lbf/ft 3 compactive effort on a specimen having an 
approximate volume of 1.5 ft3. 

1.2 This procedure is performed to determine the 
relationship between the moisture content of soils 
containing gravel [3-in (75-mm) maximum size] and the 
resulting dry unit weight when the soil is compacted using 
a large mechanical compactor. 

1.3 The maximum dry unit weight and optimum 
moisture content of the minus No. 4 (4.75-rrim) fraction 
of soil in the sample may be determined in accordance 
with USBR 5500 or USBR 7240. 

1.4 The large mechanical compactor is designed to 
impart approximately the same energy per unit volume 
(12,375 fr-lbf/ft3) to a soil as the mechanical compactor 
described in USBR 5500. 

1.5 This procedure may be used to prepare test 
specimens to determine the permeability of soil containing 
gravel as described in USBR 5605. 

1.6 This procedure is normally performed for soils 
containing more than 15-percent fines. It may be used, 
under certain circumstances for soils containing 5 to 15 
percent fines. 

2. Auxiliary Tests 

2.1 A test sample must be prepared in accordance with 
USBR 5205 prior to performing this procedure. 

2.2 The gradation analysis must be determined in 
accordance with USBR 5325. 

2.3 The optimum moisture content and maximum dry 
unit weight of the minus No. 4 (4.75-mm) fraction may 
be determined in accordance with USBR 5500 or USBR 
7240. 

2.4 The bulk specific gravity (ovendry) of the plus No. 4 
(4.75-mm) fraction and percent absorption of the plus No. 
4 (4.75-mm) fraction must be determined in accordance 
with USBR 5320. 
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2.5 The moisture content must be determined in 
accordance with USBR 5300 as part of performing this 
designation. 

3. Applicable Documents 

3.1 USER Procedures : 
USBR 1007 Calibrating Dial lndicarors 
USBR 1010 Calibrating Unit Weight Measures 
USBR 1012 Calibrating Balances or Scales 
USBR 1415 Calibrating Laboratory Mechanical Compac­
tors 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5205 Preparing Soil Samples by Splitting or Quar­
tering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USBR 5500 Performing Laboratory Compaction of Soils 
- 5.5-lbm Rammer and 18-inch Drop 
USBR 5605 Determining Permeability and Settlement of 
Soils Containing Gravel 
USBR 7240 Performing Rapid Method of Construction 
Control 

4. Summary of Method 

4.1 Gravelly soil is placed in three equal layers and 
compacted in a mold to a volume of 1.487±0.057 ft3. Com­
paction is obtained using a 185.7-lbm hammer dropped 
22 times per layer from a height of 18 inches. This imparts 
a total energy per unit volume of material of 12,368±481 
ft'lbf/ft3. 

4.2 The compacted specimen height and mass are 
determined and the specimen removed from the mold. 
The moisture content is determined and the dry unit weight 
calculated. 
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4.3 Three or more specimens are compacted at dif­
ferent moisture contents-varying by approximately 2 
percentage points-to establish a relationship between the 
dry unit weight and the moisture content of the soil when 
compacted with the given compactive energy: 

4.4 The moisture content-dry unit weight data points 
are plotted and a smooth . curve is · visually fitted tO the 
data. Optimum moisture content and maximum unit weight 
values are determined. , 

4.5 Specimens may be prepared using this procedure 
for subsequent determination of permeability of soils con­
taining gravel using USBR 5605 . A 1/4-inch (6.3-mm) 
thick compressible closed cell rubber liner is attached tO 

the inside perimeter of the mold ro inhibit leakage between 
the test cylinder wall and compacted soil specimen. 

5. Significance and Use 

5.1 The optimum moisture content-maximum dry unit 
weight relationship is used to evaluate the state of com­
pactness of most cohesive soil masses which occur naturally 
or are placed mechanically (fill) . 

5.2 The moisture content for most efficient compaction 
(referred tO as optimum moisture content), at which the 
maximum dry unit weight is achieved using a given 
compactive effort, can be determined from the moisture 
content-dry unit weight relationship .established by the 
test results. 

5.3 The engineering properties of a given soil mass, 
such as shear strength, compressibility, and permeability 
can vary considerably when compacted by various methods 
and at various moisture contents. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Compaction Curve.-The curve showing the 
relationship between the dry unit weight and the moisture 
content of a soil compacted with a given compactive effort 
(ASTM definition). 

6.1.2 Maximum Unit Weight ( ?'max) .-The dry unit 
weight defined by the peak of a compaction curve. 

6.1.3 Optimum moisrure content ( Wo).-The mois­
ture content at which a soil can be compacted tO the maxi­
mum dry unit weight by a given compactive effort (ASTM) . 

6.1.4 Zero air voids curve.-The curve showing the 
relationship between dry unit weights and corresponding 
moisture contents, assuming that all of the voids are 
completely filled with water. 

7. Interferences 

7.1 Variations in hammer drop height, hammer mass, 
number of blows per soil layer, mass of a soil layer, or 
specimen volume will result in erroneous test data because 
of nonstandard compactive effort. To ensure a standard 
compactive effort, the large mechanical compacror must 
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be inspected, the hammer drop height and mass checked 
yearly, and the compaction mold must be inspected and 
calibrated in accordance with USBR 1010. 

8. Apparatus 

8.1 General Apparatus: 
8.1. l Balances or Scales.-Typica1 balapces or scales 

used for this designation are: 

· Application 
Moisture content 
Mass of compaction specimen 

(100.lbm or less) 
Mass of compaction specimen 

(greater than 100 lbm) 

Readable w 
0.1 g 

0.01 lbm 

0.1 lbm 

Approximate 
capacity 

500 g 

100 lbm 

500 lbm 

8.1.2 Bar, Digging.-A metal bar about 4 feet long 
by 1-1/ 2 inches in diameter. 

8.1.3 Desiccator.-An enclosed container, with a 
moisture absorbing chemical compound inside, in which 
a heated soil sample is cooled while maintaining zero 
change in moisture content. 

8.1.4 Dish, Evaporating.-A suitable dish resistant to 
corrosion or changes in mass when subjected to repeated 
heating, cooling, or cleaning. 

8. 1.5 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

8.1.6 Graduated Cylinder.-1000-mL capacity, grad­
uated to 10 ml. 

8.1.7 Micrometer, fnside.-Caliper , rule, or other 
suitable device having a range to at least 20 inches, readable 
ro 1/32-inch. 

8.1.8 Mixing Pans (fig 1).-Two large metal mixing 
pans, approximately 3- by 2-feet by 4-inches deep. 

8.1.9 Moisture Proof Containers (fig. 1).-Large 
moisture proof bag or container for storing material. 

8.1.10 Rod.-A straight metal rod, 1/2-inch diameter, 
about 2 feet long. 

8.1.11 Rubber Mallet (fig. 2) .-A rubber mallet 
having approximately a 5-inch-diameter face. -

8.1.12 Shovel (fig 1) .-D-handle, No. 4 scoop shovel. 
8.1.13 S1eve.-U.S.A. Standard series No. 4 sieve 

(4.75 mm) with stand, conforming to the requirements 
of USBR 1025. 

8.1.14 Sparula.-A spatula or scraper, 4-inch blade. 
8.1.15 Sponge Rubber Liner.-1/4-inch-thick closed 

cell, medium density (12 to 16 lbm/ft3) sponge rubber 
liner with skin on both sides. 

8.1.16- Sprinkler Can.-With spout, approximate 
capacity of 2 gallons. 

8.1.17 Straightedge (fig. 2) .-A stiff metal straight­
edge about 24-inches long. The scraping edge must be 
beveled if it is thicker than 1/8 inch. 

8.1.18 Tamping Hammer (fig. 2).-Small tamping 
hammer having a mass of about 9 lbm and a 4-inch­
diameter face. 
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Figure I. - Mixing equ ipment: I ) sprinkler can , 2) moisture bag, 
3) shove l, 4) large moisture pan , 5) mixing pan, and 6 ) rowel. 

Figure 2. - Compacrion equipment: I ) compacrion mold , 2) loading 
plate with porous disc att.1ched, 3) porous disc, 4) yoke - use co 
lift mold, 5) collar wrench , 6) modified spa nne r wrench , 7) four ­
point sling, 8) dial indicacor with case, 9) small ramping hammer, 
10 ) large tamping hammer, 11 ) 9-i nch ring gauge, 12) rubber mallet , 
13) s traightedge, 14) ,craper, 15 ) T-bar, 16) d iggi ng bar, 7) ya rdst ick , 
and I 8) pry bar. 

8.1.19 Tamping Hammer (fig 2).-Large camping 
hammer having a mass of abo ut 40 lbm and a 6-inch­
diameter face. 

8.1.20 T-Bar (fig. 2).-A T-bar with chisel point, 18-
inches long. 

8.1.21 Towels (fig. 1).-Large cotton bath rowels. 
8.1.22 Yardsrick (fig. 2).-A 36- inch yardstick having 

at least l/4-inch markings. 
8.2 Equipmenr Unique to This Procedure (figs. 2 and 

3): 
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Figure 3. - Large mechanical compactor .lnd companion mold . 

8.2.l Comp;,aion Mold - A 20- inch nom inal inside­
diameter steel or aluminum cylinder, a minimum of 16-
inches deep. A I/ 4- inch thick, compressible, c_l osed-ce ll 
rubber liner may be attached ro the inside wall of the 
mold. 

8.2.2 D1~1! lndicaror. - Dial indicaror with holders for 
20- inch cylinder, continuous dial, 0.001-inch gradua tions, 
3.000-inch trave l. 

8.2.3 Loading Plare.-A stee l or aluminum load ing 
plate with a porous disk attached ro place on top of 
compacted specimen. (Porous disk may be attached to the 
loading plate w ith weather-stripping adhesive. ) 

8.2.4 Mechanical Comp:,ccor.- A large mechanical 
device with a 185.7-lbm hammer, fabricated to achieve an 
LS-inch drop. The stem of the hammer is grooved at 3- inch 
interva ls. A locking collar is secured in the groove. The 
position of the collar is adj usted to maintain an 18-inch 
drop for successive soil layers. 

8.2.5 Spanner Wrench (modified ).- A 10-inch metal 
"F"-shaped wrench used to rotate the mold ap proximate ly 
one-sixth revolution after each blow of the large mechanical 
compactor. 

8 .2.6 Porous Disk - Coarse g rade ca rborundum 
porous disks, 19-1 / 8-inch diameter by 2-inch thick. 

8.2.7 Ring Gauge.-A specimen thickness ring gauge, 
10-inch outs ide diameter by 9 .000±0.001 -inch high made 
from metal pipe. 

8.2.8 Yoke.-A yoke used to lift the compaction mold, 
26-inch long by 1-inch square metal bar with 5-i nch dia­
meter metal rings attached to ends of 24-inch long 1/ 2-inch 
logg ing chain. 
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9. Reagents and Materials 

9.1 Tapwater that is free of acids, alkalies, or oils and 
is suitable for drinking should be used whenever water 
is required in this procedure. 

10. Precautions 

10.1 Safety Precautions: 
10.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
10.1.2 To ensure that the hammer will not strike 

the edge of the mold, the compaction mold must be seated 
firmly in place on the center pin of the compaction base 
plate before the machine is started. 

10.1.3 Do not place hands near the top of the mold 
when the mechanical compactor is in operation. 

10.1.4 The compaction mold should always be lifted 
by the hoist apparatus using the lifting yoke. 

10.1.5 Care must be taken to ensure that the yoke 
is fastened to both sides of the compaction mold before 
lifting begins. 

10.1.6 The suspended compaction mold should be 
rotated with the T-bar and the straight rod to improve 
control of the mold when it is in an inverted position. 

10.2 Technical Precautions: 
10.2. 1 The. test specimen should be kept covered, 

and placed and compacted as quickly as possible to minimize 
unrecorded moisture loss. 

10.2.2 Due to the effects of sampling, handling, 
processing, and testing on some materials, results of this 
test may- not reflect in-place conditions or the properties 
of the material after processing and placement during 
construction. Of particular concern are materials such as 
soft and/ or friable decomposed granite, sandstone, shale, 
limestone, clays tone, etc. or soils affected by air and/ or 
oven drying. Such materials must be identified before 
processing and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and test at all. Cautionary statements 
must be made on test data forms and in reporting the 
test data. 

11. Sampling, Test Specimens, and Test Units 

11.1 All data are to be recorded on the "Large Scale 
Compaction Test" data sheets 1 and 3, figures 4 and 5, 
respectively. 

11.2 Sample Preparation: 
11.2. l Prepare a test sample in accordance with 

USBR 5205. Approximately 800 lbm of minus 3-inch (75 
mm) material is required to prepare 3 compaction 
specimens. An additional 200 lbm of minus 3-inch material 
is required for each additional specimen. 

11.2.2 If sufficient new material is unavailable, the 
material may be reused if the coarse grained fraction is 
not friable (see subpar. 10.2.2) and the specimen is screened 
before reuse. If material must be reused, indicate this fact 
on the data sheets. 
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11.2.3 Perform the following soil tests prior to 
preparing the compaction test specimens. 

11.2.3.1 Perform a gradation analysis on the entire 
sample according to USBR 5325. Record the following 
results on the indicated forms: 

(a) Percent minus No. 4 (4.75 mm) material 
in sample, and percent plus No. 4 ( 4.75 mm) material 
in sample; record the values to the nearest 0.1 percent 
on lines (1) and (2) on data sheet 1 (fig. 4) and on lines 
(4) and (5) on data sheet 3 (fig. 5). 

(b) Percent retained for each gravel size and 
percent minus No. 4 (4.75 mm) ; record the values to the 
nearest 0.1 percent in columns (a) through (e) on line 
(15a) on data sheet 1 (fig. 4). 

NOfE 1.-Store the individual gravel size material and minus 
No. 4 material separately in moisture proof bags. 

11.2.3.2 Obtain a test sample of approximately 
0.5 lbm of the minus No. 4 material and determine the 
moisture content in accordance with USBR 5300-if not 
previously determined in subparagraph 11.2.3.1. 

11.2.3.3 Obtain a test sample of approximately 
45 lbm of the minus No. 4 (4.75 mm) material and 
determine the maximum dry unit weight and optimum 
moisture content in accordance with USBR 5500 or USBR 
7240. Record the following results on the indicated forms: 

(a) Maximum dry unit weight of minus No. 4 
(4.75 mm) material and optimum moisture content to 0.1 
lbf/ft3 and 0.1 percent respectively, on lines (4) and (6), 
respectively (data sheet 1). 

(b) Maximum dry unit weight of minus No. 4 
(4.75 mm) material to O.l lbf/ft3 on line (3) (data sheet 3). 

11.2.3.4 Select the moisture content for the 
minus No. 4 material for compacting the first specimen 
and record the value on line (7) (data sheet 1). 

NOfE 2.-For soils with gravel contents less than or equal 
to 40 percent, it is suggested that rhe minus No. 4 material 
for the first compaction specimen be prepared at optimum 
moisture content of the minus No. 4 material ( w0 ) . Large scale 
compaction test results have shown that on some types of soils 
containing more than 40-percent gravel, the maximum dry unit 
weight of total material was achieved when the minus No. 4 
moisture content was three percentage points wet of optimum 
(wo+3.0). 

11.2.3.5 Obtain a test sample of plus No. 4 
material and determine the average apparent specific 
gravity and the average absorption in accordance with 
USBR 5320. The mass of the test sample required is 
determined by the maximum size of gravel in the sample. 

Particle sizes Test sample mass 
m required, lbm 

No. 4 - 3/4 5 
No. 4 - 3/8 5 
No. 4 - 1-1/2 11 
No. 4 - 3 33 

Record the value of specific gravity of the plus No. 4 
(4.75 mm) material on line (5) on data sheet 1, and on 
line (1) on data sheet 3. 
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7-1374 (10-86) 
LARGE SCALE COMPACTION TEST-DATA SHEET 1 

Bureau of Reclamation Designation uSBR ss1s • .§.§I 

SAMPLE NO. PROJECT FEATURE 

38A-I 8 Example Example 

TESTED BV OAlt: CvmrUlt:DBV CATE CHECKED av DATE 

( 1) PERCENT MINUS NO. 4 (4 .75 mml MATERIAL IN SAMPLE 

(2) PERCENT PLUS NO. 4 (4.75 mm) MATERIAL IN SAMPLE 

PERCENT OF MAXIMUM ORV UNIT WEIGHT OF MINUS 
(3) NO. 4 (4.75 mml MATERIAL EXPRESSED AS A DECIMAL• (1/)'d x 100°) 

(4) MAXIMUM ORV UNIT WEIGHT OF MINUS NO. 4 (4.75 mm) ()'d) 

(5) AVERAGE BULK SPECIFIC GRAVITY (OVENDRIED MATERIAL) 

(6) OPTIMUM MOISTURE CONTENT 

DESIRED COMPACTION MOISTURE CONTENT OF MINUS 
(7) NO. 4 (4.75 mm) 

(8) AVERAGE ABSORPTION OF PLUS NO. 4 (4.75 mm) MATERIAL 

(9) MAXIMUM DRY UNIT WEIGHT OF TOTAL MATERIAL• 
100° 

~ (2) -- + (5! li2.43° 1 

(10) AREA OF COMPACTION MOLD Ow1TH LINER [!)w1THOUT LINER 

(1l) RING GAUGE HEIGHT 

(12) TOTAL ORV MASS OF MATERIAL REQUIRED FOR ONE SPECIMEN• 
(9)(10)(11) 

, 211 • 

(13) THEORETICAL MOISTURE CONTENT OF TOTAL MATERIAL• 

WW+ llli!l 10 100• 

(14) MASS OF ORV MATERIAL. REQUIRED FOR A SINGLE LIFT• 

U/1 
MASS OF INDIVIDUAL PARTICLE SIZES REQUIRED: 

SIEVE SIZE 

(15a) PERCENT RETAINED (%) 

l15bl ORV MASS REQUIRED 

I PER SPECIMENll(lbml 
• (12)(15•1~(.011) 0000 

l15cl ORV MASS REQUIRED 
PER LIFTV(lbml 
• (14)(15•1'-' 

--my-

(15d) MOISTURE CONTENT (%) 

(15•1 WET MASS REQUIRED 
PER LIFT 1(1bm) 

- (15c) I 1 + 1,1
0
5;/J I 

100 • • Constant to convan percent to decimal 

62.43 lbf/h:3 • • • Unit weight of water at 4° C 
12••• . Con11:■nt to convert in to ft . ano lbf to lbm 

1 1 /2-lnch 3/4-lnch 
(37.5 mm) (19.0mm, 

(al (bl 

4.3 8.7 

9.46 17.11 

2.56 5. 18 

1.6 I . 6 

2.60 5.26 

0 .011 • • • • • Constant to convert percent to decimal , and to provide ••cau test material 

1 Mau of material plu1 10 percent excess for one compaction soecimen 
2Use each size ot material in line (15a) respectively 

3/8-lnch 
(9.5mm) 

(cl 

9.6 

18.88 

5.72 

1.6 

5.81 

'") 64 .6 

(%) 35.4 

'") 0.90 

(lbf/ft3) 11 I. I 

2.50 

(%) 14 . 5 

(%) 14.5 

(%) 1. 6 

llbf/ft31 114.6 

lft2l 2.080 

(In) 9.000 

(lbm) 178.78 

(%) 9.9 

(lbml 59.59 

NO. 4 MINUS NO. 4 
(4.75 mm) t•.111 mmt 

(d) (el 

12.8 64.6 

25. 17 127.04 

7.63 38.50 

1.6 14.5 

7.75 44.08 

REMARKS: ____________________________________________________ _ 

GPO 8!t2-3 l0 

Figure 4. - Large scale compaction test - data sheer I - example. 
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7-2376 (10-86~ 
LARGE SCALE COMPACTION TEST-DATA SHEET 3 

Bureau of Rec matlo n Designation USBR SSIS-_!3~ 

SAMPLE NO. PROJECT FEATURE 

38A-18 Example Example 
TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

SPECIMEN NO. 1 2 3 4 5 

11) AVERAGE BULK SPECIFIC GRAVITY 
2.50 2.50 (OVENDRY MATERIAL) 2.50 

(2) AVERAGE ABSORPTION OF PLUS 
NO. 4 (4.7!5 mm) MATERIAL '") 1.6 I .6 1.6 

(3) MAXIMUM DRY UNIT WEIGHT OF 
(lbf/f.:J) MINUS NO. 4 (4.75 mm) MATERIAL 111 . 1 111.1 II I . I 

(4) PERCENT OF MINUS NO. 4 (4.75 mm) 
MATERIAL IN SAMPLE (") 64.6 64 . 6 64.6 

(5) PERCENT OF PLUS NO. 4 (,4.75 mm) 
MATERIAL IN SAMPLE l"l 35.4 35 . 4 35 .4 

(6) ORY UNIT WEIGHT OF 
(lbf/ft3) COMPACTION SPECIMEN 119.7 114 . 2 115.2 

(7) MOISTURE CONTENT OF COMPACTION 
SPECIMEN (TOTAL) l"l 9.6 12.0 7.6 

(8) MOISTURE CONTENT OF 
MINUS NO. 4 (4.75 mm) MATERIAL • 

(7) • (2) (") 8.0 10 . 4 6 . 0 
(9) CORRECTED MOISTURE CONTENT OF 

MINUS NO. 4 (4.75 mm) MATERIAL• 

<Bltl?°" l"l 12.4 16 . 1 9.3 
(10) DRY MASS OF PLUS NO. 4 (4.75 mm) 

PER CUBIC FOOT OF TOTAL MATERIAL s 

•• (lbm) 42.37 40 . 43 40.78 
(11) VOLUME OF PLUS NO. 4 (4.75 mm) 

MATERIAL PER CUBIC FOOT OF 
TOTAL MATERIAL MATERIAL~ 

me'ffi ... (ft3) 0.271 0.259 0.261 
(12) VOLUME OF MINUS NO. 4 (4.75 mm) 

PER CUBIC FOOT OF TOTAL MATERIAL= 

1.000-(11) (ft3) 0 . 729 0 . 741 0 . 739 
(13) ORY MASS OF MINUS NO. 4 (4.75 mm) 

MATERIAL PER CUBIC FOOT= 

(4)(6) 0 
• 

--rtRr (lbm) 77.3 73 . 7 74 . 4 
(14) COMPUTED ORY UNIT WEIGHT OF 

MINUS NO. 4 (4.75 mm) MATERIAL • 

(13) 00 

(lbf/ft3) 106.0 99.6 100.7 ITTT 
(15) COMPUTED MOISTURE CONTENT OF 

MINUS NO. 4 (4.75 mm) MATERIAL • 

(2) + (9) (") 14 .0 17.7 10.9 
(16) 0 VALUE (PERCENT OF MAXIMUM 

COMPACTED DRY UNIT WEIGHT • 

(14'31,00• 
l"l 95.4 89.6 90 . 6 

1 oo• - Con■tant to convert percent to decimal 
• • • Implies 1 lbm • 1 lbf 
6:2.43 lbfttt3 • • • • Unit weight of water at 4° C 

REMARKS: 

GPO 852-236 

Figure 5. - Large scale compaction test - data sheet 3 - example. 
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Record the average absorption of plus No._ 4 ( 4.75 mm) 
material on line (8) and on line (15d), columns (a) through 
(d) on data sheet 1, and on line (2) of data sheet 3. 

11.2.4 Estimate the desired maximum dry unit 
weight of total material. 

100 
,'t = 

+ Pg --~---
62.43 G 

where: 
y, = desired maximum dry unit weight of total 

material, lbf/ft3 
)'d = maximum dry unit weight of minus No. 4 

fraction (see USBR 5500), lbf/ft3 

(1) 

G = average bulk specific gravity, ovendry material, 
(see USBR 5320) 

Ps = percent minus No. 4 in sample (see USBR 
5325), % 

Pg percent plus No. 4 in sample (see USBR 5325), 

D= 

100 
62.43 

% 
desired percent of maximum dry unit weight of 

minus No. 4 material, expressed as a decimal 
(see note 3) 

convert from percent to decimal 
unit weight of water at 4 °C, lbf/ft3 

Record the value to 0.1 lbf/ft3 on line (9) on data sheet 1 
as Maximum dry unit weight of total material. 

NOfE 3.-If more precise data are not available, the value 
of D may be estimated from the curves shown on figure 6 using 
rhe following guide: 

Enter the graph on rhe abscissa with a known percentage 
of gravel and follow char percentage up to its intersecrion 
with one of the three curves characteristic of rhe gravel 
type. Traverse rhe graph horizonarally to rhe left co intersect 
the ordinate; read a value of 0. Record the value co the 
nearest 0.0 I on line (3) on data sheer l as Percent of 
maximum dry unit weight of minus No. 4 (4.15 mm) 
material expressed as a decimal. 

11.2.5 Obtain the area of the companion mold from 
the calibration data and record it to the nearest 0.001 ft2 

on line (10) on data sheet 1 as Area of compaction mold. 
Check the box tO indicate if a liner is used. Obtain the 
ring gauge height from the calibration data and record 
it t0 the nearest 0.001 inch on line (11) on data sheet l 
as Ring gauge height. 

11.2.6 Calculate the rota! dry mass of material 
required for one test specimen. 

where: 

(2) 

(3) 
(4) 
12 

1 

_ (2) (3) (4) l 
ms - 12 (2) 

total dry mass of material required for one test 
specimen, lbm 

maximum dry unit weight of total material, 
lbf/ftl 

area of compaction mold, ft2 

ring gauge height, in 
change inch to foot 
change pound force to pound mass 

1os--------....... -----.------.--------...----

:::::il: 
:, 
:::::il: 

X 
<i z 
:::::il: 0 
0 
0 .... 
It) t- u 

<i 
I{) :I: a: 

Sandy Grovel 

a:: (!) u.. mw 
~~ ~ 

0 
LL t- z Oz (f) .... :, ::, 
z> z 
~ a:: ~ a:: 0 
w a: a. 0 

I LL as---------+-----+------1-------l------l-------1 
w 
:::> 
.J 
g 

I 

0 ao---------....... ----"------------'----"----~ 
0 10 20 30 40 50 60 70 

PERCENT GRAVEL, 3 INCH MAXIMUM SIZE 

Figure 6. - Percent gravel versus D-value. !01-D-390 
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Record the value to 0.01 lbm on line (12) on data sheet 1 
as Total dry mass of material required for one specimen. 

11.2.7 Calculate the theoretical moisture content of 
total material. 

W, = Ps W<-4l + Pg Wg 
t 100 100 (3) 

where: 
Wt = theoretical moisture content of total material, 

Wg 
100 

% 
percent minus No. 4 in sample, % 
percent plus No. 4 in sample, % 

desired moisture content of minus No. 4 
material, % 

average absorption of plus No. 4, % 
Convert from percent to decimal 

Record the value to 0.1 % on line ( 13) on data sheet 1 
as Theoretical moisture content of total material. 

11.2.8 Calculate the mass of dry material required 
for a single lift of a specimen. 

where: 

ms 
m1 = -

3 
(4) 

m1 mass of dry material required for a single lift, 

ms 

3 

lbm 
total dry mass of material required for one test 

specimen, lbm 
number of compaction lifts 

Record the value to 0.01 lbm on line (14) on data sheet 1 
as Mass of dry material required for a single lift. 

11.2.9 Prepare the plus No. 4 (4.75 mm) and minus 
No. 4 (4.75 mm) material for testing using either of the 
following methods. 

11.2.9.1 Bulk sample preparation: 
11.2.9.1.1 Place each size of plus No. 4 material 

from the bulk sample into separate buckets or ocher suitable 
containers and soak according to USBR 5 320. 

11.2.9.1.2 Using the moisture content of the 
minus No. 4 (4.75 mm) material previously determined 
in subparagraph 11.2.3.1 or 11.2.3.2, prepare the mass of 
minus No. 4 material to the initial moisture content desired 
for compacting the first specimen as outlined in appendix 
Xl. Place the minus No. 4 (4.75 mm) material in a moisture 
proof container and store in accordance with the following 
standing times; 

ClassJ/icacion Minimum standing 
USER 5000 or 5005 time, hour 

SM 3 
ML, CL, OL, SC 18 

MH, CH, OH, Pr 36 
11.2.9.2 Individual specimen preparation: 

11.2.9.2.1 Calculate the total dry mass of each 
screen size of plus No. 4 and minus No. 4 (4.75-mm) 
material required to prepare a single specimen. 
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where: 
(1) 

(2) = 

ms 

1.10 

100 = 

(1) = 1.10(2)ms 
100 

total dry mass of each screen size or mass of 
minus No. 4 material, lbm 

(5) 

percent of material retained on each screen size 
or the percent of minus No. 4 material, % 

total dry mass of material required for one test 
specimen, lbm 

constant to add 10-percent additional material to 
test specimen 

convert from percent to decimal 

Record the values to 0.01 lbm on line (156) on data sheet 
1 as Mass required. 

NOfE 4.-Mulriplying the mass required on line ( 156) by 3 
provides the total mass of each material size required to prepare 
three compaction specimens plus approximately 10-percenr excess 
material. 

11.2.9.2.2 Prepare the plus No. 4 material for 
testing as described in subparagraph 11.2.9.1.1. 

11.2.9.2.3 Prepare the minus No. 4 material for 
testing as described in subparagraph 11.2.9.1.2. 

11.2.10 Calculate the dry mass of each screen size 
of plus No. 4 and the minus No. 4 (4.75 mm) material 
required for a single lift. 

where: 
(1) 

(2) = 

m1 
100 = 

( 1) = ~ 
100 

(6) 

dry mass of material of each screen size or mass 
of minus No. 4 material for one lift, lbm 

percent of material retained on each screen size 
or the percent of minus No. 4 material, % 

mass of dry material required for one lift, lbm 
convert from percent to decimal 

Record the values to the nearest 0.01 lbm on line (15c) 
on data sheet 1 as Dry mass required per ilft. 

11.2.11 Determine the moisture content of the 
minus No. 4 material previously prepared in subparagraph 
11.2.9. If the moisture content is within ±0.5 percentage 
point of the desired compaction moisture content, record 
the value in column (e) on line (15d) and proceed. If the 
moisture content difference is greater than 0.5 percentage 
point from the desired moisture content, add or remove 
moisture from the specimen until it meets this criteria. 

11.2.12 Calculate the wet mass of each screen size 
of the plus No. 4 and the minus No. 4 (4.75 mm) material 
required for a single lift. 

- [ ill] (1) - (2) 1 + 100 (7) 

where: 
(1) = mass of wet material of each screen size or mass 

of minus No. 4 material for one lift, lbm 
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(2) mass of dry material of each screen size or mass 
of minus No. 4 material for one lift, lbm 

(3) moisture content of each material size, % 
100 convert from percent to decimal 

Record the values to the nearest 0.01 lbm in columns (a) 
through (e) on line (15e) on data sheet 1 as Wet mass 
required per lift. 

11.3 Reprocessed Soil: 
11.3.1 If reprocessing of soil is ·necessary, soil that 

has been previously compacted should be mixed with as 
much "new soil" as is available. The use of reprocessed 
soil should be avoided when testing plastic clay soils, which 
tend to form lumps, or when the soil is friable and the 
particles breakdown during testing. 

11.3.2 If reprocessed soil must be used, a note is 
to be made on the data sheets and compaction curve 
indicating that reprocessed soil was used. 

12. Calibration and Standardization 

12.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the·equipment for this procedure: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1010 Calibrating Unit Weight Measures 
USBR 1012 Calibrating Balances or Scales 

12.2 Compaction Mold: 
12.2.l Determine the average inside area of the 

compaction mold. 
12.2.1. l This calibration is to be performed upon 

receipt of the compaction mold, biennially, or before reuse 
after any event that might have affected the diameter of 
the mold. 

12.2.1.2 The data used to calculate the area of the 
compaction mold are to be recorded on the calibration 
form used in USBR 1010 (applicable portion of fig. 7). 

12.2.1.3 Using an inside micrometer, determine 
the inside diameter of the compaction mold. Make three 
measurements of the diameter; one about 1 inch from the 
bottom of the mold, one about 4 to 5 inches from the 
bottom of the mold, and one about 8 inches from the 
bottom of the mold. These measurements should be spaced 
equally around the circumference of the mold. Record these 
values to the nearest 0.001 inch. 

12.2.1.4 Calculate the average inside diameter of 
the mold and record the value to the nearest 0.001 inch. 

12.2.1.5 Calculate the average inside area of the 
mold. 

A = 0.7854 d 2 

144 
where: 

A = average inside area, ft2 

d = average inside diameter, in 
0.7854 = rr/4 

144 = change in2 to ft 2 

(8) 

Record the value on line (10) on data sheet 1 to the nearest 
0.001 ft 2. 
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12.2.2 Determine average height of the ring gauge. 
12.2.2. l The data used to calqilate the average 

height of the ring gauge are to be recorded on the calibration 
form used in USBR 1010 (applicable portion). 

12.2.2.2 Using a caliper or outside micrometer, 
determine the height of the ring gauge. Make three mea­
surements of the height equally spaced around the 
perimeter of the ring gauge. Record the values to the nearest 
0.001 inch. 

12.2.2.3 Calculate the average ring gauge height 
and record the value to the nearest 0.001 inch on line (11) 
on data sheet 1. 

NOfE 5.-The compaction mold may or may not be lined with 
a closed cell rubber liner. The measurement shall be made to 

surface of the liner if a liner is present. 

13. Conditioning 

13.l Place the minus No. 4 (4.75-mm) material for 
each specimen as prepared in accordance with subpara­
graph 11.2.9 in a moisture proof container, and store iri 
accordance with the minimum standing times outlined in 
subparagraph 11.2.9.1.2. 

13.2 Place the plus No. 4 (4.75mm) material for each 
specimen in water and wet in accordance with USBR 5320. 

14. Procedure 

14.1 All data are to be recorded on the "Large Scale 
Compaction Test" data sheets 2 and 3 (figs. 5 and 8). , 

14.2 Place the bottom porous disk in the compaction 
mold, and wipe the disk with a very wet towel to prevent 
significant migration of moisture from the specimen to 
the disk. 

14.3 Determine the combined mass of the compaction 
mold and porous disk. Record the value on line (9) on 
data sheet 2 as Mass of compaction mold. 

14.4 Place the 9-inch-high ring gauge inside the 
compaction mold, in the center of the porous disk. 

14.5 Place the top porous disk and loading plate on 
top of the ring gauge. Align the handles of the loading 
plate over the shoulders of the compaction mold. 

14.6 Place the dial indicators between the handles of 
the loading plate and the shoulders on the compaction 
mold (fig. 9). · 

14.7 Read the dial indicators and record the readings 
as A (for the indicator on the left, when facing the mold) 
and B (indicator on the right) to 0.001 inch on line (2) 
of data sheet 2 as Initial dial reading. Remove the loading 
plate, the top porous disk, and the ring gauge. 

14.8 Position the compaction mold under the hammer 
of the large mechanical compactor using the hoist apparatus 
and yoke. 

14.9 From the materials stored in subparagraph 11.2.9 
obtain the quantities of materials calculated in subpara­
graph 11.2.12. In a mixing pan, mix these materials together 
thoroughly. 

14.10 Shovel the mixed material obtained in subpara­
graph 14.9 into the compacrion mold, and spread it evenly 
over the bottom. 
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7-1708 (9-86) 
Bure au of Reclamatlo n UNIT WEIGHT MEASURE CALIBRATION Designation USBR 1010-.89 

MEASURE NO. I NOMINAL 
0 cm3 I DIAL INDICATOR NO. 

AG Lorge compaction mold 
VOLUME- - 3-.0 I!] ft3 

CALIBRATION PERFORMED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

DETERMINATION OF MEASURE VOLUME 
USING MICROMETER TRIAL 

NO. 

Inside diameter of measure .. ........ . ....•............• 1 19.. 610 . . . . . . . . . . . 
2 19.540 
3 19.440 

(1) Average inside diameter 1K) in 0 mm 19.530 

ln,ide height el"'""'"'" . ~_i~g _g~49.e __ h_e_ig~t . .. _ . ..... 1 9.000 . . . ' . . ......... 
2 9.000 
3 9.000 

(2) Average in,ide height ring gauge height min 0mm 9.000 

(3) Volume of measure = 
71'(1) 2 (2) D 113 Ocm3 I I 4C* 

DETERMINATION OF MEASURE VOLUME 
BY WATER FILLING METHOD 

(4) Mass of measure + glass plate + water 01bm 09 

(5) Mass of measure + glass plate 01bm 09 

(6) Mass of water (4) - (5) 01bm 09 

(7) Temperature of water 'c 
--is> Absolute density of water 01bm/ft3 0 g/cm3 

(9) Volume of measure ~ ~ 
(8) 

0113 Ocm3 

(10) Volume per unit height = \;: 0 tt3/in Ocm3/mm I I 
DETERMINATION OF REFERENCE DIAL READING CONSTANT 

Dial indicator readings, left side ..........•. . . .. ........ . . . . . . . . . . . . . 1 

2 

3 

right side . ......................•..... . . . . . . . 1 

2 

3 

(11) Average dial indicator reading Din 0mm 

(12) Calibration bar thickne,s Din 0mm 

Surcharge base plate thickness .•.••...•.••• .. ••••.••.•••••• . . . . . . . . . 1 

2 
3 

4 

(13) Average base plate thickness Din 0mm 

(14) Specimen height at zero dial 
= (2) - [(11) -(12) + (13)1 Din 0mm I I 

(15) Reference bracket reading D in 0mm I I 
• For inch pound application, C = 1,728 and converts in3 to ft3 

For SI metric applications, C = 1,000 and converts mm3 to cm3 

**Absolute density value obtained from Table 1, USSR 1010 

Figure 7. - Compaction mold calibration - example. 
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7-2375 (I0-86) LARGE SCALE COMPACTION TEST-DATA SHEET 2 
Bureau of Reclamation IJesignatlon USBR 5515-89 

SAMPLE NO. PROJECT FEATURE 

38A-18 Example Example 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

(11 COMPACTION MOLD NO. A6 

VOLUME DETERMINATION 

DIAL READINGS 

SPECIMEN NO. A B A B A B 

(21 INITIAL DIAL READING (In) 0.400 0.250 0.500 0.330 0 . 450 0 . 600 

(3) FINAL DIAL READING (In) 0.340 0.310 0.350 0.300 0.540 0.630 

DIFFERENCE IN DIAL 
(4) READINGS a (2). (3) ( In) 0.060 -0 . 060 0. 150 0.030 - 0 . 090 -0.030 

AVtaRAGE Dl~FERENCta IN 

(5) DIAL READINGS= (4)A + (4)8 
~ (In) 0 , 000 0.090 - 0.060 

COMPACTED SPECIMEN 9.000 9 . 090 8 . 9<10 (6) HEIGHT= 9 .000 + ( 5) (In) 

TOTAL SPECIMEN 
(71 V OLUME • (10).l/161(.0833') (ft3) I .559 I . 575 I .549 

WET UNIT WEIGHT DETERMINATION 

MASS OF COMPACTION MOLD 
507.04 503.94 494 . 58 (8) ANO WET SOIL (lbm) 

MASS OF COMPACTION 
302.50 302 . 50 302.50 (91 MOLD (lbml 

MASS OF WET COMPACTED 
(10) SPECIMEN • (B) · (9) (lbml 204 . 54 201 .44 192. 08 

(11) WET UNIT WEIGHT= Pf/j' (lbf/ft3) 131 . 2 127.9 124.0 

MOISTURE CONTENT AND DRY UNIT WEIGHT DETERMINATION 

MATERIAL TOTAL -4 TOTAL -4 TOTAL -4 

CONTAINER NO. 
L-6 L-8 A-4 L-2O L-3 A-8 L-8 L- 12 A-6 

(12) MASS OF CONTAINER AND WET SOIL Obm) 133.68 I 13.2~ 8.86 1O9.3i 133.72 3.85 126 . OC 108 . 19 2.56 

( 13) MASS OF CONTAINER AND DR Y SOIL (lbml 123.85 105. 16 7 .96 99 . 87 121 .64 3.42 I 18.58 102 . 04 2.45 

(14) MASS OF CONTAINER (lbml 21.42 20.96 1.45 20 . 65 21 . 00 1.00 20.96 21 . 15 1.03 

(15) MASS OF WATER a (121- (13 1 (lbml 9.83 8 . 08 0 . 90 9 . 5C 12 . 08 0.43 7 .42 6. 15 0. I I 

(16) MASS OF DRY SOIL= (13) - (141 (lbm) 102.43 84 . 20 6.51 79 . 2~ 100.64 2.42 97 . 62 80 . 89 1.42 

(171 MOISTURE CONTENT a Ull il .!11 ... 
(%) 9.6 13.8 12.0 17.8 7.6 7.7 

(181 DRY UNIT WEIGHT= l + 1\~V11.111 ... (lbf/ft3) 119. 7 - - -114.2 I 15 . 2 

0 .0833 • • Constant to convert in to ft 
•• • lmpllH 1 lbm • 1 lbf 
0 .01 • • • • Constant to convert declmal to c:,ercent. conven percent to decimal 

_jF rom Data Sheet 1 

GPO 852-311 

Figure 8. - Large scale compaction resr - data sheer 2 - example. 
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-
Figure 9. - Initi al dial gauge measurement. 

14.11 Distribute any large pieces of gravel evenly 
throughout the layer. 

14.12 Lower the large mechanical compactor hammer 
onto the soil. 

14.13 Set the collar on the stem of the hammer to 
obtain an 18-inch drop as follows. 

14.13.1 First Life: 
14.13.1.1 Place the collar clamp and collar base 

on the fourth groove from the bottom on the stem of 
the hammer. 

14.13.1.2 Screw the collar lock onto the collar 
clamp and collar base. 

14.13.2 Second, Third, and Fourth (if used ) Lifts: -
14.13.2. 1 Loosen the collar lock with the spanner 

wrench and unscrew the collar lock. 
14.13.2.2 Slide the collar base and collar clamp 

down one groove on the stern of the hammer until the 
collar clamp slips into the groove on the stem of the 
hammer. 

14.1 3.2 .3 Screw the collar lock onto the collar 
clamp and collar base. 

14.14 Secure the collar lock by tightening with the 
spanner wrench. 

14.15 Start the mechanical compactor with the electric 
switch. 

14.16 Using the modified spanner wrench, rotate the 
mold approximately one-sixth of a turn after each blow 
(fig. 10) . 
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Figure 10. - Rotation of compaetion mold using modified spanner wrench. 

14.17 If uncompacted so il appears around the perim­
eter of the mold, shut off the compactor and scrape the 
uncornpacted soil coward the center of the specimen where 
it will be compacted by the hammer. 

NOTE 6.-If large amounts of material stick to the hammer, 
the mechanical compactor shou ld be stopped and the hammer 
cleaned with a spatu la or scraper. 

14.18 Continue the compaction process until a total 
of 22 blows have been delivered co the layer. 

14.19 Stop the mechanical compactor with the electric 
switch after 22 blows have been delivered to the layer. 

14.20 Hoist the hammer out of the compaction mold, 
and secure the hammer to the compactor with the hammer 
support bracket. 

14.21 Place and compact the second and third lifts by 
repeating subparagraphs 14.9 through 14.20. 

14.22 Place the compaction mold with compacted soil 
specimen on a scale using the hoist appara tus and yoke. 

14.23 Determine the mass of the compaction mold plus 
the bottom porous disk and wet soil. Record the value 
to 0.01 lbm on line (8) on data sheet 2 as Mass of compaction 
mold and wet soil. 

14.24 Obtain a portion of the minus No. 4 (4.75-mm) 
fraction not used in the compaction test for a moisture 
content determination. The moisture content determina­
tion should be performed in accordance with USBR 5300. 
The data obtained are to be recorded co 0.1 percent on 
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lines (12) through (17) in the column noted as "-4" on 
data sheer 2 (fig. 8). 

14.25 Use the hoist apparatus and yoke to move rhe 
companion mold from rhe scale to rhe floor or vice versa. 

14.26 Use the small ramping hammer and a spatula 
to level the surface of the specimen. The surface of the 
specimen must be leveled before the total height of 
specimen can be measured. It is important to use only 
a light rapping action with rhe hammer because significant 
compacrive energy must nor be added to the specimen 
during the leveling process. 

14.27 Place the top porous disk and loading plate on 
rop of the specimen in the same position it occupied when 
placed on rhe 9.000-inch ring gauge. 

14.28 Strike the loading plate with three light blows 
using the large ramping hammer ro ensure proper seating. 

14.29 Leave the hammer on the loading plate while 
the dial readings are raken. 

14.30 Place the dial indicator into position. 
14.31 Obtain and record the final dial readings. Record 

the values to the nearest 0.001 inch on data sheet 2 on 
line (3) as Final dial reading in columns marked A and B. 

14.32 Using the hoist apparatus, yoke, T-bar, and 
straight rod, lift and invert the companion mold over a 
mixing pan. 

14.33 Lower the compaction mold into the mixing pan. 
14.34 Remove the specimen by striking the·mold with 

a rubber mailer. If the specimen cannot be removed this 
way, an air-pressure line should be attached to the bottom 
of the mold and air pressure used to extrude the specimen. 

14.35 Break the specimen into small pieces using the 
T-bar and the digging bar. 

14.36 Use the entire specimen for the moisture content 
determination. Two mixing pans will be required ro hold 
the specimen. The moisture content determination should 
be performed in accordance with USBR 5300. Record the 
values on data sheer 2 on lines (12) through (17) in rhe 
Total column (fig. 8). Record the value of moisture content 
ro 0.1 percent. 

14.37 Calculate the wet and dry unit weights for the 
companed specimen and record on lines (11) and (18) 
respectively. 

14.38 Repeat the procedure outlined in subparagraphs 
14.l through 14.37 until at least three specimens have 
been compacted. 

NOfE 7: If a permeability test is to be performed on the 
compacted s:,ecimen, a compaction mold lined with closed cell 
rubber sheeting must be used, and the first and second layers 
must be scarified before placing the next layer. If the specimen 
is expected to have a permeability higher than that of the porous 
disks, use a layer of sand or gravel on the top and bottom of 
the specimen instead of the porous disks. 

14.39 Plot rhe moisture contents and corresponding 
dry unit weights as shown on figure 11. 

14.40 If the plotted points do not fall on both sides 
of the optimum moisture content (e.g., there is no apparent 
peak to the curve) additional specimens must be prepared 
and compacted ar appropriate moisture contents. 
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14.41 If additional material is not available, see 
subparagraph 11.3. 

14.42 Calculate rhe apparent specific gravity of rhe total 
specimen as shown in subparagraph 15.9. 

14.43 Plot the zero air voids curve as shown on figure 
11 and outlined in USBR 5500 (app. Xl). 

15. Calculations 

15.1 Calculate rhe difference in heightof the compacted 
specimen from the ring gauge height. Use dial indicator 
readings A and B obtained in subparagraphs 14.7 and 14.31. 

Diff = Dial; - Dialr (9) 
where: 

Diff = difference in dial readings, in 
Dial; = initial dial reading from line (2) data sheet 2, 

fig. 8, in 
Dialr = final dial reading from line (3) data sheet 2, 

fig. 8, in 

Record the value ro 0.001 in on line (4) on data sheer 2 
as Difference in dial readings. 

15.2 Calculate the average difference in dial readings. 

where: 
Diffa 

Diff(A) = 
Diff(B) = 

Diffa = Diff(A) + Diff(B) 
2 

average difference in dial reading, in 
difference in dial reading A, in 
difference in dial reading B, in 

(10) 

Record the value to 0.001 in on line (5) on data sheer 2 
as Average difference in dial readings. 

15.3 Calculate the final compacted specimen height. 

where: 
Height 

9.000 
Diffa 

Height = 9.000 + Diffa (11) 

final compacted specimen height, in 
constant, ring gauge height (subpar. 8.2.7), in 
average difference in dial readings, in 

NOfE 8.- Maintain the sign convention of positive (+) or 
negative (-) for the value of Diffa. Diff(A) and Diff(B) are 
algebraically correct and carry the correct sign convention, as 
does Diffa. 

Record the value to 0.001 on line (6) on data sheer 2 as 
Compacted specimen height. 

15.4 Determine the volume of compacted specimen. 

where: 
Vol 

Height 
Areac 

0.0833 

Vol = 0.0833 (Height) (Areac) (12) 

volume of compacted specimen, ft 3 

companed specimen height, in 
cross-sectional area of companion mold, ft2 

= change inch to foot, fr/in 
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7-1414 (9-85) I COMPACTION - PENETRATION RESISTANCE CURVES I Designa t ion USBR 5515-89 Bureau of Reclamation --
SAMPLE NO . FEATURE PROJECT 

38A-l8 Example Example 

Hole No. Test Pit No. 3 Plotted by Date 

Depth 0-5 ft 00 m □ Checked by Date 

□□ 
n, N 
a.. C: ~----:0 -

w 
u z 
<t: 
f-
(J) 

(J) 
w 
a: 
z 
0 
f-
<t: 
a: 
f-
w 
z 
w 
a.. 

THEORETICAL CURVE AT 
COMPLETE SATURATION; 

NUMBERS INDICATE 

□ IXI 
PERCENTAGE OF VOIDS 

MM 
130 E~ 120 ---- ---z :l5 

"""'-~-
" " f- '- -25 ::c 120 

Q ... ~II,,, '-
w /" " ~ :!: 

~ " ... "-!::: 
z "11,,, - 3C ::, .. 
>- 110 a: 
0 

100 
0 5 10 15 20 

MOISTURE CONTENT(%) 

CLASSIFICATION SPECIFIC GRAVITY COMPACTION 

Gravel % Minus No. 4 2.60 Method USSR 5515 

Sand % Plus No. 4 -- Percent larger than tested 0 

Fines % Bulk 2.50 Maximum dry unit weight 119.7 OkN/m3 
(]I lbf/ft3 

Apparent 2 . 56 

Absorption 1. 6 % Optimum moisture content 9.6 % 

ATTERBERG LIMITS Degree of saturation@ opt - -- % 

Liquid Limit % Remarks Penetration resistance @ opt NA OkPa 
0 lbf/in2 

Plasticity Index % 

Shrinkage Limit % 

GPO 848-7&9 

Figure 11. - Compaction-penetration resistance curves - example. 
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Record the value ro 0.001 ft3 on line (7) on data sheet 2 
as Tora/ specimen volume. 

15.5 Calculate the mass of wet compacted specimen. 

mw = mms - mm ( 13) 
where: 

mw mass of wet compacted specimen, lbm 
mms mass of compaction mold and wet soil, lbm 
mm mass of compaction mold, lbm 

Record the value ro 0.01 lbm on line (10) on data sheer 2 
as Mass of wet compacted specimen. 

15.6 Calculate the wet density of compacted specimen. 

mw 
Pwet = Vol (14) 

where: 
Pwet wet density of compacted specimen, lbm/ft3 

mw mass of wet compacted specimen, lbm 
Vol volume of compacted specimen, ft3 

15.6.1 Convert wet density to wet unit weight by 
changing lbm/ft3 to lbf/ft3 (assume l lbf=l lbm) and record 
to the nearest 0.1 lbf/ft3 on line (11) on data sheer 2 
as Wet unit weight. 

15.7 Calculate the dry unit weight of compacted 
speomen. 

Ywet 

w 
l + 100 

(15) 

where: 
Yde = dry unit weight of compacted specimen, lbf/ft3 

Ywet = wet unit weight of compacted specimen, lbf/ft3 
w = moisture content of total specimen, % 

100 = convert from percent to decimal 

Record the value to 0.1 lbf/ft3 on line (18) on data sheet 2 
as Dry unit weight. 

15.8 Calculate the dry unit weight and moisture content 
of the minus No. 4 (4.75-mm) material as follows. 

15.8.1 Record the values of moisture content and 
dry unit weight of the total specimen from lines ( 17) and 
( 18) data sheet 2 · onto lines (7) and (6) respectively, on 
data sheet 3 a~ Dry unit weight of compaction specimen 
and Moisture content of compaction specimen (Total). 

15.8.2 Calculate the moisture content of minus No. 4 
material. 

Wa = Wt- Wg (16) 
where: 

wa moisture content of minus No. 4 material, % 
w, moisture content of compaction specimen, total, 

% 
Wg average absorption of plus No. 4 material , % 

Record the value to 0.1 percent on line (8) on data sheet 3 
as Moisture content of minus No. 4 (4.15 mm) material. 
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15.8.3 Calculate the corrected moisture content of 
minus No. 4 material. 

where: 
We 

Ps 
100 

. ( Wa) 
We = 100 Ps 

corrected moisture content of minus No. 4 
· material, % 

percent passes No. 4 screen, % 
convert from decimal to percent 

(17) 

Record the value to 0.1 percent on line (9) on data sheet 3 
as Corrected moisture content of minus No. 4 (4.15 mm) 
material. 

15:8.4 Calculate the dry mass of plus No. 4 per cubic 
foot of total material. 

- ~ mg - 100 1 ( 18) 

where: 
mg = dry mass of plus No. 4 per cubic foot of total 

material, lbm/ft3 
Pg = percent retained on No. 4 screen, % 

Yde dry unit weight of compacted specimen, lbf/ft3 
100 convert from percent to decimal 

1 change pound force to pound mass 

Record the value to 0.01 lbm on line (10) on data sheet 3 
as Dry mass of plus No. 4 (4.15 mm) per cubic foot ol 
total material. 

15.8.5 Calculate the volume of plus No. 4 (4.75 mm) 
material per cubic foot of total material. 

where: 
Vg = volume of plus No. 4 (4.75 mm) material per 

cubic foot of total material, ft3 / ft3 
mg = dry mass of gravel per cubic foot of total 

material, lbm/fr' 
62.43= density of water at 4 °C, lbm/ft3 

Gg = specific gravity of gravel 

(19) 

Record the value to 0.001 ft3 on line (11) on data sheet 
3 as Volume of plus No. 4 per cubic foot of total material. 

15.8.6 Calculate the dry mass of minus No. 4 material 
per cubic foot of total material. 

where: 

mc-4) 

Ps 
Yde 

tOO 
1 

ill(-4) ~Xl 
100 

(20) 

dry mass of minus No. 4 material per cubic foot 
of total material, lbm/ft3 

percent passing No. 4 screen, % 
dry unit weight of compacted specimen, lbf/ft3 

convert from percent to decimal 
change pound force to pound mass 
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Record the value to 0.1 lbm on line (13) on data sheet 3 
as Dry mass of minus No. 4 (4.15 mm) material per cubic 
foot material. 

15.8.7 Calculate the volume of minus No. 4 per cubic 
foot of total material. 

V <-4> = 1 - Vg (21) 
where: 

V (-4) = volume of minus No. 4 per cubic foot of coral 
material, ft3 / ft3 

Vg volume of gravel per cubic foot of total 
material, ft3 / ft3 

1 unit volume, ft3 / ft3 

Record the value to 0.001 ft3 on line (12) of data sheet 3 
as Volume of minus No. 4 (4.15 mm) per cubic foot of 
total material. 

15.8.8 Calculate the computed dry density of minus 
No. 4 fraction. 

where: 
Pd (c) 

M<-4> 

Vc-4> 

Pd (c) = M H> 
V <-4> 

(22) 

computed dry density of minus No. 4 fraction, 
lbm/ft3 

dry mass of minus No. 4 material per cubic foot 
of total material, lbm/ft3 

volume of minus No. 4 per cubic foot of total 
material, ft3 / ft3 

15 .8.8.1 Convert dry density co dry unit weight 
by changing lbm/ft3 to lbf/fc3 (assume chat 1 lbm = 1 
lbf) and record to the nearest 0.1 lbf/fc3 on line (14) on 
data sheet 3 as Computed dry unit weight of minus No. 
4 (4.15 mm) material. 

15.8.9 Calculate the computed moisture content of 
minus No. 4 fraction. 

where: 

W(- 4) (C) 

Wg 

We 

(23) 

computed moisture content of minus No. 4 
fraction,% 

average absorption of plus No. 4 material, 
% 

corrected moisture content of minus No. 4 
materia! % 

Record the value to 0.1 percent on line (15) on data sheet 3 
as Computed moisture content of minus No. 4 (4.15 mm) 
m aterial. 

15.8.10 Calculate the D-value (percent of maximum 
compacted dry unit weight). 

D = 100 [ )';(:)] (24) 

where: 
D = percent of maximum compacted dry unit 

weight,% 
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')'d(c) = computed dry unit weight of minus No. 4 
material, lbf/ft3 

'Yd maximum dry unit weight of minus No. 4 
fraction, lbf/ft3 

100 convert from decimal co percent, % 

Record the value on line (16) on data sheet 3 as D value 
(percent of maximum compacted dry unit weight) . 

15.9 Theoretical curve at complete saturation (zero air 
voids curve).-

15.9.1 Values of dry unit weight and corresponding 
moisture content for plotting the zero air voids curve are 
computed. 

and 

where: 

yt = 62.43 Ga ( 1 - l~O) 

w = 62.43 
n 
'Yt 

'Yt = dry unit weight of total material, lbf/ft3 

62.43 = unit weight of water at 4 °C, lbf/ft3 
n = porosity, % 
w = moisture content of total material, % 

Ga = apparent specific gravity. oftotal material 

(25) 

(26) 

NOfE 9.-Values of y, and w are determined by inputing 
selected increments of n into the equations given in subpar. 15.9.1, 
and the value of the apparent specific gravity of the rota! material 
is calculated as follows. 

(27) 

where: 
Ga= 
Gs 
Gg 

apparent specific gravity of total material 
specific gravity of minus No. 4 fraction 
apparent specific gravity of plus No. 4 fraction 
percent passing No. 4 screen,% Ps 

Pg 
100 

percent retained on No. 4 screen, % 
convert from percent to decimal 

NOfE 10.-In USBR 5500, appendix Xl has been prepared 
to provide values of dry unit weight and moisture content at 
complete saturation for specific gravities between 2.45 and 2.90 
and percent voids between 10 and 60 percent. Materials compacted 
by the usual field and laborarory compaction methods contain 
entrapped air; therefore, the field roller unit weight curves and 
laboratory test curves may approach but never cross the zero 
air voids curve. 

16. Report 

16.1 The report is co consist of the following completed 
and checked forms : 

"Large Scale Compaction Tesc"-daca sheet 1 (fig. 4) . 
"Large Scale Compaction Tesc"-daca sheet 2 (fig. 8) . 
"Large Scale Compaction Test"-daca sheet 3 (fig. 5). 
"Compaction-Penetration Resistance Curves" 
(fig. 11). 
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16.2 All calculations are co show a checkmark and all 
plotting muse be checked. 

17. Background References 

"Moisture-Density Relationship of Soils," Geocechnical 
Branch Training Manual No. 1, Bureau of Reclamation, 
Denver, Colorado. 

"Earthwork Construction Control," Geocechnical Branch 
Training Manual No. 2, Bureau of Reclamation, Denver, 
Colorado. 

"Research on Compaction Control Testing for Gravelly 
Soils", Earth Research Program. Soils Engineering Report 
No. EM-662, Bureau of Reclamation, Denver, Colorado, 
August 1963. 

/493 

"Compaction Characteristics of Gravelly Soils," Earth 
Laboratory Report EM-509, Bureau of Reclamation, 
Denver, Colorado, September 1957. 

"Compaction Characteristics of Earth-Rock Mixtures; 
Vicksburg Silty Clay and DeGray Dam Clayey Sandy 
Gravel," Miscellaneous Paper S-73-25, Report 1, U.S. Army 
Engineer Waterways Experiment Station, Corps of 
Engineers, Vicksburg, Mississippi, May 1973. 

Donaghe, R. T., and F. C. Townsend, "Compaction 
Characteristics of Earth-Rock Mixtures; Report 2, Blended 
Material," Miscellaneous paper S-73-25, Report 2, U.S. 
Army Engineer Waterways Experiment Station, Corps of 
Engineers, Vicksburg, Mississippi, August 1975. 
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APPENDIX 

XL ADDED WATER DETERMINATION FOR COMPACTED SOIL SPECIMENS 

Xl.1 Scope 

Xl.1.1 This appendix outlines the procedure for deter­
mining the mass of water to add to or remove from a 
soil in order co prepare the soil co a specific moisture 
content. 

Xl.2 Procedure 

Xl.2.1 All data are co be recorded on the "Added Water 
Determination" form as shown on figure Xl.l. 

Xl.2.2 The natural or air-dried moisture content of 
the soil specimens is to be determined in accordance with 
USBR 5300. Record the moisture content value in column 
(1) on the form as Moisture content(%), Initial. 

Xl.2.3 The desired moisture content for each specimen 
is determined. Record the value in column (2) on the form 
as the Moisture content(%), Desired. 

Xl.2.4 Calculate the moisture content difference for 
each test specimen. 

where: 
(3) 
2) = 

(1) 
0.3 = 

(3) = (2) - (1) + 0.3 

moisture content difference, % 
desired moisture content, % 
initial moisture content, % 
moisture content added for handling and 

evaporation loss, % (optional) 

(Xl) 

Record the value for each test specimen in column (3) 
of the form as Moisture content(%), Difference. 

Xl.2.5 Determine the mass of the container and record 
the value· in column (5) of the form as Mass g, container. 

Xl.2.6 Determine the mass of the soil and container. 
Record the value in column (4) of the form as Mass g, 
specimen and container. 

Xl.2.7 Calculate the mass of specimen. 
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where: 
(6) 
(4) 
(5) 

(6) = (4) - (5) 

mass of specimen, g 
mass of specimen and container, g 
mass of container, g 

(X2) 

Record the value in column (6) of the form as Mass g, 
Specimen. 

NOI'E Xl.1.-If a container is not needed, subparagraphs Xl.2.5 
through Xl.2.7 may be omitted and the mass of the specimen 
recorded directly. 

Xl.2.8 Calculate the dry mass of specimen. 

(7) 
1 

where: 

(6) 

+ ill 
100 

(7) = dry mass of specimen, g. 
100 = convert from percent o decimal 

(X3) 

Record the value in column (7) of the form as Mass g, 
Dry mass of specimen. 

Xl.2.9 Calculate the mass of water to add co each soil 
specimen. 

where: 

(8) = (7) ill_ 
100 

(8) mass of water to add, g 
100 = convert from percent to decimal 

(X4) 

Record the value in column (8) of the form as Mass g, 
Water to add. 

NOI'E X 1.2.-The water may be measured by volume, rather 
than mass. For the purpose of this procedure, assume one gram 
equal to one milliliter equal to one cubic centimeter. 
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7-2327 (10-85) 

I 
ADDED WATER DETERMINATION 

I Oe.ignation USSR . 5515-. 89 _ Bureau of Reclamation 

SAMPLE NO. rROJECT rEATURE 
38A-18 Example Example 

COMPUTED BY IOATE !CHECKED BY IOATE 

Moisture Content % Mass .J.r lbm 

Specimen 
Specimen Dry Water 

Initial Desired Difference and Container Specimen Mass of to 
No. Container Specimen Add 

( 1) (2) (3) (4) (5) (6) (7) (8) 

I G.8 16.4 9.6 189.28 44.65 144.63 135.42 13.00 

(2) - (1) (4) - (5) ~ (6) tl lOO 00+(1) (7) [~J 100 

Remarks: For large scale comeaclion test Auxiliary Tests: 

USBR 5300 - 89 _ 

GPO 848-762 

Figure XI. I - Added water determination - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR USBR 5525-89 

DETERMINING THE MINIMUM INDEX UNIT WEIGHT 
OF COHESIONLESS SOILS 

INTRODUCTION . 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5525. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the minimum index unit weight of cohesion­
less free-draining soils using a pouring device (method 
A) or a hand scoop (method B) for placing the soil inro 
a unit weight measure. 

1.2 This procedure is normally performed for soils 
containing less than 5-percent fines. It may be used, under 
certain circumstances, for soils containing 5 to 15 percent 
fines . This procedure is limited ro soils having a maximum 
particle size of 3 inches. 

1.3 Method A is applicable for determining the 
minimum index unit weight of soils for which a pouring 
device is used. Method B is applicable for determining 
the minimum index unit weight of soils for which a hand 
scoop is used. Table 1 provides specimen mass and 
placement device requirements based on maximum particle 
size in the material being tested. 

NOTE 1.-There may be special cases when evaluation of 
applicability of percent relative density may be necessary for some 
cohesionless silts or sandy silts even though they may not be 
considered free-draining materials. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior ro performing this procedure. USBR 
5530 and 7250 must be performed in order ro determine 
the percent relative density of the soil specimen. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1010 Calibrating Unit Weight Measures 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 

496 

USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5500 Performing Laboratory Compaction of 
Soils - 5.5-lbm Rammer and 18-in Drop 
USBR 5510 Performing Laborarory Compaction of 
Soils - Harvard Miniature 
USBR 5515 Performing Laborarory Compaction of Soils 
Containing Gravel 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 
USBR 7250 Determination of Percent Relative Density 

4. Summary of Method 

4.1 An ovendried soil specimen is loosely deposited 
in a calibrated unit weight measure using a scoop or pouring 
device. Excess material is carefully removed, the mass of 
the measure and material is determined, and the minimum 
index unit weight of the soil is calculated. 

5. Significance and Use 

_5.1 The minimum index unit weight is the dry unit 
weight of a soil placed at the loosest state of compactness 
using a standard laborarory procedure which prevents 
bulking and minimizes particle segregation. An absolute 
minimum unit weight is not necessarily obtained using 
this procedure. 

5.2 To determine the percent relative density of a 
cohesionless free-draining soil at any given unit weight, 
the unit weight of the soil in its loosest and densest states 
must be obtained using standard laborarory procedures. 
USBR 5530 must be performed to determine the unit 
weight of the soil in its densest state. USBR 7250 is 
performed to determine the percent relative density. 

5.3 Construction placement control of cohesionless soil 
is often based on percent relative density of that soil. 

5.4 The compact-ion characteristics of soils vary 
depending on the gradation of the soil and the cohesiveness 
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of any fines. Generally, the laboratory compacrion test is 
most applicable for soils containing more than 15-percent 
fines. For construction control of these soils, percent 
companion is used to determine the adequacy of 
compaction. For soils containing less than 5-percent fines, 
the minimum and maximum index unit weight rests are 
used to evaluate the compacrion characreristics. For 
construction control of these soils, percent relative density 
is used to determine the adequacy of compacrion. 

Soils containing 5 to 15 percent fines may need to be 
reseed using both the laboratory compaction rest and the 
combination of the minimum-maximum index unit weight 
rests to see which is mosc appropriate. Whether percent 
companion or percent relative density is used, for 
construcrion control, depends on the test results and how 
the soil is being used. See USBR 7250 or 7255 (app. Xl) 
for further discussion. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is : 

6.1.1 Relative Density (Dd).-The ratio of: (1) the 
difference between the void racio of a cohesionless soil 
in che loosest state and any given void ratio, to (2) the 
difference between its void ratios in the loosest state and 
densest state (ASTM definition). 

NOfE 2.-The term .. relative density" is used even though it 
is calculated using dry unit weights. This is because of broad 
usage of the term and ro prevent confusion by using a new term. 
Technically, if densities rather than dry unit weights were used 
to calculate the term, the value of percent relative density would 
be identical. 

6.2 Terms noc included in USBR 3900 specific to chis 
designation are: 

6.2.1 Maximum Index Unit Weight, Ydmax.-The 
reference dry unit weight of a soil in the densest state 
of compactness chat can be attained using a standard 
laboratory compacrion procedure that minimizes particle 
segregation and breakdown (USBR 5530) . 

6.2.2 Minimum Index Unit Weight, Ydmin.-The 
reference dry unit weight of a soil placed at the loosest 
stare of compactness using a standard laboratory procedure 
which prevents bulking and minimizes particle segregation 
(USBR 5525). 

7. Apparatus 

7.1 General Apparatus: 
7.1.1 Balance or Scale.-Typical balances or scales 

used for this designation are: 

Application 
Method A 
Method B 

Readable to 

0.01 lbm 
0.01 lbm 

Approximate capacity 
50 lbm 

150 lbm 

7.1.2 Brush-Hair-bristled dusting brush. 
7.1.3 Drying Oven.-An oven, thermosracically con­

trolled, preferably of the forced-draft type, and capable 
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of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.1.4 Hand Scoops.-Flat bottom hand scoops with 
handle; small scoop, approximate bowl dimensions, 3-1/2 
by 6 inches; large scoop, approximate bowl dimensions, 
5-1/4 by 7-1/2 inches. 

7 .1.5 Metal Straighcedge.-Metal scraighcedge, about 
15 inches (35 cm) long. 

7.1.6 Mixing Pans.-Large metal mixing pans, about 
36 by 24 by 4 inches (90 by 60 by 10 cm); or medium 
metal mixing pans, about 16 by 16 by 2 inches (40 by 
40 by 5 cm) . 

7.2 Equipment Unique to This Procedure: 
7.2.l Unit Weight Measures: 

7.2.1.1 Standard Unit Weight Measures.-Cylindri­
cal metal measures having nominal volumes of 0.100 fc 3 
(2830 cm3) and 0.500 fc3 (14 200 cm3) . The measures shall 
conform to the requirements as shown on figure 1. The 
actual volume of the measures shall be within ±1.5 percent 
of the specified nominal volume. 

7.2.1.2 Special Unit Weight Measures.-Cylindrical 
metal measures having a capacity less than 0.100 fc3 
(2830 cm3), an inside diameter equal to or greater than 
2-3/4 inches (70 mm) but less than 4 inches (100 mm), 
and conforming to che design methodology shown on figure 
2. Such measures may only be used when test results are 
to be used in conjunction with design and/or other special 
scudies and there is not enough soil to use the 0.100-fc3 
measure. 

7.2.2 Pouring Device.-A device consisting of: 
7 .2.2.1 Pouring Spouts.-One of cwo pouring 

spouts conforming to the requirements shown on figure 
3 may be used, one having an inside pouring spout diameter 
of 1/2-inch (13 mm) and another having an inside pouring 
spout diameter of I-inch (25 mm) . 

7.2 .2.2 Specimen Container.-A metal container 
conforming to che requirements shown on figure 3. 

8. Precautions 

8.1 Safety Precautions.-This procedure may expose 
persons performing the rest to hazardous materials, 
operations, equipment, and handling heavy loads. It is the 
responsibility of the person using this procedure to establish 
appropriate safety practices and to determine the 
applicability of regulatory limitations prior co use. 

8.2 Technical Precautions: 
8.2. l Extreme care must be exercised when placing 

the specimen so that the loosest possible state will be 
achieved using this procedure. If the unit weight measure 
is vibrated or jarred in any way during the test, the unit 
weight measure should be emptied and a new specimen 
placed. 

8.2.2 Due to the effects of sampling, handling, 
processing, and testing on some materials, results of this 
test may nor reflect in-place conditions or che properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limestone, claystone, etc., or soils affected by air and/or 



SIZE 
MEASURE FT 3 

(cm 3 ) 

o . I ( 2831) 

0.5(1415 .8) 

These handles ore cost 
on 0. 5 cu. ft. molds only 

20° 

Bevel 

u.. 

,...., -IN 

A 

r 

B 

USBR 5525 

PLAN 
C 

ELEVATION 

DIMENSIONS, 

C 

IN. (mm) 

D 

+0.0006 . 
2 - 1.062 _0 _0000 Dia . holes, 

2¾ 
align bore 

3-~~ Dia. holes equally spaced 
@ 120° 

90° 

E 

NOTES 
Manufactured from aluminum 

alley, ASTM-SG:'0A . 
Dimensions ore in inches 

unles-; otherwise noted. 

F G 

6.000(152 .4) 6 .112(155.2) 71/8( 181 . 0) 61/2 (165.1) 1/2 ( 12. 7) I 1/8( 28 . 6) 4 .0( 101.6) 

11.000(279.4) 9 .092( 230.9) 12 1/8( 308.0) 91/2(241 .3) 5/8 ( 15 . 9) 2 ( 50.8) 6 .5( 165.1) 

K dia . 

MEASURE SIZE K 
ft 3 ( C m 3 ) Dimensions in (mm) 

0.1( 2831) 5.969 (152) 
0.5(14158) 10.938(278) 

Figure 1. - Standard unit weight measures. 
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j 21 min. 

r min) H- (0.7 to 1.3) times diameter 

SO Eguivolenh 
in mm 
I 3.2 i 
I 6.4 • 
I 

i3.0 2 

2l .. 70.0 

Gu,de sleeve 

urcharge weight 

Clamp 
assembly 

Figure 2. - Special unit weight measures [ASTM D 4254]. 

oven drying. Such materials must be identified before 
processing and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested at all. Cautionary statements 
must be made on test data forms and in reporting the 
test data. 

9. Sampling, Test Specimens, and Test Units 

9.1 Sample Preparation.-Prepare a test sample in 
accordance with USBR 5205 using only the minus 3-inch 
(75-mm) fraction of the soil. 

9.2 Specimen Preparation : 
9.2. l Select the appropriate amount of material for 

the test specimen according to the requirements of table 1. 
9.2.2 Dry the material obtained in subparagraph 

9.2.1 in accordance with the procedure outlined in USBR 
5300. 

NITTE 3.-For rapid drying of soils containing less than 
15-percent fines (minus No. 200), a suitable source of heat such 
as an eleccric or gas hotplate may be used. If a source of heat 
ocher than a controlled temperature is used, stir the specimen 
co accelerate drying and co avoid localized overheating. The soil 
may be considered dry when further heating causes, or would 
cause, less than 0.1 percent additional loss in mass. 
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I 
1· 

6°D ·1 ~!! 

----

I . . 
Standard 6 x I 2 
specimen can 

I 

-- ---
I. sfo • I 

Gr D 

~I~ 

SPECIMEN CONTAINER 

I 
sfo 
s'o 

'-1- $;;::;;;;:;~~~'-••i 
t ._, ,., 

26 Ga. galv. 
iron 

POURING SPOUT 

A 

in cm 
I 1.27 2 
I 2.54 

Figure 3. - Minimum index unit weight pouring device. 

Table I. - Specimen and equipment requirements. 

Maximum size Specimen mass Size of unit 
soil particle required Placement weight measure 

m mm lbm kg device used ft3 cm3 

No. 4 sieve 
or less 4.75 25 12 1/2-inch spout 0.1 2 830 

3/8 9.5 25 12 1-inch spout 0.1 2 830 
3/4 19.0 25 12 1-inch spout 0.1 2 830 

1-1/2 37.5 75 35 Scoop 0.5 14 200 
3 75 75 35 Scoop 0.5 14 200 

10. Calibration and Standardization 

10. l Verify chat equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1010 Calibrating Unit Weight Measures 
USBR 1012 Calibrating Balances or Scales · 
USBR 1020 Calibrating Ovens 

11. Conditioning 

11. l Allow the specimen, as . dried in_ subparagraph 
9 .2.2, to cool co near room temperature before beginning 
the procedure. 
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11.2 In humid environments, the specimen may absorb 
enough moisture from the air to alter test results. In such 
cases, special steps should be taken to ensure that the 
specimen does not absorb undue amounts of moisture, such 
as placing in a desiccator during cooling. 

12. Procedure 

12.1 All data are to be recorded on the "Relative 
Density Determination" form, Minimum Index Unit 
Weight Determination section as shown on figure 4 
(method A) or figure 5 (method B). 

12.2 Select the required unit weight measure and 
placement device in accordance with table 1. 

12.2.1 Determine and record the mass of the measure 
to the nearest 0.01 lbm. 

12.3 Break up any aggregations of individual soil 
particles caused by the drying procedure. 

12.4 Thoroughly mix the dried specimen to ensure an 
even distribution of particle sizes. 

12.5 Method A - Minimum Index Unit Weight 
Determination Using a Pouring Device: 

12.5.1 Place the dried soil specimen into the 
specimen container using a scoop; be careful to minimize 
segregation of the material during filling. 

12.5.2 Attach the pouring spout to the specimen 
container. 

12.5.3 Position the unit weight measure in a mixing 
pan large enough to hold the measure and any excess soil 
that will subsequently be trimmed from the surface of the 
soil specimen. The pan must be placed on a firm surface 
to avoid any movement of the unit weight measure during 
placement and trimming procedures. 

12.5.4 Hold a finger over the pouring spout and 
invert the pouring device to a vertical, or near vertical 
position, within the measure. 

12.5.5 Remove the finger from the pouring spout 
and allow the soil to pour from the pouring device into 
the unit weight measure in a steady stream. 

NOfE 4.-0ccasionally, clogging of the spout may occur. 
Generally, this is caused from bulking of the material due to: 
(a) moisture in the soil, (b) cementation or aggregation of 
individual soil particles, or (c) angularity of the particles. These 
conditions may be remedied by attention to proper sample and 
specimen preparation for cases (a) and (b). If clogging is due 
to angular particles, such as shells, crushed rock, slag, etc., the 
use of a placement device designated for a larger maximum size 
soil particle is required. Note in the Remarks section on the 
test data form if a placement device, other than that specified, 
was used. 

12.5.6 Keep the end of the pouring spout above the 
soil surface to maintain a free fall of soil between 1/2 
to 1 inch (10 to 25 mm), or just high enough to maintain 
continuous flow of the soil without the pouring spout 
contacting the already deposited soil. 

12.5.7 Move the pouring device in a spiral-like path 
from the outside wall to the center of the measure and 
back to the outside to form layers of nearly uniform 

500 

thickness. The spiral-like motion should be just sufficient 
to minimize particle segregation. 

12.5.8 Fill the unit weight measure approximately 
1/2 to 1 inch (10 to 25 mm) above the top of the measure 
or until all points of the soil surface are above the plane 
of the measure rim. 

12.5.9 Screen off the excess soil level with the 
measure rim by carefully trimming the soil surface with 
the straightedge. 

NOfE 5.-Great care must be exercised during filling and 
trimming operations to avoid jarring the measure or excessively 
disturbing the soil surface, thereby causing rearrangement and. 
settlement of soil particles. 

12.5.10 Make one, or if necessary, two passes of the 
straightedge to level the soil surface with the top of the 
measure. 

12.5.11 Use a brush to remove any soil residue 
remaining on the rim or exterior protusions of the measure. 

12.5.12 Lightly tap the side of the measure so the 
specimen settles slightly to ensure that no soil is lost from 
the measure. 

12.5.13 Determine and record the mass of the soil 
and the measure to the nearest 0.01 Ibm. 

12.5.14 Record the volume of the unit weight 
measure (determined in calibration procedure USBR 1010) 
to the nearest 0.0001 ft3. 

12.5.15 Calculate and record the mass of soil 
contained in the measure to the nearest 0.01 lbm. 

12.5.16 Calculate dry density of the soil to the nearest 
0.1 Ibm/ ft3. 

12.5.17 Convert the value of dry density obtained 
in subparagraph 12.5.16 to dry unit weight by changing 
lbm/ft3 to lbf/ft3 (assume 1 Ihm = 1 !bf) and record the 
value to the nearest 0.1 lbf/ft3. 

12.5.18 Empty the unit weight measure and brush 
away any soil residue. 

12.5.19 Repeat subparagraphs 12.1 through 12.5.17 
to Qbtain a second value of dry unit weight. 

12.5.20 Determine the uniformity of the two unit 
weight values obtained by dividing either value by the other. 
The ratio must be between 0.990 and 1.010, inclusive. If 
it is not, the procedure is to be repeated until two successive 
values of dry unit weight are obtained which fall within 
the specified tolerance. 

12.5.21 Select the dry unit weight having the lower 
numerical value from the two values meeting the criteria 
specified in subparagraph 12.5.20 and record the value as 
the minimum index unit weight to the nearest 0.1 Ibf/ft3. 

12.5.22 If required, convert the minimum index unit 
weight value obtained in subparagraph 12.5.21 to SI units 
and record to the nearest 0.02 kN/m3. 

NOfE 6.-Typically, the unit weight measure filled with soil 
for the minimum index unit weight determination is used for 
the maximum index unit weight determination (dry method) 
without refilling the measure. If the maximum index unit weight 
(dry method) is to be determined, the last specimen placed should 
be retained. 
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12.6 Method B - Minimum Index Unit Weight 
Determination Using a Hand Scoop: 

12.6.1 Position rhe unit weight measure in a mixing 
pan as described in subparagraph 12.5.3. 

12.6.2 Place the soil into the unit weight measure 
using a scoop; be careful to minimize segregation of the 
material. 

12.6.3 Place the soil as loosely as possible by holding 
the scoop just above the measure bottom or the already 
deposited soil. 

12.6.4 Allow the soil to slide rather than fall onto 
the previously placed soil. If necessary, hold back large 
particles with the fingers ro prevent them from rolling 
off the scoop. The placed soil is ro be a nearly homogenous 
mass throughout the measure (see note 5 ). 

12.6.5 Do noc segregate large and small particles 
within the measure; this may be convenient for the 
screeding or leveling operation but it is not representative 
of the soil properties. 

12.6.6 Fill the measure ro overflowing, but not more 
than 1 inch (25 mm) above the top of the measure. 

12.6.7 For soils where rhe maximum particle size 
passes rhe 3/4-inch (19.0-mm) sieve, use the steel 
straightedge, and fingers (when required) to level rhe 
surface of rhe soil with rhe rop of rhe measure. For soils 
wirh larger maximum particle sizes, use the fingers ro 
condition the soil surface in such a way so rhat slight 
projections of the larger maximum sized particles above 
the rop of the measure are approximately balanced by voids 
in the surface below rhe plane established by the rop of 
the measure. Use rhe steel straightedge to establish rhe 
plane if necessary. (Be careful nor to compress or disturb 
the soil.) Visualize rhat th_e projecting material would 
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exactly fill the voids if the soil could be divided at the 
plane. 

12.6.8 Use a brush ro remove any soil residue 
remaining on the rim or exterior prorusions of rhe measure. 

12.6.9 Calculate and record the value of dry unit 
weight in accordance with subparagraphs 12.5.13 through 
12.5.17. 

12.6.10 Repeat subparagraphs 12.1 through 12.4 and 
12.6.1 through 12.6.9 to obtain a second value of dry unit 
weight. 

12.6.11 Determine and record the minimum index 
unit weight in accordance with subparagraphs 12.5.20 
through 12.5.22. 

13. Calculations 

13.1 Calculations are shown on the "Relative Density 
Determination" form, Minimum Index Unit Weight 
Determination section (fig. 4 or 5) . 

14. Report 

14.1 The report is ro consist of a completed and checked 
"Relative Density Determination" form, Minimum Index 
Unit Weight Determination section (fig. 4 or 5) .. 

14.2 All calculations are to show a checkmark. 

15. Background Reference 

"Standard Test · Method for Minimum Index Density of 
Soils and Calculation of Relative Density," Annual Book 
of ASTM Standards, D 4254. 
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7-l 709A (8-86) 
Bureau of Reclamation 

RELATIVE DENSITY DETERMINATION Designation USBR 5525._§J 
Designation USBR 5530-__ 
Designation USBR 7250-

SAMPLE NO. PROJECT I FEATURE 
I Example Example 

%GRAVEL l'l(,SAND 1 % FIN~S I MAX. PARTICLE SIZE I NOMINAL VOLUME OF MEASURE I]) 0.1 ft3 Oo.5tt3 -- 97 No .4 . 
TESTED BY DATE COMPUTED BY DATE I CHECKED BY DATE 

MINIMUM INDEX UNIT WEIGHT DETERMINATION (USBR 55251 MOISTURE CONTENT DETERMINATION 

Measure No. 5 5 (161 Container No. 

Specimen No. I I 1171 Mass of container + wet soil lbm 

111 Mass of soil + messu re (lbm) 17.22 17. l!I (18) Maa of container + dry soil lbm 

121 Mass of measure (lbml 7.45 7.45 (191 Maa of container lbm 

(3) Volume of measure• (113) 0 1004 0 1004 (201 Mau of watar • 1171- (181 lbm 

(4) . Mass of soil I 11-121 (lbml 9 77 9 70 (211 Mau of dry soil • (18) • (19) lbm 

(51 Ory unit weight .. (lbf/ft3) 97.3 .96.6 1221 Moisture content • [(201/(21)) x 100 'l(, 

(41/131 

(61 Minimum index unit weight (lbf/ft31 96.6 

17) Minimum index unit weight = (kN/m31 15.2 
(61 X 0.1571 ••• 

PLACEMENT DEVICE USED 

1 /2-inch spout [fil 1-inch spout 0 Scoup 0 
MAXIMUM INDEX UNIT WEIGHT DETERMINATION (USBR 5530) 

REMARKS: 
ORY METHOD WET Mt:,.,uu 

Specimen No. 

111 Left dial reading in 

(2) Right dial reading in 

(3) Average dial reading in 

(41 Specimen height at zero dial" in 

(51 Specimen height = (31 + (4) in 

(61 Volume per unit height" ft3/in 

m · Specimen volume = (51 x (6) 113 

(81 Mass of measure + soil lbm 

(91 Mass of measure lbm 

~ 
(101 Mass of dry soil = (81 - 191 [ dry method) lbm 

(111 Mass of wet soil = (81 • 191 [wet method) lbm 

(12) Mass of dry soil= (111/[1+11221/1001) lbm 

(131 Ory unit weight••= (10)1(71 or (121/171 lbf/h3 

(14) Maximum index unit weight (lbf/ft31 

(151 Maximum index unit weight (141 x 0.1571° 00 = (kN/m31 

PERCENT RELATIVE DENSITY (USBR 7250 METHOD A) 
0 Valueo obtained from Deolgnatlon USBR 1010 

• • lmpll" 1 lbm • 1 lbf 
•••0.1571 converts lbf/ft3 to kN/m3 

(1) In-place unit weight minus 3-inch (75 mm) 

12) Maximum index unit weight USBR 5530 (14) or (151 

(3) Minimum index unit weight USBR 5525 (61 or (7) 
AUXILIARY TESTS 

(4) (2) x [111 . (JI) USBR 5300-_8~ 
USBR 1010-_8~ 

(5) (1) X [(21 • (3)) IN PLACE UNIT WEIGHT 
PERFORMED IN ACCORDANCE 

(6) Percent Relative Density • ((41/(51) x 100 WITH USBR _____ 

GPO 8!52- 183 

Figure 4. - Relative density determination (method A) - example. 
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7-l 709A (8-86) 
Bureau of Reclamation 

RELATIVE DENSITY DETERMINATION Designation USBR 5525- .~ 
Designallon USBR 5530-__ 
Designation USBR 7250-

SAMPLE NO. PROJECT 'FEATURE 
2 Example Example 

%GRAVEL I %SAND I% FINES I MAX. PARTICLE SIZE I NOMINAL VOLUME OF MEASURE □ 0.1 tt3 00 0 .5 ft3 100 I 1/2 inches 

TESlED BY DATE COMPUTED BY DATE I CHECKED BY DATE 

MINIMUM INDEX UNIT WEIGHT DETERMINATION (USBR 5525) MOISTURE CONTENT DETERMINATION 

Measure No. 2 2 (16) Container No. 

Specimen No. I 2 (17) Mass of container + wet soil lbm 

11) Mass of soil + measure (lbml 64 . 65 64.25 118) Mass of container + dry soil lbm 

(2) Mass of measure (lbm) 20.30 20.30 119) Mass of container lbm 

(3) Volume of measure• (113) 0.4989 0.4989 (20) Mass of water m 117) - (18) lbm 

(4) Mass o f soil ( 1 )-12) (lbm) 44.35 43 . 95 121) Mass of dry soil = 118) - (19) lbm 

(5) Ory unit weight•• (lbf/ft3) 88.9 88 . 1 122) Moisture content= I (20)/121 )) x 100 % 
(4)/(3) 

(6) Minimum index unit weight (lbl/t13) 88.1 

(7) Minimum index unit weight = (kN/m3) l~,8 
(6) X 0 .1571 ••• 

PLACEMENT DEVICE USED 

1/2-inch spou t 0 1-inch spout 0 Scoop (]J 
MAXIMUM INDEX UNIT WEIGHT DETERMINATION (USSR 5530) 

REMARKS: 
DRY METHOD WETM1:T~.,. 

Specimen No. 

(1) Left dial reading in 

(21 Right dial reading in 

(3) Average dial reading in 

(4) Specimen height at zero dial• in 

(5) Specimen height = (3) + (4) in 

(6) Volume per uni t height' tt3/in 
-· 

(7) Specimen volume= (51 x (6) tt3 

(8) Mass of measure + soil lbm 

(91 Mass of measure lbm 

;~~;;~ ·_;~~-~~-t .~-: 
(101 Mass of dry soil= (8) - (9) [dry method] lbm 

/ ;_r:!.-~1i~?JR (11) Mass of wet soil= (8) - (9) [wet method] lbm 

(121 Mass of dry soil= (11 )/[ 1+((22)/100)) lbm {-~--j_ Y~:~5~¼' 
(131 Dry unit weight .. = (101/17) or (121/(7) lbf /ft3 

(14) Maximum index unit weight (lbf/ft3I 

(151 Maximum index unit weigh t (14) x 0.1571• •• a (kN/m3) 

PERCENT RELATIVE DENSITY (USBR 7250 METHOD A) 'Valueo obtained from Designation USBR 1010 
. • • 1mplie1 1 lbm = 1 lbf 
• • •o. 1571 converts lbf/ft3 to kN/m3 

(1) In.place unit weight minus 3 -inch (75 mm) 

(21 Maximum index unit weight USBR 5530 (14) or (15) 

(3) Minimum index unit weight USBR 5525 (6) or (7) 
AUXILIARY TESTS 

(4) (21 x ((1) - (3)1 USBR 5300-_89 
USSR 1010-JI~ 

(5) (11 x [(2) - (31] IN PLACE UNIT WEIGHT 
PERFORMED IN ACCORDANCE 

(6) Percent Relative Density~ ((4)/(5)) x 100 WITH USBR _____ 

GPOB:52-183 

Figure 5. - Relative density determinat ion (method B) - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5 5 30-89 

DETERMINING THE MAXIMUM INDEX UNIT WEIGHT 
OF COHESIONLESS SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, Code D-3760, Research and- Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5530. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1. 1 This designation outlines the procedure for 
determining the maximum index unit weight of cohesion­
less, free-draining soils using an electromagnetic, vertically 
vibrating table. 

1.2 Two alternative procedures are outlined to 
determine the maximum index unit weight. 

1.2.l Dry Method-Using oven dried soil and an 
electromagnetic, vertically vibrating table. 

l.2 .2 Wet Method-Using wet soil and an electro­
magnetic, vertically vibrating table. 

1.3 It is recommended that both the dry and wet 
methods be performed when beginning a new test program 
or when a change in soil type is encountered as the value 
of maximum index unit weight-when considered along 
with the minimum index weight-affects the calculated 
value of relative density. While the dry method often is 
preferred because results can be obtained more quickly, 
the wet method should be used if it produces a maximum 
index unit weight more than 3 percent greater than that 
obtained by the dry method. 

1.4 This procedure is normally performed for soils 
containing less than 5-percent fines . It may be used, under 
certain circumstances, for soils containing 5- to 15-percent 
fines. This procedure is limited to soils with a maximum 
particle size of 3 inches. 

1.5 For many types of free-draining, cohesionless soils, 
the vibratory procedure causes a moderate amount of 
degradation (particle breakdown) . When degradation 
occurs, there is often an increase in the maximum index 
unit weight obtained and comparable test results may not 
be obtained when different size measures are used to test 
a given soil. 

NOTE 1.-There may be special cases when evaluation of 
applicability of percent relative density may be appropriate for 
some cohesionless silts or sandy silts even though they may not 
be considered free-draining materials. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. USBR 
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5525 and 7250 must be performed in conjunction with 
this procedure in order to determine percent relative 
density. 

2.2 Maximum index unit weight values are sensitive. 
to the amplitude of vibration produced by the vibratory 
table. Therefore, the table must be currently calibrated in 
accordance with USBR 1440. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1007 Calibrating Dial Indicators 
USBR 1010 Calibrating Unit Weight Measures 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1440 Calibrating the Vibratory Table for Maxi­
mum Index Unit Weight Testing 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5500 Performing Laboratory Compaction of 
Soils - 5.5-lbm Rammer and 18-in Drop 
USBR 5510 Performing Laboratory Compaction of 
Soils - Harvard Miniature 
USBR 5515 Performing Laboratory Compaction of Soils 
Containing Gravel 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 7240 Performing Rapid Method of Construction 
Control 
USBR 7250 Determination of Percent Relative Density 

4. Summary of Method 

4.1 The maximum index unit weight of a given 
cohesionless free-draining soil is determined by placing 
either oven-dried or wet soil in a measure, applying a 2-
lbf/ in2 (14-kPa) surcharge to the surface of the soil and 
then verticaliy vibrating the measure, sou, and surcharge 
using an electromagnetic, vibrating table having a 
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sinusoidal time-vertical displacement relationship at a 
double amplitude of vertical vibration (peak-to-peak 
displacement) of 0.013±0.002 inch (0.33±0.05 mm) for 
8 minutes at 60 hertz (Hz). The soil is then dried, if 
required, and the maximum index density is calculated by 
dividing the ovendried mass of the densified soil by its 
volume. The maximum index unit weight is calculated from 
the maximum index density. 

5. Significance and Use 

5.1 The maximum index unit weight is the dry unit 
weight of a soil placed at the densest state of compactness 
using a standard laboratory procedure which minimizes 
particle segregation and breakdown. An absolute maximum 
unit weight is not necessarily obtained using chis procedure. 

5.2 To determine the percent relative density of a 
cohesionless free-draining soil at any given unit weight, 
the unit weight of the soil in its loosest and densest states 
must be obtained using standard laboratory procedures. 
USBR 5525 must be performed to determine the unit 
weight of the soil in its loosest state. USBR 7250 is 
performed to determine the percent relative density. 

5.3 Construction control of cohesionless soil is often 
based on percent relative density of that soil. 

5.4 The compaccion characteristics of soils vary 
depending on the gradation of the soil and the cohesiveness 
of any fines. Generally, the laboratory compaction rest is 
most applicable for soils containing more than 15-percent 
fines . For construction control of these soils, percent 
compaccion is used to determine the adequacy of 
compaction. For soils containing less than 5-percent fines, 
the minimum and maximum index unit weight tests are 
used to evaluate the compaction characteristics. For 
construction control of these soils, percent relative density 
is used to determine the adequacy of compaction. 

Soils containing 5 to 15 percent fines may need to be 
tested using both the laboratory compaction test and the 
combination of the minimum-maximum index unit weight 
tests to see which is most appropriate. Whether percent 
compaction or percent relative density is used for 
construction control depends on the test results and how 
the soil is being used. See USBR 7250 or 7255 (app. Xl) 
for further discussion. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is : 

6.1.1 Relative Density (Dd}°.-The ratio of: (1) the 
difference between the void of a':cohesionless soil in the 
loosest state and any given void ratio, to (2) the difference 
between its void ratios in the loosest and in the densest 
states (ASTM). 

NOfE 2.-The term "relative density" is used even though it 
is calculated using dry unit weights. This is because of broad 
usage of the term and to prevent confusion by using a new term. 
Technically, if densities rather than dry unit weights were used 
to calculate the term, the value of percent relative density would 
be identical. 
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6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2.1 Maximum Index Unit Weight, ')'dma.z.-The 
reference dry unit weight of a soil in the densest state 
of compactness that can be attained using a standard 
laboratory compaction procedure chat minimizes particle 
segregation and breakdown (USBR 5530). 

6.2.2 Minimum Index Unit Weight, ')'dmin.-The 
reference dry unit weight of a soil placed at the loosest 
state of compactness using a standard laboratory procedure · 
which prevents bulking and minimizes particle segregation 
(USBR 5525). 

7. Apparatus 

7.1 General Apparatus: 
7.1.l Balance or Scale.-Typical balances or scales 

used for this designation are: 

Applicacion 
0.1 ft 3 Measure 
0.5 ftJ Measure 
Special measures 

Readable to 
0.01 lbm 
0.01 lbm 
0.01 lbm 

Approximate capacity 
50 lbm 

150 lbm 
50 lbm 

7.1.2 Brush.-Hair-bristled dusting brush. 
7. 1.3 Drying Oven.-An oven, thermostatically 

controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.1.4 Hand Scoops.-Flat bottom hand scoops with 
handle; small scoop, approximate bowl dimensions, 3-1/2 
by 6 inches; large scoop, approximate bowl dimensions, 
5-1/2 by 7-1/2 inches. 

7.1.5 Hoist.-A rope, chain, or cable hoist of at lease 
300-lbm (140-kg) capacity. 

7.1.6 Mixing Pans.-Large metal mixing pans about 
36 by 24 by 4 inches (900 by 600 by 100 mm), or medium 
metal mixing pans about 16 by 16 by 2 inches (400 by 
400 by 50 mm). 

7.1.7 Stopwatch.-Watch readable to 1 second. 
7.2 Equipment Unique to This Procedure: 

7.2.l Unit Weight Measures: 
7.2.1.l Standard Unit We1ghtMeasures.-Cylindri­

cal metal measures having nominal volumes of 0.100 fc 3 

(2830 cm 3) and 0.500 fc3 (14 200 cm3) . The measures shall 
conform to the requirements as shown on figure 1. The 
actual volume of the measures shall be within ±1.5 percent 
of the specified nominal volume. 

7 .2.1.2 Special Unir Weight Measures.-Cylindrical 
metal measures having a capacity less than 0.100 fc3 

(2830 cm3), an inside diameter equal to or greater than 
2-3/4 inches (70 mm) but less than 4 inches ( 100 mm), 
and conforming to the design methodology presented on 
figure 2. Such measures may be used only when the test 
results are to be used in conjunction with design and/or 
other special studies and there is not enough soil to use 
the 0.100-ft3 measure. 

7.2.2 Gwde Sleeves.-One guide sleeve with clamp 
assembly, or ocher suitable atrachment devices (see figs. 3 
and 4), for each size measure. 



SIZE 
MEASURE FT 3 

(cm 3 ) 

o. I ( 2831 l 
0 . 5(14158) 

USBR 5530 

2 I 062 +0.ooos Di I 
- . -0 . 0000 o. ho es, 
align bore 

2! 
4 

3-~~ Dia. holes equally spaced 
@ 120° 

These handles ore cost 
on 0 . 5 cu . ft. molds only 

Bevel 

LL. 

"" "f 

rt') -IN 

l"'l"f 

~ 

A 

6.000(152.4) 

11,000(279.4) 

PLAN 
C 

90° 

' 
CD Cl I• 4 

ELEVATION 

DIMENSIONS, IN. (mm) 

B C D E 

6 . 112(155.2) 71/8( 181.0) 61/2(165.1) 1/2 ( 12. 7) 

9.092(230.9) 12 1/8(308.0) 91/2(241.3) 5/8 ( 15.9) 

K dio . 

MEASURE SIZE K 
ft 3 ( C m 3 ) Dimensions in (mm) 

0.1 ( 2831) 5.969 (152) 
0. 5(14158) 10.938(278) 

NOTES 
Manufactured from aluminum 

alley, ASTM-SG70A. 
Dimensions ore in inches 

unless otherwise noted. 

F G 

I 1/8( 28 . 6) 4 .0( 101,6) 

2 ( 50.8) 6 .5(165J) 

Figure l. - Standard unit weight measure and surcharge baseplate. 
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J 2l'min. 

¼'min _'.) H=(0.7 to 1.3) times diameter 

SD Equivalent, 
in mm 
I 

3.2 i 
I 

6.4 • 
I 

13.0 2 
21 .. 70.0 

Guide sleeve 

rchorge weight 

Clomp 
assembly 

Figure 2. - Special cylindrical unit weight measure. [ASTM D 4253) 

7.2.3 Surcharge Baseplates.-One surcharge baseplate 
for each standard size or special measure conforming to 
the requirements of figure 5 or 2. 

7.2.4 Surcharge Masses.-One surcharge mass for 
each size measure. See figure 5 for tolerances related to 
the O. l00-ft3 (2830-cm 3) and 0.500-ft3 (14 200-cm 3) 

measures. For special measures, similar tolerances should 
be maintained. The total mass of the surcharge baseplate 
and surcharge mass shall be equivalent to a surcharge 
pressure of 2.00±0.02 lbf/in2 (13.8±0.1 kPa) for che 
measure being used. For special measures, the surcharge 
mass can be composed of a single solid mass of metal. 

7.2.5 Surcharge Baseplate Handle.-A device used to 
initially place and then to remove the surcharge baseplate 
upon completion of compaction. Any convenient hooking 
device may be used. 

7.2.6 Vibrating Table (fig. 6) .-The table shall be 
mounted to a concrete floor or mass of sufficient size and 
configuration such that excess vibrations are nor 
transmitted to other resting areas. The vertically vibrating 
deck of the cable is to be of sufficient size and rigidity 
that the measure assembly being used can be attached and 
rigidly supported during che cesc. The electromagnetic 
vibratory cable is co be capable of vertically vibrating che 
measure assembly wich a sinusoidal rime-vertical 
displacement relationship at an average double amplitude 
(peak-to-peak displacement) of 0.013±0.002 in.ch 
(0.33±0.05 mm) ac a frequ7ncy of 60±2 Hz under i:esc 
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conditions . The cable shall have the capability for 
adjustment of the double amplitude of vibration between 
about 0.005 inch (0.15 mm) and· 0.013 irich (0.33 mm) 
at 60 Hz. 

7.2.7 Eleetromagnetic Vibrating Table.-A cable 
conforming co the general requirements of 7.2.6 with a 
vertically vibrating cushioned steel deck, generally about 
30 by 30 by 3/8 inch (760 by 760 by 9.5 mm) chick, actuated 
by an electromagnetic vibrator of the solid impact cype 
with a net mass over 100 lbm (45 kg). The table shall 
be mounted to a concrete floor or slab of at least 950 
lbm (430 kg) . 

7.2.8 Concroller.-An electrical control unit suitable 
for use with the electromagnetic vibrating table (subpar. 
7.2.6) . The unit must include an· operating switch, a 
rheostat, and rectifier. In addition, the control unit should 
be equipped with a O to 300 volt a-c voltmeter wired to 
the power supply side and a O to l5 amp ammeter wired 
co the equipment side of the terminal. 

7.2.9 Dial Indicator (Gauge) Assembly- A device 
used for specimen volume measurement. The assembly 
shall consist of a dial indicator (gauge) having a 2.000-
inch, or greater, range with 0.001-inch, or finer, 
graduations; mounted on a dial indicator holder such that 
the indicator stem is parallel with the vertical axis of the 
measure. The assembly may be equipped with a spacer 
ring(s), used to extend the range of che assembly, if required. 

7.2.10 Calibration (Gauge) Bar (fig. 6) .-A straight 
metal bar about 2 by 12 by 1/ 4 inch (50 by 300 by 6 
mm). 

7.2.11 Reference Bracket (fig. 6).-A bracket to hold 
the dial indicator gauge and provide a reference reading. 

7.2.12 Hold Down Boles (fig. 6)_.-Eye and hook boles 
for attaching measure assembly to vibratory cable. 

7.2.13 Gauge Case (fig. 6) .-A case co hold and protect 
the dial indicator gauge. 

7.2.14 Pouring Device.-A device meeting the 
specifications as given in subparagraph 7.2.2 of USBR 5525. 

8. Precautions 

8.1 Safety Precau(ions: 
8.1.1 This procedure may expose persons perform­

ing the test co hazardous materials, operations, equipment, 
and handling heavy loads. It is the responsibility of che 
person using this procedure to esrablisl;i appropriate safety 
practices and co determine che applicability of regulatory 
limitations prior co use. 

8.1.2 Use of vibratory rabies in certain acoustic 
environments may produce ·noise levels above chose 
considered acceptable. In areas where such conditions exist 
or where acoustic monitoring surveys have not been 
conducted, suitable hearing procecrion devices should be 
used. In addition, resting personnel should adhere also co 
any additional personal safety requirements in accordance 
with individual laboratory policies. 

8.2 Technical Precautions: 
8.2.1 Maximum index unit weight values are 

sensitive co che amplitude of vibration. The vibratory table 
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must be calibrated in accordance with USBR 1440 before 
using it. The table must be operated at the recommended 
rheostat setting for the measure in use. 

8.2.2 Care must be exercised in placing the specimen 
when using the wet method. Excessive moisture in the 
soil may cause particle segregation and/or loss of fines. 
The gradation of the densified soil should be similar to 
that of the soil prior to testing. 

8.2.3 Due to the effects of sampling, handling, 
processing, and testing on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandscone, shale, 
limestone, clays tone, etc., or soils affected by air and/ or 
oven drying. Such materials must be identified before 
processing and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested at all. Cautionary statements 
must be made on test data forms and in reporting the 
test data . 

9. Sampling, Test Specimen, and Test Units 

9.1 If the specimen placed and tested in accordance 
with USBR 5525 is to be used in this procedure, use that 
specimen as directed in accordance with subparagraphs 
13.3.4. through 13.3.19, instead of preparing an additional 
one. Otherwise, prepare a specimen in accordance with 
the following steps. 

9.2 Sample Preparation.-Using only the minus 3-inch 
(75-mm) fraction of the soil sample, prepare a represen­
tative so il sample in accordance with USBR 5205. 

9.3 Specimen Preparation: 
9.3. l For standard measures , select the appropriate 

amount of material for the specimen according to the 
requirements of table 1. 

Table 1. - Specimen and equipment requiremenrs. 

Maximum size Specimen mass Placement Size of unit 
so!I particle required device used weight measure 

m mm lbm kg ftl cm3 

No. 4 sieve 
or less 4.75 25 12 1/2-inch spout 0.1 2 830 
3/ 8 9.5 25 12 I-inch spout 0.1 2 830 
3/4 . 19.0 25 12 I-inch spout 0.1 2 830 
1-1/2 37.5 75 35 Scoop 0.5 l-4200 
3 75 75 35 Scoop 0.5 14 200 

9.3.2 When it is applicable to use special measures 
(see subpar. 7.2.1.2), 100 percent of the sample must pass 
the 3/4-inch (19-mm) sieve and have less than 10 percent 
retained on the 3/8-inch (9.5-mm) sieve. 

9.3.3 If the dry method is to be performed, dry the 
material in accordance with the procedure outlined in USBR 
5300. 

NOfE 3.-For rapid drying of soils comammg less than 
15-percem fines (minus No. 200), a suitable source of heat such 
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as an electric or gas horplare may be used. If a source of heat 
ocher than the controlled temperature is used, stir the specimen 
co accelerate drying and avoid localized overheating. The soil 
may be considered dry when further heating causes, or would 
cause, less than 0.1 percent additional loss in mass. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this test procedure. 
USBR 1007 Calibrating Dial Indicators 
USBR 1010 Calibrating Unit Weight Measures 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1440 Calibrating the Vibratory Table for Maxi­
mum Index Unit Weight Testing 

11. Conditioning 

11.1 Allow the specimen, as dried in subparagraph 
9.3.3, to cool to near room temperature before beginning 
the test (dry method) . 

11.1.1 In humid environments, the ovendried 
specimen may absorb enough moisture from the air co 
alter test results. In such cases, special steps should be 
taken to ensure that the specimen does not absorb undue 
amounts of moisture, such as placing it in a desiccator 
during cooling. 

11.2 The wet method may be conducted on ovendried 
soil to which sufficient water is added or, if appropriate, 
on wet soil from the field. Mix the sample co provide 
an even distribution of particle sizes and moisture content 
with as little segregation as possible. If water is added 
to dry soil, allow a minimum conditioning period of one­
half hour. The amount of water added should be just 
sufficient such that free water does not accumulate in the 
mixing pan. 

12. Preparation of Apparatus 

12.1 For a measure assembly in which the alignment 
of the guide sleeve on top of the measure is controlled 
by the position of the set screws, assemble the guide sleeve 
on top of the measure and tighten the clamp assemblies 
so that the inner wall of the sleeve is in line with the 
inner wall of the mold. Tighten the lock nuts on the two 
set screws so equipped. Loosen the set screw having no 
lock nut, and remov.e the guide sleeve. 

12.2 Verify that the vibrating table is in good working 
condition in accordance with requirements of USBR 1440. 

13. Procedure 

13.1 All data are to be recorded on the "Relative 
Density Determination" form Maximum Index Unit 
Weight Determination section as shown on figure 7 (dry 
method) or figure 8 (wet method). 

13.2 Select the required uni-t weight measure and 
placement device in accordance with table l. 
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13.2.2 Determine and record the mass of the measure 
to the nearest 0.01 lbm. 

13.3 Dry Method: 
13.3.1 Break up any aggregations of individual soil 

particles caused by the drying procedure. 
13.3.2 Thoroughly mix the dried specimen co ensure 

an even distribution of particle sizes. 
13.3.3 Dependent upon the maximum size soil 

particle, place the soil in the measure according to USBR 
5525 subparagraphs 12.5 through 12.5.12 or 12.6 through 
12.6.8. 

13.3.4 Attach the measure to the vibrating table. 
13.3.5 Place the appropriate surcharge baseplate on 

the surface of the soil and twist it slightly several times 
so that it is firmly and uniformly in contact with the surface 
of the soil. Remove the surcharge baseplate handle. 

13.3.6 Firmly attach the guide sleeve to the measure, 
and lower the appropriate surcharge mass onto the 
surcharge baseplate. Use a hoist if necessary. 

13.3.7 Set the vibrator control (rheostat) at the 
appropriate setting determined in accordance with USBR 
1440 for the measure assembly being used to obtain a double 
amplitude of vertical vibration of 0.013±0.002 inch 
(0.33±0.05 mm) at 60 Hz. 

13.3.8 Vibrate the measure assembly and specimen 
for 8±1/4 minute at 60±2 Hz. Remove the surcharge mass 
and guide sleeve from the measure. Check that the 
surcharge baseplate is firmly and uniformly in contact with 
the surface of the soil; i.e., does not wobble when pressed 
at the edges. If it wobbles, this should be noted on the 
data form. 

13.3.9 Place the dial indicator assembly in the 
reference bracket. Compare the reading obtained with the 
reference bracket reading established in USBR 1010. Adjust 
the dial indicator gauge if necessary. 

13.3.10 Brush aside any fines that might have 
collected on the surcharge baseplate where dial indicator 
gauge readings will be taken. Obtain dial indicator gauge 
readings to the nearest 0.001 inch on opposite sides (left 
and right) of the surcharge baseplate by alternately placing 
the dial indicator assembly in each of the guide brackets 
on the unit weight measure. The dial indicator assembly 
should be placed such that the matchmarks on the guide 
brackets and assembly are aligned. Record the dial readings 
as shown on figure 7 or 8. 

13.3.11 Remove the surcharge baseplate from the 
measure, and detach the measure from the vibratory table. 
During this step, prevent (as much as possible) any fines 
that have collected on top of the surcharge baseplate and 
the rim of the measure from entering the measure. If the 
mass of these fines is greater than about 0.2 percent of 
the total mass of the specimen, determine this mass and 
note it on the data form. 

13.3.12 Determine and record the mass of the 
measure and soil to the nearest 0.01 lbm. 

13.3.13 Record the specimen height at zero dial, and 
the volume per unit height (determined in accordance with 
USBR 1010). 

13.3. 14 Calculate and record the average dial reading 
to the nearest 0.001 inch. 
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13.3.15 Calculate and record the specimen height to 
the nearest 0.001 inch. 

13.3.16 Calculate and record the specimen volume 
to 0.0001 ft3 for the O.l-ft3 measure, or 0.001 ft3 for the 
0.5-ft3 measure. 

13.3.17 Calculate and record the mass of dry soil 
to the nearest 0.01 lbm. 

13.3.18 Calculate the dry density of the soil to the 
nearest 0.1 lbm/ft3• 

13.3.19 Convert the value of dry density obtained 
in subparagraph 13.3.18 to dry unit weight by changing 
lbm/ft3 to lbf/ft3 (assume 1 lbm = l !bf) and record the 
value to the nearest 0.1 lbf/ft3. 

13.4 Wet Method: 
13.4.1 Atrach the measure to the vibrating table. 
13.4.2 Thoroughly mix the conditioned specimen to 

ensure an even distribution of particle sizes and moisture 
content. 

13.4.3 With the vibrating table turned on and at 
low amplitude, slowly fill the unit weight measure with 
wet soil using a scoop. After each increment of soil is 
added, ensure that a small amount of free water has 
accumulated on the soil surface (see note 4), if not, add 
sufficient water by squeezing from a sponge, pouring from 
a small container, or by other means. During this filling 
process, which should take 5 to 6 minutes, the amplitude 
of vibration must be adjusted to prevent excessive boiling 
and fluffing of the soil. 

NOfE 4.-Light rodding of the soil with the scoop or other 
cool and/or application of the surcharge plate (with handle 
attached) co the soil surface will aid in migrating free wacer 
to the soil surface. 

13.4.4 Fill the measure to a level about one-half inch 
below the top. During and just after the final minute of 
vibration, any water appearing above the surface of the 
soil should be removed using means which prevent, as 
much as possible, the removal of soil. A sponge, paper, 
or other absorbent material may be used to remove excess 
water. Turn the vibrating table off. 

13.4.5 Assemble the surcharge baseplate, surcharge 
guide sleeve and mass as specified in 13.3.5 and 13.3.6. 

13.4.6 Vibrate the measure assembly and specimen 
as specified in subparagraphs 13.3.7 and 13.3.8. After the 
vibration -period, remove the surcharge mass and guide 
sleeve from the measure. Remove any free water and excess 
soil appearing above and around the surcharge baseplate. 

13.4.7 Check the dial indicator assembly and obtain 
and record dial indicator gauge readings in accordance wich 
subparagraphs 13.3.9 and 13.3.10. 

13.4.8 Remove the surcharge baseplate from the 
measure and detach the measure from the vibrating table. 
Any soil particles clinging co the bottom of the surcharge 
baseplate must be removed and placed in the measure. 
Carefully wipe off all soil particles clinging to che outside 
surface of the measure. Dry the exterior of the measure. 

13.4.9 Determine and record the mass of the measure 
and wet soil to the nearest 0.01 lbm. 
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13.4.10 Remove the-wet-specimen from the measure, 
dry the soil and determine the moisture content in 
accordance with subparagraph 9.3.3. Ensure that all 
particles clinging tO the inside of the·measure are removed 
and placed in the moisture content specimen container. 

NOfE 5.-Normally the entire soil specimen is used for the 
moisture content determination. A representative sample meeting 
the requirements of USBR 5205 may be used to determine the 
moisture content if appropriate. 

13.4.11 Record the specimen height at zero dial and 
the volume per unit height (as determined in accordance 
with USBR 1010). 

13.4.12 Calculate and record the specimen volume 
in accordance with subparagraphs 13.3. 14 through 13.3.16. 

13.4.13 Calculate and record the mass of wet soil 
to the nearest 0.01 lbm. 

13.4.14 Calculate and record the mass of dry soil 
tO the nearest 0.01 lbm. 

13.4.15 Calculate the dry density of soil co the nearest 
0.1 lbm/ft3_ 

13.4. 16 Convert the value of dry density obtained 
in subparagraph 13.4.15 tO dry unit weight by changing 
lbm/ft3 t0 lbf/ft3 (assume 1 lbm = 1 !bf) and record the 
value tO the nearest 0.1 lbf/ft3. 

13.5 Select and record the appropriate value of dry 
unit weight determined in either 13.3. 19 or 13.4.16 as the 
"maximum index unit weight." If required, convert and 
record the dry unit weight tO the nearest 0.02 kN/m3. 

14. Calculations 

14.1 The following symbols are used in the calculations 
for this procedure. 

Rave = average dial reading, in 
ho = specimen height at zero dial (from USBR 

1010), in 
hs specimen height, in 
Ve volume per unit height (from USBR 1010), 

ft3 /in 
Vs = specimen volume, ft3 

1n1 = mass of measure and soil, lbm 
m2 mass of measure, lbm 
ms = i;nass of soil (wet or dry), lbm 
fild = mass of dry soil, lbm 

w = moisture content, % 
p = dry density, lbm/ft3 

'Yd = dry unit weight, lbf/ft3 
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14.2 Calculate the specimen height. 

hs =ho+ Rave 

14.3 Calculate the specimen volume. 

14.4 Calculate the specimen mass (wet or dry). 

ms= m1 - 111'2 

14.5 Calculate the mass of the dry soil. 

md = ms, dry method 

md 
IDs --~-- , wet method 

1 + (1~) 

14.6 Calculate the dry density of the soil. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

14.7 In the procedure, the value of dry unit weight 
is determined. To convert dry density in lbm/ft3 ro dry 
unit weight in lbf/ft3 assume 1 lbm = 1 lbf. 

'Yd = Pd, in-lb units (7) 

14.7.1 Convert dry unit weight in in-lb units to SI units 
if required. 

Unit weight, kN/m3 = 

0.1571 kN/m3 
lbf/ ft3 

15. Report 

X (unit weight, lbf/ft3) 

(8) 

15.1 The report is to consist of a completed and checked 
"Relative Density Determination" form, Maximum Index 
Unit Weight Determination section (fig. 7 or 8). 

15.2 All calculations are to show a checkmark. 

16. Background Reference 

Evaluation of Relative Density and its Role in Geotechnicaf 
Projects Involving Cohesionless Soils, E. T. Selig and R. 
S. Ladd, eds., ASTM STP 523, American Society for Testing 
Materials, Philadelphia, PA, 1973. 
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part A 

See Detail 8 
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NOTE 

Sleeve material: Round mechanical tubing -
Carbon Steel, Tabs and ring - Mild steel. 

Dimensions are in inches unless otherwise 
noted. 

~~-<TYP . 

. 625 Dia. hole 

DETAIL A 
HOLD DOWN TAB 

PART 8 
3 REQUIRED(EQUALLY SPACED) 

Notches cut 
to suit 

~-· ---7~~~=!!'------+t• ~111 
DETAIL B 

ALIGNMENT RING 
PART C, ONE REQUIRED 

Figure 3. - Surcharge guide sleeve for 0.10 ftl (2831 cml) measure. 
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DETAIL C 

HOLD DOWN TAB 
PART 8 

Lt'! 

3 REQUIRED- (EQUALLY SPACED) 

il---------'-'-'-'--~-~13 
T 1.. 12.188 ,.fl 

DETAIL B 
ALIGNMENT RING 

PART C 
ONE REQUIRED 

USBR 5530 

Sleeve, 
part A 

Jj. 

NOTE 
Sleeve material: Round mechanical 

tubing - Carbon steel. Tabs and 
ring-Mild steel. 

Dimensions are in inches unless 
otherwise noted. 

11.75 O.D. 

11.001.D. 

12.188 Dia. 

SECTION A-A 

Figure 4. - Surcharge guide slee¥e for 0.5 fc3 (14 158 cm3) measure. 
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Threaded, shouldered eye bolt 
½" for 0.1 cu. ft. mold, 
5" 
8 for 0.5 cu. ft. mold 

3-Allignment lugs fsq. stk.,equally spaced 
Kdia. 

= Kdia. 

-•1_ ! 

I Z Z Z =9 ~ Z Z Z d'. Z Z J f Base plate Bottom drill f deep 
and top j • NCl6 

MOLD SIZE DIMENSIONS IN (mm) MASS POUNDS (kg) 
ft3(cm3) K L STD. PIPE TOTAL MASS REQUIRED 

0.1 (2831) 5.969 (152) 9(229) 4 (102) 57t0.5 (25.9t0.23) 

0.5 (14 158) 10.938 (278 J 6(152) 10 (254) 190:!: 1.0 (86.2:!: 0.45) 

NOTE 
Dimensions are in inches unless otherwise noted. 

Figure 5. - Surcharge mass and baseplate. 
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Guide sleeve hold-down 
hook and eye-----1:l 

Unit weight 
measure 
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Guide sleeve 

Surcharge mass 

Surcharge baseplate 
Soil specimen 

Oeck~~~-:;;;.~=====!!!~gf~~~!!S=====;;;;.==":::! 
Table 

Vibrator--t--+--
To vibrator controller 

and electric source 

Figure 6. - Schematic of maximum index unit weight test equipment 
(sheet I of 4). 
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.190 Dia. x.50 deep for No. 10-24 UNC x .75 long socket screw 

Finish this surface 
perpendicular to 

.--------1+..--.......,_-+-+-,,. .0625-Dia. drilled hole 
thru for drive pin 

.2812 

ADAPTER BAR 
STAINLESS STEEL : TYPE 303 

{.375 SQUARE STOCK) 

Drill and countersink for No.14 
ood screws 

-1---1-~-N 

2 2 

line bore ---..:::..--+-----i 
I 
I 

I. 0625 !:88~ 
Line bore 

I 
I 
I 
I 
I 
I 
I-
I 

I 
I 
r 
I 
I 

Bar 5x2x¼ 

MAXIMUM INDEX UNIT WEIGHT DIAL 
INDICATOR REFERENCE BRACKET 

Round end 

i-16 NC--=-r o J_ ~ 

HOOKS 
COLD ROLLED STEEL 

THREE REQUIRED 

EYE BOLTS 
COLD ROLLED STEEL 

THREE REQUIRED 

Figure 6. - Maximum index unit weight test equipment (sheet 2 of 4). 
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12~ 
I 
2 

-IN 
N -ltD 

rt) 

See Detail C 

See Detail A See Detail 8 

Top of case, lid removed 
19¾ 

rr----------- ----r,-- -- ------ --n 
I I I I 11 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I 
I I I I I I 
I I I I I I 

Ll_ - ----- -- _____ J...1 _ - -- --- -- -- __ _j_..J 

GAUGE CASE 
½ PINE 

Std. hex nut-

f'Std. 
washer 

Round 

NUTS 8 WASHERS 
COLD ROLLED STEEL 

THREE REQUIRED 

! -16NC 8 

0 
IO 

.4062 Dia. 
. .562 Dia. 

~ 
I 

~i 

Figure 6. - Maximum index unit weight 1es1 equipment (sheet 3 of 4). 
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.190 Dia. x.50 deep for 

.0625 Dia. hole to match drive 
pin hole in adapter bar 

No. I 0-24 UNC x .75 long J.--­ 2.0 
socket screw 

1.5 

~ iJI5 ! 
F ~i I I 

Ii, 

-

I 

~ 
CX) 

I 

I 

IO 
I'-
_; -

*See notes 

1.0 

+-
I 

GAUGE BAR 
STAINLESS STEEL: TYPE 303 

NOTES 
* Thickness of gouge bar is arbitrary, 

provided the size foils between .125 
and .250. The exact thickness must 
not vary more than .001 the entire 
length. The bar should be marked 
with a blue dye 4 where shown, and 
the thickness measurement of bar 
should be printed on it. 

The dial gouge mounting bar ond adopter 
ore -designed to utilize the Ames 
No. 3224 Dial gouge with a 4-inch 
travel, accurate to the .001. 

**l.062!8:8882 Dia. F~ .. j Breakolls~orpedges 
to ~2 radius 

DIAL GAUGE 
MOUNTING SHAFT 

STAINLESS STEEL : TYPE 303 

** Shaft must slide fit into Unit Weight 
Measure 

Figure 6. - Maximum index unit weight test equipment (sheet 4 of 4). 
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7-1709A (8-86) 
Bureau of Reclamation 

RELATIVE DENSITY DETERMINATION g:~:;!!~l~~ 8~:: mtM 
Designation USBR 7150-

SAMPLE NO. I PROJECT I FEATURE 
I Example Example 

%GRAVEL I %SANO I% FINES I MAX. PARTICLE SIZE I NOMINAL VOLUME OF MEASURE 00 0 .1 ft3 □ 0 .5ft3 -- 97 . . 3 No.4 
TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

MINIMUM INDEX UNIT WEIGHT DETERMINATION (USBR 5525) MOISTURE CONTENT DETERMINATION 

Measure No. (16) Container No. 

Specimen No. (17) Mass of container+ wet soil lbm 

(1) Mass of soil + measure (lbm) (18) Maa of container + dry soil Jbm 

121 Mass of measure (lbm) (19) Maa of container lbm 

(3) Volume of measure• (lt3) (20) Maa of watar • (17) • 118) lbm 

(4) Mass of soil ( 11-(21 (lbm) (211 Mau of dry soil a (18). (19) lbm 

15) Dry unit weight•• (lbf/ft3) (22) Moisture content • ((20)/12111 x 100 % 
(4)/(3) 

(6) Minimum index unit weight (lbf/ft3) 

(7) Minimum index unit weight = lkN/m3) 
(6) X 0.1571 ••• 

PLACEMENT DEVICE USED 

1/2-inch spout D 1-inch spout D Scoop □ 
MAXIMUM INDEX UNIT WEIGHT DETERMINATION IUS8R 5530) 

REMARKS: 
ORY METHOD WET Mc ~,., 

Specimen No. I 

(11 Left dial reading in 0 . 598 

(2) Right dial reading in 0.630 

(3) Average dial reading in 0.614 

(4) Specimen height at zero dial• in 4 . 145 

(5) Specimen heights (3) + (4) in 4.759 

(6) Volume per unit height• ft3/in 0 . 0165~ 

(7) Specimen volume= (5) x (6) ft3 0.0786 

(8) Mass of measure + soil lbm 16.35 

7.45 (9) Mass of measure lbm 

~ 
(10) Mass of dry soil= (8) • 19) (dry method) lbm 

(111 Mass of wet soil= (8). (9) (wet method) lbm 

(12) Mass of dry soil= 1111/[1+((221/100)) lbm 

(13) Ory unit weight .. = (10)/(7) or 112)/(7) lbf/ft3 2 

(14) Maximum index unit weight (lbf/ft3) 

(15) Maximum index unit weight 114) x 0.1571•.•• = (kN/m3) 

PERCENT RELATIVE DENSITY (USBR 7250 METHOD A) • V ■lueo obtained from Oeolgnatlon use R 1010 
.. lmpliff 1 lbm • 1 lbf 

• • •o.1571 converts lbf/ft3 to kN/m3 

(1) In.place unit weight minus 3-inch 175 mm) 

(2) Maximum index unit weight USBR 5530 (14) or (15) 
•. 

(3) Minimum index unit weight USBR 5525 (6) or (7) 
AUXILIARY TESTS 

(4) 12) X ((1) · (3)) USBR 5300- 89 
USBR 1010-..89 

(5) (1) X 1(2) - (3)) IN PLACE UNIT WEIGHT 
PERFORMED IN ACCORDANCE 

(6) Percent Relative Density= ((4)/(5)) x 100 WITH USBR _____ 

GPO 852 - 193 

Figure 7. - Relative density determination (dry method) - example. 
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7-1709A (8-86) 
Bureau of Reclamation 

RELATIVE DENSITY DETERMINATION g:~::3~~ 8~:: mta9 
Deslgnallon USBR 7250-_ 

SAMPLE NO. I PROJECT I FEATURE 
I Example Example 

% GRAVEL l"SAND I "F1;Es I MAX. PARTICLE SIZE I NOMINAL VOLUME OF MEASURE [&] a.1 tt3 D a.s 113 -- 97 No.4 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

MINIMUM INDEX UNIT WEIGHT DETERMINATION (USBR 5525) MOISTURE CONTENT DETERMINATION 

Measure No. (16) Container No. 3 

Specimen No. (17) Mass of container + wet soil lbm 13.65 

(1) Mau of so ii + measure (lbm) (18) Maa of container + dry soil lbm 12.57 

(2) Mass of measure (lbm) (19) Maa of container lbm 2.95 

(3) Volume of measure• (ft3) (20) Maa of watar • 117) • (18) lbm I . 08 

(4) Mass of soil ( 11-(2) (lbm) (21) Maa of dry soil• (18) - (19) lbm 9 F.? 

(5) Dry unit \Wight•• (lbf/ft3) (22) Moisture contant • ((20)/121)) x 100 'l(, 11 2 
(4)/(3) 

(6) Minimum index unit weight (lbf/ft3) 

(7) Minimum index unit weight = (kN/m3) 
(6) X 0 .1571 ••• 

PLACEMENT DEVICE USED 

1/2➔nch spout 0 1-inch spout 0 Scoop 0 
MAXIMUM INDEX UNIT WEIGHT DETERMINATION (USBR 5530) 

REMARKS: 
ORY METHOD WET-~ ~,,. 

Specimen No. 2 

(11 Left dial reading in 0.844 

(2) Right dial reading in 0.804 

(3) Average dial reading in 0.824 

(4) Specimen height at zero dial• in 4 145 

(5) Specimen heigh! = (3) + (4) in 4 QF;Q 

(6) Volume per unil heighI° ft3/in 0 .01652 

(7) Specimen volume= (51 x (6) ft3 0 OA2I 

(8) Mass of measure + soil lbm 18 16 

(9) Mau of measure lbm 

~ 
(10) Mass of dry soil= (8) - (9) [dry method) lbm 

(11) Mau of wet soil = (8) - (9) [wet method) lbm 

(12) Maaofdry soil= (111/[1+((221/100)) lbm ,:,i 

(13) Dry unit weight""= (10)/(7) or (12)/(7) lbf /ft3 3 

114) Maximum index unit weight (lbf/ft3) 

(15) Maximum index unit weight (14) x 0.1511••• - (kN/m3) 

PERCENT RELATIVE DENSITY (USSR 7250 METHOD A) "Values ob,.lnlld from Designation USBR 1010 
••1mplln 1 lbm.,. 1 lbf 

•••o.1571 converts lbfttt3 to kN/m3 

(1) In-place unit weight minus 3➔nCh (75 mm) 

12) Maximum index unit weight USBR 5530 (14) or (15) 

(3) Minimum index unit w,,ight USBR 5525 (6) or (7) 
AUXILIARY TESTS 

14) (2) X ((1) · (3)) USBR 53QO.j39 
USBR 1010.~JI 

15) (1) X ((2) • (3)) IN PLACE UNIT WEIGHT 
PERFORMED IN ACCORDANCE 

(6) Percent Relative Density= (14)/15)) x 100 WITH USBR _____ 

GP01152-l83 

Figure 8. - Relative density determination (wet method) - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5600-89 

DETERMINING PERMEABILITY AND SETTLEMENT OF SOILS 
[8-IN (203-MM) DIAMETER CYLINDER] 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5600. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the permeability and settlement of soils. Soil 
passing the No. 4 (4.75 mm) sieve is placed and tested 
in an 8-inch i.d. (inside-diameter) cylinder. The coefficient 
of permeability and amount of settlement of the specimen, 
when loaded, are determined. 

1.2 The permeability test specimens may be prepared 
from compacted cohesive or cohesionless soils or 
undisturbed cohesive soil samples. 

1.3 A procedure also is described in which the 
coefficient of permeability is determined for specimens 
subjected to zero load. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. The 
moisture content must be determined in accordance with 
USBR 5300 as a part of performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1007 Calibrating Dial Indicators 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1420 Calibrating Head Tanks 
USBR 1425 Calibrating Permeability Test Equipment 
USBR 1430 Calibrating the Loading Device for Permea­
bility Tests 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5500 Performing Laboratory Compaction of 
Soils - 5.5-lbm Rammer and 18-in Drop 
USBR 5505 Determining Moisture Content-Penetra­
tion Resistance Relationships of Fine Grained Soils 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
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USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 
USBR 5610 Determining Permeability of Soils by the 
Back Pressure Test Method 
USBR 5615 Performing Radial Vacuum Permeability 
Test for Soil-Cement or Porous Rock 
USBR 5700 Determining the One-Dimensional Consol­
idation Properties of Soil (Incremental Stress) 
USBR 7250 Determination of Percent Rela.tive Density 
USBR 7305 Field Permeability Test (Shallow Well 
Permeameter Method) 

3.2 ASTM Standard: 
D 2434 Standard Test Method for Permeability of 
Granular Soils (Constant Head). 

4. Summary of Method 

4.1 A 3-inch thick soil specimen is placed in an 8-inch 
i.d. permeability cylinder. An appropriate load is selected 
and the required pressure applied to the specimen. Water 
is permeated through the specimen until it is thoroughly 
wetted. Water, under selected hydraulic gradients, is applied 
to the specimen and flow rates are measured periodically 
until they stabilize. For a specimen tested under an applied 
normal pressure, settlement measurements are also 
periodically obtained. The coefficient of permeability is 
calculated from the flow rate, specimen dimensions, and 
the applied hydraulic gradient. 

5. Significance and Use 

5.1 The permeability and settlement characteristics or' 
soils can have a significant effect on many construction 
project operations. 

5.2 Seepage problems typically encountered in civil 
engineering deal with the flow of water through undis­
turbed or compacted soil. 

5.3 Primary use of the permeability test, in which a 
normal pressure is applied to the test specimen, is for 
embankment construction where overburden pressure can 
be simulated by selection of an appropriate normal load. 
The permeability test at zero pressure was developed to 
obtain an approximate permeability coefficient of soil 
proposed for canal linings or other near ground-surface 
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applications nor subject to significant normal pressures 
(see subpar. 9.2.5 ). 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 PermeabJJity.-The capacity of a rock or soil 
ro conduce liquid or gas. 

6.1.2 Coefficient of Permeabiliry (k) .-The rare of 
discharge of water under laminar flow conditions through 
a unit cross-sectional area of a porous medium under a 
unit hydraulic gradient and standard temperature 
conditions (usually 20 °C) (ASTM definition) . 

6.1.3 Hydraulic Gradient (i ).- The loss of hydraulic 
head per unit distance of flow, LlH/ LlL (ASTM) . 

6.1.4 Piping.-The progressive removal of soil 
particles from a mass by percolating water leading to the 
development of channels (ASTM) . 

6.1.5 Cohesionless Soil-A soil char, when uncon­
fined , has little or no strength when air-dried and char 
has little o r no cohesion when submerged (ASTM). 

6.1.6 Cohesive Soil-A soil char, when unconfined, 
has considerable strength when air-dried and char has 
significant cohesion when submerged (ASTM). 

6.1.7 Laminar Flow.-Flow in which the head loss 
is proportional to the first power of the velocity (ASTM). 

6.2 Terms nor included in USBR 3900 specific ro chis 
designation are: 

6.2.1 Head-Pressure at a point in a liquid, expressed 
in terms of rhe vertical · distance of the point below the 
surface of rhe liquid (ASTM). 

6.2.2 Viscosity.-The property of a fluid ro resist flow 
under an applied force. 

7. Apparatus 

7.1 General Apparatus: 
7.1.l Cans.-Sample storage cans, round with cover, 

6-inches diameter by 12-inches high (150-mm dia. by 300-
mm high) . 

7.1.2 Clamps.-Rubber hose clamps for 3/8-inch ( 10-
mm) rubber _cubing as described in subparagraph 7.1.9. 

7.1.3 Mixing Pans.-Meral mixing pans, about 16-
by 16- by 2-inches (400- by 200- by 50-mm). 

7.1.4 Balances or Scales.-Typical balances or scale!> 
used for chis designation are: 

Application 
Moisture comem 
Mass of permeability specimen 

Readable to 
0.1 g 
0.01 lbm 

Approximate 
capacity 
1000g 

50 lbm 

7.1.5 Scoops.-Small or large hand scoop. 
7.1.6 Combination Square.-A 12-inch (305-mm) 

combination square. 
7.1.7 Metal Straightedge-A 15-inch (380-mm) 

metal srraighredge. 
7.1.8 Connectors.-T-connecrors of 3/16-inch (5-

mm) bore for 3/8-inch-i.d. (10-mm) hose. 

521 

7.1.9 Tubing.-Abour 50 feet (30 m) of 3/8-inch (10-
mm) i.d., chick wall plastic or rubber cubing. 

7.1.10 Hose Clamps.-Twelve hose clamps for 3/8-
inch (10-mm) tubing. 

7.2 Equipment Unique to This Procedure: 
7.2. l Permeability Cylinder and Accessories for 

Specimens Subject to Normal Pressures (figs. 1 and 2) .­
Sreel (fig. Xl.1) or aluminum (fig. Xl.2) 8-inch-i.d. 
permeability cylinder, including piston with gauge arms 
and attached porous disk, bottom and top load places, load 
spring, tension rods, and dial gauge supports. 

7.2.2 Permeability Cylinder for Specimens at Zero 
Normal Pressure (fig. 3).-Plasric (fig. Xl.3) or aluminum 
8-inch-i.d. permeability cylinder for permeability rests 
performed under zero load. 

7.2 .3 Porous Disks.-Coarse grade carborundum 
porous disks, 7-15/16-inch-diamerer by 1-inch thick (202 
by 25-mm) . 

7.2.4 Dial Gauges With Holders.-Dial gauges with 
holders for 8-inch-i.d. permeability cylinder, continuous 
dial, 0.001-inch (0.025-mm) graduations, 1.00-inch (25-
mm) travel, set of two. · 

7.2.5 Calibration Ring.-Meral calibration ring 4 to 
7 inches (100 to 180 mm) outside diameter by 3.000-inch 
(76.20-mm) high, made from metal pipe or tubing. 

7.2.6 Dial Gauge Reference Bracket (fig. Xl.4) .-Dial 
gauge reference bracket for 8-inch i.d. permeability 
cylinders. 

7.2.7 Loading System-Hydraulic loading device, 
equivalent to Porro-Power pump model No. P-85 , fitted 
with a 10,000-lbf (45-kN) capacity gauge and including 
flexible hose with quick-connect couplings for connecting 
ro ram and a 3/4-inch (20-mm) diameter steel ball. One 
ram equal to Porro-Power Ram No. RC-159 having a 
capacity of 7-ton (62-kN) force is required. 

7.2.8 Load Spring.-Coiled steel loading spring 
meeting the following USBR designation requirements: 

Steel Coil Free Scaticload at 
coil o.d. height, deflections of 

±1/4 in 2-1/4 in ±1/4 in 
(±5 mm) (65 mm ±5 mm) 

spring ±l/4 in 
No. (±5 mm) 

in mm in mm lbf kN 

2 4 100 10 255 1,200 5 
3 6 150 10 255 2,400 11 
5 6 150 10 255 7,200 32 
6 6 150 10 255 9,000 40 
7 6 150 12 305 15,000 67 

NOfE l.-The spring number (a USBR designation) is ro be 
stamped on the outside of the coil. Spring ends are to be machined 
or ground so that the ends are perpendicular to the axis. Springs· 
are to have two coats of aluminum paint. 

7.2.9 Head Tank Supports.-Adjusrable head rank 
supports. 

7.2.10 Head Tanks.-Glass head ranks (sets), one set 
each of 20-, 30-, 40-, 50-, and 60-mm-i.d. ranks. Rubber 
stoppers with one hole in che center, sized to fir rhe outside 
diameter of the air intake rube, including one stopper each 
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Figure 1. - An 8-inch-inside-diameter permeability apparatus for specimens subjected co normal pressures. 101-D-l 10 
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Figure 2. - An 8-inch-inside diameter permeability apparatus with 
hydraulic cylinder for applying normal pressure. 

of sizes 2, 6, 9, 10, and 12. Head tanks are co be readable 
co 1 ml. 

7.2.11 Air Intake Tubes.-Five 3-fooc (900-mm) 
lengths of 3/ 16-inch-i.d. (5- mm) g lass or straight, rigid 
plastic cubing for air intake cubes. 

7.2 .12 Tamper. - A 9-lbm (4-kg) camper with 4-inch 
(100-mm) diameter face for packing permeability rest 
speomens. 

7.2.13 Tamping Rod-A 3/16-diamecer by 12-inch 
(5- by 300-mm) long rod for camping sealant around 
specimens reseed under zero load. 

8. Reagents and Materials 

8.1 Tapwacer chat is free of ac ids, a lka lies, or oi ls and 
is suitable for drinking shou ld be used for performing chis 
procedure. 

8.2 Industr ia l adhesive (such as solvent type, rubber­
based adhesive) is required for attaching the cop porous 
disk co che piscon. 

9. Precautions 

9.1 Safety Precautions: 
9.1. l Care should be taken, when apply ing loads on 

che specimen, not co overstress che tension rods. For 4 
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one-ha lf inch (13- mm) diameter rods (of mild steel) the 
maximum safe pressure chat can be appl ied co the specimen 
is about 100 lbf/ in2. 

9.1.2 The tension rods muse be screwed the entire 
threaded length into che baseplate. Gloves should be worn 
to avoid cutting hands on the threads. 

9.2 Technical Precautions: 
9.2.1 le is possible cha t a specimen may leak or " pipe" 

along che side of the cylinder when the applied hydraulic 
gradient is coo high. If chis happens, scop the test, prepare 
another specimen, and perform the test at a lower hydraulic 
gradient. Sometimes piping can be detected by an excessive 
accumulation of soi l on the top place or a sudden increase 
in apparent permeability. 

9.2.2 The initial hydraulic gradient for pervious soils 
shou ld be as low as possible while still maintaining flow 
through che soil. 

9.2.3 When readings cannot be taken daily (e.g., 
weekends or holidays ), the head should be reduced so the 
permeability test is not interrupted. However, if the cesc 
specimen permeability is such chat the head rank may drain 
during an un attended period, close the clamp in the line 
from head tank co cylinder and cover the specimen with 
water as noted in subparagraph 14 . l. 38 during the interim. 

9.2.4 Care shou ld be taken co ensure chat the 
temperature of the water in the head tank is maintained 
at a temperature the same as chat in the room where the 
test is performed-preferably at a temperature of about 
5 ° F (3 ° C) above chat of the room. If water co lder than 
the specimen is used, a ir dissolved in the water comes 
out of so lution and becomes crapped in the vo ids of the 
specimen as air bubbles; consequently, an erroneously low 
permeability value is obtained. 

9.2.5 The equipment and procedure used in chis rest 
may not result in a completely saturated specimen. The 
major use of chis rest is for construction control and 
eva luation work, and for instances when an approximate 
permeability value is acceptable. For more exact permea­
bilcy determinations, USBR 5610 or 5615 should be used. 

9.2.6 Using the compaction technique outl ined in 
chis procedure the average unit weight of each layer placed 
may vary by as much as 4 percent of chat desired. The 
permeability will essent ial ly be governed by the layer with 
greatest unit weight. 

9.2.7 Due co the effects of sampling, handling, 
proessing, and resting on some materials, results of chis 
test may not reflect in-place conditions or the properties 
of the material caused by processing and placement during 
construction. Of particular concern are materials such as 
soft and/ or friable decomposed granite, sands cone, shale, 
limecone, clayscone, etc., or soils affected by air and/o r 
oven drying. Such materials muse be identified before 
processing and the person requesting the rest shou ld verify 
whether standard procedures are co be followed, whether 
modi fications are appropria te, or whether the material 
should be processed and reseed at a ll. Cautionary statements 
muse be made on rest data forms and in reporting the 
cesc data. 
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HOSE CLAMP (NOT 
SHOWN ON PLASTIC 
CYLINDER ASSEMBLY) 

AIR RELEASE TUBE 

WATER SUPPLY TUB 

PROTECTIVE SAN 
AVEL LAYE 

HOSE CLAMP 

(a) Plas tic cylinder. (b) Aluminum cylinder. 

WATER 
OVERFLOW PAN 

Figure 3. - Permeability cylinders with zero normal pressure. 

10. Sampling, Test Specimens, and Test Units 

I 0.1 Depending upon testing requ irements, compacted 
or undisturbed specimens may be used to determine the 
permeability and settlement characteristics of a soil. 

LO. I. I CumpacreJ Soil Sample-A l5-lbm (6.8-kg) 
sample is obtained from a thoroughly mixed portion of 
the material passing the U.S.A. Srnndard series No. 4 
(4.75 mm) sieve and may be used for e ither the normally 
loaded or zero loaded permeability test. 

10.1.2 Undisturbed Soil Sample. - An undisturbed 
specimen is trimmed to approximate ly 7-1/2-inch 
(190-rnm) diameter by 3- inch (76-111111) thick and sea led 
in the normally loaded or zero loaded apparatus with a 
mixture of bentonite and sand or plaster of paris. 

10.2 Compacted Soil Specimen: 
10.2.1 Prepare the sample in accordance with USBR 

5205. 
I 0.2.2 Obtain 15-lbm (6.8 -kg) of so il from a 

thoroughly mixed portion of the material passing the No. 4 
(4.75 mm ) sieve. 

10.2.3 Obtain the moisture content of the soil 111 

accordance with USBR 5300. 
10.2.4 Place the so il in an airtight srorage can. 

l0.2.5 Determine the quantity of water to add to 
or remove from the stored soil to obtain the specified 
moisture content. The form shown on figure 4 may be 
used . 

I 0.2.6 Add or remove water as necessary to obtain 
the specified moisture content. Add water to the spec imen 
in a pan by evenly spr inkling water over the surface and 
mixing thoroughly. Remove water by a ir-drying in a pan. 
After the desired amount of water has been added or 
removed, place the material back into the srorage can and 
srore in accordance with the following minimum standing 
rimes: 

Soil 
ch1ss1ficarion 
SM,SW,SP 

ML, CL, OL, SC 
MH, CH, OH, Pt 

Minimum standing 
rime, hours 

3 
18 
36 

I 0.2.7 Determine the moisture content of the soil 
in accordance with USBR 5300. Repeat subparagraphs 
10.2.5 through l0.2.7 until the actual moisture content is 
within ±0.S percent of that specified. 

L0.2.8 Record the desired dry unit weight and the 
moisture content of the so il as shown on figure 5. 
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7-2 327 (lo-85) I ADDED WATER DETERMINATION I DesignaHon USBR • 560Q • 89_ Bureau of Reclamation 

SAMPLE NO . rROJECT rEATURE 

Example 
COMPUTED BY IDATE ICHECKEO BY l°ATE 

Moisture Content % Mass g 

Specimen 
Specimen Dry Water 

Initial Desired Difference and Container Specimen Mass of to 
No. Container Spt!cimen Add 

(1) (2) (3) (4) (5) (6) (7) (8) 

I 8.3 14.3 6.3* 7525 408.2 7117 6572 414.0 

(2) -(1) (4) - (5) ~ (6) J 100 00+(1) 111 [EL] 100 

Remarks : * Estimated evaporation loss 0 . 3% In Denver Auxiliary Tests : 

USBR 5300 · 89 _ 

GPO 848-762 

Figure 4. - Added water determination - example. 
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7-2377 (10-86) 
COMPACTED PERMEABILITY SPECIMEN 

Bureau of Reclamation PREPARATION SHEET Deslgnailon USBR5600-~ 

SAMPLE NO. PROJECT FEATURE 

Example 
TESTED BY OATE COMPUTED BY DATE CHECKED BY DATE 

SPECIMEN HEIGHT (a) 3 .00 In SPECIMEN AREA (b) 50.3 ln2 

SPECIMEN VOLUME (c) = [(a)x(b))/172B' 
0.0873 

tt3 NUMBER OF LAYERS (d) 
3 

DESIRED DAV MOISTURE CONTENT WET UNIT WET MASS WE T MASS 

SPECIMEN UNIT WEIGHT OBTAI NED'' WE IGHT REQUIRED OF EACH LAYER 

NO. lbf/ft3 (%) • [(1)x { 1+(2)/ 100}] • (3) x (cl • (4)/(d) 
lbf/ft3 lbm••• lbm 

(1) (2) (3) (4) (5) 

I I (3 . 3 14.5 129. 7 I I . 3 3 . 77 

REMARKS: Moisture content desired [s 14.3% 

AUXILIARY TEST 

USBA 5300-_Sjl 

• 1128. constant to convert ln3 to ft3 GPO e,2-3 0 e 

• • Mu1t be within 0 .5% of that specified 
• • • 1mplles lbm = lbf 

Figure 5. - Compacted permeability specimen preparation sheer - example. 
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NOfE 2.-For cohesive soils, to simulate particular field 
placement conditions, the specimen is generally placed at ·a 
specified percentage of the maximum unit weight and optimum 
moisture content as determined by USBR 5500. For cohesionless 
soils, the specimen is placed at a specified relative density as 
determined in accordance with USBR 5525 and 5530 and 
calculated in accordance with USBR 7250. 

10.3 Undisturbed Soil Specimen.-See subparagraph 
14.1.11 for placement of an undisturbed test specimen. 

10.4 Zero-Loaded Soil Specimens: 
10.4.1 Compact or trim a specimen as described in 

subparagraph 10.2 or 10.3, whichever is appropriate. 
10.4.2 Place the specimen in a cylinder (see subpar. 

7.2.2 and fig. 3) on a wetted porous disk. (See subpar. 
14.1.1 through 14.1.4.) If an undisturbed specimen is being 
placed, seal the specimen in accordance with subparagraph 
14.1.11.3. 

10.4.3 Place a 1 to 4 inch thick (25 to 102 mm) 
protective layer of uniformly graded coarse sand or pea 
gravel on the specimen to help prevent soil surface erosion 
when water is added. 

10.4.4 Close the clamp on the water supply tube 
extending from the head tank to the permeability cylinder. 

11. Preparation of Apparatus 

11.1 Permeability Apparatus for Specimens Tested 
Under an Applied Normal Pressure: 

11.1.1 Refer to figure 1 to correctly assemble the 
per·meability apparatus. 

11.1.2 Select the size of head tank based on the 
anticipated permeability of the specimen. The tank size 
should be such that a full tank of water will flow through 
the specimen in about a 24-hour period under the hydraulic 
gradient selected for the test. Record the Head tank No. 
and the Calibration factor F, cm3/in for the head tank 
selected as determined by USBR 1420 as shown on figure 6. 

11.1.3 Clean the head tank to remove any impurities 
that may clog lines and restrict free waterflow. 

11.1.4 Check the tubing for leakage and/ or restric­
tions and clean, or replace, if necessary. 

11.1.5 Clean the air intake tube to ensure unrestricted 
flow. 

11.1.6 Ensure that the drain cock at the bottom of 
the permeability cylinder is open. 

11.2 Permeabiliiy Apparatus for Specimens Under 
Zero Normal Pressure: 

11.2.1 Refer to figure 3 to correctly assemble the 
permeability apparatus. 

11.2.2 For selecting the head tank, and cleaning and 
checking the tubing, follow subparagraphs 11.1.2 through 
11.1.5. 

12. Calibration and Standardization 

12.1 Verify that equipment is currently calibrated in 
accordance with the_ applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
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USBR 1007 
USBR 1012 
USBR 1020 
USBR 1420 
USBR 1425 
USBR 1430 
bility Tests 

Calibrating Dial Indicators 
Calibrating Balances or Scales 
Calibrating Ovens 
Calibrating Head Tanks 
Calibrating Permeability Test Equipment 
Calibrating the Loading Device for Permea-

13. Conditioning 

13.1 Because of the sens1t1v1ty of the coefficient of 
permeability to the properties of the soil and the liquid, 
it is important that the area where the permeability testing 
is performed not be subject to significant temperature 
changes during the duration of the test. 

14. Procedure 

14.1 Test With an .Applied Normal Pressure: 
14.1.1 Place the bottom porous disk and top porous 

disk with attached piston into a pan of water and soak 
them for a minimum of 30 minutes. 

14.1.2 Remove the disks and allow free water to 
drain for 10 to 15 minutes. 

14.1.3 Place the bottom porous disk in the perme­
ability cylinder. 

14.1.4 Carefully center the 3-inch-high (76-mm) 
calibration ring on the bottom porous disk. 

14.1.5 Place the upper disk and piston over the 
calibration ring so that the gauge, arms are directly above 
the dial gauge supports. The positions of the piston and 
cylinder are matchmarked so they may be identically 
reassembled. 

14.1.6 Place the load spring on top of the piston 
to hold it firmly in place. 

14.1.7 Place dial gauges A and B (see fig. 1) in the 
dial gauge reference bracket (see fig. Xl.4) and record the 
gauge reading as shown on figure 7. Throughout the test, 
check the dial gauges-as necessary-in the dial gauge 
reference bracket to ensure that the initial dial gauge 
readings have not changed. Readjust the gauges to the 
initial readings if necessary. 

14.1.8 Position the dial gauges as shown on figure l; 
read the gauges and record as ring readings in the 
Settlement Data section as shown in column (3) on figure 
7. The sum and average of these two gauge readings (A 
and B) are recorded as Dial reading A + B, w/ ring, Total, 
in and 1/2 Total, in, respectively, in the Placement Data 
section. 

14.1.9 Remove the dial gauges, load spring, piston, 
top porous disk, and calibration ring. 

14.1.10 Compacted Specimen Preparation: 
14.1.10. l Determine and record the wet mass of 

soil neede9- for each 1-inch (25.4-mm) layer as shown in 
column (5) on figure 5. 

14.1.10.2 Place into the cylinder the amount of 
soil calculated for i:he first of three 1-inch (25.4-mm) layers. 

14.1.10.3 Carefully level the soil ~hile it is in a 
loose state. 



USBR 5600 

7-2378 (12-86) 
PERMEABILITY-SETTLEMENT TEST DATA SHEET 1 Designation USB~600 ._Si) Bur~au of Reclamation 

SAMPLE NO. PROJECT FEATURE 
Example 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

CYLINDER NO. 15-8 inch diameter 

TIME INSTALLED HEAD TANK CONSOLIDATED CONSTANT 
HEAD-IHwcl 

THICKNESS - (L'I C a Q.0738~ 1/ 
(SEE REMARKS (DATA SHEET Hwc CONSTANT CALIBRATION COLUMN) DATE HOUR NO. FACTOR (F) N0.21 

C=0.013~ 21 CF 
19-

(cm3/in) (ft) (in} Hwc 

9-10 8•24 613 60.6 5.00 2 . 956 0.044 2 . 67 
5>-13 8•24 613 60.6 I .67 2 . 956 0.131 7 a,i 

9-16 8•00 613 60.6 5.00 2 . 956 0.044 2.67 

TIME OF DIFFERENCE COEF. OF 
OBSERVATION ELAPSED HEAD IN PERM. REMARKS TIME TANK READING R/t' R 

lt'I READING (R} (k = CF7) (RECORD HEAD IN FEET, 
CHANGES IN HEAD, ANO 

19- HOUR (in/hr) OTHER OBSERVATIONS) 
(hr) (in) (in} (ft/yrl 

9-10 8•24 - I .00 -- -- -- Head al 5.00 fl.- Test started. 
9- I I 8•30 24.10 24.80 23.80 0.988 2.6 Water temperature at so° F , Room 

8 1 45 -- 1.60 -- -- -- temperature at 76 ° F 
9-12 8•00 23.25 26.60 25.00 I .075 2 . 9 

8 1 12 - 1.50 -- -- -
9-13 8•00 23.80 22.60 21.10 0.887 2.4 

8°24 -- 1. 40 -- -- -- Head lowered lo 1.67 ft. 
9-16 7•45 71.35 23 . 00 21.60 0.303 2.4 

8•00 -- 1. 90 
__ , -- -- Head raised lo 5.00 ft. 

9- 17 7•45 23.75 22.00 20. 10 0.846 2.3 
8•00 -- 1.80 -- -- --

9-18 7•45 23.75 21. 70 19.90 0.838 2.2 

8°00 -- 1.00 -- -- -
9-19 8•00 24.00 21 .30 20.30 0.846 2.3 

8 1 12 -- 1. 00 -- -- --
9-20 8•00 23.80 21. 70 20.70 0.870 2.3 Test stopped. Waler lemperolure al 1a•F, 

Room lemperature at 76•F 

1/Constant for USBR 5600 (8-inch diameter permeability cylinder) 
]/Constant for USSR 5605 (19-inch d iameter permeability cylinder) 

Figure 6. - Permeability-setrlement test data sheet 1 - example. 
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7-2.17" ( I2-Knl 
Hu rc:-au o f k~dam31 iou PERMEABILITY-SETTLEMENT TEST DATA SHEET 2 Designation USBR5600-_8~ 

SAMPLE NO. PROJECT FEATURE 

Example 
TESTED BY DATE COMPUTED BY DATE CHECKED BY OATE 

CYLINDER NO. 15-8 inch diameter 

PLACEMENT DATA · 

MASS OF CONTAINER+ WET SOIL 21.421bm FINAL MASS OF CONTAINER SPECIMEN AREA 50 . 27 in2 
+WET SOIL 10 . 08 lbm 

MASS OF 1ST LAYER 3.781bm SPECIFIED PRESSURE 20 lbf/in2 
MASS OF WET SOIL 11.34 lbm 

MASS OF CONTAINER+ WET SOIL 17.641bm OR 22 FEET OF Fl LL 
WET UNIT WEIGHT 129. 71bf/l ,3 

MASS OF 2ND LAYER 3.781bm 
14 . 5 PLACEMENT MOISTURE CONT. % REQUIRED INITIAL 

MASS OF CONTAINER,. WET SOIL 13 .861bm LOAD ON SPECIMEN 1005 lbf 

3.781bm 
PLACEMENT ORY UNIT WEIGHT"U3.3 lbf/1 13 

HYDRAULI C CYLIND ER No.845 MASS OF 3RD L AY E R 
DESIRED MOISTURE CONT. I~ ;;i % 

GAUGE READING 340 

TOTAL (in) /"1 TOT AL (in ) SPECIMEN THICKNESS (INCHES) 

D I AL REA~ING A+ B. W ! RING 0 . 718 0.359 

DIAL READING A + B, NO LOAD 0 . 712 0 . 356 

DIFFERENCE a .003 3.000 CD 0.003 . 3.003 INITIAL 

DIAL READIN G A • 8 . W / L , W E T -3 .003 ~ 0 .047 = 2.956 (L I1 CONSOL., WET 

SETTLEMENT DATA 

T RAVEL (in) SETTLEMENT 

DATE HOUR 
PR ESSURE 

AVERAGE 
OBSERVED lb f / in2 DIAL AT A DIAL AT B 

19- AMOUNT PERC E NT 
READING AMOUNT R E ADING AMOUNT ( in) 

11) 121 13) 14) 15) 16) 17) IB) (9) 

9 - 7 
7 "'° 3"rlng 0.377 - 0.341 -- -- --

9 - 7 8• 10 No load 0.286 0 .000 0 .426 0 . 000 0 . 000 0 .000 

8•20 20 0.316 0.030 0.471 0,045 0.038 1.27 

9•20 . 0.320 0.034 0 .483 0 . 057 0.046 I . 53 

10•20 . 0 . 322 0.036 0 .489 0 . 063 0 . 050 1. 67 

9-8 8•00 w/load 0 . 322 a .036 0 .489 0 . 063 0.050 1.67 

a. ,n R,:<n ..,,I .... -t 0.317 0.031 0 .488 0 , 062 0.047 I. 57 

Q - 1 I R•30 . 0.317 0.031 0.487 0,061 0.046 I . 53 

9 - 12 8•00 . 0 . 316 0.030 0 . 488 0.062 0 . 046 1. 53 

9-16 7•45 . 0 . 312 0.026 0 .485 0.059 0 .043 1 .43 

0-17 7 •45 . 0.310 0.024 0.485 0 . 059 0.042 1 . 40 

9-18 7•45 . 0.310 0.024 0.485 0 , 059 0.042 1 . 40 

9-20 8•00 . 0 . 310 0.024 0.485 0 . 059 0.042 1. 40 • 
· 9·20 10•00 No load 0.311 0.025 0.482 0.056 0.041 I . 37 

REBOUND 

AFTER PERCOLATION DATA 

MOISTURE CONTENT DETERMINATION CONSOLIDATED DRY UNIT WEIGHT 

CONTAINER NUMBER 4 
113 . 3 PLACEMENT ORY UNIT WEIGHT 

MASS OF CONTAI NER+ WET SOIL 15.03 lbm 
. = 

13.55 100. % SETTLEMENT 100- 1.40 6 
MASS OF CONTAINER ♦ DRY SOIL lbm 100 100 

MASS OF CONTAINER 3 . 74 lbm 

MASS OF WATER 1 . 48 lbm 114 . 9 lbf/frl . 
MASS OF DRY SOIL 9.81 lbm 

MOISTURE CONTENT 15 . 1 % NEEDLE NO. 40 NEEDLE READ. 47 PEN. RES. 1880 lbf/in2 

MOISTURE CONTENT~% PENETRATION RESISTANCE ~lbf/in2 CONSOLIDATED DRY UNIT WEIGHT -1.!..1,_Llbf/f,3 

"MAXIMUM LABORATORY ORY UNIT WT. OR OTHER AS SPECIFIED. 

REMARKS: 

GPO 1155 • 15Y 

Figure 7. - Permeahilicy-settlemem test data sheet 2 - example. 
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14.1.10.4 Compact the soil uniformly by hand with 
a 9-lbm (4-kg) tamper. 

14.1.10.5 Determine the depth to the top of the 
layer using a metal straight-edge and combination square. 

14.1.10.6 Continue the compaction process until 
the soil layer is within 1/32 inch (1.0 mm) of the required 
1-inch (25.4-mm) thickness. 

14.1.10.7 Scarify the surface of each layer to a 
depth of 1/8 to 1/4 inch (3 to 6 mm) before placing 
the next layer. 

14.1.10.8 Place and compact the soil for the next 
layer. The compacted depth after placement of the second 
layer should be within 1/32 inch (1.0 mm) of the required 
2-inch (50.8-mm) thickness for 2 -layers. 

· 14:1.10.9 Repeat the compaction process until the 
three_ layers have been compacted. · 

14.1.11 Undisturbed Specimen: 

NOfE 3.-The permeability and settlement characteristics of 
an undisturbed soil are usually determined by the procedures· · 
outlined in designations USBR 5610, 5615, or 5700. However,· 
the 8-inch-i.d. permeability procedure for specimens under an 
applied normal pressure or the procedure for specimens under 
zero applied pressure may be used to determine the permeability 
of undisturbed soils. 

14.1.11.1 Trim an undisturbed specimen to 
7-1/2-inch diameter by 3-inch (190- by 75-mm) thick. .A 
tolerance of ±1/32 inch (1.0 mm) for both the diameter 
and height is acceptable .. 

14.1.11.2 Place a wetted porous disk in the bottom 
of the permeability cylinder and carefully place and center 
the specimen on the disk. 

14.1.11.3 Fill the annular space between the 
specimen and the cylinder wall with a sealant. A mixture 
of 10 percent dry powdered bentonite and 90 percent fine, 
dry sand by mass, or plaster of paris may be used. If the 
bentonite/sand mixture is used, compact it using a small 
tamping rod. The bentonite/sand mixture swells upon 
wetting and forms an effective seal. 

14.1.11.4 Place and lightly compact a thin layer 
of uniformly graded fine sand over the soil and sealant 
to form a seating surface for the top porous disk. 

14.1.12 Place the piston and top porous disk unit 
on top of the specimen so the dial gauge arms are directly 
over the dial gauge supports. 

14.1.13 Lightly· tap the piston into final position with 
the end of the tamper handle. 

14.1.14 Place the load spring on top of the piston 
to hold it firmly in place. 

14.1.15 Position and read the dial gauges and record 
as "no load" readings in column (3) of the Settlement 
Data section as shown on figure 7. The sum of these two 
gauge readings (A and B) is recorded as Dial reading A 
+ B, No load, Total, in, in the Placement Data section. 
Calculate the average of A + B readings (divide by 2) 
and record as 1/2 Total, in, as shown on figure 7. 

14.1.16 Verify that the specimen thickness indicated 
by the dial gauges is within ±0.015 inch (0.381 mm) of 
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that indicated by the 3.000-inch (76.20-mm) calibration 
ring (see subpars. 14.1.7 and 14.1.8). 

14.1.17 If the specimen thickness is not within the 
tolerance specified in subparagraph 14.1.16, the specimen 
should be removed and a new specimen prepared and 
compacted. 

14.1.18 Complete assembly of the permeability 
apparatus as shown on figure 1. Make sure the tension 
rods_ are securely screwed into the baseplate of the 
permeability cylinder. 

14.1.19 Record the following information in the 
Placement Data section as shown on figure 7: 

14.1.19.1 The Specimen area, iri2 as calculated 
from the specimen diameter. 

14.1.19.2 The Specified pressure, lbf/iri2 on the 
specimen, generally calculated from the height and unit 
weight of the fill_ material being investigated, or as 
otherwise directed. 

14.1.19.3 The Required initial load on specimen, 
lbf from the piston as determined from the specified 
pressure and the specimen area. (Generally, allowances are 
made for the mass of the top porous stone, piston, load 
spring, apd bottom load plate, provided the mass of these 
items is considered to be a significant part of the required 
total pressure.) 

14.1.19.4 Record under the Placement Data 
section the Hydraulic Cylinder No. and the appropriate 
Gauge reading from the spring calibrat_ion curve (USBR 
1430) corresponding to the required load as shown on 
figure 7. 

14.1.20 Place the cylinder of the appropriate 
hydraulic cylinder [usually 7 ton-force (62 kN)] between 
the bottom and the top load plates of the permeability 
apparatus as shown on figure 2. 

14.1.21 Using the hydraulic pump, increase the 
pressure in the hydraulic cylinder umil the correct pressure 
gauge reading is achieved. 

14.1.22 Tighten the nuts on the tension rods against 
the bottom load plate. Do not overtighten since that would 
increase the load on the piston. 

14.1.23 Release the pressure in the hydrualic cylinder 
and remove the ram. 

14.1.24 Immediately after the pressure is applied, 
read and record dial readings A and B. 

14.1.25 Continue reading and recording dials-A and 
B until there is less than a 0.002-inch (0.05-mm) change 
during a 16-hour period. · Identify the final reading as 
w/load, as shown in column (3) on figure 7. Maintain 
the specified pressure on the piston by checking it with 
the jack (subpars. 14.1.21 through 14.1.23).,:it the end of 
the 1st and 2d hour after load application and daily 
thereafter-adjusting the load as necessary. 

14.1.26 Using the equations in subparagraphs 15.1 
and 15.2, calculate the initial thickness and the Consolidated 
thickness L', in, and record the values as shown on figure 7. 

14.1.27 Using the equations in subparagraphs 15.9 
through 15.15, calculate the constants C and CF and record 
the values as shown on figure 6. 

14.1.28 Release the rubber stopper that holds the 
air intake tube, and· fill the head tank from the bottom 
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by forcing water through the flexible bleeder tube tubing 
at the bottom of the head rank. 

14.1.29 After filling the tank, clamp the flexible 
tubing and slip the lower end of the tubing over the intake 
in the baseplate of the permeability cylinder. 

14.1.30 Carefully insert the rubber stopper at the 
top of the head tank until it is tightly sealed. 

14.1.31 Open the clamp on the connecting flexible 
tubing. 

14.1.32 Allow the water to fill the tubing and flow 
through the bottom porous disk. 

14.1.33 Tip the permeability cylinder slightly so the 
drain cock is raised and air bubbles can escape through 
the drain cock. 

14.1.34 Continue the flow of water until there is 
no evidence of air in the system. 

14.1.35 Position the head tank and close the drain 
cock so water at a low gradient permeates slowly upward 
through the specimen. 

NOfE 4.-The head to be used during the soaking period 
depends upon the permeability of the soil as placed; it should 
range from 1 inch (25 mm) or less for specimens having high 
permeability to 1 foot (305 mm) or more for chose having low 
permeability. 

14.1.36 Continue slow permeation until the piston 
is completely covered with water, or for a period of 3 
days, whichever occurs first. 

14.1.37 Read dial gauges A and B after the specimen 
is thoroughly wetted or has been wetted for 3 days. Record 
these readings W/L, wet as shown on figure 7. 

14.1.38 Pour water into the top of the permeability 
cylinder until it flows out of the overflow. 

14.1.39 Securely clamp the connecting tubing 
between the tank and the cylinder. 

14.1.40 Adjust the head tank to achieve the specified 
hydraulic gradient and record the Head, Hwc as shown 
on figure 6. 

14.1.41 Loosen the rubber stopper on top of the 
head tank and refill the head tank as described in 
subparagraph 14.1.28. 

14.1.42 Reset the stopper. 
14.1.43 Lower the water level in the head tank to 

the 0.0 mark (near the top of the head tank) or below-by 
.carefully opening and closing the clamp on the bleeder 
tube; continue withdrawing water until the water is 
removed from the air intake tube. 

14.1.44 Record the test data as shown on figure 6. 
14.1.45 Starr the rest by opening the clamp on the 

flexible tubing between the constant head tank and the 
baseplate of the permeability cylinder. Record the Head 
tank reading, in. Record the Difference in reading, R, in, 
and the various times as shown on figure 6. Read and 
record water and room temperatures as shown in the 
Remarks column of figure 6. Repeat these temperature 
measurements occasionally throughout the rest. 

NOfE 5.-If a head tank is operating properly, the air inrake 
tube remains empty. A rise in water level in che air intake cube 
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usually indicates leak'age between che rubber stopper and head 
tank or air intake tube chat muse be corrected. Occasionally, when 
soil permeability is very low, a slight rise in water level in the 
air intake tube may be caused by changes in cemperarure or 
atmospheric pressure. Observations should not be recorded unless 
che water level is very near the bottom of the air intake cube. 

14.1.46 Continue the test until the permeability rate 
becomes approximately" constant or for a minimum of 10 
days, raking daily readings-or more frequently if the flow 
rate is relatively high-of settlement, dare, rime, and head 
tank level as shown on figures 6 and 7. 

14.1.47 Take dial gauge readings when the flow rate 
becomes virtually constant. 

14.1.48 If tests using other' hydraulic gradients are 
required, refill the head rank (see subpars. 14.1.40 through 
14.1.43) and repeat subparagraphs 14.1.45 through 14.1.47. 

14.1.49 After completion of the rest runs,'close the 
clamp on the flexible tubing between the const;nt head 
tank and the baseplate of the permeability cylinder, 
disconnect the tubing from the cylinder baseplate, and 
remove the cylinder froin the head tank. 

14.1.50 Remove the load on the piston by compres·s­
ing the spring slightly and loosening the nuts on the tension 
rods. 

14.1.51 After the load is removed, read dials A and 
B and record as no load .readings as shown on figure 7. 
Also record the date and time. 

14.1.52 Remove the dials and pour the water off 
the top of the specimen. 

14.1.53 Remove the load plates, tension rods, load 
spring, piston, and top porous disk. 

14.1.54 Perform a penetration resistance test on the 
specimen in accordance with USBR 5505 and record as 
shown on figure 7. 

14.1.55 Remove a representative portion from the 
center of the specimen and determine the soil moisture 
content in accordance with USBR 5300. 

14.2 Test With Zero Applied Normal Pressure: 
14.2.1 After releasing the rubber stopper that holds 

the air intake tube and closing the clamp to the water 
supply tube, fill the head tank from the bottom by forcing 
water through the flexible bleed tube below the head tank. 

14.2.2 After filling the head tank, close the clamp 
on the bleeder tube. 

14.2.3 Carefully insert the stopper at the top of the 
head tank until it is tight. 

14.2.4 Open the hose clamp attached to the water 
supply tubing so that water fills the tubing and fills the 
space in the cylinder above the specimen. Leave the air 
release tube open during initial filling to remove air from 
the space above the soil specimen. 

14.2.5 After water starts to drain out the air release 
tube, close the hose clamp on the water supply tube, and 
close the air release valve. 

14.2.6 Begin the test by opening the clamp ro the 
water supply tube. Record the Head tank reading, in and 
time as shown on figure 6. Read and record water and 
room temperatures in the Remarks column as shown on 
figure 6. Repeat these temperature measurements 
occasionally during the test. 
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14.2.7 Continue the test until the permeability rate 
becomes approximately constant or for a minimum of 10 
days. Obtain daily head tank level readings-or more 
frequent if the flow rate is relatively high. 

14.2.8 If tests using other hydraulic gradients are 
required, repeat subparagraphs 14.2.1 through 14.2.7. 

14.2.9 After completion of the test, disassemble the 
apparatus to expose the specimen. 

14.2.10 Perform a penetration resistance test on the 
specimen in accordance with USBR 5505 and record as 
shown on figure 7. 

14.2.11 Remove a representative portion from the 
center of the specimen and determine the moisture content 
in accordance with USBR 5300. 

14.3 After completion of the permeability test, 
compare the permeability test results with the equivalent 
permeability of the equipment without soil as determined 
in accordance with USBR 1425. If the soil permeability 
test result is within 10 percent of the equivalent equipment 
value, the soil permeability result may have been influenced 
by the equipment. If appropriate, the test should be repeated 
in other permeability equipment having a higher water 
flow rate capacity. 

15. Calculations 

15.1 For a specimen tested under applied normal 
pressure in the 8-inch-i.d. permeability cylinder, calculate 
the initial specimen thickness. 

where: 
H; 

3.000 
d1 
d2 

15.2 

d3 

15.3 

where: 
Ss 
ds 

initial specimen thickness, in 
height of calibration ring, in 
dial reading A+ B, w/ring (fig. 7), in 
dial reading A + B, no load (fig. 7), in 

Calculate the amount of "travel" for dial at A. 

amount of "travel" (col. 5, fig. 7), in 
any given dial reading for dial at A (col. 4, 

fig. 7), in 

(1) 

(2) 

no load dial reading for dial at A (col. 4, fig. 7), 
10 

Calculate the amount of "travel" for dial at B. 

amount of "travel" (col. 7, fig. 7), in 
any given dial reading for dial at B (col. 6, 

fig. 7), in 

(3) 

no load dial reading for dial at B (col. 6, fig. 7), 
10 

-15.4 Calculate the average amount of settlement (col. 
8, -fig. 7). 
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(4) 

where dav equals amount of movement (col. 8, fig. 7), 
which occurred due to wetting and loading (dial gauge 
readings identified as w/L, wet), inches 

15.5 Determine the settlement, expressed as a percent­
age of the initial thickness of specimen (col. 9, fig. 7). 

Settlement, % = 100 ( ~; ) (5) 

15.6 Calculate the consolidated thickness L'. 

L' = H;± da., (6) 
where L' equals consolidated thickness, inches. Add dav 
to H; if the specimen expanded. If settlement occurred, 
subtract dav from H;. 

15.7 Calculate the consolidated dry unit weight, lbf/ft3 

corresponding to the particular settlement. 

Consolidated dry unit weight, lbf/ft3 

placement dry unit weight, lbf/ft2 

(100 - settlement, % ) 
100 

(7) 

15.8 Calculate the coefficient of permeability as follows 
from Darcy's Law: 

Q = kiA 

k = _Q 
iA 

(8) 
then 

smce 

thus 

or 

where: 

V 
Q = and 

t 

V 
At 

k= 
Hwc 

L 

k= 
AtHwc 

VL 

i 

k = coefficient of permeability, ft/yr 
V = volume of water discharge, ft 3 in time t 
L = consolidated thickness (or length) of specimen, ft 
A = area of specimen, ft2 

t = elapsed time during measurement, yr 
Hwc = constant head = difference between headwater 

and tailwater levels, ft 

15.9 To simplify the computations, the general 
equation given above has been partially solved and 
constants are introduced as follows: 

RF 
V = 28,320 (9) 
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where: 
R 
F= 

28,320 = 

difference in readings of head tank levels, in 
calibration factor for the head tank, cm3 / in 
change from cm3 to ft3 

15.10 Calculate the consolidated thickness of the 
specimen. 

where: 

L' 
L = -

12 

L' consolidated ·thickness of the specimen, in 
12 = change from inches to feet 

(10) 

15.11 Calculate the elapsed time between head tank 
readings. 

t' 
t= 

8,760 (11) 

where: 
t' elapsed time between head tank readings, hour 

8,760 = change from hour to year 

15.12 The area A equals 0.3491 ft2 for an 8-inch i.d . 
. permeability cylinder. 

15.13 Substituting the expressions from subparagraphs 
15.9 through 15.12 into the equation of subparagraph 15.8 
yields: 

( RFL' ) 
k, ft/yr = 0.0738 --;--H. 

{ WC 

(12) 

where: 8 760 
0·

0738 = (28,320) 12 (0.3491) 

15.14 Since the value L'/Hwc 1s constant for any 
particular head, let 

C = 0.0738 (/;' ) 
•- we. 

(13) 

15.15 This results in the following equation for the 
coefficient of permeability. 

k, ft/yr = CF ( R, ) 
t 

(14) 

15.16 This method for computing the permeability is 
based on use of a constant head. If a "falling head" is 
used for special tests, the rate may be calculated on the 
basis of an equation presented in USBR 5 700. 

15.17 For tests on specimens under zero normal 
pressures, calculations for the coefficient of permeability 
are similar to those for the test under applied normal 
pressure, exclusive of thickness and settlement measure­
ments for the value of L' (consolidated length of specimen). 
The original measurement of specimen length made after 
specimen placement is generally used. If measurements 
of specimen length after the test have been completed, 
indicate that the specimen either expanded or settled 
significantly; then, the final value of L' should be used 
for permeability calculations. 

16. Report 

16.1 The report is to consist of the following completed 
and checked forms: 
"Added Water Determination" (fig. 4). 
"Compacted Permeability Specimen Preparation Sheet" 
(fig. 5 ). 
"Permeability-Settlement Test" data sheet 1 (fig. 6). 
"Permeability-Settlement Test" data sheet 2 (fig. 7). 

16.2 All calculations are to show a checkmark. 

APPENDIX 

XL ORA WINGS OF 8-INCH-INSIDE DIAMETER (203-MM) PERMEABILITY CYLINDERS 
AND DIAL GAUGE REFERENCE BRACKET 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5605-89 

DETERMINING PERMEABILITY AND SETTLEMENT 
OF SOILS CONTAINING GRAVEL 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5605. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for deter­
mining permeability and settlement characteristics of com­
pacted soils containing gravel particles 3 inches (75 mm) 
or less in diameter. A soil specimen is placed and tested 
under load in a 19-inch nominal inside diameter cylinder. 

2. Auxiliary Tests 

2.1 A test sam pie must be processed in accordance with 
USBR 5205 prior to performing this procedure. The 
moisture content must be determined in accordance with 
USBR 5300 as a part of performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1007 Calibrating Dial Indicators 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1420 Calibrating Head Tanks 
USBR 1425 Calibrating Permeability Test Equipment 
USBR 1430 Calibrating the Loading Device for Permea­
bility Tests 
USBR 3900 Standard Definition of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USBR 5500 Performing Laboratory Compaction of Soils 
- 5.5-lbm Rammer and 18-in Drop · 
USBR 5515 Performing Laboratory Compaction of Soils 
Containing Gravel 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 
USBR 5600 Determining Permeability and Settlement 
of Soils (8-in (203-mm) Diameter Cylinder] 
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USBR 7240 Performing Rapid Method of Construction 
Control 

4. Summary of Method 

4.1 A 9-inch-thick soil specimen is placed in a 19-inch 
nominal i.d. (inside diameter) permeability cylinder. An 
appropriate load is selected and the required pressure 
applied to the specimen. Water is permeated through the 
specimen until it is wetted. Water, under selected hydraulic 
gradients, is applied to the specimen and flow rates are 
measured periodically until they stabilize. Settlement 
measurements are also periodically obtained. The 
coefficient of permeability is calculated from the flow rate, 
specimen dimensions, and the applied hydraulic gradient. 

5. Significance and Use 

5.1 Permeability and settlement characteristics of soils 
can have a significant effect on many water resources project 
operations. 

5.2 Seepage problems typically encountered in civil 
engineering deal with the flow of water through 
undisturbed or compacted soil. 

5. 3 This procedure is used for such purposes as 
investigations for compacted soil linings or earth 
embankment dams where a coefficient of permeability is 
required and the results of tests on the minus No. 4 (4.75 
mm) or other fraction of soil in a smaller specimen would 
not be representative of the rota! material containing gravel. 
Using a standard compactive effort, an increasing 
proportion of gravel in a finer soil matrix will decrease 
the permeability until the gravel fr action becomes 
sufficiently large so the larger particles interfere with one 
another during compaction; this will cause an increase in 
permeability. This procedure should generally be limited 
t0 soils having coefficients of permeability higher than 
about 10 feet per year (1 X 10-5 centimeters/second). 

5.4 Test specimens may be compacted using manual 
compaction (hand tamping) whereby equal soil masses are 
compacted tO equal volumes to achieve the desired 
placement dry unit weight, or test specimens may be 
compacted using a mechanical compactor which inputs a 
constant compaction energy (USBR 5515) to each soil lift. 
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Figure I. - 19-inch inside diameter permeability apparatus illustration. 

6. Terminology 

6.1 Definitions are m accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Coefficient of Permeability (k) .-The rate of 
discharge of water under laminar· flow conditions through 
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a unit cross-sectional area of a porous medium under a 
unit hydraulic gra_dienc and standard temperature condi­
tions (usually 20 °C) (ASTM definition). 

6.1.2 Cohesionless Soil.-A soil that, when uncon­
fined, has little or no strength when air-dried and that 
has little or no cohesion when submerged (ASTM). 
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6.1.3 Cohesive Soil.-A soil that, when unconfined, 
has considerable strength when air-dried and that has 
significant cohesion when submerged (ASTM). 

6.1.4 Hydraulic Gradient (1).-The loss of hydraulic 
head per unit distance of flow, t::..H/ t::..L (ASTM). 

6.1.5 Laminar Flow.-Flow in which the head loss 
is proportional to the first power of the velocity (ASTM). 

6.1.6 Permeability .-The capacity of a rock or soil 
to conduct liquid or gas. 

6.1.7 Piping.-The progressive removal of soil 
particles from a mass by percolating water leading to the 
development of channels (ASTM). 

6.2 Tenns not included in USBR 3900 specific to this 
designation are: 

6.2.1 Head-Pressure at a point in a liquid, expressed 
in terms of the vertical distance of the point below the 
surface of the liquid (ASTM). 

6.2.2 Viscosicy.-The property of a fluid to resist flow 
under an applied force. 

7. Apparatus 

7.1 General Apparatus: 
7.1.l Balances orScales.-Typical balances or scales 

used for this designation are: 
Application Readable to Approximate capacity 

Moisture content 0.1 g 1000 g 
Mass of compaction 

specimen 0.01 lbm 500 lbm 

7.1.2 Metal Straightedge.-A stiff metal straightedge 
24-inches long. The scraping edge must be beveled if it 
is thicker than 1/8 inch. 

7.1.3 Knife or screwdriver used to scarify the surfaces 
of soil layers. 

7.1.4 Moisture-proof Containers-Large moisture­
proof bags or containers for storing material. 

7.1.5 Mixing Pans.-Metal mixing pans, about 3- by 
2-feet by 4-inches deep. 

7.1.6 Shovel.-D-handle, No. 4 scoop shovel. 
7 .1.7 Tubing.-Approximately 10-feet of 5 / 8-inch i.d. 

plastic or rubber tubing. 
7.1.8 Connectors.-T-connector for 5/ 8-inch i.d. 

rubber tubing. 
7.1.9 Towels.-Large, cotton, bath towels for surface 

drying the plus No. 4 (4.75 mm) soil fraction . 
7.1.10 Sieve.-U.S.A. Standard Series No. 4 sieve 

(4.75 mm) with stand, conforming to requirements of 
USBR 1025. 

7.1.11 Yardstick-A 36-inch yardstick having at least 
1/16-inch markings. 

7.1.12 Tape.-A pocket tape graduated in inches. 
7.1.13 Digging Bar.-A metal bar about 4 feet long 

by 1-1/2 inches in diameter. 
7.2 Equipment Unique to This Procedure (see figs . 1 

and 2; and app. Xl ): 
7.2.l Dial Indicator Reference Bracket (fig. Xl.1).­

Dial indicator reference bracket for 19-inch i.d. permeability 
cylinder. 
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Figure 2.-l9- inch permeability test being performed in the 

laborarory. 

7.2.2 Permeability Cylinder(figs. Xl.2 and Xl.3).­
A 19-inch nominal i.d. steel or aluminum cylinder, a 
minimum of 16 inches deep, with a 1/4-inch thick, 
compressible, closed-cell rubber liner attached to the inside 
wall of the cylinder. 

7.2.3 Porous Disk- Coarse grade carborundum 
porous disks, 19-inch diameter by 2-inch thick, two required. 

7.2.4 Load Plate With Porous Disk Attached.-A steel 
or aluminum plate, 17-inches diameter, with a porous disk 
attached. Porous disk may be attached to the load plate 
with industrial adhesive. 

7.2.5 Calibration Ring.-A specimen thickness 
calibration ring of 7 to 10 inch outside diameter by 
9.000±0.001 inches high, made from metal pipe. 

7.2.6 Dial Indicator. - Dial indicator with holders for 
20-inch cylinder, continuous dial, 0.001-inch graduations, 
3.000-inch travel. 

7.2.7 Reaction Plate.-A steel or aluminum plate 
having six 13/16-inch diameter holes drilled for tension 
rods, two required. 

7.2 .8 Tension Rods.-Steel rods, 3/4 inch diameter 
by 45 inches long; top 18 inches threaded and bottom 
1-3/4 inches threaded, six required. 

7.2.9 Loading System.-Hydraulic loading device, 
equivalent to Porro-Power pump model No. P-85, fitted 
with a 10,000- !bf (45-kN) capacity gauge and including 
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flexible hose with quick connect couplings for connecting 
ro ram and a 3/4-inch (20-mm) diameter sreel ball. One 
ram equal to Porro-Power Ram RC-210 having a capacity 
of 7-ton (62 -kN) force is required. 

7.2.10 Loading Spnng.-Coiled sreel loading spring 
meeting rhe following USBR designation requirements: 

Steel Coil Free Sratic load at 
coil o.d height deflections of 

spring ±1/4 in ±1/4 in 2-1/4 in±¼ in 
No. m · m lbf 

2 4 IO 1,200 
3 6 IO 2,400 
5 6 10 7,200 
6 6 IO 9,000 
7 6 12 15,000 

NOfE 1.-The spring number (it is a USBR designation) is 
to be stamped on the outside of the coil. Spring ends are to 

be machined or ground so that the ends are perpendicular to 
the axis. Springs are to have two coats of aluminum paint. 

7.2 .11 Tamper.-A 9-lbm tamper with 4-inch­
diamerer face for packing permeability rest specimens. 

7.2.12 Tamper.-A 40-lbm tamper with 6-inch­
diameter face. 

7.2.13 Head Tank-Plexiglas cylinder, 6-inch diam­
eter by 40 inches long (fig. Xl.3) . 

7.2.14 Screen.-U.S.A. Standard series No. 8 screen, 
19-inch diameter, to use on top of a 2-inch layer of uniform 
fine gravel (if needed) in the bottom of rhe permeability 
cylinder. 

7.2.15 Do/Jy.-One heavy metal dolly for each 
permeability cylinder. 

7.2.16 L1ner.-A sponge rubber liner, 1/4-inch-thick 
closed cell, medium density (12 to 16 lbm/ft3) with skin 
on both sides. 

7.2.17 H01st.-l,000-lbf capacity, for lifting permea­
bility cylinders, load place, reaction plates, etc., with yoke 
for lifting permeability cylinders. 

7.2.18 Porous Soil-Clean, uniform, fine gravel, such 
as 3/8-inch ro No. 4 (9.5 to 4.75 mm) (when needed) 
in place of porous disks. 

8. Reagents and Materials 

8.1 Tapwater, at or slightly above room temperature, 
that is free of acids, alkalies, or oils and is suitable for 
drinking should be used for performing this procedure. 

8.2 Industrial adhesive (such as solvent type, rubber­
based adhesive) is required for attaching the rop porous 
disk to rhe piston. 

8.3 Sponge rubber sheer, 1/4-inch thick closed cell for 
cylinder liners. 

8.4 Rubber cement for attaching the sponge rubber 
liner ro rhe inside of rhe permeability cylinder. 

9. Precautions 

9.1 Safety Precautions: 
9.1.1 Care should be taken, when applying loads on 

rhe specimen, not to over stress the tension rods. For six 
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3/4-inch diameter rods (of mild sreel) rhe maximum safe 
pressure rhar can be applied ro rhe specimen is about 120 
lbf/in2. 

9.1.2 The tension rods must be screwed the entire 
threaded length into the baseplate. Gloves should be worn 
to avoid curring hands on the threads. 

9.2 Technical Precautions: 
9.2. l It is possible that a specimen may leak or "pipe" 

along the side of the cylinder when the applied hydraulic 
gradient is too high. If this happens, the tesr should be 
stopped, prepare another specimen, and perform rhe test 
at a lower hydraulic gradient. Sometimes piping can be 
detected by an excessive accumulation of soil on rhe rop 
plate or a sudden increase in apparent permeability. 

9.2.2 The initial hydraulic gradient for pervious soils 
should be as low as possible while still maintaining flow 
through the soil specimen. 

9.2.3 When readings cannot be made daily (e.g., on 
weekends or holidays), the head should be reduced so that 
the permeability test is not interrupted. However, if the 
test specimen permeability is such that the head tank may 
drain during an unarrended period, close rhe clamp in the 
line from head tank to cylinder and cover the specimen 
with water as noted in subparagraph 14.29 during the 
interim. 

9.2.4 Care should be taken ro ensure that the 
temperature of the water in the head tank is maintained 
at rhe same temperature as thar in the room where the 
rest is performed-preferably at a temperature of about 
5 ° F above that of the room. If water colder than the 
specimen is used, air dissolved in rhe water comes out 
of solution and becomes trapped in rhe voids of the 
specimen as air bubbles; consequently, an erroneously low 
permeability value is obtained. 

9.2.5 Due to the effects of sampling, handling, 
processing, and testing on some materials, results of this 
test may not reflect in-place conditions or the properties 
of the material after processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limesrone, claystone, etc. or soils affected by air and/or 
oven drying. Such materials must be identified before 
processing and the person requesting the test should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested at all. Cautionary statements 
must be made on rest data forms and in reporting the 
test data. 

10. Sampling, Test Specimen and Test Units 

10.1 All data are to be recorded on the "Preparation 
of Permeability Test Specimen Containing Gravel" form 
as shown on figure 3. 

10.2 Process a cesc sample of about 200 lbm of minus 
3-inch material in accordance with USBR 5205 . 

10.3 Determine whether the compaction characteris­
tics and properties of the test sample are defined by USBR 
5515 or 5525 and 5530. For this procedure, refer ro materials 
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PREPARATION OF PERMEABILITY TEST 
7-2394 (12-861 
Bureau of Rec amation SPECIMEN CONTAINING GRAVEL Designation USBR 5605 -§l;! 

SAMPLE NO. PROJECT FEATURE 

29L-15 Example Example 

TESTED BY DATE COMPUTED BY DATE CHECKED E!Y DATE 

COHESIVE COHESION LESS 

(1) PERCENT MINUS NO . 4 MATERIAL IN SAMPLE, P1 (%) 65 . 0 
(2) PERCENT PLUS NO. 4 MATERIAL IN SAMPLE, Pn (%) 35 . 0 
(3) MAXIMUM DAY UNIT WEIGHT OF MINUS NO. 4, "(MAX (lbf/ft3) 111 . 1 

-(4) OPTIMUM MOISTURE CONTENT OF MINUS NO. 4 (%) 14.5 .. 

(5) DESIRED COMPACTION MOISTURE CONTENT, MINUS NO . 4 (%) 14.5 
(6) AVERAGE BULK SPECIFIC GRAVITY (OVENDAIED MATERIAL) 2.50 
(7) AVERAGE ABSORPTION OF PLUS NO. 4 MATERIAL (%) I .6 
(Bl PERCENT OF MAXIMUM DAY UNIT WEIGHT OF MINUS NO. 4 

MATERIAL, EXPRESSED AS A DECIMAL, D 0.96 
(9) MAXIMUM DRY UNIT WEIGHT OF TOTAL MATERIAL • 

100 

(1) + (2 ) -- ---
(8) (3) (6) 62,43 (lbf/f t3) 119.9 

(10) DESIRED PLACEMENT DRY UNIT WEIGHT (lbf/ft3) 119.9 
(11) AREA OF CYLINDER (ft2) I .982 

(12) CALIBRATION RING HEIGHT (in) 9.000 
(13) TOTAL MASS OF DAY MATERIAL REQUIRED FOR ONE SPECIMEN • 

(10) (11) (12) X 1 

12 (lbm) 178.23 

(14) MASS OF DAY MATERIAL REQUIRED FOR A SINGLE LIFT Q 

(13) --
3 (lbm) 59.41 

MASS OF INDIVIDUAL PARTICLE SIZE REQUIRED 

1 1/2-lnch 3/4-lnch 3/8-inch No. 4 Minus No . 4 
SIEVE SIZE (37.5 mm) (19 ,0mm) ( 9 ,5mm) (4 ,75 mm) (4 .75 mm) 

(a) (b) (cl (d) (e) 

(15a) PERCENT RETAINED (%) 4.3 8.7 9 . 6 12.8 64.6 

(15b) DAY MASS REQUIRED PEA SPECIMEN'!_/~/= 

(13) (16a) ( .011) (lbm) 8.43 17.06 18.82 25.09 126.65 

(15c) DRY MASS REQUIRED PER LIFT = 

(14) x (15a) V 
100 llbml 2.55 5. 17 5.70 7.60 38.38 

(15d) ABSORPTION(+ NO. 4) OR MOISTURE 

CONTENT I -NO. 41 % I .6 1.6 I . 6 I .6 14.5 

(158) WET MASS REQUIRED PER LIFT -:J_/ = 

(15c)[1 + (~~1.Jv 
(lbm) 2.59 5 . 25 5.79 7 . 72 43.95 

CONSTANTS 

100 CONVERT PERCENT TO DECIMAL OR DECIMAL TO PERCENT 1 CONVERT lbf TO lbm OR lbm TO lbf 
62 ,43 UNIT WEIGHT OF WATER AT 4oc 3 NUMBER OF COMPACTION LIFTS 

12 CONVERT In TO ft 0,011 CONVERT PERCENT TO DECIMAL AND PROVIDE 
10% EXCESS TEST MATERIAL 

!./CALCULATES MASS OF MATERIAL PLUS 10 PERCENT EXCESS FOR ONE SPECIMEN 
~/USE EACH SIZE OF MATERIAL IN COLUMNS (a) THROUGH (e), RESPECTIVELY 
-:J_/NOT REQUIRED FOR COHESIONLESS MATERIAL 

REMARKS: 

GPO 853 - 4 8 5 

F igure 3. - P reparation of permeability te_st specimen containing gravel - example. 
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defined by USBR 5515 as "cohesive," and refer co materials 
defined by USBR 5525 and 5530 as "cohesionless." 

10.4 Perform a gradation analysis on the entire test 
sample according co USBR 5325. Record on figure 3 (co 
the nearest 0.1 %) the percent minus No. 4 (4.75 mm) 
material in sample on line (1), percent plus No. 4 in sample 
on line (2), percent retained for each gravel size on line 
(15a) in columns (a) through (d), and percent minus No. 
4 in column (e). Score the individual gravel size material 
and minus No. 4 material in separate moisture-proof 
containers. 

10.5 The desired placement dry unii: weight and 
moisture content of the test specimen is usually (a) a 
specified dry unit weight and moisture content, (b) a percent 
of maximum unit weight and a moisture content for 
cohesive materials (i.e. 95% maximum unit weight), or 
(c) a percent relative density for cohesionless materials 
(i.e. 70% relative density). If alternative (a) is required, 
the cotal dry unit weight and moisture content can be 
obtained from an in-place density test or as directed by 
the responsible engineer. Alternatives (b) and (c) require 
the maximum unit weight or the maximum and minimum 
index unit weights of the materials co be determined. 

10.5.1 Cohesive Materials.-If the desired placement 
dry unit weight and moisture content are specified, follow 
the procedures in subparagraph 10.6. If a percent of maxi­
mum unit weight is specified, determine the maximum 
unit weight of the coral material either by following the 
procedures in USBR 5515 or by estimating the maximum 
unit weight of cotal material by following procedures in 
subparagraphs 10.5.1.1 through 10.5.1.4, then continue with 
subparagraph 10.6. 

10.5.1.1 Obtain a test sample of about 45 lbm of 
the minus No. 4 (4.75 mm) material and determine the 
maximum dry unit weight and optimum moisture content 
in accordance with USBR 5500 or 7240. Record the maxi­
mum dry unit weight and optimum moisture content of 
minus No. 4 material to 0.1 lbf/ft3 and 0.1 percent, 
respectively, on lines (3) and (4), respectively on figure 3. 

10.5.1.2 Record desired moisture content of minus 
No. 4 material needed for compacting the permeability 
specimen on line (5) figure 3. 

10.5.1.3 Determine average bulk specific gravity 
and average absorption of the plus No. 4 material in 
accordance with USBR 5320. Record the average bulk 
specific gravity and the average absorption of the plus 
No. 4 material (to the nearest 0.01 and 0.1 %, respectively) 
on line (6) and line (7), respectively. 

10.5.1.4 Calculate maximum dry unit weight of 
coral material. 

where: 
"Yt 

G= 

100 
"Yt 

+ 62.43 G 

maximum dry unit weight of total material, 
lbf/ft3 

maximum dry unit weight of minus No. 4 
fraction from USBR 5500, lbf/ft3 

(1) 

average bulk specific gravity (ovendry material) 
from USBR 5320 
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Ps percent minus No. 4 in sample from USBR 
5320, % 

Pg percent plus No. 4 in sample from USBR 5320, 
% 

D = percent of maximum dry unit weight of minus 
No. 4 material, expressed as a decimal (see 
note 2) 

100 = convert from percent co decimal 
62.43 = unit weight of water at 4 °(, lbf/ft3 

Record "Yt to 0.1 lbf/ft3 on line (9) (fig. 3). 

NITTE 2.-If more precise data are not available, the value of 
D may be estimated from the curves shown on figure 4 using 
the following guide: 

Enter the graph on the abscissa with a known percentage 
of gravel and follow that percentage up to its intersection 
with one of the three curves that is characteristic of the 
gravel type. Traverse the graph horizontally to the left 
to intersect the ordinate, and read the value of D. Record 
the value of D (to the nearest 0.01) on line (8) as "Percent 
of maximum dry unit weight of minus No. 4 material, 
expressed as a decimal." 

sst-----+---t----t-----j----j----+---1 

BO.__--~--~--~-~~-~--~--~ 
0 10 20 30 40 50 60 70 

PERCENT GRAVEL, 3 INCH MAXIMUM SIZE 

Figure 4. - Percent gravel versus D-value. lOL-D-390 

10.5.2 Cohesionless Material-If the desired place­
ment dry unit weight and moisture content are specified, 
follow the procedures in subparagraph 10.6. If the percent 
relative density of the coral material is specified, determine 
the maximum and minimum index unit weight of the total 
material by following procedures in USBR 5525 and 5530, 
respectively, then continue with subparagraph 10.6. 

10.6 Record the desired placement dry unit weight of 
the coral material to the nearest 0.1 lbf/ft3 on line (10) 
(fig. 3). 

10.7 Obtain the area of the permeability cylinder from 
the calibration data and record to the nearest 0.001 ft 2 

on figure 3, line (11). Obtain the calibration ring height 
from the calibration data and record co the nearest 0.001 
inch on line (12). 
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10.8 Calculate total mass of dry material required for 
one specimen. 

M _ YP Ac Hr (1) 
r - 12 

where: 
Mr = total mass of dry material required for one 

specimen, lbm 
'}'p = desired placement dry unit weight of total 

material, lbf/ft3 
Ac area of permeability cylinder, ft2 

Hr calibration ring height, in 
12 = change inch to foot 

1 = convert from lbf to lbm 

(2) 

Record Mr to the nearest 0.01 lbm on line (13) (fig. 3). 

10.9 Calculate mass of dry material required for a single 
lift of a specimen. 

where: 
ML = mass of dry material required for a single lift, 

lbm 
Mr = total mass of dry material required for one 

specimen, lbm 
3 = number of compaction lifts 

(3) 

Record ML to the nearest 0.01 lbm on line (14) (fig. 3). 
10.10 Prepare the plus No. 4 and minus No. 4 material 

for testing. 
10.10.1 Cohesive Materials: 

10.10.1.1 Place each size of plus No. 4 material 
into a separate bucket or other suitable container and 
prepare SSD (saturated surface dried condition) in 
accordance with USBR 5320. 

10.10.1.2 Prepare the minus No. 4 material to the 
desired placement moisture content. 

10.10.1.2.1 Obtain the moisture content of the 
minus No. 4 material in accordance with USBR 5300. 

10.10.1.2.2 Determine the quantity of water to 
add or to remove from the stored soil to obtain the desired 
moisture content. The form on figure 5 may be used. 

10.10.1.2.3 Add or remove water as necessary 
to obtain the desired moisture content. Add water to the 
specimen in a pan by evenly sprinkling water over the 
surface and mixing thoroughly. Remove water by air drying 
in a pan. After the desired amount of water has been added 
or removed, place the material in a storage can and store 
in accordance with the standing times specified in USBR 
5500. 

10.10.1.2.4 Determine the moisture content of 
the soil in accordance with USBR 5300. Repeat subpa­
ragraphs 10.10.1.2.2 through 10.10.1.2.4 until the desired 
moisture is within ±0.5 percent of that specified. 

10.10.1.3 Calculate total dry mass of material 
required for one specimen of each screen size of plus No. 4 
or minus No. 4 (4.75 mm). 

ms = 1.10 (Mr Pr) 
100 

(4) 
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where: 
ms = dry mass of material required for one specimen 

of each screen size (plus No. 4) or minus No. 4 
(4.75 mm), lbm 

Pr percent. of material retained on each screen size 
(plus No. 4) or the percent of minus No. 4 
material from line (15a) 

Mr = total mass of dry material required for one 
specimen, from line (13), lbm 

1.10 = increases 10 percent additional material to test 
specimen for providing excess test material 

100 convert from percent to decimal 

Record ms to the nearest 0.01 lbm on line (156) (fig. 3). 

10.10.1.4 Calculate dry mass of material required 
for a single lift of each screen size of plus No. 4 and 
minus No. 4 (4.75 mm). 

Pr ML 
ml= 100 (5) 

where: 
m

1 
= dry mass of material required for a single lift of 

each screen size of plus No. 4 or minus No. 4 
(4.75 mm), lbm 

Pr percent of material retained on each screen size 
plus No. 4 or the percent of minus No. 4 
material from line (15a) 

ML mass of dry material required for a single lift 
from line (14), lbm 

100 = convert from percent to decimal 

Record m 1 to the nearest 0.01 lbm on line (15c) (fig. 3). 

10.10.1.5 Determine the average absorption of the 
plus No. 4 material in accordance with USBR 5320. Record 
the value to the nearest 0.1 percent on line (15d), columns 
(a) through (d). 

10.10.1.6 Determine the moisture content of the 
minus No. 4 material previously prepared in subparagraph 
10.10.1.2. Record the value to the nearest 0.1 percent on 
line (15d) column (e) . 

10.10.1.7 Calculate wet mass of material required 
for a single lift of each screen size of plus No. 4 and 
minus No. 4 (4.75 mm). 

mw = mi ( 1 + l~ ) (6) 

where: 
mw = wet mass of material required for a single lift of 

each screen size of plus No. 4 or minus No. 4 
(4.75 mm) , lbm 

m1 = dry mass of material required for a single lift of 
each screen size of plus No. 4 or minus No. 4 
(4.75 mm) from line (15c), lbm 

w = moisture content or absorption of each material 
size from line (15d), % 

100 = convert from percent to decimal 

Record mw to the nearest 0.01 lbm on line (15e) columns 
(a) through (e). 
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7-2327 (10-85) 

I 
ADDED WATER DETERMINATION I Designation USBR • 5605 • 

0

89_ Bureau of Reclamation 

SAMPLE ND . rROJECT rEATURE 
29L-I 5 Example Example 

COMPUTED BY IDATE !CHECKED BY IDATE 

Moisture Content % Mass g ~ 

Specimen 
Specimen Dry Water 

Initial Desired Difference and Container Specimen Mass of to 
No. Container Specimen Add 

(1) (2) (3) (4) (5) (6) (7) (8) 

I 6.7 14.5 8.1• 216.6 24.7 191.9 179.9 14.6 

•. 

(2) - (1) (4) - (5) ~ (6) J 100 
00+(1) (7) f E.LJ 

LlOO 

Remarks: •o.3 percent added for evoeoration loss Auxiliary Tests: 

USBR 5300 . 89 _ 

GPO 848-762 

Figure 5. - Added water determination - example. 
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10.10.2 Cohesionless Materials: 
10.10.2.1 Oven dry or air dry each size of plus 

No. 4 material. 

NOTE 3.-The addition of moisture co cohesionless materials 
for facilitating compaction requires judgement. As a guideline, 
most cohesionless materials can be placed without moisture at 
relative densities up to 75 or 80 percent. Placement at greater 
relative densities may be enhanced by adding moisture during 
the compaction process. 

10.10.2.2 Calculate total dry mass required per 
specimen of each screen size of plus No. 4 and the minus 
No. 4 ( 4.75 mm) material, and calculate che dry mass 
required per lift of each screen size of plus No. 4 and 
minus No. 4 material, as described in subparagraphs 
10.10.1.3 and 10.10.1.4, respectively. 

10.11 Reprocessed S011: 
10.11.1 If reprocessing of soil is necessary, soil 

previously compacted should be mixed with as much "new 
soil" that is available. This practice should be avoided when 
resting plastic clay soils which tend to form lumps or when 
the soil is friable and the particles break down.. during 
resting. 

10.11.2 A note must be made on the data sheers and 
the compaction curve indicating reprocessed soil was used. 

11. Preparation of Apparatus 

11.1 Refer to figure 1 to correctly assemble the 
permfability apparatus. 

11.2 Record che head tank number and its calibration 
factor, F, as determined by USBR 1420 on the 
"Permeabilicy-Secclement Test Data Sheet l" as shown on 
figure 6. · 

11.3 Clean the head rank to remQye any impurities 
that may clog lines or restrict free wacerflow. 

11.4 Check the air intake cube and clean if necessary. 
11. 5 Check che cubing for leakage and replace if 

necessary. 
11.6 For the outlet cube on che water overflow nipple 

(fig. 1), cue a small hole in the tube just beyond the end 
of the nipple. This will provide an inlet for air and prevent 
the tube from acting as a siphon. 

11.7 Check the sponge rubber liner in the permeability 
cylinder. Remove the liner if it is in poor condition; cut 
a new piece of sponge rubber to fit inside the cylinder 
and attach it with rubber cement. 

12. Calibration and Standardization 

12.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1010 Calibrating Unit Weight Measures 
USBR 1012 Calibrating Balances or Scales 
USBR 1420 Calibrating Head Tanks 
USBR 1425 Calibrating Permeability Test Equipment 
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USBR 1430 Calibrating the Loading Device for Permea­
bility Tests 

12.2 Determine the average inside area of the per­
meability cylinder and the average height of the calibration 
ring in accordance with USBR 5515. 

13. Conditioning 

13.l Place the minus No. 4 (4.75 mm) material in a 
moisture-proof container, and store in accordance with the 
minimum standing times outlined in USBR 5500. 

13.2 For cohesive material, place each size of the plus 
No. 4 (4.75 mm) material in water and saturate in 
accordance with USBR 5320. 

14. Procedure 

14.1 Submerge the bottom porous disk and load plate 
with attached porous disk in pans of water for a minimum 
of 30 minutes. 

14.2 Remove the bottom porous disk from the water, 
allow it to drain for about 15 minutes, and place it in 
the permeability cylinder. 

NOTE 4.-If the permeability of rhe material to be reseed is 
estimated to be near or greater than chat of rhe porous disk, 
the borcom porous disk should be replaced with a 2-inch thick 
layer of uniform fine gravel such as 3/8-inch to No. 4 (9.5-
to 4.75-mm) gravel, which is more pervious than rhe soil to 
be reseed. If a pervious gravel layer is used, place a No. 8 wire 
screen on top of the uniform gravel layer. Also, for specimens 
of very high permeability a pervious layer may be needed to 
replace rhe top porous disk. 

14.3 Place dial gauges A and B in the dial gauge 
reference bracket and note the gauge readings. Throughout 
the test, check the dial gauges-as necessary-to ensure 
that the initial dial gauge readings have not changed. 
Readjust the gauges to the initial readings if required. 

14.4 Determine the initial dial reading as described 
in USBR 5 515 . Record the date, time, and initial dial 
readings to the nearest 0.001 inch as shown on figure 7. 
In the "Settlement Data" section, record initial dial readings 
(A and B) in columns (4) and (6) and label as Ring in 
column (3) of figure 7. In the "Placement Data" section, 
the sum of A and B readings is recorded as Dial reading 
A + B, w/ ring under Total. Calculate the average of the 
A and B readings by dividing the Total by two, and record 
under 1/2 Total. 

14.5 Place and Compact the Specimen: 

NOTE 5.-Compacrion of the specimen is normally performed 
by hand using the large and small camping hammers. Techniques 
for using rhe large mechanical compactor (USBR 5515) to compact 
the test specimen are described in appendix X2. 

14.5.1 Measure-to the nearest 1/32 inch-the 
depth from the top of the permeability cylinder to the 
top of the bottom porous disk. 

14.5.2 Place the mass (wet or dry) of material 
required for one 3-inch thick lift into the permeability 
cylinder. 
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7-2378 (12-86) 
PERMEABILITY-SETTLEMENT TEST DATA SHEET 1 Designalion USBR 5605:_~9 Bureau of Redama1ion 

SAMPLE NO. PROJECT FEATURE 

29L-I 5 Example Example 
TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

CYLINDER NO. 12 

TIME INSTALLED HEAD TANK CONSOLI DATED CONSTANT 
HEAD-(Hwc,l 

THICKNESS - IL') C =0.0738~ 1/ 
(SEE REMARKS (DATA SHEET Hwc CONSTANT CALIBRATION COLUMN) 

DATE 
HOUR NO. FACTOR (F) NO. 2) L' 21 CF 

1989 C=0.013--
(cm3/in) (It) (in) Hwc 

5-16 13•00 2 425 . 85 0.75 8.962 0.155 66.0 

5-18 12•00 2 425.85 3.00 8 , 962 0.039 16.6 

TIME OF DIFFERENCE COEF. OF 
OBSERVATION ELAPSED HEAD IN PERM. REMARKS TIME TANK READING R/t ' R 

It') READING (R) (k = CFt'l (RECORD HEAD IN FEET, 
CHANGES IN HEAD, ANO 

1989 HOUR (in/hr) OTHER OBSERVATIONS) 
(hr) (in) (in) (It/yr) 

5-16 13•04 -- 33.0 -- - - - - Head al 0 .75 ft . ( jr:sj ) 

5-16 14•43 I . 65 6.5 26 . 5 16.06 1100 Waler lem0eralure al 72•F 
5-17 6 1 48 -- 33.0 - - - - - - Roam temperalure al 7o•F 

8 1 05 I .28 5.6 27.4 21.4 1400 
8 1 15 -- 33.0 -- . - - --
9•38 1.38 4.0 29.0 21.0 1400 
9•50 -- 33.0 -- - - --

10• 15 1.42 3.0 30.0 21. I 1400 
10•25 -- 33.0 -- - - - -
11 •40 I . 25 6.5 26.5 21 .2 1400 
11 •50 -- 33.0 -- - - --
13•02 I .20 6.3 26.7 22.3 1500 
13• 15 -- ~3.0 -- - - --
14•30 1 . 25 .., . 5 . 5 27.5 22.0 1500 

5-18 6 1 40 -- r 33.0 - - - - - -
8•00 I . 33 3.8 29 . 2 22.0 1500 
8• 10 -- 33 . 0 -- -- - -
9•27 I . 28 4 . 3 28.7 22.4 1500 
9•40 -- 33.0 -- -- --

10•55 1 . 25 5.6 27.4 22.0 1500 

12'15 -- 33 . 0 -- - - - - Head raised la 3.00 11 . ( ja4 ) 

5-18 12•35 0 . 33 5.5 27.5 83.3 1400 
12 1 50 -- 33.0 -- - - - -
13 1 09 0.32 6.2 26.8 83.3 1400 
13•20 -- 33.0 - - -- --
13•40 0.33 5.5 27.5 83.3 1400 
13•55 -- 33.0 -- - - - -
14• 15 0 . 33 4.7 28.3 85.8 1400 
14•30 -- 33 . 0 -- -- - -
14•50 0.33 5.0 28.0 84.8 1400 
15•00 -- 33.0 -- -- -- Waler lemperalure al 71 •F 
15 1 20 0.33 5.4 27.6 83.6 1400 Tesl slopped - Room lemp. al 70•F 

1/Constant for USBA 5600 (8 -inch diameter permeability cylinder) 
]/Constant for USBR 5605 ( 19 -inch diemeter permeability cylinder) 

GPO 855-0QO 

Figure 6. - Permeability-setclement test data sheet I - example. 
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7 -2.1 7'1 ( 12 -1161 
Bureau of N..~clamatlon PERMEABILITY-SETTLEMENT TEST DATA SHEET 2 Designation USBR5605-!;!~ 

SAMPLE NO_ PROJECT FEATURE 

29L-15 Example Example 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

CYLINDER NO. 12 

PLACEMENT DATA 

MASS OF CONTAINER+ WETSOIL--lbm FINAL MASS OF CONTAINER SPECIMEN AREA 283.5 in2 
+WET SOIL lbm 50 MASS OF 1ST LAYER lbm SPECIFIED PRESSURE lbf/in2 

MASS OF WET SOIL lbm 
MASS OF CONTAINER+ WET SOIL __ lbm OR - FEET OF FILL 

WET UNIT WEIGHT lbf/ fr3 
MASS OF 2ND LAYER lbm 

PLACEMENT MOISTURE CONT. % REQUIRED INITIAL 14,175 MASS OF CONTAINER+ WET SOIL __ lbm 
PLACEMENT DRY UNIT WEIGHT 0 IJ9.91bf/ft3 

LOAD ON SPECIMEN lbf 

MASS OF 3RD LAYER lbm HYDRAULIC CYLINDER NO. 850 
DESIRED MOISTURE CONT. % 2900 GAUGE READING 

TOTAL tin) Y, TOTAL (in) SPECIMEN THICKNESS (INCHES) 

DIAL READ I NG A+ B . W I RING 1.671 0 . 836 
DIAL READING A+ B. NO LOAD 1. 668 0 . 834 

DIFFERENCE 0 . 002 9.000 \;) 0.002 ~ 9.002 INITIAL 

DIAL READING A+ B . W/L , WET 9.002 t'I 0.040 = 8 . 962 (LI) CONSOL., WET 

SETTLEMENT DATA 

PRESSURE 
TRAVEL (;n) SETTLEMENT 

DATE HOUR DIAL AT A DIAL AT B AVERAGE 
19 89 OBSERVED lbf/in2 

AMOUNT PERCENT 
READING AMOUNT READING AMOUNT (in) 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

5-14 7•00 9· r i ng 0.822 -- 0 . 849 - - -- --
5-15 8•00 No load 0.849 -- 0.819 -- - - --

9!00 50 0.892 0.043 0.8.39 0.020 0.0.32 0.36 
5-16 10•45 50 0.892 0.043 0 . 839 0.020 0 . 032 0 . 36 

12•45 W/ I oad 0.900 0.051 0.847 0.028 0.040 0 . 44 
)3•00 W/L, wet 0.900 0.051 0.847 0.028 0.040 0.44 

5- 17 10•42 .. 0.902 0.053 0 . 851 0.032 0.043 0.48 
5-18 8• 10 -- 0.904 0.055 0.857 0.038 0.047 0.52 

10•20 -- 0.904 0.055 0.857 0.038 0.047 0.52 
14•30 -- 0.904 0.055 0 . 857 0.038 0.047 0.52A 
15•30 No load 0.900 0.051 0.855 0.036 0.044 0.49 

REBOUND 

AFTER PERCOLATION DATA 

MOISTURE CONTENT DETERMINATION CONSOLIDATED DRY UNIT WEIGHT 

CONTAINER NUMBER A-8 119.9 PLACEMENT ORY UNIT WEIGHT 
MASS OF CONTAINER+ WET SOIL 225.5 lbm -

203.5 lbm 
100 . % SETTLEMENT 100- 0.52A 

MASS OF CONTAINER+ DRY SOIL 100 100 

MASS OF CONTAINER 33 . 5 lbm 

MASS OF WATER 22 . 0 lbm 120.5 lbf/ ft3 -
MASS OF ORY SOIL 170.0 lbm 

MOISTURE CONTENT 12 . 9 % NEEDLE NO. NEEDLE READ. PEN. RES. lbf/ln2 

MOISTURE CONTENT~% PENETRATION AESISTANCE ___ lbf/in2 CONSOLIDATED DRY UNIT WEIGHT 120.5 lbf/ft3 

"MAXIMUM LABORATORY DAY UNIT WT. OR OTHER AS SPECIFIED. 

REMARKS: 

GPO 855- 159 

Figure 7. - Permeabilicy-sectlemcnr rest data sheer 2 - example. 
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14.5.3 Carefully level the soil while it is in a loose 
state. 

14.5.4 Compact the layer of soil uniformly with a 
hand camper. 

14.5.5 Check the uniformity of the thickness of che 
layer wich the straightedge and yardstick or pocket tape. 

14.5.6 Continue the compaction process until the soil 
layer is within ±1/16-inch of the 3-inch thickness. 

14.5.7 Scarify the top of the layer with a knife or 
screwdriver to a depth of approximately 1/8 to 1/4 inch 
before placing the riext layer. 

14.5.8 Repeat subparagraphs 14.5.2 through 14.5.7 
for two additional layers to produce a 9-inch chick soil 
specimen. The thickness of the first two layers should be 
within ± 1/ 16 inch of 6 inches and the thickness of che 
three layers should be within 1/16 inch of 9 inches. 

14.5.9 If the thickness of the specimen after any 
life does noc fall within the limits given in paragraphs 
14.5.6 and 14.5.8 the specimen should be removed from 
che cylinder and a new specimen compacted with new 
material. 

14.5.10 Remove the load place, with attached porous 
disk, from the pan of water and let ic drain for about 
15 minutes. Using the matchmarks, place che load plate 
on the specimen while making sure it is in complete contact 
with the soil. 

14.6 Position and read the dial gauges and record as 
No Load readings in the "Settlement Data" section in 
columns (4) and (6) and label as No Load in column (3) 
as shown on figure 7. The sum of A and B readings is 
recorded as Dial Reading A + B, No Load under Total 
in the "Placement Data" section. Calculate the average of 
the A and B readings by dividing the Tora/ by cwo, and 
record under 1/ 2 Total. Record the dace and time in che 
appropriate columns. 

14.7 Record the following information in the "Place­
ment Data" section as shown on figure 7. 

14.7.1 Locate the cylinder area recorded on che 
Preparation of Permeability Test Specimen Containing 
Gravel form, line (11) (fig. 3); convert co square inch and 
record the value as specimen area co the nearest 0.1 in2 • 

14.7.2 Record the specified pressure to be applied 
co the specimen during testing. 

14.7.3 Record the required load to be applied to che 
specimen as determined from che specified pressure and 
the specimen area. 

14.7.4 Record the hydraulic cylinder number and. 
appropriate gauge reading from the spring calibration curve 
(USBR 1430) corresponding to che required load. 

14.7.5 Record the placement dry unit weight as 
obtained in subparagraph 10.6. 

14.8 Complete assembly of bottom reaction place (wich 
nuts finger eight), four springs, and the cop reaction plate, 
as shown in figure 1. 

NOfE 6.-The size of load springs (see subpar. 7.2.10) selected 
depends on rhe load required co provide the required pressure 
on rhe specimen. For example, if rhe soil represented by the 
test specimen is to be placed at a certain level in an embankment 

dam, rhe applied pressure should be equivalent co the estimated 
weight of overlying soil. For compacted soil lining applications, 
a small pressure of approximately l lbf/in 2 would be appropriate. 
The mass of the load place with attached porous disk, four springs, 
and bottom reaction place will apply about 1 lbf/in2 pressure 
on the specimen. 

14.9 Place the cylinder of che appropriate hydraulic 
cylinder (usually 20-ton force) between che bottom and 
cop reaction places of che permeability apparatus as shown 
on figures 1 and 2. 
. 14.10 Using the hydraulic pump, increase the pressure 
m the hydraulic cylinder until the correct pressure gauge 
reading is achieved. 

14.11 Tighten the nuts on the tension rods against 
the bottom reaction plate. Do not overcighten since chat 
would increase the load on the springs. 

14.12 Release the pressure in the hydraulic cylinder 
and remove from the bottom reaction place. 

14.13 Immediately after che load is applied read dial 
gauges A and B. Record readings in the "Settlement Data" 
section in columns (4) and (6) and label with appropriate 
applied normal pressure in column (3) (fig. 7). Record 
the date and time. 

14.14 Monitor dials A and B until there is less than 
0.002-inch change during a 16-hour period. Identify the 
final reading as w/load as shown in column (3) (fig. 7). 
~aintain the specified load on the load place by checking 
tt with the hydraulic cylinder (subpar. 14.10 through 14.13) 
at the end of the first and second hour after load application 
and daily thereafter-adjusting the load as necessary. 

14.15 Close the valve at the bottom of the head tank. 
(In place of this valve, some tanks have only a clamp on 
the rubber tubing connecting the head tank and 
permeability cylinder). 

14.16 Open the air cock at the top of the head tank 
to allow air to escape. 

14.17 Open the valve on the inlet at the botcom of 
the head tank and fill the tank through the bottom. 

14.18 After filling the tank, close both the valve on 
the inlet pipe and the air cock and push che cwo ends 
of the connecting cubing onto the intake pipes of the 
permeability cylinder. 

14. 19 Open the drain cocks on the permeability cylinder 
. opposite the bottom porous disk at the bottom of che 
permeability cylinder. 
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14.20 Open che valve on the inlet pipe at the bottom 
of the head tank to bleed off air, then close it. 

14.21 Adjust the head tank so the botcom of the air 
intake cube is slightly above the bottom porous disk. 

14.22 Open the valve (or clamp) on che line connecting 
the head tank with the permeability cylinder and allow 
water co fill the connected cubing and flow slowly through 
the bottom porous disk. 

14.23 Continue flowing water until evidence of air is 
not in the system. 

14.24 Close the drain cocks so water at low hydraulic 
gradient will permeate slowly upward through the 
specimen. 
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NOfE 7.-The hydraulic head to be used during the wetting 
period depends on the permeability _of che soil ~s P!_ac~d;.!t should 
range from 1 inch or less for specimens having high perme­
ability to I foot or more for those having "low" permeability. 

14.25 Continue permeation until the top porous disk 
and load plate are completely covered with water or for 
a period of 3 days, whichever occurs first. _ 

14.26 Read dial gauges A and B after the speomen 
is wetted. Record these readings as w/L, wet as shown 
on figure 7. Repeat these readings occasionally throughout 
the test and at any change in hydraulic gradient. 

14.27 Calculate the specimen initial thickness and 
record to the nearest 0.001 inch in the "Placement Data" 
section as shown on figure 7. For each set of dial readings 
calculate amount of travel and record accordingly in columns 
(5) and (7), and average amount and percent settleme?t 
and record to the nearest 0.001 inch and 0.01 percent IO 

columns (8) and (9), respectively. 
14.28 Calculate the consolidated thickness L', and 

record the value in the "Placement Data" section as shown 
on figure 7. Also record the consolidated thickness for each 
hydraulic gradient as shown on figure 6. . _ 

14.29 Pour water into the top of the permeability 
cylinder until it flows out the overflow. 

14.30 Close the valve (or clamp) on the line connecting 
the head tank to the permeability cylinder. · 

14.31 Adjust the head tank to obtain the specified 
hydraulic gradient between the bottom of th~ air intake 
tube in the head tank and the overflow pipe on the 
permeability cylinder. Refill the head tank as instructed 
in subparagraphs 14.15 through 14.18. Read and record 
the Head, Hwc as shown on figure 6. 

14.32 Close the air cock and valve on the inlet pipe. 
14.33 Lower the water level in the head tank to the 

top mark (or just below) on the water level i_ndicat~r by 
carefully opening and closing the valve on the inlet pipe. 

14.34 Note the date, time, and head tank level (to the 
nearest 0.1 inch) and record in appropriate columns as 
shown on figure 6. Read and record water and room 
temperatures as shown in the Remarks column of figure 6. 
Repeat these temperature measurements occasionally 
throughout the test. 

14.35 Start the test by opening the valve (or clamp) 
on the line leading from the head tank to the permeability 
cylinder. 

NOfE 8.-If head rank is operating properly, rhe air intake 
cube remains empty. A rise in water level in the air intake tube 
usually indicates a leak at the top of the tank which mus~ be 
corrected. Occasionally, when soil permeability is very low, a shghc 
rise in water level in rhe air intake tube may result due to changes 
in cemperacure or atmospheric pressure. Observations should nor 
be recorded unless rhe water level in che head tank is very near 
che bottom of che air intake cube. Also, do not allow che water 
level in the head rank to fall below rhe spider on che air intake 
cube (see fig. Xl.3). 

14.36 Continue the test until the permeability becomes 
approximately constant or for a minimum of 10 days. Take 
daily readings-or more frequently if the flow rate is 
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relatively high-of date, time, and head tank level (to the 
nearest 0.1 inch) and record in appropriate columns as 
shown on figure 6. Determine the Difference in Reading, 
R and record as shown on figure 6. Calculate C, CF, and 
R/t', and record values as shown on figure 6. Calculate 
the coefficient of permeability, k, as outlined in subpara­
graph 15.8. Using the following table, record the coefficient 
of permeability as shown on figure 6. 

k, fr/yr Record to nearest 
10 to 100 1 ft/ yr 

100 to 1,000 10 ft/yr 
1,000 to 10,000 100 ft/yr 

10,000 1,000 ft/yr 
Calculate the consolidated dry unit weight and record 

in the "After Percolation Data" section and record as shown 
on figure 7. 

14.37 Take final dial gauge readings, when the flow 
rate becomes virtually constant, and record as shown on 
figure 7. 

14.38 If tests using other hydraulic gradients on the 
specimen are required, repeat the procedure in subpara­
graphs 14.15 through 14.37. 

14.39 When the test is completed, close the valve (or 
clamp) at the bottom of che head tank on the line leading 
to the permeability cylinder. 

14.40 Release the pressure on the specimen by placing 
the hydraulic cylinder between the reaction plates; use the 
hydraulic cylinder and pump to remove the load from rhe 
nuts on the bottom reaction plate. 

14.41 Remove the hydraulic cylinder, reaction plates, 
springs, and tension rods. 

14.42 Read dials A and Band record as no load readings 
as shown on figure 7. Also, record the date and time. 

14.43 Remove the load plate with top porous disk and 
disconnect the tubes on the permeability intake pipes. 

14.44 Remove the entire specimen or a representative 
portion from the center of the specimen and determine 
the moisture content in accordance with USBR 5300. 
Record the moisture content results in the "After 
Percolation Data" section as shown on figure 7. 

15. Calculations 

15. l Calculate the initial specimen thickness. 
l 1 

H; = 9.000 + 2 d1 - 2 d2 (7) 

where: 
H; 

9.000 
initial specimen thickness, in 
height of calibration ring, in 

d1 = 
d2 

dial reading A + B, w / ring (fig. 7), in 
dial reading A + B, no/load (fig. 7), in 

15.2 

where: 
SA= 
dA = 
d3 = 

Calculate the amount of travel for dial A. 

(8) 

amount of travel (col. 5, fig. 7), in 
any given dial reading for dial A (col. 4, fig. 7), in 
no load dial reading for dial A (col. 4, fig. 7), in 
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15.3 

where: 
SB= 
dB= 
d4 = 
15.4 

where: 

Calculate the amount of travel for dial B. 

(9) 

amount of travel (col. 7, fig. 7), in 
any given dial reading for dial B (col. 6, fig. 7), in 
no load dial reading for dial B (col. 6, fig. 7), in 

Calculate the average amount of settlement. 

(10) 

dav = average amount of settlement (col. 8, fig . 7), 
which occurred due to wetting and loading 
(dial gauge readings identified as w/L, wet), 
inches. 

15.5 Determine settlement expressed as a percentage 
of the initial thickness of the specimen (col. 9, fig. 7). 

n7. · ( dav) Settlement, 70 = 100 H; (11) 

15.6 Calculate the consolidated thickness of the 
speomen. 

L' = H; ± dav (12) 

where L' equals consolidated thickness, inches. Add dav 
to H; . if the specimen expanded. If settlement occurred, 
subtract dav from H;. 

15.7 Calculate the consolidated dry unit weight, lbf/ft3, 
corresponding to the last settlement reading before the 
applied pressure is removed. 

(13) 
Consolidated dry unit weight, lbf/ft3 = 

placement dry unit weight (lbf/ft3) 

100 - settlement % 
100 

15.8 Calculate the coefficient of permeability as follows, 
from Darcy's Law. 

Q = kiA (14) 
then 

k= _Q 
iA 

smce 

Q= 
V 

and j Hwc 
t L 

thus 
V 

k= At 
Hwc 

L 
or 

k= VL 
A tHwc 
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where: 
k= 
V= 
L 

A 
t= 

Hwc = 

coefficient of permeability, ft/yr 
volume of water discharge, ft 3 in time t 
consolidated thickness (or length) of specimen, 

ft 
area of specimen, ft2 

elapsed time during measurement, yr 
constant head, equals difference between 

headwater and tailwater levels, ft 

15 .9 To simplify the computations, the general 
equation given above has been partially solved and 
constants are introduced as follows. 

where: 
R= 
F= 

28,320 = 

RF V= 
28,320 

(15) 

differenc<:! in readings of head tank levels, in 
calibration faccor for the head tank, cm3 / in 
change from cm3 to ft3 

15.10 Calculate the consolidated thickness of the 
specimen. 

where: 

L' 
L = -

12 
(16) 

L ' consolidated thickness of the specimen, in 
12 = change from inches to feet 

15.11 Calculate the elapsed time between head tank 
readings. 

t= 
( I 

8,760 
(17) 

where: 
t' elapsed time between head tank readings, hours 

8,760 = change from hour to year 

15.12 The area A equals 1.97 ft2 for a 19-inch i.d. 
permeability cylinder. 

15.13 Substituting the expressions from subparagraphs 
15.9 through 15.12 into the equation of subparagraph 15.8 
yields: 

k, ft/yr = 0.013 ( ~FL I ) 

t Hwc 
(18) 

where: 

0.013 
8 760 

(28,320) 12 ( 1.97) 

15.14 Since the value L'/ Hwc is constant for any 
particular head, let 

C = 0.013 ( __L'._) (19) 
Hwc 

15.15 This ·results in the following equation for the 
coefficient of permeability. 

k, ft/yr = CF ( ~) (20) 
t 
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16. Report "Added Water Determination" (fig. 5) 

16. l The report is to consist of the following completed 
and checked forms: 

"Compaction Data for Permeability Test Specimen 
Containing Gravel"' (fig. X2.l) 
"Permeability-Settlement Test Data Sheet l" (fig. 6) 
"Permeabili'ty-Settlemenr Test Data Sheet 2" (fig. 7) "Preparation of Permeability Test Specimen Containing 

Gravel" (fig. 3) 16.2 All calculations are co show a checkmark. 

APPENDIX 

XL EQUIPMENT DRAWINGS 

I" 

0 
I") 

0 
0 
+I 
N 

1 • Aluminum 

Figure Xl.1. - Dial indicator 

reference bracket for 19-inch 

permeability cylinder. 
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X2. PREP ARING PERMEABILITY TEST SPECIMENS 
USING THE LARGE MECHANICAL COMPACTOR 

X2.l Scope 

X2.1. l This appendix outlines the procedure for 
preparing permeability test specimens using the large 
mechanical compactor described in USBR 5515. 

X2.1.2 This appendix also describes the calculations 
required to prepare specimens of three lifts-of approx­
imately equal dry unit weights. 

X2.1.3 The procedure described in US-BR 5515 is 
followed through the compaction of the first lift of the 
specimen. The thickness of the first lift is determined, 
then used to calculate the dry mass required for the second 
lift which will duplicate the dry unit weight obtained in 
the first compacted lift. After compacting the second lift, 
this procedure is repeated for the third lift. 

X2.2 Procedure 

X2.2. l All data are to be recorded on the "Compaction 
Data for Permeability Test Specimen Containing Gravel" 
form as shown on figure X2.1. 

X2.2.2 Review and perform applicable paragraphs in 
USBR 5515. 

X2.2.3 Record the following information from the 
"Preparation of Permeability Test Specimen Containing 
Gravel," form (fig. 3) onto "Compaction Data for Perme­
ability Test Specimen Containing Gravel" form. 

X2.2.3. l Record the percent retained of each size 
of plus No. 4 and the percent minus No. 4 (4.75 mm) 
in column (a) on lines (2a) through (2e). 

X2.2.3.2 Record the absorption of the plus No. 4 
and desired compacrion moisture content of the minus 
No. 4 material in column (b) on lines (2a) through (2e). 

X2.2.3.3 Record the mass of dry material required 
for the first lift on line (6a). 

X2.2.4 Measure the depth from the top of the per­
meability cylinder to the top of the bottom porous disk. 
Record the value to the nearest 1/32 (0.030) inch on 
line (3a). 

X2.2.5 Place and compact the first lift of the specimen 
as described in USBR 5515. 

X2.2.6 Using straight edge and yardstick, determine 
the depth from the surface of the compacted lift to the 
top of the permeability cylinder at 10 locations selected 
at random on the surface of the lift. Record the values 
to the nearest 1/16 inch on the back of the form as "Depth 
to surface of compacted lift." 

X2.2.7 Determine the average depth by summing the 
individual depth measurements and dividing by 10. Record 
the value (to the nearest 0.01 inch) on the back of the 
data form as Average depth, and on line (3b) on the front 
of data form as Top of permeability cylinder to top of 
first lift. 

X2.2.8 Calculate the thickness of the first lift. 

3c = 3a - 3b (X2.1) 
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where: 
3c = thickness of the first lift, in 
3a = measurement from top of the permeability 

cylinder to top of bottom porous disk, in 
3b measurement from top of permeability cylinder 

to cop of first lift, in 

Record the value to the nearest 1/ 16 inch on line (3c) 
on the form as Thickness of first lift. 

X2.2.9 Verify that the height of the specimen falls 
within the following limits: 

X2.2.9. l Thickness after first.lift 3±1/ 16 inches 
X2.2.9.2 Thickness after second lift 6±1/16 inches 
X2.2.9.3 Thickness after third lift 9±1/16 inches 

X2.2.10 If the thickness of the specimen after any lift 
does not fall within the limits given in paragraph X2.2.9 
the specimen should be removed and a new specimen 
compacted with new material. 

X2.2.1 l Determine the mass of dry material required 
for the second lift. 

_ [6.000 - 3c] (XZ.Z) m2 - m1 3c 

where: 
m2 = dry mass in second lift, lbm 
m1 = dry mass in first lift, lbm 

6.000 = constant, in 
3c = thickness of first lift, in 

Record the value to the nearest 0.01 lbm on line (6b) 
on the form as Dry mass in second J,ft, and on line (1) 
under "Lift No. 2" of the data form as Dry mass, m2. 

X2.2.12 Determine the mass of SSD (saturated surface 
dry) plus No. 4 (4.75 mm) and moistened minus No. 4 
material for the second lift of the test specimen. 

X2.2.13 Calculate the dry mass of each gravel size and 
the minus No. 4 material as follows: 

c = am2 
100 

(X2.3) 

where: 
c = dry mass, lbm 
a - percent retained on each screen size or the per­

cent of minus No. 4 (4.75 mm) material, % 
m2 dry mass in second lift, lbm 

100 convert from percent to decimal 

Record the values to the nearest 0.01 lbm in column 
(c), lines (2a) through (2e) on the data form as Dry mass. 

X2.2.14 Sum the individual dry mass of each material 
size. Record the results co the nearest 0.01 lbm in column 
(c) on line (2f) on the form as Total. 

X2.2.15 Calculate the wet masses of each material size. 

(X2.4) 

where: 
d = wet mass of each screen size or minus No. 4 

material (4.75 mm), lbm 
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1.2 39s c12-s6i 
Bureau of Rec amatlon 

COMPACTION DATA FOR PERMEABILITY TEST 
SPECIMEN CONTAINING GRAVEL Designation USBR s6os-lll3 

SAMPLE NO. PROJECT FEATURE 
29L-15 Example Example 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

LIFT NO. 2 LIFT NO. 3 

(1) DRY MASS, m2 = 57.08 lbm DRY MASS, m3 = 56.80 lbm 

(a) (b) (c) (d) (el (f) (g) (h) 

SCREEN PERCENT MOISTURE DAY WET CUM. WET DRY WET CUM.WET 

SIZE RETAINED CONTENT1J MASS MASlil MASS MASS MASS MASS 

(In) (%) (%) (lbm) (lbm) (lbm) (lbm) (lbm) (lbm) 

(a) m2/100 (cl [1+(b)/100) (d)+(a) prev (a)m3/100 (fl[ 1+(b)/100) (g)+(h) prev 

(2a) 1-1/2 4.3 1.6 2.45 2.49 2.49 2.44 2.48 2.48 

(2b) 3/4 8.7 1.6 4.97 5.05 7.54 4.94 5.02 7.50 

(2c) 3/B 9.6 1.6 5.48 5.57 13 .. 11 5.45 5.54 13.04 

(2d) NO. 4 12.8 1.6 7.31 7.43 20.54 7.27 7.39 20.43 

(2e) -NO. 4 64 . 6 14.5 - 36.87 42.22 62 . 76 36:69 42.01 62.44 . ~~ :JiE1;t::'.::;tJ (2f)TOTAL 100 57.08 62 . 76 :.H·l~lf; 56.80 62.44 
100 CONVERTS PERCENT TO DECIMAL 
!_!PERCENT ABSORPTION FOR GRAVEL SIZES, ACTUAL MOISTURE CONTENT FOR MINUS NO. 4 MATERIAL. 

MEASUREMENTS 

(3a) TOP OF PERMEABILITY CYLINDER TO BOTTOM POROUS DISC 14.03 in 

(3b) TOP OF PERMEABILITY CYLINDER TO TOP OF 1st LIFT 10.97 In 

(3c) THICKNESS OF FIRST LIFT (3a) - (3b) 3 . 06 In 

(4a) TOP OF PERMEABILITY CYLINDER TO TOP OF SECOND LIFT 7.98 In 

(4b) HEIGHT OF SPECIMEN AFTER SECOND LIFT (3a), (4a) 6.05 In 

(4c) THICKNESS OF SECOND LIFT (3b) · (4a) 2.99 In 

(5a) TOP OF PERMEABILITY CYLINDER TO TOP OF THIRD LIFT ~l.~I In 

(5b) HEIGHT OF SPECIMEN AFTER THIRD LIFT (3a). (5a) 9.06 In 

(5c) THICKNESS OF THIRD LIFT (4a). (5a) 3.01 In 

MASS PER LIFT (lbm) 

(6a) DAY MASS IN FIRST LIFT: 59.41 lbm 

(m1) 

6b) DRY MASS IN SECOND LIFT: (6a) [6.000-(3c)) - 59.41 [6.00 .3.06 I - 57.08 lbm 

(m2) (3c) (3c) 

6c) DAY MASS IN THIRD LIFT: (6a) + (6b) [9.000-(3c)-(4c)] -
(m3) (3c) + (4c) 

59.41 + 57 .08 [9.000- 3.06 - 2.99 I = 56.80 lbm 

3.06 + 2.99 

· Figure X2.l. - Compaction data for permeability test specimen containing gravel - example. 
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LIFT NO. DEPTH TO SURF ACE OF COMPACTED LIFT (In) AVERAGE DEPTH (In) 

1 2 3 4 5 6 7 8 9 10 

1 I I l/16 I I C¥1a 1012/16 I 01311E I IC:V1e I I l/16 I 12/16 1012/16 I IC\'16 I I 2/16 10.97 

2 82116 SC:V1a 712/16 83116 81/16 8C¥1e 713116 712/1E SC:V16 81116 7.98 

3 5C¥1& 413116 412/16 50/16 51/16 412/16 5C:V16 52/16 52/16 51/ie 4.97 

Figure X2.l. - Compaction data for permeability rest specimen containing gravel - example (back of form) - Continued. 

b = absorption of plus No. 4 (4.75 mm) or moisture 
content of minus No. 4 (4.75 mm) material, % 

c = dry mass, lbm 
100 = convert from percent ro decimal 

Record the values to the nearest 0.01 lbm in column 
(d) on lines (2a) through (2e) on the form as Wet mass. 

X2.2.16 Sum the individual wet mass for each material 
size. Record the result tO the nearest 0.01 lbm in column 
(d) on line (2f) on form as Total 

X2.2. l 7 Calculate the cumulative wet mass of the 
sample. 

e = d+ eprev 

where: 
e = cumulative wet mass, lbm 
d = wet mass, lbm 

(X2.5) 

eprev = cumulative wet mass of previous material size, 
lbm 

Record the values to the nearest 0.01 lbm in column 
(e), lines (2a) through (2e) on the data form as Cum. 
wet mass. 

X2.2.18 Prepare the material required for the second 
lift using the data calculated in subparagraph X2.2. l 7. Place 
and compact the second lift using the principles procedures 
specified in USBR 5515. 

X2.2.19 Determine the thickness of the compacted 
specimen using the procedures described in subparagraphs 
X2.2.6 through X2.2 .10. Record the data and calculations 
on lines (4a), (4b), and (4c). 

X2.2.20 Determine the mass of soil required for the 
third lift. 

ma = m1 + m2 
3
c + 4c (9.000 - 3c - 4c) (X2.6) 
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where: 
ma 
m1 
m2 
3c 
4c 

9.000 

mass of dry material in third lift, lbm 
mass in first lift, lbm 
mass in second lift, lbm 
thickness of first lift, in 
thickness of second lift, in 
constant; i.e., final desired thickness of 

specimen, in 

Record the value ro 0.01 lbm on line (6c) on form as 
Dry mass in third bft and on line (1) under "Lift No. 3" 
on the form as Dry mass, ma. · 

X2.2.21 Determine the mass of SSD plus No. 4 
(4.75 mm) and moistened minus No. 4 material for the 
third lift of the test specimen as outlined in subparagraphs 
X2.2 .12 through X2.2.17. Record the values in columns 
(f), (g), and (h) on lines (2a) through (2e). 

X2.2.22 Prepare the material required for the third 
lift using the data calculated in subparagraph X2.2.20. Place 
and compact the specimen using the procedures specified 
in USBR 5515. 

X2 .2.23 Determine the final thickness of the com­
pacted specimen using the procedures described in 
subparagraphs X2.2.6 through X2.2.10. Record the values 
on lines (5a), (5b), and (5c) as shown on the form. 

X2.2.24 Remove the load plate with attached porous 
disk from the pan of water and let it drain for about 15 
minutes. Using the matchmarks, place the load plate on 
the specimen making sure it is in complete contact with 
the soil. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5610-89 
PROCEDURE FOR 

DETERMINING PERMEABILITY OF SOIL 
BY THE BACK-PRESSURE TEST METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Co lorado. The procedure is issued under the fixed designation USBR 5610. The number immediately 
following the designation indicates the year of acceptance of the year of last revision. 

1. Scope 

1.1 This procedure describes the test method to be used 
fo r determining the coefficient of permeability of a soil 
specimen when a high degree of saturation has been 
achieved using back pressure, followed by flow of water 
through the so il in a back pressure (flexible-wall) 
permeameter. 

2. Auxiliary Tests 

2. 1 A test sample must be processed in accordance with 
USBR 5205 prior to performing this procedure. A soil 
specimen may be prepared in accordance with either USBR 
5210 or 5215. As a p art of performing this procedure, 
unit weight of the specimen must be obtained in accordance 
with USBR 5370 and moisture content muse be determined 
in accordance with USBR 5300. 

:,. Applicable Documents 

3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicarors 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1050 Calibrating Pressure Transducers 
USBR 1055 Calibrating Differential Pressure Trans-
ducers 
USBR 1455 
USBR 5205 
Quartering 

Calibrating Volume and Drain Tubes 
Preparing Soil Samples by Splitting or 

USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
From Undisturbed Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
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USBR 53 70 Determining Unit Weighc of Cylindrical Soil 
Specimens 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 

4. Summary of Method 

4.1 The back pressure permeability method involves 
attaining a high degree of saturation by increasing the 
pore water pressure (back pressure) of the specimen to 
compress free air in che voids and to increase the amount 
of air that can be dissolved in the pore fluid. End plates, 
with porous inserts , are placed on each end of a specimen. 
A membrane is placed over the specimen and is sealed 
to the end plates. The end plates-with porous inserts­
and the membrar:ie form a flexible-wall permeameter. The 
sealed specimen is then placed in a chamber and is confined 
by pressurized water in the chamber. To maintain a positive 
effective lateral pressure, the chamber (lateral) pressure 
is kept slightly higher than the back pressure. 

4.2 Between application of lateral pressure increments, 
de-aired water (usually under gravity head) flows through 
the specimen while the increased back pressure is 
maintained. This procedure serves a twofold function (1) 
to flush out air remaining in the specimen, and (2) to 
fill the space formerly occupied by air not dissolved in 
the pore water with de-aired water. 

4.3 When Skempton's pore pressure coefficient B is 
determined to be at or above 0.92, a nondischarging special 
falling headwater-rising tailwater permeabilicy test is 
performed. De-aired water-usually under gravity head 
only-is percolated through the specimen from a falling 
head in one head tank (headwater) to a rising head in 
a second head tank (tailwater) of the same nominal size. 
The head ranks and specimen form a closed syscem. The 
test is continued until steady state flow is achieved through 
the specimen. This may require reversing the flow of water 
through the specimen by alternate use of differential heads 
in headwater and railwater tanks. 

4.4 During testing, elevated air pressure (back 
pressure) is maintained over the water in both headwater 
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and cailwacer tanks. The pressure is usually sec equal in 
both ranks co prevent air from coming out of solution 
as water leaves the specimen. However, differential air 
pressures may be sec between the tanks co augment the 
gravity head. 

5. Significance and Use 

5.1 The coefficient of permeability is an important soil 
parameter. Accurate measurement of permeability under 
varying stress conditions is necessary for proper design. 
The back pressure permeability test method allows 
assessment of chis parameter at various combinations of 
effective confining pressure and hydraulic gradients. 
Generally, chis procedure results in a more reliable and 
accurate coefficient of permeability - particularly for fine­
grained soils-than is obtained from falling head or 
constant head tests in rigid-wall permeameters where 
provisions are not available co remove air trapped in the 
soil voids. 

6. Terminology 

6.1 Definitions are m accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Coefficient of Permeability (k).-The rate of 
discharge of water under laminar flow conditions through 
a unit cross-sectional area of a porous medium under a 
unit hydraulic gradient and standard temperature 
conditions (usually 20 °C) (ASTM definition) . 

6.1.2 Hydraulic Gradient (i).-The loss of hydraulic 
head per unit distance of flow, ~H/ ~L (ASTM) . 

6.1.3 Percent Saturation (Sr).-The ratio, expressed 
as a percentage, of (1) the volume of water in a given 
soil or rock mass, to (2) the total volume of intergranular 
space (voids) (ASTM) . 

6.1.4 · Permeability-The capacity of a rock or soil 
co conduct liquid or gas . 

6.1.5 Pore Pressure (u).-Scress transmitted through 
the .pore water (water filling the voids of soil) (ASTM) . 

6.2 Terms not included in USBR 3900 specific co this 
procedure are: 

6.2.1 Back Pressure.-Pressure applied co the pore 
fluid in a specimen co increase the degree of saturation 
by dissolving air in the pore spaces into the pore fluid. 

6.2.2 Effective Pressure.-The numerical difference 
between lateral pressure and back pressure. 

6.2.3 Head-Pressure at a point in a liquid, expressed 
in terms of the vertical distance of the point below the 
surface of the liquid (ASTM). 

6.2.4 Lateral Pressure (confining pressure, cell 
pressure).-Pressure applied co the fluid in a chamber 
surrounding a specimen enclosed in a membrane and end 
plates. 

6.2 .5 Skempton '.s Pore Pressure Coefficient B.-The 
pore pressure coefficient B is the ratio of the increase 
in pore pressure in undrained loading due co an increase 
in lateral pressure. 
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7. Apparatus 

7.1 General Apparatus: 
7.1. l Applicators.-Cotton-tipped applicators, about 

6 inches long. 
7 .1.2 Axial Deformation Indicator.-The axial 

deformation indicator should be a dial indicator o~ LVDT 
(linear variable differential transformer) having 0.001 inch 
resolution and a travel range of at lease 20 percent of 
the initial height of the test specimen. Ocher measuring 
devices meeting these requirements for precision and range 
may be used. The device muse be waterproof. 

7.1.3 Balance or Scale.- Typical balances or scales 
used for chis designation are: 

Application Readable to Approximate capacity 
Moisture content 0. l g 1000 g 
Mass of compacted 

specimen 0.l g 4000 g 

7 .1.4 Basket.-A brass wire basket, No. 6 screen or 
finer, container large enough to hold a 3.25-inch diameter 
by 4-inch high specimen. 

7.1.5 Drying Oven.-An oven, chermosracically 
controlled, preferably of the forced-draft-type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.1.6 Pi Tape.-A scaled pi (1r) cape, 2 to 12 inches 
outside diameter, readable co 0.001 inch. 

7.1.7 Pressure Measurement Device.-Pressure gauge 
or electrical transducer having a capacity 200 lbf/ in2 with 
data acquisition system, accurate to ±0.25 percent of full 
range, and associated electronic equipment. 

7 .1.8 Tubing.-Flexible cubing capable of withstand­
ing a pressure of 200 lbf/in2. Clear flexible tubing should 
be used so that visual inspection confirms that air bubbles 
are not present in the system. 

NOTE 1.-The pressures given in chis procedure are for rest 
sysrems operational in rhe Bureau's Denver Office Georechnical 
Laboratory. Ocher cesc systems may have different pressure 
requirements. 

7.1.9 Wrench.-Torque wrench of 150 fc-lbf capacity 
graduated in 5 fc-lbf increments. 

7 .1.10 Vacuum Pump.-Hand-operated vacuum 
pump having a minimum capacity of 30 inches of mercury. 

7 .1.11 Vacuum Source.-Source co provide vacuum ro 
approximately 20 lbf/in2. 

7.1.12 Water bulb with seem. 
7.2 Equipment Unique to this Procedure (figs. 1, 2, 

and 3): 
7.2. l Pressure chamber assembly (figs. Xl. l and 

Xl.2) .-An aluminum pressure cylinder 14-inches high, 
8-inches i.d. (inside diameter), and 9-inches o.d. (outside 
diameter), rop and bottom caps to fit on the ends of che 
cylinder, two 3.25-inch diameter specimen end plates 
containing porous bronze inserts, plumbing fixtures, and 
an LVDT support bracket. The top and bottom caps are 
held together by four equally spaced tie-down boles. 
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(a) Pressure chamber compo nents-exposed. a) top cap ti e dow n rods (4), 
b) bron ze po rous inse rts, c) tO p end plate, and c.l ) bottom end plate. 

(b) Pressure chamber assembly. a) pressure chamber cylinder, b) LVDT 
support bracket, c) LVDT cas ing, and d) LVDT wiring harness. 

Figure 2. - Back pressure permeability chamber asse mbly components. 

7.2.2 Head Tanks (fig. Xl.3) .- Two sers of plastic 
head tanks; one set conraining rwo each o f 2-inch nominal 
i.d., and a second set conraining two each of L5- mm nominal 
i.d., all head tanks graduated ro 0.1 inch. The head ranks 
should be capable of withstanding 150-lbf/ in 2 pressure. 
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7.2.3 Vacuum Cylinder for Membrane Placement.­
An anodized aluminum cylinder having a valve threaded 
inco a hole in the side. The cylinder is co be large enough 
co fit over a specimen 3.25-inches diameter by about 4-
inches high. 

7.2.4 Gauge Block.-A stainless steel gauge block 
measuring 4.000±0.001 inches long. 

7.2.5 Dial Gi1uge Assembly.- A dial gauge graduated 
to 0.001 inch , with stand, to determine the height of the 
specimen. 

7.2 .6 Plastic End Plates.-Solid plastic end plates , 
about l-inch thick by 3.25-inch di ameter co be placed on 
the specimen ends prior to placemenr of the specimen 
for the permeability rest. 

7.2.7 O-Ring Expander. - Approximarely 3-inch 
diameter split ring-shaped O-ring expander to place O­
nngs on specimen. 

7.2.8 O-Rings. - Two 0.210-inch diameter by 8.22 5-
inch i.d. O-rings co seal rhe caps co the ends of the pressure 
cylinder and four 0.278-inch diameter by 2.984-inch i.d. 
O-rings to seal rhe specimen membrane ro the specimen 
end plates. 

7.2 .9 Specimen Membrnne.-Rubber membrane, 
3.25-inch diameter by 6-inch long, and 0.03-inch thick, for 
placemenr around the specimen. 

8. Reagents and Materials 

8. l Permeilnt Miter.-Tapwater chat is free of acids, 
alkalies, or oils , and suitable for drinking should be used 
for performing the procedure. 

8. l. l De-Aired Water.- Ir is recommended char de­
aired water be used to aid in removing as much air from 
the rest specimen as possible. The water shall be de-aired 
by a vacuum method and scored in a vacuum co prevent 
air from redissolving into the water. 

8.1.2 Calcium Sulfate Solution. - An aqueous solution 
of 0.005 N (normal ) calcium sulfate in distilled water may 
be used for the permeant water. 

8.2 Lubricant. - Heavy consistency, high vacuum, silicon 
lubricant compound for sealing O-rings. 

8. 3 Plasticene Modeling Clay.- Used co hold and seal 
the L VDT core in place. 

9. Precautions 

9. l Safety Prernutions: 
9. l.l Safety glasses must be worn by all personne l 

in the vicinity of back pressure permeability apparatus 
during application of pressure. 

9.1.2 The pressure capacity of the equipment must 
be prominently posted at rhe equipment locations; this 
capacity must nor be exceeded. 

9.1.3 Clear, rigid plastic shields must be attached in 
fro nt of volume tubes and head ranks co protect the operacor 
aga inst flying particles in the event of explosion of 
pressurized equipmenr (see fig . XL.3 ). 

9.1.4 Pressures should be applied slowly to allow 
rime for stresses in rhe equipmenr and specimen to adjust 
and equalize. 
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Figure ',_ - Pre,sure rnnrrol box and data aqui,ition ,ystem for back 
pre::,~ure p<:rme..1bilicy te!>ting. a) prest,urc toncrol box, b~ pressun: _gauge, 
cl pressu re function ,elector. J ) ,uppl)' regul.,tor. e ) l,,ter.d rcgul.1tor, 
f l bouom regulawr, g) top regul.irnr, h ) b,d.,nu.' conrrnls, i) voltmeter 
rcJdout, j) function sdecro r, k) pe riod se lector, anJ I) channe l sclccror. 
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9 . l.5 The fl oor should be kept dry to prevent e lec­
trical shocks to personnel and to minimize s lipping hai;a rd. 

9.2 Technical Precaurions: 
9.2. l Seepage Consolidarion.-Sofr to firm , fin e 

gra ined so il specimens may undergo seepage conso lidation 
when the permeant fluid is perco la ted through the 
specimen. Excessive conso lidation o f the specimen ca n 
resu lt in a coefficient of permeability inaccurate by up to 
two orders of magnitude. 

9.2.2 Soil-Perme:1nr Chemicil f fnreracrion.-Interac­
rio n o f a so il with the permeant fluid should be assessed 
when using laboratory rest results for determining seepage 
under field conditions. 

9.2.3 Tesr Sysrem Le:1kage.-Loss o f permea nr fluid 
from the rest sys tem throug h leakage can result in an 
erroneous coeff icient of permeability. 

9.2.4 Plugging ol Porous Inserr. - Conrinuous fl ow 
from one head tank ro the o ther may move fines from 
the specimen in to the porous insert, thereby reducing rhe 
permeability o f the insert. This ca n resu lt in an e rroneo us 
coefficie nt o f pe rmea bility. 

9.2.5 Due to the effects of sampling, handling, 
processing, and resting on some mater ia ls, results of this 
rest may nor reflecr in -p lace cond itions or the properties 
of the mate ri a l after processing and placement during 
cons truction. Of part icu lar concern are materials such as 
so ft and/o r friabl e decomposed gran ite, sa ndstone, sha le, 
limesto ne, claystone, etc. o r so ils affected by a ir and/ or 
oven drying. Such mater ia ls must be identified before 
processing and the person requesting the rest should ver ify 
whether standard procedures a re to be followed, whether 
mod ifica tio ns are appropr iate, or whether the materials 
should be processed and res ted at a ll. Ca utionary statements 
must be made o n rest data forms and in reporting the 
rest data. 

10. Sampling, Test Specimens, and Test Units 

LO. I Pre pare a rest spec imen as fol lows. 
10. l. L Undisrurbed Specimen: 

IO. l. l. l Prepare a :,.25- inch diameter by i.0-inch 
high undisturbed spec imen in accordance with USBR 52 15. 

NITTE 2.-The top and bottom o f a s pecimen shou ld be 
identified relative to position as oriented in the undisturbed 
sample from which it was cue. Throughout the test, the identity 
shou ld be maintained by numbers or lette rs p laced on the specimen 
membrane. 

I 0.1.1.2 Determine the le ngth , diameter, vo lume, 
and dry mass of the specimen as described in USBR 5370 
o r 52 10. R ecord the va lues of length, volume, and dry 
mass on figure Ii (data sheer 2) lines (e), (f), and (g). 

10.1. l. 3 Sea l the spec imen in a membrane and 
blank end p lates as described in USBR 52 15. 

10. l.2 Compiicred Specimens: 
10.1.2. l Obtain about Ii lbm of dry so il by reducing 

and quar tering in accordance with US BR 5205 . 
l0.1.2.2 Prepa re a 3.25- inch diameter by li.00- inch 

hig h spec imen in acco rdance w ith USBR 5210. Compact 
the speci men in four lifts. 
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1-2412(J-8Q) I BACK-PRESSURE PERMEABILITY - DATA SHEET 2 
l\urcau of Rccl1m11lon . 
SAMPLE NO. 

I 
I SPECIMEN NO 

I 
I PROJECT Example I FEATURE Example 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY 

lnhial seecimen Condition, NOTES: • Subscript L dl?notes initial reading, subscript i denotes any current reading 

let• Length 3.942 In 1/ Constant to convert decimal to percent 

(fl -Volume 32.5 jn3 V Constanl 10 convert in/min 10 It/yr; ( 1 lt/12 in)(60 min/1 hr)(24 h/1 dayl(365 day/1 yr) 

(g) -Ory man 1.940 lbm 
'JI Convert and applied pnuemat1c head to equivalent hydraulic head. add 10 col. l18)Cand 1231 

jh). Specllic gravity 2.62 ~ Temperature Coef!icient, Rr,Rr • 1'1" / "20 

(i). Volume ol 1olid1: (27.68§/ (g/J / (h) 20.496 jr,3 
§/ Constant to convert tt3 to in3: ! 1728 inl / 1113) 

(ii• Volumi, ol voids: 136)2/ Ii) 11.683 in3 [/ CMstant to convert llJt>1 to tt3, 113 m in3; ( 1 113/62.43 lbm)(1728 in3/1 1t3) 

ZJ ValuP. r,.iprr.sents conso1iU,1t>!rl voirl ratio prior to permeability testing 

I I Direction ol Flow Hydraulic Coefficient of 
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0.29 32.21 

0.34 32.16 

0.29 32.21 

0.06 32.44 

0.38 32.54 

0.06 32.44 

0.13 32.37 
-0.44 32.94 

0.13 32.37 

0.29 32.21 

0.34 32.16 

0.29 32.21 
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- - - -

30.97 1047.3. - -
28.50 1138.0I 4.00 1.50 

24.05 1348.6 - -

25.70 1262.0 8.00 2.40 

21.62 1500.2 - -
21.27 1524.9 8.00 2.60 

11.95 2714.1 16.00 5.00 

19.8011638.1 - -
22.72 1427.6 16.00 5.00 

19.27 1683.1 - -
21.03 1542.3 4.00 1.50 

20.17 1608.0 - -
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:t = 0 = iZ I!! :t !:! WC iZ = u:: = u:: = 
in3 in3 In In in3 lbl/in 2 

ltfyr ft/yr ft/yr 

1201 (211 (221 1231 (24) (25) (261 (27) /28) 1291 1301 1311 132) 1331 134) 

- - - - - - - - - - - - - - -

- 2.19 2.84 - - - - - - - - - - - -
- - - 4.00 1.50 2.67 3.78 407 25.0 1.0 0.4 - 1028.5 0.976 2186.2 

2.67 3.76 4.10 - - - - - 25.0 1.0 0.4 1117.6 - 0.976 2375.7 

- - - 4.00 1.50 2.67 3.78 4 07 25.0 1.0 0.4 - 1384.4 0.976 2815.3 

3.33 8.78 8.84 - - - - - 25.0 2.0 0.6 1518.2 - 0.976 1481.8 
- - - 8.00 2.50 3.20 8.84 8.46 25.0 2.0 0.6 - 1745.0 0.976 1703.1 

3.08 8.46 8.53 - - - - - 25.0 2.0 0.7 1715.4 - 0.976 1674.2 

3.20 17.24 17.37 - - - - - 25.0 4.1 1.3 3156.9 - 0.953 3008.5 
- - - 16.0 4.70 3.40 17.56 18.00 25.0 4.1 1.2 - 2004.7 0.953 1910.5 

3.20 17.24 17.37 - - - - ! - 125.0 4.1 1.3 1657.0 - 0.953 1579.1 

- - - 4.00 1.50 2.67 4.08 3.79 25.0 1.0 0.4 - 1652.9 0.953 1575.2 

2.67 3.76 4.10 - - - - - 25.0 i 1.0 0.4 1514.7 - 0.976 1478.3 

- - - 4.00 1.50 2.67 4.08 3.79 25.0 ! 1.0 0.4 - 1579.2 0.976 1541.3 

Figure 4. - Back-pressure permeability - data sheet 2 - example. 
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10.1.2.3 Determine the length, diameter, volume, 
and dry mass of the specimen as described in USBR 5210. 
Record the values of length, volume, and dry mass on 
figure 4 (data sheet 2) lines (e), (f), and (g). 

10.2 Calculate the initial specimen moisture content, 
dry unit weight, void ratio, and degree of saturation as 
described in USBR 5210 (if not already calculated). . 

10.3 Determine the specific gravity of the soil in 
accordance with USBR 5320. Record the value on data 
sheet 2 line (h) (fig. 4). 

11. Preparation of Apparatus 

11.1 De-air the Pressure Chamber Assembly. 
11.1.1 Place about 4 gallons of de-aired water in a 

bucket. 
11.1.2 Verify that the vacuum source to be used is 

working properly. 
11.1.3 Inspect the head tanks for debris. If there is 

residue in the bottom · of the tanks, disassemble and clean 
the tanks . Reassemble the tanks and recalibrate in 
accordance with USBR 1455. (Calibration of drain tubes 
is applicable to head ranks as used in this procedure.) 

11.1.4 Fill the head tanks with de-aired water. 
11.1.4.1 Close all valves in the sys rem (fig. 1) prior 

to initially filling the head tanks. For subsequent filling 
of the head tanks, close valves L and G. 

11.1.4.2 When initially filling the head tanks, open 
valves M, I, Q, 0, P, and R. 

11.1.4.3 Connect a flexible pneumatic hose to 
vacuum source. 

11.1.4.4 Connect the other end of the pneumatic 
hose to the quick connect fitting on the top of the bottam 
end plate head tanks (referred to as "bottom head ranks"). 

11.1.4.5 Turn on the vacuum source. 
11.1.4.6 Fill the bottom head tanks. 

11.1.4.6.1 Place rhe container with de-aired 
water beneath the bottom head tank's drain. Place the 
flexible drain tubing into the de-aired water. 

11.1.4.6.2 Apply vacuum to the de-aired water 
supply and fill the large bottom head tank by opening 
valve N . Fill the large head tank three-fourths full and 
close valves Mand N . 

11.1.4.6.3 Fill the small bottom head tank by 
opening valves K, and N. Fill the small head tank three­
fourths full and close valves Kand N. 

11.1.4.7 Fill the top head tanks. 
11.1.4. 7 .1 Place the container with de-aired 

water beneath the top end plate head tank (referred to 
as "top head tank") drain. Insert the flexible drain tubing 
into the de-aired water. 

11.1.4.7.2 Apply vacuum to the de-aired water 
supply and fill the large top head tank by opening valve 
H. Fill the large head tank three-fourths full and close 
valves I and H . 

11.1.4.7.3 Fill the small top head rank by 
opening valves J and H. Fill the small head tank three­
fourths full and close valves J and H. 
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11. 1.5 Assemble the pressure chamber assembly. 
11.1.5.1 Remove the bronze porous inserts from 

the top and bottom end plates and inspect for soil intrusion. 
Place the insert under a faucet and run water onto the 
insert under intermediate water pressure. Droplets of water 
should collect in the area beneath the stream of water 
from the faucet. If the droplets do not appear, clean or 
replace the inserts. Place the porous inserts back into the 
end plates. 

11.1.5.2 Remove the large O-ring from the bottom 
cap of pressure chamber assembly. Clean the O-ring and 
the O-ring groove. 

11.1.5.3 Coat the O-ring with silicon lubricant and 
insert the O-ring into the groove in the bottom cap. 

11.1.5.4 Place silicon lubricant on the bottom edge 
of the chamber and slide the chamber into the groove 
of the bottom cap. 

11.1.6 Fill the head tank supply lines and pressure 
chamber assembly supply lines with de-aired water. 

11.1.6.1 Disconnect the pnuematic hose between 
the vacuum source and the top of the head tanks at the 
vacuum source. The pneumatic hose to the top of the head 
tank should be open co the atmosphere. 

11.1.6.2 Introduce water from the large top head 
tank to the top end plate and chamber by opening valves 
I and G. 

11.1.6.3 Introduce water from the large bottom 
head tank to the bottom end plate and chamber by opening 
valves M, L, A, and B. 

11.1.6.4 Fill the chamber with de-aired water from 
the head tanks until the top end plate is submerged m 
about 3 inches of water. Close valves G and L 

NOTE 3.-The head tanks will require refilling with de-aired 
water. Close valves G and L and refill the head tanks as described 
in subparagraph 11.1.4. Continue filling the chamber as described 
in subparagraph 11.1.6. 

11.1.7 De-air the pressure chamber assembly supply 
system and end plates. 

11.1. 7 .1 Isolate the head tanks by closing valves 
I and M. 

11.1. 7 .2 Apply a vacuum to the head tanks by 
reconnecting the pneumatic hose to the vacuum source. 

11.1.7.3 Draw water from the chamber through 
the top and bottom end plates into the large head ranks 
by opening valves I and G, and M and L 

NOTE 4.-Do not let the water level in the chamber fall below 
the top of the top end plate. 

11.1.7.4 Close valves M and I. Draw water from 
the chamber through the top and bottom end plates into 
the small head tanks by opening valves K and J. 

11.1.7.5 Close valves K,J, G, and L. Disconnect 
the pneumatic hose from the vacuum source. ,· 

11.1.7.6 Drain water from the head tanks through 
the top and bottom end plates by opening valves M, I, 
G, and L. 
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11.1.7.7 After water is flushed through the end 
plates, close valve G and L. 

11. 1.8 Flush water through the end plates and out 
the end plate drains and pressure transducer drain. 

11.1.8.1 Flush water through the top end plate 
drain by opening valves G and F. Allow water to flow 
for about 15 seconds. Close valves G and F. 

11.1.8.2 Flush water through the bottom end plate 
drain by opening valves L and E. Allow water to flow 
for about 15 seconds. Close valve E. 

11.1.8.3 Flush water through the chamber drain 
by opening valve D for about 15 seconds. Close valve D. 

11.1.8.4 Flush water through the pressure trans­
ducer tree by opening valves B, C, and D. Allow water 
to flow for about 15 seconds. Close valves D and L. 

11. 1.9 De-air the pore pressure transducer. 
11.1.9.1 Close valves A, B, and C. Detach the pore 

pressure transducer from the apparatus. Using a syringe, 
fill the transducer with de-aired water. 

11.1.9.2 Open valve L and slowly open valves A, 
B, and C to allow a small flow of water through the system. 
With water flowing, reattach and secure the transducer. 
Close valves B and C. 

11.2 Initialize and Check the Pressure Transducer Data 
Acquisition System. 

NOfE 5.-This procedure calibrates the pressure transducer 
data acquisition system at the Bureau's Denver Office Geotechnical 
Laboratory for the range-of back pressures applied to the system. 

11.2.1 Turn on the data acquisition system and allow 
to warm up for about 1 hour. 

11.2.2 Set the system voltmeter to "lOV" range 
(fig. 3). 

11.2.3 Set the system scanner to "1 Second Sample 
Periqd." 

11.2.4 Set the function selection knob to "Auto 
Range." 

11.2.5 Select the system channel for monitoring 
pressure transducer output. 

Readout Channels 
Permeability Axial strain Pressure 
System No. (LVDT) transducers 

1 14 15 
2 16 17 
3 18 19 
4 20 21 
5 22 23 

Press the desired system number button on the input 
scanner; Press the "Step" button until the desired channel 
n~mber is displayed in the readout. 

NOfE 6.-"Manual" button remains depressed. 

11.2.6 Verify that all pressure chamber assembly sys­
tem supply valves are closed (valves A, B, C, D, E, and F). 

11.2.7 Check the pressure transducer electronic 
readout. The pressure transducer electronic readout is 
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adjusted to the maximum pressure which can be applied 
to the system. 

11.2.7.1 Adjust the large or small bottom head 
tank to read a convenient level by adding water to or 
draining water from the head tank. Record the water level 
to the nearest 0.1 inch as the Water level in head tank 
as shown on figure 5 line (1) of "Back-Pressure Permeability 
Test-Data Sheet l." 

11.2.7.2 Disconnect the pneumatic hose between 
the vacuum source and head tank sytem (if not already 
done). 

11.2.7.3 Open valve A to the pressure transducer 
tree. 

11.2. 7.4 Verify that valves M and L on the bottom 
head tank are open. 

11.2. 7 .5 Allow the voltage output from the 
pressure transducer to stabilize. If the output is erratic, 
check for a loose connection between the pressure 
transducer wiring harness and plug connecting the data 
acquisition system. If the readings remain erratic, rewire 
and/or replace as necessary. 

11.2.7.6 Measure the height of the water surface 
in the head tank, above the floor, in inches. Record the 
value to the nearest 0.1 inch as the Height of water column 
above floor as shown on figure 5 line (2). 

11.2.7.7 Measure the height from the floor to the 
pressure transducer water-membrane interface in inches. 
Record the value to the nearest 0.1 inch as the Height 
of pressure transducer above floor as shown on figure 5 
line (3). 

11.2.7.8 Calculate difference in height. 

where: 
(4) 

(2) 
(3) 

(4) = (2) - (3) 

height of water column above pressure 
transducer, in 

height of water column above floor, in 
height of pressure transducer above floor, in 

(1) 

Record the value to the nearest 0.1 inch as shown on figure 5 
line (4). 

11.2.7.9 Calculate pressure applied to the trans­
ducer by the water column. 

where: 
Ow 

(4) 
0.0361 

Ow = 0.0361 (4) 

pressure applied to pressure transducer, 
lbf/in2 

(2) 

height of water above pressure transducer, in 
constant pressure in lbf/in2 exerted per inch 

of hydraulic head 

Record the value to the nearest 0.01 lbf/in2 as shown on 
figure 5 line (5 ). 

11.2.7.10 Set the voltmeter readout (in millivolts) 
to the applied pressure (aw) calculated in subparagraph 
11.2.7.9, using the balance control for the system being 
monitored. 

NOfE 7.-The voltage readout is shown on the model HP 
2401C integrating digital voltmeter as one one-thousandth of 
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7-2411 (3-89) BACK-PRESSURE PERMEABILITY TEST 
Des ignation USBR 5610 -JL ~ Bureau of Reclamation DATA SHEET 1 

SAMPLE N). SPECIMEN N). I PROJECT I FEATURE 
I I Example Example 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

SYSTEM N). 5 

(al L VDT Factor 0 .02 (in/Vl 
Small L~ge 

(bl Top head tanl< ~ea (in2l 0.116 3.158 

(cl Bottom head tanl< ~ea (in2l 0.124 3.135 

(dl Head tanl< constant (b) (c),r(bl • (ell (in2l 0.060 I. 573 

Applied Bacl<- Bottom Top L VDT 
Pore pressu-e 

Drection 
Date Tme Temp Coefficient 

Lateral Pressu-e Head Head Reading . of 

.!I Pressu-e Tani< Tani< (4 i l - (4 i- 1l Flow 
(3 i) - (3 j- 1l 

M/DIY H:M:S lbf/in2 lbf /in 2 in in V oc 

(1) (2) (3) (4) (5) (6) (7) (Bl (9) ( 10) 

7/23/89 11:38:05 0 .00 0.00 3 .7 4.3 7.037 -- -- --

11:43:26 5 .07 3.09 4.6 4 .3 6 .795 -- -- --
12:13:0( 10.05 8 ,01 4 . 9 4.4 6.669 -- -- --

12:39:00 20.01 18.03 5.2 4 .5 6.603 - -- --
13:12,00 30.09 28 .00 5 . 5 4 . 5 6.481 -- - --

13:42:0( 40.07 38.08 5.6 4.5 6.379 - - -
14:17:00 59.14 48.29 5.9 10. 1 6.285 - - -

55.33 50.98 -- - -- -- 0.52 --

7/25/89 07:00:QC 54.94 53.54 6.8 10 . 8 6.331 -- -- --

60.07 57.09 -- -- -- - 0 .69 -
7/27/89 07:09=31 60.04 58.23 7.6 11 .6 6.240 - - --

65. 18 63.03 -- - -- -- 0 .93 -

J.I Record in milit~y tme 

• Subscript i denotes cu-rent reading 

Subs er ipt i - 1 denotes any previous reading 

Figure 5. - Back-pressure permeability test - data sheet 1 - example. 
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Pressure Transducer Readout Calibration Data 

(I) Water level in head tank (in) 24.0 

(2) Height of water cohron above floor (in) 56. 5 

(3) Height of Pressu-e transducer above floor (in) 16.4 

(4) Height of water colu-nn above pressu-e transducer: (2) - (3) (in) 40.1 

(5) Pressu-e applied to pressu-e transducer; 0.036 I~/ (4) (lbf/in2) 1.44 

~/ Constant to convert hydraulic head (in) 10 pressu-e (lbflin2) 

Figure 5. - Back-pressure permeability cesr - darn sheet I - example - Continued. 
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the true value, e.g. , 0.150 millivolts equals 150.0 lbf/in2, 

0.003 millivolts equals 3.0 !bf/ in2. 

11.2.7.11 Connect the pneumatic hose attached to 
the head tank system to port number 4 (labeled "Back­
pressure") on the side of the pressure control box. 

11.2.7.12 Turn the pressure control box selector 
co "System number 4" (back pressure). Ensure that the 
toggle on-off switch is on (the valve is open). 

11.2.7.13 Using the pressure regulator, raise the 
back pressure at a rate of 40 to 50 lbf/in2 per minute 
until the maximum system back pressure is reached. 

11.2.7.14 Using the voltage control on the 
voltmeter, adjust the readout to read the sum of the back 
pressure supplied to the system and the pressure applied 
by the water column (e.g., 100 lbf/in2 applied back pressure 
plus 1.45 !bf/ in2 of water pressure equals 0.101±0.001 m V 
output). 

11.2.7.15 Lower the back pressure to zero; 
disconnect the head tank pressure supply line from port 
number 4 on the side of the pressure control box. (The 
head tanks are open to atmospheric pressure.) 

11.2.7.16 Repeat subparagraphs 11.2.7.10 through 
11.2.7.15 until the pressure transducer output is within 
±0.5 lbf/in2 of the limiting pressures. 

11.2.7.17 Close valves A, L, and M. 
11.3 Initialize and Check the Axial Deformation 

Indicator. 
11.3.1 Select the appropriate channel for monitoring 

the LVDT voltage output (refer to subpar. 11.2.5 ). 
11.3.2 Set the "Function" selection switch to "Volt." 
11.3.3 Turn on the signal amplifier for the system 

being used. 
11.3.4 Remove the LVDT core for the test system 

from its storage container. Make sure that the brass core 
extension is screwed tightly to the core. 

11.3.5 Insert the L VDT core all the way into the 
body of the L VDT. (The body is housed in the pressure 
chamber assembly system.) A positive voltage reading of 
about 10.0 to 12.0 volts should be displayed. Slowly remove 
the core. The reading should decrease and become negative. 

NOfE 8.-If chis does nor occur, a problem exists with the 
LVDT or voltmeter. Check the system wiring for loose 
connections. 

11.3.6 Drain water out of the_ pressure chamber 
assembly cylinder by opening ~alve D.· 

11.3.7 Verify that the head tanks are three-fourths 
full with fresh de-aired water. 

11.4 To aid in installing a specimen, remove one of 
the tie down bolts used to secure the pressure chamber 
assembly caps. 

12. Calibration and Standardization 

12. l Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 

using the equipment for this procedure by the following 
appropriate procedure. 

USBR 1000 
USBR 1007 
USBR 1008 
Transformers 

Standards for Linear Measurement Devices 
Calibrating Dial Indicators 
Calibrating Linear Variable Differential 

USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1050 Calibrating Pressure Transducers 
USBR 1055 Calibrating Differential Pressure Trans­
ducers 
USBR 1455 Calibrating Volume and Drain Tubes 

13. Conditioning 

13.1 Water levels are affected by temperature change 
so the back pressure permeability apparatus should be in 
an area of stable temperature. Where significant temper­
ature variation cannot be prevented, temperature correc­
tions are to be used as outlined in paragraph 15. 

14. Procedure 

14.1 All test data are recorded on the "Back-Pressure 
Permeability Test-Data Sheet l" as shown on figures 5 
and 7. 

14.1. l Record the system calibrations: 
• Test system No. 
• LVDT factor to the nearest 0.01 in/V 
• Top head tank areas to the nearest 0.001 in2 

• Bottom head tank areas to the nearest 0.001 in2 

14.2 Place the bronze porous inserts into the top and 
bottom end places with the smooth side out. 

14.3 Place a light coat of silicon lubricant around the 
outside circumference of the bottom end plate. 

14.4 Place the test specimen between the end places. 
14.4.1 Undisturbed or compacted specimens encased 

with membrane, blank plastic end plates, and O-rings 
· follow. 

14.4.1.1 Remove the two O-rings that were placed 
on the bottom blank plastic end plate during specimen 
preparation. 

14.4.1.2 Turn back the membrane at the bottom 
of the soil specimen and remove the blank plastic end 
plate from the specimen. 

14.4.1.3 Remove any material remaining on the 
membrane or the side of the bottom end plate that could 
cause leakage. 

14.4.1.4 Place a light coating of silicon lubricant 
around the circumference of the turned-back portion of 
the membrane. 

14.4.1.5 Carefully place the specimen on the 
bottom end plate attached co the bottom cylinder cap. 

14.4.1.6 Fold the membrane down over the 
bottom end plate. 
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14.4.1.7 Using the O-ring expander, place two O­
rings over the membrane to hold it firmly to the bottom 
end plate. Be careful to avoid disturbing the specimen. 

14.4. 1.8 Place the remaining two O-rings on the 
O-ring expander; slip the expander over the specimen in 
such a position that, when the top end plate is in place, 
the O-ring can be rolled onto the top end plate. 

14.4.1.9 Remove the two O-rings from the top 
of the specimen. Turn down the top of the membrane 
and remove the blank plastic end plate from the specimen. 

14.4.1.10 Remove any material on the rubber 
membrane and on the circumference of tµe top end plate. 
Apply a light coat of silicon lubricant on the circumference 
of the cop end plate and on the turned back portion of 
the membrane. 

14.4.1.11 Carefully position the top end plate on 
cop of the specimen and fold the rubber membrane up 
over the cop end plate. 

14.4.1.12 Slide the O-ring expander up to the edge 
of the cop end plate; roll the O-rings onto the membrane 
to seal the specimen. Remove the O-ring expander. 

14.4.2 Refer t0 USBR 5210 for compacted specimens 
prepared on the bottom end plate using the stand-up 
vacuum mold system. 

14.5 Replace the tie-down bolt that was removed in 
subparagraph 11.4. 

14.6 Place the pressure chamber cylinder on the base 
cap. 

14.6.1 Apply a thin coating of silicon lubricant on 
the large O-ring and insert it into the groove in the bottom 
cap of the pressure chamber assembly. 

14.6.2 Invert the pressure chamber cylinder and 
apply a thin coating of silicon lubricant on the bottom· 
edge. 

14.6.3 Using a syringe, fill the LVDT chamber in 
the pressure chamber cylinder with de-aired water (fig. 6). 

Inverted chamber 

L VDT Core --ttH~---,, 

LVDT Barrel -jlftt-¼-~r--t 
L VDT Harness 

Figure 6. - LVDT placement in back pressure chamber cylinder. 
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14.6.4 Insert the large diameter end of the LVDT 
core all the way into rhe LVDT chamber. 

14.6.5 Check the LVDT voltage output on the 
voltmeter and verify that the reading is approximately equal 
tO that previously determined in subparagraph 11.3.5. If 
the reading is nor within ±1.0 volt of the previous reading, 
the LVDT wiring and connections to the amplifier and 
voltmeter should be checked and repaired as necessary. 

14.6.6 Ensure that the LVDT chamber is full of de­
aired water. Seal the L VDT core to the chamber using 
a ball of plasticiene clay (fig. 6) . 

14.6.7 Invert the pressure chamber cylinder and 
place the bottom edge into the groove in the bottom cap 
of the pressure chamber assembly. 

14.6.8 Rotate the pressure chamber cylinder slightly 
to help ensure a proper seal between the cylinder and 
the bottom cap. 

14.7 Fill the pressure chamber cylinder with de-aired 
water. 

14.7.1 Obtain a bucket of de-aired water and a siphon 
hose. 

14.7.2 Elevate the bucket above the cylinder level; 
put one end of the siphon in the bucket and start the 
warerflow. 

14.7.3 With water flowing in the siphon, attach the 
other end of the hose to the chamber (center) drain tube 
at the bottom of the bottom cap. Leave the hose attached 
tO the drain tube. 

14.7.4 Open valve D so that water flows into the 
cylinder. When the cylinder fills above the LVDT and 
plasricene clay seal, close valve D . 

14.7.5 Remove the plasticene clay and release the 
LVDT core by slowly pushing the clay down from the 
LVDT casing. The tip of the L VDT core is left resting 
on the cop of the top end plate. 

14.8 Set the LVDT voltage readout range on the 
voltmeter. 

14.8.1 Using a small screwdriver, adjust the "zero" 
on the amplifer until the maximum positive voltmeter 
reading is achieved. 

14.9 Open· valve D and continue t0 fill the pressure 
chamber cylinder. Continue filling the cylinder with water 
until the meniscus holds the water slightly above the top 
of the cylinder. Close valve D. 

14.10 Pla<::e and seal the pressure chamber top cap on 
the pressure chamber cylinder. 

14.10.1 Insert a quick connect insert sleeve into the 
quick connection on the top plate to ensure the chamber 
is open tO atmospheric pressure. 

14.10.2 Clean and lubricate the O-ring for the top 
cap of the pressure chamber and place the O-ring in the 
groove in the top cap. Apply a thin coating of silicon 
lubricant on the cop edge of the cylinder. 

14.10.3 Align the four holes in the top cap with 
the four tie down bolts. Slip the top cap over the bolts 
and insert the top edge of the cylinder into the groove 
in the top cap. 

NOfE 9.-If rhe rop cap has nor sealed properly, remove rhe 
cap and repeat subparagraphs 14.9 and 14.10. 
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14.10.4 Put the four nuts on the tie-down bolts and 
hand tighten; then, torque each nut to 25 ft-lbf by sequen­
tially tightening nuts in a crisscross pattern. 

14.10.5 Follow the same nut-tightening pattern and 
torque each bolt to 50 ft-lbf. 

14.11 Check the zero pressure reading and the maxi­
mum back pressure reading on the system as described 
in subparagraph 11.2.7. 

14.12 Take a set of readings at zero lateral and zero 
back pressure. Record the date, time (use military time), 
cop and bottom head tank levels (±0.02 in.), LVDT reading 
(±0.001 volts), and applied lateral and back pressure 
(±0.1 lbf/in2) as shown on figure 5. 

14.13 Saturate the specimen as follows. 
14.13.1 Turn the pressure control box selection to 

system number 2, "Lateral" and verify that the lateral 
pressure equals zero. Ensure that the toggle on-off switch 
is on (the valve is open). 

14.13.2 Attach the lateral pressure supply line to 
the quick connection on the cop cap of the chamber cylinder. 

14.13.3 Attach the lateral pressure supply line co 
the lateral pressure port on the side of the pressure control 
box. 

14.13.4 Using the pressure regulator, apply 5 lbf/ in2 

lateral pressure inside the chamber and monitor the 
pressure using the pressure transducer (close valves A and 
B, open valve C). 

NOTE 10.-lt is important to open and close valves in rhe 
sequence prescribed in this procedure. Reversing or changing 
the sequence could adversely affect rest results. 

14.13.5 Turn the pressure control box selector co 
"Back pressure." 

14.13.6 Monitor the back pressure using the pressure 
transducer (close valve C, open valves A and B); apply 
3 !bf/ in2 back pressure to the back pressure supply system 
using the pressure regulator. 

NOTE 11.-The difference between the applied lateral pressure 
and back pressure should be 2 to 5 lbf/ in2 for most soils. This 
differential should be increased if soils with swell pressures greater 
than 2 lbf/ in2 are rested to prevent the specimen from swelling. 
Never let the back pressure exceed the lateral pressure .-

14.13.7 Allow specimen pore pressure to stabilize. 

NOTE 12.-Time required for the pore fluid to reach an 
equilibrium condition under the applied back pressure can vary 
greatly depending on soil type, initial degree of saturation, and 
size of specimen. Normally, rhe back pressure can be raised to 
60 lbf/ in2 over a period of 30 minutes. 

14.13.8 Take a set of readings as described in 
subparagraph 14.12. 

14.13.9 Increase the lateral pressure to 10 lbf/ in2 

as described in subparagraphs 14.13.1 and 14.13.4. 
14.13.10 Increase the back pressure to 8 lbf/in2 by 

switching the pressure control box selector to the back 
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pressure, and applying back pressure using the pressure 
regulator as described in subparagraph 14.13.6. Allow the 
specimen to stabilize and cake a sec of readings (sub­
par. 14.12). 

14.13.11 Raise the lateral pressure to 20 lbf/in2 and 
the back pressure co 18 lbf/ in2 using the procedures 
described in subparagraphs 14.13.1, and 14.13.4 through 
14.13.6. Take another sec of readings. 

14.13.12 Repeat chis procedure of raising the lateral 
and back pressures in increments of 10 lbf/in2-keeping 
a 2 lbf/in2 pressure differential-until the system is at 
a 60 lbf/ in2 lateral pressure and a 58 !bf/ in2 back pressure. 

14.13.13 Determine Skempton's pore pressure 
coefficient B. Skempcon's coefficient B is determined by 
comparing the change in pore pressure to a change in 
confining (lateral) pressure and is used as an indicacor 
of specimen saturation. As B approaches 1.0, the degree 
of saturation approaches 100 percent. The following steps 
outline the general procedure co determine B. The exact 
method depends on the particular setup and apparatus used. 

14.13.13.1 Isolate the test specimen from the back 
pressure supplied co the head tanks by closing valves A, 
B, L, and G. 

14.13.13.2 Open valve Band read the pore pres­
sure at the bottom end plate using the voltmeter. Record 
the value as the Back pressure as shown on data sheet 
1 col. ( 4) (fig. 5 ). 

NOTE 13.-Be sure to set the voltmeter to the proper channel 
to obtain the reading. 

14.13.13.3 Close valve B to isolate the specimen. 
14.13.13.4 Open valve C and read the applied 

lateral pressure using the voltmeter. Record the value as 
the Applied lateral pressure as shown on data sheet 1 
col. (3) (fig. 5) . 

14.13.13.5 Increase the lateral pressure by 
approximately 10 lbf/in2 using the regulacor on the 
pressure control box and monitoring the increase on the 
voltmeter. 

14.13.13.6 Read the applied lateral pressure on 
the voltmeter, and record the value as shown. Close valve C. 

14.13.13.7 Release and vent the pressure retained 
in the transducer tree by opening and closing valve A. 

14.13.13.8 Open valve B and read the pore 
pressure in the specimen using the voltmeter. Record the 
value in the Back pressure column as shown on the form. 

14.13.13.9 Calculate pore pressure coefficient. 

where: 
B= 

!::,.u = 
tl.03 = 
BP1 = 
LA 
BP2 
LP2 

Skempton's pore pressure coefficient, 
dimensionless 

change in pore pressure, lbf/in2 

change in lateral pressure, lbf/in2 

initial pore pressure, lbf/ in2 

initial lateral pressure, lbf/ in2 

final pore pressure, !bf/ in2 

final lateral pressure, lbf/ in2 

(3) 
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Record rhe value as shown on figure 5 data sheer 1. 
14.13.13.10 If the value of B obtained in subpara­

graph 14.13.12.9 is equal to or greater than 0.92, rhe 
specimen is sufficiently saturated for resting. Proceed to 
subparagraph 14.14. 

14.13.13.11 If the value -of B•· is ·less than 0.92, 
increase the back pressure and maintain a 2 lbf/in2 

differential between the lateral pressure and back pressure 
using the procedures described in subparagraphs 14.13.5 
and 14.13.6. · 

14.13.13.12 Open valves A, L, and G and allow 
·-che ·spe<:imen •CO-stabilize. 

14.13.13.13 Determine another pore pressure 
coefficient value as described in subparagraphs 14.13.13.1 
through 14.13.13.10 until the B value equals or exceeds 
0.92. 

14.14 Apply the desired effective confining pressure 
for resting rhe specimen. The effective confining pressure 
aa is equal to the difference between rhe applied lateral 
pressure and rhe applied back pressure. 

14.14.1 Open valves K and J, and rake a complete 
ser of readings. On a new data sheet record the dare, rime 
(use military time), rop and bottom small head tank levels 
(±0.02 in), LVDT reading (-±0.001 V), applied lateral 
·pressure and back pressure (0.1 !bf/ iri2), .and temperature 
(± 1.0 ° C) as shown on figure 7. 

NOTE 14.-Consolidation of the saturated specimen is 
monitored by collecting pore fluid expelled from the specimen. 
The volume of fluid is measured using the small head tanks 
to maximize the accuracy of the measuremenr. 

14.14.2 Open valves A and G (if nor already open) . 
14.14.3 Increase rhe lateral pressure until the 

difference between rhe lateral pressure and back pressure 
equals rhe desired effective confining pressure. 

14.14.4 Allow the specimen to stablize until the 
small head tank readings and LVDT reading remain 
essentially constant. 

14.14.5 Take a complete sec of readings and record 
the rime, applied lateral pressure, back pressure, bottom 
head tank level, cop head rank level, LVDT reading, and 
temperature (subpar. 14.14.1). 

14.14.6 Calculate the following as described in sub-
paragraph 14.16.3. 

Axial deformation 
Specimen area 
Specimen volume 
Void racio 

Average axial strain 
Specimen volume change 
Dry unit weight 
Void ratio function 

Record the values as shown on figure 4. 
14 .14.7 Calculate consolidated specimen pore 

volume; i.e., volume of voids. 

(4) 
where: 

Vv = volume of voids in specimen, in3 

e = consolidated specimen void ratio, dimensionless 
Vs = specimen solid volume, in 3 
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Record rhe value to the nearest 0.001 on figure 4 data 
sheet 2 li_ne 0). 

14.15 Sec the hydraulic gradient. 
14.15.1 Select the hydraulic gradient(s) for the rests. 

14.15.1.1 The hydraulic gradient should reflect 
field conditions of the situation under study. Generally, 
hydraulic gradients from 1 to 2 cover most field conditions. 
However, using hydraulic gradients of chis magnitude may 
require long periods of time to obtain a sufficient volume 
of permeant fluid co determine rhe coefficient of 
permeability. Ir is possible to reduce che length of time 
required co obtain a cesc resulc by either reducing the length 
(height) of the test specimen, increasing che hydraulic 
gradient, or decreasing che volume of permeant ·fluid 
required to calculate the coefficient of permeability. 

Increasing the hydraulic gradient is appropriate only 
for relatively stiff materials such as compacted emb_a.11l<111enr_ 
or overconsolidaced materials. Softer soils may undergo 
seepage consolidation when exposed to high hydraulic 
gradients and can result in an error in the coefficient of 
permeability of up to two orders of magnitude. 

The following cable is presented as a guideline for 
selecting hydraulic gradients for sciff soils. 

Coefficient of · Suggesred hydraulic 
permeability, ft/yr gradient 

> 1000 l 
100 to 1000 5 

10 to 100 10 
1 to 10 20 

0.1 to 1 50 

14.15.2 Select rhe head tank for che cesc. 
14.15.2.1 Use the following guidelines for 

selecting che size of head tanks for che permeability portion 
of che cesc. 

Coefficient of 
permeability, ft/yr 

> 10 
::; 10 

Size of head 
tank 
large 
small 

These guidelines reflect the volume of permeant 
fluid rhac can accurately be measured to permit computation 
of a coefficient of permeability valid to ± 10 percent. 

14.15.2.2 Close valves Land G to isolate the head 
tanks from the specimen. If the large head tanks are to 
be used, open valves I and M and close valves K .and J. 
If the small head tanks are to be · used, open valves K 
and J and close valves M and I. 

14.15.3 Flow from top head :tank -co- bottom head 
tank follows. 

14.15.3.1. Set the water level .in.the tophead tank 
ac a convenient levet:by·eirber'adding water to or draining 
water from the top head tank. 

14.15.3.1.1 Add water ro the cop head rank as 
follows. 

14.15,3.1.1.1 Release che back pressure from 
the head tank supply system as follows; Jock in the applied · 
back pressure by closing the toggle on-off ·swjcch marked 
"Back-Pressure," and disconnect the pneumatic hose-at.the 
quick connect fitting at the pressure control box. 
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7-2411 (3-89) BACK-PRESSURE PERMEABILITY TEST 
Bureau of Reclamation DATA SHEET 1 

SAMPLE I\IJ. SPECIMEN r--.G. I PROJECT 
I I 

TESTED BY DATE I COMPUTED BY 

SYSTEM I\IJ. 5 ---

(a) L VDT Factor 0.02 

(b) Top head tanK ~ea 

(c) Bottom head tank ~ea 

(d) Head tanK constant (bl (c)/ [ (b) • (c)] 

Applied Back-
Date Tme 

Pressu-e Lateral 

.!.I Pressu-e 

M/0/Y H:M:S lbf/in2 lbf/in2 

(1) (2) (3) (4) 

7/29/89 7:09 :10 85.00 60.00 

8/1/89 8 :23:18 85.00 60.00 

8/2/89 8:00:02 85.00 60.00 

8/2/89 8 :05=07 85 .00 60.00 

8/2/89 8 :36:05 85.00 60.00 

8/2/89 8 :39 :52 85.00 60.00 

8/2/89 9 :08 :22 85 .00 60.00 

8/2/89 9 : 11 : 22 85. 00 60.00 

8/2/89 9 :35:25 85.00 60.00 

8/2/89 9:49:20 85.00 60 .00 

8/2/89 10:15,02 85.00 60.00 

8/2/89 10:20:14 85 .00 60.00 

8/2/89 10:41=51 85.00 60.00 

8/2/89 10:46:5, 85.00 60.00 

8/2/89 11=08:0E 85.00 60.00 

8/2/89 11:56:05 85.00 60.00 

8/2/89 12:18=08 85.00 60.00 

.!I Record in milit~y tme 

• Subscript i denotes cu-rent reading 

Subscript i-1 denotes any previous reading 

Bottom 

Head 

Tank 

in 

(5) 

L 
8.3 

10.0 

10.7 

14.0 

12.7 

10.0 

11 . 2 

14.0 

12.7 

10.0 

12.8 

18.0 

15.3 

10.0 

12 .7 

10.0 

15.5 

Example 
DATE 

(in/ V) 

Top LVOT 

Head Reading 

TanK 

in V 

(6) (7) 

L 
10.8 5.611 

14.0 5.538 

13.1 5.528 

10.0 5 .528 

11. 2 5 .530 

14.0 5.529 

12 .7 5 .531 

10.0 5 .528 

II: 2 5. 529 

18.0 5 .529 

15.2 5 .526 

10.0 5 .525 

12.8 5.526 

18.0 5.527 

15.3 5 .526 

26.0 5.527 

20.5 5 . 527 

Designation USBR 5810 -J:!._ ~ 

I FEATURE 
Example l CHECKED BY DATE 

Small Large 

(in2) 0.116 3.158 

(in2) 0.124 3.135 

(in2) 0 .060 1.573 

Pore pressu-e 
Drect ion 

Temp Coefficient .. of 
(4 i) - (4 i- 1> Flow 
(3 i > - (3 i- 1> 

cc 

(8) (9) ( 10) 

21 

21 r-s 
21 

21 s- T 

21 

21 r- B 

21 

21 s- T 

21 

21 r- B 

21 

21 s- T 

21 

21 r- B 

21 

21 B -- T 

22 

Figure 7. - Back-pressure permeabili ty rest - data sheet I - example - Continued. 
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14.15.3.1.1.2 Connect che pneumatic hose co 
che vacuum source (make sure che vacuum is turned on). 

14.15.3.1.1.3 Place a comainer of de-aired 
water beneath the drain for the cop head tank and place 
the flexible cubing into the de-aired water. 

14.15.3.1.1.4 Open valve H and fill the cop 
head tank co che desired level. 

14.15.3.1.1.5 Close valve H . Disconnect the 
pneumatic hose from the vacuum source and reconnect 
che pneumatic hose co che back pressure pore on che 
pressure control box. Slowly open che toggle switch co 
reestablish pressure in che head tank system. 

14.15.3.1.1.6 Check che level of. water in the 
cop head tank. 

NillE 15.-If che small head tanks are used, use the procedure 
outlined above except close valve I and open valve J. 

14.15 .3.1.2 Drain water from the cop head tanks 
as follows. 

14.15.3.1.2. l Place a container beneath the 
drain associated with the cop head tank. 

14.15.3.1.2.2 Slowly open valve Hand lower 
the water level in the cop head rank co the desired level. 

NillE 16.-If the small head tanks are used, follow rhe above 
procedure but close valve I and open valve J. 

14.15.3.2 Set the water level in the bottom head 
rank. 

14.15.3.2.1 Calculate height of the railwacer in 
the bottom head rank. 

where: 
bottom head tank reading, in 
cop head rank reading, in 

(5) 

Hb= 
H, = 

1 

Lo 
fil; = 

hydraulic gradient selected for test, dimensionless 
initial specimen length, in 
current specimen axial deformation, in 

NorE 17.- For the current configuration of test equipment, 
the measurement system shows increasing measurement units 
(inches) with a decrease in height of water column, e.g. a measured 
value of O inch corresponds with a 76-inch height above datum 
(floor) while a measured value of 40 inches corresponds with 
36-inches height above datum (floor). 

NillE 18.- If hydraulic heads greater than about 40 inches 
(hydraulic gradients greater than about 10) are required , 
differential pressure may be applied through the pneumatic 
pressure supply system. The required pneumatic pressure may 
be determined as follows: 

Calculate head co be supplied by pneumatic pressure. 

Hhp = fiH-40 (6) 
where: 
Hhp = hydraulic head supplied by pneumatic pressure, 

1n 

fiH = coral differential head co be applied, in 
40 = maximum hydraulic head available, in 
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Convert che head co be supplied by pneumatic pressure 
from hydraulic head (inches) co pneumatic pressure 
(lbf/ in2). 

Hp= 0.0361 Hhp (7) 
where: 

Hp = pneumatic head co be applied, lbf/in2 

Hhp = hydraulic head supplied by pneumatic pressure, 
in 

0.0361 = constant, converts 1 inch of head co equivalent 
pneumatic pressure, (0.0361 lbf/in2 = 1 inch 
hydraulic head) 

14.15.3.3 Sec the water level in the bottom head 
tank co the value calculated in subparagraph 14.15.3.2.1 
using che procedure in subparagraph 14.15.4.1 (below). 

14.15.4 Flow from bonom head rank co cop head 
rank follows . 

14.15.4.1 Sec the water level in the bonom head 
rank at a convenient level by either adding water co or 
draining water from the bonom head tank. 

14.15.4.1.1 Add water co the bottom head rank 
as described in subparagraph 14.15.3.1.1. Instead of valve 
H, use valve N for filling che large head tanks. Use valve 
M instead of I and valve K instead of J. 

14.15.4.1.2 Drain water from the bottom head 
rank as described in subparagraph 14.15.3.1.2. Use valve 
N instead of valve H. 

14.15.4.2 Set the water level in the cop head tank. 
14.15.4.2.1 Calculate height of cailwacer in the 

cop head tank. 

where: 
H, = 
Hb= 

1 

Lo 
fiL; = 

top head tank reading, in 
bottom head tank reading, in 

(8) 

hydraulic gradient selected for test, dimensionless 
initial specimen length, in 
current specimen axial deformation, in 

14.15.4.2.2 Sec water level in the cop head tank 
co the value calculated in subparagraph 14.15.3.2.1 using 
the procedure in subparagraph 14.15.3.1.2. 

14.15.5 Take a complete set of readings except for 
time as shown on the form (fig. 7). Denote which head 
tank is used (small or large) by writing either an "S" or 
"L'' in from of che first head tank reading. 

14.15 .6 Denote direction of flow through the 
specimen as "T - B" or "B - T' for "cop co bonom" 
or "bottom co cop," respectively, as shown on figure 7 
column (10). 

14.16 Scare che permeability rest. 
14.16.1 Begin each segment of the permeability cesc 

by simultaneously opening valves L and G. Record che 
scare time with the line of data previously recorded in 
subparagraph 14.15.4. 

14.16.2 Terminate each segment of the cesc and 
obtain a complete se·c of data readings when one of che 
following criteria have been met: 

14.16.2.1 Minimum rime intervals required co 
determine coefficient of permeability are : 
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Estimated coefficient 
of permeability, ft/yr 

> 1000 
100 to 1000 

10 to 100 
1 to 10 

0.1 to 1 
<O.l 

Time internal,* 
minutes 

1 
5 

10 
30 

300 
3000 

*Minimum rime required to determine 
coefficient of permeability to within 
±10 percent for a 3.25-inch diameter by 
4.0-inch high specimen under a hydraulic 
gradient of 1 (one). If chis criteria is met, 
close valves L and G. 

NOTE 19.-The rime required to determine the coefficient of 
permeability to within ± 10 percent can be reduced by increasing 
the hydraulic gradient. The reduced rest rime is equivalent to 
the original test time multiplied by the reciprocal of the increased 
hydraulic gradient. 

14.16.2.2 Reduction in Hydraulic Head.-The final 
hydraulic head on the test specimen shall not be less than 
75 percent of the initial hydraulic head. 

14.16.2.2.1 The final hydraulic head on the test 
specimen shall not be less than 75 percent of the initial 
hydraulic head (Hr= 0.75 H;). If this criteria is met, close 
valves L and G. 

14.16.3 Calculate the following quantities from data 
recorded at the beginning and end of each segment of 
the test. 

14.16.3.1 Calculate and record the inflow volume 
to the nearest 0.001 in3 if the small head tanks are used 
and to the nearest 0.01 in3 if the large head tanks are used. 

14.16.3.2 Calculate and record the outflow volume 
to the nearest 0.001 in3 if the small head tanks are used 
and to the nearest 0.01 in3 if the large head tanks are used. 

14.16.3.3 Calculate and record the inflow/ outflow 
ratio to the nearest 0.01. 

14.16.4 Continue the permeability test until inflow/ 
outflow ratio from three successive segments satisfies the 
following criteria. 

0.90 <Qr< 1.10 (9) 

where Qr equals inflow/ outflow ratio, dimensionless. 

NOTE 20.- If the criteria in subparagraph 14.16.2.2 is mer, 
reset the hydraulic head as described in subparagraphs 14.15.3 
or 14.15.4, and continue testing as described in subparagraphs 
14.15.5 through 14.16.4. If the criteria in subparagraph 14.16.2.2 
is nor met, the test may be continued as described in subparagraphs 
14.15.5 through 14.16.4. 

14.16.5 Calculate the following quantity from the 
data recorded at the end of the each segment which satisfied 
the criteria of subparagraph 14.16.4. 

14.16.5.1 Calculate and record the axial deforma­
tion to the nearest 0.001 inch. 

14.16.6 Calculate the following quantities from the 
- data recorded at the end of each segment. 
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14.16.6.1 Calculate and record the axial deforma­
tion to the nearest 0.001 inch. 

14.16.6.2 Calculate and record the axial strain to 
the nearest 0.1 percent. 

14.16.6.3 Calculate and record the specimen area 
to the nearest 0.01 in2. 

14.16.6.4 Calculate and record the speomen 
volume change to the nearest 0.01 in3. 

14.16.6.5 Calculate and record the specimen 
volume to the nearest 0.01 in3_ 

14.16.7 Calculate the following parameters from the 
data recorded on data sheet 1 (fig. 7) and on data sheet 2 
(fig. 4). 

14.16.7.1 Calculate and record the test segment 
duration to the nearest 0.01 min. 

14.16.7.2 Calculate and record the geometric time 
factor to the nearest 0.1 ft/yr. 

14.16.7.3 Calculate and record the initial hydraulic 
head to the nearest 0.02 in. 

14.16.7.4 Calculate and record the final hydraulic 
head to the nearest 0.02 in. 

14.16.7.5 Calculate and record the hydraulic head 
ratio to the nearest 0.01. 

14.16.7.6 Calculate and record the effective 
confining pressure to the nearest 0.1 lbf/in2. 

14.16.7.7 Calculate and record the initial and final 
hydraulic gradients to the nearest 0.1. 

14.16.7.8 Calculate and record the coefficient of 
permeability at the test temperature to the nearest 0.1 ft/yr. 

14.16.7.9 Determine and record the temperature 
correction coefficient to the nearest 0.01 (table 1). 

14.16.7.10 Calculate and record the coefficient of 
permeability corrected to 20 ° C to the nearest 0.1 ft/yr. 

14.16. 7 .11 Calculate and record the dry unit weight 
to the nearest 0.1 !bf/ ft3. 

14.16.7.12 Calculate and record the void ratio to 
the nearest 0.001. 

Table !.-Viscosity of water correction factor versus temperature. From 
Smithsonian Physical Tables, 8th ed., table 17: R, equals viscosity of 
water at test temperature divided by the viscosity of water at 20 °C. 

Temperature 
t, °C 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 

Correction 
factor, R, 

1.301 
1.265 
1.230 
1.197 
1.165 
1.135 
1.106 
1.077 
1.051 
1.025 
1.000 
0.976 

.953 

.931 

.910 

Temperature 
t, °C 

25.0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 

Correction 
factor, R, 

.899 

.869 

.850 

.832 

.814 

.797 

.780 

.764 

.749 

.733 

.719 

.705 

.691 

.678 

.665 
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14.16.7.13 Calculate and record the void ratio 
function to the nearest 0.001. 

14.17 Repeat subparagraphs 14.15 and 14.16 for each 
hydraulic gradient under which the specimen was tested. 

14.18 Repeat subparagraph 14.14 through 14.17 for 
each confining pressure under which the specimen was 
tested. 

15. Calculations 

15.1 Perform all calculations on "Back Pressure 
Permeability" forms; figure 4 data sheet 2, figure 5 data 
sheet 1, and figure 7 data sheet 1 as specified and record 
in the appropriate column or line. 

15.2 All calculations are performed using data recorded 
on data sheet(s) 1 and 2. 

15.3 Axial Deformation [col. (11)].-Calculate axial 
deformation of specimen at any point during the test. 

6.L = a (zo - z;) 
where: 

6.L = axial deformation of specimen, in 
Zo = initial L VDT voltage reading, V 
z; = current LVDT voltage reading, V 
a = LVDT factor, in/V 

(10) 

15.4 Average Axial Strain [col. (12)].-Calculate 
average axial specimen strain. 

6.L; 
Ea = Lo (100) (11) 

where: 
Ea average axial strain, % 

6.L; current axial deformation of specimen, in 
Lo initial specimen length, in 

100 converts from decimal to percent 

15.5 Specimen Area [col. (13)].-Calculate current 
speomen area. 

A; 
Lo - 6.L; 

(12) 

where: 
A; current specimen area, in2 

Vo = initial specimen volume, in3 

15.6 Specimen Volume Change [col. (14)].-Calculate 
specimen volume change due to consolidation. 

where: 
6. V = specimen volume change, in3 

B1 bottom head tank r_eading before consolidation, 
10 

bottom head tank reading after consolidation, in 
area of bottom head tank, in2 

top head tank reading before consolidation, in 
top head tank reading after consolidation, in 
area of top head tank, in2 
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15.7 Specimen Volume [col. (15)].-Calculate specimen 
volume after consolidation. 

where: 
Ve = consolidated specimen volume, in3 

Vo = initial specimen volume, in3 

6. V = specimen volume change, in3 

(14) 

NOfE 21. - If the specimen is consolidated under more than 
one lateral pressure, volume change from consolidation, il V, 
should be subtracted from the previous consolidated volume, Ve, 
co obtain the current consolidated volume. 

15.8 Segment Duration [ col.(16)].-Calculate duration 
of flow through the specimen for each test segment. 

D.t = ts - tr 
where: 

6. t = flow duration, min 
ts = time at beginning of trial, 

day:hour:minute:second 
tr = time at end of trial, d:hr:min:s 

(15) 

Convert from (d:hr:min:s) to minutes and record the 
value to the nearest 0.01 min as shown on the form. 

15.9 Calculate the following test system coefficients. 
(Refer to figures 4, 5, and 7.) 

15.9.1. Head Tank Constant [data sheet l line (d)].­
For the general solution to the flow equation, the constant­
based on areas of the head tanks-for head tanks having 
unequal areas is calculated. 

(16) 

where: 
Ac head tank constant, in2 

At area of top head tank, in2 

Ab area of bottom head tank, in2 

Record the value to the nearest 0.001 in2. 

15.9.2 Volume of Solids [data sheet 2 line (i)].­
Calculate volume of solids in the specimen. 

where: 

27.68 illd 
Vs= 

G 

Vs = volume of solids in specimen, in3 

mJ = dry mass of specimen from line (g), lbm 

(17) 

G = specific gravity of solids in specimen from line h 
27.68= converts pound mass to volume, in3 

15.9.3 Volume of Voids [data sheet 2 line (j)].­
Calculate volume of voids in the specimen. 

(18) 
where: 

Vv = volume of voids in specimens, in3 

e = consolidated specimen void ratio, dimensionless 
Vs = volume of solids in specimen, in3 
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15.10 Geometric-Time Factor [col. (17)].-Calculate 
geometric time parameter for a test segment. 

GT = 4.380 X 104 (Lo~ /j.;} Ac 

where: 
GT = geometric time factor, ft/yr 
Ac = head tank constant, in2 

A = specimen area, in2 

!J. t = flow duration, min 
La = initial specimen length, in 

/J.L; = current specimen axial deformation, in 
4.380 X 104 = converts from in/min to ft/yr 

(19) 

15.11 Determine hydraulic heads and inflow/outflow 
volumes noted in columns (18) through (27). 

15.11.1 Direction of Flow.-Bottom head tank to top 
head tank (see subpar. 14.15.16). 

15.11.1.1 Calculate initial hydraulic head 
[col. (18)]. 

(20) 
where: 

Ha initial hydraulic head, in 
Ta initial top head tank reading, in 
Ba initial bottom head tank reading, in 

NOfE 22.-The calculations represent an increasing measure­
ment value for decreasing hydraulic head. 

15.11.1.2 Calculate final hydraulic head [col. (19)]. 

Hr= Tr- Br 
where: 

Hr = final hydraulic head, in 
Tr = final top head tank reading, in 
Br = final bottom head tank reading, in 

(21) 

15.11.1.3 Calculate hydraulic head ratio [col. (20)]. 

Ha 
Hrbt = Hr (22) 

where Hrbt equals hydraulic head ratio (bottom to top), 
dimensionless. 

where: 
Ab= 

Qlbt = 
Ba= 
Br= 

15.11.1.4 Calculate inflow volume [col. (21)]. 

area of bottom head tank, in2 

inflow volume (bottom to top), in3 

initial top head tank reading, in 
final top head tank reading, in 

(23) 

15.11.1.5 Calculate outflow volume [col. (22)]. 

QObt = At (Ta - Tr) 
where: 

At = area of top head tank, in2 

QObt = outflow volume (bottom to top, in3 

Ta = initial bottom head tank reading, in 
Tr = final bottom head tank reading, in 

(24) 
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15.11.2 Direction of Flow.-Top head tank to bottom 
head tank (see subpar. 14.15.6). 

15.11.2.1 Calculate initial hydraulichead[col. (23)]. 

(25) 
where: 

Ha initial hydraulic head, in 
Ba initial bottom head tank reading, in 
Ta initial top head tank reading, in 

15.11.2.2 Calculate final hydraulic head [col. (24)]. 

Hr= Br - Tr (26) 
where: 

Hr = final hydraulic head, in 
Tr = final top head tank reading, in 
Br = final bottom head tank reading, in 

15.11.2.3 Calculate hydraulic head ratio [col. (25)]. 

Ha 
Hrtb = Hr (27) 

where Hrtb equals hydraulic head ratio (top to bottom), 
dimensionless. 

where: 
At 

Qftb = 
Ta= 
Tr= 

15.11.2.4 Calculate inflow volume [col. (26)]. 

Qltb = At (Tr - Ta) 

area of top head tank, in2 

inflow volume (top to bottom), in3 
initial top head tank reading, in 
final top head tank reading, in 

(28) 

15.11.2.5 Calculate outflow volume [col. (27)]. 

where: 
Ab = area of bottom head tank, in2 

QOtb= outflow volume (top to bottom), in3 
Ba = initial bottom head tank reading, in 
Br = final bottom head tank reading, in 

(29) 

15.12 Effective Lateral Pressure [col. (28)].-Calculate 
effective lateral pressure. 

ai = a3 - Ub (30) 
where: 

ai effective lateral pressure, !bf/ in2 

03 applied lateral pressure, !bf/ in2 

Ub back pressure, !bf/ in2 

15.13 Determine the hydraulic gradients. 
15.13.1 Initial Hydraulic Gradient [col. (29)].­

Calculate initial hydraulic gradient. 

lo 
Ha 

La - /J.L; 
(31) 
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where: 
lo 

Ho= 
Lo= 

!:!.L; = 

initial hydraulic gradient, dimensionless 
initial hydraulic head, (in) 
initial specimen length, in 
current specimen axial deformation, in 

15.13.2 Final Hydraulic Gradient [col. (30)].­
Calculate final hydraulic gradient. 

. _ Hf 
If - Lo - !:!.L; 

where: 
Jf = final hydraulic gradient, dimensionless 

Hf = final hydraulic head, in 

(32) 

15.14 Coefficient of Permeability, kt .-Calculate 
coefficient of permeability at the test temperature. 

15.14.1 Direction of Flow.-Bottom head tank to top 
head tank [ col. (31)]. 

kt= GT lnHrbt 
where: 

(33) 

kt = coefficient of permeability, ft/yr 
GT= geometric time factor, ft/yr 

Hrbt = hydraulic head ratio (bottom to top), 
dimensionless 

15.14.2 Direction of Flow.-Top head tank to bottom 
head tank [ col. (32)]. 

kt = GT In Hrtb 
where: 

kt = coefficient of permeability, ft/yr 
GT = geometric time factor, ft/yr 

Hrth = hydraulic head ratio (top to bottom), 
dimensionless 

(34) 

15.15 Determine and record the temperature correc­
tion factor, Rt. Enter table 1 with the average temperature 
at which the test was run and find the corresponding 
temperature correction factor. Record the value in column 
(33) to the nearest 0.001. 

15.16 Calculate coefficient of permeability corrected to 
20 °C [col. (34)]. 

where: 
k20 coefficient of permeability corrected to 20 °C, 

ft/yr 

(35) 

coefficient of permeability at test temperature, 
ft/yr 

temperature correction factor (see table 1), 
dimensionless 

15.17 Dry Unit Weight [col. (35)].-Calculate dry unit 
weight of the specimen. 

15.17.1 Calculate the dry density of the test specimen. 

1,728 md 
Pd= (36) 
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where: 
Pd= 
md = 
Ve 

1,728 = 

dry density of test specimen, lbm/ft3 
dry mass of specimen, lbm 
consolidated volume of test specimen, in3 
changes in3 to ft3 

15.17.2 Convert the dry density to dry unit weight 
(assume 1 !bf = 1 lbm). Record the value to the nearest 
O.l lbf/ft3 . 

15.18 Void Ratio [col. (36)].-Calculate specimen void 
ratio. 

where: 
e 

Ve 
Vs 
1 

void ratio, dimensionless 
consolidated volume of test specimen, in3 
volume of solids in test specimen, in3 
unity 

(37) 

15.19 Void Ratio Function [col. (37)].-Calculate void 
ratio function. 

e3 

1 + e 
(38) 

where: 
ef = void ratio function, dimensionless 
e void ratio, dimensionless 
1 = unity 

15.20 Inflow/Outflow Ratio [col. (38)).-Calculate 
inflow/ outflow ratio. 

QR = _Ql_ (39) 
QO 

where: 
QR = inflow/ outflow ratio, dimensionless 
QI = inflow volume, in3 

Q O = outflow volume, in3 

16. Report 

16.1 The report is to consist of the following completed 
and checked forms: 

"Back-Pressure Permeability Test-Data Sheet(s)" (figs. 5 
and 7). 
"Back-Pressure Permeability-Data Sheet 2" (fig. 4). 
16.2 A table of summary information and plot of 

coefficient of permeability versus a function of void ratio 
may be presented (figs. 8 and 9). 

16.3 All calculations are to show a checkmark and all 
plotting must be checked. 

17. Background Reference 

Wenzel, L. K., Methods for Determining Permeability 
of Water-Bearing Materials, U.S. Geological Survey, Water­
Supply paper 887, Washington, D.C., pp. 66-68, 1942. 
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X2. COEFFICIENT OF PERMEABILITY DERIVATION 
(Falling Headwater-Rising Tailwater) 

X2.1 Scope 
X2.l.l This appendix describes the derivation of the 

equation used to calculate the coefficient of permeability 
for the falling headwater-rising cailwacer permeamecers 
as derived by L. K. Wenzel. 

X2.l.2 According co Darcy's Law, the quantity of 
water, dQ, chat will flow through the saturated specimen 
in the time, dt, is: 

where: 

dQ = kAH dt 
L 

dQ = incremental flow, V 
dt = incremental time, T 
k = coefficient of permeability, L/T 
A = specimen cross-sectional area, L2 
H = head causing flow, L 
L = specimen length, L 

(X2-l) 

X2. 1.3 The drop in water level, XL, in the left head 
tank (headwater) in time, t, will be: 

X - _Q 
L-

where: 
XL = left head tank drop, L 

Q = coral flow volume, V 

8£ 

aL = left head tank cross sectional area, L2 

(X2-2) 

and the rise in the water level, XR , in the right head 
tank ( tailwater/ collection) will be: 

X - _Q R-
8R 

where: 
aR = right head tank cross-sectional area, L2 

XR = right head tank rise, L 

(X2-3) 

X2.l.4 Given H,· as the initial head and Has the 
head at any subsequent time: 

H; - H = XL+ XR = Q + Q = O (aL + aR) (X2-4) 
8L 8R 8L 8R 

and 

-d = aL+aR dQ 
H 8L 8R (X2-5) 

where dH equals change in head from initial L. 

Note that dH is negative because the head on the 
specimen is decreasing with time. 
Substituting (X2.5) in (X2. l) 

kA dt 
L 

(X2-6) 
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lmegrating yields 

aL aR In H = 
8L+ 8R 

kAt + C 
L 

where C equals integration constant. 

X2.l.5 When t = 0, H= H; 

Substituting (X2.8) in (X2.7) 

(X2-7) 

(X2-8) 

kAt 
L 

aL aR ( In H; ) (X2-9) 
aL+aR 

Rearrange terms 

k = L aL aR ( In HH,t. ) 
At (aL+aR) 

(X2-10) 

X2.l.6 When t = tt, H= Ht 

(X2-11) 

where Ht equals final head on specimen, L. 

le is noted that a similar equation is derived in, 
Permeability Tests With the Permeant Water Under 
Pressure by C. W. Jones, in Bureau of Reclamation Report 
EM-559 (May 23, 1960). 

X2.l.7 In terms of water level readings instead of 
hydraulic heads: 

H; = HLi- HR; (X2-12) 
and 

Ht= Hu- HRt (X2-13) 
then 

k= flL 8R ( L ) I 
aL + 8R Att n 

HLi-HRi 
(X2-14) 

Hu-HRt 

where: 
HL; = initial water level reading, left head tank, L 
Hu = final water level reading, left head tank, L 
HR; = initial water level reading, right head tank, L 
HRt = final water level reading, right head tank, L 

L = specimen length 

X2. l.8 See figures X2. l through X2.3. 
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Figure X2.1.-Falling headwater-rising tailwacer permeability cesc 

schematic. 
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k • A~t Ac En( ~ )] µ I , where A,•(~~~) (in') 

H; • ( B; - T; I - Initial head (in) 

Ht • ( Bt - T;) • Head water drop (in) 

T; • Initial reading top end plote, head tonk (in) 
Tt - Final reading top end plate, head tonk (in) 
B; - Initial reading bottom end plate, head tank (in) 

Bt • Final reading bottom end plate , head tank (in) 
µ 

1 
= T tmperalure correclion 

-~---------------~- ~ -T; 

Figure X2.2.-Falling head permeamecer with rising cailwacer (flow from 
bottom end place co cop end place). 
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k L A lo1 ( H; }'7 h A = (0t"%) (·1n') - W c Ln fit '.J µ t ' w ere c °t+°b 

H; s ( B; - T; ) D Initial head (in) 

Hf= (Bf-T;)- Head water drop (in) 

T; = Initial reading top end plate, head tonk (in) 
Tt = Final reading top end plate. head tonk (in) 
B; - lr,i tiol reading bottom end plate , head tonk (in) 

Bf s Fino I read ing bottom end plate, head tank (in) 

µ t = Temperature curreclior. 

-~----------------.--.,,. - -T; 

6H 

H; 

Bf-.,,,- --.---I------'-

B;- ..,,,- --'--~--

A 

--'--Llisss=~.ss:!.ss:!;I....~~ Bollom ;end plale ; 

Figure X2.3.-Falling head permeameter with rising tailwacer (flow from 
top end plate to bottom end place). 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5615-89 

PERFORMING RADIAL VACUUM PERMEABILITY TEST 
FOR SOIL-CEMENT OR POROUS ROCK 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5615. The number immediately 
following the designation indicates the year of.acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
performing the radial vacuum permeability test on ~oil­
cement or porous rock specimens. This test method is used 
to determine the lateral permeability of cylindrical test 
specimens subjected to a vacuum. This procedure may be 
used ·to determine ·the ·permeability of homogeneous· 
material, or to determine waterflow through a transverse 
joint in the specimen. 

1.2 The procedure requires de-aired water and an 
effluent head under vacuum, which minimizes air 
entrapment in the specimen voids. 

1.3 This procedure also may be used for other materials 
which retain their shape when immersed in water. 
Materials of very low permeability may require smaller 
specimen dimensions to decrease the length of flow through 
the specimens. Also, the amount of vacuum that can be 
applied to the specimen may limit the head that can be 
used to cause a measurable flow of water. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1040 Calibrating Pressure Gauges 
USBR 1050 Calibrating Pressure Transducers 
USBR 1455 Calibrating Volume and Drain Tubes 

3. Summary of Method 

3.1 The coefficient of permeability is determined using 
cylindrically shaped specimens under vacuum and constant 
head. The fluid flows radially inward through the spec­
imen to a 1/2-inch-diameter (13 mm) hole drilled 
lengthwise through the vertical axis of the specimen. After 
the specimen is placed in the chamber, a vacuum is applied 
to the specimen through the centrally drilled hole, and 
the waterflow is measured during a given time interval. 
By knowing the vacuum, constant head, and the flow of. 
water-during a specific time period-the coefficient of 
permeability is determined. 
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4. Significance and Use 

4.1 The. ability to accurately measure permeability 
characteristics of a given specimen is of great importance 
to design engineers. This procedure is to be used for that 
purpose and should be limited to the use of soil-cement 
or porous rock. 

4.2 .Specimens -rhat. erode or change shape .. during 
performance of the test· should not be used. 

5. Apparatus 

5.1 Equipment Unique to This Procedure : 
5.1. l Specimen Container.-A clear plastic cylinder 

with bottom and top plates and water inlets and outlets 
as shown on figures l and 2. The cylinder should be able 
to hold one or more specimens. 

NOfE 1.-An 8-inch-diameter by 8-inch-high (200- by 200-
mm) cylinder is convenient for testing two to four specimens 
at once. This allows for average test results to be obtained. 

5.1.2 Volume Tube.-A glass volume tube with 
graduated marks to obtain volume readings of specified 
accuracy. The tube contains the supply of de-aired water 
for connection to the plastic cylinder to keep the cylinder 
full of water during the permeability test. 

5.1.3 Specimen End Plates.-Plastic end plates having 
a dia"meter equal ro or slightly larger than that of the 
specimen ends. The top end plate is to have a hole in 
the center with a short plastic tube for connecting the 
top end plate, through the top of the plastic cylinder, to 
the vacuum source. Thick-walled plastic or rubber tubing 
is to be used for connections from the test specimen to 
the vacuum source. Use regular plastic or rubber tubing 
to connect the glass volume tube to the plastic cylinder. 

5.1.4 Vacuum Source.-The vacuum is applied by a 
vacuum pump with some means of closely regulating the 
amount of vacuum. 

5.1.5 Vacuum Measurement. Device.-A Bourdon­
type gal!ge, mercury manometer, or transducer capable of 
measuring vacuum sensitive to ±1 inch of water (0.25 kPa). 
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A 

B 

G 
E 

Figure I. - Schematic of radi a l v:icuum permeab ility tesr. A) pressu re 

source :i nd g:i uge, B) g r:1du:1tcd vo lume tube, C) s pec imen cunt3 i1!e r, 

D) s peci men, E) g r:1du ,1tcd effluent con1 ,1iner, F) v,1rn um sou rce and 

g:iuge, C ) specime n end pl ,11<.:s, ,i nd X) v,ilve. 

5. 1.6 Graduared EH!uenr Conr:1iner.- A grad uated 
g lass jar or o ther suitabl e containe r o f l- to 2-ga llon (4-
to 8- lice rs) ca pac ity able to withstand o ne atmosphere of 
pressure. 

6. Reagents and Materials 

6. 1 Distill ed, de-aired wa te r ts to be used whenever 
th e use o f water is req uired. 

7. Precautions 

7. l Safery Precwrions.-Sa fecy g lasses should be worn 
w hen working nea r vacuum and pressu re lines. 

8. Sampling, Test Specimens, and Test Units 

8. 1 Obtain a cy lindrical spec ime n as specified by the 
tes ting progra m. A spec ime n is ge nera lly 4 inches hig h 
by Ii inches ( 100 mm) in diameter. 

8.1.1 A co re o f so il cement may be obtained. Trim 
th e ends with a saw to provide a s lig htly rough surface 
for ceme nting the e nd places to the spec imen. Smooth 
ocher surfaces to remove rough spots that might a ffect 
tes t res ults. 

8 . 1.2 There is no escab l ished procedure for preparing 
the specimen in a mo ld . The exact cr ite ri a depend upon 
tes ting require me nts. 

8.2 Drill a I /2 -inch-diamecer ho le ± I / 8 inch ( 13 ±3 
mm ) through the ve rtica l ax is of the spec ime n. If necessa ry , 
the ho le may be drill ed be fore the spec imen is trimmed. 

8 .3 Meas ure the spec imen and record as shown o n 
fi gure 3. 

8.4 Ceme nt the to ! and bottom e nd places onto the 
spec imen. 
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I 

Figu re 2. - Soil -cement test spec ime n placed in speci men 

conta iner. 

NITTE 2.-The cementing mate ri a l s hou ld be an ad hes ive sea lant 
w hich can be d is tributed eve nl y to cover su rface ir regularit ies 
a nd preven t waterflow between the e nd pla ces and the test s pec­
i1ne n . 

8.5 Take ca re not to plug the ho le throug h the top 
end place w ith cement ing material. A s ma ll rod may be 
inserted through rhe tubing and e nd place when the place 
is pressed into place. Howeve r, make sure the rod ca n 
be removed after the ceme nting mate rial is dry . 

8.6 Allow the ce menting mater ial to dry thoroughly. 

9. Calibration and Standarization 

9. l Ve rify chat eq uipment is cu rre ntl y ca lib rated in 
accordance with the applica ble ca lib ration procedure. If the 
ca librat io n is not current, perform the calibration befo re 
using the equipme nt for this procedure. 
USBR 1040 Calibrating Press ur Gauges 
USBR I 050 Ca librating Press ure Transducers 
USBR 14 55 Ca li brating Vo lume and Drain Tubes 

10. Conditioning 

LO. I Not app lica ble, s pec ia l co nditio ning requirements 
a re not needed for this procedure. 

11. Procedure 

11. All da ta are to be reco rded o n the "R adi a l Vacuum 
Permeab ility Test for So il -Ceme nt or Porous Rock" form 
as shown o n figure 3. 
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7-2326 (l~S) 

I 

RADIAL VACUUM PERMEABILITY TEST 
I Bureau of Reclamation FOR SOIL-CEMENT OR POROUS ROCK Designation USBR 5615 · ~9_ 

SAMPL.E NO. rPECIMEN NO. rROJECT 57G-IO 4 Example 

FEATURE I TESTED BY IOATE !CHECKED BY IDATE 
Example 

Units Units 

Specimen height , t 4.125 in Specimen diameter 4.024 In. 

Hole diameter 0.50 In Volume tube area 0.119 tn.2 

Radius of hole. r 1 
0.25 In Pressure head_ h 0 

3 II. 

Radius of specimen. r2 2 .012 In Vacuum. h -4 It. 

h 0 - h 7 11. 

Elapsed Volume tube Change in Volume a k 
Date Time time reading volume tube reading change 

( sec I ( in. I ( in. I ( fl J ) ( 11 3 /sl ( fl/yr I 

2/ 14 9•36 --- - 0.40 ---- - --- -- - - ----
-4 -8 

12•30 10,440 4.80 4.40 3.03•10 2.90•10 o. 13 

12•35 ---- 4.80 ---- ---- ---- ----
·4 -e 

15•35 10,800 8.60 3.80 2.62•10 2.43•10 0.11 

2/ 15 7•40 ---- 0.60 ---- - .. -- -.. -- -- --
-4 -8 

10•40 10,800 4.90 4 . 30 2.96•10 2. 74•10 0.12 

11 •45 ---- ---- ---- ---- -.. -- ----
·4 -e 

14•45 10,800 9.00 4. 10 2.82•<)0 2.61•10 O. I I 

2116 7•30 ---- 0.20 ---- - -- - -- -- ----
:4 - 8 

10•30 10,800 4.90 4 . 70 3.24• IO 3.00•10 0. 13 

Remarks Average coefficient of permeability of 0.12 f I/yr. 

GPO B48•7CS I 

Figure 3. - Radial vacuum permeability test for soil-cement or porous rock - example. 
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11.2 Place che cesc specimen(s) in che specimen 
container. 

11.3 Assemble che apparatus as shown on figures 1 
and 2. 

11.4 Close the valve at the bottom of the volume cube. 
Fill the volume tube with fresh de-aired, distilled water. 

11.5 Saturate the specimen: 
11.5.1 The specimen is saturated by opening the 

valve at the bottom of the volume cube, which lees water 
into the specimen container. Slowly fill the container and 
saturate the specimen. Allow about 10 minutes to fill the 
container. Open the valve in the vacuum line leading co 
the specimen(s) and apply the specified vacuum. 

11.5.2 Continue the saturation process until water 
has flowed through the specimen into the graduated 
effluent container and until air bubbles in the lines have 
disappeared. 

11.6 Close the valve at the bottom of the volume tube 
and the valve on the vacuum line leading to the spec­
imen(s). 

11.7 Refill the volume tube with water. 
11.8 With the valve between the specimen(s) and 

vacuum source closed, apply the specified vacuum. 
11.9 Record the water level in the volume cube and 

open the valve at the bottom of the volume tube. 
11.10 Record the time and start the test by opening 

the valve between the specimen(s) and the vacuum source. 
11.11 Allow water to flow through the specimen(s) 

until the level in the volume tube has dropped approx­
imately one-fifth the height of che cube. 

11.12 After the required volume rube change, close the 
valve between the specimen(s) and the vacuum source, 
record the rime and volume cube reading. 

11.13 Repeat subparagraphs 11.8 through 11.12 until 
the specified number of trials has been completed. 

NOfE 3.-About five trials are recommended for every filling 
of the volume tube. 

12. Calculations 

12. l Determine the elapsed time. 

T= Tc-T; 
where: 

T = elapsed rime, seconds 
Tc = current time, seconds 
T; = initial time, seconds 

(1) 

12.2 Determine the change in volume tube readings. 

(2) 
where: 

V = change in volume tube readings 
Ve current volume tube reading 
V; = initial volume tube reading 

12.3 Determine the volume change. 

(3) 
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where: 
Vv = change volume 
Av = area of volume tube 
C = constant to convert to appropriate units (ft3 or 

cm 3); when Vis in inches and Av is in square 
inches C= 1,728 and converts Vv to cubic feet 
(when Vis in centimeters and Av is in square 
centimeters, C= 1 and conversion is not 
necessary) 

12.4 Determine the flow rate, Q. 

Q = Vv/ T (4) 

12.5 Determine the coefficient of permeability, k, (for 
a constant head test) (see also fig. 4). 

Q In ( r2) 

k= 
where: 

r1 

2 rr t (ho - h) 

Q = flow rate 
r2 = 
r1 = 

t = 
ho - h 

ho 
h 
7r 

In 

radius of specimen 
radius of hole in specimen 
height of specimen 
head across specimen 
head applied by pressure source 
head applied by vacuum source 
3.14 
natural logarithm to the base e 

TOP SPECIMEN END PLATE 
( PLASTIC) 

BOTTOM SPECIMEN END PLATE 
( PLASTIC I 

Figure 4. - Schematic showing specimen variables. 

(5) 

t 



12.5.1 Inch-Pound Units: 

where: 

Q'ln (!]) 
k = ri 

2rrt'(ho-h) 

k = coefficient of permeability, fr/yr 
t' = specimen height, fr= t/12 

t = specimen height, in 
l2 = change inch ro foor 
Q' = flow rare, fr3/yr = 31,536,000 Q 
Q = flow rare, fr3/s 

31,536,000 = change fr3/s ro fr3/yr 

12.5.2 Merrie Unirs : 

Q' In ( !] ) 
k = _____ r1_ 

2 1r t (ho - h)' 

USBR 5615 

(6) 

(7) 
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where: 

k = coefficient of permeability, cm/s 
Q = flow rare cm3/s 

t = specimen height, cm 
(ho - h)' = 100 (ho - h) 
(ho - h)' = head across sample, cm 

ho - h = head across sample, m 
100 = change m ro cm 

13. Report 

13.1 The report is ro consist of a complered and checked 
"Radial Vacuum Permeability Tesr for Soil-Cement or 
Porous Rock" form (fig. 3). 

13.2 All calculations are co show a checkmark. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

PERFORMING FILTER TESTING 

USBR 5630-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5630. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the laboratory procedure 
for evaluating suitability of a soil material or geotextile 
to perform as a filter. 

1.2 The procedure is applicable for soil intended to 
perform as filters for pipe drains, canal underdrains and 
linings, and filter zones in the foundation and internal 
zonings of earth embankment dams. 

1.3 The procedure is used to determine if a soil or 
geotextile can prevent unrestrained erosion of an adjacent 
material that has a finer particle size distribution, while 
maintaining adequate hydraulic conductivity to prevent 
excess hydrostatic pressure. 

2. Auxiliary Tests 

2.1 Test samples must be prepared in accordance with 
USBR 5205 prior to performing this procedure. The 
moisture content, particle size distribution, liquid limit, 
plastic limit and plasticity index, specific gravity, moisture­
unit weight relationship, and/or minimum and maximum 
index unit weights of the soils must be determined in 
accordance with USBR 5300, 5325 and/or 5330, 5320, 5360, 
5500 and/or 5525, and 5530, respectively. These tests must 
be performed to prepare test specimens and to select 
placement conditions for the filter test. Permeability of 
soils should be determined in accordance with USBR 5600, 
5605, and/or 5610. Durability of soil filter materials should 
be evaluated prior to performing the filter test to identify 
friable materials that could undergo significant particle­
size breakdown due to construction processes and thereby 
diminish their effectiveness as a filter. The Los Angeles 
abrasion test [ 1] 1 and/ or the sand attrition test [2] can 
provide information about the breakdown of a soil filter 
material. The soundness or ability of sands and gravels 
to resist weathering can be determined by sodium sulphate 
testing [3]. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1010 Calibrating Unit Weight Measures 

1 Number in brackets refers to the reference. 
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USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 3000 Using Significant Digits in Calculating and 
Reporting Laboratory Data 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of. Soils 
USBR 5500 Performing Laboratory Compaction of 
Soils - 5.5-lbm Rammer and 18-in Drop 
USBR 5515 Performing Laboratory Compaction of Soils 
Containing Gravel 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 
USBR 5600 Determining Permeability and Settlement 
of Soils [8-in (203-mm) Diameter Cylinder] 
USBR 5605 Determining Permeability and Settlement 
of Soils Containing Gravel 
USBR 5610 Determining Permeability of Soils by the 
Back Pressure Test Method 
USBR 5890 Preparing Laboratory Bentonitic Slurry 
Sample 
USBR 5891 Determining Coarse-Grained Portion of a 
Slurry by the Sand Content Test Method 
USBR 5894 Determining Slurry Viscosity by the Marsh 
Funnel Test Method 
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4. Summary of Method 

4.1 A material-either soil or geotextile-that is 
designated to perform as a filter for a soil material, is 
compacted (soil) or placed (geotextile) in a test cylinder 
at conditions simulating those expected in the field 
application. The soil material, which is to be protected 
from erosion by the filter material, is referred to as the 
"base" material. 

The base material can be tested either as a compacted 
specimen of soil or as a soil-water slurry. If the base material 
is a compacted soil specimen, it can be compacted in a 
solid cylindrical segment and placed on top. of the filter 
material, or it can be placed on top of the filter material 
and then compacted. If the base material is cohesive, 
cylindrical holes are drilled through the compacted base 
specimen to provide seepage paths for base material to 

move into the filter. Water is then percolated downward 
through the compacted base specimen into the filter 
specimen under varying hydraulic heads. If the base material 
is a soil-water slurry specimen, the slurry is placed on 
top of the filter· specimen and water is percolated through 
the slurry base specimen into the filter specimen under 
varying hydraulic heads. 

The filter test configurations are shown on figure 1. 
For both types of base specimens, the volume of effluent 
from the system is measured at varying time intervals and 
recorded; and the visual turbidity of the effluent is 
determined and recorded. The total accumulated effluent 
volume is plotted as a function of total test time. Upon 
completion of testing, the base specimen is excavated and 
the base-filter interface inspected. The filter specimen is 
excavated in layers, and particle size analyses may be 
perfor~ed on portions of the filter specimen. The results 
are integrated into a qualitative assessment of the filter 
specimen performance. 

5. Significance and Use 

5.1 The filter test is performed to obtain data to 
evaluate the performance of a soil or geotextile filter. 

5.2 Test results are both quantitative and qualitative 
and combined to determine the suitability of a soil or 
geotextile filter. 

5.3 Conditions used in the filter test on a cohesive 
base material represent severe field conditions that simulate 
a crack (open seepage path) through the cohesive base 
material directly into the filter material. 

5.4 The test does not ensure or assume that base and 
filter materials are saturated. 

5.5 Filter test results are used to verify filter designs 
or design changes, and to study soil and equipment behavior 
to improve test equipment and techniques. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.1.1 Hydraulic Gradient (1).-Loss in hydraulic head 

per unit distance of flow, t:..H/ t:..L (ASTM definition). 
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Grave 

Filler Test Configurations 

Direction of flow 

Gravel 

Compacled soil or 
slurry base 

Geotexlile 
Ii lier 

Compacted 
soil filter 

-Grovel 

(a) Acrylic Cylinder System (subpar. 8.2. l.l) 

Direction of flow 

I 
I 

ocled Comp 
bose 

soil 

ocled soil Comp 
filler 

Grave I 

(b) Aluminum Cylinder System (subpar. 8.2.1.2) 

Figure 1. - Filter test configurations. 

6.1.2 Percent Compaction.-The ratio, expressed as 
a percentage of: (1) dry unit weight of a soil, to (2) 
maximum dry unit weight obtained in a laboratory 
compaction test (ASTM). 

6.1.3 Percent Saturation (Sr) .-The ratio, expressed 
as a percentage of: (1) the volume of water in a given 
soil or rock mass, to (2) the total volume of intergranular 
space (voids) (ASTM). 

6.1.4 Piping.-The progressive removal of soil par­
ticles from a mass of soil by percolating water leading 
to the development of channels called "pipes" (ASTM). 

6.1.5 Relative Density (Dd) .-The ratio of: (1) the 
difference between the void ratio of a cohesionless soil 
in the loosest state and any given void ratio, to (2) the 
difference between the void ratios in the loosest.and densest 
states. 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2.1 Base Material-The soil that is to be protected 
from erosion and drained by the filter material. 
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6.2.2 Base Specimen.-That portion of the base 
material in contact with the filter specimen. The base 
specimen can be either compacted soil or a soil-water s lurry. 

6.2.3 Effluent.-Fluid discharge from filter test. 
6.2.4 Filter Material-A layer or combination of 

layers of soil and/ or geotexti les designed and insta lled to 
provide drainage, yet prevent movement o f soil particles 
due to flowing water. 

6.2.5 Filter Specimen.-That portion of the filter 
material in contact with the base spec imen. 

6.2.6 FIiter Test Cylinder System.-Refers to the 
cylinder(s) (acrylic or aluminum) in which the specimen 
is placed during performance of the filter test. 

6.2 .7 Geotextile.-A synthetic fabric membrane 
designed to exhibit specific properties in a soil 
environment. 

6.2.8 Gravel Layer. - A layer of fine gravel of minus 
3/8- inch (9.5 mm) U.S.A. Standard sieve size placed in 
the top and bottom of the filter rest cylinder system. 

6.2.9 Particle Size, d15.- The particle size ( in 
millimeters ) of a soi l of which 15 percent by dry weight 
of so il particles are smaller. 

7. Interferences 

7.1 Erroneous flow races and fluctuations in flow rates 
during the rest can result from: 

7.1.1 Changes in the permeant water viscosity 
because of changes in ambient air and/ or water supply 
temperatures. 

7. l.2 Changes in filter specimen permeability 
because of changing percentage of soil saturation caused 
by changes in the filter specimen percent saturation due 
co entrained air absorbed in the water go ing out of solution 
and depositing in soil voids. 

7. l.3 Piping of water between the soil-cylinder 
interface because of poor sealing between the compacted 
specimen and the cylinder wall. 

8. Apparatus 

8.1 General Apparatus: 
8. 1.1 Balance or Srnle. - A typical balance or scale used 

for chis designation muse be readable co 0.1 lbm and have 
a capacity of about I 00 lbm. 

8.1.2 Bags. - 20 and 80 quart (23 and 9 l L), moisture 
proof plastic bags. 

8 . l. 3 Drying Oven. - Thermoscat ically controlled, 
preferably of the forced draft type , a nd capable of 
maintaining a uniform temperature of 230 ± 9 °F 
(1 LO±S 0 C) throughout the drying chamber. 

8. l .4 Mixer.-Eleccrically operated mechanical mixer 
with paddle or wire whisk, 3 to 5 gallon (14 co 23 L) 
capacity. 

8.1.5 Rule. - Engraved metal or hardwood rule, 
calibrated in millimeters. 

8. l.6 Sieve.- U.S.A. Standard series No. 4 (4.75 mm) 
sieve, conforming to the requirements of ASTM E l 1. 

8. l.7 Straightedge.- A stiff metal stra igh tedge, 20 
inches (500 mm) long. The scraping edge muse be beveled 
if it is thicker than l/ 8 inch (3 mm). 
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8.1.8 Tamper.-Mecal camper having a circu lar 
tamping surface and a minimum end area of 12 in 2 (7700 
mm2). 

8.2 Equipment Unique ta This Procedure (fig. 2): 
8.2.1 Filter Test Cylinder System-Two configura­

tions of filter test cy linder systems are available. The type 
of system used depends on several faccors: (a) maximum 
particle size of filter material, (b) type of filter (single 
zone or staged), and (c) amount of base and filter materials 
avai lab le for testing. A discussion of criteria for selecting 
the appropriate cy linder system is included in appendix 
X l. Test equipment is shown on figure 2. 

8.2.1.1 Acrylic Cylinder System: 
8.2.1.l.1 AcrylicCylinderSegments.-12-or lS­

inch high by l l-l / 2-inch diameter by 1/ 4-inch chick clear 
acry lic cy linders l 305- or 381- (high ) by 292- (d ia.) by 
6.3-mm (ch ick) cylinders and 6.3- by 51-mm flanges] hav ing 
1/4-inch chick by 2- inch wide fl anges on both ends. Holes 
equispaced around the perimeter of the flanges allow for 
joining additional cylinder segments and/ or cop or bottom 
places. 

8.2.1.1.2 Top Plate.- A IS-inch diameter by 
1/4-inch (381- by 6. 3-mm) chick clear acrylic place. Holes 
are equispaced around the perimeter of the place for 
fastening to che cylinder segment fl ange. A 1-inch diameter 
NPT (National pipe thread) threaded hole in the center 
of the p lace is plumbed co the constant head tank water 

Fig ure 2. - Filte r tes t cyli nde r sys rem. a) a luminum res t cy linder 
sys re m , b) adjustab le consta nt head tank, c) inflow plumbing, 
d ) ,Kry lic res t cylinder system, and e) o utflow plumbing. 
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supply system, and a 1/4-inch (6.3-mm) diameter NPT 
threaded hole is plumbed to a stopcock valve. 

8.2.1.1.3 Bottom Plate.-A 15-inch diameter by 
1/4-inch (381- by 6.3-mm) thick clear acrylic plate. Holes 
are equispaced around the perimeter of the plate for 
fastening ro the cylinder segment flange. A 1-inch-diamerer 
NPT threaded hole in the center of the plate is plumbed 
ro the outflow system. 

8.2.1.2 Aluminum Cylinder System: 
8.2.1.2.1 Aluminum Cylinder.-A 23-1/2-inch 

high by 17-3/4-inch diameter by 1/4-inch thick aluminum 
cylinder (597- (high) by 451- (dia.) by 6.3-mm (thick) 
cylinder]. The bottom plate is welded to rhe cylinder, and 
a 1-inch-diamerer NPT threaded hole is located in the 
center of the bottom plate. The hole is plumbed to the 
outflow system. The top of the cylinder has a 1/4-inch 
thick by 1-3/4-inch (6.3- by 44-mm) wide flange; holes 
are equispaced around the perimeter of the flange to allow 
for joining the top plate. 

8.2.1.2.2 Top Plate.-A 22-inch diameter by 
1/4-inch (559- by 6.3-mm) thick aluminum plate. Holes 
are equispaced around the perimeter of rhe · plate for 
fastening to rhe cylinder flange . A 1-inch-diamerer NPT 
threaded hole in the center of the plate is plumbed to 
the constant head water supply system. 

8.2.2 Inflow System: 
8.2 .2.1 Constant Head Water Supply Tank-A 

water tank system that controls water inflow by a flat 
valve and overflow tube. The supply tank is mounted so 
it can be moved in the vertical direction. 

8.2.2.2 Plumbing.-Consisting of flexible tubing, 
pipe, elbows, reducers, and valves to provide (a) a shutoff 
valve for rhe constant head water suvply tank, and (b) 
a stopcock valve for de-airing rhe inflow plumbing system. 

8.2.3 Outflow System Plumbing.-Pipe, elbows, 
reducers, valves, and flexible tubing required to provide 
(a) a shutoff valve for the outflow system, (b) a stopcock 
valve for de-airing the outflow plumbing system, and (c) 
a vertically adjustable tailwater. 

8.2.4 Wire Screens.-A U.S.A. Standard series No. 
30 (600-mm) sieve (wire mesh), 11-1/2 or 17-3/4-inch 
(292- or 451-mm) diameter, and a No. 4 (4.75-mm) sieve 
size wire mesh screen, 11-1/2- or 17-3/4-inch diameter. 

9. Reagents and Materials 

9.1 Tapwarer that is free of acids, alakalies, or oils and 
is suitable for drinking should be used for wetting the 
soil prior to compaction and for percolating through the 
specimen during the test. 

9.2 De-aired water should be used for saturating the 
test specimen prior to performing the filter test. 

10. Precautions 

10. l Safety Precautions: 
10.1. l The surface on which the rest specimen is 

compacted must be strong enough ro support the 
compactive effort. 
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10.1.2 Two persons should move the compacted rest 
specimens to prevent a possible lifting injury. 

10.1.3 This designation may involve hazardous 
materials, operations, and equipment. 

10.2 Technical Precautions: 
10.2. l The filter specimen gravel base should be 

washed ro remove fines before placing. 
10.2.2 The surface of the holes drilled through a 

compacted cohesive base material should be roughened and 
scarified before introducing water into the base material. 

10.2.3 The outflow system should be flushed with 
water ro remove any sediments or air in the system. 

10.2.4 The inflow system should be flushed with 
water to remove any air in the system. 

10.2.5 Due to the effects of sampling, handling, 
processing, and testing on some materials, results of this 
rest may not reflect in-place conditions or the properties 
of the material after processing and placement during 
construction. Of particular concern are materials such as 
soft and/or friable decomposed granite, sandstone, shale, 
limestone, claystone, ere., or soils affected by air and/or 
ovendrying. Such material must be identified before 
processing and the person requesting the rest should verify 
whether standard procedures are to be followed, whether 
modifications are appropriate, or whether the material 
should be processed and tested at all. Cautionary statements 
must be made on rest data forms and in reporting the 
test data. 

11. Sampling, Test Specimens, and Test Units 

11.1 Sample Preparation.-Prepare rest samples of the 
base and filter materials in accordance with USBR 5205. 

11.2 Specimen Preparation: 
11.2.1 Select the proper filter rest cylinder system 

using the guidelines and criteria in appendix Xl. 
11.2.2 Air dry the following quantities of soil (the 

amount depends on filter test cylinder system and filter 
configuration selected): 

11.2.2.1 For the 11-1/2-inch (292-mm) diameter 
acrylic cylinder system (refer to subpar. 8.2.1.1): 

Base material . . . 50 lbm (22.7 kg) 
Filter material ... 100 lbm (45.4 kg) per 

12-inch (305-mm) high 
layer of filter specimen 

11.2.2.2 For the 17-3/4-inch (451-mm) diameter 
aluminum cylinder system (refer to subpar. 8.2.1.2): 

Base material 125 lbm (56.7 kg) 
Filter material . . . 225 Ibm (102 kg) 

NOfE l.- lf there is not enough filter or base material available, 
the thickness of the base and filter specimens can be reduced. 
However, the base specimen should noc be less than 3.1 inches 
(80 mm) thick. 

11.2.3 Prepare the base and filter materials for 
compaction in accordance with USBR 5210. 

11.2.4 Determine the mass of soil required for either 
a compacted or a slurry base specimen and filter specimen 
in accordance with the procedure outlined in appendix X2. 



USBR 5630 

11.2.5 Thoroughly mix the material for each lift of 
filter or base specimen to obtain an even distribution of 
particle sizes and moisture throughout. 

11.2.6 Place each lift of base material in a plastic, 
moistureproof bag, and store in accordance with the 
following standing times: 

Classification 
USER 5005 

GP, SP, GM, GW 
GP-GM, GP-GC, GM-GM, GW-GC 

SP-SM, SP-SC, SW-SM, SW-SC 
SM 

ML, CL, OL, SC 
MH, CH, OH, Pt 

12. Preparation of Apparatus 

Minimum standing 
time, hours 

3 
18 
36 

12.1 Prior to preparing the test apparatus, calibrate 
all necessary equipment according to paragraph 13. 

12.2 Carefully inspect the filter test cylinder system 
selected in subparagraph 11.2.1 , and repair or replace 
damaged parts. Thoroughly remove grease from the flanges 
of the filter test cylinders or cylinder segments, and flush 
the inflow and outflow plumbing systems with water. 

12.3 Assemble the Selected Filter Test Cylinder System: 
12.3.1 Acrylic Cylinder System (refer to subpar. 

8.2.1.1): 
12.3.1.1 Place bottom plate on the cylinder 

support stand and connect outflow plumbing assembly to 
center hole. 

12.3.1.2 Spread a small amount of water-resistant 
sealing grease around the outside perimeter of the cop 
surface of the bottom place. 

12.3.1.3 Place a 15-inch (381-mm) high acrylic 
cylinder segment on the bottom plate, and align the holes. 

12.3.1.4 Insert bolts with washers through the 
holes in the perimeter of the bottom plate and cylinder 
flange. 

12.3.1.5 Fasten the bolts with washers and 
wingnuts; fasten the bolts evenly to compress the sealing 
grease and prevent cracking the flange . Inspect the seal; 
if gaps are visible in the sealing grease remove the cylinder 
segment and repeat subparagraphs 12.3.1.2 through 
12.3.1.4. 

12.3.2 Aluminum Cylinder System (refer to subpar. 
8.2.1.2): 

12.3.2.1 Place che aluminum cylinder on the 
cylinder support stand. 

12.3.2.2 Connect the outflow plumbing assembly 
to the center hole in che bottom of the aluminum cylinder. 

12.4 Place a 3-inch (75-mm) diameter No. 4 (4.75-
mm) sieve size screen over the outflow orifice. 

13. Calibration and Standardization 

13.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibrat"ion procedure. If the 
calibration is nor current, perform the calibration before 
using che equipment for this procedure: 
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USBR 1000 
USBR 1012 
USBR 1020 
USBR 1025 

Standards for Linear Measurement Devices 
Calibrating Balances or Scales 
Calibrating Ovens 
Checking Sieves 

14. Conditioning 

14.1 Place material for each soil specimen as prepared 
in subparagraph 11.1 in a moisrureproof plastic bag (soil) 
or a plastic pail (soil slurry). Store the specimens in 
accordance with minimum standing times outlined in 
subparagraph 11.2.6. 

15. Procedure 

15.1 All data are to be recorded on the "Filter Test 
Configuration Data" forms (figs. 3, 5, and 6; sheets 1, 
2A, and 2B respectively), and on the "Filter Test Flow 
Data" form (fig. 4) . 

15.2 Gravel Base Placement: 
15.2.1 Place the gravel base for the filter specimen 

using washed fine gravel, plus No. 4 (4.75-mm) sieve size 
to minus 3/8-inch (9.5-mm). Place the gravel base to a 
depth of approximately 1-3/16 inches (30 mm) in the 
bottom of the cylinder. Using a cylindrical tamper, 
moderately compact the gravel. 

NITTE 2.-Forceful compaction can cause the gravel base 
material to bulk and displace adjacent to the point of compaction. 
If this occurs, decrease compactive effort until material ceases 
bulking and compacts tightly. 

15.2.2 Place an additional 1-3/16 inches (30 mm) 
of gravel base in the cylinder, and moderately compact 
the gravel. 

15.2.3 Place a circular-shaped No. 30 (600-µm) sieve 
size screen, with a diameter slightly smaller than the 
diameter of the cylinder, over the gravel base. Place a 
1/2-inch (13-mm) diameter string of modeling clay around 
the perimeter of the cylinder on top of the screen. Press 
the clay against the cylinder wall and into the screen to 
make a seal. 

NITTE 3.-The No. 30 (600-µm) sieve size screen prevents 
large quantities of the filter specimen from moving into che 
gravel base when che filter specimen is compacted. However, 
the screen should nor ace as a filter for the filter specimen. 
Plugging of the screen can produce inconsistent results. 

15.2.4 Place the straightedge across the top cylinder 
segment flange, and measure the depth from the 
staightedge to the top of the wire screen at four places 
around the perimeter of the cylinder and one at the center. 
Record the values to the nearest 0.001 m [on line (1) 
of the form "Filter Test Configuration Data-Sheet l" (fig. 
3)] Depth to top of compacted gravel base and screen, 
m: N, W, S, E, and C Average depth to top of compacted 
gravel base and screen, m. 

15.2.5 Calculate and record to the nearest 0.001 m 
[ on line (2) of the form] Average depth to top a/compacted 
gravel base and screen, m. 
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7-2314 (9-85) I FILTER TEST CONFIGURATION DATA - SHEET 1 I Designation USSR 5630 • 89 Bureau of Reclamation 

PROJECT rEATURE 
Example Example 

TESTED BY 
l°ATE I COMPUTED BY IDATI: rHECKED BY IOATE 

FILTER SPECIMEN PLACEMENT 

Sample No. 61S- 100 Classification SP 

Test Cylinder System Acryl_ic Area 0.0670 (m2l 

(11 Depth to top of compacted gravel base and screen (ml: 

Ev N = 0.288 W= 0.286 S= 0.285 E= 0.287 C= 0.287 

0.28710.592) (21 Average depth to top of compacted gravel base and screen (m) 

(31 Mass of soil per compaction lift of filter specimen (lbml 21.0 

(41 Depth to top of each compacted lift of filter specimen (m): 

Target lift Target depth to Measured depth Average depth 
Lift No. thickness (m) top of lift (m) to top of I ift to top of I ift 

(ml (m) 
(al (bl (cl (dl 

4-1 0.080 0.207 10.512) 0.215,0.209,0.206 0.210 (Q.515) 

4-2 0.080 0. 127 (0.432) 0. 134,0. 130 0.130 0.131 (0.436) 
4.3 0.080 0.047 <0.352) 0.050 0.053 0.053 0.052 (0.357) 
4.4 0.080 -0.033 (0.272) 0.278,0.269 0.278 0.275 

NOTE · Acrylic tube added? ~ Yes D No (If yes, add 0.305 m to values in 4(bl and 4(d)) 

(5) Depth to top of compacted filter specimen (m) 

Ev N= 0.273 W= 0.270 S= 0.279 E= 0.276 C= 0.277 

0.275 (61 Average depth to top of compacted filter specimen (ml 

(7) Height of compacted filter specimen (ml 0.317 

(8) Total wet mass of compacted filter specimen (lbm) 83.9 

(9) Wet unit weight of compacted filter specimen (lbf/ft3 l 111 .9 

(10) Moisture content of compacted filter specimen (%) 0 

(11 l Dry unit weight of compacted filter specimen (lbf/ft3 l 111 .9 

(121 Comments Material compacted dry with moderate effort 

GPO e,e - aes 

Figure 3. - Filter test configuration data - sheet I - example. 
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7-2313 (9-3S) I 
Bureau of R,eclamation FILTER TEST FLOW DATA SHEET 1 Designation USBR.5630 . !_9 _ 

PROJECT 
Example 

'

FEATURE 

Example 

TESTED BY !°ATE 1COMPUTED BY l°ATE lCHl:CKED BY lDATE 

Base Material : Sample No. _________________ _ Filter Material: Sample No. __ 6_1_S_-.:...I 0=-..:..0 ___________ _ 

Type of base specimen Gravel base Comments _________________________ _ 

Hydraulic head (ft) 0. 5, I • 0, 2 • 0 

Time 

(al 

0830 

0840 

~ 
0855 
--
0900 
--
0905 
--
0915 --
0916 
--
0917 

Time 
increment 

(min) 
(b) 

10.0 

10.0 

5.0 

~-0 

1.0 

1.0 

Total 
elapsed ti me 

(min) 
(cl 

10.0 

20.0 

5.0 

10.0 

1.0 

2.0 

Flow Total 
increment flow 

(ml) (ml) 
(d) (el 

Increment 
flow rate 
(ml/min) 

(fl 

Elapsed 
flow rate 
(ml/min) 

(g) 

Comments 

(h) 

0 I o lmr=::r:::r::::rr:r:r:r:trl:tt':tttt::t:t:tt't:tl rrrr1r:m111r:1rm1@::rrn111m:r:r;u@tf:'t:t?tt:t 
20,1001-. 1 

20,700 20,700 2070 2070 Hydraulic Head 

19,950 / I 
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-~--
21,460/ I 

21 ,'!60 21,460 4292 4292 Hydraulic Head 

20,980 / I 
20,980 42,440 4196 4244 = 1.0 fl. 

8370 8370 8370 8370 Hydraulic Head 

8410 16,780 8410 8390 = 2.0 ft. 
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Figure 4. - Filter resr flow dara sheer -: calibration example. 
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7-231S (9-.'IS) I FILTER TEST CONFIGURATION DATA· SHEET 2A 
I 0Hign■t ion USBR 5630 . 89 Buruu of Reclamation (Compacted soil basel 

PROJECT rEATURE 
Example Example 

TESTEO BY IOATE rOMPUTEO BY IOATE ICHECKEO BY IOATE 

BASE SPECIMEN PLACEMENT 

Sample No. 61 S-200 Classification CL 

Test Cylinder System Acr~lic Area 0 .0670 (m2) 

(13) Average depth to top of compacted filter specimen (ml 0.275 

(14) Mass of soil per compaction lift of base specimen (lbm) 10.9 

(15) Depth to top of each compacted lift of base specimen (m): 

Target lift Target depth to Measured depth Average depth 
Lift No. thickness Im) top of lift (m) to top of lift to top of lift 

Im) (ml 
(a) (b) (c) (d) 

15-1 0 .040 0.235 0.240, 0.243, 0.231 0.238 

15-2 0 .040 0. 195 0.203, 0 . 194, 0 .200 0 . 199 

15-3 0.040 0. 155 0.160, 0.155, 0 . 156 0 . 157 
15-4 0 .040 0. 115 0.120, 0 . 115, 0.119 0.1 18 

(16) Depth to top of compacted base specimen (m): 

6J N = 0 . 120 W= 0 . 115 S= 0. 116 E= 0.117 C= 0 . 117 

0 . 117 (17) Average depth to top of compacted base specimen (m) 

(1B) Height of compacted base specimen (m) 0. 158 

(19) Total wet mass of compacted base specimen (lbm) 43 . 5 

(20) Wet unit weight of compacted base specimen (lbf/ftJ) 116 . 4 

(21) Moisture content of compacted base specimen (%) 16.5 

(22) Dry unit weight of compacted base specimen (lbf/ft3) 99 . 9. 

(23) Comments Specimen compacled easlly 

Figure S. - Filter test configuration data - sheet 2A (compacted soil base) - example. 
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7-2316 (9-SS) 

I 

FILTER TEST CONFIGURATION DATA - SHEET 2B 
I Bureau of Reclamation (Soil Slurry Base) Designation USBR 5630 • .!!_9_ 

PROJECT rEATURE 
Example Example 

TESTED BY IDATE I COMPUTED BY IDATE !CHECKED BY IDATE 

BASE SPECIMEN PLACEMENT 

Sample No. 61 S-200 Classification CL 

Te~t cylinder system Acr~lic Area 0_0670 (m2) 

(13) Slurry moisture content (%) 112 

(14) Slurry unit weight (lbf/ftJ) 88-4 

(15) Slurry Marsh funnel viscosity (s) 52 

(16) Depth to top of slurry base (m): 

EB N = 0.118 W= 0.118 S= 0.117 E = 0.117 C= 0.117 

0.117 (17) Average depth to top of slurry base specimen (m) 

(18) Comments Slurr~ did nol aeeear lo hold sand in suspension; required 17 

minutes lo place slurrr, seal lest specimen, and begin flow testing. 

GPO 848-3157 

Figure 6. - Filter test configuration data - sheet 2B (soil slurry base) - example. 
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H = N+W+S+E+C 
a 5 (1) 

where: 
Ha = average depth to top of compacted gravel base and 

screen, m 
N, W, S, E, C = depth to the top of the compacted 

gravel base and screen (locations N, W, S, E, 
and C), m 

15.3 F,irer Specimen Placemenr: 
15.3. l Soil FilrerSpecimen Placemenr: 

15.3.l.l The mass of soil required for each lift 
of filter specimen was predetermined (refer to subpar. 
X2.2.3.8). Record the value to the nearest 0.1 lbm on line 
(3) of the form (fig. 3) Mass of soil per compacrion hfr 
of hirer specimen, lbm. 

15.3.1.2 Calculate the required depth from the top 
of the cylinder flange to the top of each lift; record the 
values to the nearest 0.001 m [on lines 4-1 through 4-4, 
col. (b) of the form] Targer deprh ro rop of hfr, m. 

H1 = Ha- L 
where: 

H1 target depth to top of lift, m 
= average depth to top of compacted gravel base 

and screen, m 
L = target lift thickness, m 

(2) 

15.3.1.3 Uniformly place and evenly distribute the 
mass of soil for each lift of the filter specimen in the 
cylinder on top of the gravel base and screen or preceding 
lift. 

NOfE 4.-Well-graded filter material containing minus 3-inch 
(75-mm) gravel-size particles will segregate if dumped into the 
cylinder and will not produce a uniform specimen. To avoid 
segregation, place the larger pieces of gravel [3/4- to 3-inch (19.0-
to .75-mm) size] by hand; place the remaining material onto 
and around the hand-placed particles, filling the voids. 

15.3.1.4 Compact each lift of the filter specimen 
by hand using a large diameter tamper. Apply moderate 
effort, and distribute the companion blows over the entire 
surface of the lift until a compact soil matrix is obtained. 

NOfE 5.-Forceful compaction can cause the filter material 
to bulk and displace material adjacent to the point of impact. 
Note the occurence of this condition in the space provided for 
Commencs. if the material bulks, it may not be possible to obtain 
the desired placement unit weight (wet or dry) . Determine the 
actual lift thickness. A difference of about 3/ 16 inch (5 mm) 
from target lift thickness affects placement unit weight 
approximately 5 percent greater or less than desired placement 
unit weight. The engineer responsible for the resting program 
shall be contacted and will determine if the deviation from the 
desired placement unit weight is acceptable. 

15 .3.1.5 Place a 1/2-inch (13-mm) diameter string 
of modeling clay around the perimeter of the cylinder on 
the surface of the compacred lift. Press the clay against 
the cylinder wall and into the filter material to make a 
seal. 
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15.3.1.6 Measure the depth from the cop of the 
cylinder flange to the surface of each compacted filter 
specimen lift, in at least three places in the cylinder -
using the straightedge and rule - record the values to 
the nearest 0.001 m [on line (4-1), col. (c) of the form] 
Measured deprh ro top of lift, m. 

NOfE 6.-Because of the uneven surfaces that can occur with 
coarse-grained filters containing gravel, an approximate depth 
may be appropriate co describe the irregular surface. 

15.3.1.7 Calculate an average of the depth values 
recorded in subparagraph 15.3. 1.6, and record the value 
to the nearest 0.001 m [on line (4-1) , col. (d) of the form] 
Average deprh to rop of hfr, m. 

15.3.1.8 Repeat subparagraphs 15.3.1.3 through 
15.3.1.7 for the remaining lifts of the filter specimen. 
Compact the last lift of the filter specimen, and measure 
the depth from the top of the cylinder flange co the surface 
of the compaeted filter specimen at four points on the 
perimeter and one point in the center of the surface. Record 
the values to the nearest 0.001 m [on line (5), of the 
form] Deprh ro rop of compacred filter specimen, m: N, 
W, S, E, and C 

NOfE 7.-If the last compacted lift of the filter specimen will 
clearly exceed the height of the cylinder flange of the acrylic 
cylinder system (refer to subpar. 8.2. l. L), attach a 12-inch (305-
mm) high acrylic cylinder segment to the cylinder system. Seal 
the cylinder flanges with water-resistant grease and fasten the 
cylinders together with bolts (refer to procedures in subpars. 
12.3. 1.2, 12 .3.1.3, and 12.3.1.5). Add 0.305 m to all depth mea­
surements performed in subparagraphs 12.9, 12.10, 15.3.1.2, and 
15.3.1.7. Nore on the data form that the 12-inch (305-mm) high 
cylinder segment was added. 

If the last compacted lift of the filter specimen is less than 
the height of the cylinder flange, place additional filter material 
on top of the compacted filter specimen and compact it. Repeat 
this process until the top of the compacted filter specimen is 
level with the surface of the cylinder flange. 

If the last compacted lift of the filter specimen is level with 
the height of the cylinder flange, proceed co the next step. 

15.3.1.9 Calculate and record to the nearest 0.001 
m · [on line (6) of the form] Average deprh ro rap of 
compacred hirer speoinen, m. 

where: 

Hb = N + W + S + E + C 
5 

(3) 

Hb = average depth to top of compacted filter specimen, 
m 

N, W, S, E, C = depth to the cop of the compacted filter 
specimen (locations N, W, S, E, and C), m 

15.3.1.10 Calculate and record ro the nearest 0.001 
m [ on line (7) of the form] Average heighr of compacred 
filter speoinen, m. 

(4) 

where He equals average height of compacted filter speci­
men, m. 
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15.3.1.11 The total wet mass of filter specimen 
placed was predetermined (refer to subpar. X2.2.3.6). 
Record the value to the nearest 0.1 lbm [ on line (8) of 
the form] Total wet mass of compacted filter specimen, 
lbm. 

15.3.1.12 Calculate and record to the nearest 0.1 
lbf/ft3 [on line (9) of the form] Wet unit weight of 
compacted filter specimen, lb/ft3. 

_ 2.832 X 10-
2 

(1) illt (
5

) 
')'wet - A He 

where: 
')'wet wet unit weight of compacted filter specimen, 

lbf/ft3 
mt total wet mass of filter specimen, lbm 
A area of the cylinder test system, m2 [ A was 

predetermined (refer to subpar. X2.2.3)] 
He average height of compacted filter specimen, m 

2.832 X 10-2 = convert from m3 to ft3 

1 = convert from lbm to lbf 

15.3.1.13 The moisture content of the filter 
material was predetermined (refer to subpar. X.2.2.3.1). 
Record the value [on line (10) of the form] Moisture 
content of compacted filter material, %. 

15.3.1.14 Calculate and record to the nearest 0.1 
lbf/ft3 [on line (11) of the form] Dry unit weight of 
compacted hlter specimen, lbfjft3. 

'Yd= 
Ywet 

1+ w 
100 

where: 
"/d = dry unit weight of compacted filter specimen, 

lbf/ft3 
w = moisture content of filter specimen, % 

100 convert from percent to decimal 

(6) 

15.3.1.15 If the filter specimen height was less 
than or equal to the height of the cylinder flange (see 
note 7), attach a 12-inch (305-mm) high acrylic cylinder 
segment to the cylinder system. Seal the cylinder flanges 
with water-resistant grease; fasten the cylinders together 
with bolts. (Refer to procedures in subpars. 12.3 .1.2, 
12.3.1.3, and 12.3.1.5 and proceed to subpar. 15.4.) 

15.3.2 Geotext1le Filter Placement: 
15.3.2.1 Assemble the acrylic filter test cylinder 

system in accordance with subparagraphs 12.2 and 12.3. 
15.3.2.2 Place a layer of washed fine gravel plus 

No. 4 (4.75 mm) sieve size to minus 3/8 inch (9.5 mm) 
on the bottom of the assembled cylinder to a depth of 
3-1/8 inches (80 mm). Moderately compact the gravel using 
a cylindrical tamper. (See note 2, subpar. 15.2.1 concerning 
moderate compaction.) 

15.3.2.3 Place a 1/2-inch (13-mm) diameter string 
of modeling clay around the perimeter of the cylinder on 
the surface of the gravel layer. Press the clay against the 
cylinder wall and into the gravel to make a seal. 

15.3.2.4 Repeat subparagraphs 15.3.2 .2 and 
15.3.2.3 until the surface of the compacted gravel layer 
is level with the top flange of the cylinder segment. 
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15.3.2.5 Spread a small amount of water-resistant 
sealing grease on the top surface of the cylinder flange. 

15.3.2.6 Place the geotextile filter over the gravel 
and cylinder flange; spread the membrane and remove any 
wrinkles. The geotextile fabric should have a diameter of 
at least 15 inches (380 mm) . 

15.3.2.7 Spread a small amount of water-resistant 
sealing grease on the bottom flange of the 12-inch (305-
mm) high acrylic cylinder segment. Place the cylinder 
segment on top of the membrane. Align the cylinder flange 
holes and perforate the membrane at the flange hole 
locations. 

15.3.2.8 Fasten the cylinder segments with bolts 
as described in subparagraph 12.2.1.5. 

15.4 Filter Specimen Flow Calibration: 

NOTE 8.-The filter specimen flow calibration provides data 
about the flow rate which can be achieved through the test 
equipment and the compacted filter specimen or the geotextile 
filter. The data are helpful in evaluating results of the filter test. 

15 .4.1 All flow calibration data Comments are 
recorded on the "Filter Test Flow Data" form as shown 
on figure 4. 

15.4.2 Attach the de-aired water supply source to 
the out-flow plumbing system. 

15.4.3 Open the stopcock and shutoff valves in the 
outflow system plumbing. 

15.4.4 Open the valve to the de-aired water source, 
and begin to fill the outflow plumbing and filter test cylinder 
system under low hydraulic head [0.5-foot (150-mm) head 
maximum]. 

15.4.5 Close the stopcock valve when all air is flushed 
from the plumbing system and only water emerges from 
the stopcock valve. 

15.4.6 Continue filling the filter test cylinder system 
under low hydraulic head until water covers the surface of 
the filter specimen to a depth of about 2 inches (50 mm). 

15.4.7 Carefully fill the cylinder to the top using tap­
water (avoid disturbing the surface of the filter specimen). 

15.4.8 Fasten the top plate to the cylinder using 
procedures described in subparagraphs 12.3.1.2, 12.3. 1.3 , 
and 12.3.1.5 . 

15.4.9 Open the stopcock and shutoff valves on the 
inflow system plumbing. Continue to fill the cylinder by 
adding water through the outflow system plumbing until 
all air is flushed from the filter test cylinder system and 
only water emerges from the valves in the inflow system 
plumbing. Close the inflow system stopcock and outflow 
system shutoff valve. 

NOTE 9.-The scopcock valve may be located in the inflow 
system plumbing or on the top place of the cylinder system. 

15.4.10 Connect the flexible tubing from the 
constant head water supply system to the inflow system 
plumbing. 

15.4.11 Flush water through the inflow system to 
the shutoff valve until only water emerges from that valve. 
Close the shutoff valve. 
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15.4.12 Set the outflow system tailwater about 2 
inches (50 mm) higher than the tap of the cylinder. 

15.4.13 Raise the adjustable constant head water 
supply tank until the water surface elevation of the supply 
tank is 6 inches (150 mm) above the tailwater elevation. 
Record the difference in elevation on the "Filter Test Flow 
Data" form Hydraulic head, ft. 

15.4.14 Open the outflow system shuroff valve, and 
allow water to percolate through the cylinder system for 
several minutes until the flow stabilizes. 

15.4.15 Watch the water surface elevation in the 
constant head water supply tank. If the water surface 
elevation decreases tO below the level of the overflow rube, 
close the outflow system shuroff valve. Repeat the flow 
calibration procedure beginning with subparagraph 15.4.11. 
Reduce the hydraulic head (difference in headwater and 
tailwater elevations) specified in subparagraph 15.4.13 by 
a facror of 2 and continue with subparagraph 15.4.14. 

NITTE 10.-If the water surface elevation in the constant head 
water supply tank still does not remain stable, record the 
information on the data form in column (h) Comments. 

15.4.16 Watch the clear plastic water supply tubing 
for air bubbles. If air is found, dose .the outflow system 
shuroff valve. Repeat the flow calibration procedure 
beginning with subparagraph 15.4.11. 

15.4.17 Begin collecting effluent from the outflow 
system in a suitably sized container. Record the test starting 
tirpe (use military time) in column (a) Time of the form. 

NITTE 11.-The volume of flow through the cylinder system 
will vary as a function of the permeability of the filter specimen. 
Therefore, judgment should be used in selecting the size of 
containers to be used for collecting the effluent. 

15.4.18 Collect effluent for a convenient time 
interval ranging from l to 10 minutes. Remove the 
container with effluent and replace it with an empty 
container. Record to the nearest 0.1 minute the time·when 
the containers were changed in column (a) Time of the 
form. 

15.4.19 Calculate and record to the nearest 0.1 
minute [in col. (b) of the form] Time increment, min. 

where: 
T= 

Te 
Tb= 

T = Te- Tb (7) 

time increment, hour and minute 
time at end of collection interval, h and min 
time at beginning of collection interval, h and 

min 

15.4.20 Determine the volume of effluent (mL) 
collected during the time increment. 

15.4.20.1 The volume of small flows can be 
measured directly using graduated cylinders. Determine the 
volume of effluent (mL) collected during the time 
increment and record to the nearest 1.0 mL [in col. (d) 
of the form] Flow increment, ml. 

15.4.20.2 Large '(Olumes can be collected in buckets 
and measured directly in graduated cylinders as in 

603 

subparagraph 15.4.20.1, or the mass can be measured and 
the_ volume calculated. Determine the mass of effluent (kg) 
collected in the bucket. Draw a diagonal line in column 
(d) on the form, and record the Flow increment, g value 
to the nearest 0.1 lbm in the space above the diagonal 
line. Convert the mass of water to a volume. 

where: 

V. = mw 
w 

Pw 

Vw volume of water, mL 
Pw density of water equal to 1.0 g/mL 

mw mass of water, g 

(8) 

Record the Flow increment, mL value to the nearest 
10.0 mL in col. (d) below the diagonal line. 

NITTE 12.-The influence of temperature on the density of 
water, for the ranges normally encountered in the laboratory 
(15 to 25 °C), results in a change in calculated volume of less 
than 0.21 percent. Therefore, a density of 1.0 g/mL is sufficiently 
accurate to convert the mass of water to volume. 

15.4.21 Calculate and record to the nearest 0.1 min 
[in col. (c) of the form] Total elapsed time, min. 

(9) 
where: 

Tc tOtal elapsed time, min 
Tep = total elapsed time of previous time increment, 

min 
T = time increment, min 

15.4.22 Calculate and record to the nearest 0.1 min 
[in col. (e) of the form] Total flow, ml. 

where: 
Vt 

Vtp 
V; 

Vi = Vip + V; 

rota I flow, mL 
total flow from previous time increment, mL 
flow increment, mL 

(10) 

15.4.23 Calculate and record to the nearest 1.0 mL/min 
[in col. (f) of the form] Increment flow rate, mL/min. 

(11) 

wh~re Q; equals increment flow rate, mL/ min. 

15.4.24 Calculate and record tO the nearest 1.0 mL/min 
[in col. (g) of the form] Elapsed flow ratemL/min. 

(12) 

where Qe equals elapsed flow rate, ml/min. 

15.4.25 Repeat the procedures in subparagraph 
15.4.18 through 15.4.24 for at least two time increments 
at each hydraulic head at which the filter will be tested. 
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NOTE 13.-lt is possible to "blow" the fines (minus No. 200 
sieve size material) out of the filter specimen during. the 
calibration testing. If the effluent appears cloudy or there is visible 
evidence chat the filter specimen is being cleaned by the 
calibration, discontinue the calibration testing. 

15.4.26 Close the inflow system shutoff. 
15.4.27 Lower the constant head water supply tank 

to the same height as the outflow system tailwater, 
disconnect the constant head water supply tank from the 
inflow system plumbing. 

15.4.28 Open the stopcock valve on the inflow 
system plumbing. 

15.4.29 Drain the cylinder by gradually lowering the 
outflow system tailwater until the cylinder system is drained 
to the gravel base. 

15.4.30 Remove the cylinder top plate from the 
cylinder system. 

15.5 Base Specimen Placement: 
15.5.1 Compacted Soil Base Specimen: 

15.5.1.1 All data are to be recorded on the "Filter 
Test Configuration Data-Sheet 2A (Compacted Soil 
Base)" form as shown on figure 5. 

15.5.1.2 The average depth to the top of the 
compacted filter specimen was previously determined (refer 
to subpar. 15.3.1.7). Record [on line (13) of the form] 
Average depth to top of compacted filter specimen, m 
(fig. 5-sheet 2A). 

15.5.1.3 The mass of soil required for each lift 
of base specimen was previously determined (refer to 
subpar. X2.2.3.8). Record [on line (14) of the form]Mass 
of soil per compaction lift of base specimen, lbm. 

15.5.1.4 The target thickness of the base specimen 
lifts was predetermined (refer to subpar. Xl.2.2). Record 
the lift thickness [on lines (15-1) through (15-4) in column 
(a) of the form] Target lift thickness, m. 

15.5.1.5 Calculate and record to the nearest 0.001 
m [on lines (15-1) through (15-4) in col. (b) of the form] 
Target depth to top of lift, m. 

L 

target depth to top of lift, m 
average depth to top of compacted filter 

speomen, m 
individual lift thickness, m 

(13) 

15.5.1.6 The base specimen may be either 
compacted on top of the soil filter specimen, or compacted 
in a cylinder segment on a hard surface and then placed 
on top of the cylinder segment containing the soil filter 
specimen. Compacting the base specimen on top of the 
filter specimen may cause the filter specimen to compact 
to a unit weight greater than desired for the test. The 
base specimen for use with a geotextile filter material 
should be compacted in a cylinder segment on a hard surface 
and then placed on top of the cylinder containing the 
geotextile filter specimen. 

15.5.1.7 Place and uniformly distribute the soil 
mass for each lift of the base specimen on top of the 

filter specimen or on a hard surface. Compact each lift 
of the base specimen by hand using a large diameter tamper. 
Apply moderate effort and distribute the compaction blows 
over the entire surface of each lift. 

15.5.1.8 Measure the depth from the top of the 
cylinder flange to the surface of each compacted base 
specimen lift, in at least three places-using the 
straightedge and rule-record the values to the nearest 
0.001 m [on line (15-1), col. (c) of the form] Measured 
depth to top of lift, m. 
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15.5.1.9 Calculate an average of the values 
recorded in subparagraph 15.5.1.8; record the depth to the 
nearest 0.001 m [on line (15-1), col. (d) of the form] 
Average depth to top of lift, m. 

15.5.1.10 Scarify and roughen the surface of each 
compacted base lift with a knife. 

15.5.1.11 Repeat subparagraphs 15.5.1.7 through 
15.5.1.10 for the remaining lifts of the base specimen. After 
the last lift is compacted, measure the depth from the 
top of the cylinder flange to the surface of the compacted 
base specimen at four points on the perimeter and one 
point in the center of the surface. Record to the nearest 
0.001 m [on line (16) of the form] Depth to top of 
compacted base specimen, m; N, W, S, E, and C 

15.5.1.12 Calculate and record to the nearest 0.001 
m [ on line ( 1 7) of the form] Average depth to top of 
compacted base specimen, m. 

Hd = N + W + S + E + C 
5 

(14) 

where Hd equals average depth to top of compacted base 
specimen, m. 

15.5.1.13 Calculate and record to the nearest 0.001 
m [on line (18) of the form] Average height of compacted 
base specimen, m. 

where: 
He average height (thickness) of compacted base 

specimen, m 
average depth to top of compacted filter 

specimen, m 
average depth to top of compacted base 

specimen, m 

(15) 

15.5.1.14 The total wet mass of base specimen 
placed was predetermined (refer to subpar. X2.2.3.6). 
Record the value [on line (19) of the form] Total wet 
mass of compacted base specimen, lbm. 

15.5.1.15 Calculate and record to the nearest 0.1 
lbf/ft3 [on line (20) of the form] Wet unit weight of 
compacted base specimen, lbfjft3• 

-2 
_ 2.832 X 10 (1) mt 

Ywet - A He 

where: 
Ywet = wet unit weight of compacted base specimen, 

lbf/ft3 

(16) 
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m, coral wet mass of base specimen, lbm 
A area of the cylinder test system, m2 [A was 

predetermined (refer co subpara. X2.2.3).] 
2.832 X 10-2 = convert from m3 co ft3 

l = convert from lbm co lbf 

15.5.1.16 The moisture content of the base 
material was predetermined (refer co subpar. X2.2.3. l). 
Record the value [on line (21) of "the form] Moisture 
content of compacted base specimen, %. 

15.5.1.17 Calculate and record co the nearest 0.1 
lbf/ft3 [on line (22) of the form] Dry unit weight of 
compacted base specimen, lbf/ft3• 

Ywet 

1+ 
w 

100 
where: 

Yd = dry unit weight of compacted base specimen, 
lbf/ ft3 

w = moisture content of the compacted base 
specimen,% 

100 convert from percent co decimal 

(17) 

15.5.1.18 If the base material is cohesive, perforate 
the compacted base specimen with five 1/2-inch (13-mm) 
diameter holes as prescribed in the following 
subparagraphs. 

15.5.1.18.l Base Specimen Compacted on Top 
of Soil Filter.-Drill five 1/2-inch (13-mm) diameter holes 
through the base specimen using an electric twist drill. 
The holes should extend into the filter specimen about 
1/4 co 1/2 inch (6 co 13 mm). Roughen the sides of the 
holes using a burette cleaner bristle brush. 

NOfE 14.-lt is not practical and/or possible to drill holes 
through some coarse-grained or cohesionless materials. If holes 
are not drilled, record this as Comments on the form. 

15.5.1.18.2 Base Specimen Compacted on Top 
of Geotextile Filter.-Drill five 1/2-inch (13-mm) diameter 
holes into the base specimen using an electric twist drill. 
The holes should penetrate the base co within 1/4 to 1/8 
inch (6 co 3 mm) of the base and geotextile interface and 
should be drilled with extreme care co avoid puncturing 
the geotextile filter. Roughen the sides of the holes using 
a burette cleaner bristle brush. 

15.5.1.18.3 Base Specimen Compacted on a 
Hard Surl1ee.-Drill five 1/2-inch (13-mm) diameter holes 
through the specimen as described in subparagraph 
15.5.1.18. l. Spread a small amount of waterproof grease 
on the bottom flange of the test cylinder segment containing 
the base specimen. Place the cylinder segment on cop of 
the cylinder segment containing either the compacted filter 
specimen or geotextile membrane. Align the flange bolt 
holes. Perforate the membrane through the flange bolt 
holes (geotextile membrane only). Fasten the cylinder 
segments with bolts as described in subparagraph 12.3.1.5. 

Roughen the sides of the hole using a burette 
cleaner bristle brush. 
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15.5.1.19 Record observations made during the 
base specimen placement as Comments on the form. 

15.5.1.20 Place a No. 4 standard sieve size screen, 
with a diameter slightly smaller than the test cylinder, 
on the cop of the compacted base specimen. 

15.5.1.21 Place a layer of fine gravel [plus No. 
4 (4.75 mm) sieve size to minus 3/4-inch (19.0 mm) size] 
over the screen to within 1/4 inch (6 mm) of the cop 
of the cylinder flange and proceed to paragraph 15.6. 

15.5.2 Slurry Base Specimen: 
15.5.2.l All data are co be recorded on the "Filter 

Test Configuration Data-Sheet 2B" (soil slurry base) as 
shown on figure 6. 

15.5.2.2 The slurry moisture content, unit weight, 
and Marsh funnel viscosity were previously determined 
(refer co subpar. X2.2.4.12 through X2.2.4.14). Record the 
values on line (13) of the form Slurry moisture content, 
%; on line (14) Slurry unit weight, lbf/ft3; and on line 
(15) Slurry Marsh funnel viscosity, s. 

15.5.2.3 Thoroughly mix the slurry in buckets 
(prepared in accordance with subpar. X2.2.4). Carefully 
pour the slurry base onto the top of the filter specimen 
from a height of 1 co 2 inches (25 co 50 mm) above the 
filter specimen surface to prevent erosion or disturbance 
of the filter specimen surface. Fill the cylinder with the 
remaining slurry. 

15.5.2.4 Measure the depth from the top of the 
cylinder flange co the surface of the slurry base specimen 
at four points on the perimeter and one point in the center 
of the surface. Record the values to the nearest 0.001 m 
[on line (16) of the form] Depth to top of slurry base, 
m; N, W, S, E, and C 

15.5.2.5 Calculate and record [ on line ( 17) of the 
form] Average depth to top of slurry base specimen, m. 

H.- N+W+S+E+C 
f - 5 (18) 

where Hr equals average depth to cop of slurry base 
specimen, m. 

15.5.2.6 Record any comments regarding the 
placing of slurry base specimen [on line (18) of the form] 
as Comments. 

15.6 Test Cylinder Saturation: 
15.6.1 Compacted Base Speoinen: 

15.6.1.1 Infiltrate the base and filter specimens 
with water using the procedures described in subparagraphs 
15.4.2 through 15.4.7, until the entire filter test specimen 
is thoroughly wetted. 

15.6.1.2 Fasten the cylinder cop plate, flush the 
cylinder and inflow system plumbing, as described in 

subparagraphs 15.4.8 through 15.4.12, and proceed co 
paragraph 15.7. 

15.6.2 Slurry Base Speciinen: 
15.6.2.1 Carefully fill the cylinder co the cop flange 

with water as quickly as possible. Avoid disrupting or 
diluting the slurry, if possible. 

15.6.2.2 Fasten the cylinder cop plate, flush the 
test cylinder and inflow system plumbing as described in 
subparagraphs 15.4.8 through 15.4.12. 



USBR 5630 

15.7 Filter Testing: 
15.7.1 All flow test data and comments are recorded 

on the "Filter Test Flow Data" form shown on figures 
7, 9, and 11. 

15.7.2 Record on the form Hydraulic head, ft under 
which the test is to be performed. 

15 .7.3 Start the test by opening the outflow system 
shutoff valve; record [in col. (a) of the form] Time. 

NOI'E 15.-The volume of flow through the cylinder system 
will vary as a function of the permeability of the base specimen. 
Therefore, judgment should be used in selecting the size of 
containers to be used for collecting the effluent. 

15.7.4 Approximately 1 minute after the test has 
begun, remove the container of effluent and replace it with 
an empty container. 

15.7.5 Record [in col. (a) of the form] TI"me when 
the containers were changed. 

15.7.6 Calculate the time increment, measure the 
flow volume, and calculate flow rates according to 
subparagraphs 15.4.19 through 15.4.25. 

15 .7.7 Comment on the clarity and color of the 
effluent using the following descriptors: 

Clarity ... Clear, slightly cloudy, or cloudy 
Color ... Brown, red, yellow, etc. 

Record [in col. (h) of the form] any unusual behavior 
observed during the test increment, e.g., air lock developed 
in supply tube, water observed leaking from flange 
connections, etc., as Comments. 

15.7.8 Plot the values of incremental flow rate as 
a function of total elapsed time on the "Soil Filter Test" 
form (increment flow rate versus total elapsed time 
summary plot) as shown on figures 8, 10, and 12. 

NOI'E 16.-During the initial time increments of the test, it 
may not be feasible to perform all of the calculations specified 
in subparagraphs 15.4.21 through 15.4.25 within the specified 
rime increment. If there is not sufficient time within the current 
time increment, continue with the next step of the procedure. 
Perform the calculations specified in subparagraphs 15.4.21 
through 15.4.25 as soon as possible. 

15.7.9 Continue collecting the effluent from the 
cylinder system and recording values of time increment 
and effluent volume in accordance with subparagraphs 
15.4.17 through 15.4.25, observing the clarity and color 
of effluent in accordance with subparagraph 15.7.7, and 
plotting the test data in accordance with subparagraph 
15.7.8. 

15.7.10 Increase the time increment specified in 
subparagraph 15.7.4 to 2, 4, 10, 20, and 60 minutes for 
subsequent flow measurements. 

15.7.11 Review the increment flow rate versus total 
elapsed time data plotted as shown on figure 8. If the 
data show that a reasonably straight horizontal line has 
been obtained-indicating constant flow rates-the next 
hydraulic head may be applied to the specimen (refer to 
subpar. 15.4.13), and subparagraphs 15.7.4 through 15.7.11 
repeated. If test data are erratic and/or continue to define 
a sloping line, continue collecting effluent according to 
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the procedure specified in subparagraphs 15 .7.4 through 
15.7.9 using a time increment of 60 minutes. 

NOI'E 17.-The filter test should run continuously for 24 
hours per day. The flow rate through the system should be 
recorded if possible. The size of container required to collect 
system effluent for a 16-hour period (overnight) can be estimated 
from the current increment flow rate, Q;. For some filter resrs 
the increment flow rate may be very high; consequently, ir may 
be impractical to collect the effluent overnight. In that case, begin 
collecting effluent the following day using a time increment of 
60 minutes (refer to subpar. 15.7.4 through 15.7.9). Record this 
information [in col. (h) on the form] as Comments (fig. 7). 

15.7.12 Repeat subparagraphs 15.7.2 through 
15.7.11 for each hydraulic head under which the specimen 
is to be tested. 

15.8 Filter Test Specimen Takedown: 
15.8.1 Reduce the hydraulic head on the cylinder and 

drain the base and filter specimens in accordance with 
subparagraphs 15.4.27 through 15.4.29. 

NOI'E 18.-It may not be possible to drain the water from 
a slurry base specimen. 

15.8.2 Disconnect the inflow system supply tubing 
from the top cover plate; disconnect and remove the top 
cover plate from the cylinder system. 

15.8.3 Remove the layer of fine gravel and the No. 4 
(4.75-mm) sieve size screen (compacted base specimen 
only). 

15.8.4 Photograph the surface of the base specimen, 
and record any observations concerning the physical 
appearance of the surface such as cracking, degradation 
of the drilled holes, etc. 

15.8.5 Carefully excavate the base specimen using 
scoops. Place the excavated material into a pan or bucket. 
While excavating the base specimen, record any obser­
vations regarding the consistency and appearance of the 
base material. 

NOI'E 19.-Carefully remove the base material from the 
interface between the base and filter specimens; avoid disturbing 
the interface. 

15.8.6 Carefully clean the base material from the 
base-filter interface. Photograph the surface of the 
interface, and record any comments about the physical 
appearance of the interface. 

15.8.7 Carefully excavate the filter specimen in 1-
to 3-inch (25- to 75-mm) thick layers using a scoop. Place 
each layer in a separate pan. Record any comments about 
the physical appearance of the filter specimen. 

15.8.8 Remove and wash the wire screen and gravel 
base from the bottom of the test cylinder system. 

15.9 Plot the values of elapsed flow rate for the final 
time increment versus hydraulic head for each hydraulic 
head as shown on the "Soil Filter Test" flow data summary 
(fig. 13). 

15.10 Plot the values of total flow versus total elapsed 
time for all time increments for each hydraulic head as 
shown on the "Soil Filter Test" flow data summary (fig. 14). 
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16. Calculations 

16. l All required calculations are included in the 
procedure. 

17. Report 

17.l The report is to consist of the following completed 
and checked forms: 

"Filter Test Specimen and Test Equipment" (fig. Xl.l) . 
"Mass of Soil Required for Filter Test Specimens 
(Compacted base and filter specimens)" (figs. X2. l and/ 
or X2.2) . 
"Filter Test Configuration Data - Sheet l" (fig. 3 ). 
"Filter Test Flow Data" (fig. 4). 
"Soil Filter Test" (increment flow rate versus total 
elapsed time summary plot) (fig. 8). 
"Soil Filter Test" flow data summary plot (fig. 13) . 
"Soil Filter Test" flow data summary plot (fig. 14). 

607 

"Filter Test Configuration Data -Sheet 2A" (compacted 
soil base) (fig. 5). 
"Filter Test Configuration Data - Sheet 28" ' (soil slurry 
base) (fig. 6). 
17.2 All calculations are to show a checkmark and all 

plotting must be checked. 

18. References 

[l] Concrete Manual, 8th ed. rev. reprint, Water and 
Power Resources Service [Bureau of Reclamation], 
Washington, D.C., (appendix - test designation 21), 1981. 

[2] Significance of Tests and Properties of Concrete and 
Concrete Making Materials, ASTM Special Technical 
Publication 169B, 1978. 

[3] Concrete Manual, 8th ed. rev. reprint, Water and 
Power Resources Service [Bureau of Reclamation], 
Washington, D.C., (appendix - test designation 19) 1981. 
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Bureau of Reclamation FILTER TEST FLOW DATA SHEET l Designation USB R 5630 . 89 

PROJECT 

Example 
TESTED BY 

rATE rOMPUTED BY 

Base Material: Sample No. ___ 6:....:l..:S:...-..:2~0=-=0-----------

Type of base specimen Compacted 

Hydraulic head (ft) 0.5 fl. 

Time 

(a) 

0730 

0731 

I 

Time 
increment 

(mini 
(b) 

Total 
elapsed ti me 

(min) 
(c) 

·•···•·•··· ... ········•Y•Y•··································1·········•·❖·•······················:···•··············:········ 

1.0 

I 
1.0 

1.0 2.0 

Flow Total 
increment flow 

(ml) (ml) 
(d) (e) 

0 0 

45 45 

22 67 

rEATURE 
Example 

'DATE rHECKED BY 'DATE 

Filter Material: Sample No. 61 S-100 ---------
Comments __________________________ _ 

Increment 
flow rate 
(ml/min) 

(f) 

Elapsed 
flow rate 
(ml/min) 

(g) 

Comments 

(h) 

tit!tt=ttfifitt=:ttfitt:ttmr:tttilififttititftM&E&EEDtEI@IIftttt:t:t:f: 
45 I 45 

I 
Effluent slightly cloudy 

22 I II 34 II 

L 0132 
13 I I Effluent clear I 2.0 4.0 26 93 23 

0734 

4.0 8.0 33 126 8.3 I 16 II " 
0738 

10.0 18.0 78 204 7.8 I 11 /I II 

0748 

20.0 38.0 148 352 7.4 I 9.3 " " 
0808 

60.0 98,0 450 802 7.5 I 8.2 " " 
0908 

60.0 158.0 460 1262 7.7 8.0 JI " 1008 

- 60.0 218.0 453 1715 7.6 7.9 II II 

1108 

- 60.0 278.0 457 2172 7.6 7.8 I " " 1208 

•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•; •'. ,:,:,:••••••••,.·, ... _..,.. ·•·•·.,.. .. _. ··.:::::::.··.-· ·:•· ._._.•:•::::::•:•::1· ·,•:::•:•:::•:·•:•:::::::•:::,::•:•:::::,:•:::::::•1::::::::::•:::::::::::::::::::::::::::•:::::::::::•:::::J:::::::::::::::::•:::::::::::::::::::::::::::::::::::::::::::::::::1:;::::::::::::::::::::::::::::::::::::•:M, ......... .I. ............ :::::::::::::::.-.:.::.::.•.-.-.-.. ,::::•,:::,::•:••::::•:. :•·.·:•·•:-:-•:.:•:::•:•: :-:-.:.:,:.::.:. •'•'•'•'•'•'•'•'•'•'•:.:, •'•.•.•• 
GPO 848-384 

Figure 7. - Filter test flow data sheet - 0.5 ft head example. 
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7-2313 (9-85) 1 
Buruu or Reclamation FILTER TEST FLOW DATA SHEET I Dnianatlon USBR 5630 - _!l~_ 

PROJECT 

Example rEATlJRE Example 

TESTED BY 'DATE rOMPUTE D BY !°ATE rHE-CKEDBY l°ATE 

Base Material : Sample No. 61 S-200 __ _:.....:.., _____ _ Filter Material: Sample No. 61S-100 ------------
Type of base specimen Compacted 

Hydraul ic head (ft) 1.0 II. 

Time 

(a) 

Time 
increment 

(min) 
(b) 

Total 
elapsed time 

(min) 
(cl 

1310 
~-:(:,·;···········:~··············•:::·:·:::::·:::::::::···:·:::1::·············:·\·.•.•.•:· ·: ··.:.:: ·_·:·,::-,:,:;! 

1.0 I 1. 0 

~ I 2 . 0 0 
1312 

2.0 4.0 
1314 

10.0 14.0 
1324 

20.0 34.0 
1344 

60.0 I 94 . 0 

1444 
60 . 0 I 154 . 0 

1544 
60.0 I 214.0 

1644 

Flow 
increment 

(ml) 
(d) 

0 

15 

17 

38 

180 

296 

8"l0 

850 

843 

Total 
flow 
(ml) 

(e) 

0 

15 

32 

70 

250 

546 

1386 

2236 

3079 

Comments __________________________ _ 

Increment 
flow rate 
(ml/min) 

(f) 

Elapsed 
flow rate 
(ml/min) 

(g) 

Comments 

(h) 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1:::::::::::::::::::::::::::::::=::::::=:::::::::::::::::::::::::=:::J:=::::::::::::::::::::::::::::::;::::=:::::::::=:::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;: 

15 I 15 I Effluent clear 

17 I 16 I 
II II 

19 I 18 I 
,, II 

,, II 
18 18 

15 16 
II II 

14 15 
II II 

14 15 II II 

14 14 II II 

'::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::1:·:::::::~:::::=:=:::::::::::::::::::::::::::::::::::::::::::::J ::::::::::::::::::::::::::::::;:::::::::; :::::::::::: 1::=:::=:::::::::::::::::::::::::::::::=::::::::;:::~::1:::::::::::::::::;::::::::::,:::::::::::::::::::::::::::=:::;=:1:::::::::::::::::::::::,::;-:,:,:,:.:.:.:,:::::,:,:.:,:,:.:;:.:,;:-[ ,:::,:::::::.:.::=: ::::::::::::::::::::::::,:;:;:;::;:::::::_:::::-:,:.:.:.: .... :.:::.:·,:,:,:,:::~:;:·:::~::7.:;_:,:.:,:::::.:::::::::::::: ::::~::::• 
GPO 841-Je, 

Figure 9. - Filter tes t flow data sheet - l.0 ft head example. 
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7-2313 (9-35) l 
Bureau or Reclamation _ FILTER TEST FLOW DATA SHEET I Designation use R 5630 . 89 

PROJECT 
Example 

T-ESTEO BY 
l°ATE rOMPUTEO BY 

Base Material: Sample No. ___ 6..cl..=S_-.::2-=0~0:...... __________ _ 

Type of base specimen Compacted ----'--~--------
Hydra u Ii c head (ft) _____ 2_.0;__ _____________ _ 

Time 

(a) 

0730 

0731 I 
0732 

0734 

0738 

0748 

0808 

0908 

1008 

1108 

1208 

Time 
increment 

(min) 
(b) 

Total 
elapsed time 

(min) 
(c) 

• - .--,·;, ,:::::•,··r·r:tL. _,:::: l ... .: , ... ,. .... ::.:.::: .. : .. -;:.:;,.,.,.,.,, ... ,., ... } 
1.0 I 1.0 

1.0 I 2.0 

2.0 I 4.0 

4.0 I 8.0 

10.0 I 18.0 

20.0 I 38.0 

60.0 I 98.0 

60.0 I 158.0 

60.0 I 218.0 

60.0 I 278.0 

Flow Total 
increment flow 

(ml) (ml) 
(d) (e) 

0 0 

31 31 

29 60 

56 116 

110 226 

283 506 

594 1100 

-
1680 2780 

1600 4380 

1610 5990 

1650 7640 

rEATURE 
Example 

IOATE rHECKEO BY IOATE 

Filter Material : Sample No. 61S-100 ---------
Comments _________________________ _ 

Increment 
flow rate 
(ml/min) 

(f) 

Elapsed 
flow rate 
(ml/min) 

(g) 

Comments 

(h) 

r·:·:·••:::::,:·:,:·:•:::·:··:·:·:·:::·:·:::·:·:-··:·:,.··:r··•··········,,,-.-,-,:-·----.-----.:-··::··············:,··:·.·r:········································::· --.-.,.,.-.·:•'•··::;:L·::·'·.--.-.-.-.-.-.:-···:······::-:-::=::::·::::::~::-:::··:·· . 

31 I 31 I Effluent clear 

29 I 30 I II II 

28 I 29 I II II 

28 I 28 II JI 

28 I 28 II II 

.30 29 II JI 

28 28 II II 

27 28 II II 

27 27 // · II 

28 27 // // 

··:,·,·,·,·.•,·=·=¾:=·=:=•===:=:=:=:=:=:=·=:=:::''''''''''·'':··=·1·=:=:===:=:····=:•.···~·=~--i:::··:·····=:::··=:······:::·=·:·=:1=:·:::::·:·::::::··:::·:=:=:=:::·:':::::·:::·:·=·=,.•.•.·:1·····'·':·:::::·=·:·J::··•·•.·:·:·=·.·;·.,.,·.·,,.,,,.,.•.•:·:·=··•:·:'·':·=·=·.=,=,=:·:·=·-\':·:·=·:·:·:·:·:·:::·:::·=,-1--··, •••• _._.,.· ••• _._., •• ·.·.··:•:·:·:···:,··=,,-,.·,·.·,,,·.··:···1··:·:,,-·-:·'·:•'·:,:·:·:·:·:·:·=·:·=·:·:·:=:·:·===·===·=·:·=,=,=·=,=,=·=·=·=·'··.•.···.··=='·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'·'···:·:·:·:·:·:·:·=·:·:·:·:ir--· 
GPO 141-194 

Figure l l. - Filter rest flow data sheet - 2.0 ft head example. 
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Designation USBR 5630 . ..§..9_ 

SOIL FILTER TEST 

~) 
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V 

0.5 1.0 1.5 2.0 

HYDRAULIC HEAD 

Base Material 

Sample No. __ 6_1_S_-_2_0_0 _____ _ 

Classification --'C'""'L~-------­
Placement : 

Dry unit weight lbf/ft3 __ 9_9_._9 __ _ 
Moisture content% I 6 . 5 

Filter Material 

Sample No. __ 6:c....:..l -=S_-....:1....:0:....:0::.._ __ _ 
Class ification _.,.S..,_p _______ _ 
Placement : 

Dry unit weight lbf/ft3 _..;.1....:1_1:......:.. • .:::9_ 
Moisture content% ___ O.;:__ __ 

Figure 13. - Soil filter test - fina l elapsed flow rate versus hydraul ic head - example. 
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Designation USBR 5630- 89 _ 

Bureau of Reclamation 

SOIL FILTER TEST 
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TOTAL ELAPSED TIME (HOURS> 0- 0.511. head 
0- I .OIi. head 
A - 2.011. head 

Base Material Filter Material 

Sample No. _ ____:6~1 S=---=2-=0--=0'------ Sample No. ___ 6_1_S_-_I O_O ___ _ 
Classification __ C_L _______ _ Classification __ S_P _____ _ 
Placement: Placement: 

Dry unit weight lbf/ft3 __ 9_9_. 9 __ _ Ory unit weight lbf/ft3 I I I · 9 
Moisture content% ----=-'-=6'--'.:...:5=<----- Moisture content % -----=O'--_ 

GPO 94D - &OD 

Figure 14 . - Soil filter tes t - to tal flow versus tora l elapsed time - example. 
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APPENDIX 

XL FILTER TEST SPECIMEN CONFIGURATION 
AND CYLINDER SYSTEM SELECTION GUIDELINES 

Xl.1 Scope 

Xl.1.1 This appendix gives guidelines for selecting the 
filter test specimen configuration and the cylinder system 
used for performing the tests. 

Xl.2 Guidelines 

Xl.2.1 All information is to be recorded on the "Filter 
Test Specimen and Test Equipment" form as shown on 
figure Xl.1. 

Xl.2 .2 The filter test specimen configuration used to 
evaluate a filter will depend on whether a soil or geotextile 
filter is to be rested, whether the filter is a single or multiple 
stage filter, and on the characteristics of the gradation of 
the base material to be protected. To evaluate a soil filter, 
the test specimen configuration should consist of a soil 
filter approximately 320 mm (12.6 in) thick and a soil 
base approximately 160 mm (6.3 in) thick. The soil filter 
should be compacted in lifts approximately 80 mm (3.1 
in) thick to a dry unit weight equivalent to a relative density 
of approximately 65 to 70 percent. The soil can be 
compacted dry or wet, whichever facilitates placement and 
compaction. 

The test specimen configuration for a geotextile filter 
is basically rhe same as soil filter except that the 320-
mm (12.6-in) thick soil filter is replaced with a 320-mm 
thick compacted gravel base which provides bedding for 
the geotexrile filter. 

The base specimen can be either a compacted soil or 
a soil-water slurry. It is recommended that the soil-water 
slurry base specimen only be used when testing predom­
inantly fine-grained soils that contain approximately 30 
percent sand or less. Soils containing more than 30 percent 
coarse-grained soil (sand and gravel) should be tested as 
compacted base specimens. If a soil contains more than 
30 percent sand, the sand will not remain in suspension 
in a soil-water slurry and will form a segregated filter 
on the surface of the filter specimen. 
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Placement conditions for the compacted base specimen 
can be guided by results of laboratory compaction tests 
or by test results from actual field conditions. In general, 
a compacted base specimen should be placed in 1.6-in (40-
mm) thick compacted lifts to a dry unit weight equivalent 
to approximately 95 percent of the maximum laboratory 
compacted dry unit weight at a moisture content ranging 
from 0 to 2 percentage points dry of optimum moisture 
content. 

A soil-water slurry base specimen should be thoroughly 
remolded to a consistency similar to motor oil, which may 
require a moisture content ranging from two to four times 
the liquid limit. The slurry should be prepared from dry 
to wet state; and when the desired consistency is obtained, 
the slurry moisture content, fluid density, and Marsh funnel 
viscosity should be measured (refer to subpar. X2.2.4). 

Xl.2 .3 The filter test cylinder system used for filter 
testing depends on whether the filter is a single or staged 
filter, whether the filter is a soil or a geotextile, and on 
the maximum particle size of the filter material. Selection 
of the filter test cylinder system should be made using 
the following guidelines: 

Xl.2.3.1 A single stage filter can be rested in either 
the acrylic or aluminum cylinder systems; a multiple stage 
filter can be tested only in rhe acrylic cylinder system (refer 
to subpar. 8.2.1.1 and 8.2 .1.2). 

Xl.2.3.2 The acrylic cylinder system is used for 
testing geotextile filters because the filter can be easily 
installed between two of the cylinder segments. 

Xl.2.3.3 Soil filter materials with maximum particle 
size less than 1-1/2 in (37.5 mm) can be tested in either 
cylinder system. Although particles up to 75 mm (3 in) 
in size can be tested in either system, it nears the practical 
limitations of the systems. 

Xl.2.4 A summary sheet containing information about 
the materials being tested, the placement conditions, and 
the filter configuration (specimen thickness and number 
of compacted lifts, etc.) is shown on figure Xl.1. 



USBR 5630 

7-2322 (9 -85) I FILTER TEST SPECIMEN AND TEST EQUIPMENT I DESIGNATION USBR 5630 · -~9-Bureau of Reclamation 

PROJECT rEATURE Example Example 

TESTED B Y l°ATE 'COMPUTED BY IDATE !CHECKED BY IDATE 

BASE SPECIMEN 

Sample No. 61 S-200 Classification CL 

Fines 25 % Sand 70 % Gravel 5 % 

LL 36 % Pl 18 % 

Maximum laboratory compacted dry unit weight (lbf/ft3) 104 

-Minimum index unit weight (lbf/ft3) 

Maximum index unit weight (lbf/ft3) -

T y pe of base specimen : a!J Compacted □ Slurry 

Compacte·d 

Desi red placeme,H dry uni t w eight (lbf/ft3) 98.8 

Percent of max imum laboratory compacted dry unit weight 95 

-Percent relative densi ty 

Desired placement moisture content (%) 16 . 5 

Specimen thickness (ft) 0 . 52 

Number of com pacted lif ts 4 

Slurry 

Final slurry moisture content (%) 112 

Final slurry unit we ight (lbf/ ft3 ) 88.4 

Final slu r ry Marsh funnel vi scosity (s) 52 

FILTER SPECIMEN 

Sampl e No. 61 S-100 Classification SP 

Fines 5 % Sand 95 % Gravel 0 % 

Minimum index unit weight (lbf/ft3) 95.0 

Max imum index unit weight (lbf/ft3) 120 

Type of filter specimen: DI Compacted 0 Geotextile 

Compacted 

Desired placement dry un it weight (lbf/fP) 11 I 

Percent relative density 70 

Desired placement moistu re content (%) 0 

Specimen th ickness (ft) I .0 

Number of compacted lifts 4 

Geotextile 

Name None used Manufacturer --
Information 

Figure X 1.1. - Filter test specimen and test equipment - example. 
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X2. MASS OF SOIL REQUIRED FOR FILTER TEST SPECIMEN PLACEMENT 

X2.1 Scope 

X2. l. l This appendix outlines the procedure for 
determining the mass of soil and water ro be placed in 
each lift of the compacted soil filter and soil base specimens, 
and for determining the masses of soil and water required 
to make a soil-water slurry base specimen. 

X2.2 Procedure 

X2.2.l All data are to be recorded on the "Mass of 
Soil Required for Filter Test Specimens (compacted base 
and filter specimens)" form as shown on figures X2. l and 
X2.2, and on the "Mass of Soil Required for Filter Test 
Specimens (slurry base specimen)" form-if required­
as shown on figure X2.3 . 

X2.2.2 The type of filter test cylinder system, rhe type 
of filter and base specimen, and rhe placement conditions 
for rhe test were predetermined (refer to app. Xl). 

X2.2.3 Compacted soil filter and soil base specimen: 
X2 .2.3.l Record the values of the desired Placement 

dry unit weight, lbf/ft3 and Moisture content, % of the 
compacted base and filter specimens to the nearest 0.1 
lbf/ft3 and 0.1 %, respectively on lines (1) and (2) of the 
form (figs. X2. l and X2.2). 

X2.2.3.2 Calculate and record [ on line (3) of the 
form]Placement wet unit weight, lbf/lt3 for the base and 
filter specimens to the nearest 0.1 lbf/ft3. 

(X2.l) 

where: 
-Ywet = placement wet unit weight, lbf/ft3 

-Yd = placement dry unit weight, lbf/ft3 

w = placement moisture content, % 

X2.2.3.3 The height of the base and filter specimens 
were predetermined (refer to app. Xl). The area of the 
cylinder systems shall be obtained from previous 
calibrations. If the calibration of the area of rhe cylinder 
system is nor current, calibrate the test cylinder according 
to procedures specified in USBR 1010. Record the correct 
cylinder area to rhe nearest 0.0001 m2 [on line (4) of the 
form] Area of filter test cylinder system, m2. 

X2.2.3.4 Record the base and filter specimen heights 
to the nearest 0.001 m [on line (5) of the form] Height 
of compacted test specimens, m. 

X2.2.3.5 Calculate and record the base and com­
pacted filter specimens volume to the nearest 0.001 ft3 
[on line (6) of the form] Volume of compacted base or 
filter specimens, ft3. 

V= 
2.832 X 10-2 

AH 

where: 
V = volume of rhe compacted base or filter 

specimens, ft3 

(X2.2) 
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A = area of the cylinder test system, m2 

H = height of base or filter specimens, m 

2.832 x 10-2 = convert from m 3 to ft3 

X2.2.3.6 Calculate and record the total wet mass for 
the base and filter specimens to the nearest 0.1 lbm [on 
line (7) of the form] Total specimen mass, lbm. 

me= -Ywet V (X2.3) 

where me equals total specimen mass of soil and water 
required to be placed in the base or filter specimens, lbm. 

X2.2.3.7 The number of lifts for placing base and 
filter specimens is predetermined (refer to subpar. Xl.2) . 
Record the values for the base and filter specimens [on 
line (8) of the form] Number of lifts per specimen. 

X2.2.3.8 Calculate the wet mass of soil and water 
to be placed in each lift and record the base or filter wet 
mass per lift [ on line (9) of the form] Wet mass of soil 
per compaction lift, lbm. 

m1 
m, 
N 

(X2.4) 

where: 
m1 = wet mass of soil per compaction lift to be placed 

in rhe base or filter(s), lbm 
N = number of compaction lifts 

X2.2.3.9 Record [on line (10) of the form] Remarks. 
X2.2.4 Compacted soil filter and slurry base specimen: 

X2.2.4. l The mass of soil and water required for 
the filter specimen is calculated according to the procedures 
described in subparagraph X2 .2.3. 

X2.2.4.2 The volume of the slurry base specimen 
is equal to the volume of a compacted base specimen and 
is computed according ro the procedures described in 
subparagraph X2.2.3.5. Record [on line (1) of the form 
(see fig. X2.3)] Volume of equivalent compacted base 
specimen, ft3. 

X2.2.4.3 The slurry will be prepared to an initial 
moisture content equal to two times the LL (liquid limit) 
of the base material. Multiply the LL of the base soil by 
2, and record to the nearest 0.1 % [on line (2) of the form] 
Initial slurry moisture content, %. 

X2.2.4.4 Calculate and record to the nearest 0.1 
lbf/ft3 [on line (3) of the form] Initial slurry unit weight, 
lbf/ft3. 

where: 
-Yf = 

62.4 
LL 
Gs 

_ 62.4 Gs {l + [2 (LL)]} 
-Yr - 1 + (2 Gs (LL)] 

initial slurry unit weight, !bf/ ft3 
unit weight of water, lbf/ft3 

(X2.5) 

liquid limit of base soil expressed as a decimal 
specific gravity of base material (minus No. 4 

material) 

NOIE X2.1-If the specific gravity of the base material 1s 
unknown, use a specific gravity of 2.65. 
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X2.2.4.5 Calculate and record co the nearest 0.1 lbm 
[on line (4) of the form] Initial slurry mass required, lbm 
for the base specimen . 

(X2.6) 
where: 

mr = initial slurry mass required, lbm 
Vi = volume of equivalent compacted base specimen, 

fc3 

X2.2.4.6 Calculate and record co the nearest 0.1 lbm 
[on line (5) of the form] Initial mass of soil in slurry, 
lbm. 

mr 
1 + 2 (LL) 

(X2.7) 

where ms equals initial mass of soil required to make the 
slurry, lbm. 

X2.2.4.7 Calculate and record co the nearest 0.1 lbm 
[on line (6) of the form] Initial mass of water in slurry, 
lbm. 

mw = 2 (LL) ms (X2.8) 

where mw equals initial mass of water in slurry, lbm. 

X2.2.4.8 Place che required masses of soil and water 
together and mix thoroughly (a Hobart type mixer works 
well) . Continue mixing the slurry until a homogeneous 
mixture with a viscosity similar co motor oil is obtained. 
If the mixture is judged to be coo viscous (too chick) or 
if there is difficulty in blending the mixture, add water 
co the slurry mix. Record the mass of water added co the 
slurry co the nearest 0.1 Ibm [on lines (7a) through (7d)) 
Mass of water added to slurry during mixing, lbm. 

Determine the total mass of water added co the slurry 
during mixing and record to the nearest 0.1 lbm [on line 
(7e) of the form] Total mass of water added to slurry, 
lbm. 

X2.2.4.9 Calculate and record co the nearest 0.1 Ibm 
[on line (8) of the form] Total mass of water in slurry, 
lbm. 

illwf = mw + mwa 

where: 
mwr = total mass of water in slurry, lbm 

(X2.9) 
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initial mass of water in slurry, lbm 
total mass of water added co slurry, lbm 

X2.2.4.10 Continue mixing the slurry. If the slurry 
becomes coo thin, add soil co the slurry. Record the mass 
of soil added to the slurry during the mixing process co 
the nearest 0.1 lbm [on line(s) (9a) through (9d))-as 
necessary-Mass of soil added to slurry, lbm. 

Determine the total amount of soil added co the slurry 
during mixing and record co the nearest 0.1 lbm [on line 
(9e) of the form] Total mass of soil added to slurry, lbm. 

X2.2.4. l l Calculate and record co the nearest 0.1 lbm 
[on line (10) of the form] Total mass of soil in slurry, 
lbm. 

illsf = ms + llsa 

where: 
msr = total mass of soil in slurry, lbm 
ms initial mass of soil in slurry, lbm 

msa = total mass of soil added co slurry, lbm 

(X2.10) 

X2.2.4.12 Calculate and record to the nearest 0.1 % 
[ on line ( 11) of the form] Final slurry moisture content, 
%. 

( 
illwf) 

Wfina/ = l 00 --
ills[ 

(X2. ll) 

where WfinaI equals final slurry moisture content, %. 

X2.2.4.13 Determine the final slurry unit weight in 
accordance with USBR 5891. Record co the nearest 0.1 
lbf/fc3 [on line (12) of the form] Final slurry unit weight, 
lbf/ft3_ 

X2.2.4.14 Determine the final slurry Marsh funnel 
viscosity in accordance with USBR 5894. Record co the 
nearest 1 s [on line (13) of the form] Final Marsh Funnel 
Viscosity, s. 

X2.2.4.15 Place the slurry in covered 5-gallon plastic 
buckets and score until ready co perform the filter rest. 
The slurry should not be stored more than 5 days prior 
to use. 

X2.2 .4.16 Record [on line (14) of the form] Remarks 
regarding the mixing and testing of the slurry. 
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7-2320 (9-85) 

I 

MASS OF SOIL REQUIRED FOR FILTER TEST SPECIMENS 

I 
Designation USSR 5630 -~9-Bureau of Reclamation (Compacted base and filter specimensl 

PROJECT rEATURE 
Example Example 

TESTED BY 
!°ATE !COMPUTED BY IDATE !CHECKED BY IDATE 

FIL TEA SPECIMEN 

Sample No. 61S-100 Classification SP 

BASE SPECIMEN 

Sample No. 61S-200 Classification CL 

Base Filter Filter 

( 11 Placement dry unit weight (lbf/ft3) 98.8 I I I 

(2) Moisture content (%) 16.5 0 

(3) Placement wet unit weight (lbf/ft3 ) I 15 I I I 

(4) Area of filter test cylinder system 0.0670 0.0670 

(8.2 .1.1-Area = 0.0670 m2) 

(8.2.1.2 · Area = m2) 

(5) Height of compacted test specimen (m) 0. 160 0.320 

(6) Volume of compacted test specimen (f t3) 0.378 0.757 

(7) Total specimen mass (lbm) 43.5 84.0 

(8) Number of lifts per specimen 4 4 

(9) Wet mass of soil per compaction lift (lbm) 10.9 21.0 

(10) Comments 

GPO 848- 606 

Figure X2. l. - Mass of soil required for filter test specimens (compacted base and filter specimens) - example. 
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7-2310 (9.,';5) 

I 

MASS OF SOIL REQUIRED FOR FILTER TEST SPECIMENS 
I 

Designation USBR 5630 -..!J~ Bureau of Rtcbmalion (Compacted base and filter specimens) 
PROJECT rEATUAE 

Example Example 

TESTED BY IDATE !COMPUTED BY IDATE !CHECKED BY lDATE 

FILTER SPECIMEN 

Sample No. 61S-100 Classification SP 

BASE SPECIMEN 

Sample No. 61S-200 Classification CL 

Base Filter Filter 

(1) Placement dry unit weight (lbf/ft3) - I I I 

(2) Moisture content (%) - 0 

(3) Placement wet unit weight (lbf/ft3) - I I I 

(4) Area of filter test cylinder system 0.0670 0.0670 

(8.2.1.1 · Area= 0.0670 m2) 

(8.2.1 .2 · Area= m2) 

(5) Height of compacted test specimen (m) 0. 160 0.320 

(6) Volume of compacted test specimen (ft3) 0.378 0.757 

(7) Total specimen mass (lbm) 
- 84.0 

(8) Number of lifts pe r specimen - 4 

(9) Wet mass of soil per compaction lift (lbm) - 21 .0 '-

(10) Comments Slurry base specimen 

GPO 84B - 61EI 

Figure X2.2. - Mass of soil required for filter rest specimens (compacted base and filter specimens) - slurry base example. 
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7-23~1 (9-85) I MASS OF SOIL HEOUIRED FOR FILTER TEST SPECIMENS 
Bureau ot' Reclam:.ititln (SI ' · ) 

•P-R~o-JE-c~T~------''--------------u_rry uase spec1
1
~:: TU RE l Designation USSR 5630 j!9_ 

Example I 
I 

Example 

SLURRY BASE SPECIMEN 

Sample No. _ __ --6J..S..:-_2Q_Q___ ________ Ciassif icat :on . ·---~_l. ___ _ 
Specific gravity of 

Liquid limit 1%) ___ 36 ______ Sand cunr.ent 1%1_?~--- minus No. 4 2 · 65 

( 1) Vuh,me of eriuiva 1ent compact base spcci,11e:·1 (it3 ! 

(3) Initial siurry unit weight (lbf / itJ) 

(4) Initial siu: ry ,nass reriui,ed (lbm) 

(5} Initial mass of soil in slurry :ibml 

(6) lnitiai mJss of ·,vater in slurry (lbm) 

(7) 1\/,ass of ~, at~r added to slurry during mixing (lbm) 
4.0 (7a) ----·· -------

(7bl 

(7c) 

(7dl 

(Jb) 

(9c) 

( 10) Total m,ss of soil in siurrv (lbm} 

( 11 i Fina( slun-1 ,.-,oisture content (';'oj 

(12) F,nai slurr'/ unit weight (lbf /ft2 \ 

( 13l Final slurr'/ Marsh iunncl viscosity (s) 

2.5 

2.0 

0 

0.378 

_7__2_. o ____ _ 

97.8 

37.0 

21 .5 -----··------
15.5 

8.5 

24.0 -------------·--

0 

2 l .5 

1 l I .6 

88.4 

52 

( 14) Comments Used estimated SpG value ol 2.65 ______________ _ 

_______ S-'-lu_r_r__,y __ w __ as mixed and stored_~ days prior to testing. 

--------------------------------------------

Figure X2.3. - Mass of soil required for filter rest specimens (slurry base specimen) - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5700-89 
PROCEDURE FOR 

DETERMINING THE ONE-DIMENSIONAL CONSOLIDATION 
PROPERTIES OF SOILS (INCREMENTAL STRESS) 

INTRODUCTION 

This procedure is under the jurisdiction of the Gemechnical Services Branch, code D-3760, Research and Laborat0ry Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5700. The number immediately 
following the designat ion indicates the year of acceptance or last revision. 

1. Scope 

1.1 This designation outlines a procedure for deter­
mining one-dimensional consolidation properties of soils. 
This procedure can be performed using an undisturbed 
or a compacted specimen to determine the rate and amount 
of consolidation. Consolidation tests performed on sands 
or on varved or fractured soils may give less reliable results 
than tests performed on homogeneous specimens of 
cohesive soil. 

1.2 This designation also outlines a procedure for deter­
mining rhe approximate permeability coefficient of a soil 
under a given pressure. 

2. Auxiliary Tests 

2.1 If the test is to be performed on an undisturbed 
specimen, a test sample must be obtained in accordance 
with USBR 7100 or 7105 . If the test is to be performed 
using a compacted specimen, a soil sample must be prepared 
in accordance with USBR 5205. The initial and final 
moisture contents of the test specimen are to be determined 
in accordance with USBR 5300. The specific gravity of 
the soil must be determined in accordance with USBR 
5 320 in order to calculate the equivalent height of solids 
in the test specimen. The specimen must be prepared in 
accordance with USBR 5210 or 5215 prior to performing 
this procedure. The gradation analysis, liquid limit, plastic 
limit, and shrinkage limit are to be determined in 
accordance with USBR 5330, 5350, 5360, and 5365, 
respectively. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicators 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1045 Calibrating Force Tranducers (Load Cells) 
USBR 1420 Calibrating Head Tanks 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
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USBR 5210 Preparing Compacted Soil Specimens for 
Laboracory Use 
USBR 5215 Preparing Soil Specimens for Laboracory Use 
From Undisturbed Samples 
USBR 5 300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fractions of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5705 Determining the One-Dimensional Expan­
sion Properties of Soils 
USBR 5715 Determining the One-Dimensional Uplift 
Properties of Soils 
USBR 7100 Obtaining Undisturbed Block Samples by the 
Hand and Chain Saw Methods 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 

3.2 ASTM Standard: 
D 2435 One-Dimensional Consolidation Properties of 
Soils 

4. Summary of Method 

4.1 A compacted or undisturbed soil specimen is pre­
pared and placed in a fixed-ring consolidometer, which 
provides lateral restraint of the specimen but allows for 
axial loadiog and drainage, as shown on figure l. A seating 
pressure (normally 1 lbf/in2) is applied to the specimen 
and the initial height of the specimen is determined. Various 
predetermined pressure increments are applied to the 
specimen and each pressure increment is kept constant 
until primary consolidation is completed. Specimen height 
is measured at selected time intervals during each pressure 
increment. The specimen may be inundated with water 
at a predetermined pressure. After the selected pressure 
increments are completed, pressure on the specimen is 
decreased in selected decrements during which specimen 
height is measured to assess rebound characteristics. 
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Figure 1. - Schematic of fixed-ring consolidomerer. 

5. Significance and Use 

5.1 The one-dimensional consolidation test is per­
formed to obtain data for predicting the rate and amount 
of settlement due to primary consolidation of a soil mass. 

5.2 Field conditions that result in one dimensional 
strain can be modeled in this procedure. Various field 
conditions can be modeled by varying the pressure 
increments-the pressure increment at which water is 
added-or by including unload-reload cycles in the loading 
sequence. 

6. Terminology 

6.1 Definitions are m accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Consolidation.-The time-dependent reduction 
in volume of a soil mass resulting from an increase in 
effective stress. 

6.1.2 Initial Compression.-An immediate reduction 
in volume of a loaded soil mass under an applied load 
due principally to expulsion and compression of gases in 
the soil voids. 

6.1.3 Primary Consolidation .-The reduction in 
volume of a loaded soil mass due principally to expulsion 
of incompressible fluid from the void spaces of the mass 
and accompanied by a transfer of the load from the fluid 
to the soil solids. 

6.1.4 Secondary Consofidation .-The reduction in 
volume of a loaded soil mass due to the time-dependent 
adjustment of the internal structure of the soil mass. 

6.1.5 Consolidation Curve .-Any function relating 
volume change to time. 

6.1.6 Consolidometer.-Apparatus used for one­
dimensional consolidation/ compression testing. 
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6.1.7 Coefficient of Compressibility (av, units depend 
on use) .-The slope of a one-dimensional compression curve 
relating void ratio to effective stress. 

where: 

Ae 
av = - Ao' 

Ae = change in void ratio 
Ao ' = change in effective stress 

6.1.8 Coefficient of Consoltdation (cv, units depend on 
use).-A coefficient that relates the change in excess pore 
pressure with time to the excess pore pressure diffusion in 
the soil mass in terms of soil mass and pore fluid character­
istics. The relationship corresponding to the linear one­
dimensional infinitesimal strain consolidation theory is 
expressed as follows: 

where: 
k 
e­

av 
Yw 

Cv 
k (1 + e) 

av Yw 

coefficient of permeability 
void ratio 
coefficient of compressibility 
unit weight of water 

6.1.9 Coefhcient of Permeability (k, ft/yr or cm/s).­
The rate of discharge of water under laminar flow 
conditions through a unit cross-sectional area of porous 
medium under a unit hydraulic gradient and standard 
temperature conditions (usually 20 °() (ASTM definition). 

6.1.10 Void ratio (e).-The ratio of: (1) the volume 
of void space, to (2) the volume of solid particles m a 
given soil mass (ASTM). 

6.1.11 Strain(e).-The change m length per unit 
length in a given direction (ASTM). 

7. Interferences 

7.1 Fnction: 
7.1.1 The specimen ring interior must be clean and 

smooth. The specimen ring may be made of brass or 
stainless steel. 

7.1.2 Care must be taken when trimming a specimen 
co remove any coarse sand or fine gravel protruding from 
the sides of the specimen and co refill the void with fines. 
This reduces friction between che specimen and the sides 
of the specimen ring. Be sure to indicate in the report 
if any specimen voids were refilled. 

7.1.3 Friction occurs between the specimen and spec­
imen ring. The friction which occurs is not constant, but 
changes in part, due to soil variability. The Bureau's 
Geocechnical Services Laboratory does not correct the 
applied pressure to account for friction but does recognize 
that it exists and tries to minimize its effect. 

7 .2 Height/ Diameter Ratio.-Specimen height to 
diameter ratio is to be between 1:2.5 and 1:3.5. If specimen 
height t0 diameter ratio is too low, the time to attain 
100-percem consolidation may be too fast for defining the 
consolidation curve. If specimen height to diameter ratio 
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is too high, secondary consolidat ion may obscure the break 
in the consolidation curve. 

7.3 Porous Places: 
7.3. L. Porous plates are to be cleaned to ensure maxi­

mum water flow to and from the specimen. 
7.3.2 Top porous plates are ro be smooth and level 

on the surface which faces the specimen. They are to fit 
into the specimen ring and guide ring with 0.015±0.005 
inch clearance. This helps minimize loss of soil particles 
from around the edges of the plates. 

7.3.3 Bottom porous plates are to be smooth and 
level on the surface which faces rhe specimen. They are 
to fit into the consolidometer baseplate with 0.015±0.005 
inch clearance. 

7.3.4 When testing specimens at pressures in excess 
of approximately 600 lbf/ in2, use sintered bronze porous 
plates because they are less brittle than either carborundum 
or ceramic porous plates. New sintered bronze porous 
places should be preloaded to the maximum equipment 
load because some permanent deformation will occur. 

NOTE 1.- If a permeability rest is robe performed on a specimen 
wirh a small amount of fines, rhe porous places will have co 
be checked for maximum measurable flow rate. 

7.4 Permeability tests are to be performed using low 
heads to lessen the potential of piping or lifting of the 
specimen and to minimize the effect of changes in effective 
stress on the specimen. 

7.5 Sample Scorage: 
7.5.1 Storage of samples in sampling tubes is not 

recommended for expansive soils even though stress relief 
may be minimized by keeping them confined in the tube. 
The influence of rust and the penetration of drilling fluid 
or free water into the sample may adversely influence 
laboratory test results. 

7.5.2 If tube-type samples are to be stored prior to 
testing, the samples should be extruded from the tubes 
as soon as possible after sampling and thoroughly sealed 
to minimize further stress relief and moisture loss. The 
sample should be extruded from the sampling tube in the 
same direction as when sampled to minimize sample 
disturbance. 

7.5.3 Soils susceptible to collapse upon disturbance, 
such as quick clays, or upon wetting should be handled 
with care. 

8. Apparatus 

8.1 General Apparatus: 
8.l.l Balances or Scales. - Typical 

used for this designation are: 
balances or scales 

Application Readable to 
Moisture content 0.1 g 
Mass of specimen 0.1 g 

Approx1inate capacity 
500 g 

1000 g 

8.1.2 Dial gauge.-A dial gauge readable to the 
nearest 0.0001 inch (0.003 mm) and having a minimum 
1-inch (25-mm) travel. 
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8.1.3 Drying Ovens.-An oven, thermostatically 
contro lled , preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 °F (ll0± 
5 ° C) throughout the drying chamber. Two ovens are 
recommended for this procedure. 

8.1.4 Scopwatch.-A timing dev ice readable to 

1 second used to rime rest reading intervals. 
8.1.5 Specimen preparation equipment as specified 

in USBR 5215 . 
8.1.6 Specimen compaction equipment as specified 

in USBR 5210. 
8.2 Equipment Specifically Used in This Procedure: 

8.2.1 Pneumatic Load Frame.-An a ir actuated 
loading device capable of app lying a constant vertical load. 
The Bureau's laboratory uses a pneumatic load frame with 
dual range air pressure gauges as shown on figure 2. The 
pneumatic load frame has a 10,000 lbf maximum capacity, 
and may be equipped with two different sets of gauges 
as shown on figure 2. The sma ller set of gauges ( 15 and 
60 lbf/ in2) should be used wherever possible for increased 
accuracy. 

Figure 2. - Pneumat ic load frame. ( I) low range 
pressure gauge, (2) high range pressure gauge, 
(3) low range air control , (4) low range gauge 
shut-off, (5) load switch, (6) bleeder valve, (7) 
high range a ir control. 
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8.2.1.1 Controls for the pneumatic load frame are 
as follows and as shown on figures 2 and 3. 

8.2.1.1.1 Low Range Pressure Gauge.-(1) -
Pressure gauge used when applying loads from 0 to 1,500 
or Oto 3,000 lbf depending on the pneumatic load frame. 

8.2.1.1.2 High Range Pressure Gauge.-(2) -
Pressure gauge used when applying loads from 0 to 6,000 
or 0 to 10,000 !bf. Visually used in conjunction with the 
low range pressure gauge co apply the lower load on the 
specimen. 

8.2.1.1.3 Low Range Air Control.-(3) - A 
precision air pressure control valve. Turning this valve 
increases or decreases the air pressure. 

8.2.1.1.4 Low Range Gauge Shut-Off-(4) -
This needle valve is located near the low range air control. 
Turning the handwheel clockwise shuts the valve. When 
open, this valve passes the output of the low range air 
control to the low range pressure gauge, and to the load 
switch. When closed it keeps the air pressure, when using 
the high range pressure gauge, from going through the 
low range pressure gauge. 

8.2 .1.1.5 Load Switch.-(5) - This quick 
opening globe valve is actuated by a 90° motion of a toggle 
handle. When the handle is in a horizontal plane, the valve 
is shut. When the handle is vertical, the valve is open and 
passes the output of either air control to the load cell. 

8.2.1.1.6 Bleeder Valve.-(6) - The valve is 
used to vent air pressure from the load cell. When open 
it exhausts the high pressure air in the load cell. 

8.2.1.1 .7 High Range Air Control.-(7) - A 
precision air pressure control valve. Turning this valve 
clockwise increases the air pressure. 

8.2.1.1.8 Range Selector Switch.-(8) - The 
valve is located on the back of the machine base. When 
pushed in, the range selector switch activates the low range 
air control. When pulled out, the range selector switch 
activates the high range air control. 

RANGE SELECTOR SWITCH 

AIR SUPPLY 
AIR LINE TO 

LOADING HEAD 

LOW RANGE HIGH RANGE (0) 
AIR CONTROL . AIR CONTROL 7 

turn cw to raise pressure 

LOW RANG0 
GUAGE SHUT-OFfi 4 

turn cw lo shut 
GsLEEDER VALVE V turn cw to shut 

Figure 3. - Plan view of pneumatic load frame controls. 
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8.2.1.2 Gauges.-Gauges typically used for moni-
coring various pressures: 
Specimen Maximum applied 
diameter 

In 
2.00 
2.00 
4.25 
4.25 

pressure to specimen 
lbf/in2 

1,900 
3,180 

420 
700 

Recommended 
pressure gauge set 

lbf/in2 

15, 60 
30, 100 

15,60 
30, 100 

8.2.2 Fixed-Ring Consolidometer (figs. 1 and 4).­
A brass or stainless steel container designed to hold a soil 
specimen during a one-dimensional consolidation test. The 
specimen ring is securely clamped (fixed) to a baseplate. 
Change in height of the specimen is measured by means 
of a dial gauge attached to a dial gauge holder. A specimen 
ring restrains lateral expansion of the specimen, but allows 
unrestrained axial expansion or compression during testing. 
A clamping ring with a water collar holds the specimen 
ring in the baseplate and the water reservoir facilitates 
specimen wetting through the top porous plate. A rubber 
gasket prevents water loss between the baseplate and 
clamping ring. A guide ring holds the top porous plate 
in place and one or more loading plates distribute the 
applied load evenly over the specimen. Each fixed-ring 
conso_lidometer should be used as a set with alignment 
markmgs on the baseplate, porous plates, and loading 
plate(s). 

8.2.2.1 Specimen Ring.-A brass or stainless steel 
ring with a· highly polished inner surface. Specimen rings 
have an inside diameter of 4.250±0.001 inch and a height 
of 1.250±0.001 inch. Specimen rings having an inside 
diameter of 2.000±0.001 inch and a height of 0.750±0.001 
inch may also be used. Other specimen ring sizes are 
acceptable if the height to diameter ratio is within limits 
stated in subparagraph 7.2. 

8.2.2.2 Porous Plates.-Two porous plates, made 
of 340-grade sintered bronze or coarse-grade silicon carbide 
are required. The plates are to be clean and free of cracks 
chips, or other nonuniformities and are co be air-dried 
prior to use. Porous plates are co have diameters of 
4.220±0.001 inch for the top porous plate and 4.120±0.001 
inch for the bottom porous plate for specimen rings with 
an inside diameter of 4.25 inches. For a specimen ring 
with an inside diameter of 2.00 inches the top porous place 
are to have diameters of 1.980±0.001 inch. All porous plates 
are to have a thickness of 0.375±0.002 inch. 

8.2.2.3 Loading Plate.-A brass or stainless steel 
loading plate, 0.375±0.002 inch thick and either 
4.125±0.002 inch or 1.850±0.002 inch in diameter 
depending on the size of the specimen ring used. 

8.2.3 Gauge Blocks.-Two gauge block reference 
standards are required. One block 1.25±0.0002 inch in 
height and 4.00±0.002 inch in diameter; one block 
0.750±0.0002 inch in height and 1.75±0.002 inch in 
diameter. 

8.2.4 Cover Plates.-Plastic or glass plates about 
6-inches square and 0.25-inch thick. These are to be marked 
as pairs. 
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Figu re I. - Unasse mbleJ fi xeJ -ring conso liJome re r. (a) gaske r ( rubbe r), (b) loaJi ng pl .i res , (c) spec ime n ring, (J ) po rous plares, 
(e ) ware r co llar wirh clamping ring, ( f) basep late, (g ) guide ring. 

8.2.5 Specimen (4.25-inch diameter) Compaction 
Equipment (fig. 5) : 

8.2.5. l Compaction Collar. - A metal col lar 
3.625 ± 0.002 inch in height having an inside di ameter of 
4.25±0.005 inch and an outside diameter of 5.75 ± 0.005 
inch. A 4.25 -inch diameter specimen rather than a 2.00-
inch diameter spec imen is normally compacted to obtain 
a more representative specimen. 

8.2.5.2 Clamping Ring.- A brass ring 0. 3 75 ± 0.002 
inch in height having an ins ide diameter of 5.01 ± 0.002 
inch and an outside diameter of 6.75± 0.005 inch. 

8.2.5.3 Tamper. - A metal tamper having a head 
diameter greater than one-ha lf the inside diameter of the 
companion co ll ar (fig 5). 

8.2.5.4 Try Square.- A too l capable of measur ing 
depths and readable to 1/ 32 inch. 

8.3 H ead Tank.- A glass cy linder (fig. 6) , 55-mm inside 
diameter, marked in 0.1-centimeter increments up to 80.0 
cm. A rubber stopper with a 38- inch long and 4-mm inside 
diameter g lass tube protruding through the top. 

8.4 Miscellaneous Equipment.- Saturation tube and 
holder, rubber tubing, pipettes, a water conta iner for add ing 
water co the specimen; plastic wrap and rubberbands may 
be needed for maintaining the moisture content of the 
specimen prior to and during test ing; porcelain and copper 
drying pans for dry ing the specimen and trimmings after 
testing; squeeze bottle and soft bris tle brushes for cleaning 
the specimen conta iner at the end of the test. 
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9. Reagents and Materials 

9. l U nless in-place water is requested , tapwater that 
is free of acids, alkalies, or oils and is suitab le for dr inking 
is co be used for wetting the soi l specimen. 

9.2 The air supp ly tO the pneumatic load frame is to 
be filtered co remove any moisture, dust, and oi l. 

10. Precautions 

10.1 Safety Precautions: 
LO.l. l Spi lled water is to be cleaned up immediately 

to prevent s lipping. 
10. J .2 Safety shoes are to be worn whe n transferring 

the conso lidometer to or from the pneumatic load frame. 
LO. l. 3 A ladder is co be used when reading the head 

tank during a permeability test. 
l0 .1.4 Use asbestos g loves when remov ing conta in­

ers from the drying ovens. 
10.2 Technical Precaurions. - Because o f the la rge 

number of technical precautions in this procedure, 
CAUTION statements are noted throughout the text. 

11. Sampling, Test Specimens, and Test Units 

11.1 Undisturbed Specimens. 
L 1.1.1 Prepare undisturbed specimens in accorda nce 

with USBR 5215. Specimens are to be prepared from 
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Figure 5. - 4.25-inch dia111eter speci111en co111pact io n equipment. 
(a) ta111per, (b) compact io n co ll ar, (c) try squa re, (d ) clamping 
ring, (e) specimen ring. 

samples that are a minimum of 1-inch larger in diameter 
and 1-inch (25 mm) longer than the final desired 
dimens ions of the specimen. 

NOTE 2.-Exrreme care should be used in orienting the cutting 
plane of the cutting bit to correspond to specimen orientations 
required to model field conditions. 

11 .1.2 Determine the initial moisture content and 
specific grav ity of the specimen from specimen trimmings 
in accorda nce with USBR 5300 and 5320. The results shou ld 
be recorded on the "One-Dimensional Consolidation Test" 
data sheet 1 (fig. 7). 

l 1.1.3 If required, determine particle-size distribu­
t ion, liquid limit, plas tic limit, plasticity index, and 
shrinkage limit, in accordance with USBR 5330, 5350, 5360, 
and 5365, respectively. These rests shou ld be performed 
using trimmings obta ined when preparing the undisturbed 
spec imen. 

11.2 Compacted Specimens: 
11.2 .1 Prepare a soi l sample in acco rdance with 

USBR 5205. A minimum 2-lbm (0.9-kg) [ preferably 5 lbm 
(2 .3 kg) I sample of so il passing the No. 4 ( 4.75 mm) 
s ieve is requ ired for each 4.25- inch (108-mm) diameter 
spec imen; and at least I lbm (0.5 kg), !_preferably 2 lbm 
(0 .9 kg) I of soi l pass ing the No. 4 (4.75 mm) sieve is 
required for each 2-inch (5 l-mm) diameter specimen. 

11.2.2 Determine and record the initia l moisture 
content in accordance with USBR 5300 as shown on lines 
l 3 through 19 of data sheer l ( fig. 7). 

l 1.2.3 Prepare a so il sample for compaction in 
accordance with USBR 52 10. 

l l.2.4 Obtain rhe conso lidometer baseplate used for 
compacting a soil specimen. Make sure the basep late has 
an air-dried porous plate located in the base. 

11.2.5 Place a plastic film (mylar) over the borrom 
porous plate to ensure that the soil specimen does nor 
adhere ro the porous plate. The plastic fi lm shou ld be 
large enough to cover the bottom of the compacted 
specimen. Place rhe specimen ring into the baseplate. 
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Figu re 6. - Head ra nk appara tus for per111eabi lity 
tes ting. (a) glass head tank, (b) 1/ 8-i nch plastic 
tubing, (c) hose clamps. 

I l.2.6 Ensure that the clamping r ing gasket is not 
cracked and is flexible. P lace the gasket on rhe baseplate 
and secure the clamping ring to the baseplate. 

11.2.7 Place the compact ion co ll ar over the specimen 
r ing and onto the clamping ring. 

11.2.8 Compact the soi l specimen in accordance to 
USBR 5210. Record the data required in subparagraph 
11 .2.8. l through 11.2.8.4 on the appropriate form described 
in USBR 5210 and as shown o n figure 8. Complete the 
"Compact ion D ata for Specimens of Minus No. 4 Material " 
form paying particular atte ntion ro subparagraphs 11.2.8.1 
through 11.2.8.6. 

l l.2.8.1 Record the spec imen ring number in the 
space provided for Mold No. (line 4, fig. 8) . 
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I ONE-DIMENSIONAL CONSOLIDATION TEST I Designation USSR 7-2• 17 (3-89) (DATA SHEET 1) 
5700 . 89 

Bureau of Reclamation 

Project 
Example 

Featll'e 
Example 

Tested By Dale I Computed By Date I Checked By Date 

Sa-nple No. 
I 

Specimen No. 
51 

PHYSICAL PROPERTIES: 

Liquid Limrt 
32 i Plasticrty Index 

20 I Strinkage Limit 
¾ ¾ -- ¾ 

Specific Gravely (Gs) 
2.69 

Class if icat ion Symbol 
CL 

Specimen Type 00 Undistll'bed D Compacted 
Type of Test 00 Consolidation D Uplift D Expansion 

(1) Load Fnme No. 106 (3) Gauge Block No. I 

(2) Specimen Ring No. 208 (4) Gauge Block Height I .25 00 in Dem 

(5) Specimen Ring D~eter 4.25 OOin Dem 

(6) Specimen Ring Area = (5)2 7!" 14.19 00 in2 Dem2 

(7) Specimen Ring Height I I .25 OOin Dem 

(8) Specimen Ring Volll'Oe = (6) (7) 17.74 00 in3 Dem3 

(9) Dial Reading With Seating Pressll'e on Gauge Block 0.2595 00 in Dem 

( 10) Dial Reading With Seating Pressll'e on Specimen 0.2517 00 in Dem 

( 11) Initial Specimen Height = (4) - (9) • ( 10) I .2422 IX] in Dem 

( 12) Equivalent Height of SolidS· • (26) / [ (6) Gs Pw] C ..!t 0.867 00 in Dem 

MJISTURE CCNTENT DETERMINA TICN OF SPECIMEN 

INITIAL FINAL 

(·13) 0-ying Pan Nll'nber 119 I I 

(14) Mass of 0-ying Pan a 204.0 200.3 

( 15) Mass of 0-ying !>an • Wet Specimen a 454.5 817.4 

( 16) Mass of 0-ying Pan • 0-y Specimen a 425.3 732.9 

( 17) Mass of Water (15) - ( 16) a 29.2 84.5 

( 18) Mass of 0-y Specimen = (16) - (14) a 221.3 532.6 

(19) Moislll'8 Content = ((17) / (18)] x 100 ¾ 13.2 15.9 

INITIAL WET MASS DETERMINATl()\J OF SPECIMEN 

(20) Mass if Specimen Ring • Cover Plates a 1213.8 

(21) Mass of Spec men Ring • Cover Plate • Wet Soil a 1825.3 

(22) Mass of Wet Soil = (21) • (20) g 611 .5 

ORY IJ'JIT WEIQ-tT OF SPECIMEN 

(23) Mass of Wei Soil • (22) a 611.5 

(24) lnrtial Moistll'e Content = (19) ¾ 13.2 

(25) Specimen Ring Volll'Oe = (8) 00 in3 Dan3 17.74 

(26) Mass of 0-y Soil • (23) , (1 • (24) / 100] a 540.2 

(27) [)'y Unrt Weight • [ (26) I (25)] C lt l&J lbflft
3 

D kNtm
3 116.0 

..!.t Pw is the densrty of water at 71.5 F. For inch pound applications Pw = 62.29 lbm/ft 
3 

For SI metric applications Pw . lgtan 3 

C is a conversion factor, for inch-pound applications C • 3.8095. For SI metric applications C • 1.000. 
l.t For inch pound application. C • 3.8095 and converts g/in3 to !bf/ft 3 assll'Oing lbf = lbm. For SI metric application, C = 9.807 

and converts g/an 3 to kNtm3 

Figure 7. - One-dimensional consolidation test (data sheet l) - example. 
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COMPACTION DATA FOR SPECIMENS 
7-2381 (IZ-86/, OF MINUS NO. 4 MATERIAL 
Bureau of Rec amatlon (DATA SHEET 11 Designation USBR 5210-§~ 

PROJECT FEATURE 
Example Example 

COMPUTEO BY OATE CHECKED BY DATE 

1. SAMPLE NO. I 
:z. COMPACTION METHOD: 1K) TAMPING COMPACTION 0 POURING WITH VIBRATION 

3. T.EST DESIGNATIONS: 5700- 89 

.. COMPACTION MOLD SYSTEM: □ SPLIT MOLD IKJRIGID MOLD □ STAND-UP VACUUM MOLD NO. 208 

••• !Kl CIRCULAR MOLD 

•b; DIAMETER 4.25 (In) 4c. HEIGHT 1.2~ (in) 

'4d. LINER THICKNESS NLA (In) ... AREA• 0.785 ... / [l'b). 2 x (4d)] 2 14.19 (in2) 

4f. VOLUME• [(4c) · (4d)] x ( .. ) 17.74 (in3) 

49. D SQUARE MOLD 

411. LENGTH 1 (In) 41. LENGTH 2 (in) 

•;. HEIGHT (In) 4k. LINER THICKNESS (In) 

.L. AREA• [(411). (2 x (4k))] [(41) · (2 X (4k))] (ln2) 

4m. VOLUME• [('j) - l'k)] (4L) ' (ln3) 

5. PLACEMENT CONDITIONS 

5■ . DESIRED DRY UNIT WEIGHT 95 (lbf/ft3) 

5b. PERCENTAGE OF LABORATORY CONTROL TEST O%comp 0% RD 100 
15c. DESIRED MOISTURE CONTENT 13.0 (%) 

15d. SPECIFIC GRAVITY 2.69 

15. COMPACTION DATA 

15■ . MASS OF DRY SOIL PER SPECIMEN• (5a)(4f or 4m)(5.787 x 10·4 )!!./ 0.975 0bm) 

&b. NUMBER OF SPECIMENS PER TEST I 

lie. MASS OF DRY SOIL PER TEST• (&a) (&bl [1.05 or 2.0]£/ 1.950 (lbm) 

15d. COMPACTION - MOISTURE CONTENT 13.2 (%1 

Se. NUMBER OF LIFTS PER SPECIMEN 3 

15f. MASS OF WET SOIL PER LIFT•~ [l +J!!!!l I 0.368 (lbm) 
(&a) 100!!/ 

611. MASS OF WET SOIL PER LIFT• 453.&!/ (&f) 166.9 (g) 

7. 

LIFT MASS OF WET SOIL PLUS CONTAINER LIFT MASS OF WET SOIL PLUS CONTAINER 
NO. Clbm IZl11 NO. C1bm Cu 

7a. 1000.0 
7b. (7a) - (6111 1 833. I 711. (7f) - (611) 6 

7c. (7b) • (&g) 2 666.2 711. (711) • (&g) 7 

7d. (7c). (&g) 3 499.3 71. (711) • (6g) 8 , .. (7d) - (Ilg) • 7). (71) - (611) 9 

7f. (7a). (&g) 15 7k. (7j) - (&g) 10 

!/ CONSTANT• 7r/4 

!!_/ 
1tt3 1 lbm 

CONSTANT• ffii ln3 TTtif 
£_/ CONSTANT• FACTOR TO PROVIDE EXCESS MATERIAL FOR MOISTURE CONTENT DETERMINATION 

• 1.015 FOR LARGE SPECIMENS AND 2.0 FOR SMALL SPECIMENS 

!!.I CONSTANT•~ 

!.I CONSTANT•~ 

Figure 8. - Compaction data for specimens of minus No. 4 material (data sheet 1) - example. 
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11.2.8.2 Record the nominal height and diameter 
of the specimen ring (lines 4b and 4c, fig. 8). 

11.2.8.3 Record the required placement dry unit 
weight and placement moisture content (line 5a, fig. 8). 

11.2.8.4 Compact the specimen in three lifts unless 
otherwise stated in the testing pro.gram. 

11.2.8.5 Record the moisture content at which the 
specimen was compacted as Initial moisture content on 
line 24 of the "One-Dimensional Consolidation Test" data 
sheet 1 (fig. 7) . 

11.2.8.6 After the compaction collar is removed, 
the specimen is trimmed level with the top of the specimen 
ring using a straightedge trimmer. 

11.2.9 Remove the damping ring and rubber gasket, 
and place a cover plate on top of the specimen. 

11.2.10 Invert the consolidometer baseplate to allow 
removal of the specimen ring with specimen. Make sure 
the plastic film is removed from the bottom of the 
specimen. Trim the bottom of the specimen level with 
the bottom of the specimen ring and specimen. Place the 
second cover plate over the bottom of the specimen ring. 
Take care to minimize specimen moisture loss. 

11.2.11 Calculate the specimen Dry unit weight as 
shown on lines 23 through 27 of data sheet 1 (fig. 7). 
If the specimen dry unit weight is within ±1 percent of 
the desired dry unit weight then proceed, if not recompact 
specimen using new material. 

12. Calibration and Standardization 

12.1 Verify that equipment is currently calibrated. If 
the calibrations are not current, perform the calibrations 
according to the appropriate following designations before 
using the equipment. 

USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicators 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 1420 Calibrating Head Tanks 

12.2 Consolidometer Equipment Calibration (deforma­
cion) .-Prior co performing a one-dimensional consolidation 
test, determine the consolidation test equipment deforma­
tion. The procedure for determining consolidation test 
equipment deformation is described in appendix X2. 

12.3 Pneumatic Load Frame Calibration.-Follow the 
procedure outlined in appendix X3 if the pneumatic load 
frame calibration is not current. 

12.4 Calibrating the Specimen Ring.-lf the specimen 
ring calibration is not current, calibration will be performed 
using a calibration plug. The procedure for calibration is 
described in appendix X4. 

13. Conditioning 

13. l The test specimen is to be prepared, placed, and 
tested as quickly as possible to minimize unrecorded 
moisture loss. 

631 

14. Procedure 

14. l All data are to be recorded on the "One­
Dimensional Consolidation Test" forms as shown on 
figures 7 and 9 (data sheets 1 and 2), respectively. 

14.1.1 Record number and height of the gauge block 
at the seating pressure on lines 3 and 4, respectively, as 
shown on data sheet 1 (fig. 7). 

14.1.2 Locate and record the pneumatic load frame 
number and the specimen ring number on lines 1 and 2, 
respectively, as shown on data sheet l (fig. 7) . Record 
the nominal height and diameter of the specimen ring 
on lines 5 and 7, respectively, as shown on data sheet 1 
(fig. 7). Calculate and record the specimen ring area and 
volume on lines 6 and 8, respectively, as shown on data 
sheet 1 (fig. 7). 

14.1.3 Using one fixed-ring consolidomecer, place 
che dean bottom porous place in the consolidomecer 
baseplate. Ensure that the porous plate is flush with and 
fits snugly into the recess in the baseplate with the smooth 
side coward the specimen and the place aligned with the 
marks on the consolidometer baseplare. 

14.1.4 Place the gauge block .on the center of the 
boctom porous plate. 

14.1.5 Place the specimen ring into the baseplate 
of the consolidometer. 

14.1.6 Ensure the gasket is not cracked and is flexible. 
Place the gasket on the baseplate and secure the damping 
ring with water collar ro the baseplate. 

14.1.7 Place the top porous plate on the gauge block, 
and place the guide ring on top of the specimen ring. 

CAUTION.-If the fie of the porous place is loose, soil may escape 
and result in erroneously high consolidation values. If the porous 
place rubs on the inside of che guide ring or specimen ring it 
will result in an increase in side friction with a decrease in effective 
pressure and consolidation. 

14.1.8 Place the loading plate on the top porous plate 
and ensure that the loading plate, top porous plate, and 
gauge block are in correct alignment and centered in the 
specimen nng. 

14.1.9 Place the consolidomecer with gauge block on 
the pneumatic load frame. Center the consolidometer under 
the piston head. Ensure that the dial gauge stem is centered 
on the dial gauge spin~le rest. Figure 10 shows the one­
dimensional consolidation apparatus assembled in a 
pneumatic load frame and ready for obtaining a seating 
pressure reading on a gauge block. 

CAUTION.-If necessary, spacer places should be placed under 
the consolidomecer during testing co ensure chat the pneumatic 
cylinder rod is extended approximately che same distance as it 
was when the pneumatic load frame was calibrated. 

14.1.10 Cover the loading plate and specimen ring 
with plastic wrap. Secure the plastic wrap with a rubberband 
around the groove in the specimen ring. 

14.1.11 Record the desired gauge block seating 
pressure in column 3, Desired pressure as shown on data 
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7-2418 (3-89) ONE-DIMENSIONAL CONSOLIDATION TEST 
oes;gnat;on USBR 5 700 Bureau of Reclamation 

Tested By Date 

~pie No. 
I 

Load Frirne No. 
106 

Type of Test 00 Consolidat ion 

DESIRED 

DATE TIME PRESSURE 

00 !bf /in 2 
sec. 

□ l(f'll 
( 1) (2) (3) 

5/19/89 4 I 

4 6* 
10 

20 

40 -
80 

200 

400 

800 

2000 

4000 

8000 

20000 

5/20 86400 

4 12.5 

10 

20 

40 

80 

200 

400 

800 

2000 

4000 

8000 

20000 

5/21 86400 

4 25 

• Indicates when specmen was welled 

..]J Adjusted for deformation correction 

(DAT A SHEET 2) -~ 

I Computed By Date I Checked By Date 

Specmen No. 
51 

Specmen Ring No. 
208 

D Expansion □ uplift 

0 MASS REO. PLF PLF DIAL/LVDT HEIGH AXIAL VOID 

00 DEFORMATION GAl.GE GALGE GAl.GE OF STRAIN RATIO 
CORRECTION NO. READII\G READII\G JI SPECIMEN 

00 lbm ON 00 in O cm 00 in O cm % 

(4) (5) (6) (7) (8) (9) (10) 

0.000 I 0.64 0.2517 1.2422 0.00 0.4328 

0.2518 1.2421 0.01 0.4326 

0 .2518 1.2421 0.01 0.4326 

0 .2518 1.2421 0 .01 0.4326 

0.2518 1.2421 0 .01 0.4326 

0.2518 1.2421 0.01 0.4326 

0.2518 1.2421 0.01 0.4326 

0.2518 1.2421 0.01 0.4326 

0.2518 1.2421 0.01 0.4326 

0.2519 1.2420 0.02 0.4325 

0 .2519 1.2420 0.02 0.4325 

0 .2519 1.2420 0.02 0 .4325 

0.2519 1.2420 0.02 0.4325 

0.2519 1.2420 0.02 0.4325 

0.002 2 .0 0.2520 1.2419 0.02 0.4325 

0.2522 1.2417 0.04 0.4322 

0.2524 1.2415 0.06 0.4317 

0.2526 1.2413 0.07 0.4317 

0.2528 1. 2411 0.09 0.4315 

0.2530 1.2409 0 . 10 0.4313 

0.2534 1.2405 0 . 14 0.4308 

0.2538 1.2401 0.17 0.4303 

0.2542 1.2397 0.20 0.4299 

0.2546 1.2393 0.23 0.4294 

0.2548 1.2391 0.25 0.4292 

0.2549 1.2390 0.26 0 .4291 

0 .2550 1.2389 0.27 0.4290 

0 .003 3.7 0 .2588 1.2351 0.57 0 .4246 

Sheet of 7 
------ ------

Figure 9. - One-dimensional consoldiation test (data sheer 2) - example. (Only partial consolidation rest data are shown.) 
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Figure I 0. - One-d imensional consolidation rest assembly. 
(a) saturation rube, (b) low range pressure gauge, 
(c) high range pressure gauge, (d) dial gauge. 

sheet 2 (fig. 9). If gauge block seating pressure is not stated, 
use 1 !bf/ in 2. 

14.1.12 Using the pneumatic load frame ca libration 
plot (fig. 11 or 12) for the correct diameter specimen, 
obtain the pressure gauge reading necessary to exert the 
required gauge block seating pressure. Record this pressure 
reaching in column 6, "PLF GAUGE READING" as shown 
on data sheet 2 ( fig. 9). 

NOfE 3.-Ensure rhar the pneumatic load frame is set ro rhe 
low range pressure gauge, with rhe load switch up and the low 
range pressure gauge at zero. 

14.1.13 Pull down the load switch (figs. 2 and 3). 
14.1.14 Ser the low range pressure gauge to rhe 

necessary reading by turning the low range air control 
clockwise. 

14.1.15 Position the conso lidometer as necessary to 
ensure rhat the piston head will be centered on the loading 
plate, and the dial gauge will be centered on the dial gauge 
spind le rest, move the load switch to the up position. 

14.1.16 Record the dial gauge reading as the Dial 
reading with searing pressure on gauge block o n line 9 
of data sheet 1 ( fig. 7). 

14.1.17 Remove the rubberband from the specimen 
ring groove and use it to secure the plastic wrap about 
the piston head. 
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Figure I l. - Pneumatic load frame calibration (high range) - example. 
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Figure 12. - Pneumatic load frame cal ibration (low range) - example. 

14.1.18 Raise the piston head by turning the low 
range air control counterclockwise until the low range 
pressure gauge reads zero. 

14.1.19 Disassemble the consolidometer by remov­
ing the load ing plate, guide r ing, and upper porous plate. 
Remove the clamping ring with water co ll ar, specimen 
ring, and gauge block from the consolidometer baseplate. 
Leave the lower porous plate in the baseplate of the 
consol idometer and place conso lidometer parts on the 
pneumatic load frame. 

14.1.20 Determine the mass of the specimen ring 
and a pair of cover plates to the nearest 0.1 gram. Record 
the mass as the Mass of specimen ring + cover places 
on line 20 of data sheet 1 (fig. 7). 

14.1.21 Prepare the test specimen as described in 
paragraph 11, and immediately cover the top and bottom 
of the specimen ring and specimen with the cover plates 
if not already done so in preparing the specimen. 

14.2 Preparing Dara Sheers: 
14.2.1 Determine the mass of the specimen ring, 

wet soil, and the pair of cover plates to the nearest 0.1 gram. 
Record the value as the Mass of specimen ring + cover 
places+ wee sod, on line 21 of data sheet 1 (fig . 7). 

14.2.2 Calculate the Mass of wee soil and record on 
line 22 of data sheet 1 ( fig . 7). 
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14.2.3 If necessary, calculate and record on line 27 
the Dry unit weight of the specimen on data sheet 1 (fig. 7) . 
The Dry unit weight of a compacted specimen has a 
tolerance of ±0.5 percent from the desired dry unit weight. 
If the compacted specimen is not within tolerance, return 
to subparagraph 11.2.1 and compact another specimen. 

14.3 Equipment Deformation: 
14.3.1 All data are to be recorded on the "Consolida­

tion Equipment Deformation" form as shown on figure 13. 
14.3.2 Assemble all consolidation equipment used in 

determining the gauge block seating load. 
14.3.3 The equipment deformation determination 

will be performed just prior to specimen placement in 
accordance with appendix X2. 

14.3.4 As shown on figure 14, plot consolidation 
pressure versus deformation,_ 

14.4 Specimen Placement: 
14.4.1 If not already done, remove all the unas­

. sembled parts of the fixed-ring consolidometer that were 
used in determining the gauge block seating pressure' 
reading from the pneumatic load frame. 

14.4.2 Carefully slide the specimen ring containing 
the specimen off the bottom cover plate and onto the 
bottom porous plate in the baseplate of the consolidometer. 
Remove the top cover plate from the specimen and 
specimen ring. 

NOI'E 4.-If the specimen is .loose, very soft, or contains a 
large percentage of sand, the following alternate method for 
placement is recommended. (This technique helps prevent 
possible loss of material and helps to ensure a level bottom 
surface.) 

• With the cover plates securely in place, invert the specimen. 
• Carefully remove the bottom cover plate, place the bottom 
porous plate on the specimen, invert the baseplate and place 

· over the specimen ring. 
• Hold the top cover plate in place and carefully turn the 
assembly right side up. 
• Remove the top cover plate. 

14.4.3 Place, center, and align the upper porous 
plate on top of the specimen with the smooth side facing 
the specimen. 

14.4.4 Ensure that the gasket is not crackecl and is 
flexible . Place the gasket on the baseplate, and secure the 
clamping ring with water collar to the baseplate. Ensure 
that the screws are tight to prevent waterflow between 
the baseplate and clamping ring. 

14.4.5 Place the guide ring on top of the specimen 
ring. 

14.4.6 Place and align a loading plate on top of the 
porous plate. . 

14.4.7 Cover the loading plate a~d specimen ring 
with the plastic wrap which was secured to the piston 
head in subparagraph 14.1.17. Hold the plastic wrap in 
place with a rubberband around the groove in the specimen 
ring. 

14.4.8 Place the consolidometer baseplate with 
specimen, on the pneumatic load frame. If spacers were 

used beneath the baseplate, when obtaining the gauge block 
reading (refer to subpar. 14.1.9), center the baseplate on 
the spacers. 

14.4.9 Center and align the top porous plate and 
loading plate over the specimen. Align and center the 
consolidometer beneath the piston head. Make sure the 
dial gauge spindle is centered on the dial gauge spindle 
rest. 

CAUTION.-If the loading plate is not centered, it can slip 
sideways, when a load is applied, and catch on the guide ring 
during consolidation. This causes differential loading on the 
specimen. 

14.4.10 Attach the saturation tube to the baseplate 
and cover the top of the tube with plastic wrap. This will 
help to keep the specimen from drying out prior to wetting. 

14.5 Pressure Sequence: 
14.5.1 Load and unload the specimen according to 

the desired pressure sequence outlined in the testing 
program. Common practice is for each new pressure to 
be twice the preceeding pressure. 

14.5.2 An unload-reload sequence may be included 
in the pressure loading sequence. This is done to determine 
rebound and recompression characteristics of the soil. 

14.5.3 The specimen is commonly unloaded back to 
the seating pressure by decreasing the previous pressure 
on the specimen by 75 percent. The unload sequence should 
be determined prior to testing and is dependent on how 
test results are to be used. 

14.6 Seating Pressure Application and Initial Height 
Determination : 

14.6.1 The first pressure on the specimen is the same 
as the gauge block searing pressure. 

14.6.2 The correct gauge readings are determined­
for a given pneumatic load frame and specimen ring 
diameter-from calibration plots of the high and low range 
pressure gauges for each pneumatic load frame (figs. 11 
and 12). 

14.6.3 The seating pressure is applied using the low 
range pressure gauge. Pull down the load switch and turn 
the low range air control clockwise until the low range 
pressure gauge is on the desired gauge reading. 

14.6.4 Pull up the load switch until the piston head 
has come down to, but is nor touching, the loading plate. 
Pull down the load switch to stop piston advance. Again, 
check that the specimen ring, top porous plate, and loading 
plate are centered under the piston head, and that the 
dial gauge is properly positioned. 

14.6.5 Pull up the load switch and start the timer 
. .. when the piston head sears firmly on the loading plate. 

14.6.6 After 4 seconds, observe the dial gauge reading 
with seating pressure on the specimen. Record the reading 
as the Dial gauge-reading with seating pressure on specimen 
on data sheet 1 (fig. 7). Also record this reading in column 
7, Dial/I VDT gauge reading on data sheet 2 (fig. 9). 

14.6.7 This pressure (with the specimen at natural 
moisture content) will be kept on the specimen for the 
required period of time according to the testing program. 
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1-2416 (3-89) CONSOLIDATION EQUIPMENT DEFORMATION 5700 . 89 Bureau of Reclamation Designation USSR --
Performed By Date I Checked By Date 

Pa-ois Plate Di.meter 4.25 00 ::, I Specinen Height I. 25 00 in Consolidation Set No. 6 n n mm 
Ef'O PLATE MATERIAL LOADlflG U\IIT MEASUREMENT DEVICE 

IX) Sintered Bronze ~ NJ. 00 LVOT 

□ C¥borundt.m □ Compression 
□ Dial Gauge 

□ Ceramic IX) Pnet.matic 106 
Load Frame 

□ Other □ Scale 

Maxin1ST1 axial strain due lo equipment deflection is less than 2.0¾? 00 Yes □ No 
End porous plates stressed to maxinum oress<re prior to running deflection? lxJ Yes n No 

PRESSURE 
PRESSURE GAUGE READING GAUGE' usm· ' ... MEASUREMENT . . DEFLECT ION 

AXIAL 

00 lbf/in 2 OR SCALE LOAD 
DEVICE READING CORRECTION 

H • High Range STRAIN 

□ KPa L . Low Range 00 in 0mm 00 in 0mm (¾) 

( 1) (2) (3) (4) (5) (6) 

1. 0 0 .36 L 0.1931 0 . 0000 0.0 

12.5 1.96 L 0.1955 0 . 0024 0.2 

25 .0 3.70 L 0.1965 0.0034 0.3 

50.0 7.17 L 0 . 1977 0.0046 0.4 

100.0 14 . 11 L 0 . 1992 0 . 0061 0.5 

200.0 6 .95 H 0 .2016 0. 0085 0.7 

400.0 . I 3 . 76 H 0 .2055 0 . 0124 1.0 

600.0 20.55 H 0 .2092 0 .0161 1.3 

400.0 13. 76. H 0 .2066 0 .0135 I . I 

100.0 14 . 30 L 0.1993 0 .0062 0.5 

50.0 7.31 L 0 . 1977 0 .0046 0.4 

12 . 5 2.07 L 0.1956 0 .0025 0.2 

1.0 0.46 L 0 . 1938 0 .0007 0.1 

. 

' 

Figure 13. - Cons~lidarion equipment deformation - example. 
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0.020 ,------------------~~-~ 
Consolidation set No. 6 ° - 0 loaded 

• - • unloaded 

0.000 ..---+---+----~---j------4------'---_J 
,oo 200 500 

Figure 14. - Pressure versus equipment deformation correction -
example. 

Usually only a 4-second seating load reading is taken. If 
time limit is not specified, leave the seating pressure on 
the specimen for a period of 24 hours. Record dial gauge 
readings at time intervals specified in subparagraph 14.7.6. 

14.6.8 Record the date, time, and desired seating 
pressure as shown in columns 1, 2, and 3 of data sheet 2 
(fig. 9). 

14.6.9 Record the equipment deformation in column 
4 on data sheet 2 (fig. 9) from figure 13. The deformation 
correction should be zero. 

14.6.10 Calculate the initial height of specimen, and 
the equivalent height of solids. Record the values on lines 
11 and 12 on data sheet 1 (fig. 7). 

14.6.11 Depending on the testing program, go to 
subparagraph 14.7 Specimen Loading, or if the specimen 
is to be wetted, proceed to subparagraph 14.8 Specimen 
Wetting. 

14.7 Specimen Loading (dry specimen): 
14.7.1 Record the Desired pressure from the testing 

program as shown in column 3 on data sheet 2 (fig. 9). 
14.7.2 Determine the correct gauge reading for each 

desired pressure from the PLF (pneumatic load frame) 
calibration plots (shown on figs. 11 and 12) for the diameter 
of specimen being tested. If the desired pressure is too 
high for the low range calibration plot, use the high range 
calibration plot. Record the PLF Gauge reading and PLF 
Gauge No. in columns 5 and 6, respectively,_on data sheet 2 
(fig. 9). (This may already have been done for the gauge 
block seating pressure.) 

14.7.3 Pull down the load switch to maintain a 
constant pressure on the specimen and to allow the next 
pressure to be applied instantly. 

14.7.4 If the calculated pressure gauge value is from 
the low range calibration plot, and pressure is presently 
applied to the specimen using the low range pressure gauge, 
turn the low range air control clockwise until the low range 
pressure gauge needle is on the desired gauge reading. 

14.7.5 If the calculated pressure gauge value is from 
the high range calibration plot, proceed as follows. 

14.7.5.1 If the specimen is being loaded using the 
low range pressure gauge, turn the low range air control 
counterclockwise until the low range pressure gauge reads 
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zero. Close the low range gauge shut-off, and pull out the 
range selector switch in the center back of the pneumatic 
load frame. If using the "gold knob" pneumatic load frames, 
open the high range gauge shut-off (presently the bleeder 
valve). Turn the high range air control clockwise until 
the desired high range pressure gauge reading is obtained. 

14.7.5.2 If the specimen is presently being loaded 
u~ing the high range pressure gauge, turn the high range 
air control clockwise to the desired high range pressure 
gauge reading. 

14.7.6 Raise the load switch and start the timer. Read 
and record dial gauge readings at 4, 10, 20, 40, 80, 200, 
400, 800, 2,000, 4,000, 8,000, 20,000, and 86,400 (24 hours) 
seconds from the start of timing. 

14.7.7 Determine amount of deformation for the 
appropriate pressure from the consolidation equipment 
deformation form as shown on figure 13. Record this value 
in the deformation correction column (col. 4) as shown 
on data sheet 2 (fig. 9). If the deformation correction for 
the appropriate pressure cannot be found on figure 13 
then obtain the value from the plot of consolidation 
pressures versus deformation (fig. 14). 

NOfE 5.-If the loading sequence is changed during the one­
dimensional consolidation test and the deformation cannot be 
obtained from the consolidation pressure versus deformation plot 
(on fig. 14) after the test is completed, a new equipment 
deformation versus added or changed consolidation pressure 
value(s) plot will need to be obtained. 

14.7.8 Calculate and record in columns 8, 9, and 10 
on data sheet 2 (fig. 9) the height of specimen, axial strain 
(percent), and void ratio, respectively, for each dial gauge 
reading. Plot specimen deformation in terms of axial strain 
(percent) or gauge reading (inches) versus the square root 
of time in minutes as shown on figure 15. Plot axial strain 
(percent) or gauge reading (inches) versus log time 10 

seconds as shown on figure 16. 
14.7.8.1 Primary consolidation is complete as 

indicated by the deformation versus square root of time 
curve flattening to a nearly horizontal position as shown 
on figure 15, and by the deformation versus log time where 
two straight portions of the curve are extended to intersect 
at 100 percent primary consolidation as shown on figure 
16. When this occurs, loading under this pressure increment 
is complete unless otherwise stated in the testing program. 
One hundred percent primary consolidation may occur 
before 24 hours; if so, continue to the next load. 

14.7.8.2 If 100 percent primary consolidation has 
not occurred after 24 hours, leave the specimen at the 
same pressure for another 24 hours and record the dial 
gauge reading at 48 hours on data sheet 2 (fig. 9). Add 
this data point to the plot generated in subparagraph 14.7.8. 
Repeat subparagraph 14.7.8 as necessary. 

NOfE 6.-Generally, it is preferable that the duration of all 
pressure im;:rements be the same. 

NOfE 7.-Silt and organic soils often exhibit a significant 
amount of secondary consolidation and the deformation versus 
square root of time curve tends not to flatten out. Ordinarily, 
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Figure 15. - Axial strain versus square root of time - example. 
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Figure 16. - Axial strain versus log-time - example. 

care should be taken to limit secondary consolidation. However, 
secondary consolidation is critical co the design of structures on 
some soils and if needed, results should be carefully interpreted. 

14.7.9 Calculate the coefficient of consolidation and 
axial strain at 100 percent of primary consolidation as 
specified in appendix Xl and record on figures 15 and 16. 

14.7.10 Proceed in accordance with the testing 
program; go to subparagraph 14.7 Specimen Loading, tO 

14.8 Specimen Wetting, to 14.9 Rebound Upon Unloading, 
or to 14.10 Specimen Removal, as appropriate. 

14.8 Specimen Wetting: 
14.8.l The specimen should be wetted according to 

instructions in the testing program. Testing should be 
performed to closely model the in-place field condition 
by wetting the specimen at a pressure dictated by design 
or field construction practices. If water is t0 be added at 
the same pressure as the seating pressure then begin to 
add water immediately after the 4 second searing pressure 
is obtained. 

14.8.2 Record the desired pressure, PLF gauge No., 
and PLF gauge reading in columns 3, 5, and 6, respectively, 
on data sheet 2 (fig. 9). Add an * next t0 this reading 
to denote che pressure at which the specimen was wetted. 

14.8.3 Remove the plastic wrap from around the 
specimen ring and from the saturation tube. Fasten the 

637 

plastic wrap around the piston head so as not to change 
the dial gauge reading. 

14.8.4 Attach flexible tubing ro the drain cock (fig. 1) 
tO allow water to flow into an overflow container. 

14.8.5 Open the drain cock valve, and add tapwater 
(at room temperature) tO the saturation tube using a pipette 
and bulb. Continue tO add water until no air bubbles appear 
tO be exiting through the drain cock. 

14.8.6 Close the drain cock and remove the plastic 
tubing from the drain cock. 

14.8.7 Keep the height of the water in the saturation 
tube low tO prevent piping in the specimen, but keep rhe 
height at least level with the cop of the drain cock tO 

prevent possible air bubbles being trapped in the 
consolidometer. 

14.8.8 Continue to add water as necessary to 
maintain the desired height. When water begins tO come 
through the top porous plate or after three minutes, 
whichever comes first, submerge the specimen by filling 
the water collar tO just below the rim with room 
temperature ·tapwater. Ensure that the specimen remains 
submerged. 

14.8.9 After the specimen has been completely 
submerged, begin the timer. If during the wetting procedure 
the soil begins tO consolidate as indicated by a changing. 
dial gauge reading, begin the rimer and take readings as 
given in subparagraph 14.8.10. 

CAUTION.-Some soils will collapse or expand rapidly upon 
introduction of water. At no time should the specimen be allowed 
to expand above initial height unless specifically written in the 
testing program. 

14.8.9.1 If, while adding water, the specimen 
begins to expand above initial specimen height, record a 
4-second dial gauge reading . .Increase the pressure on the 
specimen tO the next pressure as given in the loading 
pressure sequence, and record a 4-second dial gauge reading. 
Repeat as necessary to maintain the specimen at or below 
initial specimen height and continue taking readings as 
necessary. 

14.8.9.2 When the specimen is at or below initial 
height continue ro add water. 

14.8.9.3 If while adding water the specimen begins 
to consolidate, immediately begin recording dial gauge 
readings as noted in subparagraph 14.8.10 and continue 
adding water. 

14.8.10 Record dial gauge readings in column 7 on 
data sheer 2, (fig. 9) at 4, 10, 20, 40, 80, 200, 400, 800, 
2,000, 8,000, 20,000, and 86,400 seconds (24 hours) from 
the start of riming. 

14.8.11 Determine the completion of primary 
consolidation in accordance with subparagraph 14.7.8.1. 

14.9 Rebound Upon Unloading: 
14.9.1 The specimen is unloaded either at the end 

of the pressure sequence, or during the pressure sequence 
to gather data for determining the preconsolidarion 
pressure, or t0 model construction conditions in the field. 

14.9.2 Record the Desired pressure from the resting 
program in column 3 on data sheer 2 (fig. 9). 
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14.9.3 Determine the correct pressure gauge reading 
for the Desired pressure from the pneumatic load frame 
calibration plots for the diameter of the specimen being 
tested as shown on figure 11 or 12. 

14.9.4 If the specimen is presently being loaded using 
the low range pressure gauge, pull down the load switch 
and turn the low range air control counterclockwise to 
obtain the desired gauge value. Lift up on the load switch 

. and record dial gauge readings in column 7 on data sheet 
2 (fig. 9) at 4, 10, 20, 40, 80, 200, 400, 800, 2,000, 4,000, 
8,000, 20,000, 86,400 (24 hours) seconds from the start 
of timing. 

14.9.5 If pressure is presently being applied using 
the high range pressure gauge, proceed as follows. 

14.9.5.1 If the low range calibration plot with the 
low range pressure gauge is to be used: 

14.9.5.1.1 Pull down the load switch, and turn 
the high range air control knob counterclockwise. If using 
the "gold knob" pneumatic load frames, turn the high range 
gauge shut-off (previously the bleeder valve) clockwise fully 
closed. 

14.9.5.1.2 Push in the range selector switch at 
the back of the base of the pneumatic load frame and 
open the low range gauge shut-off counterclockwise. 

14.9.5.1.3 Adjust the low range air control until 
the low range pressure gauge shows the correct value. When 
pulling up on the load switch, be careful to lift slowly 
so as not to damage the gauges. 

14.9.5.2 If loading is to continue using the high 
range calibration plot while applying pressure, adjust the 
high range air control to obtain the correct high range 
pressure gauge value. 

14§6 Pull up on the load switch and begin the timer. 
Record the date, time, and dial gauge readings in columns 
1,2, and 7, respectively, on data sheet 2 (fig. 9). Begin 
recording readings in the sequence of 4, 10, 20, 40, 80, 
200, 400, 800, 2,000, 4,000, 8,000, 20,000, and 86,400 
seconds (24 hours) from the start of timing. 

14.9.7 Determine the equipment deformation for the 
appropriate pressure from the consolidation equipment 
deformation form as shown on figure 13. Record the value 
of Deformation correction in column 4 on data sheet 2 
(fig. 9). If the equipment deformation for the appropriate 
pressure cannot be found on figure 13, then obtain the 
correct value from the plot of consolidation pressure versus 
deformation on figure 14. 

14.9.8 Calculate and record in columns 8, 9, and 10 
the height of specimen, axial strain in (percent), and void 
ratio, respectively, for each dial gauge reading. 

14.9.9 Plot axial strain versus square root of time 
as shown on figure 17. 

14.9.9.1 Proceed to subparagraph 14.9.11 if the 
curve has leveled off or after 24-hours-whichever occurs 
first. In most cases rebound occurs quickly. 

CAUTION.-The 24-hour limit is placed on the rebound upon 
unloading sequence so as to not mistake expansion for rebound. 
While the final rebound pressure is applied, usually the seating 
pressure, it may be necessary to leave the load on the specimen 
longer than 24 hours if duplication of field conditions is required. 
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Figure 17. - Axial strain versus square root of time for specimen rebound 
upon unloading - example. 

14.9.10 In accordance with the testing program; go 
to subparagraph 14.7 Specimen Loading, to 14.8 Specimen 
Wetting, to 14.9 Rebound Upon Unloading, or to 14.10 
Specimen Removal, as appropriate. 

14.10 Specimen Removal: 
14.10.1 Ensure that the last required pressure 

increment or decrement has been applied to the specimen 
for an adequate length of time to allow complete primary 
consolidation or rebound, accordingly, before continuing. 

14.10.2 Drain all standing water from the water 
collar using a suction bulb, be careful not to remove any 
fines which may have escaped around the top porous plate. 

14.10.3 Remove the saturation tube from the 
consolidometer baseplate. 

14.10.4 Ensure that the high range air control is 
adjusted counterclockwise until the high range pressure 
gauge reads zero. Turn the low range air control 
counterclockwise until the low range pressure gauge reads 
zero and the piston head is lifted off of the loading plate. 

14.10.5 Carefully raise the dial gauge spindle and 
remove the consolidometer from the pneumatic load frame. 
Slowly lower the dial gauge spindle so as not to damage 
the gauge. 

14.10.6 Remove the screws from the clamping ring 
and quickly remove, in the following order: loading plate, 
guide ring, clamping ring with water collar, gasket, and 
specimen ring with top porous plate and bottom porous 
plate from the baseplate. 

14.10. 7 Remove the porous plates from the 
specimen and drain any free water into a drying pan whose 
mass was previously determined and recorded on line 29 
on data sheet 1 (back of form). 

14.10.8 Place the loading plate on top of the speci­
men and press the specimen out of the specimen ring 
into another drying pan whose mass was predetermined 
also and recorded on line 14 on data sheet 1 (fig. 7). 

14.10.9 Determine and record the wet mass of the 
specimen plus drying pan to the nearest 0.1 gram as shown 
on line 15, data sheet 1 (fig. 7). 

14.10.10 Photograph the top of the specimen as 
shown on figure 18a. Break the specimen into halves and 
photograph the broken faces of the specimen as shown 
on figure 18b. Return all specimen pieces to the drying 
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(a) Top view of test specimen. 

(b) Edge view of test specimen. 

Figure 18. - Views of test specimen. 

pan and determine the final moisture content of the entire 
specimen in accordance with USBR 5300 and record the 
calculations on data sheet l (back of form ). 

CAUTION.-An inaccurate final moisture content may result if 
the specimen is not removed from the specimen ring and its 
wet mass determined as quickly as possible after removing all 
pressure from the specimen. 
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14.10.11 Wash any soi l from the porous plates, 
specimen ring, and guide ring, using a squeeze bottle filled 
with tapwater. Catch the wash water in the drying pan 
used in subparagraph 14.10.7. 

14.10.12 Place the drying pan in a separate (if 
possible) drying oven overnight. (Evaporation of the large 
amount of free water in the washings may result in 
inaccurate final moisture contents if the washings are placed 
in the same oven as the specimen. ) Determine and record 
the dry mass of the washings and the drying pan to the 
nearest 0. l gram. Determine and record the mass of dry 
washings on line 31 data sheet l. 

14.10.13 Scrub the porous plates in running water 
using a soft nylon brush. Unless the porous plates are 
cleaned after each test, they become clogged with soil 
particles and slow the flow of water to or from the 
specimen. 

14.10.14 Determine the final dry mass of soil and 
record the values as shown on line 34, data sheet 1. 

14.10.15 Calculate dry unit weight, Degree of 
Saturation, and the maximum vertical expansion (percent 
rebound) of the specimen using the final dial gauge reading, 
and record equivalent heights of solids as shown on the 
"Summary of One-Dimensional Consolidation Test" form 
(fig. 19). 

14.10.16 Using the final dial gauge reading for each 
pressure increment, record and/or calculate pressure, 
specimen height, void ratio, dry unit weight, and ax ial strain 
as shown on figure 19. 

14.10.17 Plot axial strain (percent) versus log time 
for each reading as shown on figure 20. 

14.10.18 Plot axial strain (percent) versus pressure 
for the final reading of each pressure increment or 
decrement. Also plot void ratio versus log of pressure for 
the final reading of each pressure increment or decrement 
as shown on figure 21. 

14.11 Determination of Permeability Coefficient: 
14.11.1 This portion of the procedure is only 

performed when specifically specified and usually follows 
primary consolidation of the saturated specimen at a given 
pressure. 

14.11.2 Determine the height and area of the 
specimen at the beginning of the permeability test and 
enter these values as Land A, respectively, on the "Constant 
Head Permeability Test (One-Dimensional Consolidation)" 
data sheet as shown on figure 22. Calculate and record 
the head loss or drop H which is equal to the specified 
gradient times the height (thickness ) of specimen as shown 
on figure 22. 

14.11.3 Record the head tank calibration factor F 
from the head tank calibration form. Calculate and record 
the constant C as shown on figure 22. 

14.11.4 If not already done, remove the sa turation 
rube from the specimen baseplate (fig. 1). 

14.11.5 Remove the stopper and fill the glass head 
tank with water at room temperature. Replace the stopper; 
make sure it is secure and there is no air leak (fig. 6). 

14.11 .6 Slightly open both clamps (top and bottom) 
on the plastic tube from the glass head tank, until water 
flows from the tube. 
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7-2419 (3-89) I SUMMARY OF ONE-DIMENSIONAL I Des;gnat;on USBR 5700 -~ Bureau of Reclamation CONSOLIDATION TEST 
Pro ject 

Ellample 
Feat.re 

Example 

S.rnple No. I Spec men 51 

Type of Test 
IX) Consolidation D Expansion □ uplift 

PRESSURE SPECIMEN HE IGHT VOID RAT IO DRY I.NIT WE IGHT 
AXIAL STRAIN 

0 
(&] lbf/in2 0 kPa IXJ;n Orrm 00 lbf /ft 3 □ kN/m3 (¾) 

(l) (2) (3) (4) (5) 

1.00 1.2422 0.4328 116 .9 0 .00 

6 .00 1.2420 0 .4325 116.9 0 .02 

12.50 1.2389 0.4290 117.2 0 .27 

25 .00 1.2295 0 .4181 118 . 1 1.02 

50.00 1.2135 0.3997 119.6 2 .31 

100.00 1.1904 0 .3730 121.9 4 . 17 

200.00 1.1598 0.3377 125.2 6 .63 

400.00 1.1290 0 . 3022 128.6 9 . 11 

600.00 1.1102 0.2805 130.7 10.63 

400.00 I.I 124 0 .2830 130.5 10.45 

100.00 1.1241 0.2965 129.1 9 .51 

50.00 1.1278 0 .3008 128.7 9. 21 

12.50 1.1385 0.3131 127.5 8 .35 

1.00 1.1551 0 . 3323 125.7 7 .01 

TEST SPECIMEN CO'OITIO'\JS INITIAL MAX. PRESSURE FINAL 

Orv Unit Weight rxJ lbf/ft 3 n l<N/m 3 116.9 130.7 --
Moist.re Content ¾ 13 .2 I 1.2 15 .3 

DeG"ee of Satiration ¾ 77.9 100.4 --
Ory Mass □ lbf 00 g 540.9 -- 534 .2 

Maxm11T1 Vertical Expansion -- ¾ Rebound 34 ¾ 

Pressire Requi"ed to Ret..-n 0 lbf/in 2 O1c.Pa 
to In itial Heiaht N/A Equivalent Height of SolidS 0.867 [&J in 0mm 

Figure 19. - Summary of one-dimensional consolidation tesr - example. 
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Sample No. Example Specimen S 1 

Specimen size 4 .25 x 1.25 in (undisturbed) 

------, 
--

·- ..... 
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-

100 1000 1E 4 

TIME ( seconds) 

Figure 20. - Axial strain versus log-time summary - example. 

Sample No. Example Specimen No. 51 
Spec imen Size 4.25 x 1.25 in (undisturbed) 

Void Ratio 
Dry Unit Weight - lbf/tt3 
Moisture Content - % 
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(a) Axial strain versus pressure. (b) Void ratio versus log of pressure. 

Figure 21. - One-dimensional consolidation resr summary - example. 
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7-2421 (3-8g) CONSTANT HEAD PERMEABILITY TEST 
0esigna1ion USBR 5 700 _ 89 Bureau of Reclamation (ONE DIMENSIONAL CONSOLIDATION) --

Project 
Example 

I Feahre 
Example 

Tested By Date I Computed By Date I ChecKed By Date 

Semple No. 
I 

I Specrnen No. 
I 

BASIC EOUATIO\IS 
From ~cy·s q = KiA Law: 
where q =. The volume of flow, V, d1Ting trne: t. or q = V/t 

K = A constant of proportionality called the coefficient of permeability 
i = The hy<taulic {Tadient, which is lhe total head between two reference points (H) divided by 

the length of flow path between the two points CU of i = H/L 
A = Cross-sectional a'ea of flow 

All the values except I< can be meas1Ted. Therefore, K is determined form the other values. 
K = VL/AtH = (V/t)c 

CO\IST ANT TEST VALUES 

L = Specrnen thickness = 3. 05 Din 00 cm 

H = Difference between headwater and tailwater = 105.5 Din 00 cm 

A = Area of specrnen = 91 . 5 D in2 00 cm 2 

C = Constant relating L, A, and H = L/AH = 0. 000316 0 1/in2 00 1tcm2 

F = Factor relating water level changes to volume = 23. 5 0 cm3/cm 00 cm31in 

INITIAL TEST VALUES 

t1 = T me at sta't of test (HR:MIN) = 9,nn OOam □ pm 
h1 = Head tank water level at ti = 5.36 Din 00 cm 

MEASURED VALUES 

TIME OF ELAPSED HEAD TAN< CHAr-..GE IN VOLUME OF COEFFICIENT OF Remarks: 
NEXT TIME WATER HEAD TAN< -FLOW PERMEABILITY 

READlr-..G ..!I LEVEL WATER LEVEL lt '}.1 

t2 t=trt 1 h2 h=h
2

-h 1 V=hF k=(VC)/t 

[&]CM 00 CM 00 CM
4 

/CM 00 CM/SEC 

(HR:MIN) (SEC) O1N □ IN □ CM
4 

IIN 0 FT/YR 

(1) (2) (3) (4) (5) (6) 

9:00AM 0 5 . 36 0 0 0 

9 : 01 60 5. 40 0 .04 0 .94 
-6 

4.951< 10 

9:05 300 5.57 0.21 4.94 
-6 

5.20x 10 

9: 10 600 5.76 0.40 9.40 4.95x 166 

9: 15 900 5 .98 0.62 14.57 -6 5. 12 X 10 

9,30 1800 6.56 1.20 28.20 4.95x 166 

10:00 3600 7 . 74 2. J8 55.93 4 .91xl06 

II :OO 7200 10.11 4.75 I 11.63 4 .9Q X 106 

2 : 00PM 18000 17.19 11.83 278 .01 4 . 88x166 
Test comelete 

11 For metric units, calculate t in seconds. For english units, calculate in yea-s. 

2/To convert cm4 /in3 sec 10 ft/yr, multiply by 1.0946 x 108 

31 To convert from cm/sec to ft/yr , mult iply by 1.0354 x 106 

Figure 22. - Constant head permeability test (one-dimensional consolidation) - example. 
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14.11.7 Use a hose clamp to fasten the end of the 
tubing to the consolidomerer specimen baseplate in place 
of the saturation tube (fig. 1). 

14.11.8 Close the top clamp on the plastic tubing. 
Check that air is not trapped between the specimen 
baseplate and the bottom clamp on the tubing. 

14.11.9 Close the bottom clamp on the plastic tubing. 
14.11.10 Open the top clamp on the plastic tubing. 

Release water from the side tubing while working any 
visible air bubbles out of the tubing. Continue until bubbles 
come from the end of the small glass tube inside the glass 
head tank and no visible air bubbles remain in the plastic 
tubing. 

14.11.11 Check that the glass head tank is still at 
least two-thirds full of water and that the meniscus in 
the small inner tube is within 0.25 inch (6 mm) from 
the bottom of the tube. 

14.11.12 Use modeling clay to raise the height of 
the water collar about 2 inches (50 mm). 

14.11.13 Lead a piece of plastic tubing through the 
modeling clay and into an overflow container. This allows 
excess water being used for the permeability test to drain. 

CAUTION.-Do not allow the water level in the water collar 
to drop below the level of the top porous plate or the top of 
the specimen may become dry. 

14.11.14 Enter the initial height of water in the head 
tank h1 shown on figure 22. 

14.11.15 Enter the time t1 to the nearest minute 
on the form (fig. 22); then open the bottom clamp on 
the head tank tubing and begin timing. Allow water to 
flow from the head tank up through the bottom porous 
plate and through the specimen. 

CAUTION.-Soil appearing on the guide ring indicates the 
specimen may be "piping." Further consolidation or permeability 
data may be unreliable. 

14.11.16 Record the height of water in the head tank 
h2 to the nearest 1 mm and the time of the reading to 
the nearest minute as shown on figure 22. Readings should 
be recorded at one minute intervals as soon as the bottom 
clamp is opened and the water level starts dropping in 
the head tank. If there is less than 10 centimeters change 
in the height of water in the head tank during the first 
5 minutes, take readings at 5, 15, and 30 minutes and 
at 1, 2, 5, and 25 hours from the time the bottom clamp 
is opened. 

NITTE 8.-The rime intervals were derived from cusromary 
practice. 

14.11.17 Stop the rest when water in the head tank 
is near the bottom of the inner small glass tube or after 
24 hours, unless otherwise specified in the testing program. 

NITTE 9.-Very permeable soils may empty a standard head 
rank within 30 minutes. 

14.11.18 Calculate and record the volume of flow 
and the coefficient of permeability for each reading as 
shown on figure 22. The rest should continue until <> 

643 

relatively constant coefficient of permeability is reached 
or ten readings are recorded, whichever comes first. 

15. Calculations 

15.1 Calculate Specimen ring area (nominal specimen 
area). 

A 

where: 

rr Di 
4 

A = nominal specimen ring area, in2 

D = specimen ring inside diameter, in 
rr = 3.14 

(1) 

15.2 Calculate Initial moisture content as shown on 
line 24 of figure 7 (data sheet 1). 

15.3 Calculate Mass of wet soil. 

mw = mx- my (2) 
where: 
m w mass of wet soil, g 
mx mass of specimen ring, cover plates, and wet 

soil, g 
my mass of specimen ring and cover plate~, g 

15.4 Calculate height(s) of specimen. 
15.4.1 Initial specimen height as shown on line 11 

of figure 7 ( data sheet 1): 

(3) 
where: 

H; initial specimen height, in 
Hgb height of gauge block, in 
Rgb dial gauge reading on the gauge block, in 

Ri initial dial reading on the soil specimen, in 

15.4.2 Determinations of all other heights as shown 
in column 8 of figure 9 (data sheet 2): 

where: 
H = specimen height, in 
Hi initial specimen height, in 
Ri initial dial gauge reading on the specimen, in 
R2 current dial gauge reading, in 
11d deformation correction, in 

15.5 Calculate initial dry mass of specimen. 

where: 

~ 
md = 1 + w 

md = initial dry mass of specimen, g 
mw = wet mass of specimen, g 

w = initial moisture content expressed as a decimal 

(5) 

15.6 Calculate Equivalent height of solids in the 
specimen on line 12 of figure 7 (data sheer 1) and on 
figure 19 (summary of one-dimensional consolidation rest). 

Hs = C (A Gmd ) 
s Pw 

(6) 



USBR 5700 

where: 
Hs equivalent height of solids in the specimen, in 
ma initial dry mass of specimen, g 

A specimen area, in2 

Gs specific gravity of soil solids 
Pw density of water= 62.29 lbm/ft3 at 71.5 ° F 

C = 3.809 changes ft3 to in3 and g to lbm 

15.7 Calculate Axial strain (percent) in column 9 of 
figure 9 (data sheet 2). 

where: 
t: = axial strain, % 

H; = initial specimen height, in 
H = height of the specimen at any reading, in 

100 = convert from decimal to percent 

(7) 

15.8 Calculate Void ratio in column 10 of figure 9 (data 
sheet 2). 

H 
e -

Hs 
- 1 (8) 

where: 
e = void ratio 

H = height of specimen at any reading, in 
Hs = equivalent height of solids in the specimen, in 

15.9 Calculate Dry unit weight of the specimen at any 
reading in column 4 of figure 19 (summary of one­
dimensional consolidation). 

Pd= C ( 
H
mAa) 

where: 
pa = dry density, lbm/ft2 

ma = initial dry mass of specimen, lbm 
H = height of specimen at any reading, in 
A = nominal specimen area, in2 

C = 1,728 changes in3 to ft3 

15.10 Calculate height of water in the specimen. 

where: 
Hw height of water in the specimen, in 
ma initial dry mass of specimen, lbm 

* We moisture content expressed as a decimal 
A nominal specimen area, in2 

Pw density of water= 62.29 lbm/ft3 at 71.5 °F 
C = 1,728 changes in3 to ft3 

(9) 

(10) 

* Use initial moisture content w to calculate the height 
of water in the specimen prior to wetting, and final 
moisture content thereafter. 

15.11 Calculate height of air in the specimen. 

Ha= H-Hs-Hw (11) 
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where: 
height of air in the specimen, in Ha= 

H= 
Hs 
Hw = 

height of specimen at any reading, in 
equivalent height of solids in the specimen, in 
height of water in the specimen, in 

15.12 If the height of air is less than zero, recalculate 
the height of water in the specimen. 

Hw= H-Hs 
where: 
Hw = height of water in the specimen, in 

H = height of specimen at any reading, in 

(12) 

Hs = equivalent height of solids in the specimen, in 

15.12.1 Recalculate the moisture content. 

We = 100 ( AHw Pw) 
maC 

(13) 

where: 
We moisture content, percent 
A nominal specimen area, in2 

Hw height of water in the specimen, in 
Pw wet density of specimen, lbm/ft3 

ma = initial dry mass of specimen, lbm 
C = 1,728 changes ft 3 to in3 

100 = convert from decimal to percent 

15.13 Calculate Rebound on figure 19 (summary of 
one-dimensional consolidation test). 

R = lOO ( Hr- Hm ) 
H;-Hm 

(14) 

where: 
R = rebound, % 

Hr = height of specimen at end of test, in 
Hm height of specimen at end of maximum pressure 

increment, in 
H; initial specimen height, in 

100 convert from decimal to percent 

15.13.1 Calculate the coefficient of consolidation Cv. 

Use the values derived from the table and graphical analysis 
in appendix Xl with the following equation: 

where: 
Cv 

Tv = 

H= 
tv = 
C= 

coefficient of consolidation, ft 2 /yr 
time factor, from app. Xl, table Xl.l 

(dimensionless) 
length of maximum drainage path, in 
time for degree of consolidation to occur, s 
2.19 X 105 changes in2/s to ft2/yr 

(15) 

15.13.2 If using the axial strain versus log-time plot 
for graphical analysis: 

cv = c[~o( f)
2

] 

t50 
(16) 
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where: 
Cv = coefficient of consolidation, fr2/yr 

Tso = 0.197, rime factor at 50% of primary 
consolidation (dimensionless) 

H = average height of specimen for pressure 
increment of interest, in 

tso = rime at 50% of primary consolidation, s 
C = 2.19 X 105 changes in2/s ro fr2/yr 

15.13.3 If using the axial strain versus square root 
of rime plot for graphical analysis : 

c*v = C []go( If) 2 

] 

t90 
(17) 

* Same as subparagraph 15.13.2 except T90 = 0.848 at 
90 percent of primary consolidation and rso is rime in 
seconds also at 90 percent of primary consolidation. 

16. Report 

16.1 The report is to include the following completed 
and checked forms and plots, and photographs: 

"One-Dimensional Consolidation Test" data sheets 1 and 
2, figures 7 and 9, respectively. 
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"Summary of One-Dimensional Consolidation Test" 
form (fig. 19). 
Plot of axial strain versus square root of time in minutes 
for each pressure increment (fig. 15 and 17). 
Plot of dial reading or axial strain versus log time for 
a single pressure increment, including analysis of the 
coefficient of consolidation for that pressure (fig. 16). 
Plot of axial strain (percent) versus log-time summary 
plot showing each pressure up ro and including the 
maximum pressure (fig. 20) . 
Plot of axial strain versus pressure (fig. 21). 
Plot of void ratio versus log of pressure (fig. 21) . 
Photographs of the consolidation specimen after testing 
and broken into halves after testing (fig. 18). 

16.2 Optional information included in the report may 
be data showing calculation of the coefficient of perme­
ability at a given load (fig. 22). 

16.3 All calculations are ro show a checkmark and all 
plotting must be checked. 

1 7. Background Reference 

Test Designation EM 1110-2-1906, app. VIII, Consoli­
dation Test, U.S. Army Corps of Engineers, Vicksburg, 
Mississippi. 
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APPENDIX 

XL CALCULATION OF THE COEFFICIENT OF CONSOLIDATION BY GRAPHICAL ANALYSIS 

Xl.l Scope 

This appendix outlines the procedure for determining 
the coefficient of consolidation Cv for a pressure increment 
using either the log-time curve fitting method developed 
by A. Casagrande or the square root of time curve fitting 
method developed by D. W. Taylor. Boch methods were 
originally developed based upon deformation in terms of 
dial gauge readings. The methods presented in this 
procedure have been modified to express deformation in 
terms of axial strain. 

Xl.2 Procedure 

Xl.2.1 Log Method: 
Xl.2.Ll- -Plot axial strain (percent) versus log of 

time, in seconds, for the pressure increment of interest 
as shown on figure Xl.l. 

Xl.2.1.2 Pick two points, a and b, on the curve 
before the point of maximum curvature such chat log-time 
b is four times as great as log-time a. Draw a horizontal 
lir1~ _through point b on the curve. Locate point c on the 
horizontal line through point b directly below point a. 
Draw a horizontal line fo above the curve through point 
d at log-time a where the vertical distance from a to d 
equals the vertical distance from a to c as shown on figure 
Xl. l. Where line fo intersects che y axis is the axial strain 
in percent at zero percent consolidation. Several trials are 
usually advisable to obtain an average line for fo. 

Xl.2.1.3 Draw a line AB tangent to the linear 
portion of the curve below the point of maximum curvature. 

Xl.2.1.4 Draw a line DE tangent to the curve where 
it begins to flatten out. Lines AB and DE should intersect 
at point C. 

Xl.2.1.5 Draw a horizontal line E:100 through point 
C to the y axis. Where this line intersects the y axis is 
the axial strain in percent at 100 percent of primary 
consolidation. 

X 1.2.1.6 Calculate the axial strain at 50 percent of 
primary consolidation. 

E:100 + E:o 
E:50 = 2 (Xl-1) 

where: 
E:50 = axial strain at 50% of primary consolidation, % 

E:100 axial strain at 100% of primary consolidation, % 
Eo = axial strain at zero percent of primary 

consolidation, % 

Xl.2.1.7 Draw a horizontal line from che calculated 
axial strain at 50 percent consolidation to the consolidation 
curve. Draw a vertical line from the point of intersection 
to the log-time axis to determine the time tso at 50 percent 
of primary consolidation. 
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Xl.2.1.8 Find the time factor T50 from table Xl.1. 

Table Xl.1.-Values of Tv for values of U. 

Percent con­
solidation, U 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 

100 

*Time 
factor, Tv 

0.000 
.002 
.008 
.018 
.031 
.049 
.071 
.096 
.126 
.159 
.197 
.239 
.286 
.340 
.403 
.477 
.567 
.684 
.848 

0 

* Average of values from [ 1]. 

X 1.2.1.9 Calculate average height of the specimen 
for the pressure increment of interest. 

H; ( 1 - E; 1 - ff) 
Have = 2 100 + 100 

where: 
Have = average height of specimen for pressure 

increment of interest, in 
H,- initial specimen height, in 

E; axial strain at initial reading for pressure 
increment of interest, % 

ff = axial strain at final reading for pressure 
increment of interest, % 

100 = convert from percent to decimal 

(Xl-2) 

Xl.2.1.10 Calculate the coefficient of consolidation. 

where: 
Cv 

Tso 

Have 

t50 

C= 

(Xl-3) 

coefficient of consolidation, ft2 /yr 
time factor at 50% of primary consolidation 

(dimensionless) 
average height of specimen for pressure 

increment of interest, in 
time at 50% of primary consolidation, s 
2.19 X 105 changes in2/s to ft2/yr 
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Figure Xl.1.-Percenc axial strain versus log cime (log method) -
example. 

Xl.2 .2 Square Root of Time Method: 
Xl.2.2.1 Plot axial strain (percent) versus the square 

root of time in minutes as shown on figure X 1.2. 
Xl.2.2.2 Extend the straight line portion of the 

laboratory data curve to form line QB as shown on figure 
Xl.2. Where the line intersects the y axis, point Q, is 
the corrected zero percent point 1:0. 

Xl.2.2.3 Choose a convenient point q on line QB. 
Draw a horizontal line through q such that the length 
of line segment pr= 1.15 X pq as shown on figure Xl.2. 

Xl.2.2.4 Draw a straight line through Q and r. 
Extend this line to intersect the laboratory data curve of 
axial strain versus square root of time at point C 
corresponding to 90 percent of primary consolidation. 

Xl.2.2.5 Draw a horizontal line from point C to 
the y axis. Where this line intersects the y axis is the 
axial strain at 90 percent of primary consolidation 1:so . 

Xl.2.2.6 Draw a vertical line from C to the x axis. 
Where the line intersects the x axis is the time too to 
90 percent of primary consolidation. 

Xl.2.2.7 Find the time factor at 90 percent of pri­
mary consolidation, Tso using table Xl.l. 

Xl.2.2.8 Calculate the coefficient of consolidation. 

(Xl-4) 

square - root - time V minute 

,JT;. 4---------------'-~-------x ., -------- --~-- Initial reading 

a 0% 
:,l! 
0 
::::, 

C 

.2 
0 

~ 
'O 

0 
C 

.. 
C ·2 0 

" ~ 50% 0 
0 ., 
·;;; 

~ <( 

"' 
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p 

A •~---------*~--=----- 90% 

100 

F 

y 

Figure X 1.2.-Percenc axial strain versus square root of time 
(square root of time method) - example. 

where: 
Cv = coefficient of consolidation, ft 2/yr 

Tso = time factor at 90% of primary consolidation 
(dimensionless) 

Have = average height of specimen for pressure 
increment of interest, in (see X 1.2.1.9) 

t90 = time at 90% of primary consolidation, min 
C = 3,650 changes in2/min to ft2/yr 

Xl.3 Reference 

., 
cl 

0 

" .. 
0 .. 
,:; 
~ 

[l] Das, B. M., Advanced Soil Mechanics, 1st ed., 
Hemisphere Publishing Corporation, Washington 
D.C. , 1983. 

Xl.3 .1 Background References : 
Taylor, D. W., Soil Mechanics, 1st ed., John Wiley and 

Sons Inc., New York, New York, 1948. 
Koltz and Kovacs, Geotechnical Engineering, 1st ed., 

Prentice Hall Inc., Englewood Cliffs, New Jersey, 1981. 
Winterkorn and Fang, Foundation Engineering Handbook, 

Von Norstrand Reinhold Co., New York, New York, 
1975. 

Soil Mechanics, ch. 4, Settlement Analysis, EM 1110-2-
21904, pt. CXIX, U.S. Army Corps of Engineers, U.S. 
Government Printing Office, 1969-0-364-987, Washing­
ton D.C., January 1953. 
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X2. DETERMINING CONSOLIDATION TEST EQUIPMENT DEFORMATION 

X2.1 Scope 

This appendix outlines the procedure for determining the 
deformation of the one-dimensional test equipment. The 
deformation test is performed immediately prior to per­
forming the one-dimensional consolidation test and uses 
the same loading pressures and sequence as the one­
dimensional consolidation test. 

X2.2 Procedure 

X2.2. l All data are to be recorded on the "Consolidation 
Equipment Deformation" form as shown on figure 13. 

NOTE X2. l-This procedure assumes that a pneumatic load 
frame is used to apply the required pressures. If another type 
of loading unit is used, changes in the procedure will need to 
be made accordingly in order to obtain the required data. 

X2.2.2 Record the diameter of the porous plates to 
be tested and the height of the corresponding specimen. 
Place a check in the box-as on figure 13-for the 
following: end plate material, loading unit, and measure­
ment device. If necessary, record the loading unit number. 

X2.2.3 Locate the consolidometer baseplate, two 
porous plates, and loading plate to be tested, and record 
their consolidometer set number as on figure 13. 

X2.2.4 Record the loading pressures required in the 
testing program. The pressures shall be in accordance with 
those for the one-dimensional consolidation test. 

X2.2.5 Ensure, by any acceptable means, that the 
loading plates are within ±0.001 inch of being flat. If the 
tolerance is not met then machine the plates as necessary. 

X2.2.6 Place the one-dimensional consolidation equip­
ment on the pneumatic load frame such that the piston 
head is 2.75±0.125 inch above the pneumatic load frame 
base at the time the seating pressure is being applied. 
Table X2.l will help in obtaining the correct height and 
sequence of equipment. 

Table X2.l.-Consolidation test deformation equipment. 

Equipment 

Loading plate 
Top porous plate 
Loading plate (extra) 
Bottom porous plate 
Consolidometer baseplate 
Brass spacers, 2 for 4.25-inch 

diameser specimens, 1 for 
2.00-inch diameter specimen 

Height, inch 

0.375 
.375 
.250 
.375 
.375 

.500 

X2.2.7 Place the two brass spacers on the pneumatic 
load frame base. Place the consolidometer baseplate on 
the spacers, and the bottom porous place into the depression 
in the consolidometer baseplate. Place the loading plate 
(extra) on the bottom porous plate. Place the top porous 
plate on the loading plate (extra). Place the loading plate 
on the top porous plate. Ensure that all equipment is 
centered on the pneumatic load frame. 
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X2.2.8 Apply the maximum pressure in column 1 co 
the one-dimensional test equipment prior to recording any 
readings. Check "yes" for porous plates stressed co 
maximum pressure prior to test. After one minute has 
elapsed, release the pressure on the one-dimensional 
consolidation test equipment. 

X2.2.9 Apply the first pressure on the one-dimensional 
consolidation test equipment in accordance with the 
appropriate steps in subparagraph 14.6 Seating Pressure 
Application and Initial Height Determination. Record the 
pressure gauge reading in column 2. Read and record the 
measurement device reading in column 4. Readings should 
be recorded for the 10 second time interval. 

X2.2.10 Continue to apply pressure in the sequence 
shown in column 1, in accordance with the appropriate 
steps in subparagraph 14.7 Specimen Loading (dry 
specimen), and 14.9 Rebound Upon Unloading. Record 
the pressure gauge reading in column 2. Indicate which 
gauge is used for each reading in column 3. Read and 
record the measurement device reading in column 4. 

X2.2. l l Remove any remaining pressure from the one­
dimensional consolidation equipment, and remove the 
equipment from the pneumatic load frame. 

X2.2.12 Calculate and record the deformation correc­
tion in column 5. 

X2.2.13 Calculate and record the axial strain (percent) 
in column 6. Use the nominal specimen height when 
calculating axial strain. 

X2.2.14 If the maximum axial strain that occurs is less 
than 2.0 percent, check "yes" for Maximum axial strain 
due to equipment deformation is less than 2.0 percent. 
If not, then check "no" and systematically check for any 
parts that have excessive compression; repair and replace 
as necessary. 

X2.2.15 Plot the pressure versus deformation as shown 
on figure 14. 

X2.3 Calculations 

X2.3.l Calculate deformation. 

deformation correction, in 
current measurement device reading, in 
initial measurement device reading, in 

X2.3.2 Calculate axial strain. 

where: 
e: axial strain, % 

!:,.d deformation, in 
H; initial specimen height, in 

100 convert from decimal to percent 

(X2-l) 

(X2-2) 
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X3. PNEUMATIC LOAD FRAME CALIBRATION 

X3.1 Scope 

This appendix describes the procedure for calibrating a 
dual range pneumatic load frame of the type used by the 
Bureau's Denver Office, Soil and Rock Testing Laboratory, 
Denver, Colorado. 

NOfE X3.1.-This procedure is performed annually and after 
any repairs or servicing of an individual pneumatic load frame. 

X3.2 Procedure 

X3.2.l Determine and record on the "Pneumatic Load 
Frame Calibration" form (fig. X3.l) the required pressures 
for a 4.25-inch diameter specimen. These pressures are 
arbitrary and should be selected based on the typical 
required pressure sequence for one-dimensional consoli­
dation testing and on the limits of the load frame and 
load cells available. These values are recorded in column 4. 

X3.2.2 Using the required pressures and the area of 
a 4.25-inch diameter specimen (14.19 in2), calculate and 
record the required forces to be measured by the load cells, 
record in column l. 

X3 .2.3 Using the required forces calculated in 
subparagraph X3.2.2 and the area of a 2.0-inch diameter 
specimen (3.14 in2), calculate and record in column 3 the 
required pressures for the 2.0 inch diameter specimen. 

X3.2.4 Check that the pneumatic load frame pressure 
gauge needles for both gauges are ori O.O· lbf/in2 and that 
the load switch is up. 

X3.2.5 Select a 2,000-, 5,000-, or 10,000-lbf capacity 
load cell. Calibrate the load cells in accordance with USBR 
1045. If the calibration is current, then proceed. 

X3.2.5.l Use the 2,000-lbf capacity load cell if using 
the 15-lbf/in2 low range pressure gauge. Use a 5,000-lbf 
capacity load cell for the 30 lbf/ in2 low range gauges. For 
the example in this procedure a 2,000-lbf capacity load 
cell is used. 

X3.2.6 From the load cell calibrations, calculate and 
record in column 2 the load cell voltage output required 
for each load. 

X3.2.7 Center the load cell on the pneumatic load frame 
base under the piston head. Ensure that the height from 
the pneumatic load frame base to the top of the piston 
head is 2.75 inches. If necessary, use spaces to obtain this 
height. 

X3.2.8 Calibrate the low range pressure gauge. 
X3.2.8. l Turn the low range air control, which 

regulates the pressure for the low range pressure gauge 
(gauge No. 1), clockwise and record the highest pressure 
on che low range pressure gauge at which the piston head 
does not come into contacr with the load cell. Record the 
required pressure and voltage as zero. 

X3.2.8.2 Turn the low range air control, which 
regulates the pressure for the low range pressure gauge 
(gauge No. 1), clockwise until the piston head just touches 
the load cell. 
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X3.2.8.3 While reading the voltage output from the 
load cell, adjust the low range air control until the voltage 
equals the required voltage as shown on figure X3. l for 
a l-lbf/in2 pressure on a 4.25-inch diameter specimen. 

X3.2.8.4 Read the low range pressure gauge and 
enter the reading in column 5 on figure X3.1. 

X3.2.9 Turn the low range air control clockwise until 
the next required voltage reading is achieved on the load 
cell. 

X3.2.9.1 Voltage readout will equal the required 
voltage for a 2-lbf/in2 pressure on a 4.25-inch diameter 
specimen. Read the low range pressure gauge and record 
the gauge value in column 5 as shown on figure X3.1. 

X3.2.10 Repeat paragraph X3.2.9 until there is 
approximately a 1,500-pound force on the load cell, which 
is equivalent to 15-lbf/in2 on the low range pressure gauge. 

X3.2.11 Turn the low range air control counterclock­
wise until the low range pressure gauge reads 0.0 lbf/in2 

and the piston head lifts off the load cell. 
X3.2.12 Remove the load cell from the pneumatic load 

frame. 
X3.2.13 Plot the gauge reading (lbf/in2) versus applied 

pressure (lbf/in2) for a 4.25-inch and a 2.00 inch diameter 
specimen as shown on figures X3.2 and X3.3. 

X3.2.14 Calibrate the high range pressure gauge. 
X3.2.14.1 Center the next required capacity load cell 

on the pneumatic load frame .base under the piston head. 
X3.2.14.2 Pull the load switch down, turn the low 

range gauge shut-off clockwise until it is closed. 
X3.2.14.3 Pull out the range selector switch in the 

center back of the base of the pneumatic load frame. Pull 
up on the load switch slowly. 

X3.2.14.4 Turn the high range air control, which 
regulates the pressure for the high range pressure gauge 
(gauge No. 2), clockwise and record the highest pressure 
on the high range pressure gauge at which the piston head 
does not come into contact with the load cell. Record the 
required pressure and voltage as zero. 

X3.2.14.5 Turn the high range air control clockwise 
until the piston head just touches the load cell. 

NOfE X3.2.-If the piston head does not come down, turn 
the bleeder valve counterclockwise. 

X3.2.15 While reading the voltage output from the 
load cell, adjust the high-range air control until the required 
voltage for the first high range pressure on a 4.75-inch 
diameter specimen is obtained. Record the pressure gauge 
reading in column 5 as shown on figure X3.1. Proceed 
to the next voltage reading. Record high range pressure 
gauge readings at voltage outputs equivalent to about 50-
lbf/in2 increments on a 4.25-inch diameter specimen up 
to the capacity of the load cell or ten readings are taken. 

CAUTION: Do not exert force on a load cell beyond its raced 
capacity. 
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7-2420 (3-89) PNEUMATIC LOAD FRAME CALIBRATION Des,gnat ion USBR 5700 -...§L Bureau of Recfamat ion 

Calibrated By Example 
Date 

ChecKed By Date 

Load Fra'ne No. 106 Area = 14.19 ;n2 (9.155 X 10- 3 rrf) 

LOW RMX;E 

Load Cell No. I Maxi'mm Load 2000 ~ ~f I Vo~age 
IO Volts I 1 

Volt = 200 ~~f 25806 

REQUIRED REQUIRED LOAD REQUIRED PRESSURES PRESSURE 
~ FORCE CELL OUTPUT FOR 2.00 IN. FOR 4.25 IN. GALGE READING 

~ SPECIMEN DIAMETER SPECIMEN DIAMETER 
a: IX] lbf □ N (volts) IX] lbflin2 □ IC.Pa IX) lbf lin 2 0 IC.Pa IX) lbf/in2 □ KPa 

( 1) (2) (3) (4) (5) 

1 14 .2 0 .07 4 .5 I 0 .35 

2 28 .4 0 . 15 9 .0 2 0 .50 

3 56.8 0.30 18 . 1 4 0.72 

4 113.5 0.60 36 . 1 8 1.30 

5 283 .8 1.49 90.4 20 3 .05 

6 567 .6 2.98 180.8 40 5 .80 

7 851 .4 4.47 271. I 60 8.62 

s' 1135.2 5.96 ·361 .5 80 11.40 

9 1419.0 7.45 451.9 100 14.12 

10 1844 .7 9 .68 587 .5 130 18.20 

HIGi RMK,E 

Load Cell No. 10-N15 I Maxi'n\JT\ Load 10 000 ~ :f I Voltage 
Volts I 1 

Volt = 1000 ~~f 10 

~ 
REQUIRED REQUIRED LOAD REO UIRED PRESSURES PRESSURE 

~ 
FORCE CELL OUTPUT FOR 2.00 IN. FOR 4.25 IN. GALGE READING 

"-' 
SPECIMEN DIAMETER SPECIMEN DIAMETER 

a: [&) lbf □ N 
(vo lts) I&) lbfl in2 01<Pa IX) lbf/in 2 D 1e.1>a 00 lbf / in 2 0 1<.Pa 

(1) (2) (3) (4) (5) 

1 1419 .0 1.49 451 .9 100 3.55 

2 2128 .5 2 .23 677 .9 150 5 .26 

3 2838 .0 2.98 903 .8 zoo 6 .95 

4 3547 .0 3.73 1129 .6 250 8 .66 

5 4257 .0 4.47 1355 .7 300 10.20 

6 4966 .5 5.22 1581 .7 350 12 .05 

7 5676 .0 5.96 1807 .6 400 13.76 

8 7095 .0 7.45 2259 .6 500 17. 15 

9 8514 .0 8.94 2711 .5 600 20.55 

10 9223 .5 9.69 2937 .4 650 22 .26 

Rerrw l<.s: 

Figure X3.1.-Pneumacic load frame calibration - example. 
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'6..------------------------, 
EQUATION OF THE UNL y = .226 + 0 . 139, 

4.25 INCH DIAMETER 

PLF No. 106 

11 ARCA= 14.19 in2 (friction included} 

'-' z ,o 
i5 
,5 
"' w 
'-' ::, 

i3 

20 "' 50 60 70 60 90 ,oo 

PRESSURE {lbf/in2) 

Figure X3.2.-Gauge reading versus applied pressure calibration 
(4.25-inch diameter specimen-low range) - example. 

"~------------------------, 
EQUATION OF THE LINE: y = .226 + .03 1x 
. 2.00 INCH DIAMETER 

PLF No.106 

12 
AREA z 3 . 14 in2 (friction included ) 

'-' z ,o 
i5 
,5 
"' w 
'-' ::, .,, 
'-' 

50 ,oo 200 250 JOO J,O •oo '"° 

Figure X3.3.-Gauge reading versus applied pressure calibration 
(2.0-inch diameter specimen-low range) - example. 

500 

X3.2.16 Repeat paragraph X3.2.14 of chis procedure 
until all pressure gauge readings have been recorded on 
"figure X3. l. 

X3.2. l 7 Turn the high range air control counterclock­
wise until the high range pressure gauge reads zero and 
the piston head lifts off the load cell. 

X3.2. l 7.1 If the bleeder valve was opened in note 
X3.3, turn it clockwise until it closes. 

X3.2.18 Pull down the load switch and press in the 
range selector switch in the center back of the pneumatic 
load frame. 

X3.2.19 Turn the low range shuc-off counterclockwise 
until it is fully open and slowly raise the load switch. 
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'-' z 
i5 
,5 
"' w 
'-' 

25-,------------------------, 
EQUATION OF THE LINE: y = . 130 + .034, 

4.25 INCH DIAMETER 

PLF NO. 106 
20 AREA= 14.19 in2 {friction included) 

::, ,o 
<3 

'-' z 
~ 
w 
"' w 
'-' 
Ci 
'-' 

:,o 100 1 SO 200 2!>0 lOO 350 •OO •SO 500 550 600 

PRESSURE (lbf/in2) 

Figure X3.4.-Gauge reading versus applied pressure calibration 
(4.25-inch diameter specimen-high range) - example. 

25..-----------------------~ 

20 

,o 

EQUATION OF THE LINE: y = .. 560 + .007x 
2.00 INCH DIAMETER 

PLF No. 106 
AREA z:: 3 . 14 in2 {friction included) 

,ooo '"°° 2000 2500 

Figure X3.5.-Gauge reading versus applied pressure calibration 
(2.0-inch diameter specimen-high range) - example. 

,000 

CAUTION.-Raise load switch very slowly so as not to damage 
the gauges. 

X3.2.20 Remove the load cell from the pneumatic load 
frame base. 

X3.2.21 Plot the high range pressure gauge readings 
(!bf/ in2) versus applied pressure (lbf/ in2). 

X3.2.2 l. l Plot the gauge readings versus applied 
pressure (lbf/in2) for a 4.25-inch diameter specimen as 
shown on figure X3.4. Plot che gauge readings versus 
applied pressure (lbf/in2 ) for a 2.00-inch diameter 
specimen as shown on figure X3.5. 
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X4. CALIBRATING THE CONSOLIDOMETER SPECIMEN RING 

X4.1 Scope 

This appendix outlines the procedure for calibrating the 
specimen rings described in subparagraph 8.2.2.l of this 
designation. 

X4.2 Significance and Use 

X4.2. l Specimen rings must be calibrated prior to use 
to ensure accurate laboratory test results. Specimen rings 
not within specified tolerance can result in specimen 
placement unit weights that can vary by ±0.5 percent or 
more. This calibration procedure is to be performed upon 
receipt of the specimen ring and annually thereafter or 
if the volume of the specimen ring is in question. 

X4.3 Procedure 

X4.3.l All data are to be recorded in the "Specimen 
Ring Calibration form as shown on figure X4.l. For a 
4.250-inch diameter by 1.25-inch high specimen ring, two 
calibration plugs; one 4.240±0.001 inch diameter and the 
other 4.260±0.001 inch diameter, each having a height 
of 1.25 inches are used. For a 2.000-inch diameter specimen 
ring, two calibration plugs; one 1.995±0.001 inch diameter 
and the other 2.005±0.001 inch diameter, each having a 
height of 0.75 inch are used. 

X4.3.2 The specimen ring is accepted if the minimum 
diameter calibration plug will insert into the specimen ring 
but the maximum diameter calibration plug will not. If 
these criteria are nor mer the specimen ring should be 
discarded or remachined if appropriate. 

652 

X4.3.3 Attempt to insert the mm1mum diameter 
calibration plug into the specimen ring. If the minimum 
diameter calibration plug can be inserted into the specimen 
ring place a checkmark in the "yes" column as shown on 
figure X4. l. If nor, check the "no" column and the rejected 
column. 

X4.3.4 If the minimum diameter calibration plug can 
be inserted into the specimen ring, attempt ro insert the 
maximum diameter calibration plug into the specimen ring. 
If it can be inserted, place a checkmark in the "yes" column 
and in the rejected column. If it cannot be inserted, place 
a checkmark in the "no" column. 

X4.3.5 If there is a checkmark in the "yes" column 
below the insert minimum diameter calibration plug and 
in the "no" column below the "Insert maximum diameter 
calibration plug" place a checkmark in the "Accepted 
yes/ no" column. If this is not the case place a checkmark 
in the "Rejected yes/yes or no/no" column. 

X4.3.6 Specimen rings are to be calibrated annually 
and results recorded on "Specimen Ring Calibration" (fig. 
X4. l) . Specimen rings also should be calibrated whenever 
they may have been damaged. 

X4.4 Interpret Results 

X4.4.l If the specimen rings are accepted, nominal 
dimensions will be used for all specimen area and volume 
calculations. If the specimen rings are rejected, they are 
to be remachined if possible, or discarded and replaced 
with acceptable specimen rings. Results recorded on the 
"Specimen Ring Calibration" form should be filed in the 
laboratory calibration book corresponding ro the one­
dimensional rest. 
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7-241!> (3-891 
Bureau ot Reclamation SPECIMEN RING CALIBRATION Oes;gnat;on USBR 5700 . 89 

Calibrated by 
Example 

Date I Next Calibration Date 

Specmen Ring OiiYneter 4.25 
1X1 in Specmen Ring Height 

I. 25 
(Xlin 

0nm 0nm 
MinmllTl Calibration Plug No. 

I 
MinmllTI Calibration Plug Dia. 

4.240 
1X1 in 

0nm 
MaxmllTI CatibraUon Plug No. 2 MaxmllTI Calibration Plug Dia. 4 . 

260 
(Xlin 

0nm 

tNSERT MINIMUM INSERT MAXIMUM 
SPECIMEN 

CALIBRA TICN PLLG CALIBRATICN PLLG 
ACCE?TED REJECTED 

RING r-..o. 
YES/YES 

YES r,.,o YES 1'.() YES/NO 
1'.l'.)lf\O 

111 ✓ ✓ ✓ 
116 ✓ ✓ ✓ 
114 ✓ ✓ ✓ 
122 ✓ ✓ ✓ 
106 ✓ ✓ ✓ 

Figure X4. l.-Specimen ring calibration - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING THE ONE-DIMENSIONAL 
EXPANSION PROPERTIES OF SOILS 

USBR 5705-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5705. The number immediately 
following the designation indicates the year of acceptance or the year of the last revision. 

1. Scope 

1.1 This designation outlines the procedure for deter­
mining the one-dimensional expansion properties of soils. 
The procedure can be performed using undisturbed or 
compacted specimens to determine (1) the magnitude of 
expansion after wetting under a known axial pressure, and 
(2) the magnitude of axial pressure required to return the 
wetted specimen to the initial void ratio (height) after 
primary expansion has occurred, 

2. Auxiliary Tests 

2.1 If the test is to be performed using a compacted 
specimen, a soil sample must be obtained in accordance 
with USBR 5205. The initial and final moisture contents 
of the test specimen are to be determined in accordance 
with USBR 5300. The specific gravity of the soil must 
be determined in accordance with USBR 5320 in order 
to calculate the height of solids in the test specimen. The 
specimen must be prepared in accordance with USBR 5210 
or 5215 prior to performing this procedure. The gradation 
analysis, liquid limit, plastic limit, and shrinkage limit of 
the soil sample are to be determined in accordance with 
USBR 5330, 5350, 5360, and 5365, respectively. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicators 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
From Undisturbed Samples 
USBR 5 300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size.Fraction of Soils, Including Hydrometer Analysis 
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USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5700 Determining the One-Dimensional Consol­
idation Properties of Soils (Incremental Stress) 

4. Summary of Method 

4.1 A compacted or undisturbed soil specimen is 
prepared and placed in a fixed-ring consolidometer as 
shown on figure 1. A seating pressure, normally 1 lbf/in2 

(7 kPa), is applied to the specimen. The initial height 
of the specimen is determined, and the specimen is 
inundated with water. The specimen is allowed to expand 
until primary expansion is complete. After primary 
expansion, axial pressure on the specimen is increased until 
its initial void ratio (height) is reached (see fig. 2). 

5. Significance and Use 

5 .1 The relative expansive potential determined from 
this procedure can be used to estimate heave of a foundation 
or of compacted earthwork for a given final moisture and 
loading condition. The initial moisture content and void 
ratio of the test specimen should be representative of 
anticipated in-place soil condition. 

5.2 Soils containing the clay mineral montmorillonite 
are likely to have significant expansion potential and are 
commonly tested by this procedure. 

5.3 Laboratory prepared test specimens should 
duplicate the in-place soil or field compacted soil conditions 
as closely as possible because relatively small variations 
in unit weight and moisture content can significantly alter 
expansion characteristics of the specimen. Differences in 
soil fabric of compacted specimens, such as obtained by 
kneading or static compaction, also can have a significant 
impact on the expansive behavior of cohesive soils. 

5.4 Estimates of the expansion characteristics of soil 
obtained from this procedure are often of particular 
importance in designing tunnel or canal linings, floor slabs, 
or lightly loaded structures, and in evaluating their 
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Figure 2. - Schematic of one-dimensional expansion rest. 

performance. However, when using these estimates, it is 
recognized that expansion parameters determined from 
these test methods for the purpose of estimating in-place 
heave of foundations and compacted soils may not be 
representative of many field conditions because: 

5.4.1 Lateral expansion and lateral confining 
pressure are not simulated. 

5.4.2 Rates of expansion indicated by the one­
dimensional expansion tests are not always reliable indi­
cators of field rates of heave due co fissures in the in­
place soil mass and co inadequate simulation of the actual 
availability of water co the soil in place. The actual availa­
bility of water to the in-place soil may be cyclic, intermittent, 
or may depend on in-place situations such as pervious soil­
filled trenches and broken water and drain lines. 

5.4.3 Secondary or long-term expansion may be 
significant for some soils and should be added to primary 
expansion. Secondary expansion is not determined in this 
procedure. 
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5.4.4 Chemical content in the inundating water 
affects volume change and expansion pressure; i.e., field 
water containing large concentrations of calcium ions will 
produce less swelling than field water containing large 
concentrations of sodium ions or even rainwater. 

5.5 This procedure provides a measure of the confined 
expansion, percent expansion under a given vertical con­
fining pressure, and the recompression pressure. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 

6.1.1 Expansion.-The increase in volume of a soil 
mass. 

6.2 Terms not included in USBR 3900 specific co this 
designation are: 

6.2.1 Axial Strain.-The ratio, expressed as a percent, 
of the change in length in the axial direction tO the original 
axial length. 

6.2.2 Confined Expansion.-Axial expansion (axial 
strain) following absorption of water at a constant vertical 
(axial) pressure. 

6.2.3 Recompression Pressure.-The vertical pres­
sure required co compress a specimen back co its original 
void ratio (height) after primary expansion is complete. 

7. Interferences 

7.1 Friction: 
7.1.l The specimen ring interior must be clean and 

smooth. The specimen dng may be made of brass or 
stainless steel. 

7.1.2 Care must be taken when trimming an undis­
turbed specimen co remove any coarse sand or fine gravel 
protruding from the sides of the specimen and to refill 
the voids with fines. This prevents added friction on the 
sides of the specimen ring. Be sure to indicate in the report 
if any specimen voids were refilled. 

7.1.3 Height to diameter ratio is to be between 1:2.5 
and 1:3.5 . If the specimen is too thick, the time to wet 
the specimen completely is greatly increased. 

7.2 Porous Plates: 
7.2.1 Porous plates are to be cleaned to ensure maxi­

mum water flow co and from the specimen. 
7.2.2 Porous plates are to be smooth and level on the 

surface of the specimen and are to fit into the specimen 
ring and guide ring with no more than 0.01 co 0.02 inch 
(0.3 to 0.5 mm) clearance. This prevents loss of the speci­
men around the edges of the plates. 

7.2.3 When testing specimens for which pressures 
are likely to exceed 600 lbf/in2 (4140 kPa), use sintered 
bronze porous plates because they are less likely to break. 

7.3 Sample Storage: 
7.3.1 Storing samples in sampling tubes is not 

recommended for expansive soils even though stress relief 
may be minimal. The influence of rust and penetration 
of drilling fluid or free water into the sample may adversely 
influence laboratory test results. 

7.3.2 If tube type samples are to be scored prior 
to testing, they should be extruded from the sampling tubes 
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as quickly as possible after sampling and thoroughly sealed 
to minimize moisture loss. The sample should be extruded 
from the sampling tube in the same direction as when 
sampled to minimize sample disturbance. 

8. Apparatus 

8.l General Apparatus: 
8. L 1 Drying Oven.-An oven, thermostatically 

controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 110±5 ° F 
(230±9 °C) throughout the drying chamber. Two ovens 
are recommended for this procedure. 

8. 1.2 Balances or scales. - Typical balances or scales 
used for this designation are: 

Application Readable to 
Moisture content 0.01 g 
Mass of compaction 0.1 g 

specimen 

Approximate capacity 
500 g 

1000 g 

8.1.3 Dial Gauge.-A dial gauge readable to the 
nearest 0.0001 inch (0.003 mm), having a minimum 1-inch 
(25-mm) travel. 

8.1.4 Stopwatch.-A timing device readable to 1 
second used to time test reading intervals. 

8.1.5 Specimen preparation equipment as specified 
in USBR 5215. 

8.1.6 Specimen compaction equipment as specified 
in USBR 5210. 

8.2 Equipment Used in This Procedure: 
8.2.1 Load Frame.-A device capable of applying a 

vertical (axial) load on the specimen to achieve a pressure 
of at least 200 percent of the maximum anticipated design 
pressure or the pressure required to return the specimen 
to its original void ratio (height) after expansion. A 
platform scale load frame suitable for this procedure is 
shown on figure 3. The device incorporates a 3,000-lbm 
(1360-kg) capacity platform scale mounted on a stand and 
equipped with a screw jack attached to the underside of 
the frame. The jack controls a loading yoke which extends 
through the scale platform and over the fixed-ring 
consolidometer (fig. 1) which rests on the scale platform. 
A pressure is applied to, or released from, the soil by 
operating the jack and moving the loading yoke up or 
down. The mass required to apply the desired pressure 
is measured on the scale beam and is fully effective when 
the scale beam is balanced. 

8.2.2 Fixed-Ring Consolidator.-A container (figs. 1 
and 4) made of brass or stainless steel, designed to hold 
a soil specimen during one-dimensional expansion or 
consolidation testing. The specimen ring is securely 
clamped (fixed) to a baseplate. A water collar allows wetting 
of the specimen through the porous plates. Change in 
height of the specimen is measured by means of a dial 
gauge attached to a dial gauge holder. A specimen ring 
restrains lateral expansion of the specimen, but allows 
unrestrained axial expansion or compression during testing. 
A clamping ring with a water collar holds the specimen 
ring in the baseplate and the water reservoir aids in wetting 
the specimen. A rubber gasket prevents water loss between 
the baseplate and clamping ring. A guide ring holds the 
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Figure 3. - Platform scale load frame with fixed-ring consolidometer 
in place. (101-D-40) 

top porous plate in place while laterally restraining the 
specimen, and one or more loading plates distribute the 
applied load evenly over the specimen. 

8.2.2.1 Specimen Ring.-A ring made of brass or 
stainless steel with a highly polished inner surface. 
Specimen rings are to have an inside diameter of 4.25±0.001 
inch and a height of 1.25±0.001 inch (108.0±0.03 and 
31.8±0.03 mm). Specimen rings having an inside diameter 
of 2.00±0.001 inch and a height of 0.75±0.001 inch 
(50.8±0.03 and 19.1±0.03 mm) also may be used. 

8.2.2.2 Porous Plates.-Two porous plates, made 
of 340-grade sintered bronze or coarse-grade silicon carbide 
are required. The plates are to be clean and free of cracks, 
chips, or other nonuniformities and are to be air dried 
prior to use. Porous plates are to have a diameter of 
4.23±0.001 inch (107.4±0.05 mm) for a specimen ring 
with an inside diameter of 4.25 inches (108.0 mm). For 
a specimen ring with an inside diameter of 2.00 inches 
(50.8 mm), the porous plates are to have a diameter of 
1.98±0.002 inch (50.3±0.05 mm). Porous plates are to have 
a thickness of 0.375±0.002 inch (9.5±0.05 mm). 
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Figure 4. - Fixed-ring consolidomerer. (a) dial gauge, (b) assembled consolidomerer, (c) porous plates, (d) rap load plate, (e) base 
plate, (f) specimen ring, (g) guide ring, (h ) rubber gasket, ( i) water co ll ar with clamping ring, and ( j ) gauge block. 

8.2.2 .3 Loading Plate.- A loading plate, made of 
brass or stainless stee l, 0.3 75±0.002 inch (9.5±0.05 mm) 
thick and e ither 4.125±0.002 inch or 1.875±0.002 inch 
(104.8±0.05 or 47.6±0.05 mm) in diameter depending on 
the size specimen ring used. 

8.2.3 Gauge Blocks.-Two gauge block reference 
standards are required. One block, l. 25±0.002 inch in height 
a nd 4.00±0.002 inch in diameter (3 1.8±0.05 and 
101.6±0.05 mm); and one block, 0.75±0.002 inch in height 
and 1.75±0.002 inch in diameter (19.1±0.05 and 44.5±0.05 
mm). 

8.2.4 Cover Plates.-P last ic or glass plates approx­
imately 6 inches (152 mm) square and 0.25 inch (6.4 mm) 
th ick. These are ro be marked as pairs . 

8.2.5 Specimen (4.25-in dia.) Compaction Equip­
ment (fig. 5): 

8 .2.5.1 Compaction Collar.-A meta l col lar 
3.625±0.002 inch in height and having an inside diameter 
of 4.25±0.005 inch (92.1±0.05 and 108.0±0.13 mm), and 
an outs ide diameter of 5.75±0.005 inch (146.1±0.13 mm). 

8.2.5.2 Clamping Ring.-A brass ring 0.375±0.002 
inch in height and an inside diameter of 5.01±0.002 inch 
(9.5±0.05 and 127.3±0.05 mm) and an outside diameter 
of 6.75±0.005 inch (171±0.13 mm). 

8.2.S .3 Tamper.-A soil tamper having a head 
diameter greater than one-ha lf the inside diameter of the 
compact ion coll ar (fig. 5 ). 
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8.2.5.4 Try square. -A roo l capable of measuring 
depths ro 1/32 inch. 

8.3 Miscellaneous Equipment.- Permeamerer tube and 
holder, rubber tubing, pipettes , a water container for adding 
water ro the specimen; plastic wrap and rubber bands may 
be needed for maintaining the moisture content of the 
specimen prior ro resting; porcelain and copper drying 
pans for drying the specimen and trimmings after testing; 
squeeze bottle and soft bristle brushes for cleaning the 
specimen conta iner at the end of the test. 

9. Reagents and Materials 

9.1 Unless in-place water is requested , tapwater that 
is free of acids, alkalies, or oi ls and is suitable for dr inking 
shou ld be used for wetting rhe so il specimen. 

10. Precautions 

10.1 Safety Precautions: 
10.1.1 Spi lled water is ro be cleaned up immediately 

ro prevent possible slipping. 
10.1.2 Safety shoes are robe worn when transferring 

the consolidometer ro or from the load frame. 
l0.1.3 Use asbesros gloves when removing contain­

ers from drying ovens. 
10.2 Technical Precautions: 

10.2.1 Porous plates are ro be smooth grou nd and 
fine enough ro min imize intrusion of soi l into the p lates. 
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figure 5. - tl.25 -inch diameter specimen compacrion equipment. 
(a) tamper, (b) compact io n collar, (c) try square, (<l ) clamping 
ring, (e) specimen ring. 

Cracked, chipped, or nonuniform porous plates used in 
testing can result in erroneous results or cause differential 
compression of the specimen during loading. 

10.2 .2 Different chemical constituents in water can 
have a dramatic effect on the expansive characteristics of 
a soil (see subpar. 5.4.4). If possible, in-place water should 
be used. 

11. Sampling, Test Specimens, and Test Units 

11.l Undisturbed Specimens: 
11. l. l Prepare undisturbed specimens in accordance 

with USBR 5215. Specimens are to be prepared from 
samples which are a minimum of 1/2 inch (13 mm) larger 
in diameter and about 1 inch (25 mm) longer than the 
final desired dimensions of the specimen. 

NOfE l. - Exrreme care should be used in orienting the cutting 
plane of the cutting bit to correspond to field conditions. 

11.1.2 Determine the initial moisture content and 
specific gravity of the specimen from specimen trimmings 
in accordance with USBR 5300 and 5320. The results should 
be recorded on the back and front of figure 6 (data sheet I). 

11.1.3 If required, determine the particle size 
distribution, liquid limit, plastic limit and plasticity index, 
and shrinkage limit in accordance with USBR 5330, 5350, 
5360, and 5365, respectively. These tests should be 
performed using the trimmings obtained when preparing 
the undisturbed specimen. 

11.2 Compaaed Specimens: 
11 .2 . l Prepare a soil sample 10 accordance with 

USBR 5205. A minimum 2-lbm (0.9-kg) !preferably 5-
lbm (2.3-kg) l sample of soil passing the U.S.A. Standard 
series No. 4 ( 4.76 mm) sieve is required for each 4.25-
inch (108.0-mm) diameter specimen; and at least l Ibm 
(0.5 kg) Lpreferably 2 lbm (0.9 kg) l of soil passing the 
No. 4 (4.76 mm) sieve is required for each 2-inch (5 1-mm) 
diameter specimen. 

l 1.2.2 Determine and record the initial moisture 
content in accordance with USBR 5300. 
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11 .2.3 Prepare a soil sample for compaction in 
accordance with USBR 5210. 

11.2.4 Obtain the consolidometer baseplate used for 
compacting a soil specimen. Make sure the baseplate has 
an air dried porous plate located in the base. 

11.2.5 Place a plastic film (mylar) on top of the 
bottom porous plate to ensure that the soil specimen does 
not adhere to the porous plate. The plastic film should 
be large enough to cover the bottom of the compacted 
specimen. 

11.2.6 Ensure that the gasket is nor cracked and is 
flexible. Place the gasket on the baseplate and secure the 
clamping ring to the baseplate. 

11.2.7 Place the compaction collar over the specimen 
ring and onto rhe clamping ring. 

11.2.8 Compact the soil specimen in accordance to 
USBR 5210. Record rhe data in subparagraphs 11.2.8.1 
through 11.2.8.6 on the appropriate form in USBR 5210. 

l l.2.8.1 Record the specimen ring number in the 
space for Mold No. 

11.2.8.2 Record the nominal height and diameter 
of the specimen ring. 

11.2.8.3 Record the required placement dry unit 
weight and placement moisture content. 

11.2.8.4 Compact the specimen in three lifts unless 
otherwise stated in the testing program. 

l l.2.8.5 Record the moisture content-at which 
rhe specimen was compacted-on line 2/t of figure 6 (data 
sheer 1) as Jnirial moisrure conrenr. 

l l.2.8.6 After the compaction collar is removed, 
rhe spec imen is trimmed level with the top of the specimen 
ring using a straight edge trimmer. 

11.2.9 Remove the clamping ring and rubber gasket, 
and place a cover plate on top of the specimen. 

l 1.2. 10 Invert the consolidometer baseplate to allow 
removal of the specimen ring with specimen. Make sure 
the plastic film is removed from the bottom of the 
specimen. Trim the bottom of the specimen level with 
the bottom of the specimen ring. Place the second cover 
plate over the bottom of the specimen ring and specimen. 
Take care to minimize specimen moisture loss . 

12. Calibration and Standardization 

12. l Verify that equipment is currently calibrated in 
accordance with the app licable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicators 
USBR 10 l2 Calibrating Balances or Sca les 
USBR 1020 Calibrating Ovens 

12.2 Calibrate the specimen rings using cal ibration 
plugs. The procedure for calibration is in appendix Xl. 

13. Conditioning 

13. l The test specimen is to be prepared, placed, and 
tested as quickly as poss ible ro minimize unrecorded 
moisture loss. 
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14. Procedure 

14.1 All data are to be recorded on the "One­
Dimensional Consolidation Test" form as shown on 
figures 6 (data sheet 1) and 7 (data sheet 2). 

14.2 Record the platform scale Load frame number 
and Specimen ring No . as shown on lines 1 and 2 (fig. 
6) . Record the Specimen ring diameter and height to the 
nearest 0.01 inch as shown on lines 5 and 7 (fig. 6) . Calculate 
and record on lines 6 and 8 (fig. 6) the nominal specimen 
ring area and volume to the nearest 0.01 in2 and 0.01 
in3, respectively. 

14.3 Place all parts of the unassembled consolidometer 
(fig. 4) except the gauge block on a platform scale load 
frame. 

14.4 Determine the consolidometer mass and record 
the value on line 35 (fig. 6) as Equipment mass to the 
nearest 0.1 lbm. 

14.5 Remove the unassembled consolidometer parts 
from the scale. 

14.6 Place the appropriate size gauge block for the size 
specimen to be tested on the platform scale and determine 
and record Gauge block mass to the nearest 0.1 lbm as 
shown on line 45 (fig. 6). Record the Gauge block No . 
and the Gauge block height as shown on lines 3 and 4 
(fig. 6). 

14.7 Calculate the mass required to apply a seating 
load of l-lbf/in2 pressure on the specimen. Record to the 
nearest 0.1 lbm the value obtained as .Mass for seating 
load as shown on line 46 (fig. 6) . The seating load may 
be changed if required for a particular specimen. 

14.8 Calculate and record to the nearest 0.1 lbm the 
mass required for the Gauge block pressure seating load 
as shown on line 47 (fig. 6) . This is the sum of the 
Equipment mass (subpar. 14.4), the Gauge block mass 
(subpar. 14.6), and the Mass for seating load (subpar. 14.7). 

14.9 Place the consolidometer baseplate on the 
platform scale. 

14.10 Place a clean, air-dried porous plate into the 
consolidometer baseplate. Position the gauge block on top 
of the porous plate, and place the specimen ring over the 
gauge block and into the baseplate. 

14.11 Ensure that the gasket is not cracked and is 
flexible. Place the gasket on the baseplate and secure the 
clamping ring with water collar to the baseplate. 

14.12 Place a clean, air-dried porous plate on top of 
the gauge block. 

14.13 Place the guide ring on top of the specimen ring. 
14.14 Place the loading plate on top of the porous 

plate and ensure that the loading plate, porous plate, and 
gauge block are centered in the specimen ring. 

14.15 Slide and center the consolidometer under the 
loading yoke of the platform scale load frame as shown 
on figure 8. During centering of the consolidometer, lift 
the dial gauge spindle to avoid damaging the spindle. 

14.16 Ensure that the scale beam pin is in place. Slide 
the scale beam mass on the scale beam (see fig. 3) to the 
Gauge block pressure seating load obtained in subparagraph 
14.8 
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14.17 Apply the seating load to the loading plate by 
turning the wheel of the platform scale loading frame 
clockwise until the scale beam is level. Remove the scale 
beam pin. 

14.18 Ensure that the bottom of the loading yoke is 
a minimum of 0.1 inch (3 mm) above the top of the water 
collar of the consolidometer. If it is not, the gauge block 
seating load must be removed, another loading plate placed 
on top of the first, and subparagraphs 14.3 through 14.18 
repeated until the 0.1-inch (3-mm) minimum clearance 
requirement is met. Adding another loading plate will only 
be necessary for the smaller height specimens. 

14.19 Ensure that the dial gauge spindle is centered 
on the loading yoke and is retracted about one-half its 
travel distance. 

14.20 Read the dial gauge and record the value as Dial 
reading with seating pressure on gauge block co the nearest 
0.0001 inch (0.003 mm) as shown on line 9 (fig. 6) . 

14.21 Insert the scale beam pin under the scale beam 
and release the load on the gauge block by turning the 
wheel of the platform scale loading frame counterclockwise 
until the loading yoke lifts off the loading plate. 

14.22 Hold the dial gauge spindle and slide the 
consolidometer from under the loading yoke of the platform 
scale load frame. Release the dial gauge spindle slowly 
so as not to damage the gauge. 

14.23 Disassemble the consolidometer. Remove the 
loading plate, guide ring, and upper porous plate. Remove 
the clamping ring with water collar, specimen ring, and 
gauge block from the consolidometer baseplate. Leave the 
lower porous plate in the baseplate of the consolidometer. 

14.24 Determine and record the mass of the specimen 
ring and a pair of cover plates co the nearest 0.1 gram. 
Record the value as Mass of specimen ring + cover plates 
on line 20 of figure 6 (data sheet 1). 

14.25 Prepare the test specimen as described in 
paragraph 11 and immediately cover the top and botcom 
of the specimen ring with cover plates if not already done 
in preparing the specimen. 

14.26 Determine the mass of the wet specimen, the 
specimen ring, and the pair of cover plates co the nearest 
0.1 gram. Record the value as Mass of specimen ring + 
cover plates+ wet soil on line 21 of figure 6 (data sheet 1). 

14.27 Calculate and record Mass of wet soil on lines 
22 and 36 of figure 6 (data sheet 1). 

14.28 Calculate and record Dry unit weight of the 
specimen to the nearest 0.1 lbf/fc3 on line 27 of figure 6 
(data sheet 1). The Dry unit weight has a colerance of 
±0.5 percent of the desired dry unit weight for compacted 
specimens. If the compacted specimen is not within 
colerance, return to subparagraph 11.2.1 and compact 
another specimen. 

14.29 Calculate and record to the nearest 0.1 lbm the 
Dry tare (lines 3 7, 38, and 48), Wet tare (line 40), Specimen 
seating load(line 41), and Wet load(line43) in the "Testing 
loads" and "Seating loads" sections as shown on figure 6. 

14.30 Consolidometer Placement: 
14.30.1 Carefully slide the specimen ring containing 

the specimen off the bottom cover plate and onto the 
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I ONE-DIMENSIONAL CONSOLIDATION TEST 
7-H17 <3-U> (DATA SHEET 1) Des ignat ion USBR 5705 - 89 
Bureau of Reclaimation -
Project 

Example 
Featll'e 

Example 

Tested By Date I Computed By Dale I ChecKed By Date 

S¥nple No. 
I 

Specimen No. 
I 

PHYSICAL PROPERTIES: 

liquid limit 
47 I Plasticity lnde>< 

28 
I Sir inKage linil 

¾ ¾ ¾ 

Specific Q-avety (Gs) 
2 .76 

Classification Symbol 
CL/CH 

Specimen Type 
□ Undistll'bed IX) Compacted 

Type of Test 0 Consol idation □ Uplift 00 E><pansion 

(1) load Frcn,e No. 9 (3) Gauge BlocK No. I 

(2) Specimen Ring No. 232 (4) Gauge BlocK Height 1. 25 IBJ in Dem 
(5) Specimen Ring D~eler 4 .25 IB);n Dem 
(6) Specimen Ring Area = (5)2 .1L. 

4 
14 . 19 IBI in2 Dem2 

(7) Specimen Ring Height 1.25 [&J;n Dem 
(8) Specimen Ring Volll'lle = (6) <n 17. 74 00 in3 Dem3 

(9) Dial Reading With Seating Pressll'e on Gauge B locK . 0.5224 IB]in Dem 
( 10) Dial Reading With Seat ing Pressll'e on Specimen 0.5120 (&];n Dem 
(11) Initial Specimen Height = (4) - (9) + (10) 1. 2396 IBJ in Dem 
(12) Equivalent Height of SolidS • (26) / [(6) G P ] C ..!t s w 0.8679 00 in Dem 

l'vOISTURE CONTENT DETERMINATION OF SPECIMEN 

INITIAL FINAL 

(13) Drying Pan NllT\ber 12 68 

(14) Mass of Drying Pan n 236.8 319.4 

( 15) Mass of Drying Pan • Wei Specimen a 503. I 968 .0 

(16) Mass of Drying Pan • 1)-y Specimen Q 487.8 871 .4 

( 17) Mass of Water (15) - C 16) a 15.3 96.6 

C 18) Mass of 1)-y Specimen • (16) - (14) Q 251.0 552.0 

(19) Moistll'e Content • [07l / (18)] >< 100 ¼ 6.1 17.5 

INITIAL WET MASS DETERMINATION OF SPECIMEN 

(20) Mass if Specimen Ring • Cover Plates a 1112 .0 

(21) Mass of Specimen Ring • _Cover Plate + Wet Soil a 1701. 7 

(22) Mass of Wet Soil • (21) • (20) g 589. 7 

DRY UNIT WEIGHT OF SPECIMEN 

(23) Mass of Wet Soil • (22) a 589.7 

(24) Initial Moistll'e Content . (19) ¼ 6.1 

(25) Specimen Ring Volll'lle • (8) 00 in3 Ocm3 17.74 

(26) Mass of Dry Soil = (23) I [1 • (24) I 100] Q 555.8 

(27) Dry Unit Weight • ((26) t C25l:i c lt 00 lbflfl
3 □ kNtm

3 119.4 

.!t Pw is the density of water at 71.5 f. For inch pound applications Pw • 62.29 lbm/ft 
3 

for SI metric applications Pw = 1gtan3 

C is a conversion factor, for inch-pound applications C • 3.8095. for SI metric applications C • 1.000. 
lt for inch pound application, C • 3.8095 and converts gtin3 to lbf/ft 3 assll'!ling lbf = 11,n. for SI metric application, C = 9.807 

and converts g/an 3 10 kNtm3 

Figure 6. - One-dimensional conoslidation test (data sheet 1) - expansion rest example. 
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ORY MASS OETERMINATICN OF WA9ill\GS 

(28) ()-y ir19 Pan Nunber 12 

(29) Mass of ()-y ing Pan g 236.8 

(30) Mass of ()-y Washings • D'ying Pan a 237. 4 

(31) Mass at D'y Washings • (30) - (29) a 0 . 6 

FINAL ORY MASS OF SOil 

C32) Mass of D'y Specmen <Fina0 , (18) a 552.0 

(33) Mass of ()-y Washings • (31) a 0 . 6 

(34) Final ()-y Mass of Soil • (32) • (33) a 552.6 

TEST 11\G LOADS SEAT 11\G LOADS 

(35) Equipment Mass 21.0 IB:lrtim 0g With Gauge Sloe({ 

(36) Mass of Wei Soil 1.3 001tim 0g 
(44) Equi1n1ent Mass (35) 21 .0 00 ltm □ g 

<3n D'y Tire • (35) • (36) 22 . 3 00 lbm □ g 
(45) Gauge Sloe({ Mass 5 . 0 (x] ltm □ g 
(46) Mass For Seating Load 14 . 2 001tm □ g 

(38) ()-y Tire • (37) 22.3 00 lbm □ g (4 n Gauge Block 
(x] ltm □ g (39) Waler Added 0 . 5 00 lbm □ g 

Pressore Seating Load 40.2 

(40) Wei T,n • (38) • (39) 22.8 00 lbm □ g Wrth T es1 Spec men 

(48) D'y Tare • (37) 22.3 [x) ltm □ g 
(41) Specinen Seating load • (50) 36.5 00 lbm □ g 00 ltm □ g (49) Mass For Seating load . (46) 14.2 
(42) Waler Added (39) 0.5 00 lbm □ g 36.5 IKJ ltm □ g (50) Spec men Seating Load . (48) • (49) 
(43) Wei load • (41) • (42) 37.O 00 lbm □ g 

Renwks: 

Figure 6. - One-dimensional conoslidation test (data sheet I) - expansion test example-Continued. 
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7-2418 (3-89) ONE-DIMENSIONAL CONSOLIDATION TEST 
Bureau of Reclamation (DAT A SHEET 21 Designat ion USBR 5705 -~ 

Tested By Date 

Silmple No. 
I 

Load Fr.me No. 
9 

Type of Test 0 Consolidation 

DESIRED 

DATE TIME PRESSURE 

00 lbf/in2 
sec. 

□ kPa 
( 1) (2) (3) 

6/5 4 1.0 

6/6 86,400 1.0 

4 1.0* 

300 1.0 

900 1. 0 

1800 1. 0 

3600 1.0 

7200 1.0 

18,000 1.0 

6/7 86,400 1.0 

4 2.0 

7200 2.0 

18,000 2.0 

6/8 86,400 2 .0 

4 4.0 

7200 4.0 

I 8,000 4.0 

6/9 86,400 4 .0 

4 8.0 

7200 8.0 

18,000 8.0 

6/10 86,400 8 .0 

4 16.0 

7200 16.0 

18,000 16.0 

6/11 86, 400 16.0 

4 32.0 

7200 32.0 

• Indicates when spec men was welled 

.2J Adjus1ed for deformation correct ion 

I Computed By 

00 Expansion 

Ix] MASS REQ . PLF 

0 DEFORMA T ICN GAl(;E 
CORRECTICN NO. 

1K) lbm ON 
(4) (5) 

36.5 

36.5 

37.0 

37.0 

37.0 

37.0 

37.0 

37.0 

37.0 

37.0 

51.2 

51.2 

51.2 

51.2 

79.6 

79.6 

79.6 

79.6 

136.3 

136.3 

136. 3 

136.3 

249.8 

249.8 

249.8 

249.8 

476.9 

476.9 

Date I Check.ad By Date 

Specmen No. 
I 

Specmen Ring No. 232 

0 Uplift 

PLF DIAL/L VDT HEIGHT AXIAL VOID 
GAU,E GAl(;E OF ST RAIN RATIO 

REA0I1'l3 READI1'l3 JI SPECIMEN 

00 in D cm 00 in D cm ¾ 

(6) (7) (8) (9) ( 10) 

0.5120 1.2396 0 .00 0.4283 

0 .5120 1.2396 0 .00 0 . 4283 

0 .5125 1.2401 -0.04 0 .4289 

0.5264 1.2540 -1.16 0.4449 

0.5791 1.3067 -5 .41 0 .5056 

0 .6235 I. 35 II ~0 .99 0 .5567 

0 .6300 1.3576 -9.52 0 .5642 

0.6351 · 1.3627 -9.93 0.5701 

0 .6358 1.3634 -9 .99 0 .5709 

0 .6370 1.3646 -10.08 0 .5723 

0 .6358 1.3634 -9.99 0 .5709 

0.6338 1.36 I 4 -9.83 0.5686 

0 .6336 1.3612 -9 .81 0 .5684 

0.6332 1.3608 -9 .78 0 .5679 

0 .6295 1.3571 -9.48 0 .5637 

0.6203 1.3479 -8.74 0 .5531 

0 .6200 1.3476 -8. 71 0 .5527 

0.6196 1.3472 -8 .68 0 .5523 

0 .6147 1.3423 -8.28 0 .5466 

0 .6055 1.3331 -7.54 0.5360 

0 .6010 1.3286 -7.18 0 . 5308 

0 .6002 1.3278 -7.12 0 .5299 

0.5929 1.3205 -6.53 0.5215 

0.5745 1.3021 -5.04 0.5003 

0.5739 1.3015 -4.99 0 .4996 

0.5736 1.3012 -4.97 0 .4993 

0.5640 1.2816 -4.19 0.4882 

0 .5517 1.2793 -3.20 0 .4740 

Sheet of 2 ------ ------

Figure 7. - One-dimensional consolidation test (data sheet 2) - expansion test example. 
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7-2418 (3- 89) ONE-DIMENSIONAL CONSOLIDATION TEST 
Bureau of Reclamation (DAT A SHEET 2) Des ignati on USSR 5705 - 89 --

Tested By Date 

Sample No. 
I 

Load FrMne No. 9 

Type of Test 
0 Cor6otidation 

DESIRED 

DATE TIME PRESSURE 

IX) lbf/in2 
sec. 

□ l<Pa 
(l) (2) (3) 

6/11 18,000 32 .0 

6/12 86,400 32 .0 

4 64 .0 

7200 64.0 

18,000 64 .0 

• Indicates when specmen was welled 

JJ Adjusted for deformation correction 

I Computed By 

Ci!:! E xpar5ion 

IX) MASS REO . PLF 

0 DEFORMATICN GAL(jE 
CORRECTICN 

fl(). 

00 lbm ON 
(4) (5) 

476.9 

476 .9 

931 .0 

931 .0 

931 .0 

Date I Checked By Date 

Specmen No. 
I 

Specmen Ring No. 232 

0 Uplift 

PLF 0IAL/LVOT HEIQiT AXIAL VOID 

GAL(jE GAL(jE OF STRAIN RATIO 

AEADIT\G AEAOIT\G JI SPECIMEN 

IZJin 0cm 1K] in O cm % 
( 6) (7) (8) (9) ( 10) 

0.5420 1.2696 - 2 .42 0.4628 

0.5415 1.2691 -2 .38 0.4623 

0 .5294 1.2570 - 1.40 0 .4483 

0 .5186 1.2462 -0.53 0.4359 

0.5"120 1.2396 0 .00 0.4283 

Sheet ___ 2 ___ of ___ 2 ___ _ 

Figure 7. - One-dimensional consolidation test (data sheet 2) - expansion 1es1 example-Continued. 
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Figure 8. - Fixed-ring consol idomerer with specimen placed 
in load frame. 

bottom porous plate in the baseplate of the consolidometer. 
Remove the top cover plate from the specimen and 
specimen ring. 

NOfE 2.-If the specimen is loose or contains a large percentage 
of sand, an alternate method for placement is recommended as 
follows: With the cover plates securely in place, invert the 
specimen. Carefully remove the bottom cover plate, invert the 
baseplate and place over the specimen ring, carefully turn the 
assembly right side up. Remove the top cover plate. This technique 
helps prevent possible loss of material and helps to ensure a 
level bottom surface. 

14.30.2 Place the upper porous plate on top of the 
specimen. 

14.30.3 Ensure that the gasket is not cracked and 
is flexible. 
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14.30.4 Place the gasket on the baseplate and secure 
the clamping ring with water collar to the baseplate. Ensure 
that the screws are tight to prevent waterflow between 
the baseplate and clamping ring. 

14.30.5 Place the guide ring on top of the specimen 
ring. 

14.30.6 Place a loading plate(s) (see subpar. 14.18) 
on top of the porous plate. 

14.30.7 Lift the dial gauge spindle and slide and cen­
ter the consolidometer under the loading yoke of the plat­
form scale loading frame (shown on fig. 8) and attach 
the permeameter tube to the basep late of the consolidome­
ter. Lower and center the dial gauge spindle on top of 
the load ing yoke. 

14.31 Initial Specimen Height Determination: 
14.31.1 Ensure that the sca le beam pin is in place. 

Move the scale beam mass on the scale beam to the 
Specimen seating load (ca lculated in subpar. 14.29). Record 
to the nearest 0.1 lbm the Specimen seating load, in column 
4, Mass required, on figure 7 (data sheet 2). 

14.31.2 Bala nce the scale beam by turning the wheel 
of the platform scale loading frame until the scale beam 
is just removed from the scale beam pin. When applied 
and balanced, the Specimen seating load exerts the Mass 
for seating load on the specimen. Determine and record 
to the nearest 0.0001 in (0.003 mm) the dial gauge reading 
as Dial reading with seating pressure on specimen as shown 
on line 10 of figure 6 (data sheet 1). 

14.31.3 Record the Date, Time, and the Dial gauge 
reading for the seating load in columns 1, 2, and 7 as 
shown on figure 7 (data sheet 2) . 

14.31.4 Leave the seating load on the specimen 
accord ing to the testing program. Ensure that the scale 
beam is level by turning the wheel as necessary prior to 
taking a dial gauge read ing. Record the date and time, 
and the dial gauge readings as required. 

14.31.5 If time limit is not specified, leave the seating 
load on the specimen overnight and record the readings 
the following day. 

14.31.6 Calculate and record to the nearest 0.0001 
inch (0.003 mm) the Initial specimen height and the 
Equivalent height of soiids as shown on lines 11 and 12 
of figure 6 (data sheet 1). 

14.31.7 Calculate and record to the nearest 0.0001 
inch (0.003 mm) the Height of specimen and to the nearest 
0.01 percent the Axial strain as shown on lines 8 and 
9 of figure 7 (data sheet 2) for each dial gauge reading. 

NOfE 3.-Certain circumstances may dictate the need to allow 
the specimen to expand under a pressure other than 1 lbf/ in2

. 

The mass required to exert the desired pressure is calculated 
and specimen placement, initial height determination, and 
expansion procedure are the same as for the l-lbf/ in2

. 

14.32 Specimen Wetting: 
14.32.1 Record in columns 3 and 4 as shown on 

figure 7 (data sheet 2) the Desired pressure to the nearest 
0.1 lbf/ in2 and the Mass required to the nearest 0.1 lbm 
to exert that pressure at which the specimen is to be wetted. 
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The Desired pressure is the same pressure as was used 
for the specimen seating load, if not stated otherwise in 
the testing program. The Mass required is the Wet load 
calculated in subparagraph 14.29. 

14.32.2 Insert the scale beam pin. Move the scale 
beam mass on the scale beam to the Mass required as 
recorded in subparagraph 14.32.1. 

14.32.3 Attach plastic tubing to the open drain cock 
(as shown on fig. 1) and lead the tubing to an overflow 
container. 

CAUTION.-The overflow container, or any other object, should 
not be placed on the platform scale load frame at any time during 
the test. 

14.32.4 Add water (see subpars. 5.4.4 and 9.1), which 
is at room temperature, to the permeameter tube using 
a pipette and bulb. 
_ 14.32.5 Allow water to flow through the bottom 
porous plate and out the drain cock until air bubbles no 
longer appear in the outflow. 

14.32.6 With water in the permeameter tube-level 
with or slightly above the top of the drain cock-close 
the drain cock and remove the plastic tubing. 

14.32.7 Continue to adjust the wheel of the platform 
scale load frame so the scale beam remains just removed 
from the lower scale beam pin. 

14.32.8 Keep the head of water in the permeameter 
tube at least level with the top of the drain cock to prevent 
air entrapment in the consolidometer but as low as possible 
to prevent "piping" and uplift in low unit weight soils. 

14.32.9 Continue to add water to the permeameter 
tube to maintain the desired head until water begins to 

·come through the upper porous plate or until 5 minutes 
have elapsed. 

14.32.10 Submerge the specimen by filling the water 
collar with tap water at room temperature to just below 
the rim of the water collar and ensure that it remains 
at that level throughout the test. 

14.33 Specimen Expansion: 
14.33.1 Allow the wetted specimen to expand for 

a minimum of 48 hours. Determine and record dial gauge 
readings at the time intervals specified in subparagraph 
14.33.3. 

NOfE 4.-Very plastic clays may require a week or more to 

complete the expansion phase of the procedure. 

14.33.2 Maintain the load on the specimen by 
turning the wheel to again level the scale beam. 

14.33.3 Record the date and time, and the dial gauge 
reading at time intervals of 4, 300, 900, 1,800, 3,600, 7,200, 
18,000, and 86,400 seconds for the first 24 hours ( 4 seconds, 
5-, 15-, 30-min.; 1-, 2-, 5-, 24-hours) of the test as shown 
in columns 1, 2, and 7 on figure 7 (data sheet 2). Level 
the scale beam before taking each dial gauge reading by 
using the wheel on the platform scale loading frame. 

NOfE 5.-Additional readings may be taken if desired or as 
requested in the testing program. 
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14.33.4 Calculate and record co the nearest 0.0001 
inch (0.003 mm) the Height of specimen, and to the nearest 
0.01 percent the Axial strain as shown in columns 8 and 
9 on figure 7 (data sheet 2) for each dial gauge reading. 

14.33.5 As a guideline, allow the specimen to expand 
until the change in axial strain becomes less than 0.1 percent 
between consecutive readings. Continue to record the date 
and time, and dial gauge readings daily or as necessary; 
calculate and record Height of specimen and Axial strain 
as shown in columns 8 and 9 on figure 7 (data sheet 2). 

NOfE 6.-lt may be advantageous to plot Axial strain versus 
log time for expansive soils. The plot may be helpful in indicating 
whether expansion is complete by showing a change in slope 
of the resulting curve. 

14.33.6 Ensure that the water level remains just 
below the rim of the water collar throughout the test. 

14.34 Load Application.-After primary expansion is 
complete, the specimen is loaded to compress it back to 
its original void ratio (height). This is accomplished by 
continuously doubling the preceding pressure applied to 
the specimen until the specimen is at its initial height 
or slightly less. 

14.34.1 The new Desired pressure will be obtained 
by doubling the previous Desired pressure. For example: 
to begin compression of the specimen, the initial Desired 
pressure used for seating and wetting the specimen will 
be doubled. Record the new Desired pressure to the nearest 
0.1 lbf/ in2 as shown in column 3 on figure 7 ( data sheet 
2). 

14.34.2 Calculate and record the Mass required to 
the nearest 0.1 lbm necessary to exert the Desired pressure 
on the test specimen as shown in column 3 on figure 7 
(data sheet 2). 

14.34.3 Insert the scale beam pin and rest the scale 
beam on the pin by turning the wheel of the platform 
scale load frame (fig. 3). 

14.34.4 Move the scale beam mass on the scale beam 
and add mass to the hanger, if necessary, until the total 
mass equals the calculated mass (from subpar. 14.34.2) 
for the Desired pressure. 

14.34.5 Turn the wheel of the platform scale load 
frame until the scale beam is level and not resting on 
the pin. Remove the scale beam pin and begin the timer. 

14.34.6 On figure 7, columns 1 and 2, (data sheet 
2), record the date and time of each reading. Record in 
column 7 (fig. 7) dial gauge reading at time intervals of 
4, 7,200, 18,000, and 86,400 seconds (4 seconds; 2-, 5-, 
and 24-hours), unless otherwise seated on the testing 
program. 

14.34.7 Compare the dial gauge readings obtained 
at the 5- and 24-hour readings. If the dial gauge has moved 
more than 0.001 inch (0.03 mm) between the 5- and 
24-hour reading, leave the test specimen at the same 
pressure for another 24 hours and continue to read and 
record the dial gauge reading. If the dial gauge has moved 
less than 0.001 inch (0.03 mm), between the first 5- and 
24-hour reading or any consecutive 24-hour readings, the 
load is complete. 
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14.34.7.1 Calculate and record the Height of 
specimen and the Axial strain for each dial gauge reading 
as shown in colums 8 and 9 on figure 7 (data sheet 2). 

14.34.8 If the specimen has been compressed back 
to or beyond Initial speoinen height go to subparagraph 
14.35, and if not, repeat subparagraphs 14.34.1 through 
14.34.7. 

14.35 Speoinen Removal: 
14.35 .1 Insert the scale beam pm under the sca le 

beam of the platform scale loading frame. Remove any 
mass from the hanger and return the scale beam mass 
to the zero position. 

14.35.2 Drain the water from the water collar, using 
a pipette and bulb, and remove the permeameter tube from 
the consolidometer baseplate. 

14.35.3 Turn the wheel of the platform scale loading 
frame until the loading yoke lifts off of the loading plate. 

14.35.4 Slide the consolidometer from beneath the 
loading yoke. Care should be taken with the dial gauge 
spindle to ensure that it is released slowly as it comes 
off the loading yoke. 

14.35.5 Remove the screws from the consolidometer 
clamping ring and quickly remove, in the following order: 
loading plates, guide ring, clamping ring with water collar, 
gasket, and specimen ring with specimen and porous plates 
from the baseplate. 

14.35.6 Remove the porous plates from the 
specimen and drain free water into a drying pan whose 
mass was previously determined and recorded on line 29 
of figure 6 (data sheet 1). 

14.35.7 Place the loading plate on top of the 
specimen and press the specimen out of the specimen ring 
into another drying pan whose mass was previously deter­
mined and recorded on line 14 of figure 6 (data sheet 1). 

14.35 .8 Determine and record the Mass of the drymg 
pan + wee specimen to the nearest 0.1 gram as shown 
on line 15 of figure 6 (data sheet 1). 

14.35 .9 Photograph the top of the specimen (fig. 9a). 
Break the specimen in half and photograph the broken 
faces of the specimen as shown on figure 96. Return all 
specimen pieces to the drying pan and determine the final 
moisture content of the entire specimen in accordance with 
USBR 5300. Record calculations on figure 6 (data sheet 1) . 

14.35 .10 Wash any soi l from the porous plates, speci­
men ring, guide ring, and loading plate using a squeeze 
bottle filled with tapwater. Catch the wash water in the 
drying pr1n used in subparagraph 14.35 .6. 

14.35.11 If possible place the drying pan in a separate 
drying oven overnight. Evaporation of the large amount 
of free water in the washings may result in inaccurate 
final moistures if the washings are placed in the same 
oven as the specimen. Determine and record on line _30 
of figure 6 (data sheet 1) Mass of the dry washings + 
drying pan to the nearest 0.1 gram. 

14.35.12 Scrub the porous plates in running water 
using a soft nylon brush. Unless the porous plates are 
cleaned after each test, they become clogged with soil 
particles and slow the flow of water to or from the 
specimen. 
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a. Top view of test speci men. 

b. Edge view of test specimen. 

Figure 9. - Views of test specimen. 

C 
C 

14.35.13 Determine the Final dry mass of soil and 
record the value as shown on line 34 of figure 6 (data 
sheet 1). 

14. 35.14 Prepare a plot of axial strain versus 
pressure as shown on figure 10. 

14.35.15 From the plot on figure 10, read the 
Pressure required to recurn to initial height and record 
on figure 11. This value is obtained from taking the 
difference between the pressure at which the specimen 
was wet and where the specimen loading line crosses the 
zero axial strain axis. 

14.35.16 Prepare a summary table of one­
dimensional expansion test resu lts as shown on figure 11. 
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.., 

"' C) 

-120 ~---------------------, 
Sample No.: Example 
Specimen No .. Example 
Specimen S1z~: 4 25 x 1.25 in 
Sp~1men Type· Compacted 

-100 

Maximum Vertical Expansion: 

Pressure Required to Return to 
Original Hei~ht: 

-10.08 ~ 

64 0 lbf/in2 

-:... - eo 
"' "-

- 20 

,. GO 

Pressure - lbf/in2 

Figure 10. - Plot of test results - example. 

All data are from figures 6 and 7, data_ she_e~s 1 and 2, 
respectively, or calculated in paragraph 15. 

15. Calculations 

15.1 Calculate Specimen ring area using the nominal 
specimen ring diameter as shown on line 6 of figure 6 
(data sheet-1). 

A 

where: 

rr Di 
4 

A = nominal specimen ring area, in2 

D = specimen ring inside diameter; in 
rr = 3.14 

(1) 

15.2 Calculate mass required to exert desired load on 
the soil specimen as shown on line 49 of figure 6 (data 
sheet 1). 

(2)· 
where: 

-mb mass required to exert desired load, lbm 
A = nominal specimen area, in2 

Pd = desired pressure, !bf/ in2 

T = tare mass,* lbm 
C = l lbm/lbf 

* Use the value calculated for Dry tare before the 
specimen is wetted; after wetting, use the calculated 
value of Wet tare. When calculating the mass necessary 
for the gauge block seating load, T= 0. 

15.3 Calculate Gauge block pressure seating load as 
shown on line 47 of figure 6 (data sheet 1). 

where: 
mg 

Ine 

mgb 

mb 

gauge block pressure seating load, lbm 
mass of equipment (consolidometer), lbm 
mass of gauge block, lbm 

(3) 

mass required to exert desired seating load, lbm 

15.4 Calculate Initial moisture content as shown on 
line 19 of figure 6 (data sheet 1). 
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15.5 Calculate Mass of the wet soilon line 36 of figure 6 
(data sheet 1). 

where: 
mw 
mx 

my 
453.6= 

m -w -
mx - my 

453.6 

mass of wet soil, lbm 
mass of specimen ring, cover plates, and wet 

soil, g 
mass of specimen ring and cover plates, g 
change gram to pound mass 

(4) 

15.6 Calculate Dry tare as shown on lines 37, 38, and 
48 of figure 6 (data sheet 1). 

where: 
Td 
me 
mw 

dry tare mass, lbm 
mass of equipment (consolidometer), lbm 
mass of wet specimen, lbm 

(5) 

15.7 Calculate Wet tare as shown on line 40 of figure 6 
(data sheet 1). 

where: 
Tw wet tare mass, lbm 
Td dry tare mass, lbm 

Wm mass of water added to wet the specimen (Use 
0.5 lbm for 4.25-inch diameter specimen or 
1.0 lbm for 2.00-inch diameter specimen.) 

(6) 

15.8 Calculate Specimen seating load as shown on lines 
41 and 50 of figure 6 (data sheet 1). 

(7) 
where: 

ms specimen seating load, lbm 
Td dry tare mass, lbm 

mb mass required to exert desired seating load, lbm 

15.9 Calculate Wet load as shown on line 43 of figure 
6 (data sheet 1). 

(8) 
where: 

WL wet load, lbm 
specimen seating load, lbm 
-mass of water added to wet the specimen, lbm 

15.10 Calculate height(s) of specimen. 
15.10.1 Initial specimen height as shown on line 11 

of figure 6 (data sheet 1). 

(9) 
where: 

H; initial specimen height, in 
Hgb height of gauge block, in 
Rgb dial gauge reading on the gauge block, in 

R; = initial dial gauge reading on the specimen, in 

15.10.2 Determination of all other heights as shown 
in column 8 of figure 7 (data sheet 2). 

(10) 
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where: 
H= 
H; 
R; 
R2 

specimen height at any reading, in 
initial height of specimen, in 
initial dial gauge reading on the specimen, in 
current dial gauge reading, in 

15.11 Calculate Mass of dry soilon line 26 of figure 6 
(data sheet 1). 

(11) 

where: 
md = mass of dry soil, lbm 
mw = mass of wet specimen, lbm 

w = initial moisture content, expressed as a decimal 

15.12 Calculate Equivalent height of solids m the 
specimen on line 12 of figure 6 (data sheet 1). 

Hs = C (A ~d ) 
s Pw 

(12) 

where: 
Hs equivalent height of solids, in 
md mass of dry soil, g 
A nominal specimen area, in2 

Gs specific gravity of soil 
Pw density of water= 62.29 lbm/fr3 at 71.5 °F 
C = 3.8095 changes ft3 to in3 and lbm to g 

15 .13 Calculate Axial strain (percent) in column 9 of 
figure 7 (data sheet 2). 

E = 100 ( 1 - ~ ) 
where: 

E = axial strain, % 
H; = initial height of specimen, in 
H = specimen height at any reading, in 

100 = convert from decimal to percent 

(13) 

15.14 Calculate Pressure for a given mass in column 
3 of figure 7 (data sheet 2). 

p = C ( mb ~ Tw) (l4) 
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where: 
P= 

illb 

Tw = 
A= 
C= 

pressure on spedmen (desired pressure), lbf/in2 

mass on the scale beam and hanger, lbm 
wet tare mass, lbm 
nominal specimen area, in2 

1 lbf/lbm (convert density to unit weight) 

15.15 Calculate Void ratio in column 10 of figure 7 
(data sheet 2). 

where: 

e = H -1 
Hs 

e = void ratio of specimen 
H = specimen height at any reading, in 

Hs = equivalent height of solids, in 

(15) 

15.16 Calculate Dry unit weight of the specimen at any 
reading in column 4 of figure 11. 

where: 
Pd = dry density of specimen, lb/ft3 

illd = mass of dry soil, lbm 
H = specimen height at any reading, in 
A = nominal specimen area, in2 

C = 1,728 changes from in3 to ft3 

where: 
)Id 

C* 

'Yd= Pd C* 

dry unit weight, lbf/ft3 
1 lbf/lbm (convert density to unit weight) 

16. Report 

(16) 

(17) 

16.1 The report is to consist of completed and checked: 
"One-Dimensional Consolidation Test" forms (figs. 

6 and 7) data sheets 1 and 2, respectively. 
Photographs of the test specimen (fig. 9). 
"Axial Strain-Pressure" plot (fig. 10) with a table: 
"Summary of One-Dimensional Consolidation- Test" 

results (fig. 11). 

16.2 All calculations are to show a checkmark and all 
plotting must be checked. 
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7-2419 (3-89) I SUMMARY OF ONE-DIMENSIONAL I Oes;gnat;on USSR 5705 _ 89 Bureau of Reclamation CONSOLIDATION TEST --
Project 

Example 
featu-e 

Example 

S<mple No. 
I 

Spec men 
I 

Type of Test 0 Consolidation IX) Expansion □ Uplift 

PRESSURE SPECIMEN HEIGH VOID RATIO DRY !,NIT WEIGiT 
AXIAL STRAIN . 0 

IX) lbf /in 2 □ kPa OOin Orrm IX) lbf/ft 3 □ kN/m3 (%) 

(1) (2) (3) (4) (5) 

1.0 1.2396 0.4283 120.3 0.00 

1.0 1.3646 0.5723 109.2 10.08 

2.0 1.3608 0.5679 109.5 9.78 

4.0 1.3472 0.5523 110.7 8.68 

8.0 I. 3278 0.5299 112.3 7. 12 

16.0 1.3012 0.4993 114.6 4.97 

32.0 1.2691 0.4623 I 17.5 2.38 

64.0 1.2396 0.4283 120.3 0.00 

TEST SPECIMEN CQ\OITICNS INITIAL MAX. PRESSURE FINAL 

0-v Unit Weiaht fxl lbf/ft 3 n kN/m 3 120.3 -- 120.3 

Moistu-e Content % 6.1 -- 17.5 

De(Tee of Satu-ation % 38.2 -- 100.0 

0-y Mass □ lbf lxJa 555.8 -- 552.0 

Maxm= Vertical Expansion -10.08 % Rebound -- .,. 
Pressu-e ReQui"ed to Retu-n [K) lbflin 2 Ok.Pa 0.8679 CK) in 0mm 
to Initial Heiaht 64.0 Equivalent Height of Solids 

Figure 11. - Summary of one-dimensional consolidation rest - expansion rest example. 
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APPENDIX 

XL CALIBRATING THE CONSOLIDOMETER SPECIMEN RING 

Xl.1 Scope 

Xl.1.1 This appendix outlines the procedure for 
calibrating the specimen rings as described in subparagraph 
8.2.2.1 of this designation. 

Xl.2 Significance and Use 

Xl.2.1 Specimen rings must be calibrated t0 ensure 
accurate laborat0ry test results. Specimen rings not within 
specified tolerance can result in specimen placement unit 
weights that can vary by ±0.5 percent or more. This cali­
bration procedure is to be performed upon receipt of the 
specimen ring and annually thereafter or if the volume of 
the specimen ring is in question. 

Xl.3 Procedure 

Xl.3 .1 For a 4.250-inch diameter by 1.25-inch high 
specimen ring, two calibration plugs are used-one 4.240± 
0.001-inch diameter and the other 4.260±0.001-inch 
diameter; each have a height of 1.25 inches. For a 2.000-inch 
diameter by 0.75-inch high specimen ring, two calibration 
plugs-one 1.995±0.001-inch diameter and the other 
2.005± 0.001-inch diameter-each have a height of 0.75 
inch. 

Xl.3.2 Attempt t0 insert the minimum diameter 
calibration plug into the specimen ring. If the minimum 
dia. calibration plug can be inserted into the specimen ring 
place a checkmark in the "Yes" column as shown on figure 
Xl.l. 
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Xl.3.3 Repeat subparagraph Xl.3.2 using the maxi­
mum diameter calibration plug instead of the minimum 
diameter calibration plug. 

Xl.3.4 If there is a checkmark in the "YES" column 
below the Insert minimum dia. calibration plug and in 
the "NO" column below the Insert maximum dia. cali­
bration plug place a checkmark in the "Accepted YES/ 
NO" column. If this condition does not exist then place 
a checkmark in the "Rejeeted Yes/Yes, No/Yes, No/No" 
column. 

Xl.3 .5 The specimen ring is accepted if the minimum 
diameter calibration plug will insert into the specimen ring 
but the maximum diameter calibration plug will not. If 
these criteria are not met the specimen ring should be 
discarded or remachined if appropriate. 

Xl.3.6 Specimen rings are co be calibrated annually 
and results recorded on the "Specimen Ring Calibration" 
form (fig. Xl. l). Specimen rings also should be calibrated 
whenever they may have been damaged. 

Xl.4 Interpret Results 

Xl.4.1 If the specimen rings are accepted, nominal 
dimensions will be used for all specimen area and volume 
calculations. If the specimen rings are rejected, they are 
to be remachined if possible or discarded and replaced with 
acceptable specimen rings. Results recorded on the 
"Specimen Ring Calibration" form should be filed in the 
laboratory calibration book corresponding to the one­
dimensional expansion test. 
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1-2• 15 <3·891 
Bureau ot Reclamation 

SPECIMEN RING CALIBRATION Des,gnat;on USSR 5705 -~ 

Calibrated by Date I Next Calibration Date 

Specmen Ring Dia-neter 
4.25 

IXJin Specmen Ring Height 
1. 25 

IX] in 

Dmn Dmn 
Mini'n\lTl Calibration Plug No. Mini'n\lTl Calibration Plug Dia . 

4 .240 
IXJin 

I Dmn 
Mlxi'nllTl Calibration Plug No. 

2 
Maxmun Calibration Plug Dia. 

4 .260 
(2g in 

Dmn 

INSERT MINIMUM INSERT MAXIMUM 
SPECIMEN 

CALIBRATION PLLG CALl8RATIDN PLt,G 
ACCEPTED REJECTED 

Rlt,,G NO. 

YES YES NO YES/NO 
YES/YES 

NO 
NO/NJ 

232 ✓ ✓ ✓ 
116 ✓ ✓ ✓ 
114 ✓ I ✓ ✓ 
108 ✓ ✓ ✓ 
122 ✓ ✓ ✓ 

Figure XI. I - Specimen ring calibration - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING THE ONE-DIMENSIONAL 
UPLIFT PROPERTIES OF SOILS 

USBR 5715-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D -3760, Research and Laborat0ry Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5715. The·number immediately 
following the designation indicates the year of acceptance of the last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the one-dimensional uplift properties of soils. 
The procedure can be performed using undisturbed or 
compacted specimens co determine (1) the magnitude of 
axial pressure required to maintain the initial void ratio 
(height) of a wetted, laterally constrained, axially loaded 
specimen, and (2) the magnitude of expansion after wetting 
under known axial pressures. 

2. Auxiliary Tests 

2.1 If the test is co be performed using a compacted 
specimen, a soil sample muse be obtained in accordance 
with USBR 5205. The initial and final moisture contents 
of the test specimen are to be determined in accordance 
with USBR 5300. The specific gravity of the soil must 
be determined -in accordance with USBR 5320 in order 
to calculate the height of solids in the test specimen. The 
specimen must be prepared in accordance with USBR 5210 
or 5215 prior to performing this procedure. The gradation 
analysis, liquid limit, plastic limit, and shrinkage limit of 
the soil sample are co be determined in accordance with 
USBR 5330, 5350, 5360, and 5365, respectively. 

3. Applicable Documents 

- 3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Device 
USBR 1007 Calibrating Dial Indicators 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
From Undisturbed Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
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USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5700 Determining the One-Dimensional Consoli­
dation Properties of Soils (Incremental Stress) 

4. ?ummary of Method 

4.1 A compacted or undisturbed soil specimen 1s 
prepared and placed in a fixed-ring consolidometer as 
shown on figure 1. A seating pressure, normally 1 lbf/ in2, 

is applied to the specimen. The initial height of the 
specimen is determined, and the specimen is inundated 
with water. As the specimen expands, sufficient pressure 
is applied to maintain the initial void ratio (height). This 
is continued until equilibrium is established; i.e., additional 
pressure is not required co maintain initial specimen height 
(see fig. 2). Pressure on the specimen is then decreased 
in selected decrements and specimen height is measured 
at each pressure decrement, after a minimum of 24 hours 
or until expansion is complete under chat loading. 

5. Significance and Use 

5.1 The relative uplift (expansion) potential deter­
mined from chis procedure can be used to estimate heave 
of a foundation or compacted earthwork for a given final 
moisture and loading condition. The initial moisture 
content and void ratio of the test specimen should be 
representative of anticipated in-place soil condition. 

5.2 Soils containing the clay mineral montmonllonite 
are likely to have significant potential for uplift (expansion) 
and are commonly tested by this procedure. 

5.3 Laboratory prepared test specimens should 
duplicate the in-place soil or field compacted soil conditions 
as closely as possible because relatively small variations 
in unit weight and moisture content can significantly alter 
uplift (expansion) characteristics of the specimen. 
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Permeameter tube holder 

::. Soil sample : :1.."'-r---lc::-MI 
1,.....!",----_-1..., .... ~-~--_-_-_-_-_-_-_-_-_-....... :_:\. ·.:::_:_:::::: .. 

of field rates of heave due to fissures in che in-place soil 
mass and inadequate simulation of che actual availability 
of water co che soil in place. The actual availability of 
water to the in-place soil may be cyclic, intermittent, or 
may depend on in-place situations such as pervious soil­
filled trenches and broken water and drain lines. 

5.4.3 Secondary or long-term expansion may be 
significant for some soils and should be added to primary 
expansion. Secondary expansion is not determined in chis 
procedure. 

5.4.4 Chemical content of the inundating water 
affects volume change and expansion pressure; i.e., field 
water containing large concentrations of calcium ions will 
produce less swelling than field water containing large 
concentrations of sodium ions or even rainwater. 

5.5 This procedure provides a measure of the uplift 
pressure, preconsolidation pressure, and percent expansion 
under a given vertical confining pressure. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Figure 1. - Schematic of fixed-ring consolidomerer. 6.1.1 Expansion.-The increase in volume of a soil 

0
\ Priroa,·y Axial Expansion Complete 

\ 
\ 

0
~Specime n Unloading and Expa n s ion 

0---------

\ 

I Increase --

~------Eq~ili brium - Maximum 
---..(_ UpHrt Pressure 

Specimen Load ing lo ~fain lai n lniliol Heig ht 

Press ure - lbf/i n2 

Figure 2. - Schematic of one-dimensional uplift rest. 

Differences in soil fabric of compacted specimens, such 
as obtained by kneading or static compaction, also can have 
a significant impact on the uplift (expansive) behavior 
of cohesive soils . 

5.4 Estimates of the uplift (expansion) characteristics 
of soil obtained from this procedure are often of particular 
importance in designing canal or tunnel linings, floor slabs, 
or lightly loaded structures, and in evaluating their 
performance. However, when using these estimates, it is 
recognized that uplift (expansion) parameters determined 
from these test methods for the purpose of estimating 
in-place heave of foundations and compacted soils may 
not be representative of many field conditions because: 

5.4.1 Lateral expansion and lateral confining 
pressure are not simulated. 

5.4.2 Rates of expansion indicated by the one­
dimensional uplift tests are not always reliable indicators 
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mass. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Axial Strain.-The ratio, expressed as a percent, 

of the change in length in the axial direction to the original 
axial length. 

6.2.2 Confined Expansion.-Axial expansion (axial 
strain) at a given axial pressure following absorption of 
water. 

6.2.3 Uplift Pressure.-The vertical pressure required 
to maintain a specimen at the initial void ratio (height) 
after wetting. 

7. Interferences 

7.1 Friction: 
7.1.1 The specimen ring interior must be clean and 

smooch. The specimen ring may be made of brass or 
stainless steel. 

7.1.2 Care must be taken when trimming an 
undisturbed specimen to remove any coarse sand or fine 
gravel protruding from the sides of the specimen and co 
refill che voids with fines . This prevents added friction 
on the sides of the specimen ring. Be sure to indicate in 
che report if any specimen voids were refilled. 

7.1.3 Height to diameter ratio is to be between 1:2.5 
and 1:3.5. If the specimen is coo chick, the rime rocomplecely 
wee the specimen is greacly increased. 

7.2 Porous Plates: 
7 .2.1 Porous places are to be cleaned to ensure 

maximum wacerflow to and from the specimen. 
7.2.2 Porous places are to be smooth and level on 

the surface of the specimen and are to fir into the specimen 
ring and guide ring with no more than 0.01 tO 0.02 inch 
(0.3 to 0.5 mm) clearance. This prevents loss of the 
specimen around the edges of the plates. 
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7.2.3 When resting specimens for which pressures 
are likely to exceed 600 lbf/in2 (4140 kPa), use sintered 
bronze porous plates because they are less likely to break. 

7.3 Sample Storage: 
7.3.1 Storing samples in sampling tubes is not 

recommended for expansive soils even though stress relief 
may be minimal. The influence of rust and penetration 
of drilling fluid or free water into the sample may adversely 
influence laboratory rest results. 

7.3.2 If tube type samples are to be stored prior 
to resting, they should be extruded from the sampling tubes 
as quickly as possible after sampling and thoroughly sealed 
to minimize moisture loss. The sample should be extruded 
from the sampling tube in the same direction as when 
sampled to minimize sample disturbance. 

8. Apparatus 

8.1 General Apparatus: 
8.1. l Drying Ovens.-An oven, thermostatically 

controlled, preferably of the forced-draft type and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. Two ovens 
are recommended for this procedure. 

8.1.2 Balance or Scale.-Typical balances or scales 
used for this designation are: 

Application Readable to Approximate capacity 
Moisture content 0.01 g 500 g 
Mass of compaction 

specimen 0.1 g 1000g 

8.1.3 Dial Gauge.-A dial gauge readable to the 
nearest 0.0001 inch (0.003 mm), having a minimum 1-inch 
(25-mm) travel. 

8.1.4 Stopwatch-A timing device readable to 1 
second used to time test reading intervals. 

8.1.5 Specimen preparation equipment as specified 
in USBR 5215. 

8.1:6 Specimen compaction equipment as specified 
in USBR 5210. 

8.2 Equipment Used in This Procedure: 
8.2.1 Load Frame.-A device capable of applying a 

vertical (axial) load on the specimen to achieve a pressure 
of at least 200 percent of the maximum anticipated design 
pressure or the pressure required to maintain the specimen 
at its original void ratio (height). A platform scale load 
frame suitable for this procedure is shown on figure 3. 
The device incorporates a 3,000-lbm (1360-kg) capacity 
platform scale mounted on a stand and equipped with a 
screw jack attached to the underside of the frame. The 
jack controls a loading yoke which extends through the 
scale platform and over the fixed-ring consolidometer 
(fig. 1) which rests on the scale platform. A pressure is 
applied to, or released from, the soil by operating the jack 
and moving the loading yoke up or down. The mass required 
to apply the desired pressure is measured on the scale 
beam and is fully effective when the scale beam is balanced: 

8.2.2 Fixed-Ring Consolidometer.-A container (figs. 
1 and 4) made of brass or stainless steel, designed to hold 
a soil specimen during a one-dimensional uplift test. The 
specimen ring is securely clamped (fixed) to a baseplate. 
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Figure 3. - Platform scale load frame with fixed-ring consolidometer 
in place. 101-D-40 

A water collar allows wetting of the specimen through 
the porous plates. Change in height of the specimen is 
measured by means of a dial gauge attached to a dial gauge 
holder. A specimen ring restrains lateral expansion of the 
specimen, but allows unrestrained axial expansion or 
compression during testing. A clamping ring with a water 
collar holds the specimen ring in the baseplate and the 
water reservoir aids in wetting the specimen. A rubber 
gasket prevents water loss between the baseplate and 
clamping ring. A guide ring holds the top porous plate 
in place while laterally restraining the specimen, and one 
or more loading plates distribute the applied load evenly 
over the specimen. 

8.2.2.1 Specimen Ring.-A ring made of brass or 
stainless steel with a highly polished inner surface. 
Specimen rings are to have an inside diameter of 4.25±0.001 
inch and a height of 1.25±0.001 inch (108.0±0.03 and 
31.8±0.03 mm). Specimen rings having an inside diameter 
of 2.00±0.001 inch and a height of 0.75±0.001 inch 
(50.8±0.03 and 19.1±0.3 mm) also may be used. 
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.. 

Figure 4. - Fixed-ring consolidometer. (a) dial gauge, (b) assembled consolidometer, (c) porous plates, (d) top load plate, (e) base 
plate, (f) specimen ring, (g) gu ide ring, (h ) rubber gasket, ( i) water collar with clamping ring, and (j) gauge block. 

8.2 .2.2 Porous P!ate.-Two porous plates, made of 
340-grade sintered bronze or coarse-grade s ilicon carbide 
are required. The plates are to be clean and free of cracks, 
chips, or other nonuniformities and are to be air dried 
prior to use. Porous plates are ro have a diameter of 
4.23±0.00 I inch ( I 07.4±0.05 mm) for a specimen ring 
with an inside diameter of 4.25 inches ( I 08.0 mm). For 
a specimen ring with an inside diameter of 2.00 inches 
(50.8 mm) , porous plates are to have a diameter of 
1.98±0.002 inch (50.3±0.05 mm). Porous plates are ro have 
a thickness of 0.375±0.002 inch (9.5 ±0 05 mm). 

8.2.2.3 Loading Plate.-A loading plate made of 
brass or stainless steel, 0.375±0.002 inch (9.5±0.05 mm ) 
thick and either li.125±0.002 inch or 1.85±0.002 inch 
( 104.8±0.05 or li7.6±0.05 mm ) in diameter depend ing on 
the size specimen ring used. 

8.2.3 Gauge Blocks.-Two gauge block reference 
standards are required . One block, 1.25±0.002 inch in height 
and 4.00±0.002 inch in diameter (31.8±0 .0 5 and 
l0l.6±0.05 mm); and one block, 0.75 ± 0.002 inch in height 
and 1.75±0.002 inch in diameter( 19.1±0.05 and 44.5±0.05 
mm). 

8.2.4 Cover Plates.-Plastic or glass plates approx­
imately 6 inches (152 mm) square and 0.25 inch (6.4 mm ) 
thick. These are ro be marked as pairs. 

8.2.5 Specimen (4.25-in dia.) Compaction Equip­
ment (fig. 5): 

675 

8 .2.5.1 Compaction Collar. - A metal collar 
3.625±0.002 inch in height and having an inside diameter 
of 4.25±0.005 inch (92.1±0.05 and 108.0±0.13 mm) and 
outside diameter of 5.75±0.005 inch ( 1 li6. I ±0. J 3 mm ). 

8.2.5 .2 Clamping Ring.-A brass ring 0. 375±0.002 
inch in height having an inside diameter of 5.01±0.002 
inch (9 .5±0.05 and 127.3±0.05 mm ) and an outside 
diameter of 6.75±0.005 inch ( 171.3± 0.05 mm ). 

8.2.5 .3 Tamper.-A soil tamper having a head 
diameter greater than one-half the inside diameter of the 
compaction co ll ar (fig. 5 ). 

8.2.5.4 Try Square.-A cool capable of measuring 
depths and readable ro 1/32 inch. 

8.3 Miscellaneous Equipment.- Permeameter tube and 
holder, rubber tubing, pipettes, a water container for adding 
water to the specimen; plastic wrap and rubberbands may 
be needed for maintaining the moisture content of the 
specimen prior ro testing; porcelain and copper drying 
pans for drying the specimen and trimmings after testing; 
squeeze bottle and soft bristle brushes for cleaning the 
specimen container at the end of the test. 

9. Reagents and Materials 

9.1 Unless in-place water is requested, rapwater that 
is free of acids, alkalies, or oils and is suitable for drinking 
should be used for wetting the soil specimen. 
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Figure 5. - 4.25- inch diameter spec imen compaction equ ipment. 
(a) tamper, (b) compacrion co llar, (c) try square, (d) clamping 
ring, (e) specimen ring. 

10. Precautions 

10.l Safety Precautions: 
LO.l. l Spi lled water is to be cleaned up immediately 

to prevent possible s lipping. 
10.1.2 Safety shoes are to be worn when transferring 

the conso lidomerer to or from the load frame. 
10.1.3 Use asbestos g loves when removing contain­

ers from drying ovens. 
10.2 Technical Precautions: 

10.2. l Porous plates are to be smooth ground and 
fine enough to minimize intrusion of so il into the plates. 
Cracked, chipped, or nonuniform porous plates used in 
testing can result in erroneous results or cause differential 
compression of the specimen during loading. 

10.2 .2 Different chemical constituents in water can 
have a dramatic effect on the expans ive characteristics of 
a soi l (see subpar. 5.4.4). If possible, in-place water should 
be used. 

11. Sampling, Test Specimens, and Test Units 

11. l Undisturbed Specimens: 
11.1.1 Prepare undisturbed specimens in accordance 

with USBR 5215. Specimens are to be prepared from 
samples wh ich are a minimum of 1/ 2 inch ( 13 mm) larger 
in diameter and about 1 inch (25 mm) longer than the 
final desired dimensions of the spec imen. 

NOTE 1.-Extrerne care shou ld be used in orienting the cutting 
plane of the cutting bit to correspond to field conditions. 

11.1.2 Determine the initi a l moisture content and 
specific gravity of the specimen from specimen trimmings 
in accordance with USBR 5300 and 5320. The results shou ld 
be recorded on figure 6 (data sheet 1). 

11.l .3 If required, determine the particle size 
distribution, liquid limit, plastic limit and plasticity index, 
and shrinkage limit in accordance with USBR 5330, 5350, 
5360, and 5365 , respectively. These tests should be 
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performed using the trimmings obtained when preparing 
the undisturbed specimen. 

11.2 Compacted Specimens: 
11.2. l Prepare a soi l sample in accordance with 

USBR 5205. A minimum 2- lbm (0.9-kg) Lpreferably 5- lbm 
(2.3-kg) l sample of soil passing the U.S.A. Standard series 
No. 4 (4.76 mm) sieve is required for each 4.25-i nch (108.0-
mm) diameter specimen; and at least 1 lbm (0.5 kg) 
Lpreferably 2- lbm (0.9-kg)J of so il passing the No. 4 (4.76 
mm) sieve is required for each 2-inch (51-mm) diameter 
specimen. 

11.2.2 Determine and record the initial moisture 
content in accordance with US BR 5300. 

11.2.3 Prepare a so il sample for compaction in 
accorda nce with USBR 52 lO. 

l l .2.4 Obtain the consol idometer baseplate used for 
compact ing a so il specimen. Make sure the baseplate has 
an air dried porous plate located in the base. 

l l.2.5 Place a plastic fi lm (mylar) on to the bottom 
porous plate to ensure that the soil specimen does nor 
adhere to the porous p late. The plastic film should be 
large enough to cover the bottom of the compacted 
specimen. 

11.2.6 Ensure that the gasket is nor cracked and is 
flexib le. Place the gasket o n the baseplate and secure the 
clamping ring to the baseplate. 

11.2.7 Place the compact ion co ll ar over the specimen 
ring and onto the clamping ring. 

l 1.2.8 Compact the so il specimen in accordance to 
USBR 52 LO. Record the data in subparagraph l 1.2.8. l 
through l l.2 .8.6 on the appropriate form in USBR 5210. 

l 1.2.8. 1 Record the specimen ring number in the 
space for Mold No. 

11.2.8.2 Record the nominal height and d iameter 
of the spec imen ring. 

11.2.8.3 Record the required placement dry unit 
weight and placement moisture content. 

11.2.8.4 Compact the spec imen in three lifts unless 
otherwise stared in the testing program. 

11.2.8.5 Record the moisture content- at which 
the specimen was compacted- on line 24 of figure 6 (data 
sheer 1) as Initial moisrure content 

l l. 2.8.6 After the compact ion co ll ar is removed, 
the specimen is t rimmed level with the top of the spec imen 
ring using a stra ight edge trimmer. 

11.2.9 Remove the clamping ring and rubber gasket , 
and place a cover p late on top of the spec imen. 

11.2.10 Invert the consolidomerer baseplate to allow 
removal of the specimen ring with spec ime n. Make sure 
the plastic film is removed from the bottom of the 
specimen. Trim the bottom of the spec imen leve l with 
the bottom of the specimen ring. Place the second cover 
plate over the bottom of the specimen ring and specimen. 
Take care to minimize specimen moisture loss. 

12. Calibration and Standardization 

12.1 Verify that equipment is currently ca librated in 
accordance with the app licab le cal ib ration procedure. If the 
calibration is nor current, perform the ca lib rat ion before 
using the equipment for this procedure. 
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USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicarors 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 

12.2 Calibrate the specimen rings using calibration 
plugs. The procedure for calibration is in appendix XL 

13. Conditioning 

13.1 The test specimen is ro be prepared, placed, and 
tested as quickly as possible to minimize unrecorded 
moisture loss. 

14. Procedure 

14.1 All data are to be recorded on the "One­
Dimensional Consolidation Test" forms as shown on 
figures 6 (data sheet 1) and 7 (data sheet 2) . 

14.2 Record the platform scale Load frame No. and 
Specimen ring No. as shown on lines 1 and 2 (fig. 6) . 
Record the Specimen ring height and diameter ro the 
nearest 0.01 inch as shown on lines 5 and 7 (fig. 6). Calculate 
and record on lines 6 and 8 (fig. 6) the nominal specimen 
ring area and volume to the nearest 0.01 in2 and 0.01 in3 

respectively. 
14.3 Place all parts- of the unassembled consolidometer 

(fig. 4) except the gauge block on a platform scale load 
frame. 

14.4 Determine the consolidometer mass and record 
the value on line 35 (fig. 6) as Equipment mass to the 
nearest 0.1 lbm. 

14.5 Remove the unassembled consolidometer parts 
from the scale. 

14.6 Place the appropriate size gauge block for the size 
specimen to be tested on the platform scale and determine 
and record Gauge block mass to the nearest 0.1 lbm as 
shown on line 45 (fig. 6). Record the Gauge block No. 
and the Gauge block height as shown on lines 3 and 4 
(fig. 6) . 

14.7 Calculate the mass required to apply a seating 
load of l-lbf/in2 pressure on the specimen. Record to the 
nearest 0.1 lbm the value obtained as Mass for seating 
load as shown on line 46 (fig. 6) . The seating load may 
be changed if required for a particular specimen. 

14.8 Calculate and record to the nearest 0.1 lbm the 
mass required for the Gauge block pressure seating load 
as shown on line 47 (fig. 6). This is the sum of the 
Equipment mass (subpar. 14.4), the Gauge block mass 
(subpar. 14.6), and the Mass for seating load (subpar. 14.7). 

14.9 Place the consolidometer baseplate on the plat- -
form scale. 

14.10 Place a clean air-dried porous plate into the 
consolidometer baseplate. Position the gauge block on top 
of the porous plate, and place the specimen ring into the 
baseplate. 

14.11 Ensure that the gasket is not cracked and is 
flexible. Place the gasket on the baseplate and secure the 
clamping ring with water collar to the baseplate. 

14.12 Place a clean air-dried porous plate on top of 
the gauge block. 
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14.13 Place the guide ring on rop of the specimen ring. 
14.14 Place the loading plate on top of the porous 

plate and ensure that the loading plate, porous plate, and 
gauge block are centered in the specimen ring. 

14.15 Slide and center the consolidometer under the 
loading yoke of the platform scale load frame as shown 
on figure 8. During centering of the consolidometer, life 
the dial gauge spindle to avoid damage ro the spindle. 

14.16 Ensure that the scale beam pin is in place. Slide 
the scale beam mass on the scale beam (see fig. 3) ro 
the Gauge block pressure seating load obtained in 
subparagraph 14.8. 

14.17 Apply the seating load to the loading plate by 
turning the wheel of the platform scale loading frame 
clockwise until the scale beam is level. Remove the scale 
beam pin. 

14.18 Ensure that the bottom of the loading yoke is 
a minimum of 0.1 inch (3 mm) above the top of the water 
collar of the consolidometer. If it is not, the gauge block 
seating load must be removed, another loading plate placed 
on top of the first, and subparagraphs 14.3 through 14.18 
repeated until the 0.1-inch minimum clearance requirement 
is met. Adding another loading plate will be necessary 
for the smaller height specimens. 

14.19 Ensure that the dial gauge spindle is centered 
on the loading yoke and is retracted approximately one­
half its travel distance. 

14.20 Read the dial gauge and record the value as Dial 
reading with seating pressure on gauge block to the nearest 
0.0001 inch (0.003 mm) as shown on line 9 (fig. 6) . 

14.21 Insert the scale beam pin under the scale beam 
and release the pressure on the gauge block by turning 
the wheel of the platform scale loading frame counter­
clockw ise until the loading yoke lifts off the loading plate. 

14.22 Hold the dial gauge spindle and slide the 
consolidometer from under the loading yoke of the platform 
scale load frame. Release the dial gauge spindle slowly 
so as not ro damage the gauge. 

14.23 Disassemble the consolidometer. Remove the 
loading plate, guide ring, and upper porous plate. Remove 
the clamping ring with water collar, specimen ring and 
gauge block from the consolidometer baseplate. Leave the 
lower porous plate in the baseplate of the consolidometer. 

14.24 Determine and record the mass of the specimen 
ring and a pair of cover plates to the nearest 0.1 gram. 
Record the value as Mass of specimen ring + cover plates 
on line 20 of figure 6 (data sheet 1). 

14.25 Prepare the test specimen as described in 
paragraph 11, and immediately cover the rop and bottom 
of the specimen ring with cover plates if not already done 
in preparing the specimen. 

14.26 Determine the mass of the wet specimen, the 
specimen ring, and the pair of cover plates to the nearest 
0.1 gram. Record the value as Mass of specimen ring + 
cover plates+ wet soilon line 21 of figure 6 (data sheet 1). 

14.27 Calculate and record Mass of wet soil on lines 
22 and 36 of figure 6 (data sheet 1) . 

14.28 Calculate and record Dry unit weight .of the 
specimen to the nearest 0.1 lbf/fcl on line 27 of figure 6 
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I 
ONE-DIMENSIONAL CONSOUDA TION TEST I _Designat ion VSBR 7-2417 (3·8Gl (DATA SHEET 1) 5715 - 89 

Bureau of R:ec1a·mation 

Project 
Example 

FeatU'e 
Example _ 

Tested By Dale I Computed By Dale I ChecKed By Date 

Sa-nple No. 
I 

Specmen No. 
I 

PHYSICAL PROPERTIES: 

Liquid Lmit 47 I Ptaslicity Index 
28 I St-r,nKage Lmit 

¾ ¾ - ¾ 

Spec if ic Gravely (Gs> 
2.76 

Class if icat ion Symbol 
CL /CH 

Specmen Type (&] UndistU'bed 0 Compacted 
Type of Test 0 Consolidation IZJ Upl ift D Expansion 

(1) Load FrcYne No. 10 (3) Gauge BlocK No. I 

(2) Spec men Ring No. 122 (4) Gauge BlocK Height 1.25 (Kl in Dem 

(5) Spec men Ring Di¥neter 4 .25 (Kl in Dem 

(6) Spec men Ring Area = (!i)2 ...1L 14. 19 00 ,n2 Ocm2 
4 

(7) Spec men Ring He ight 1.25 IBl in Dem 

(8) Spec men Ring Yoh.me = (6) (7) I 7,74 IBl ,n3 Ocm3 
(9) Dial Reading Wrth Seating PressU'e on Gauge BlocK 0.4585 [RI in 0cm 
( 10) Dial Reading With Seating PressU'e on Specmen 0.4560 [RI in Dem 

(11) Initial Specrnen Height = (4) - (9) • ( 10) I .2475 [RI in 0cm 
(12) Equivalent Height of Solids = (26) I [ (6) 

1/ 
Gs Pw] C - 0.7609 (Kl in Dem 

MJISTURE CONTENT DETERMINATION OF SPECIMEN 

INITIAL FINAL 

( 13) ()'y ing Pan Number 17 41 

(14) Mass of ()'y ing Pan a 193.4 196 .9 

(15) Mass of ()'ying Pan • Wet Specrnen a 755 .7 809.3 

( 16) Mass of ()'ying Pan • ()'y Specmen a 680.7 685 . 1 

(17) Mass of Water (16) . (16) a 75.0 124.2 

( 18) Mass of ()'y Spec men = (16) • ( 14) n 487 .3 4B8.2 

( 19) MolSIU'e Content = [07) I (18)] x 100 ¾ 15.4 25 .4 

INITIAL WET MASS DETERMINATION OF SPECIMEN 

(20) Mass if Specmen Ring • Cover Plates a 1323.8 

(21) Mass of Spec men Ring • Cover Plate . Wet Soil a 1886.2 

(22) Mass of Wet Soil = (21) . (20) g 562 .4 ---
ORY UNIT WEIGHT OF SPECIMEN 

(23) Mass of Wet Soil = (22) a 562.4 

(24) lnit ial MoistU'e Content = (19) ¾ 15 .4 

(25) Specmen Ring Volume = (8) [K] in3 Ocm3 17. 74 

<26) Mass of ()'y Soil = (23) I [1 • (24) I 100] a 487.3 

(27) ()'y Unit Weight = [ (26) I (26)] C ?.t (Kl lbflft
3 

DKN/m 
3 104.6 

_!1 Pw is the densrty of water at 71.5 F. For inch pound applications Pw = 62.29 I1:rn/ft 
3 

For SI metric applicat ions Pw = lgtcm 3 

C is a conversion factor , for inch-pound applications C = 3.8096. For SI metric applicat ions C = 1.000. 
?.1 For inch pound application, C • 3.8096 and conver ts g/in3 to lbf/ft 3 assuming lbf ' 11:rn. F<J' SI metric application, C ' 9 .807 

and converts g/cm 3 to kN/m3 

Figure 6. - One-dimensional consolidation test (data sheet 1) - uplift test example. 
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ORY MASS OETERMINA Tio-I OF WASHI/\GS 

128) O,ying Pan N1Snber 9 

(29) Mass of O,y ing Pan C 178.1 

(30) Mass of 0-y Washings • 0-ying Pan C 179.0 

(31) Mass of 0-y Washings • (30) - (29) 0 0.9 

-
FINAL ORY MASS OF SOIL 

(32) Mass of 0-y Spec men (Fina0 • (18) n 488.2 

(33) Mass of 0-y Washings ' (31) C 0.9 

(34) Final O,y Mass of Soil • (32) • (33) 0 489.1 

TESTll'.G LOADS SEA Tli'.G LOADS 

(35) Equipment Mass 21.0 00 Joo, D 0 With Gauge Block 

1.2 00 Joo, Do 
(44) Equipment Mass (35) 21.0 00 lbm Do 

(36) Mass of Wet Soil 

(37) O,y lMe = (35) • (36) 22.2 [RI loo, Do 
(45) Gauge Block Mass 5.0 00 lbm Do 

( 4 6) Mass F c:, Seating Load 14.2 [R) lbm Dg 
(38) ()'y lMe ' (37) 22.2 00 100, Do (4 7) Gauge Block 

0.5 [RI Joo, Dg 
Pressire Seating Load 40.2 00 lbm Do 

(39) Water Added 

(40) Wet lMe = (38) • (39) 22.7 00 100> Do 
With Test Specmen 

(48) ()'y TNe ' (37) 22.2 [R) lbm Do 
(4 1) Spec men Seating Load = (50) 36.4 [RI loo, Do 

@1tim Do (49) Mass Fe:, Seating Load ' (46) 14.2 
(42) Water Added (39) 0.5 @ loo, Dg 36.4 00 lbm D 0 (50) Spec men Seating Load ' (48) • (49) 

(43) Wet Load • (4 1) • (42) 36.9 00 loo, Do 

RemMks: -

Figure 6. - One-dimensional consolidation rest (data sheet I) - uplift rest example - Continued. 
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7-24 18 (3-89) ONE-DIMENSIONAL CONSOLIDATION TEST 
Bureau of Reclamat ion (DAT A SHEET 2) 0es;gnat;on USSR ~ - 89 

Tested By Date 

Slrnple No. I 

Load Frame No. 10 

Type of Test 0 Consolidation 

DESIRED 

DATE TIME PRESSURE 

[K) lbf/in2 
sec. 0 KPa 

( 1) (2) (3) 

4/19 4 1.0 

4 1.0• 

4 3 .5 

4 .8.6 

4 10.0 

4 10.2 

4 10.4 

4 10.7 

4/20 86,400 10 .7 

4 8 .5 

19,800 8 .5 

4/21 86,400 8.5 

4 4 .2 

4/22 14,400 4 .2 

4/23 86,400 4.2 

4/25 172,800 4.2 

4/25 4 2 .7 

10, 800 2 .7 

4/26 86,400 2.7 

4/27 172,400 2.7 

4/30 519,300 2 .7 

5/ I 4 1.0 

5/1 900 1.0 

5/2 86,400 1.0 

5/4 345,600 1.0 

5/5 432,000 1 .0 

5/6 518,400 1.0 

5/7 604,800 1.0 

• Indicates when spec men was wetted 

JI Ad justed for deformat ion correction 

I Computed By 

0 Expans ion 

[K) MASS REO. 

0 DEFORMA Tl~ 
CORRE CT I~ 

[Kl lbm ON 
(4) 

36 .9 

36 .9 

72.4 

144.7 

164.6 

167 .4 

170 .3 

174.5 

174.5 

143.3 

143.3 

143.3 

82 .3 

82 .3 

82 .3 

82.3 

61 .0 

61 .0 

61 .0 

61.0 

61.0 

36.9 I 
36 .9 

36.9 

36 .9 

36 .9 

36.9 

36.9 

Date I ChecKed By Date 

Specrnen No. I 

Specrnen Ring No. 122 

00 Uplift 

PLF PLF DIAL/L VOT HE IQ-iT AXIAL VOID 

GALGE GALGE GAl(j[ OF STRAIN RATIO 

NO. READING READING JI SPECIMEN 

00 in O cm 00 in O cm % 

(5) (6) (7) (8) (9) ( 10) 

0 .4560 1.2475 0 .00 Q.6395 

0 .4560 1.2475 0.00 0 .6395 

0 .4560 1.2475 0 .00 0 .6395 

0.4560 1.2475 0 .00 0 .6395 

0 .4560 1.2475 0 .00 0 .6395 

0 .4560 1.2475 0 .00 0 .6395 

0.4560 1.2475 0.00 0 .6395 

0.4560 1.2475 0.00 0.6395 

0.4560 1.2475 0 .00 0 .6395 

0 .4564 1.2479 -0.03 0 .6400 

0.4568 1.2483 -0.06 0 .6406 

0.4570 1.2485 -0.08 0 .6408 

0 .4600 1.2515 -0.32 0 . 6448 

0 .4620 1.2535 -0.48 0 .6474 

0 .4627 1.2542 -0.54 0 . 6483 

0.4633 1.2548 -0.59 0 .6491 

0 .4651 1.2566 -0.73 0 . 6515 

0 .4720 1.2635 -1.28 0 . 6605 

0 .4774 1.2689 -1 .72 0.6676 

0.4785 1.2700 -I .BO 0 .6691 

0.4788 1.2703 -1.83 0 .6695 

0 .4802 1.27 I 7 -1 .94 0 .6713 

0.4832 1.2747 -2 . 18 0 . 6753 

0.4990 1.2905 -3.45 0 .6960 

0 .5201 1.2936 -3.70 0 . 7000 

0.5030 1.2945 - 3 .77 0 . 7013 

0 .5048 1.2963 -3.91 0 . 7036 

0.5056 1.2971 -3.98 0 . 7047 

Sheet ______ of _____ _ 

Figure 7. - One-dimensional consolidation (dara sheer 2) - uplift resr example. 
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Figure 8. - Fixed-ri ng conso lidometer with specimen placed 
in load frame. 

(data sheet 1). The Dry unit weight has a tolerance of 
± 0. S percent of the desired dry unit weight for compacted 
specimens. If the compacted specimen is no t within 
tolerance, return to subparagraph 11.2. 1 and compact 
another specimen. 

14.29 Calculate and record to the nearest 0.1 lbm Wet 
tare (line 40), Diy tare (lines 37, 38, and 48), Sp ecimen 
seating load (line 41), and Wet load (line 43) as shown 
on figure 6. 

14.30 Consolidometer Placement: 
14.30.1 Carefully slide the specimen ring containing 

the specimen off the bottom cover plate and onto rhe 
bottom porous plate in the baseplate of the consolidometer. 
Remove the top cover plate from the specimen and 
specimen ring. 

NOfE 2.- If the specimen is loose or contains a large percentage 
of sand, an alternate method for placement is recommended as 
follows: With the cover plates securely in place, invert the 
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specimen. Carefully remove the botrom cover plate, invert the 
baseplate and place over the specimen ring, carefully turn the 
assembly right side up. Remove the top cover plate. This technique 
helps ro prevent possible loss of material and helps ro ensure 
a level botrom surface. 

14.30.2 Place the upper porous plate on top of the 
specimen. 

14.30. 3 Ensure that the gasket is nor cracked and 
is flexible. 

14.30.4 Place the gasket on the baseplate and secure 
the clamping ring with water collar to the baseplate. Ensure 
that the screws are right to prevent waterflow between 
the baseplate and clamping ring. 

14.30.S Place the guide ring o n top of the specimen 
ring. 

14.30.6 Place a loading plate (s) (see subpar. 14.18) 
on top of the porous plate. 

14.30.7 Lift the dial gauge spindle and slide and 
center the consolidometer under the loading yoke of the 
platform scale load frame (shown on fig . 8) and attach 
the permeameter tube to the basep late of the consolidome­
ter. Lower and center the dial gauge spindle on top of 
the load ing yoke. 

14.31 Initial Specimen Heig ht Determination: 
14.31.1 Ensure that the sca le beam pin is in place. 

Move the scale beam mass on the sca le beam to rhe 
Speoinen seating load (calculated in subpar. 14.29). Record 
to the nearest 0.1 lbm the Specimen seating load in 
column 4, M ass required, on figure 7 (da ta sheet 2) . 

14.31.2 Balance the scale beam by turning the wheel 
o f the platform scale loading frame until the scale beam 
is just removed from the scale beam pin. When app lied 
and balanced, the Specimen seating load exerts the Mass 
for seating load on the specimen. Determ ine and record 
to rhe nearest 0.0001 inch (0.003 mm) the dial gauge 
reading as Dial reading with seating pressure on specimen 
as shown on line 10 of figure 6 (data sheet 1). 

14.3 1.3 Record the Date, Tiine, and Dial gauge 
reading for the seat ing load in co lumns 1, 2, and 7 as 
shown on figu re 7 (data sheer 2) . 

14.31.4 Leave the seat ing load on the spec imen 
according to the testing program. Ensure that the scale 
beam is just removed from the lower sca le beam pin by 
turning the wheel as necessary prior to taking a dial gauge 
reading. Record the date and time, and the d ial gauge 
readings as required. 

14.31.5 If a time limit is not spec ified, leave the 
seat ing load on the specimen overn ight and record the 
read ings on the following day. 

14.3 1.6 Calcul ate and record to the nearest 0.0001 
inch (0.003 mm) the Initial speoinen height and the 
Equivalent heig ht of solids as shown on lines 11 and 12 
of figure 6 (data sheer 1). 

14.3 1.7 Calcu late and record to the nearest 0.0001 
inch (0.003 mm) the Height of specimen, and to the nea rest 
0.01 percent the Axial strain as shown on lines 8 and 
9 of figure 7 (data sheet 2) for each dial gauge reading. 

14.32 Specimen Wetting 
14.32.1 Record in co lu mns 3 and 4 as shown on 

figure 7 (data sheet 2) the D esired pressure to the neares t 
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0.1 lbf/in2 and the Mass required to the nearest 0.1 lbm 
to exert that pressure at which the specimen is to be wetted. 
The Desired pressure is the same pressure as was used 
for the specimen seating load, if not stated otherwise in 
the testing program. This Mass required is the Wet load 
calculated in subparagraph 14.29. 

14.32.2 Move the scale beam mass on the scale beam 
to the Mass required as recorded in subparagraph 14.32.1. 
Adjust the wheel of the platform scale load frame until 
the scale beam remains just removed from the lower scale 
beam pin. 

14.32.3 Attach plastic tubing to an open drain cock 
(as shown on fig. 1) and lead the tubing to an overflow 
container. 

CAUTION.-The overflow container, or any other object, should 
not be placed on the platform scale load frame at any time during 
the test. 

14.32.4 Add water (see subpars. 5.4.4 and 9.1), which 
is at room temperature, to the permeameter tube using 
a pipette and bulb. 

14.32.5 Allow water to flow through the bottom 
porous plate and out the drain cock until air bubbles no 
longer appear in the outflow. 

14.32.6 With water in the permeameter tube-level 
with or slightly above the top of the drain cock-close 
the drain cock and remove the plastic tubing. 

14.32.7 Continue to adjust the wheel of the platform 
scale load frame so the scale beam remains just removed 
from the lower scale beam pin. 

14.32.8 Keep the head of water in the permeameter 
tube at least level with the top of the drain cock to prevent 
air entrapment in the consolidometer but as low as possible 
to prevent "piping" and uplift in low unit weight soils. 

14.32.9 Continue to add water to the permeameter 
tube to maintain the desired head until water begins to 

come through the upper porous plate or until 5 minutes 
have elapsed. 

14.32.10 Submerge the specimen by filling the water 
collar with tap water at room temperature to just below 
the rim of the water collar and ensure that it remains 
at that level throughout the test. 

14.32.11 Ensure that the scale beam is level by 
turning the wheel of the platform scale load frame until 
the scale beam is just removed from the lower scale beam 
pin. 

14.33 Pressure Application to Maintain Initial 
Specimen Height (uplift pressure): 

14.3 3.1 As the dial gauge begins to move-indicating 
expansion of the specimen-increase the pressure on the 
specimen until the dial gauge indicates that the specimen 
is within 0.0002 inch (0.005 mm) of its initial height. 

14.33.2 The pressure is increased on the specimen 
by steadily increasing the mass on the scale beam in 
response to specimen expansion. This is done with the 
scale beam pin in place. Slowly increase the scale beam 
mass and/or add weight to the scale beam hanger until 
the scale beam is slightly removed from the scale beam 
pin, and is level. Now adjust the wheel of the platform 
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scale load frame until the dial gauge is returned to the 
initial specimen height. These steps may have to be 
repeated until the scale beam remains slightly removed 
from the scale beam pin and the dial gauge remains at 
initial specimen height. 

14.33.3 Care should be taken while adjusting the 
wheel so the dial gauge reading does not go beyond the 
initial dial gauge reading and consolidate the specimen. 

NOfE 3.-The permeability of the specimen dictates the time 
required for the specimen to react to the application of water. 
Specimens with low permeability may require several days to 
become wetted and expand. Soils having a high permeability 
may begin expanding in minutes. 

14.33.4 Allow the specimen to expand a maximum 
of 0.01 inch (0.25 mm) in 24 hours if practical, before 
increasing the pressure to return the specimen to its original 
height. Adjustments may be made at lesser values of 
expansion to fit workday schedules. 

14.33.5 Record the Date, the Time to the nearest 
minute, and the Mass required as shown in columns 1, 
2, and 4 on figure 7 (data sheet 2). Calculate the pressure 
applied for each mass application. Calculate and record 
the Height of specimen and Axial strain as shown in 
columns 8 and 9 on figure 7 (data sheet 2). 

14.33.6 Repeat subparagraphs 14.33.1 through 
14.33.6 until maximum uplift pressure has been reached 
as indicated by no more than 0.0002 inch .(0.005 mm) 
movement between two consecutive dial gauge readings-
24 hours apart-at the same scale beam mass required 
to keep the specimen at its initial height. · 

14.34 Specimen Expansion: 
14.34.1 Calculate and record the mass required for 

a pressure equal to one-fourth of the present axial pressure 
on the specimen. If the calculated mass is less than the 
Mass required for specimen seating load (wet tare), then 
use the mass required for specimen seating load. 

NOfE 4.-If greater definition of the expansion characteristics 
of the specimen is required, smaller pressure decrements can 
be used. 

14.34.2 Ensure that the scale beam pin is in place. 
Adjust the mass on the scale beam hanger and/ or move 
the scale beam mass co the location on the scale beam 
corresponding to the calculated Mass required. 

14.34.3 Turn the wheel of the consolidometer until 
the scale beam just lifts off the lower scale beam pin and 
is in the horizontal position. 

14.34.4 Start the stopwatch, and record the Date 
and Time as shown in columns 1 and 2 on figure 7 (data 
sheet 2). 

14.34.5 Record a Dial gauge reading 4 seconds after 
removing the scale beam pin as shown in column 7 on 
figure 4 (data sheet 2). 

14.34.6 Whenever the scale beam rises above the 
horizontal, turn the wheel of the platform load frame until 
the scale beam is level. 

14.34.7 Record a Dial gauge reading and the Time 
in seconds from the beginning of the load and at a minimum 
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of every 24 hours. Initially, read ings may have to be taken 
every few minutes due to the rate of expansio n. Be sure 
the sca le beam is level before reading the dial gauge. 
Calcu late and reco rd the Heig ht of specimen and Axial 
strain as shown in co lumns 8 and 9 on figure 7 (data 
sheet 2) . 

14.34.8 Compare the current dial gauge reading with 
a dial ga uge reading taken 24 hours earlier at that pressure. 

14.34.8. l If the dial gauge has moved more than 
0.001 inch (0.03 mm), level the sca le beam and leave the 
specimen at the same pressure for an additional 24 hours ; 
repeat subparagraphs 14.34.6 and 14.34.8. 

14.34.8.2 If the d ial gauge has moved less than 
0.001 inch (0.03 mm), in 24 hours record the d ial gauge 
reading and calculate Height of specimen and Axial strain 
as shown on figure 7 (data sheet 2). 

14 .34.9 Repea t subparagraphs 14 .34. 1 throug h 
14.34.8 until the load on the specimen is approximately 
equivalent to the Mass for seating load 

14.34.10 At the end of the last load-Mass for 
seating load-stop the test. 

14.35 SpeCiinen Removal: 
14.35.1 Insert the sca le beam pin above the scale 

beam of the platform scale load ing frame. Remove any 
mass from the hanger and return the scale beam mass 
to the zero position. 

14.35.2 Drain the water from the water co ll ar using 
a pipette and bulb, and remove the permeamerer rube from 
the con sol idomerer baseplate. 

14.35.3 Turn the wheel of the platform sca le load ing 
frame until the load ing yoke lifts off of rhe load ing plate. 

14.35.4 Slide the consolidomerer from beneath the 
load ing yoke. Care should be taken with the dial gauge 
spind le to ensure that it is released slow ly as it comes 
off the load ing yoke. 

14.35.5 Remove the screws from the conso lidomere r 
clamping ring and quickly remove, in the following order: 
load ing plates, guide ring, clamping ring with water co llar, 
gasket, and specimen ring with spec imen and porous plates 
from the basep late. 

14.3 5.6 Remove the porous p laces from the 
specimen and drain free water into a drying pan whose 
mass was previously determined and recorded on line 29 
of figure 6 (data sheet 1). 

14.35.7 Place the load ing plate on cop of the speci­
men and press the spec imen our of rhe specimen ring 
into another drying pan whcse mass was prev iously 
determined and recorded on line 14 (final ) of figure 6 
(data sheer 1) . 

14.35.8 Determ ine and record the Mass of d1ying 
pan + wet speCiinen to the nearest 0.1 gram as shown 
on line 15 of figure 6 (data sheer 1). 

14.35.9 Photograph rhe top of the specimen (fig. 9a) . 
Break the specimen in half and photograph the broken 
faces of the specimen as shown on figure 96. Return all 
specimen pieces to the drying pan and determine the final 
moisture content of the entire spec imen in accordance with 
USBR 5300. Record calculations on figure 6 (data shee r 1). 

14.35. 10 Wash any soi l from rhe porous places, speci­
men ring, guide ring, and load ing place using a squeeze 
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(a) Top view of rest specimen. 

(b) Edge view of rest specimen. 

Figure 9. - Views of test specimen. 

bottle filled with rapwarer. Save the wash water 1t1 the 
drying pan used in subparagraph 14.35.6. 

14.35.11 If possible place the drying pan in a separate 
drying oven overnight. Evaporation of the large amount 
of free water in the washings may result in inaccurate 
final moistures if rhe washings are placed in the same 
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oven as the specimen. Determine and record on line 30 of 
figure 6 (data sheet 1) the Mass of dry washings+ drying 
pan to the nearest 0.1 gram. 

14.35.12 Scrub the porous plates in running water 
using a soft nylon brush. Unless the porous plates are 
cleaned after each test, they become clogged with soil parti­
cles and slow the flow of water to or from the specimen. 

14.35.13 Determine the Final dry mass of soil and 
record the value as shown on line 34 of figure 6 (data 
sheet 1) . 

14.35.14 Prepare a plot of axial strain versus 
pressure as shown on figure 10. 

14.35 .15 Prepare a summary table of one­
dimensional uplift test results as shown on figure 11. All 
data are from figure 6 (data sheet 1) and figure 7 (data 
sheet 2), or calculated in paragraph 15. 

-J 5 

~ - ::o 

~t'. 
.:; 
Of) - \ 5 

Maximum Vertica l Expansion : 
Maximum Vplifl Pressure. 

\ 

\ 
\ 

\ o....___ 

Press u, ·<o· - lbf/ in 2 

Figure 10. - Plot of rest results - example. 

15. Calculations 

15.1 Calculate Specimen ring area using the nominal 
specimen ring diameter as shown on line 6 of figure 6 
(data sheet 1). 

where: 

rr D2 
A= 

4 

A = nominal specimen ring area, in2 

D = specimen ring inside diameter, in 
1r = 3.14 

(1) 

15.2 Calculate Mass required to exert desired load on 
the soil specimen as shown on line 49 of figure 6 (data 
sheet 1). 

mb = A pd C + T (2) 
where: 

mb mass required to exert desired load, lbm 
A = nominal specimen area, in2 

Pd = desired pressure, lbf/in2 

T = tare mass,* lbm 
C = l lbm/lbf 

* Use the value calculated for Dry tare before the 
specimen is wetted; after wetting, use the calculated 
value of Wet tare. When calculating the mass necessary 
for the gauge block seating load, T = 0. 
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15 .3 Calculate Gauge block pressure seating load as 
shown on line 47 of figure 6 (data sheer 1) . 

mg = me + mgb + mb (3) 
where: 

mg gauge block seating load, lbm 
me mass of equipment (consolidometer), lbm 

mgb = mass of gauge block, lbm 
mb = mass required to exert desired seating load, lbm 

15 .4 Calculate Initial moisture content as shown on 
line 19 of figure 6 (data sheet 1). 

15.5 Calculate Mass of wet sod on line 36 of figure 6 
(data sheet 1) . 

_ mx - my 
mw - 453.6 

where: 
mw mass of wet soil, lbm 
mx mass of specimen ring, cover plates, and wet 

soil, g 
my = mass of specimen ring and cover places, g 

453.6= change gram co pound mass 

(4) 

15.6 Calculate Dry tare as shown on lines 37, 38, and 
48 of figure 6 (data sheet 1) . 

Td = me + mw 
where: 

Td 
Ine 

mw 

dry tare mass, lbm 
= equipment mass (consolidometer), lbm 
= mass of wet specimen, lbm 

(5) 

15 .7 Calculate Wet tare as shown on line 40 of figure 
6 (data sheet 1). 

where: 
Tw 
Td = 

wet tare mass, lbm 
dry tare mass, lbm 

= mass of water added to wet the specimen (Use 
0.5 lbm for 4.25-inch diameter specimen or 
1.0 lbm for 2.00-inch diameter specimen.) 

(6) 

15.8 Calculate Specimen seating load as shown on lines 
41 and 50 of figure 6 (data sheet 1). 

ms = Td + mb 
where: 

ms = specimen seating load, lbm 
Td = dry tare mass, lbm 

(7) 

mb = mass required to exert desired seating load, lbm 

15.9 Calculate Wet load as shown on line 43 of figure 
6 (data sheet 1). 

(8) 
where: 

WL = wet load, lbm 
ms specimen seating load, lbm 

Wm = mass of water added to wet the specimen, lbm 
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15.10 Calculate height(s) of specimen. 
15.10.1 Initial specimen height as shown on line 

11 of figure 6 (data sheet 1): 

H; = Hgb - Rgb + R; 
where: 

H,· = initial specimen height, in 
Hgb = height of gauge block, in 
Rgb = dial gauge reading on the gauge block, in 

(9) 

R; = initial dial gauge reading on the soil specimen, in 

15.10.2 Determination of all ocher heights as shown 
in column 8 of figure 7 (data sheet 2) : 

where: 
H = specimen height at any reading, in 

initial height of specimen, in H; = 
R; 
R2 

= 
= 

initial dial gauge reading on the specimen, in 
current dial gauge reading, in 

(10) 

15 .11 Calculate Mass of dry soil on line 26 of figure 6 
(data sheer 1) . 

mw 
f11d = 

1 + w 
where: 

md = mass of dry specimen, lbm 
mw = mass of wet specimen, lbm 

(11) 

w = initial moisture content, expressed as a decimal 

15.12 Calculate Equivalent height of solids in the 
specimen on line 12 of figure 6 (data sheer 1) . 

where: 
Hs = equivalent height of solids, in 
f11d = mass of dry specimen, g 
A = nominal specimen area, in2 

Gs = specific gravity of soil 
Pw = density of water= 62.29 lbm/ft3 at 71.5 °F 
C = 3.8095 changes ft3 to in 3 and lbm cog 

(12) 

15.13 Calculate Axial strain (percenc) in column 9 of 
figure 7 (data sheet 2) . 

e = 100 (1 - .lf_) (13) 
H; 

where: 
e = axial strain, % 

H; = initial height of specimen, in 
H = specimen height at any reading, in 

100 = convert from decimal co percent 
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15.14 Calculate Pressure for a given mass in column 3 
of figure 7 (data sheet 2). 

(14) 

where: 
P = pressure on specimen (desired pressure), Ibf/in2 

mb = mass on the scale beam and hanger, lbm 
Tw = wee tare mass, lbm 
A = nominal specimen area , in2 
C = l lbf/lbm (convert density to unit weight) 

15.15 Calculate Void ratio in column 10 of figure 7 
(data sheet 2). 

where: 

H 
e = --1 

Hs 

e = void ratio of specimen 
H = specimen height at any reading, in 

Hs = equivalent height of solids, in 

(15) 

15.16 Calculate Dry unit weight of the specimen at any 
reading in column 4 of figure 11. 

( 
Ind ) 

Pd= C HA 

where : 
Pd = dry density of specimen, lbm/ft3 

md = mass of dry specimen, lbm 
H = specimen height at any reading, in 
A = nominal specimen area, in2 

C = 1,728 changes inl co ftl 

Yd = Pd C* 
where: 

Yd = dry unit weight, lbf/ft3 
C* 1 lbf/lbm (convert density co unit weight) 

16. Report 

(16) 

(17) 

16.1 The report is co consist of completed and checked: 
"One-Dimensional Consolidation Test" forms (figs. 6 
and 7) data sheets 1 and 2, respectively. 
Phocographs of che test specimen (fig. 9) . 
"Axial Strain-Pressure" plot (fig. 10) with a table 
"Summary of One-Dimensional Consolidation Test" 
results (fig. 11). 
16.2 All calculations are co show a checkmark and all 

plottings must be checked. 
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?- 2419 (3-89) I SUMMARY OF ONE-DIMENSIONAL I Oes; gnat;on USBR Bureau of Reclamat ion CONSOLIDATION TEST 5715 -~ 
Pro ject Example Featu-e Example 

Sample No. 
I 

Spec m en 
I 

Type_ of Test D Consolidation D Expansion 1Xlup1ift 

S?ECIM El'il HEIGHT 
AXIAL ST RAIN 

PRESSURE VOID RATIO ORY \,NIT WEIGH 
0 . 

[X) !bf/in 2 O1<.Pa (Rl in Drrm [X) lbf / ft 3 □ KN/m 3 (¾) 

(1) (2) (3) (4) (5) 

I .O 1.2475 0 .6395 105 . 1 0 .00 

1 .0 1.2475 0.6395 105.1 0 .00 

3 .5 1.2475 0.6395 105 . 1 0 .00 

8 . 6 1.2475 0 .6395 105 . 1 0 .00 

10. 0 1.2475 0.6395 105. i 0.00 

10. 2 1.24 75 0.6395 105 . I 0 .00 

10.4 1.2475 0.6395 105.1 0 .00 

10.7 1.2475 0.6395 105 . 1 0 .00 

8 . 5 1.2485 0 .6408 105 .0 0 .08 

4.2 1.2548 0.6491 104 . 5 0 .59 

2 . 7 1.2703 0.6695 103 . 2 1.83 

1.0 1.2971 0 .7047 IOI . 0 3 .98 

TEST SPECIM EN CO\OITICNS INITIAL MAX. PRE SSURE FINAL 

Crv Unit Weicht fxl !bf /ft 3 n kNlm 3 105. I --- 101 .0 

M oistu-e Content ¾ 15.4 --- 25.4 . 
Decree of Satu-at ion ¾ 66 . 5 --- 99 . 1 

D-y Mass □ !bf 00 g 487.3 488.2 

Max mu-n Vertical Expansion 3 .98 ¾ Rebound --- ¾ 

Pressu-e Requred to Retu-n (BJ lbf/in 2 □ kPa 0 . 7609 00 ,n Drrm 
to Initial Heioht 

10.7 Equivalent Height of Sot;dS 

Figure 11. - Summary of one-dimens ional consolidation test - uplift test example. 

686 



USBR 5715 

APPENDIX 

XL CALIBRATING THE CONSOLIDOMETER SPECIMEN RING 

Xl.l Scope 

X 1.1.1 This appendix outlines the procedure for 
calibrating the specimen rings as described in subparagraph 
8.2.2.1 of this designation. 

Xl.2 Significance and Use 

X 1.2.1 Specimen rings must be calibrated to ensure 
accurate laboratory rest results. Specimen rings not within 
specified tolerance can result in specimen placement unit 
weights that can vary by ±0.5 percent or more. This cali­
bration procedure is to be performed upon receipt of the 
specimen ring and annually thereafter or if the volume 
of the specimen ring is questionable. 

Xl.3 Procedure 

Xl.3.1 For a 4.250-inch diameter by 1.25-inch high 
specimen ring, two calibration plugs are used-one 
4.240±0.001-inch diameter and the ocher 4.260±0.001-inch 
diameter; each have a height of 1.25 inches. For a 2.000-
inch diameter by 0.75-inch high specimen ring, two 
calibration plugs are used-one 1.995±0.001-inch diameter 
and the other 2.005±0.001-inch diameter-each have a 
height of 0.75 inch. 

Xl.3.2 Attempt ro insert the minimum diameter cali­
bration plug into the specimen ring. If the minimum dia. 
calibration plug can be inserted into the specimen ring 
place a checkmark in the "YES" column as shown on figure 
Xl.1. 
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Xl.3.3 Repeat subparagraph Xl.3.2 using the maxi­
mum diameter calibration plug instead of the minimum 
diameter calibration plug. 

Xl.3.4 If there is a checkmark in the "YES" column 
below the Insert minimum dia. calibration plug and in 
the "NO" column below the Inserc maximum dia. 
calibration plug place a checkmark in the Accepted YES/ 
NO column. If this condition does nor exist then place 
a checkmark in the Rejecred YES/YES, NO/NO column. 

Xl.3.5 The specimen ring is accepted if the minimum 
diameter calibration plug will insert into the specimen ring 
but the maximum diameter calibration plug will not. If 
these criteria are not met the specimen ring should be 
discarded or remachined if appropriate. 

Xl.3.6 Specimen rings are to be calibrated annually 
and results recorded on the form '"Specimen Ring 
Calibration" (fig. XL 1). Specimen rings also should be 
calibrated whenever they may have been damaged. 

Xl.4 Interpret Results 

Xl.4.1 If the specimen rings are accepted, nominal 
dimensions will be used for all specimen area and volume 
calculations. If the specimen rings are rejected, they are 
to be remachined if possible or discarded and replaced with 
acceptable specimen rings. Results recorded on the 
"Specimen Ring Calibration" form should be filed in the 
laboratory calibration book corresponding to the one­
dimensional uplift test. 
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1- 241 5 (3-89) 
Bureau of Reclamation 

SPECIMEN RING CALIBRATION Designat io n USBR ~~ - ~ 

Calit:w" aled by Dale I Nex1 Cal ibra1,on Dal e 

Spec m en Ring Dia-neler 
4.25 

~ in Specmen Ring Height 
1.25 

~ ,n 

Omn Omn 
MinmllTl Ca lit:w"a1,on Plug No. I 

MinmllTl Cal,bral ion Plug Dia. 
4.240 

~in 

Omn 
Ma xmllTl Ca libration Plug No . 2 Maxm llTl Cali brat ion Plug Ora. 

4.260 
~ rn 

Orrm 

INSERT MINIMUM INSERT MAX!MUM 
SPECIMEN 

CA LIBRA I ION PLLG CALIBRA TION PLUG 
ACC EPTED RE JECT ED 

RING I\O. 

YES t-0 YES NO YE S/NO 
YES/YES 

1\1'.)/NQ 

232 ✓ ✓ ✓ 
116 ✓ ✓ ✓ 
114 ✓ ✓ ✓ 
108 ✓ ✓ ✓ 
122 ✓ ✓ ✓ 

Figure X l. 1. - Specimen ring calibration - example. 

688 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5720-89 

PERFORMING UNCONFINED COMPRESSIVE STRENGTH 
TESTING OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code 0-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5720. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
performing unconfined compressive strength resting of 
soils in the undisturbed and compacted conditions. 

2. Auxiliary Tests 

2.1 The test specimen must be prepared in accordance 
with USBR 5210 or 5215 prior to performing this pro­
cedure. The moisture content and unit weight of rhe test 
specimen must be determined in accordance with USBR 
5300 and 5370, respectively, as part of performing this 
procedure. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1007 Calibrating Dial Indicators 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5215 Preparing Soil Specimens for Laboratory 
Use From Undisturbed Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5 3 70 Determining Unit Weight of Cylindrical Soil 
Specimens 

3.2 ASTM Standard: 
D 2166 Unconfined Compressive Strength of Cohesive 
Soil 

4. Summary of Method 

4.1 The test specimen is prepared in accordance with 
either USBR 5210 or 5215 and is loaded to failure using 
a compression device. Increments of stress and strain are 
calculated throughout the test and a curve is plotted. The 
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moisture content and unit weight of the test specimen 
are determined. 

5. Significance and Use 

5.1 The unconfined compressive strength rest is 
performed to obtain approximate quantitative values of 
the compressive strength of soils which possess sufficient 
cohesion to permit resting in the unconfined stare. 

5.2 In this designation, the unconfined compressive 
strength is taken as the maximum force attained per unit 
area or the force per unit area at 15 percent axial strain, 
whichever occurs first during performance of a rest. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Srrengrh.-The maximum stress which a 
material can resist without failing for any given type of 
loading (International Society for Rock Mechanics 
definition) . 

6.1.2 Compressive Srrengrh.-The load per unit area 
at which an unconfined cylindrical specimen of soil or rock 
will fail in a simple compression test. Commonly, the failure 
load is the maximum that the specimen can withstand 
in the rest (ASTM definition). 

7. Apparatus 

7.1 General Appararus: 
7.1.1 BalanceorScale.-A typical balance or scale used 

for this designation must be readable co 0.01 g and have 
a capacity of about 1000 g. 

7.1.2 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.1.3 Timer.-A timer, generally a scopwatch, indi ­
cating the elapsed time co the nearest second, for 
establishing the rare of strain application. 

7.l.4 Vernier Caliper.-A caliper, suitable for 
measuring rhe physical dimensions of rhe specimen co rhe 
nearest 0.01 inch (0.25 mm) . 
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7.2 Equipment Unique to This Procedure: 
7.2 .1 Compressive strength testing apparatus con­

sisting of the following apparatus. 
7 .2.1.1 Compression Device.-The compression 

device (loading frame) may be any device having sufficient 
capacity and control to provide the rate of loading 
prescribed in paragraph 12. When the compression device 
is set to advance at a specified rate, the actual rate should 
not deviate by more than ±10 percent from the required 
value. Vibration from the compression device should be 
minimal. 

7.2.1.2 Deformation Indicator.--'The deformation 
indicator is to be either a dial indicator or an LVDT. It 
should be graduated (readable) to 0.001 inch (0.025 mm) 
and should have a travel range of at least 20 percent of 
the length of the test specimen. 

7.2.1.3 Load Indicator.-The load indicator is to be 
either an electronic load cell or a proving ring, and may 
be a part of the compression device. For soil having a 
compressive strength less than 15 lbf/in2 (100 kPa), the 
load indicator should be capable of measuring the applied 
stress to within 0.1 lbf/in2 (0.7 kPa) . For soil with com­
pressive strength of 15 lbf/in2 (100 kPa) or greater, the 
load indicator should be capable of measuring the applied 
stress to the nearest 0.7 lbf/in2 (5 kPa) 

8. Precautions 

8.1 Safety Precautions.-This designation may involve 
hazardous materials, operations, and equipment. 

8.2 Technical Precautions.-If the test specimen is to 
be used for moisture determination, it should be protected 
to retain the moisture. 

9. Sampling, Test Specimens, and Test Units 

9.1 . Specimen Size: 
9.1.1 Test specimens should have a minimum 

diameter of 1.3 inches (33 mm). The maximum particle 
size recommended for various sizes of specimens follows. 

Specimen diameter 

1.3 inches (33 mm) 
2.0 inches (51 mm) 
2.8 inches (71 mm) or larger 

Maximum recommended 
ratio of specimen diameter 

to largest particle size 
10 
8 
6 

The specimen size most commonly tested in USBR 
laboratories has a diameter of 2.0 inches (51 mm). If 
particles larger than recommended are found after 
completion of a test on an undisturbed specimen, indicate 
that information in the report of test data under Remarks. 

9.1.2 The ratio of height to diameter of the test 
specimen should be between 2 and 2.5. 

9.1.3 Measure the height and diameter of the 
specimen to the nearest 0.01 inch (0.25 mm) using a vernier 
caliper or other suitable device. 

9.1.4 In instances where test specimens do nor meet 
requirements of subparagraphs 9.1.1 or 9.1.2, a note 
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indicating this information is to be included m the test 
data report. 

9.2 Undisturbed Specimens: 
9.2.1 Prepare undisturbed test specimens in accord­

ance with USBR 5215. 
9 .2.2 Handle specimens carefully to prevent 

disturbance, changes in cross section, or loss of moisture. 
9.2.3 Determine the moisture content of the rest 

specimen in accordance with USBR 5300. If the entire 
test specimen is not used for determination of moisture 
content, secure a representative sample of cuttings for this 
purpose, and immediately place them in a covered 
container. 

9.3 Compacted Specimens: 
9.3.1 Prepare compacted test specimens in accord­

ance with USBR 5210. 
9.3.2 Handle specimens carefully to prevent disturb­

ance, changes in cross. section, or loss of moisture. 
9.3.3 Determine the moisture content of the rest 

specimen in accordance with USBR 5300. 
9.3.4 Compacted specimens may be prepared at any 

predetermined moisture content and unit weight and, if 
required, may be saturated prior to testing. If the specimen 
is saturated prior to testing, it should be noted in the report 
of the test data. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1007 Calibrating Dial Indicators 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1009 
USBR 1012 
USBR 1020 
USBR 1045 

Calibrating Compaction Molds 
Calibrating Balances or Scales 
Calibrating Ovens 
Calibrating Force Transducers (Load Cells) 

11. Conditioning 

11.1 To ensure stability warm up all electronic equip­
ment a minimum of 30 minutes prior to use. 

12. Procedure 

12.l All data are to be recorded on the "Unconfined 
Compressive Strength Test" form as shown on figure 1. 

12.2 Place the specimen in the compression device so 
that it is centered on the bottom platen. 

12.3 Adjust the compression device carefully so that 
the upper platen just makes contact with the specimen. 

12.4 Record the initial readings of the load indicator 
and deformation indicator. 

12.5 Apply the load so as ro produce axial strain at 
a rare of 1/2 to 2 percent per minute and record load, 
deformation, and time values at sufficient internals to define 
the shape of the stress-strain curve (usually 10 to 15 points 
are sufficient). Regulate che rare of strain so chat the 
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approximate rime co failure for unsealed specimens never 
exceeds 15 minutes. 

NITTE 1.-Softer materials that exhibit larger deformations ar 
failure should be tested ar a higher rate of strain. Conversely, 
stiff or brittle materials that exhibit small deformations at failure 
should be tested at a lower rare of strain. 

12.6 Continue loading the rest specimen until several 
readings have been taken beyond che point where the load 
values decrease with increasing strain, or until 15 percent 
strain is reached. 

12.7 Photograph-or make a sketch-the test spec­
imen at failure showing the slope angle of the failure surface 
when possible. 

12.8 Prepare a plot showing the relationship between 
compressive stress and axial strain as shown on figure 2. 

13. Calculations 

13.1 Calculate che strain of the rest specimen. 

where: 
f = axial strain, in/in or cm/cm 

t:l.H = change in height of specimen during testing, 
in or cm 

H 0 = initial height of specimen in units identical co 
those used with t:l.H 

(1) 

NITTE 2.- To obtain strain in percent, multiply the value 
calculated in equation ( l) by 100. 

13.2 Calculate che average corrected cross-sectional 
area of the test specimen. 

where: 
Ac = corrected average cross-sectional area of a 

specimen, in2 or cm2 

(2) 

A 0 = initial cross-sectional area of a specimen in units 
identical to chose used with Ac 
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13.3 Calculate the compressive stress on the test 
specimen using the following appropriate equation: 

13.3.1 Inch-Pound Units. 

a 

where: 

p 

Ac 

a = compressive stress on the specimen, lbf/in2 

P = axial load applied co the specimen, lbf 
Ac = corrected average cross-sectional area of the 

specimen, in2 

13.3.2 SI Units. 

a 

where: 

10.000 
p 

A c 

a = compressive stress on the specimen, kPa 
P = axial load applied co the specimen, N 

Ac = corrected average cross-sectional area of the 
specimen, cm2 

10.000 = convert from N/cm2 co kPa 

14. Interpretation of Results 

(3) 

(4) 

14.1 The maximum value of load per unit area or the 
load per unit area at 15 percent strain, whichever occurs 
first , is considered the unconfined compressive strength 
of the test specimen. 

15. Report 

15.1 The report is to consist of the following completed 
and checked form and plot: 

"Unconfined Compressive Strength Test" form (fig. 1) . 
"Unconfined Compressive Strength Plot," compressive 
stress versus axial strain (fig. 2) . 
15.2 All calculations are to show a checkmark and all 

plotting must be checked. 
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7-2386 (I 1-86/ UNCONFINED COMPRESSIVE STRENGTH TEST 
Bureau of Rec amalion Designation USBK 5720._?J 
SAMPLE NO. I PROJECT I FEATURE 

61S-464 Example Example 
SPECIMEN NO. I HOLE NO. I DEPTH 

IA DH-60 14.6-15.5 ft 
TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

SPECIMEN DIAMETER 2.00 in INITIAL SPECIMEN HEIGHT 5.02 in 

INITIAL SPECIMEN AREA 3. 14 in 2 
STRAIN RATE 0.03 in/min 

WET UNIT WEIGHT 124. 4 lbf/11 3 
DRY UNIT WEIGHT 107.9 lbf/11 3 

LOAD CELL CAPACITY 500 lb! CALIBRATION FACTOR 50. 00 lbf/v 

SPECIMEN TYPE LL=30 
Pl=12 

COMPACTED UNDISTURBED 
SpG=2.73 

NATURAL MOISTURE □ NATURAL MOISTURE !Kl 
WETTED □ WETTED □ 

MOISTURE CONTENT 

SPECIMEN LOCATION ENTIRE TOP MIDDLE BOTTOM 
SPECIMEN 

CONTAINER NO. CL-4 

MASS OF CONTAINER+ 
WET SOIL (g) 677.0 

MASS OF CONTAINER+ 609.7 DRY SOIL (g) 

MASS OF CONTAINER (g) 169.7 

MASS OF WATER (g) 67.3 

MASS OF DRY SOIL (g) 440.0 

MOISTURE CONTENT "' 15.3 

Figure 1. - Unconfined compressive strength test - example. 
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INITIAL SPECIMEN HEIGHT~ H0 
5.C2 in. 

ELAPSED DEFORMATION HEIGHT AXIAL STRAIN CORRECTED AXIAL COMPRESSIVE 
TIME INDICATOR CHANGE AH/H 0 x 100 AREA LOAD STRESS - AH (%) 

I sec l !in l (in l tin 2 l llbl l llbf / in 2 l 

0 I . 000 0 . 0 0.0 3. 14 0 . 0 0 

10 0 . 995 0.005 0. 10 3. 14 15 . 7 5.0 

20 0.990 0.010 0.20 3. 15 31 . 5 10.0 

30 0.984 0.016 0.32 3. 15 47 . 3 15.0 

40 0 . 979 0 . 021 0.42 3. 15 63.0 20.0 

50 0.973 0.027 0.54 3. 16 79.0 25 . 0 

60 II min , 0 . 969 0.031 0.62 3. 16 94 . 8 30.0 

70 0 . 961 0.039 0 . 78 3. 16 110 . 6 35.0 

80 0.958 0.042 0.84 3. 17 126 . 8 40.0 

90 0.951 0 . 049 0 . 98 3. 17 142.7 45.0 

100 0 . 946 0 . 054 I . 08 3. 17 158 . 5 50.0 

110 0.940 0.060 I . 20 3. 18 174.9 55.0 

120(2 min , 0.935 I 0.065 I . 30 3. 18 190 . 8 60.0 

130 0 . 930 0.070 I .39 3.18 206 . 7 65.0 

140 0 . 925 0 . 075 I . 49 3. 19 223 . 3 70.0 

150 0.919 0.081 I .61 3. 19 239 . 3 75.0 

160 0 . 914 0.086 I .71 3.19 255 . 2 80.0 

170 0.907 0 . 093 I . 85 3 . 20 272.0 85.0 

180(3 min , 0 . 900 o. 100 I . ';-9 3.20 278.4 87.0 

190 0.890 0.110 2 . 19 3.21 288 . 9 90.0 

200 0 . 882 0.118 2 . 3!:: 3.22 273.7 85.0 

210 0.880 0.120 2 . 39 3.22 257.6 80.0 

220 0.879 0 . 121 2.41 3.22 241 . 5 75 . 0 --

REMARKS Undisturbed lest seecimen © natural moisture content. 

GPO IUS2 - 840 

Figure I. - Unconfined compressive strength rest - example - Conrinued. 
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7-2385 (11-86) UNCONFINED COMPRESSIVE STRENGTH PLOT 
Bureau of Reclamation Designation USBR 5720-!l~ 

SAMPLE NO. I PROJECT I FEATURE 
6IS-464 Example Example 

SPECIMEN NO. I HOLE NO. I DEPTH 
IA DH-60 14.6-15.5 ft 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

SPECIMEN DIAMETER 2.00in INITIAL SPECIMEN HEIGHT 5.02 in 

INITIAL SPECIMEN AREA 3. 14 in 2 
STRAIN RATE 0.03 in/min 

WET UNIT WEIGHT 124 . 4 lbl/11 3 
DRY UNIT WEIGHT 107.9 lbf/11 3 

LOAD CELL CAPACITY 500 lbl CALIBRATION FACTOR 50.00 lbl/v 
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AXIAL STRAIN -

Figure 2. - Unconfined compressive strength plot - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5725-89 

PERFORMING DIRECT SHEAR TESTING OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laborarory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designacion 5725. The number immediately 
following the designacion indicaces che year of accepcance or the year of lase revision. 

1. Scope 

1.1 This designation outlines che procedure for 
performing direct shear resting of soil. Ir is used primarily 
for determining the shear strength of soil under drained 
conditions. The rest can be performed on undisturbed 
specimens ac natural moisture content or on compacted 
specimens at specified moisture contents and unit weights. 

1.2 This procedure also may be used as a general guide 
for determining shear strength between similar (e.g., soil 
on soil) or dissimilar (e.g., concrete on soil) materials . 

1.3 The test is nor suited for determination of exact 
stress-strain relationships within the rest specimen because 
of nonuniform distribution of shearing stresses and 
displacements. The slow rare of displacement provides for 
dissipation of excess pore pressures, but it also permits 
plastic flow of soft, cohesive soils. Care should be taken 
that testing conditions simulate field rnndirions being 
investigated. 

2. Auxiliary Tests 

2.1 The moisture content muse be determined in 
accordance with USBR 5300 as a part of performing chis 
rest. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicacors 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboracory Use 
USBR 5215 Preparing Soil Specimens for Laboratory 
Use From Undisturbed Samples 
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USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR- 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrink­
age Ratio of Soils 
USBR 5700 Determining the One-Dimensional Consoli­
dation Properties of Soils (Incremental Stress) 

4. Summary of Method 

4.1 A specimen is placed in the direct shear apparatus . 
A predetermined normal stress is applied and the specimen 
is consolidated. A lateral (shear) force is applied co the 
consolidated specimen co initiate a shearing failure. Three 
or more specimens are tested; each under a different normal 
stress, co determine the effect of normal stress on shear 
stress. The shear scress-normal stress relationship is used 
co determine shear strength. The range of normal stresses 
applied during the test series should encompass the range 
of normal stresses ancicipaced during che life of che structure 
so that extrapolation of shear strength co ocher normal 
stresses is not required during design. 

5. Significance and Use 

5.1 If the shearing stress in a soil exceeds the shear 
strength, failure occurs. If failure is caused by a structure 
load or by conscruccion activities, buildings and equipment 
may be significantly damaged or persons may be injured. 
The direct shear test is a relatively simple method for 
investigating the shear strength of soils or the shear 
strength between dissimilar materials. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 
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6.1.l ShearStress.-The stress component tangential 
to a given plane (ASTM definition). 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2. l Nominal Shear Stress.-The shear stress com­
puted using the cross-sectional area of the shear box. 

6.2 .2 Relative Lateral D1splacement.-Displacement 
of one-half of the shear box relative tO the other half. 

7. Apparatus 

7.1 General apparatus: 
7.1.l Balances or Scales.-Typical balances or scales 

used for this designation are: 

2 

28 

"[;] 
27 

26 

1. Data acquisition system 11. Handwheel 
2. LVDT core 12. Shear box bowl 
3. LVDT body 13. Top porous plate 
4. Consolidation L VDT arm 14. Load transfer plate 
5. Yoke adjustment screw 15. Specimen 
6. Vertical yoke adjustment nut 16. Bottom porous plate 

Application 

Moisture conrenr 
Initial dry unit weight 

Readable to 

0.1 g 
l g 

Approximate capacity 

1000g 
4000 g 

7.2 Equipment Unique to This Procedure: 
7.2.l Direct Shear Apparatus.-A device (fig. 1) to 

hold a specimen securely between two porous plates in 
such a way that torque cannot be applied to the specimen. 
The direct shear apparatus must provide means for 
applying a normal stress t0 two opposite faces of the 
specimen, for measuring change in thickness of the 
specimen, for permitting drainage of water through porous 
plates, and for submerging the specimen in water. The 

3 

21 

22 

25 

21. Tailstock 
22. Adjusting nuts 
23. Lever loading arm 
24. Load hanger 
25. Masses 
26. Automatic reversing switch relays 

7. Loading yoke 17. Shear box lock screw 27. Control panel 
8. Gear change lever 18. Horizontal strain LVDT bracket 28. Selector switch - manual/automatic 
9. Reversing microswitches 19. Load cell coupling rod 29. Loading yoke pivot 

10. Reversing switch control bar 20. Load cell retaining bolts 

Figure I. - Schematic of direct shear apparatus. 
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apparatus must be capable of app lying a shear force to 
the specimen along a predetermined plane parallel to the 
faces of the specimen that are subjected to normal stress. 
The frames that hold the specimen must be sufficiently 
rigid so they do not disrort during shearing. The various 
parts of the direct shear apparatus that come inro contact 
with the specimen must be made of material-e.g., bronze, 
stainless steel, etc.-not susceptib le to corrosion by 
moisture or substances within the soil. 

7.2 .2 Shear Box. - A shear box (fig. 2), usually made 
of stain less steel, bronze, or aluminum, provides for 
specimen drainage from rop and bottom. The box is div ided 
horizontally into halves of equa l thickness which are fitted 
together with alignment screws. The shear box is fitted 
with gap screws that are used tO adjust the space (gap) 
between the rop and botrom halves of the shear box. 
Specimen s ize may vary, but a 2 or 3 inch (50 or 75 mm) 
square specimen is usua lly used. 

7.2.3 Normal Loading Device.-Normal stress is 
app lied by a lever load ing arm and yoke or a pneumatic 
loading device capable of maintaining normal stress within 
±1 percent of the specified normal stress throughout the 
test. 

7.2.4 Controlled Displacement Equipment. - Dis­
placement equipment must be capable of app lying a wide 
range of horizonta l d isplacement rates from approx imate ly 
0.0001 tO 0. l in/ min (0.0025 tO 2.5 mm/m in ) and must 
shear the specimen at a uniform rate of displacement not 
tO exceed ± LO percent of the specified displacement rate. 

7.2.5 Shear Force Measurement.-Shear force is 
measured by a load cell or proving ring. The accuracy of 
the load ce ll must be ± 0.25 percent or less of full sca le. 

7.2 .6 Displacement Measurement Device.- Horizon­
tal and vertical displacements are measured using LVDTs 
( linear variab le differential transformers) or other 
displacement-measuring devices (dial gauges). The devices 
are to be readable ro 0.001 inch (0.025 mm). 

7.2.7 Shear Box Bow/.-Different kinds of shear box 
bowls are used (fig. 2a or 2d). One type simply holds the 

a b 

shear box in place (fig. 2a) and the shear box contains 
the porous plates for spec imen drainage (fig. 26). The 
other type (fig. 2d) ho lds the shear box in place and has 
a porous plate embedded in the botrom to allow drainage 
from the soil specimen. 

7.2.8 Specimen Trimmer. - A trimmer used to cut 
oversize spec imens to shear box dimensions (fig. 3). 

7.2.9 Porous Plates.- Porous plates (two required ) 
made of silicon carbide, aluminum ox ide, or other materials 
not suscept ible to corrosion from soil substances or 
moisture. Some porous plates are coarser on one side than 
on the other. The coarser side is to be placed against the 
soi l specimen. The plates should be coarse enough to 
develop adequate interlock with the specimen but fine 
enough to prevent intrusion of soi l into the pores. Exact 
cr iteria have nor been established for this; however, 
permeability of the p late should be greater than the 
permeability of the soi l. 

7.2.10 Spacer Plate. -Spacer plates (two required), 
2- by 2- by 0.375-inch (5 0- by 50- by 9.5 mm) thick, nor 
suscept ible to corros ion from so il substances or moisture. 

7.2.11 Tiy square.- A tool with a linear scale readable 
to I/ 32 inch. 

7.2.12 Cover Plates.- Plastic or g lass plates either 
2.25 or 4.25 inches (57 or I 08 mm) square and 0.25-inch 
(6-mm) thick. They are to be marked as pairs. 

7.2.13 Time Device.- Timing devices readable to 
±l second are to be used to record e lapsed time. 

7.2.14 Humidity Room- A controlled humidity room 
shou ld be used for stor ing samples as wel l as for preparing 
spec imens so that moisture loss during preparation 1s 
minimized. 

7.2 .15 Automatic Data Acquisition and Reduction 
Syscem.- Any automatic data acqu isition and/or reduction 
(co mputer) must be accomp li shed using a system capable 
of maintaining the accuracy of the individual measuring 
instruments. 

7.3 Miscellaneous Equipment.-Trimming equ ipment 
(USBR 5215), compaction equipment (USBR 5210), level, 

C d 

Note: Gap screws have screw dri ver heads, alignment screws have Allen heads) as shown. 

Figure 2.- Shear box bowls wirh associated shea r boxes wirh gap and alig nmenr screws insrnlled. (a) shear 

box bowl, (b) shea r box wirh removable bottom porous plate, (c) shear box, (d ) shea r box with borrom 

porous plare arrached, (e) gap sc rews, and (f) alignment screws. 
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Figure 3. - Specin1en tri1n1ner bit. 

ruler, screwdriver, Allen wrench, moisture-proof specimen 
conta iners for trimmings, distilled water, U.S.A. Standard 
series No. 4 (4.75 mm) sieve, and modeling clay . 

8. Reagents and Materials 

8. l Distilled water is tO be used whenever water 1s 
required. 

9. Precautions 

9. l Technical Pre·caurions: 
9.1. l Clean the porous plates after each test ro 

remove soi l particles or any orher impurities that might 
impede water flow inro or out of the specimen. 

9. 1.2 Ensure that the gap between the top and 
botrom halves of rhe shear box is 0.025 inch (0.64 mm). 
A larger gap may cause excessive extrus ion of material 
as the rest progresses. A smaller gap m ay result in the 
rop and botrom halves coming into contact with each other. 

9. l. 3 A test specimen of largest practical area 
obtainable from the soil sample should be used ro perform 
the test. 

10. Sampling, Test Specimens, and Test Units 

10.1 The soil sample from which specimens are 
prepared should be large enough so that s imilar specimens 
may be obtained if further testing is required. Prepare 
specimens in a controlled humidity room ro minimize 
excess mois ture gain or loss. Extreme care should be taken 
in preparing undisturbed spec imens of sensitive soils to 
prevent disrurbance of their natural structure. 

10.2 The different types of specimens that may be used, 
depending upon testing requirements are: 

10.2. l Undiswrbed.-An undisturbed specimen is cut 
from an undisturbed sample (e.g., a block or tube sample) . 

L0. 2.2 Compacred.-Initia lly , the material is disaggre­
gated and then compacted tO a specified dry unit we ight 
a t a predetermined moisture content. 

10.2.3 Dissimilar Materials.-This type of specimen 
a llows determination of shear strength along a surface 
between two different materia ls, e.g., soil and concrete, 
soil a nd geotextile, soil and rock, etc. 

698 

10.3 Specimen Prepararion: 
10.3.1 Undiswrbed Soil Specimens.-There are 

several ways tO prepare specimens for this procedure. The 
method described is recommended because it causes least 
disturbance tO a specimen. 

NOfE l.-See USBR 52 l5 for more detailed information on 
preparing undisturbed soil specimens. 

10.3. l. l Record all required specimen information 
on the "Direct Shear Testing - Data Sheet l, Specimen 
Information" form as shown on figure 4 , including the 
location of the specimen in the original sample. Under 
Remarks, record a physical description of the soi l; include 
such features as silt varves, fractures , s lickensides, etc. Note 
any difficulties encountered wh ile trimming the specimen. 

10.3. 1.2 Assemble the shear box (see note 2). 

NOfE 2.- Before assembling the shear box, inspect the 
alignment screws, gap screws, and the hole for each screw for 
soil or other contaminants. If necessary, clean the threads with 
a tap or die to ensure th at the two halves of the shear box 
fit flush with each ocher. Additionally, ensure that the insides 
of both halves of the shear box are clean and free of any 
obstructions (such as pins which may be present to hold removable 
porous places in place) and that the gap screw holes are in proper 
a lignment. 

10.3. l. 3 Determine the dimensions of the spec­
imen. If rhe specimen will completely fill the shear box, 
measure and record rhe inside dimensions of the shear 
box to the nearest O. l inch. If a circu lar specimen is to 
be tested, measure the diameter of the specimen at several 
loca tions with calipers. Record the average measurement 
as Specimen dimensions. 

10.3.1.4 Measure a nd record the height of the 
inside of the assembled shear box. If a shear box with 
a removable bottom porous plate is used , ensure that the 
measurement is taken from the rop of the porous plate 
which is placed in ro the shear box. Take two measurements 
and average them. Record the average measurement as 
Heighr of specimen. 

10.3.1.5 Determine the mass of the assembled 
shear box plus cover plates ro th~ nearest 0 . l gram. If 
a shear box with a remov able bottom porous plate is used , 
a lso determine the mass of the porous plate. Record the 
mass on data sheet l as Mass of shear box + cover plates. 

10.3.l.6 If the specimen tO be trimmed is cur from 
a parent sample, the width or diameter of the rest sample 
should be about I to 2 inches (25 to 50 mm) greater than 
the diagonal dimension of the shear box and the height 
of rhe test sample should be about J to 2 inches longer 
th an the combined thickness of the she,!ir box a nd specimen 
trimmer if enough material is available. 

10.3. l.7 Level the top and bottom of the sample. 
10.3.1.8 Place the sample on a clean sturdy 

platform. 
10.3.1.9 Wax the bottom of the sample tO the 

pla tform tO ensure th at it will not move excess ively during 
trimming. 
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DIRECT SHEAR TESTING- DATA SHEET 1 
7-2356 (8-86) 
Bureau of Reclamation SPECIMEN INFORMATION Deslinalion USBR5725-89 

SAMPLE NO. 
Example 

PROJECT 
Example 

FEATURE 
Example 

DRILL HOLE OH-8 LOCATION Area 8 DEPTH 10.0-20.0 00 ft Om 

TEST TYPE: 00 DIRECT SHEAR □ REPEATED DIRECT SHEAR □ ROTATIONAL SHEAR 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

SPECIMEN DATA 

SPECIMEN ND. 51 SPECIMEN DIMENSIONS 2.0X 2 .0 X 1.0 IXI in 0mm 

SPECIMEN TYPE: IX) COMPACTED SLIDING SURFACE: 00 INTACT 

□ UNDISTURBED □ PRECUT 

□ SLURRIED , □ OTHER 

SOIL CLASSIFICATION SYMBOL CH - LIQUID LIMIT 55 ('ii,) 

PERCENT GRAVEL 0 PLASTICITY INDEX 31 ('ii,) 

PERCENT SAND 4 SPECIFIC GRAVITY 2.69 
PERCENT FINES 96 

, SOIL CONSISTENCY (NO. OF BLOWS) -
I•• 

'--MOISTURE CONTENT DETERMINATION 

INITIAL (TRIMMINGS) FINAL (SPEC.) 

CONTAINER NO. CL-223 CL-115 

MASS OF CONTAINER AND WET SPECIMEN 568.1 g 349.5 g 

MASS OF CONTAINER AND DRY SPECIMEN 506.6 g 322.6 g 

MASS OF CONTAINER 276.1 g 245.4 g 

M!l,SS OF WATER 61.5 g 26.9 g 

MASS OF DRY SPECIMEN 230.5 g 7 7.2 g 

MOISTURE CONTENT 26.7 'J(, 34.8 'J(, 

INITIAL DRY UNIT WEIGHT DETERMINATION 

MASS OF SHEAR BOX+ COVER PLATES 1914.8 g 

MASS OF SHEAR BOX + COVER PLATES + WET SOIL 2071. 3 g 

MASS OF WET SOIL 156.5 g 
MASS OF DRY SOIL~ (MASS OF WET SOIL)/(1 + INITIAL MOISTURE CONTENT/100) 123.5 g 

INSIDE AREA OF SHEAR BOX 4.00 □ mm2 I&) in2 

HEIGHT OF SPECIMEN 1.32 □ mm IX) in 
VOLUME• (AREA x HEIGHT OF SPECIMEN I 5. 28 □ mm3 00 in3 

INITIAL DRY UNIT WEIGHT a (C• x MASS OF DRY SOIL/VOLUME) 89. I □ kN/m3 !ID lbf/ft3 

"For SI metric application, C= .009B07. which converts g/mm3 to kN/m3 
For inch-pound application, C• J .810, which converu g/in3 to lbf/ft3, 

REMARKS: Fat clo;t 1 gro;t- brown 1 iron staining on surfoces 1 minor amounts of fine sond 1 dr:t 1 

no reaction with HCL. 

· Figure 4. - Direct shear testing - data sheet I, specimen information - example. 

699 



USBR 5725 

L0.3. l.10 Center and level the trimmer bit on top 
of the sample. Place the cutting spacer adapter on top 
of the trimmer bit. Insert the cutting rod into the cutting 
spacer adapter. The complete cutting assembly with so il 
sample is shown on figure 5. 

10.3.1.1 l Using the cutting lever, push the 
trimmer bit vertically into the sample no more than 
lpi inch (6 mm). 

10.3. 1.12 While maintaining a slight downward 
pressure with the cutting lever, trim the so il as close to 
the trimmer bit as possible without cutting through the 
vertical projection of the cutting edge of the trimmer bit 
to the platform. Trim the soil at least 1 inch (25 mm) 
below the bit and maintain a s light outward slope to avoid 
undercutting the specimen. Push the trimmer down into 
the sample about 1/4 inch. 

10.3. 1.13 Repeat subparagraph 10.3.1.12 until the 
specimen protrudes about 1/ 4 inch above the top of the 
trimmer bit. 

10.3.1.14 With a knife, wire saw, or other 
appropriate too l, carefully separate the specimen-now 
contained within the trimmer bit-from the sample. If 
the trimmer bit has been pushed entirely through the 
sample to rhe platform, carefully separate rhe specimen 
from the platform. 

10.3.1. 15 Remove the curring rod and space r 
adapter. 

10.3.1.1 6 With a knife, wire saw, or other appro­
priate too l, screed off any portion of the specimen which 
protrudes from the top of the trimmer bir. 

L0. 3.1.17 Place a 1/ 4 inch thick spacer plate on 
top of the specimen. 

10.3.1. 18 Invert the trimmer bit with spacer plate 
and specimen and place on the platform. 

L0.3.1.19 Push down on the trimmer bit until the 
spacer p late is flush with rhe top of the trimmer. 

Curring rod 

Trimmer bir 

Sample 

Platform 

Figure 5. - Cutting assembly wit h soil samp le. 
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10.3.1.20 With a knife , wire saw, or other 
appropriate tool, screed off any portion of the specimen 
which protrudes from the bottom of the trimmer bit. 

10.3 .1.21 The specimen is now ready robe inserted 
into the shear box. If the shear box has a removable borrom 
porous plate, place as described in paragraph 10.3. 1.22. 
If the shear box does nor have a removable botrom porous 
plate, p lace as described in paragraph 10.3.1.23. 

10. 3. l.2 2 Shear box with removable borrom 
porous plate: 

10.3. L.22. l Place a moist porous plate on the 
bottom of the specimen. 

L0.3.l.22.2 Invert the trimmer bit with porous 
p late, specimen, and spacer plate and push down on the 
trimmer bit until the porous plate is flush with the borrom 
of the trimmer bit. 

10.3.1.22.3 Carefully remove the spacer plate 
from the top of the specimen. 

13 .3.1.22.4 Carefully align and attach the 
bottom of the shear box to the top of the trimmer bit 
using two screws. 

10.3. L.22. 5 With the shear box lower plate on 
the platform, align the shear box and trimmer bit with 
specimen and porous plate over the lower plate and push 
down until the lower plate is flush with the bottom of 
the trimmer bit. 

L0.3. l.22.6 Align this assembly over a 1.25-inch 
(32- mm) th ick spacer and push down until the bottom 
of trimmer bit is flush with the platform. 

L0.3. l.22.7 Push in the retain ing pins (see fig. 6) 
ro lock the lower plate and porous plate in place. 

10.3. 1.22.8 Remove the shear box from the 
trimmer bit, cover the top and bottom of the shear box 
with cover plates, and proceed ro subparagraph 10.3.1.24. 

l0.3.1.23 Shear box without removable borrom 
porous plate: 

10.3. 1.23. I Invert the tr immer bit with spec­
imen and spacer plate and carefu lly al ign and attach the 

Figure 6. - Pushing in retaining pins over a correctly positioned 

lower plate. 
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bottom of che shear box to the trimmer bit using two 
.screws. 

10.3.1.23.2 Align chis assembly over a 1.25-inch 
chick spacer and push down until the bottom of the trimmer 
bit is flush with the platform. 

10.3.1.23.3 Carefully remove the 1/ 4-inch 
(6-mm) spacer plate from the top of the specimen in the 
shear box. 

10.3.1.23.4 Carefully remove the trimmer bit 
with 1.25-inch spacer from shear box. 

10.3.1.23.5 Immediacely cover the top and 
bottom of che shear box with cover places. 

10.3.1.24 Retain trimmings in labeled, airtight 
containers for ocher laboratory tests as required. 

10.3.1.25 Determine the initial moisture content 
and specific gravity of the specimen from specimen 
trimmings in accordance with USBR 5300 and 5320, 
respectively . Results of the initial moisture content 
determination should be noted on data sheet 1 (fig. 4). 

10.3.1.26 If required, determine and record on data 
sheet 1 (fig. 4) soil classification; percentages of gravel , 
sand, and fines; liquid limit;' plasticity index; and specific 
gravity. 

10.3.1.27 Determine and record che initial dry unit 
weight of the specimen in the shear box. 

10.3.1.27 .1 Determine and record to the nearest 
0.1 gram on data sheet 1 (fig. 4) the Mass of shear box 
+ cover plates + wet soil 

10.3.1.27.2 Calculate and record Mass of wet 
s011 

10.3.1.27 .3 Calculate and record Mass of dry soil 
by dividing the mass of wet soil by (1 + (initial moisture 
content in percent / 100)]. 

10.3.1.27.4 Calculate the density by dividing 
mass of dry soil by volume and then multiplying by the 
appropriate constant to convert to dry unit weight in either 
kN/m3 or lbf/ft3. Record the Initial dry unit weight of 
the specimen to the nearest O.l lbf/ft3 or kN/m3. 

10.3.2 Compacted Specimen: 

NITTE 3.-See USBR 5210 for more derailed information on 
preparing compacted soil specimens. 

NITTE 4.-If required, soil may be compacted as outlined in 
USBR 52 LO, extruded from rhe mold, and a rest specimen prepared 
as outlined in subparagraph l0.3. l. 

10.3.2.1 Assemble the shear box (see note 2). 
10.3.2.2 Attach compaction top co shear box. 
10.3.2.3 Attach shear box to compaction base. 
10.3.2 .4 Pass the sample through a No. 4 

(4.75 mm) sieve. Retain the minus No. 4 material in a 
labeled, airtight container. Unless orherwise instructed, 
only minus No. 4 material should be used for rhe compacted 
specimen. Determine the moisture content of rhe minus 
No. 4 material in accordance with USBR 5300. Check the 
measured moisture content against rhe moisture content 
specified for rhe compacted specimen. If rhe difference 
is greater rhan ±0.5 percentage point, correct rhe moisture 
content. This may be done by adding water to the sample 
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if ir is coo dry or air drying rhe sample if ir coo moist. 
The amount of water to add • co rhe sample co achieve 
the correct moisture content can be determined as shown 
on figure 7. 

10.3.2.5 If the calculated mass of water to be added 
is positive, add the indicated amount. If the calculated mass 
of water to be added is negative, dry the sample until 
the necessary mass loss has been achieved. If water was 
added co rhe sample, place it in a labeled, airtight container 
for at least 16 hours before compacting it. 

10.3.2 .6 Again determine rhe moisture content in 
accordance with USBR 5300. Check the moisture content 
against the moisture content specified. If the difference 
is greater rhan ±0.5 percentage point, correct the moisture 
content until it is within the acceptable range. 

10.3.2.7 Thoroughly mix the soil sample. 
10.3.2.8 Determine the mass of moist soil required 

to obtain the specified dry unit weight. 
10.3.2.8.1 To determine rhe total amount of soil 

required, and the amount of soil per layer, the following 
steps may be used in the inch-pound system of units: 

10.3.2.8.2 Wet unit weight= (dry unit weight) 
X [(l + moisture content/ 100)]. 

10.3.2.8.3 Convert wee unit weight co wet den­
sity by changing lbf/ft3 to lbm/ft3 and record the nearest 
0.1 lbm/ft3 (assume 1 lbf = 1 lbm). 

10.3.2.8.4 Mass of soil required equals wet den­
sity times volume of specimen (volume inside shear box). 

10.3.2.8.5 Mass of soil per layer equals the mass 
of soil divided by the number of layers. (Typically, three 
layers are used when compacting a direct shear specimen.) 

10.3.2.9 Obtain the required amount of soil as 
calculated in subparagraph 10.3.2.8.5 and place it into the 
shear box. 

10.3.2.10 Spread the soil to a uniform depth and 
level the surface by pressing down lightly with a wood 
plunger or other suitable tamper. 

10.3.2.11 Compact each soil layer using an appro­
priate size tamper and mallet; i.e., for a 2- by 2-inch (50-
by 50-mm) shear box, use a tamper that is slightly undersize. 

10.3.2.12 Place the tamper on top of the soil, and 
using rhe mallet, compact the soil to the required height. 

NITTE 5.-lr is recommended char the camper used be scribed 
to indicate the appropriate height for each layer compacted. This 
helps to ensure a more uniform placement unit weight of rhe 
rest specimen. 

10.3.2.13 Repeat subparagraphs 10.3.2.9 through 
10.3.2.12 until all the soil calculated in subparagraph 
10.3.2.8.4 has been compacted into che shear box. 

10.3.2.14 Remove the compaction top from the 
shear box and trim any portion of the specimen that 
protrudes above the shear box with a straightedge co ensure 
planeness. Save the trimmings and score chem in an airtight 
container. 

10.3.2.15 Remove the shear box from the com­
paction base and trim any portion of the specimen which 
protrudes below the shear box with a straightedge co ensure 
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7-2327 (10-l!S) I ADDED WATER DETERMINATION I Des;gna,;on US BR - 5725 . ~9-Bureau o f Reclamation 

SAMPLE NO . rROJECT rEATURE 

Example Example Example 
COMPUTED BY IDATE !CHECKED BY !°ATE 

Moisture Content % Mass g 

Specimen 
Specimen Dry Water 

No. 
Initial Desired Difference and Container Specimen Mass of to 

Container Specimen Add 

(1) (2) (3) (4) (5) (6) (7) (8) 

51 16.3 26 .5 10.2 893.7 172.1 721.6 620.5 63. 3 

(2) - (1) (4) - (5) ~ (6) Ll 100 
00+(1) 

(7) [(3)J 
100 

-

Remarks: Specimen used for direct shear testing. Auxiliary Tests : 

USBR 5300 - JL .L 

GPO 8 4 8 -762 

Figure 7. - Added water determination - example. 
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planeness. Immediately cover the top and bottom of the 
shear box with cover plates. 

I 0.3.2. l6 Determine and record the physical 
properties , initial moisture content, and initial dry unit 
weight o f the specimen by repeating subparagraphs 
10.3 1.25 through l0.3 127.4. 

l0 .3 .3 Specimens Having Dissimilar Marerials: 
l0.3.3. l Because of the variation of materials and 

rhe possible different methods of placement of those 
materi als ; i.e., concrete cast aga inst in-place soil, soil 
compacted aga inst precast concrete, etc., the method of 
specimen preparation must be specified by the responsible 
engineer. 

11. Calibration and Standardization 

11.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1007 Calibrating Dial Indicators 
USBR LOOS Calibrating Linear Var iable Differentia l 
Transformers 
USBR 1040 Calibrating Pressure Gauges 
USBR I 045 Calibrating Force Transducers (Load Cells ) 

11.2 Calibrate the normal load ing device annually by 
loading a calibrated load cell placed in the shear box. 

I l.2 .1 If a lever load ing arm and yoke is used, then 
the vertical force recorded by the load cell is: 

W = Cn111 
where: 

W = vertical (normal) force act ing on the 
specimen, !bf (assume I lbm = 1 !bf) 

Cn lever loading arm constant for the pneumatic 
load ing device (2. 5 for most machines ) 

m hanger mass, lbf (assume 1 lbm = 1 lbf) 

( l ) 

11.2.1.1 If Cn is not equal ro 2.5, calculate a new 
constant by the relation Cn = W/ m , after ensuring that 
the load cell is properly calibrated. 

l l.2.2 If a pneumatic loading device is used, W is 
the vertical force which corresponds to the pressure reading 
on a calibrated pressure gauge. 

11.2.2.1 If the force recorded by the load cell does 
nor equal the force determined by rhe pressure guage ( i.e., 
Cn = 1.0) then either the load cell or the pressure gauge, 
or both , may need recalibration. 

12. Preparation of Apparatus 

12.1 Center the shear box bowl (fig. 1, part 12) using 
rhe handwheel (part 11) on the direct shear apparatus. 

12.2 Place the shear box with specimen into the shear 
box bowl. Ensure it is properly seared and oriented. Make 
sure the porous plates (parts l 3 and 16) are moist. 

12.2.1 For some types of apparatus , the top half of 
the shear box is held in place by a notched rod connected 
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to a load cell, which firs into a receptacle in the top half 
of the shear box. The bottom half of the shear box is 
he ld in place by a lock screw (part 17). When a shear 
load is applied to the specimen, the bottom half of the 
shear box is moved and the top half is held stationary. 

12.2.2 For some types of apparatus, the top half is 
held in place by a rop anchoring plate. Adjust the anchoring 
plate so that it is right against the 0.08-inch (2 -mm) thick 
spacer between the plate and frame by tightening the 
anchoring plate retaining bolts. 

12.3 Adjust the load -cell coupling rod (part 19) by 
turning the adjusting nuts (part 22) so the shear box bowl 
is held rigid, but load is not imposed on the load cell. 

12.4 Properly position and adjust the horizontal 
displacement meas urement device, such as a dial gauge 
or LVDT, held by part 18. The LVDT is ad justed until 
a zero reading is obtained. 

NITTE 6.-lf a computer is used to read LVDT values, execute 
the necessary keystrokes to display the LVDT values and position 
the LVDT back and forth until the reading is zero. 

12.5 Place a moist porous plate on top of the specimen 
(see sub par. 7 .2.9). 

12.6 Place the load transfer plate (part 14 ) in place 
over the top porous plate (pare 13) . 

12.7 Put the load ing yoke (part 7) in position and ad just 
it so the top bar is level as shown on figure 8. 

12.8 For dead-load lever arm loading systems, turn the 
yoke adjustment screw (part 5) against the recess in the 
load transfer plate (part 14) so the lever load ing arm (part 
23) is level. For pneumatic loading systems, turn the yoke 
adjustment screw until it is snug against the recess in the 
load transfer plate. If there is no yoke adjustment screw 
then place a ball bearing of appropriate size in the recess 

Figure 8. - Loading yoke in position fo r test ing. (a) yoke ad justment 

sc rew, (b) loadi ng yo ke, and (c) load tra nsfer plate. 
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in the load transfer plate and adjust the yoke so it is snug 
aga inst the ball bearing. 

l 2.9 Apply a 1/ 2 to 2 lbf/ in2 (3 .5 to 14 kPa) pressure 
(sea ting pressure) on the specimen and make certain that 
all components of the loading system a re properly seated 
and a ligned. Ensure the top porous plate and load transfer 
plate are a ligned so their movement into the shear box 
wi ll not be inhibited. 

12 .10 Put a vertica l di s pl aceme nt meas urement 
device-such as a dial ga uge o r LVDT- in place. Pos ition 
it so it bears on cop o f the yoke ad justment screw as shown 
on figure 9 . 

12. 11 Adjust the vertical displacement measure ment 
device until an initia l zero reading is obtained (see note 6 ). 

I 2. l2 Check the ent ire apparatus to ensure that the 
equipment is a lig ned, seated, zeroed, e tc. 

NITTE 7.- lf a co mputer is used, initi alize it. This entails 
ensuring that the storage registers are empty. If they are not, 
old data should be purged. However, make su re a permanenr 
copy of the old data is available before purging. 

12.13 If required, fill the shea r box bowl with dis tilled 
water and keep it full for the duration of the test. 

NITTE 8.-If a compu ter is used, execute the necessary keystrokes 
to enter specimen physical properties and ocher specimen darn 
as required. 

Figure 9. Venica l Jisplaceme nr measu rement Jevice placement. 

(.1) LVDT boJy, (b) yoke <1d jusrmern screw, (c) LVDT core and 

(d) loadi ng yoke. 
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13. Conditioning 

13.1 Specime ns shou ld be pre pared in a contro lled 
humidity room co minimize excess ive moisture gain or loss. 

13.2 Prior to testing, the sa mple s hould be scored in 
such a m anner co preve nt : (a) contam ination with o the r 
m ater ial, (b) loss of soi l, (c) loss of moisture, or (d) loss 
of identification. 

13.3 If water is added co the so il sample co bring it 
co a specifi ed mo isture co ntent, the wetted so il should be 
placed in an a irtight co n ta ine r for approximate ly 16 hours 
prior co compacting a tes t spec ime n. 

14. Procedure 

Iii. All data a re co be recorded o n th e " Direct Shea r 
Testing" form as s hown o n fig ure 10 (da ta sheet 2a). 

I li.2 Consolidarion: 
L4.2. I Ca lculate and record the no rmal load required 

co ac hieve the required no rm al s tress. Apply the required 
normal stress, o r increm e nt the reof, by add ing the necessary 
m asses to the hange r or by adjust ing the pneumatic pressure 
regu lato r so the necessary no rma l stress is achieved (see 
subpar. l 5. 1.3). Always begin with the lowest no rma l s tress 
and proceed to the highest. 

NITTE 9.- The normal srress app lied to the specimen depends 
upon che informat ion required. Applicat ion of the normal stress 
in one increment may be appropr iate for relatively firm so ils. 
For relatively soft so ils, however, severa l increments may be 
necessary co prevenr damage co the specimen. The initial 
incrernenr depends upon the st rength and sensitivity of the so il. 
The normal st ress should not be so large as co squeeze the soil 
our of the gap between the shear box halves. 

14.2.2 Allow the spec imen to drain and consolidate 
under the desired normal s tress, o r increment thereof, until 
the specimen is in a well-defined state of secondary 
conso lidat ion. A computer can be used to automatica ll y 
reco rd time and ve rtica l d isplacement readings; otherwise, 
manually record these readings ( fig. 10) . 

14 .2.2 .1 Refer co USBR 5700 for guidelines on 
dete rmining stages of primary co nsolidation and secondary 
conso lidation. 

14.2 .2.2 Ploc vert ica l disp lacement versus sq uare 
root of time co confirm that primary consolidation bas 
occurred (fig. 1 J ). 

l4.2. 3 After the specime n has co nsolidated, turn the 
gap screws clockwise until they contact the borcom half 
o f the shear box. Remove the a lig nme nt screws ( if water 
starts to drain out, p lug the ho les w ith Plast icene or clay) , 
and turn the gap screws o ne- ha lf turn (for screws with 
20 threads/ inch ) clockw ise, which lifts the top ha lf o f the 
shear box 0 .02 5 inch (0 .64 mm ). 

14.2.4 Turn the gap screws counterclockwise (out­
ward) four full turns. 

14.3 Shearing Procedure: 
l4.3. l If a computer was used to obtain and record 

conso lidat ion readings, reinitialize it (see no te 7). 
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SAMPLE NO, E"xample 

SPECIMEN DIMENSION 
2X2XI 

DISPLACEMENT RATE 0.0005 

TESTED ev 

TIME 
IAEADINO DATE NO. 

"' min 

I 8/2 13 01 - ..-
2 8/2 13 02 

3 8/2 13 03 

4 8/2 13 08 

5 8/2 13 38 

6 8/2 14 08 

7 8/2 14 16 

TOUCH 

8 8/2 14 22 

9 8/2 14 53 

10 8/2 15 15 

II 8/2 15 36 

12 8/2 15 57 

13 8/2 16 18 

14 8/2 16 39 

15 8/2 17 01 

16 8/2 17 23 

17 8/2 17 45 

18 8/2 18 07 

19 8/2 18 52 

REMARKS: 

DATE 

ELAPSED TIME 

. min 

55 0.0 

II 0 .3 

12 1.3 

46 6.9 

46 36.9 

46 66.9 

10 74.3 

07 0.0 

36 31.5 

06 53.0 

32 74 .4 

32 95.4 

32 116.4 

32 137.4 

32 159.4 

32 181.4 

33 203.4 

32 225.4 

32 270_4 

DIRECT SHEAR TESTING · DATA SHEET 2a I Dul1n, llon USBR E~~-~~ DIRECT SHEAR AND REPEATED DIRECT SHEAR 

SPl:Clt.-1EN NO. Exom~le TE ST TYPE: 00 DIRECT D REPEATED □ SLIDIN G FRICTION MACHINE NO. 5 

00 ;n O,m SPECIMEN AREA 
4.0 00 ;n2 O,m' NOMINAL NORMAL STRESS 25.0 @1bf/in2 o ... 

00 in/ min O cm/min LOAD CELL FACTOR 1.0 00 lbf/V ONIV LVOT FACTOR 1.0 (RJ in/V Omm/V 

COMPUTED BY DATE CHECKED BY DATE 

VERTICAL DISPLACEMENT NORMAL FORCE HORIZONTAL DISPLACEMENT CUMULATIVE AELA TIVE SHEAR FORCE NOMINAL 
DISPLACEMENT 

READING DISPLACEMENT READING FOR CE READING DISPLACEMENT CHANGE HORIZONTAL LATERAL REAOING FORCE SHEAR STRESS 
OISPL.:ACEMENT DISPLACEMENT 

V 00 ,n 0 mm V oolbf ON V · □ ,o 0 mm IXl m 0mm li!l ,n 0mm " V l&l 1bl ON 001,1nn2 OkP, 

0.000 0.000 100.0 100.0 - - - - - - - -
! 0 .035 
I 

0 .035 100.0 100.0 - - - - - - - -
0 .039 

I 
0 .039 100.0 100.0 - - - - - --. - -

! 
0 .041 0 .041 100.0 100.0 - - - -i - - - -
0.045 0 .045 100.0 100.0 - - - - - - - -

i 0.045 0.045 100.0 100.0 - - - - - - - -
! 0.045 0.045 100.0 100.0 - - -- - -- - - --

0.045 0 .045 100.0 100.0 0 .000 0 .000 0.000 0.000 0 .00 0 .0 0 .0 0.0 

0 .051 0 .051 100.0 100.0 0 .011 0 .011 0 .011 0 .011 0 .55 22 .5 22 .5 5 .6 

0 .054 0 .054 100.0 100.0 0 .021 0 .021 0 .010 0 .021 1.05 30.7 30.7 7.7 

0.056 0 .056 100.0 100.0 0.031 0 .031 0 .010 0 .031 1.55 36.0 36.0 9.0 

0058 0 .058 100.0 100.0 0 .041 0.041 0 .010 0 .041 2.05 39.7 39.7 9.9 

0.061 0 .061 100.0 100.0 0.052 0.052 0 .011 0.052 2.60 42.8 42.8 10.7 

0063 0.063 100.0 100.0 0.062 0.062 0 .010 0.062 3.10 45.4 45.4 11.4 

0 .065 0 .065 100.0 100.0 0 .072 0.072 0.010 0 .072 3.60 47.3 47.3 11.8 

0 .066 0.066 100.0 100.0 0 .082 0 .082 0 .010 0 .082 4.10 49.0 49.0 12 .3 

! 0 .068 0 .068 100.0 100.0 0 .093 0 .093 0 .011 0 .093 4.65 50.4 50.4 12 .6 

I 0 .070 0.070 100.0 100.0 0 .103 0 .103 0 .010 0 .103 5 .15 51 .3 51 .3 12 .8 
i 0.073 I 0 .073 100.0 100.0 0 .123 0 .123 0 .020 0.123 6.15 53 .2 53 .2 13.3 
I 

CP0830 •II~ 

Figure 10. - Direcr shear resring - dara sheer 2a - example. 

c 
en 
~ 
:,:, 
\J1 
-...J 
1-.J 
\J1 



USBR 5725 

0 00 

.. 
C: 

C 

B 0 01 
~ 
C ...., 0 

C: . 
IJ,) "!! 

E 1 0 02 
IJ,) g 
() 'o 
(ti 

~ '" 0. 
(f) "' 

Q 
. 0 03 . 
u - -a 

(ti 5 
() . . ...., : ... s- ! IJ,) 004 

> 
0. 

,oo. 

0 05 

0 

o ✓I .. 

I\~ ol lhe rrtm•r1 
/ C:-MIU atlon elojM' 

✓,-.. 

Project · Example Feature Example 

~:~~~~ : l{~::~ke5 1:rii~2°~0 ~r~::m:~~d 
Classifi cation Symbol. CH 
Liquid limit 55 Plasticity Index; 31 
Specific Gravity 2 69 Gravel O ,; 
Sand : 4 % Fines: 96 ~ 

;::~::: ~;;•t~~~ ;;~~tt89~~-yb;/rt3 
Com1ohdarlon Time Vertical 

percent minutes Displacement 

0 
50 
90 

100 

0 
0 .11 
1. 10 

56.25 

./l e ,oo 

inche■ 

0 0054 
0 .0348 
0 0386 
0 .0450 

10 

Square Root of Tim e - ✓min 

Figure I I. - Vertical Jisplacement versus square root o f time plot 
- example. 

l4.3 .2 Set the desired horizontal displacement rate. 
l4.3.2. l Shear the specimen at a relatively slow 

rate so no excess pore pressures exist at failure. The 
following equation is used as a guide to determine the 
estimated minimum time required from the start o f the 
test to failure. 

where: 
tr 

tso = 

tr= 50 t 50 (2) 

cora l estimated elapsed time to failure, min 
time required for the specimen co achieve 50 % 

consolidation under the specified normal stress, 
or increment thereof (fig. 11 ), min 

NITTE 10.- lf the material ex hibits a tendency to swell, the 
soil must be inundated with water and pennitted to achieve 
equilibrium under an increment of normal srress before the 
minimum time to failure can be determined. The time­
consol idat ion curve for subsequent normal stress increments is 
then valid for use in determining tr. 

L4.3.2.2 Estimated displacement rate can be deter­
mined from the following equatio n. 

Estimated displacement rate 

where: 

dr 
tr 

(3) 

dr estimated hori zo nta l displacement at failure,* m 
tr = coral estimated e lapsed time to failure, min 

* lf the materia l is plastic, use dr = 0.4 inch otherwise 
use dr = 0.2 inch. However, accual displacement rate 
is subject co approval by the responsible engineer. 

14.3.2.3 For some types of apparatus, the displace­
ment rate is achieved us ing combinations o f gear wheels 
and gear lever positions as shown on figure 12a. For other 
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types , the displacement rate is achieved by turning a control 
knob on an electronic control box co the desired position 
as shown on figure 126. 

14.3.2.4 Using the adjustments avai lable for the 
type of apparatus used, set the actual disp lacement rate 
as close as possible to the estimated displacement rate. 
In no case should the estimated displacement rate be 
exceeded in normal testing. 

(a) Gear wheel combination for cont rolling the displacement rate. 

(b) Electronic control box for contro lling the displnccment rate. 

Figure 12. - Displacement rate control. 
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14.3.3 Set the reading interval on the computer or 
other recording device as specified in the testing program. 

NOfE 11.-The interval at which data readings are taken is 
usually dependent on displacement rate and specimen size. 
Normally, data readings are taken at time intervals that will 
yield readings at displacements of approximately 1 percent of 
the original specimen dimensions. 

14.3.4 Execute the necessary keystrokes on the com­
puter terminal so the computer starts recording the required 
readings. Make sure an initial reading is taken for use 
as an initial value. If a computer is noc available, manually 
record prescribed readings (fig. 10). 

14.3.5 Start the apparatus to begin shearing. 
14.3.6 After reaching the required displacement, 

scop the apparatus and the recording device. Ensure that 
a permanent copy of the data is created. 

14.3.7 Remove the normal stress by removing mass 
from the hanger or by reducing the air pressure with the 
pressure regulator. Manually return the shear box halves 
to their original position so the shear box halves are 
vertically aligned. 

14.3.8 At this point, two options are available (1) 
obtain and place a new specimen for the next higher normal 
stress, which is usually the case, or (2) proceed with the 
specified loading sequence on the same specimen. 

14.3.9 If a new specimen is required, remove the 
existing specimen (see subpar. 14.4), trim or compact a 
new one (see par. 10), and repeat paragraphs 11 through 
14 until the number of specimens requested has been tested 
under the specified normal stresses. 

14.3.10 If the same specimen is co be used for the 
next higher normal stress, replace the alignment screws 
and tighten them until the shear box halves are pulled 
together. Apply the next higher normal stress and follow 
the consolidation and shearing procedures outlined in 
subparagraphs 14.2 and 14.3, respectively. 

14.4 Concluding rhe Test Program: 
14.4.l After the specimen has been tested under the 

specified normal stress or stresses and all data have been 
recorded, turn off the mocor. 

14.4.2 Remove the normal stress from the specimen. 
14.4.3 Align the shear box halves. 
14.4.4 Remove the shear box from the shear box 

bowl. 
14.4.5 Separate the shear box halves with a sliding 

motion parallel to the failure plane. Do not pull the shear 
box halves apart perpendicular co the failure surface. 

14.4.6 Photograph the failure surface. 
14.4.7 Remove the specimen from the shear box 

and determine the moisture content of the entire specimen 
in accordance with USBR 5300. Record on data sheet 1 
(fig. 4) as Moisture conrenr, final (spec) . 

14.4.8 Thoroughly clean all apparatus surfaces that 
came in contaet with the test specimen. 

14.4.9 Calculate the relative lateral displacement and 
nominal shear stress. Prepare plots of (1) nominal shear 
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stress versus normal stress with. the corresponding angle 
of internal friction and cohesion (see par. 15), (2) nominal 
shear stress versus relative lateral displacement for each 
specimen (fig. 13), and (3) vertical displacement versus 
square root of time for each specimen (fig. 11). 

15. Calculations 

15.l Equations for required calculations follow. They 
can be incorporated either into a computer program for 
automated analysis or can be applied manually. 

15 .1.1 Relative lateral displacment of the test 
specimen is: 

Ar ~ X 100 
L 

(4) 

where: 
Ar = 
Ac = 
L = 

100 = 

relative lateral displacement, % 
cumulative horizontal displacement, in 
length of specimen, in (or diameter if round 

specimens are used) 
convert decimal to percent 

15.1.2 Nominal shear stress, r, acting on the 
specimen is: 

(5) 

where: 
r = nominal shear stress, lbf/in2 

F = measured shear force, lbf 
A = nominal area of the failure surface calculated 

from original specimen dimensions, in2 (For 
example, 4 in2 for 2- by 2-in specimens). 

15.1.3 Normal stress, Gn, acting on the specimen is: 

Gn 

where: 

w 
A 

an = normal stress, lbf/in2 

(6) 

W = vertical (normal) force acting on the specimen, 
lbf; equal co Cn m (assume 1 lbm = 1 lbf) 

A = nominal area of the faiure surface calculated 
from original specimen dimensions, in2 (For 
example, 4 in2 by 2- by 2-in specimens.) 

Cn = lever loading arm constant, or for the pneumatic 
loading device, Cn = 1.0 

m = hanger mass, lbm 

15.1.4 The angle of internal friction is determined 
from the slope of the best-fit line relating the nominal 
shear stress co normal stress. 

15.1.5 The cohesion, c, is che y intercept at zero 
normal stress of the line . relating nominal shear stress 
to normal stress. 
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Figure 13. - Direct shear rest plots - example. 

16. Report 

16.1 The report is to consist of the completed and 
checked "Direct Shear Testing" data sheets (figs. 4 and 
10) with data plots as shown on figures 11 and 13. 

16.2 All calculations are co show a checkmark and all 
plotting must be checked. 
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17. Background Reference 

Annual Book of ASTM Standards, Part 19 - Natural 
Building S~ones; Soil and Rock, American Society for 
Testing and Materials, Philadelphia, Pennsylvania, 1982. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5 726-89 

PERFORMING REPEATED DIRECT SHEAR TESTING OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5726. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
performing repeated direct shear testing of soil. It is used 
for determining residual shear strength of clay and clay 
shale under drained conditions. The test can be performed 
on undisturbed intact or precut specimens or compacted 
specimens at specified moisture contents and unit weights. 

1.2 The test is not suited for the development of exact 
stress-strain relationships within the test specimen because 
of nonuniform distribution of · shearing · stresses and · · 
displacements. The slow rate of displacement provides for 
dissipation of excess pore pressures, but also permits plastic 
flow of soft, cohesive soils. Care should be taken that testing 
conditions represent field conditions being investigated. 

2. Auxiliary Tests 

2.1 The moisture content must be determined in accor­
dance with USBR 5300 as a part of performing this test. 

3. ApplicableDocuments 

3.1 USBR Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicacors 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboracory Use 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
From Undisturbed Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils ·by 
the One-Point Method 

USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5700 Determining the One-Dimensional Consoli­
dation Properties of Soils (Incremental Stress) 

4. Summary of Method 

4.1 Residual shear strength of a clay or clay shale is 
determined. 

4. 1. l A soil specimen is sheared under constant 
normal stress until the soil is in the residual strength state. 
Cyclic shearing is induced by reversing the direction of 
travel of a shear box half, relative to the other half. The 
failure surface is, in general, artificially developed by cutting 
the sample in half between the upper and lower shear 
box halves, but the failure surface may be formed also 
by the initial shearing action of_ the apparatus. The force 
required to shear the soil is measured as a function of 
horizontal displacement and normal stress. The vertical 
displacement is measured co monicor specimen volume 
change. The shear stress is computed and residual shear 
strength is determined from a plot of shear stress versus 
normal stress in the residual strength state. 

4.1.2 Analysis of rest results is made assuming 
significant pore pressures do not develop during the test. 
Therefore, it is essential that rest specimens be sheared 
slowly enough co ensure that excess pore pressures do not 
develop during the test. 

5. Significance and Use 

5.1 Residual shear strength is one property of clay or 
clay shale which determines the potential for progressive 

· (gradual loss of strength) slope failure. 
5.2 Residual shear strength represents the resistance 

to shear along a fully developed failure surface. 
5.3 In some cases, the residual shear strength of a 

material may be used for design purposes. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
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6.2 .1 Nominal Shear Stress.-The shear stress 
computed using the cross-sectional area of the shear box. 

6.2.2 Residual Shear Stress (Tr). The shear stress 
a material can sustain while undergoing continuous 
deformation at a constant effective normal stress. 

6.2 .3 Residual Angle of Internal Friction (</>r) .-The 
slope of the line relating nominal residual shear stress 
ro normal stress, expressed in degrees. 

6.2.4 Residual Cohesion (er ).-The nominal shear 
stress intercept at zero normal stress of a line relating 
nominal residual shear stress to normal stress, expressed 
in lbf/in2. 

6.2.5 Residual Strength State .-The state of a soil 
when the shear stress has d_eci:eased ro a constant .value 
and is independent of displacement under a given normal 
stress. 

6.2.6 Seating Pressure.-A pressure, usually about 
1/2 to 2 lbf/in2 (2 to 7 kPa), placed on the specimen 
ro firmly sear all parts of the resting apparatus. 

6.2.7 Cumulative Horizontal Displacement.-Sum of 
the absolute values of the displacement of one-half of the 
shear box relative ro the other half. 

. 7. Apparatus 

7.1 General Apparatus: 

7.1.1 Balances or Scales.-Typica1 balances or scales 
used for this designation are: 

Application Readable to 
Moisture content 0.1 g 
Initial dry unit weight 1 g 

Approximate capacity 
1000 g 
4000 g 

7.2 Equipment Unique to This Procedure: 
7.2.1 Repeated Direct Shear Apparatus.-A device 

(fig. 1) to hold the specimen securely between two porous 
plates in such a way that rorque is not applied ro the 
specimen. The repeated direct shear apparatus must 
provide means for applying a normal stress to two opposite 
faces of the specimen, for measuring change in thickness 
of the specimen, for permitting drainage of water through 
porous plates, and for submerging the specimen in water. 
The apparatus must be capable of applying a shear force 
ro the specimen along a predetermined plane parallel to 
the faces of the specimen that are subjected ro normal 
stress. The device must be capable of reversing the direction 
of travel of the shear box. The frames that hold the 
specimen must be sufficiently rigid so they do not disrort 
during shearing. The various parts of the repeated direct 
shear apparatus that come into contact with the specimen 
must be made of marerial-e.g., bronze, stainless steel, 
etc.-not susceptible to corrosion by moisture or substances 
within the soil. 

7.2.2 Shear Box.-A shear box (fig. 2), usually made 
of stainless steel, bronze, or aluminum, provides for 
specimen drainage from top and bottom. The box is divided 
horizontally into halves of equal thickness which are fitted 
together with alignment screws. The shear box is fitted 
with gap screws that are used to adjust the space (gap) 
between the top and bottom halves of the shear box. 
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Specimen size may vary, but a 2 or 3 inch (50 or 75 mm) 
square specimen is usually used. 

7.2.3 Normal Loading Device.-Normal stress is 
applied by a lever loading arm and yoke or a pneumatic 
loading device capable of maintaining normal stress within 
±1 percent of the specified normal stress throughout the 
rest. 

7.2.4 Controlled Displacement Equipm-ent.-Dis­
placement equipment must be capable of applying a wide 
range of horizontal displacement rates from approximately 
0.0001 to 0.1 in/min (0.0025 to 2.5 mm/min) and must 
shear the specimen at a uniform rate of displacement not 
to exceed ± 10 percent of the specified displacement rate. 
The equipment must be capable of reversing the direction 
of travel of the shear box. 

7.2.5 Shear Force Measurement.-Shear force is 
measured by a load cell or proving ring. The accuracy of . 
the device must be within ±0.25 percent of full scale. 

7.2.6 Displacement Measurement Devices.-Hori­
zontal and vertical displacements are measured using 
LVDTs (linear variable differential transformers) or other 
distance-measuring devices (dial gauges). The devices are 
to be readable ro 0.001 inch (0.025 mm). 

7.2.7 Shear Box Bowl.-Different kinds of shear box 
bowls are used (fig. 2a or 2d) . One type simply holds the 
shear box in place (fig. 2a), and the shear box contains 
the porous plates for specimen drainage (fig. 2b) . The 
other type (fig. 2d) holds the shear box in place and has 
a porous plate embedded in the bottom to allow drainage 
from the soil specimen. 

7.2.8 Reversing Microswitches.-Switches, which 
when touched by a control bar (fig. 1), change the direction 
of travel of the shear box. 

7.2.9 Specimen Trimmer.-A trimmer used to cut 
oversize samples to shear box dimensions (fig. 3). 

7.2.10 Porous Plates.-Porous plates (two required) 
made of silicon carbide, aluminum oxide, or other materials 
not susceptible to corrosion from soil substances or 
moisture. Some porous plates are coarser on one side than 
on the other. The coarser side is to be placed against the 
soil specimen. The plates should be coarse enough to 
develop adequate interlock with the specimen but fine 
enough to prevent intrusion of soil into the pores. Exact 
criteria have not been established for this; however, 
permeability of the plate should be greater than 
permeability of the soil. 

7.2.11 Spacer Plate.-Spacer plates (two required), 
2- by 2- by 0.375-inch (50- by 50- by 9.5-mm) thick, not 
susceptible to corrosion from soil substances or moisture. 

7.2.12 Try square.-A tool with a linear scale readable 
to 1/32 inch. 

7.2.13 Cover Plates.-Plastic or glass plates either 
2.25 or 4.25 inches (57 or 108 mm) square and 0.25-inch 
(6-mm) thick. They are to be marked as pairs . 
· 7.2 .14 T1ine Device.-Timing devices readable to ±1 
second are used to record elapsed time. 

7.2.15 Humidity Room.-A controlled humidity 
room should be used for storing samples as well as for 
preparing specimens so that moisture loss during 
preparation is minimized. 
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l. Dara acquisition sysrem 9. Reversing microswitches 17. Shear box lock screw 25. Masses 
2. LVDT core 10. Reversing switch control 18. Horizontal strain LVDT 26. Auromaric reversing 
3. LVDTbody bar bracket switch relays 
4. Consolidation LVDT arm 11. Hand wheel 19. Load cell coupling rod 27. Control panel 
5. Yoke adjustment screw 12. Shear box bowl 20. Load cell retaining bolts 28. Selector swirch -
6. Vertical yoke adjustment 13. Top porous place 21. Tailsrock manualjaucomaric 

nuc 14. Load transfer plate 22. Adjusting nucs 29. Loading yoke pivot 
7. Loading yoke 15. Specimen 23. Lever loading arm 
8. Gear change lever 16. Bottom porous place 24. Load hanger 

Figure I. - Schematic of repeated direct shear apparatus. 

7.2.16 Automatic Data Acquisition and Reduction 
System.-Any automatic data acquisition and/or reduction 
(computer) must be accomplished using a system capable 
of maintaining the accuracy of the individual measurement 
instruments. 

7.3 Miscellaneous Equipment.-Trimming equipment 
(USBR 5215), compaction equipment (USBR 5210), level, 
ruler, screwdriver, Allen wrench, moisture-proof specimen 
containers for trimmings, distilled water, U.S.A. Standard 
series No. 4 (4 .75 mm) sieve, and modeling clay. 

8. Reagents and Materials 

8.1 Distilled water is to be used whenever water 1s 
required. 
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9. Precautions 

9.1 Technical Precautions: 
9.1. l Clean the porous plates after each cest to 

remove soil particles or any other impurities chat might 
impede waterflow into or out of the specimen. 

9.1.2 Ensure that the gap between the top and 
bottom halves of the shear box is 0.025 inch (0.64 mm). 
A larger gap may cause excessive extrusion of material as 
the test progresses. A smaller gap may result in the top 
and bottom halves coming into contact with each other. 

9.1.3 A test specimen of largest practical size 
obtainable from a given soil sample should be used to 
perform the test. 
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b C d 
Note: Gap screws have screw driver heads, a lignment screws have Allen heads , as shown. 

Figure 2. - Shear box bowls with associated shear boxes with gap and alignment screws installed, 
(a) shear box bowl, (b) shear box with removable bottom porous plate, (c) shear box, 
(d) shear box with bottom porous plate attached, (e) gap screws, and (f) alignment screws. 

Figu re 3. - Specimen trimmer bit. 

10. Sampling, Test Specimens, and Test Units 

10.1 The soil sample from which specimens are 
prepared should be large enough so that similar specimens 
may be obtained if further resting is required. Prepare 
specimens in a controlled humidity room to minimize 
excess moisture gain or loss. Extreme care should be taken 
in preparing undisturbed specimens of sensitive soils to 
prevent disturbance of their natural structure. 

10.2 The different types of specimens that may be used, 
depending upon testing requirements are: 

10.2.1 Undisturbed.-An undisturbed specimen is cut 
from an undisturbed sample (e.g., a block or tube sample) 
and can be tested either intact or with a precut failure 
surface. Prepare undisturbed specimens in accordance with 
USBR 5215. 

10.2.1.1 lntact. - An intact specimen is sheared in 
the resting device so that residual shear stress is measured 
on a surface formed naturally by the shearing action. 

10.2.1.2 Precut.-A specimen of intact material (at 
natural moisture content) is cut into halves which are placed 
together, forming a failure surface which is initially plane. 

10.2.2 Compacted.-Initially, the material is disaggre­
gated and then compacted to a specified dry unit weight 
at a predetermined moisture content. The specimen can 
be tested intact or with a precut failure surface. Prepare 
compacted specimens in accordance with USBR 5210. 
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10.3 Speoine11 Preparatio11: 
10.3.1 U11disturbed Intact Soil Speoine11s.-There are 

several ways to prepare specimens for this procedure. The 
method described is recommended because it causes leas t 
disturbance to a specimen. 

Nill£ 1.- See USBR 52 l5 for more detailed information on 
preparing undisturbed so il spec imens. 

10.3.1.1 Record all required specimen information 
on the "Direct Shear Testing- D ata Sheet 1, Specimen 
Information" form as shown on figure 4, including the 
location of the specimen in the or iginal sample. Under 
Remarks, record a physical description of the soil; include 
such features as silt varves, fractures, slickensides, etc. Note 
any difficulties encountered while trimming the specimen. 

10.3.1.2 Assemble the shear box (see note 2). 

Nill£ 2.- Before assemb ling the shear box, inspect the 
alignment screws, gap screws, and the hole for each screw for 
soil or other contaminants. If necessary, clean the threads with 
a tap or die to ensure that the two halves of the shear box 
will fit flush with each other. Additionally, ensure that the insides 
of both halves of the shear box are clean and free of any 
obstrnctions (such as pins which may be present to hold removable 
porous plates in place) and that the gap screw holes are in proper 
alignment. 

10.3.1.3 Determine the dimensions of the spec­
imen. If the specimen will completely fill the shear box, 
measure and record the inside dimensions of the shear 
box to the nearest 0.1 inch. If a circular specimen is to 
be tested, measure the diameter of the specimen at severa l 
locat ions with calipers. Record the average measurement 
as Specime11 dimensio11s. 

10.3.1.4 Measure and record the height of the 
inside of the assembled shear box. If a shear box with 
a removable bottom porous plate is used, e nsure that the 
measurement is taken from the top of the porous plate 
which is placed into the shear box. Take two measurements 
and average them. Record the average measurement as 
Height of specime11. 
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DIRECT SHEAR TESTING· DATA SHEET 1 
7-23S6 (8-86) SPECIMEN INFORMATION o .. lgnation USBR 5 726-..§.i. Bureau of Reclamation 

SAMPLE NO. Example 
PROJECT 

Example 
FEATURE Example 

ORILL HOLE DH-8 LOCATION Area H OEPTH 10.0 - 20.0 181 tt Om 

TEST TYPE: □ DIRECT SHEAR 181 REPEATED DIRECT SHEAR ~ ROTATIONAL SHEAR 

TESTED BY DATE COMPUTED BY DATE ___ CHECKED BY DATE 

SPECIMEN DATA 

SPECIMEN NO. Example SPECIMEN DIMENSIONS 2.0 x 2.0 x 1.0 ~ in 0mm 

SPECIMEN TYPE: D COMPACTED SLIDING SURFACE: D INTACT 

~ UNDISTURBED IZJ PRECUT 

D SLURRIED D OTHER 

SOIL CLASSIFICATION SYMBOL CH LIQUID LIMIT 79 
(%) 

PERCENT GRAVEL 0 PLASTICITY INDEX 21 (%) 

PERCENT SAND 20 SPECIFIC GRAVITY 2.44 
PERCENT FINES 80 SOIL CONSISTENCY (NO. OF BLOWS) --

MOISTURE CONTENT DETERMINATION 

INITIAL (TRIMMINGS) FINAL (SPEC.) 

- .. 2 31 671 CONTAINER NO. , 

MASS OF CONTAINER AND WET SPECIMEN 531. 7 g 476.0 g 

MASS OF CONTAINER AND ORY SPECIMEN 490. 2 g 441. 2 g 

MASS OF CONTAINER 302 . 4 g 305 .6 g 

MASS OF WATER 41. 5 g 34.8 g 

MASS OF DRY SPECIMEN 187. 8 9 135.6 g 

MOISTURE CONTENT 22.1 % 25. 7 % 

INITIAL DRY UNIT WEIGHT DETERMINATION 

MASS OF SHEAR BOX+ COVER PLATES 1925.1 g 

MASS OF SHEAR BOX+ COVER PLATES+ WET SOIL 2090.3 g 

MASS OF WET SOIL 165.2 g 
MASS OF ORY SOIL= (MASS OF WET SOIL)/(1 + INITIAL MOISTURE CONTENT/100) 135. 3 g 

INSIDE AREA OF SHEAR BOX. 4.00 D mm2 ~ in2 

HEIGHT OF SPECIMEN 1.32 D mm 181 in 

VOLUME • (AREA x HEIGHT OF SPECIMEN) 5.28 D mm3 ~ in3 

INITIAL DRY UNIT WEIGHT = (C• x MASS OF DAV SOIL/VOLUME) 97. 6 D kN/m3 ~ lbf/tt3 

•For SI metric application. C= .009807. which converts g/mm3 to kN/ml 
For inch.pound application, C=3 .81 O. which converu g/in3 to lbf/ft3, 

REMARKS: 
Fat Clay, Gray-Brown, Iron Staining On Fracture Surfaces, Hard To Trim. 

Figure 4. - Direct shear testing-data sheet I, specimen information-example. 
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10.3. 1.5 Determine the mass of the assembled 
shear box plus cover plates to the nearest 0.1 gram. If 
a shear box with a removable bottom porous plate is used, 
also determine the mass of the porous plate. Record the 
mass on data sheet 1 as Mass of shear box+ cover plates. 

10.3.1.6 If the specimen to be trimmed is cut from 
a parent sample, the width or diameter of the test sample 
should be about 1 to 2 inches (25 to 50 mm) greater than 
the diagonal dimension of the shear box and the height 
of the test sample should be about 1 to 2 inches longer 
than the combined thickness of the shear box and specimen 
trimmer if enough sample is available. 

10.3.1.7 Level the top and bottom of the sample. 
10.3.1.8 Place the sample on a clean sturdy 

platform. 
10.3.1.9 Wax the bottom of the sample to the 

platform to ensure that it will not mo~e excessively during 
trimming. 

10.3.1.10 Center and level the trimmer bit on top 
of the sample. Place the cutting spacer adapter on top 
of the trimmer bit. Insert the cutting rod into the cutting 
spacer adapter. The complete cutting assembly with soil 
sample is shown on figure 5. 

10.3.1.11 Using the cutting lever, push the 
trimmer bit vertically into the sample no more than 
1/4 inch (6 mm) . 

10.3.1.12 While maintaining a slight downward 
pressure with the cutting lever, trim the soil as close to 
the trimmer bit as possible without cutting through the 
vertical projection of the cutting edge of the trimmer bit 
to the platform. Trim the soil at least 1 inch (25 mm) 
below the bit and maintain a slight outward slope to avoid 
undercutting the specimen. Push the trimmer down into 
the sample about 1/4 inch. 

10.3.1.13 Repeat subparagraph 10.3.12 until the 
specimen protrudes about 1/4 inch above the top one­
half of the trimmer bit. 

Curring rod 

Sample 

Platform 

Figure 5. - Cutting assembly with soil sample. 
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10.3.1.14 With a knife, wire saw, or other appro­
priate tool, carefully separate the specimen-now contained 
within the trimmer bit-from the sample. If the trimmer 
bit has been pushed entirely through the sample to the 
platform, carefully separate the specimen from the 
platform. · 

10.3.1.15 Remove the cutting rod and spacer 
adapter. 

10.3.1.16 With a knife, wire saw, or other appro­
priate tool, screed off any portion of the specimen which 
protrudes from the top of the trimmer bit. 

10.3.1.17 Place a 1/4-inch thick spacer plate on 
top of the specimen. 

10.3.1.18 Invert the trimmer bit with spacer plate 
and specimen and place on the platform. 

10.3.1.19 Push down on the trimmer bit until the 
spacer plate is flush with the top of the trimmer. 
· 10.3.1.20 With a knife, wire saw, or other appro­
priate tool, screed off any portion of the specimen which 
protrudes from the bottom of the trimmer bit. 

10.3.1.21 The specimen is now ready to be inserted 
into the shear box. If the shear box has a removable bottom· 
porous plate, place as described in subparagraph 10.3.1.22. 
If the shear box does not have a removable bottom porous 
plate, place as described in subparagraph 10.3.1.23. _ 

10.3.1.22 Shear box with removable bottom 
porous plate: 

10.3.1.22.1 Place a moist porous plate on the 
bottom of the specimen. 

10.3.1.22.2 Invert the trimmer bit with porous 
plate, specimen, and spacer plate and push down on the 
trimmer bit until the porous plate is flush with the bottom 
of the trimmer bit. 

10.3.1.22.3 Carefully remove the spacer plate 
from the top of the specimen. 

10.3.1.22 .4 Carefully align and attach the 
bottom of the shear box to the top of the trimmer bit 
using two screws. 

10.3.1.22.5 With the shear box lower plate on 
the platform, align the shear box and trimmer bit with 
specimen and porous plate over the lower plate and push 
down until the lower plate is flush with the bottom of the 
trimmer bit. 

10.3.1.22.6 Align this assembly over a 1.25-inch 
(32-mm) thick spacer and push down until the bottom 
of trimmer bit is flush with the platform. 

10.3.1.22.7 Push in the retaining pins (see fig. 6) 
to lock the lower plate and porous plate in place. 

10.3.1.22.8 Remove the shear box from the 
trimmer bit, cover the top and bottom of the shear box 
with cover plates, and proceed to subparagraph 10.3.1.24. 

10.3.1.23 Shear box without removable bottom 
porous plate: 

10.3.1.23. l Invert the trimmer bit with spec­
imen and spacer plate and carefully align and attach the 
bottom of the shear box to the trimmer bit using two 
screws. 

10.3.1.23.2 Align this assembly over a 1.25-inch 
thick spacer and push down until the bottom of the trimmer 
bit is flush with the platform. 
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Figure 6. - Pushing in retaining pins over a correctly positioned 
lower plate. 

10.3.1.23.3 Carefully remove the 1/4 inch 
spacer plate from the top of the specimen in the shear 
box. 

10.3.1.23.4 Carefully remove the trimmer bit 
with 1.25-inch spacer from the shear box. 

10.3.1.23.5 Immediately cover the top and 
bottom of the shear box with cover plates. 

10.3. l.24 Retain trimmings in labe led, airtight 
conta iners for other laboratory tests as required. 

L0.3. l.25 Determine the initia l moisture content 
and specific gravity of the specimen from specimen 
trimmings in accordance with USBR 5300 and 5320, 
respectively. Results of the initial moisture content 
determination should be computed on data sheet 1 (fig. 4). 

L0.3 .1.26 If required, determine and record on data 
sheet 1 (fig. 4): so il classification; percentages of grave l, 
sand, and fines; liquid limit; plasticity index; and specific 
gravity. 

l0. 3. 1.27 Determine and record the initial dry unit 
weight of the specimen in the shear box. 

I 0.3.1.27.1 Determine and record to the nearest 
0.1 gram on data sheet 1 (fig. 4) the Mass of shear box 
+ cover plEltes + wet soil. 

10.3. 1.27.2 Calcu late and record Mass of wet 
soil. 

10.3.1.27.3 Calculate and record Mass of dry soil 
by dividing the Mass of wet soil by 11 + ( initial moisture 
content in percent / LOO)]. 

l0.3 .1.27.4 Calculate density by dividing mass 
of dry soil by vo lume and then multiplying by the 
appropriate constant to convert to dry unit weight in either 
kN/ m l or lbf/ ft 1. Record the fnio;1I diy unit weighr of 
the specimen to the nearest O. l !bf/ ft ' or kN/ m 3. 

l 0.3.2 Undisturbed Precut Soil Speoinens: 
L0. 3.2. l The procedure is essentially the same as 

that described in subparagraph I 0.3. l, except a failure plane 
is formed by cutting rhe specimen into halves in the space 
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between the shear box halves after the trimmer has been 
removed. The method of cutt ing depends o n the type of 
materia l being tested . 

10.3.2 .1. L For soft specimens, a fai lure plane 
may be cu t with a sma ll diameter L 0.008 to 0.0 l4 in (0.20 
tO 0.36 mm)l stee l-wire saw at the space between the upper 
and lower shear box halves once the specimen has been 
trimmed to size. 

10.3.2.l.2 For stiff specimens, the failure plane 
may be cut through the sample with a bandsaw prior tO 

trimming. If this is done, the cut sample wi ll have to be 
trimmed until the precut fa ilure plane is in the middle 
of the space between the upper and lower halves of the 
shear box. 

I 0.3.2.2 Separate the shear box halves completely 
after trimming and/or cutting, and smooth the failure 
planes with a stra ightedge. 

I 0. 3.2.3 Moisten the precut plane with distilled 
water. Put the shear box halves back together. 

L0.3 .2.4 With a knife, wire saw, or other appro­
priate too l, remove the portion of the specimen which 
protrudes above and below rhe shear box. Trim the 
specimen with a straightedge to ensure planeness. 
Immediately cover the top and bottom of the shear box 
with cover plates. 

I 0. 3.2.5 Retain trimmings in labeled, su itably 
airtight conta iners for other laboratory rests as required. 

I 0.3.2.6 To determine the physical properties, 
initial moisture conrent, and initial dry unit weight of the 
specimen, use subparagraphs l0.3. l.25 through L0.3.1.27.4. 

10.3.3 Compacted Specimens: 

NITTE 3.-See USBR 52 lO for more derailed information on 
preparing compacted soil specimens. 

NITTE li.-lf required, soi l may be compacted as outlined in 
USBR 52 10, extruded from the mold, and a test specimen trimmed 
as outlined in subparagraph I 0.3. l or I 0.3.2. 

I 0.3.3. l Assemble the shear box (see note 2). 
L0.3.3.2 Attach compaction rop to shear box. 
I 0.3.3.3 Attach shear box to compaction base. 
L0. 3.3.4 Pass the samp le through a No. 4 

(4.75 mm) sieve. Retain the minus No. 4 material in a 
labeled, a irtight container. Unless otherwise instructed, 
on ly minus No. 4 material should be used for the compacted 
specimen. Determine the moisture content of the minus 
No. 4 material in accordance with USBR 5300. Check the 
meas ured moisture content aga inst the moisture content 
specified for the compacted specimen. If the difference 
is greater than ±0.5 percentage point, correct the moisture 
content. This may be done by adding water tO the sample 
if it is too dry or a ir drying the sample if it is roo moist. 
The amount of water tO add to the sample tO achieve 
the correct moisture content can be determined as shown 
on figure 7. 

L0.3.3.5 If the calcu lated mass of water to be added 
is positive, add the indicated amount. If the calcu lated mass 
of water to be added is negative, dry the sample until 
the necessary mass loss has been achieved. If water was 
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7-2327 (10-85) 

I 
ADDED WATER DETERMINATION I Designation USBA - 5726 -~ ~ Bureau of Reclamation 

SAMPLE NO . rAOJECT rEATUAE 

Example Example Example 
COMPUTED BY IOATE !CHECKED BY !°ATE 

Moisture Content % Mass 9 

Specimen 
Specimen Dry Water 

Initial Desired Difference and Container Specimen Mass of to 
No. Container Specimen Add 

(1) (2) (3) (4) (5) (6) (7) (8) 

52 16.8 22 .0 5 .2 887.6 162.3 725.3 621.0 32.3 

(2) - (1) (4) - (5) ~ (6) J 100 
00+(1) 

(7) [(3)] 
100 

Remarks: Specimen used for reeeated direct shear testing. Auxiliary Tests : 

USBR 5300 - _!!_ ~ 

GPO 848-762 

Figure 7. - Added water determ ination-example. 
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added ro the sample, place it in a labeled, airtight container 
for at least 16 hours before compacting it. 

10.3.3.6 Again determine the moisture content in 
accordance with USBR 5300. Check chis moisture content 
against the moisture content specified. If the difference 
is greater than ±0.5 percentage point correct the moisture 
content until it is within the acceptable range. 

10.3.3.7 Thoroughly mix the soil sample. 
10.3.3.8 Determine the mass of moist soil required 

ro obtain the specified specimen dry unit weight. 
10.3.3.8.1 To determine the total amount of soil 

required, and the amount of soil per layer, the following 
steps may be used in the inch-pound system of units: 

10.3.3.8.2 Wet unit weight= (dry unit weight) 
X [(l + (moisture content) / 100)). 

10.3.3.8.3 Convert wet unit weight to wet 
density by changing lbf/ft3 to lbm/ft3 and record to the 
nearest 0.1 Ibm/ft3 (assume 1 lbf = l lbm). 

10.3.3.8.4 Mass of soil required equals wet den­
sity times volume of specimen (volume inside shear box) . 

10.3.3.8.5 Mass of soil per layer equals the mass 
of soil divided by the number of layers. (Typically, three 
layers are used when compacting a repeated direct shear 
specimen.) 

10.3.3.9 Obtain the required mass of moist soil 
per layer as calculated in subparagraph 10.3.3.8.5 and place 
it into the shear box. 

10.3.3.10 Spread the soil to a uniform depth and 
level the surface by pressing down lightly with a wood 
plunger or other suitable tamper. 

10.3.3.11 Compact each soil layer using an appro­
priate size tamper and mallet; i.e., for a 2- by 2-inch (50-
by 50-mm) shear box, use a tamper that is slightly undersize. 

10.3.3.12 Place the tamper on top of the soil, and 
using the mallet, compact the soil to the required height. 

NOTE 5.-lt is recommended chat the tamper used be scribed 
to indicate the appropriate height for each layer compacted. This 
helps to ensure a more uniform placement dry unit weight of the 
test specimen. 

10.3.3.13 Repeat subparagraphs 10.3.3.9 through 
10.3.3.12 until all the soil calculated in subparagraph 
10.3.3.8.4 has been compacted into the shear box. 

10.3.3.14 Remove the compaction rop from the 
shear box and trim any portion of the specimen that 
protrudes above the shear box with a straightedge to ensure 
planeness. Save the trimmings and srore them in an airtight 
container. 

10.3.3.15 Remove the shear box from the com­
paction base and trim any portion of the specimen which 
protrudes below the shear box with a straightedge co ensure 
planeness. Immediately cover the top and bottom of the 
shear box with cover plates. 

10.3.3.16 Determine and record the physical pro­
perties, initial moist_ure content, and initial dry unit weight 
of the specimen by repeating subparagraphs 10.3.1.25 
through 10.3.1.27.4. 
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11. Calibration and Standardization 

11.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for chis procedure. 
USBR 1007 Calibrating Dial Indicarors 
USBR 1008 Calibrating Linear Variable Differential 
Transducer 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducer (Load Cells) 

11.2 Calibrate the normal loading device annually by 
loading a calibrated load cell placed in the shear box. 

11.2.1 If a lever loading arm and yoke is used, the 
vertical force recorded by the load cell is : 

W= Cn m (1) 
where: 

W = vertical (normal) force acting on the specimen, 
lbf (assume 1 lbm = 1 !bf) 

Cn lever loading arm constant for the pneumatic 
loading device (2.5 for most machines) 

m hanger mass, lbm (assume 1 lbm =l lbf) 

11.2.1.1 If Cn is not equal to 2.5, calculate a new 
constant by the relation Cn = W/ m , after ensuring that 
the load cell is properly calibrated. 

11.2.2 If a pneumatic loading device is used, Wis 
the vertical force which corresponds to the pressure reading 
on a calibrated pressure gauge. 

11.2.2.1 If the force recorded by the load cell does 
not equal the force determined by the pressure gauge (i.e., 
Cn = 1.0) then the load cell or the pressure gauge, or 
both, may need recalibration. 

12. Preparation of Apparatus 

12.1 Center the shear box bowl (fig. 1, part 12) using 
the handwheel (part 11). 

12.2 Place the shear box with specimen into the shear 
box bowl. Ensure it is properly seated and oriented. Make 
sure that the porous plates (parts 13 and 16) are moist. 

12.2.1 For some types of apparatus, the top half of 
the shear box is held in place by a notched rod connected 
to a load cell, which fits into a receptacle in the top half 
of the shear box. The bottom half of the shear box is 
held in place by a lock screw (part 17). When a shear 
load is applied co the specimen, the bottom half of the 
shear box is moved and the top half is held stationary. 

12.2.2 For some types of apparatus, the top half is 
held in place by a cop anchoring plate. Adjust the anchoring 
plate so that it is eight against the 0.08-inch (2-mm) thick 
spacer between the plate and frame by tightening the 
anchoring plate retaining bolts. 

12.3 Adjust, the load-cell coupling rod (part 19) by 
turning the adjusting nuts (part 22) so the shear box bowl 
is held rigid, but load is not imposed on the load cell. 

12.4 Properly position and adjust the horizontal 
displacement measurement device, such as a dial gauge 
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or LVDT, held by part 18. The LVDT ts adjusted until 
a zero reading is obtained. 

NOfE 6.-If a computer is used to read LVDT values, execute 
the necessary keystrokes to display rhe LVDT values and position 
rhe LVDT back and forth until the reading is zero. 

12.5 Place a moist porous plate on top of the specimen 
(see subpar. 7.2.10). 

12.6 Place the load transfer plate (part 14) in place 
over the top of the porous plate (part 13). 

12.7 Put the loading yoke (part 7) in position and adjust 
it so the top bar is level. 

12.8 For dead-load lever arm loading systems, turn the 
yoke adjustment screw (part 5) against the recess in the 
load transfer plate (part 14) so the lever loading arm (part 
23) is level. For pneumatic loading systems, turn the yoke 
adjustment screw until it is fairly tight against the recess 
in the load transfer plate. If there is no yoke adjustment 
screw then place a ball bearing of appropriate size in the 
recess in the load transfer plate and adjust the yoke so 
it is snug against the ball bearing. 

12.9 Apply a 1/2 to 2 lbf/in2 (3.5 to 14 kPa) pressure 
(seating pressure) on the specimen and make certain that 
all components of the loading system are properly seated 
and aligned. Ensure the top porous plate and load transfer 
plate are aligned so their movement into the shear box 
will not be inhibited. 

12.10 Center the reversing switch control bar (part 
10) between the reversing microswitches (part 9). 

12.11 Put a vertical displacement measurement 
device-such as a dial gauge or LVDT-in place. Position 
it so it bears on the top of the yoke adjustment screw. 

12.12 Adjust the vertical displacement measurement 
device until an initial zero reading is obtained (see note 6). 

12.13 Check the entire apparatus to ensure that the 
equipment is properly aligned, seated, zeroed, etc. 

NOfE 7.-If a computer is used, initialize ir. This entails 
ensuring chat rhe storage registers are empty. If they are not, 
old data should be purged. Howev.er, make sure a permanent 
copy of rhe old data is available before purging. 

12. 14 If required, fill the shear box bowl with distilled 
water and keep it full for the duration of the test. 

NOfE 8.-If a com purer is used, execute rhe necessary keystrokes 
to enter the specimen physical properties and ocher specimen 
dara as required. 

13. Conditioning 

13.1 Specimens should be prepared in a controlled 
humidity room to minimize excessive moisture gain or loss. 

13.2 Prior to testing, the sample should be stored in 
such a manner as to prevent: (a) contamination with other 
matter, (b) loss of soil, (c) loss of moisture, or (d) loss 
of identification. 

13.3 If water is added to the soil sample to bring it 
to a specified moisture content, the wetted soil should be 
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placed in an airtight container for approximately 16 hours 
prior to compacting a test specimen. 

14. Procedure 

14.1 All data are to be recorded on rhe "Direct Shear 
Testing" form as shown on figure 8 (data sheet 2a). 

14.2 Consolidation: 
14.2.1 Calculate and record the normal load required 

to achieve rhe required normal stress. Apply the required 
normal stress, or increment thereof, by adding the necessary 
masses to the hanger or by adjusting the pneumatic pressure 
regulator so the necessary norma·J stress is achieved (see 
subpar. 15.1.3). Always begin with the lowest normal stress 
and proceed to the highest. 

NOfE 9.-The normal stress applied to the specimen depends 
upon rhe information required. Application of rhe normal stress 
in one increment may be appropriate for relatively firm soils. 
For relatively soft soils, however, several increments may be 
necessa ry to prevent damage to the specimen. The initial 
increment depends upon the strength and sensitivity of the soil. 
The normal stress should nor be so large as ro squeeze the soil 
out of the gap between rhe shear box halves. 

14.2.2 Allow rhe specimen to drain and consolidate 
under the desired normal stress, or increment thereof, until 
the specimen is in a well-defined stage of secondary 
consolidation. A computer can be used ro automatically 
record rime and vertical displacement readings ; otherwise, 
manually record readings (fig. 8). 

14.2.2.1 Refer to USBR 5700 for guidelines on 
determining stages of primary consolidation and secondary 
consolidation. 

14.2.2.2 
root of time ro 
occurred (fig 9) . 

Plot vertical displacement versus square 
confirm that primary consolidation has 

14.2.3 After the specimen has consolidated, turn the 
gap screws clockwise until they contact the bottom half 
of the shear box. Remove the alignment screws (if water 
starts to drain out, plug rhe holes with Plasticine or clay) 
and turn the gap screws one-half turn (for screws with 
20 threads/ inch) clockwise, which lifts the top half of the 
shear box 0.025 inch (0.64 mm) . 

14.2.4 Turn the gap screws counterclockwise 
(outward) four full turns. 

14.3 Shearing Procedure: 
14.3. l If a computer was used to obtain and record 

consolidation readings, reinitialize it (see note 7) . 
14.3.2 Set the desired horizontal displacement rate. 

14.3.2.l For some types of apparatus, the displace­
ment rate is achieved using combinations of gear wheels 
and gear lever position as shown on figure 10a. For other 
types, the displacement rate is achieved by turning a control 
knob on an electronic control box to the desired position 
as shown on figure 10b. 

14.3.3 Ser the reading interval on the computer or 
other recording device to the reading interval specified. 

14.3.3.1 The reading interval depends on the dis­
placement rate. For a displacement rare of 0.005 in/min, 
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SAMPLE NO. 

SPECIMEN DIMENSION 

DISPLACEMENT RATE 

TESTED BY 

!READING 
NO. D

0

ATE 

1989 
., 

I 4/1 09 

2 4/1 09 

3 4/1 09 

4 4/1 09 

5 4/1 09 

6 4/1 09 

7 4/1 10 

8 4/1 10 

9 4/1 10 

10 4/1 10 

Touch 

II 4/1 II 

12 4/1 12 

13 4/1 13 

14 4/1 14 

15 4/1 14 

16 4/1 15 

17 4/1 16 

18 4/1 16 

19 4/1 20 

REMARKS: 

I 
Example 

2 X 2 XI 

0 .0005 

DATE 

TIME ELAPSED TIME 

min . min 

54 51 0.0 

55 21 0.5 

55 51 1.0 

56 51 2.0 

57 51 3.0 

58 51 4 .0 

04 51 10.0 

14 51 20.0 

34 51 40.0 

54 51 60.0 

58 51 0 

42 52 44.0 

26 52 88.0 

10 52 132.0 

54 52 176.0 

38 52 220.0 

22 52 264.0 

44 52 286.0 

12 52 494.0 

DIRECT SHEAR TESTING - DATA SHEET 2a 
j .,..,, ...... USBR El'.!H!2 DIRECT SHEAR AND REPEATED DIRECT SHEAR 

SP~CIMEN NO. Exomele TEST TYPE: 0 DIRECT C8l REPEATED D SLIDING FRICTION MACHINE NO. 3 

18];. O,m SPECIMEN AREA 4.0 [81 in2 O,m2 NOMINAL NORMAL STRESS 12 . 5 1811bl/in2 o, .. 
[81 in/min O cm/min LOAD CELL FACTOR 1. 000 1811011v ON/V LVOT FACTOR 

1.000 181 ;n,v Omm/V 

COMPUTED BY DATE CHECKED BY DATE 

-
VERTICAL DISPLACEMENT NORMAL FORCE HORIZONTAL DISPLACEMENT CUMULATIVE RELATIVE SHEAR FORCE NOMINAL 

DISPLACEMENT 
REA DI NC DISPLACEMENT READING FORCE READING DISPLACEMENT CHANGE HORIZONTAL LATERAL READING FORCE SHEAR STRESS 

L)ISPLACEMENT DISPLACEMENT 

V [811n 0mm V 181101 ON V 181 in 0mm ~ in 0mm ~ in 0mm " V 181101 ON (81ibt/in 2 0 lo.Pa 

0.000 0 .000 50.0 50.0 - 0.021 -0 .021 0.000 0.000 0 .000 0 .0 0.0 0.000 

0.010 0.010 50.0 50.0 -0.021 -0 .021 0 .000 0.000 0 .00 0 .0 0 .0 0 .000 

0.015 0 .015 50.0 50.0 -0.021 -0.021 0.000 0.000 0.00 0 .0 0.0 0.000 

0 .020 0 .020 50.0 50.0 -0.021 -0 .021 0 .000 0.000 0 .00 0 .0 0 .0 0.000 

0.025 0.025 50.0 50.0 -0.021 -0 .021 0.000 0.000 0.00 0.0 0 .0 0.000 

0.027 0 .027 50.0 50.0 -0.021 -0 .021 0 .000 0.000 0.00 0.0 0.0 0.000 

0.029 0 .029 50.0 50.0 - 0 .021 -0 .021 0 .000 0 .000 0.00 0.0 0.0 0.000 

0.029 0.029 50.0 50.0 -0 .021 -0.021 0.000 0.000 0 .00 0.0 0 .0 0.000 

0 .030 0.030 50.0 50.0 -0 .021 -0.021 0 .000 0 .000 0.00 0 .0 0.0 0.000 

0.030 0.030 50.0 50.0 -0.021 -0 .021 0.000 0.000 0.00 0.0 0.0 0.000 

0.030 0 .030 50.0 50.0 -0 .021 -0 .021 0 .000 0.000 0 .00 -21.2 -21. 2 -5.300 

0.030 0 .030 50.0 50.0 -0.041 -0 .041 0.020 0.020 1.00 -21.5 -21.5 -5.375 

0 .030 0 .030 50.0 50.0 -0.062 -0 .062 0.021 0.041 2 .05 -22.2 -22. 2 • 5. 550 

0.030 0 030 50.0 50.0 -0.082 -0.082 0.020 0.061 3.05 -22.5 -22.5 -5.625 

0 .030 0 .030 50.0 50.0 -0 .102 -0 .102 0 .020 0 .081 4 .05 -22.8 -22 .8 -5 .700 

0.030 0 .030 50.0 50.0 -0 .123 -0 . 123 0 .021 0.102 5.10 -23.4 -23.4 • 5. 850 

0.030 0.030 50.0 50.0 -0.143 -0.143 0 .020 0.122 6.10 -23.9 -23.9 · -5.975 

0 .030 0.030 50.0 50 .0 -0.154 -0 .154 0 .011 0.133 7 .20 -25.1 -25.1 -6.275 

0.030 0.030 50.0 50.0 -0.143 -0.143 0.011 0.144 8.20 23.8 23.8 5.950 

GPQe:,o •1~ 

Figure 8. - Direct shear testing-data sheet 2a-example. 
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Effective Normal Stress - 12.5 lbf/in2 

0 .000 

c:: 0.005 

...., 
c:: 0 .010 
Q,) 

8 
Q,) 

<.> 0.015 
('(l -0. 
ifJ ...... 0020 Q 

('(l 
<.> ...., 0025 
s... 
Q,) 

> 
0 030 

\ 
0 

\ 
0 

\ 
0 

\ 
0 

"' 0-----

Sample No . Example 
Specimen Area: 4.00 in2 
Displacement Rate: .0005 in/min 

~rq~~~m~~rt:z;~ 2%0 
X ~j~~n~rt;1~~~:: 2 lo/. 

Classification: CH Specific Gravity: 2.44 
Test Dale: 4-1-89 

o-----o 

0 035 +--------+----- ---!-----------+----------< 
0 2 4 6 8 

Square Root of Time - Vmi~ 

Figure 9. - Vertical displacement versus squa re root of rime plot-example. 

cake readings every 5 minutes . For 0.0005 in/ min, take 
readings every 30 minutes or as specified by the responsible 
engineer. 

14.3.4 Read and record the time of each reading, 
the horizontal and vertical displacements, and the shear 
force. Record a reading at the midpoint of the shearing 
cyde; i.e., when the shear box halves are vertically aligned, 
and at each reversal of the direction of travel of the shear 
box. If a computer is used for data acquisition, execute 
the necessary keystrokes on the computer terminal so the 
computer starts recording the required readings. Ensure 
that an initial reading set is taken for use as initial values. 
If a computer is not available, manually record the 
prescribed readings as shown on figure 8. 

14.3.5 Start the apparatus to begin shearing. 
14.3.6 As shearing proceeds, calculate and record the 

cumulative horizontal displacement and the nominal shear 
stress as shown on data sheet 2a (fig. 8) . 

NOfE 10.-If automatic data acquisition equipment is used to 
record readings, the cumulative horizontal displacement may also 
be calculated by multiplying the number of readings by the reading 
interval, provided that the reading interval remains constant 
throughout the test. 

14.3.6.1 When the shear stress is fairly constant 
and sufficient horizontal displacement has occurred to form 
a fully developed failure surface, the soil is in a residual 
strength state. The process may require several reversals 
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of the moving shear box half to reach this srate. The moving 
shear box half is automatically reversed by a microswitch 
after a predetermined displacement (about 0.15 in) has 
occurred. 

14.3.7 Check the spacing between the shear box 
halves at least once a day, preferably just after the specimen 
has gone through the zero displacement point (i.e., the 
point at which the top and bottom halves are aligned). 
Do not readjust the spacing between shear box halves just 
before or when the specimen is at the zero displacement 
point. 

14.3.7.1 As material is worn away in the zone 
of shearing, the gap between the shear box halves will 
be reduced. Reduction in the gap may cause an increase 
in the measured shear force. Because of the smaller gap, 
the gap screws will come in contact with the lower half 
of the shear box in less than four clockwise turns. Therefore, 
to maintain the required gap between shear box halves, 
turn the gap screws four turns clockwise to widen the 
gap, and then retrace the screws by turning chem four 
full turns counterclockwise so they do not touch the ocher 
half of the shear box. 

14.3.8 After the soil is in a well-defined residual 
strength state (or as instructed by the responsible engineer), 
stop the apparatus, and manually realign the shear box 
halves with the handwheel (fig. 1, part 11). Do not remove 
the normal stress. 

14.3.9 Replace the alignment screws and tighten 
them until the shear box halves are together. Apply the 
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(a) Gear wheel combination for controlling rhe 
displacement rare. 

(b) Electronic control box for controlling the displacement rate. 

Figure l.O. - Displacement rate control. 

next higher load (normal stress) and follow the consoli­
dation and shearing procedures outlined in subparagraphs 
14.2 and 14.3, respectively. 

14.4 Concluding che Tesc Program: 
14.4.1 After a ll of the specified normal stresses have 

been appl ied and al l data have been recorded, turn off 
the motor. 

14.4.2 Realign the shear box halves with the 
haodwheel. 

14.4.3 
14.4.4 

bowl. 

Remove the normal stress from the specimen. 
Remove the shear box from the shear box 

14.4.5 Separate the shear box halves with a sliding 
motion parallel to the failure plane. Do not pull the shear 
box halves apart perpendicularly to the fai lure surface. 
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14.4.6 Photograph the fai lure surface. 
14.4.7 Remove the specimen from the shear box 

and determine the moisture content of the entire specimen 
in accordance with USBR 5300. Record on data sheet 1 
(fig. 4) as Moisture concent, final (spec.). 

14.4.8 Thoroughly clean all apparatus surfaces that 
came in contact with the test specimen. 

14.4.9 Make note of anything unusual observed 
dur ing the test program. 

14.4.10 Calculate the nominal shear stress and cumu­
lative horizontal d isplacement. For each nominal shear 
stress, prepare plots of (1) nominal shear stress versus 
cumu lative horizontal displacement (fig. 11 ), (2 ) nominal 
shear stress versus cyclic horizontal displacement (fig. 12), 
and (3 ) vertica l displacement versus cumu lative horizontal 
disp lacement (fig. 13) . For each test, prepare a plot of 
nominal residual shear stress versus normal stress (fig. 
14). Residual shear stress is se lected as the minimum 
nominal shear stress at zero disp lacement on any cycle. 

15. Calculations 

15.1 Equations for obtaining required calcu lations 
follow. They can be incorporated either into a computer 
program for automated analysis or can be appl ied manually. 

15.1.1 Relative latera l disp lacement of the test 
specimen 1s: 

Ar= 

where: 

Ac X 100 
L 

Ar relative lateral displacement, % 
Ac cumu lative horizontal d isplacement, in 
L length of specimen, in (or diameter if round 

spec imens are used) 
100 convert decimal to percent 

(2) 

15.1.2 Residual shear stress is computed from the 
nominal residual shear stress recorded when the soil is 
in a residual strength state. Nominal residua l shear stress, 
Tr, acting on the specimen at zero disp lacement is: 

F 
Tr= A 

where: 
Tr = nominal residual shear stress, lbf/ io2 

F = shear force, !bf 

(3) 

A = nominal area of the failure surface calculated 
from original specimen dimensions, io 2 (For 
example, 4 in2 for 2- by 2-io specimens. ) 

15 .1. 3 Normal stress, a , act ing on the specimen is: 

w 
a= -

A 
(4) 

where: 
a = normal stress, lbf/ io2 

W = vertical (normal) force acting on the specimen ; 
lbf equa l to Cn M (assume lbm = lbf) 

Cn lever loading arm constant, or, for the pneumatic 
loading device, Cn = 1.0 

m hanger mass, lbm 
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Effective Normal Stress - 12.5 )bf/ in2 
8--------------------------------------~ 
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• Average reading 
<> Mid stroke reading 
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~~~f~e~0A~xa~~~ in2 
Displacement Rate: .0005 

ti'qeutcFu~rtz;g ;o X ~-l~~~~~t:f~~~~: 21 % 
Classification: CH Specific Gravity: 2 .44 
Tesl Dale: 4-1-89 
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Figure 11. - Nominal shear stress versus cumulative horizontal displacement plot-example. 

Effective Normal Stress - 12.5 lbf/in2 
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Sample No. Example 
Specimen Area: 4 .00 in2 
Displacement Rate: .0005 in / min 

ti'Q~~~mu~r~~;g \ 0 
X ii~~~~~t;~~~~~: 217. 

Classification: CH Specific Gravity: 2 .44 
Test Dale: 4-1-89 
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Cyclic Horizontal Displacement - 1n . 

Figure 12. - Nominal shear stress versus cyclic horizonta l displacement plot-example. 
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Figure 13. - Vertical displacement versus cumulative horizontal displacement plor-example. 

100 ~--------------------, = absolute value of the change between two 
consecutive horizontal displacement readings 

= difference in consecutive horizontal displace­
ment readings 80 

60 

40 

0 

Sample No. Example 
Specimen Area: 4.00 in2 
Displacement Rate: .0005 in/min 
Specimen Size: 2.0 x 2.0 inch square 
Liquid Li mil: 79 :r. Plasticity Index: 2 I :r. 
Classilicalion: CH Specilic Gravity: 2 .44 
Tesl Dale: 4-1-69 

Nominal 
Residual 
Shear 
Stress 

Normal 
Stress 
(lbl/in2) 

13 
25 
50 

100 

(lbl/in2) 

6.0 
6.4 

16.2 
27.9 

Residual Shear Strength 

c = 2 .6 lb! /in2 

,p = 14 .3 degrees 

20 40 60 80 100 

Normal Stress - lbf/in2 

Figure 14. - Nominal residual shear stress versus normal stress 
plot-example. 

d; 
d; - I 

current horizontal dislacement reading 
previous horizontal displacement reading 

15.1.5 The residual angle of internal friction, <Pr, is 
determined from the slope of the best-fit straight line 
relating nominal residual shear stress ·ro normal stress 
(fig. 14). 

15.1.6 The residual cohesion intercept, Cr, is the 
nominal shear stress intercept of the line relating nominal 
residual shear stress to normal stress (fig. 14). 

16. Report 

16. l The report is to consist of the completed and 
checked "Direct Shear Testing" data sheers (figs. 4 and 
8), with data plots as shown on figures 9, and 11 through 14. 

16.2 All data are to show a checkmark and all plotting 
must be checked. 

15.1.4 Cumulative horizontal displacement is the 
sum of the absolute value of the difference (change) 
between two consecutive horizontal displacement readings 
expressed by: 

17. Background References 

Townsend, Frank C., and Paul A. Gilbert, Engineering 
Properries of Clay Shales, Report 2: Residual Shear 
Strength and Classificarion Indexes of Clay Shales, U.S. 
Army Corps of Engineers Waterways Experiment Station, 
Vicksburg, Mississippi, August 1974. 

n n 

l l (5) 
i= I ; = l 

where: 
n 

l 
i=l 

= summation of horizontal displacement readings 
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Annual Book of ASTM Standards, Part 19-Narural 
Building Stones; Soil and Rock, American Society for 
Testing and Materials, Philadelphia, Pennsylvania, 1982. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5730-89 
PROCEDURE FOR 

PERFORMING ROT A TIONAL SHEAR TESTING OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Georechnical Services Branch, code D-3 760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5730. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the residual shear strength of clay and clay­
shale using a rotational (torsional) shear apparatus. 

1.2 Slurried specimens of soil which pass the No. 200 
(75 mm) sieve should be used for this procedure. 

1.3 Analyses of results from this test are made assum­
ing that no significant pore pressures develop during 
application of shear stress. Therefore, it is essential that 
test specimens be sheared slowly enough to allow dissi­
pation of excess pore pressure. 

This procedure was written based on equipment used 
in the Geotechnical Services Branch Laboratory at the 
Denver Office. Although this procedure may be applicable 
for other devices, specific operating instructions, as 
furnished by the manufacturer, should be observed. 

2. Auxiliary Tests 

2.1 The test specimen used in this procedure is initially 
prepared as a slurry and is air-dried to a consistency such 
that the resulting soil, when placed in a liquid limit device, 
requires 30 to 35 drops of the liquid limit cup to close 
the groove for 1/2 inch (13 mm) . Refer to USBR 5350 
for guidelines on using the liquid limit device. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1012 Calibrating Balances or Scales 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5 300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
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USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5 365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5700 Determining the One-Dimensional Consoli­
dation Properties of Soil (Incremental Stress) 

3.2 ASTM Standards: 
D 422 Particle Size Analysis of Soils 
D 4318 Liquid Limit, Plastic Limit, and Plasticity Index 
of Soils 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 A ring-shaped specimen of slurried clay or clay 
shale is consolidated at a given normal stress and is sheared 
by rotation. The force resisting rotation is measured. This 
force and the normal stress are used to determine the 
residual shear strength of soil. The vertical displacement 
is measured to monitor specimen volume change. 

5. Significance and Use 

5.1 Residual shear strength is a property of a clay that 
is used to evaluate the potential for progressive (gradual 
loss of strength) slope failure. 

5.2 Residual shear strength represents the resistance 
tO shear along a fully developed failure surface. 

5.3 In some cases, the residual shear strength value 
rather than the laboratory peak strength value of a material 
is used for design of a structure. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Nominal Shear Stress.-The shear stress com­

puted using the cross-sectional area of the shear box. 
6.2.2 Residual Shear Stress, Tr.-The shear stress a 

material can sustain while undergoing continuous deforma­
tion at a constant normal stress. 

6.2.3 Residual Angle of Internal Friction, </>r.-The 
slope of rhe line relating nominal residual shear stress 
to normal stress. expressed in degrees. 
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1. Data acquisition center 
2. LVDT core 
) . LVDT body 
4. Load cell 
5. Large diameter nuts 
6._ Top plate 
7. Load cell thrust arm 
8. Shearing unit turntable 
9. Consolidatiqn LVDT arm 
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0 0 

10. Adjustable horizontal restraining arm 
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11. Yoke adjustment screw 
12. Top bar of loading yoke 
1 ). Loading yoke 
14. Loading yoke pivot 
15. Lever loading arm 
16. Load hanger 
17. Masses 
18. Gear change lever 
19. Control panel 
20. Beam jack 

Figure I. - Rotational shearing unit. 
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6.2.4 Residual Cohesion, Cr .-The nominal shear 
stress intercept at zero normal stress of a line relating 
nominal residual shear stress to normal stress, expressed 
in lbf/in2• 

6.2.5 Residual Strength State .-The state of a soil 
when the shear stress has decreased to a constant value 
and is independent of displacement under a given normal 
stress. 

6.2.6 Couple.-A pair of equal, parallel forces acting 
in opposite directions and tending to produce rotation. 

6.2.7 Couple Distance.-The perpendicular distance 
between the forces of a couple. 

6.2.8 Seating Pressure.-A pressure, usually about 
1/2 to 2 lbf/in2 (2 to 7 kPa), placed on a specimen to 
firmly seat all parts of the testing apparatus. 

7. Apparatus 

7.1 General Apparatus: 
7 .1.1 Balance or Scale.-Typical 

used for this designation are: 
balances or scales 

Application Readable to 
Moisture content 0.1 g 
Initial dry unit weight 1 g 

Approximate capacity 
1000 g 
4000 g 

7.1.2 Stirring Apparatus.-Electric mixing machine 
with a special dispersion cup conforming to the require­
ments of ASTM D 422. 

7.1.3 Liquid Limit Device.-Casagrande type, with a 
groving tool conforming to the requirements of ASTM 
D 4318. 

7.1.4 S1eve.-U.S.A. Standard series No. 200 (75 mm) 
sieve conforming to the requirements of ASTM E 11. 

7.1.5 Force Measuring Devices .-Load cells, used to 
measure normal forces or couple forces, must be accurate 
to at least 0.25 percent of full scale. 

7.1.6 Automatic Data Acquisition and Reduction 
System.-Any automatic data acquisition and/or reduction 
must be performed using a system (computer) capable of 
maintaining the accuracy of the measuring device(s) . 

7.1.7 Time Measurement.-Timing devices readable 
to 1 second are to be used to measured elapsed time. 

7.1.8 Miscellaneous Eqwpment.-Equipment for 
remolding the specimens, including distilled water, spatula, 
grooving tools, knives, and straightedge. 

7.2 Eqwpment Unique to This Procedure : 
7.2.1 Shearing Unit.-The shearing unit (fig. 1) 

consists of a turntable (fig. 2, part 1), lower platen (fig. 
2, part 2), inner confining disk (fig. 2, part 5), outer 
confining ring (fig. 2, part 4), upper platen (fig. 3, part 
3), thrust bearing (fig. 3, part 6), moment transfer plate 
(fig. 3, part 4), and top plate (fig. 4, part 3 ). 

7.2.1.1 The soil specimen is sheared by rotating 
the turntable which is attached to the lower platen. The 
upper platen and moment transfer plate are held fixed. 
The moment transfer plate contains a thrust bearing (fig. 
3, part 6) which allows the wings of the moment transfer 
plate to activate two load cells (fig. 4, part 4). The load 
cells are clamped in place by carefully tightening large 
diameter nuts (fig. 4, part 5). The top plate is prevented 
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from rotating by two adjustable horizontal restraining arms 
(fig. 5, part 4) . The restraining arms have vertical bearings 
that allow the top plate to move vertically as the soil 
specimen consolidates. 

7.2.1.2 The specimen is confined vertically by the 
rotating lower platen and the stationary upper platen. Each 
platen contains a porous disk which is in direct contact 
with the specimen. 

7.2.1.3 The specimen is confined laterally by the 
inner confining disk (fig. 2, part 5) and the outer confining 
ring (fig 2, part 4) . Both are made of Teflon to reduce 
friction . 

7 .2.1.3. l The inner confining disk, forms the 
inner confining boundary for the specimen. Three sliding 
Teflon legs are fitted into the bottom of the disk. The 
height of the inner confining disk is adjusted by turning 
three screws which push the Teflon legs down. The outer 
confining ring forms the outer confining boundary for the 
specimen. It is attached to the turntable by three vertical 
pins which run from the turntable to holes in the bottom 
of the confining ring. The vertical pins go partially through 
the turntable and rest on beveled, horizontal support 
screws. The heights of the vertical pins are controlled by 
turning the horizontal support screws in or out (subpar. 
10.2_. 2) . When the inner confining disk an_d the outer 
confining ring are in position and extend the correct 
distance above the lower platen, the remolded specimen 
may be placed in the space between the inner confining 
disk and the outer confining ring. Once the specimen has 
been placed, the three screws in the inner confining disk 
are removed. Adhesion between the disk and the specimen 
holds the disk in place. 

7.2.1.4 Porous disks made of sintered stainless 
steel, brass, or other metal that are not susceptible to 
corrosion from soil substances or moisture. 

7.2.1.5 A Plexiglas collar fits over the turntable 
and is sealed by an 0-ring forming a reservoir around 
the soil specimen. During a test, the reservoir is filled 
with distilled water to prevent the soil specimen from 
drying. 

7.2.2 Normal Loading Dev1ce.-Normal stress is 
applied by a lever loading system capable of maintaining 
the normal stress to within ±1 percent of the specified 
normal stress throughout the test. 

7.2.3 Torque Application.-Torque is applied to the 
turntable (and lower platen) through a series of gears 
(fig. 6). The testing apparatus must be capable of producing 
several different turntable rotation rates, which range from 
approximately 0.024 to 60 ° /min (table 1). 

Table 1. - Turntable rotation rate in degrees per minute. 

Gear lever Drive gear/pickup gear ratio 
position 60/30 54/36 45/45 36/54 30/60 

Degrees per minute 

A 60.0 45.0 30.0 20.0 15.0 
B 12.0 9.00 6.00 4.00 3.00 
C 2.40 1.80 l.20 0.800 0.600 
D 0.480 0.360 0.240 0.160 0.120 
E 0.096 0.072 0.048 0.032 0.024 
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1. Shearing unit turntable with 
Plexiglas collar in place 

2. Lower platen 
3. Porous disk 
4. Outer confining disk 
5. Inner confining disk 
6. Height adjustment screws 

Figure 2. - Exploded view of shearing unit. 

7.2.4 Vertical Deformation Measurement.-Changes 
in height of the specimen are determined using a dial gage 
or LVDT (linear variable differential transducer), accurate 
to 0.001 inch (0.025 mm). 

8. Reagents and Materials 

8.1 Distilled water is to be used whenever water 1s 
required in this procedure. 

9. Precautions 

9.l Technical precautions.-Unless the porous disks are 
cleaned frequently they may become clogged by soil particles 
and impede water flow into or out the specimen. 

10. Sampling, Test Specimens, and Test Units 

10.l Specimen Preparation: 
10.1.1 Put about 500 mL of distilled water m a 

porcelain dish. 
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1. Shearing unit turntable 
2. Clamp nuts for securing lower platen 
3. Upper platen with porous disk 
4. Moment transfer plate 
5. Thrust plate 
6. Thrust bearing 

Figure 3. - Exploded view of moment transfer plate. 

10.1.2 Mix 300 to 500 grams of soil into the distilled 
water, and let the soil-water mixture stand for a minimum 
of 24 hours. 

10.1.3 Place the mixture of soil and water in the 
special dispersion cup of the stirring device (ASTM D 422). 

10.1.4 Stir the mixture for 10 minutes. Attach a No. 
200 (75 mm) sieve to a pan and pour the slurry through 
the sieve. 

10.1.5 Air-dry the minus No. 200 sieve size material 
retained in the pan so that the resulting soil, when placed 
in the liquid limit device (USBR 5350), requires 30 to 

35 drops of the liquid limit cup to close the groove cut 
by the grooving tool for a distance of 1/2 inch (13 mm). 

10.2 Specimen Placement: 
10.2.1 Measure and record to the nearest 0.001 inch 

the inner diameter of the outer confining ring and the 
outer diameter of the inner confining disk (fig. 7). These 
measurements are the outer and inner diameters of the 
specimen, respectively. Measure and record to the nearest 
0.001 inch the couple distance (distance between the load 
cells). Determine and record the mass of the top plate 
to the nearest 0.1 lbm. 
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l. Shearing unit turntable 
2. Moment transfer plate 
3. Top plate 
4. Load cell 
5. Large diameter nut 

Figure 4. - Top plate placement onro the sheari ng unit turntable. 

1. Shearing unit turntab le 6. Top bar of load ing yoke 
2. Top plate 7. Yoke adjustment screw 
3. Load cell 8. Horizontal support screw 
4. Adjustable horizontal 9. Consolidation LVDT arm 

restraining arm LO. LVDT 
5. Loading yoke 

Figure 5. - Assembled shearing apparatus. 

10.2.2 Adjust the height of the inner confining disk 
to 0.190 inch ( 4.83 mm) above the porous disk in the 
lower platen by turning the three horizontal screws so 
the three Teflon legs move in or out as required (fig. 8). 
This adjustment determines the specimen thickness. 
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Figure 6. - The gears can be changed and the gear lever (top of pinure) 
can be moved to produce severa l different rotation rates. 

Figure 7. - The outer confin ing ring, lower platen, and inner confining 
disk from left to right. 

10.2.3 Adjust the he ight of the outer confining ring 
(fig. 9) to 0.130 inch (3.30 mm) above the porous disk 
in the lower platen by moving the three beveled hor izontal 
screws (the three support pins that support the outer 
confining ring rest on the hor izonta l beveled screws) in 
the turntable in or out as required. 

I 0.2.4 Moisten the porous disk in the lower platen 
with distilled water. 

10.2.5 Place the specimen (as prepared in subpar. 
10.1) in the space between the inner confining disk and 
the outer confining ring (fig. 10). To place the specimen, 
it is best to use a flexible instrument, such as a spatula, 
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Figure 8. - Height of the inner confining disk is 
conrrolled by turning the three screws in it. 

that will fit between the disk and ring. Special care must 
be taken to ensure that voids do not exist anywhere in 
the specimen. 

10.2.6 Level the top surface of the specimen with 
a stiff straightedge (fig. 11) using the top of the outer 
confining ring as a guide. 

10.2.7 Clean the surface of the outer confining ring 
(fig. 12) . 

10.2.8 Clean the top of the inner confining disk while 
being careful not to disturb the specimen. 

10.2.9 Remove the three screws from the inner 
confining disk. 

11. Calibration and Standardization 

11.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 

11.2 Calibrate the normal loading device annually by 
loading a calibrated load cell placed in the shear box. 

11.2.1 If a lever loading yoke is used, the vertical 
force recorded by the load cell is: 
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where: 

Figure 9. - The heigh t of the oute r confining ring is 
concro lled by three screws in the lower platen. The 
heads of two (a rrows) are visible in this view. 

W = vertical force, !bf (assume 1 lbm = 1 !bf) 
Cn lever loading arm constant, usually 10.0* 
m hanger mass, lbm 

mp top plate mass, lbm 

(1) 

* If Cn is not equal to 10.0, calculate a new constant 
W-me by the relation Cn = --~ after ensuring that the 

m 
load cell is properly calibrated. 

11.2.2 If a pneumatic loading device is used, Wis 
the vertical force which corresponds to the reading on 
a calibrated pressure gauge (fig. 13). 

11.2.2.1 If the force recorded by the load cell does 
not equal the force determined by the pressure gauge plus 
the top plate mass then either the load cell or the pressure 
gauge, or both, may need recalibration. 

12. Preparation of Apparatus 

12.1 Set the apparatus to the specified turntable 
rotation rate by using the appropriate gears and gear lever 
position (table 1). 

12.2 Place the Plexiglas collar in position and push 
it down over the O-ring in the turntable. 
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Figure LO. - Notched spatu la used ro place specimen. 

l 2.3 Place the lower platen containing the soil speci­
men over the lubricated centering pin. (A small amount 
of lightweight oil is sufficient for lubrication.) Fix the 
turntable in place by righrening the nuts on rhe clamp 
screws (fig. 14). 

12.4 Moisten the porous disk contained in rhe upper 
platen with distilled water. Carefully place the upper platen 
(fig. 15) and the moment transfer plate (containing rhe 
thrust bearing) on the specimen (fig. 16). Place the thrust 
plate over the thrust bearings. 

12.S Align the wings of the moment transfer plate 
parallel to the horizontal restraining arms. 

12.6 Slide rhe top plate into position over the wings 
of the moment transfer plate so that rhe top plate is seared 
on the thrust bearing of the moment transfer plate and 
rhe pointer on the moment transfer plate lines up with 
rhe line engraved in the top plate. Adjust the horizontal 
restraining arms to hold rhe top plate in position. 

12.7 Swing the load ing yoke (fig . 5, part 5) into position 
and ensure that the top bar (fig . 5, part 6) of the loading 
yoke is level. It can be leve led by adjusting the nuts ar 
the base of the load ing yoke. 

12.8 Place a searing stress on the specimen by placing 
a 1-lbm plate on the load hanger unless a normal stress 
of less than 10 lbf/ in2 is required, then place a 0.1- lbm 
plate on the hanger. 

12.9 Adjust the load cells in the top plate so that both 
are just touching rhe moment transfer plate wings. 
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Figure 11. - A sr iff straightedge (putty knife) may be used ro leve l the 
surface of the specimen. 

Figure 12. - The surface of the outer confining ring being cleaned with 
a moistened cotton swab. 
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Figure 13. - Ca libration of pneumatic load ing device - exa mple. 

Figure 14. - Lower plate n secured by clamp nu ts (nuts to the left and 
right of the outer con fi n ing ring). 

12.10 Tighten the large diameter nuts on the load cell 
bo lts, ensuring that load is not imposed on the load cells 
and that they are fixed in position. 

12. 10.1 If normal stresses are to be monitored, place 
a load cell in the recess in the top of the top plate. 

12.11 Turn the yoke adjustment screw (fig. 5, part 7) 
unt il it is tight against the recessed nut (o r load cell) in 
the top plate and the lever loading arm ( fig. 1, p art 15) 
is approx imately level. 

12.12 Ensure that the beam jack (fig . l , p art 20) is 
far enough away from the lever arm so that as the specimen 
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Figu re 15. - Uppe r plate n in place ove r the so il specimen. 

consolidates, the leve r arm will no r come in contacc with 
the beam jack. 

12.1 3 Mount an LVDT o r di al ga uge so that it bea rs 
on the yoke adjustment screw (fig. 5, part 7) and adjust 
it so an initial reading is obtained. 

NOfE 1.- If a computer is used to read LVDT values, execute 
the necessa ry keys trokes to display the LVDT values and pos ition 
the LVDT body so that a zero reading is obta ined. 

12.14 Read and record the spec imen height on the 
"DirectShearTesring Specimenlnformarion" form (fig. 17, 
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Figure 16. - Moment transfer plate parallel to horizontal restrai ning arms. 

data sheet 1). This may be performed manually or with 
the computer. 

NOIE 2.-If a computer is used, initialize it. This entails 
ensuring that the storage registers are empty. If they are not, 
old data should be purged. However, make sure a permanent 
copy of the old data is available before purging. 

12.15 Remove the screws in the Plexiglas reservoir. 
Insert a screwdriver through a hole and turn a horizontal 
support screw (fig. 5, part 8) about one-fourth turn so 
that the outer confining ring (fig. 2, part 4) is in its 
uppermost position (fig. 18). Repeat the process for all 
the horizontal support screws. Replace the screws. 

12.16 Fill the Plexiglas reservoir with distilled water 
and keep it full for the remainder of the procedure. 

NOIE 3.-If a computer is used, execute the necessary keystrokes 
to enter specimen physical properties and other specimen data 
as required. 

13. Conditioning 

13.1 Prior to testing, the sample is to be stored to 
prevent contamination with (a) other matter, (b) loss of 
soil, (c) loss of moisture, or (d) loss of identification. 

14. Procedure 

14.1 All data are to be recorded on the "Direct Shear 
Testing (Rotational Shear)" form (fig. 19, data sheet 26). 

14.2 Consolidation: 
14.2.1 Calculate, record, and place the required mass 

on the load hanger to apply the specified normal stress 
on the specimen. If a pneumatic loading device is used, 
increase the pressure to the appropriate gauge reading. 
Always start with the lowest stress and proceed to the 
highest. 

732 

14.2.2 Allow the specimen to drain and consolidate 
until a well-defined stage of secondary consolidation has 
been established. A computer can be used to automatically 
indicate and record time and vertical displacement readings; 
otherwise, observe readings and record by hand on the 
"Direct Shear Testing (Rotational Shear)" form (fig. 19, 
data sheet 26). 

14.2.2.1 Refer to USBR 5700 for guidelines on 
determining stages of primary consolidation and secondary 
consolidation. Figure 20 shows a plot of vertical displace­
ment versus square root of time that is one plot that may 
be used to determine the end of primary consolidation. 

14.3 Shearing: 
14.3.1 Initialize the computer if it is to be used to 

take consolidation readings (see note 2). 
14.3.2 Start the apparatus so that shearing begins. 
14.3.3 Begin taki ng readings either manually 

(fig. 19) or automatically if a computer is used. Record 
the reading number, date, time, vertical displacement, and 
load cell readings. 

14.3.4 As shearing proceeds, the nominal shear 
stress versus the average rotational displacement ( % ) 
relationship should be determined and plotted (fig. 21). 

14.3.4.1 Compute and record on data sheet 26 the 
elapsed time, the average rotational displacement(%), the 
average force, the moment, and the nominal shear stress. 

14.3.4.2 When the slope of the line defining 
nominal shear stress versus average rotational displacement 
( % ) is fairly horizontal, sufficient displacement has 
occurred to form a fully developed failure surface; the soil 
is in the residual state. 

14.3.5 After the soil is in the residual state, or as 
instructed by the responsible engineer, stop shearing the 
specimen. 

14.3.6 Apply the next required normal stress. 
14.3.7 Repeat the consolidation and shearing pro­

cedures (subpars. 14.2 and 14.3) for each required normal 
stress. 

14.4 Concluding the Test Program: 
14.4.1 Turn off the motor after the specified normal 

stresses have been applied and all readings have been 
recorded. 

14.4.2 Remove the normal stress from the specimen. 
14.4.3 Dismantle the shearing apparatus and­

unless otherwise instructed-discard the soil specimen. 
14.4.4 Thoroughly clean all surfaces that came into 

contact with the test specimen. 

15. Calculations 

15.1 Required calculations follow. 
15.1.1 The normal stress, On, acting on the rmg 

shaped specimen is calculated. 

where: 
On = normal stress, [bf/ in2 

W = normal force, [bf (Add the mass of the hanger, 
the mass on the hanger, the mass of the top 
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DIRECT SHEAR TESTING- DATA SHEET 1 
7-2356 (8-86) SPECIMEN INFORMATION Designation USBR ~:§2_ Bureau or Reclamation 

SAMPLE NO. Example PROJECT Example FEATURE Example 

CRILL HOLE DH-I43 LOCATION DEPTH 3. 8 - 5. 8 00 ft Om 

TEST TYPE: □ DIRECT SHEAR □ REPEATED DIRECT SHEAR 00 ROTATIONAL SHEAR 

TESTED BY DATE COMPUTED BY DATE ___ CHECKED BY DATE 

SPECIMEN DATA 

SPECIMEN NO. Example SPECIMEN DIMENSIONS 2.794{0.D) 1.948( 1.D.l 1X1 in 0mm 

SPECIMEN TYPE: □ COMPACTED SLIDING SURFACE: □ INTACT 

□ LIN DISTURBED □ PRECUT 

00 SLURRIED 00 OTHER SLURRY 

SOIL CLASSIFICATION SYMBOL CL LIQUID LIMIT 36 ('J(,) 

PERCENT GRAVEL 0 PLASTICITY INDEX 16 ('J(,) 

PERCENT SAND 0 SPECIFIC GRAVITY 2 . 67 
PERCENT FINES 100 SOIL CONSISTENCY (NO. OF BLOWS) 26 

MOISTURE CONTENT DETERMINATION 

INITIAL (TRIMMINGS) FINAL (SPEC.) 

CONTAINER NO. 

MASS OF CONTAINER AND WET SPECIMEN g g 

MASS OF CONTAINER AND ORY SPECIMEN g g 

MASS OF CONTAINER g 9 

MASS OF WATER g g 

MASS OF ORY SPECIMEN g g 

MOISTURE CONTENT 'J(, 'J(, 

INITIAL DRY UNIT WEIGHT DETERMINATION 

MASS OF SHEAR BOX+ COVER PLATES g 

MASS OF SHEAR BOX+ COVER PLATES+ WET SOIL g 

MASS OF WET SOIL g 

MASS OF ORY SOIL= IMASS OF WET SOILl/(1 + INITIAL MOISTURE CONTENT/100) g 

INSIDE AREA OF SHEAR BOX D mm2 D in2 

HEIGHT OF SPECIMEN D mm D in 

VOLUME • (AREA x HEIGHT OF SPECIMEN) D mml D inl 

INITIAL ORY UNIT WEIGHT= tc• x MASS OF DRY SOIL/VOLUME) D kN/m3 D lbf/fiJ 

•For SI metric application, C= .009807. which converts g/mm3 to kN/m3 
For inch.pound application, C=J .810 , which converts g/inJ to lbf/ft3, 

REMARKS: SLURRY SPECIMAN TAKEN FROM DIRECT SHEAR TRIMMINGS. 

Figure 17. - Direct shear testing - data sheet l - specimen information - example. 
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Figure t8. - Turning the horizonta l support screws co cente r the outer 
confining ring on the specimen. 

plate and convert the total to force by 
changing lbm to !bf, assume 1 lbm = 1 !bf.) 

n outside radius of specimen, in 
r1 inside radius of specimen, in 
rr 3.14 

rr (r ; - r~ ) = area of specimen, in2 

15.1.2 The residual shear stress, Tr, acting on the 
ring-shaped specimen when the soil is in the residual state 
is calculated. 

where: 
Tr == 
M = 

M= 

3 M 
Tr 

residual shear stress, lbf/ in2 

moment acting on the specimen 

d(fi + h) in-lbf 
2 

d = couple distance, in 
Ii, f2 = forces of a couple, lbf 

(3) 

15.1.3 The residual angle of internal friction, <f>,., is 
determined from the slope of the best-fit line relating 
residual shear stress to normal stress. It can also be 
determined for specific values of residual shear stress and 
normal stress. 

- I ( Tr) <f>,. = tan -
Un 

where: 
<f>,. = residual angle of internal friction, degree 
T,. = residual shear stress, !bf/ in2 

Un = normal stress, lbf/ in2 
- 1 

tan = arc tangent 

(4) 

15.1.4 The residual cohesion, Cr (lbf/in2) , is the shear 
stress intercept of the best-fit line relating residual shear 
stress to normal stress (figs. 22 and 23 ). 

15.1.5 Average rotational displacement, Ad, in per­
cent of specimen circumference is calculated from the 
angular displacement rate. 
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Adr t F ( r 1 
; r 2 

) 

rr ( d1 +/2) 
(100) 

where: 
Ad = average rorational displacement, % 

Adr = angular displacement rate, 0 /s 
t = elapsed time, s 

(5) 

F = factor to convert from degrees to radians, equals 
( 7r / 180) 0 

n+n . . .. 
--

2
- = average radius of sot! specimen, m 

(d1+d2) . . .. 
rr 

2 
= average orcumference of sot! speetmen, m 

100 = convert from decimal to percent 

16. Report 

16.1 Typical results are shown on figures 17, and 19 
through 23. 

16.2 The report is to include the following: 
• Machine number and top plate mass of apparatus 
(fig. 19). 
• Identification and description of the sample (fig. 17). 
• Initial height and area of the specimen (fig. 19). 
• Normal stress on the specimen (fig. 19). 
• Perpendicular couple distance (fig. 19). 
• Soil consistency, expressed as number of blows 
(fig. 19). 
• All basic test data including displacements, normal 
and shear loads, and specimen thickness changes (fig. 
17 and 19). 
• Vertical displacement verus square root of time 
(fig. 20). 
• Plot of nominal shear stress versus average rotational 
displacement (%) (fig. 21). 
• Plot of residual shear stress versus normal stress, 
and the corresponding residual angle of internal friction 
and residual cohesion (figs. 22 and 23). 
16.3 Any abnormalities, such as loss of material, 

"gritty" soil texture, etc., are to be documented (fig 17). 
16.4 Any departures from the procedure shall be 

documented (fig. 17 or an attached sheet). 
16.5 All data are to show a checkmark and all plotting 

must be checked. 

NOTE 4.-Information concerning the computer program and 
instructions for its use are ava ilable from the Denver Office Soil 
and Rock Testing Section, Code D-3761. 

17. Background References 

La Gatta, D. P., Residual Strength of Clay and Clay-Shales 
by Rotation Shear Tests, Contract Report S-70-5, U.S. Army 
Corps of Engineers Waterways Experiment Station, 
Vicksburg, Mississippi, June 1970. 

Townsend, Frank C., and Paul A. Gilbert, Engineering 
Properties of Clay Shales, Report 2: Residual Shear 
Strength and Classification Indexes of Clay Shales, U.S. 
Army Corps of Engineers Waterways Experiment Station, 
Vicksburg, Mississippi, August 1974. 
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DIRECT SHEAR TESTING . DATA SHEET 2b buruu of IOcl■ m1tion 

ROTATIONAL SHEAR 

&AMPLE NO. Example SPECIMEN No. Example MACHINE NO. I NOMINAL NORMAL STRESS. 25 .0 IX] lbflin2 0 kP1 TOP PL.ATE MASS 9. 3 

INITIAi,. SPECIMEN HEIGHT 0 . 130 00 ;n 0mm SPECIMEN DIMENSION 10 .0 .1 2 . 794 lxJ ;n Dem II .OJ I. 948 l&l ;. O,m 

LOAD CELL FACTOR I lbf/V LVOT FACTOR I [&) in,V O n1m/V COUPLE 01ST ANCE 4 . 3 2 7 l&J ;, 0mm 

TESTED BY DATE COMPUTED BY DATE CHECKED BY 

VERTICAL. 01SP1.ACEMENT NORMAL FORCE SHE AR FORCE 
TIME EI.APSE O TIME 

•VERA.OE ROTATION READING DISPl..-.CEMENT IIEAOING FORCE READING 1 FORCE 1 REA.DING 2 
REA DINO DATE OISPL.ACEM£NT 

NO. 

" l&l 1. 0mm 1&1101 ON 00101 ON "' min . min V V V V 

I 8/31 II 40 27 0 0.00 0.0126 0 .0126 78.8 78.8 13.2 13.2 13.4 

2 8/31 14 41 10 1807 0.01 0.0128 0 .0128 78.8 788 12.5 12.5 14.0 

3 8/31 17 41 10 360.7 0 .03 0 0124 0 .0124 788 78.8 12.0 12.0 13 9 

4 8/31 20 41 10 5407 004 0 .0118 0.0118 78.8 78.8 11 .9 11 .9 141 

5 8/31 23 41 10 720.7 0 .06 0.0114 0 .0114 78.8 78.8 IL7 11.7 13.9 

6 9/1 02 42 10 901.7 007 0.0112 0.0112 78.8 78.8 IL 7 11.7 13.3 

7 9/1 05 42 II 1081.7 008 0 0111 00111 78.8 78 8 11.2 IL 2 13.7 

8 9/1 08 42 41 1262.2 0 .10 0 .0113 0 .0113 78.8 78.8 11.8 11 .8 13.5 

9 9/1 11 42 41 1442.2 0 II 0 0114 0 .0114 78.8 78.8 12.0 12.0 13.4 

10 9/1 14 42 41 1622.2 0.13 0 0119 0.0119 78.8 78.8 12 2 12 2 134 

II 9/1 17 42 41 1802 2 0 .14 00122 0.0122 78.8 78.8 12.2 12.2 13 2 

12 9/1 20 42 41 1982.2 0 .15 0.0129 0.0129 788 788 12.2 12.2 13 I 

13 9/1 23 42 41 2162 .2 0 . 17 00130 0.0130 78.8 788 12.2 12 .2 13 3 

14 9/2 02 43 II 2342.7 0.18 0.0135 00135 78.8 78.8 12.5 12.5 13.2 

15 9/2 05 43 II 2522.7 0.20 0.0166 I 0.0166 78.8 78.8 13.2 13.2 13.2 

16 9/2 08 43 II 27027 021 0 .0170 ! 0 .0170 788 78.8 13 2 13.2 13 1 

17 9/2 II 43 42 28833 0.22 0 .0186 0 .0186 788 78 .8 13 3 13.3 130 

18 9/2 14 43 42 3063.3 0.24 0.0190 0.0190 78.8 78.8 134 134 12 9 

19 9/2 17 43 42 3243.3 0.25 0.0198 0.0198 788 78.6 13 7 13.7 I 10.9 

20 9/2 20 43 42 3423.3 027 00196 00196 78.6 78.8 12.9 12 9 i 115 
• MulUPIV ••r ftfftt by 1o6 10 COf\V'tr( N/mm2 (0 kPe 

REMARJ(S: CONSOL IOATION DATA NOT SHOWN 

Figure 19. - Direcr shear resring - dara sheer 2b - rorarional shear - example. 

I Deup111ion USBR S1Jo.§~ 

l&l lbm D •• SOIL CONSISTENCY INo, of blowtl~ 

SPECIMEN AREA 3. 151 [K) in2 Ocm2 

ROTATIONAL RATE Q. 00028 dflil/mln 

DATE 

NOMINAL. 
MOMENT 

FORCE 2 ~~i;::,,;,';!• SHE AA STRESS 

00101 ON IZl101 ON oo.,.~bl Omm-N 001bf/ln2 o.._,,• 

13.4 13.3 57.55 15 .25 

14.0 13.3 57 .33 15.19 

13.9 13.0 56 03 14 84 

14.1 13.0 56 25 14.90 

13.9 12.8 55 .39 14 .67 

13.3 12.5 54 .09 14.33 

13.7 12 .5 53 .87 14.27 

13.5 12.7 54 .74 14.50 

13.4 12.7 54 .95 14 56 

134 12 8 55 39 14.67 

13.2 12.7 5497 1456 

131 12.7 54 .74 14.50 

13 3 12.8 55 17 14.61 

13.2 12.9 55 .60 14 73 

13 2 . 13.2 57 12 15 13 

13.1 13.2 56 90 1507 

130 132 56.90 15 07 

12 9 13.2 5690 15 07 

10.9 12.3 53.22 14.10 

11 .5 12.2 52 79 1398 

0 .. 0 IIU• 117 

C: 
c:Jl 
0, 
:::0 
\J\ 
--.J 
VJ 
0 
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Figure 20. - Vertical displacement versus square root of time plot 
(normal stress= 25 lbf/in 2 ) - example. 

Figure 2 I. - Nominal shear stress versus average rotational displacement 
(%) plot - example. 
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20 40 60 80 100 
Normal Slress - lbf/in2 

Sample No. Example 

Drill Hole No. Example 

Liquid Limit 36 

Fines 100 % 

Plasticity Index 16 

Sand O % 

Classification CL Specific Gravity 2.67 

Specimen Height 0.125 in 

Outside Diameter 2.794 in 

Inside Diameter 1.948 

Rotation 0.096 deg/min 

Rolalion Rate 0.00028 in/min 

Test Date· 8-31-89 

Residual 
Normal Shear 
Stress Stress 
(lbf/in2) (lbf/,n2) 

25 13.4 
50 22.9 

100 41.3 

Residual Shear Strength 

Cohesion (c) ~ 4.2 lbf/in2 
Angle of Internal 

Friction (<Pr) = 20.4 ° 

Figure 22. - Residual shear stress (average) versus normal stress plot (Feature: rorsional shear) - example 

100 ~--------------------~ 
0 Low Residual Shear Strength 

80 

60 

r:. Average Residual Shear Strength 
• High Residual Shear Strength 

Sample No. Example 

Drill Hole No. Example 

Liquid Limit 36 

Fines 100 % 

Plasticity Index 16 

Sand O % 

Classification CL Specific Gravity 2.67 

Specimen Height 0.125 in 

Outside Diameter 2.794 in 

Inside Diameter 1.948 

Rotation 0.096 deg/min 

Rotation Rate 0.00028 in/min 

Test Dale: 8-31-89 

Low Average High 
40 Residual Residual Residual 

Normal Shear Shear Shear 
Stress Stress Stress Stress 
{lbf/in2) (lbl/in2) {lbl/m2) {lbl/in2) 

20 
25 13.4 14.2 15,3 
50 22.9 24.4 26.4 

100 41.3 42.9 44.3 

Residual Shear Strength 

0-f-----+-----+-----+----+-------! 
0 20 40 60 80 

Low Average High 

Cohesion {c) -lbf/in2 4.2 4.9 6.3 
100 

Normal Slress lbf/in2 
Angle of Internal 

Friction (rpr) - degrees 20.4 20.9 21.0 

Figure 23. - Residual shear stress (average, low, high) versus normal stress plot (Feature: torsional shear) - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5735-89 

DETERMINING INITIAL CAPILLARY PRESSURE OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5735. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining initial capillary pressure of soil by the exposed 
end plate method. Unconfined, partially saturated 
specimens of fine-grained soil are used. The procedure is 
varied for soils having capillary pressures (negative pore 
pressures) greater than five atmospheres (-507 kPa). The 
procedure is nondestructive and is intended to be performed 
on specimens prepared for further testing by other methods 
such as triaxial shear or one-dimensional consolidation. 
The data obtained can be used to supplement results from 
these other tests. 

2. Auxiliary Tests 

2.1 A soil sample may have to be prepared in accord­
ance with USBR 5205 before performing this procedure. 
The specimen must be prepared in accordance with either 
USBR 5210 or 5215, whichever is appropriate, as a part 
of performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1050 Calibrating Pressure Transducers 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
From Undisturbed Samples 

4. Summary of Method 

4.1 A soil specimen is prepared and placed on a 
saturated ceramic end plate inside a chamber. The exposed 
end plate pressure is zero (atmospheric) at the beginning 
of the test and, as required, the chamber pressure is 
increased in increments of 5 lbf/in2 (34 kPa) to maintain 
zero (atmospheric) pressure on the end plate. Immediately 
following placement of the specimen, the capillary pressure 
(negative pore pressure) in the soil acts on the water in 
the ceramic end plate. The specimen is allowed to ace on 
the water in the ceramic end place until the end plate 
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measuring system indicates a value of minus 5 lbf/in2 

(-34 kPa). Then the applied chamber pressure is increased 
by 5 lbf/in2, reducing the end plate pressure once again 
to zero. The negative pore pressure in the soil is again 
allowed to act on the water in the ceramic end plate until 
the measuring system reaches a value of minus 5 lbf/in2• 

The chamber pressure is again increased 5 lbf/ in2 to offset 
the negative pore pressure of the soil. This sequence is 
repeated until the maximum negative pore pressure of 
the soil has been reached. Since the specimen used in this 
test is not compressed, the capillary pressure measured 
is referred to as the "initial capillary pressure." 

5. Significance and Use 

5.1 Since about 193 7, the Bureau of Reclamation has 
measured pore pressure in partially saturated, sealed 
(undrained) specimens. The pore pressure theory utilizing 
Boyle's and Henry's laws in relation to volume change 
was described by Hamilton [l]. 1 The early developments 
and the effective stress concept in Bureau shear testing 
up to 1960 were described by Gibbs, Hilf, Holtz, and Walker 
[2]. Pore pressure was difficult to measure in partially 
saturated soils, and the principles used until that time 
involved primarily the evaluation of pore-air pressure. The 
important developments were the theoretical relationship 
using volume change (and Boyle's and Henry's laws), and 
the application of this relationship as a guide for controlling 
the rate of resting such that measured pore-air pressure 
values would approximately follow computed theoretical 
values until failure of the soil specimen was approached. 

Research was performed to improve the accuracy of these 
measurements as there were many conditions which 
produced erratic results. Furhermore, the pore-water 
pressure and the suction effects of capillary films in 
unsaturated cohesive soil were considered, as they played 
an important role in the cohesive strength of soil. Hilf 
[3] showed the theoretical relationship between pore-air, 
pore-water, and capillary pressures in unsaturated cohesive 
soils, and descriptions of capillary measurement techniques 
were reported by Gibbs and Coffey l4J. 

Results of this research are the basis for this procedure 
which outlines a method for measuring the capillary 

1 Number in brackets refers to the reference. 
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pressure (so il suction or initial negative pore pressure), 
particularly when values are in excess of 1 atmosphere 
( 100 kP a) negat ive. 

6. Terminology 

6. l According to the pore pressure theory incorporated 
in this procedure, the pressure of the pore water, uw, is 
the sum o f the pore-air pressure, ua, and the capillary 
pressure, uc . If the pore a ir is at atmospheric pressure, 
it is considered for the purpose of this procedure to be 
at zero, and the capillary pressure is then the same as 
the pore water pressure. Since the spec ime n used in this 
test is not compressed, the capillary pressure meas ured 
is called the init1~1l rnpillaiy pressure or initial negat ive_ 
pore pressure. This is in contrast to capillary pressures 
measured in enclosed specimens where soil volume changes 
occur as specimens are compressed. 

7. Apparatus 

7.1 Equipment Unique co This Procedure (see fi gs. l 
and 2). 

7. L.J Pressure Chamber.- A chamber designed to 
withstand pressure from an a ir source rared at a maximum 
pressure of 300 lbf/ in 2 (2070 kPa ). A pan for water 
surrounds the baseplate of the chamber. 

7.1.2 End Plate.-An end plate containing a ceramic 
stone which has a bubb ling pressure greater than the 
capillary pressure of the soil being tested . The bubbling 

AIR 
PRESSURE 

OPEN TO ATMOSPHERE 

j / HEAO TANK FOR WATER 

/

• PERFORATED CIRCULAR WEIGHT 

SOIL SPECIMEN 

NO-FLOW PRESSURE CELL 
OR 

PRESSURE TRANSDUCER 

CHAMBER PRESSURE INLETS 

_TQp COVER PLATE 

TIE BOLTS 

NNECTING 
ALVE 

AIR 
SUPPLY 

VACUUM 

AIR 
RE LE ASE 

Figure I. - Test chamber for measu ring nega tive pore pressure by 

the ex posed e nd plate method. 
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Figu re 2. - So il s peci111cn o n ex posed cera mic end pla te. 

pressure is the pressure required to force air through the 
saturated stone and is sometimes called the air-ent1y value 
by ceramic stone manufacturers. The diameter of the 
ceramic stone should be at least 1/4 inch (6 mm) la rger 
than the diameter of the soil specimen. 

7. l. 3 Pressuring Measuring System.-Air and water 
pressures a re measured by pressure transducers connected 
to a multichannel electrical pressure recorder. Transducers 
rared for a working pressure of 300 ]bf/ in2 (2070 kPa) 
and having accuracy and linearity to within ±1 percent 
of full scale a re required. If e lectronic devices are not 
available, appropriate pressure gauges may be used. 

7. l.4 Head Tank. - A tank for water to provide a 
means of keeping the voids in the ceramic stone of the 
end plate and the connecting tubing to the pressure­
measuring device completely filled. 

7. l.5 Tubing and ¼ilves.-It is importa nt that volume 
change between valve A o n the head tank ( fig . 1) and 
the end plate connection, including the branch to the 
pressure-meas uring device, be as sma ll as possible . 
Therefore, valve A should be selected to have the smallest 
possible volume change from open to closed positions; 
the tubing should have a wall thickness sufficient to hold 
total volume change to a max imum of 0.015 in3 (0.25 ml) 
for a 300-lbf/ in2 (2070-kPa) chamber pressure. 

8. Reagents and Materials 

8.1 De-aired water tha t is free of ac ids, alkalies, or 
o ils and is suitable for drinking is to be used whenever 
wa ter is required. 

9 . Precautions 

9.1 Safety Precautions. - Safety g lasses should be worn 
near high pressure air and water lines. 
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9.2 Technical Precautions: 
9.2.1 The cesc area should be procecced from large 

temperature variations for che duration of che cesc. 
9.2.2 The bubbling pressure of che ceramic scone 

should be greater chan che anticipated capillary pressure 
of che soil being tested. 

10. Sampling, Test Specimens, and Test Units 

10.1 This test is nondescruccive and is intended co be 
performed on soil specimens that will be used for further 
testing by other procedures. 

10.2 Sample Preparation-Prepare a represenative soil 
sample in accordance with USBR 5205, if appropriate. 

10.3 Specimen Preparation-Prepare an undisturbed 
specimen in accordance with USBR 5215 or a compacted 
specimen in accordance wich USBR 5210, whichever is 
appropriate. 

_ 11. Calibration and Standardization 

11.1 Verify that pressure transducers used are currently 
calibrated in accordance with USBR 1050. If the calibration 
is not current, perform the calibration before using the 
pressure transducers for chis procedure. 

12. Conditioning 

12.1 The test specimen should be placed-and the test 
performed-as quickly as possible to avoid moisture loss 
of the test specimen that is to be used for further testing 
by ocher procedures. 

13. Procedure 

13.1 Ensure that valve A co the head tank is closed 
and fill the tank with freshly boiled de-aired water. Open 
valve A and flush the lines co the end plate co remove 
the air bubbles entrapped in the system. 

13.2 Apply a vacuum co the head tank and co the 
connecting valve co ensure complete de-airing. 

l3 .3 Check the water lines and air lines co ensure that 
there are no leaks. 

13.4 Saturate the end place by submerging it in boiling 
water for a minimum of 30 minutes with the connecting 
valve in the end plate cubing open. 

13.5 Cool the saturated end plate co room temperature 
by placing the container of boiling water in a cold water 
bath. 

l3.6 Close the connecting valve while the end plate 
is still submerged. 

13.7 Open valve A and allow a small amount of water 
co flow from the pressure transducer outlet. 

13.8 Connect the connecting valve co the pressure 
transducer outlet, and place the ceramic end plate on the 
chamber base. 

13.9 Turn the connecting valve co the open position 
making sure that water is covering the valve. 

13.10 During installation, keep the ceramic scone wet 
with free water standing on its surface co prevent 
development of menisci in the pores of the stone. 

13.11 To check the system for saturation and sensitivity 
co negative pore pressure measurement, wipe the ceramic 
scone with a cowel co remove any free water. 

13.12 Read the value of the negative pore pressure 
on the pressure transducer connected co the ceramic stone. 

CAUTION.-Do not allow negative pore pressures ro exceed 
minus 8.0 lbf/in2 (-55 kPa, about two-thirds of the prevailing 
atmospheric pressure); cavitation in the measuring system will 
occur at a negative pore pressure of about l atmosphere (14 .7 
lbf/in2, 100 kPa). 

13.13 Release the negative pore pressure developed 
in the ceramic stone by opening valve A to the head tank. 

13.14 With valve A open, read the pressure on the 
pressure transducer connected to the ceramic scone. If che 
scone is functioning properly (i.e., saturated) the transducer 
reading should be equal to che pressure of the water in 
the head tank. 

13.15 Zero the pressure transducers or other pressure 
measuring devices according to the manufacturer's 
instructions. 

13.16 Place a wet sponge over the chamber pressure 
inlet. This will maintain a high humidity inside the chamber 
and protect the specimen from drying during the test. 

13.17 Until the test begins and the chamber pressure 
applied, occasionally open the head tank valve co maintain 
saturation of the end plate. 

13.18 Remove any free water that may accumulate on 
the end plate with a moist cowel or cloth before placing 
the soil specimen on the center of the end plate. 

13.19 Firmly place the soil specimen, without any 
covering membrane, in the center of the end plate (fig. 
2). Record the time of specimen placement. 

NOfE 1.-During this installation, keep the pressure in the 
end plate near zero by occasionally opening and quickly closing 
valve A. This condition must be maintained until the pressure 
chamber has been sealed by placement of the cop cover plate. 

13.20 Based on operacor experience, estimate the 
- maximum negative pore pressure that may be produced 

by the soil co be tested. 
13.21 If it is estimated that the specimen co be tested 

will have a negative pore pressure greater than 5 atmos­
pheres (73.5 lbf/in2, 507 kPa) follow subparagraph 13.25; 
otherwise, proceed with subparagraph 13.22. 

13.22 Carefully place the pressure chamber cylinder 
into its O-ring groove; place the top cover plate on the 
pressure chamber cylinder and securely fasten the top cover 
plate with the tie boles. 

13.23 Perform a final saturation of che end plate by 
opening and quickly closing valve A to the head cank. 

13.24 Procedure for Soils With Negative Pore Pres­
sures [Pressures Less Than 5 Atmospheres (73.5 lbf/in2, 

507 kPa, see fig. 3) ]: 
13.24.1 Apply 5-lbf/in2 (34-kPa) air pressure co che 

chamber by appropriately adjusting the air pressure and 
opening valve B. 

13.24.2 As che negative pore pressure reading 
reaches minus 5.0 lbf/ in2 (-34 kPa) increase che chamber 
pressure as described in subparagraph 13.24.3. 
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EL-589 (11-85) I INITIAL NEGATIVE PORE PRESSURE DATA SHEET I Designation USBR 5735 - .§~ Bureau of Reclamation 

SAMPLE NO. SHEET 
I 

OF 
2 22L-I 

FEATURE PROJECT 
Example Example 

SPECIMEN NO. 
3 

MOISTURE CONTENT INITIAL DRY UNIT WEIGHT 
24.9 90.2 lbl/11 3 

TESTED BY DATE CHECKED BY DATE 

DATE ACTUAL END PLATE CHAMBER NEGATIVE ACCUMULATED 
TIME PRESSURE PRESSURE PORE TIME 

PRESSURE (HOURS) 
(4) - (3) 

(!] lbf/in 2 I!) lbf/in 2 [!) lbf /in 2 

OkPa 0 kPa 0 kPa 

(1) (2) (3) (4) (5) (6) 

O=O 0=-0.5 

8/ 19 7•30 0.0 -0.5 0.0 0.00 

7•40 -5.0 -0.5 +5.0 0.17 

Applied 5 lbl/in 1 to chamber, reduced end plate pressure to 0 lbl/in" 

7•41 0.0 + 4.5 +5.0 0. 18 

7•55 -5.0 +4.5 +10.0 0.42 

Applied 10 lbl/in 2 to chamber, reduced end plate pressure to 0 lbl/in" 

7•57 -0.2 + 9.5 +10.2 0.45 

8 1 13 -5.0 + 9.5 +15.0 0.72 

Applied 15 lbl/in" to chamber, reduced end plate pressure lo 0 lbl/in" 

8 1 15 -0. I +14.5 +15. I 0.75 

8•35 -5.0 +14.5 +20.0 I .08 

Applied 20 lbl/ln" lo chamber, reduced end plate pressure to 0 lbl/in" 
I I 

I . I NOTE• Applied pressures betwe en 20 and 50 lbl/in 1 not shown 
I I 
I I 

Applied 50 lbl/in 1 lo chamber, reduced end plate pressure lo 0 lbl/in1 

I •46 +O. I + 49.5 +49.9 6.27 

2•00 - I .0 + 49.5 +51 .0 6.50 

2 1 30 -3.3 + 49.5 + 53.3 7.00 

3•00 -4.6 + 49.5 +54.6 7.50 

3• 15 -5.0 + 49.5 +55.0 7.75 

GPO 849-228 

Figure 3. - Initial negative pore pressure data sheet. Data tabulated from a pore pressure test having an initial capillary pressure 

less than 5 atmospheres negative (sheet 1 of 2). 
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EL-589 ( 11 -85) I INITIAL NEGATIVE PORE PRESSURE DATA SHEET I Designation USBR 5735 . .8.9 Bureau of Reclamation 

SAMPLE NO. SHEET 2 OF 2 22L-I 
FEATURE PROJECT 

Example Example 
SPECIMEN NO. MOISTURE CONTENT INITIAL DRY UNIT WEIGHT 

3 24.9 90.2 lbl/11" 
TESTED BY DATE CHECKED BY DATE 

DATE ACTUAL END PLATE CHAMBER NEGATIVE ACCUMULATED 
TIME PRESSURE PRESSURE PORE TIME 

PRESSURE (HOURS) 
(41 - (31 

[Kl lbf/in 2 lxJ lbf/in 2 [Kl lbf /in 2 

OkPa 0 kPa 0 kPa 

(11 (21 (31 (41 (5) (61 

Annlled 55 lbf/in 2 lo chamber reduced end olale oressure lo 0 lbf/in 2 

3·•16 +0.1 + 54 . 5 +54.9 7.77 

4•00 -2. I + 54 . 5 + 57. I 8.50 

6•00 -2. I + 54.5 + 57. -1 10.50 

9•30 - I .9 +54.6 + 57 .o 14.00 

8/20 7•30 +3.0 + 54.6 + 52. I 24.00 

-Com pie lion of lest-

GPO 849-228 

Figure 3. - Initial negative pore pressure darn sheet. Data tabulated from a pore pressure test having an in itial capillary pressure 

less than 5 atmospheres negative (sheet 2 of 2). 
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13.24.3 Add 5.0 lbf/in2 (34 kPa) air pressure to the 
chamber, reducing the negative pore pressure to 0. Record 
the pressure values and actual time as shown on figure 3. 

13.24.4 Repeat the procedure of subparagraphs 
13.24.2 and 13.24.3 until the calculated value of negative 
pore pressure of the soil specimen decreases (see figs. 3, 
4, and 5) which indicates that the maximum negative pore 
pressure of the soil specimen has been achieved. 

CAUTION.-Do not decrease the chamber pressure at any time 
during the test because this may cause air to come out of solution 
in the measuring system. 

13.24.5 At the end of the test, open head tank valve 
A to ensure saturation of the ceramic end plate. 

13.24.6 Open pressure chamber valve B and reduce 
the chamber pressure to zero. 

13.24.7 Disassemble the pressure chamber and 
remove the soil specimen from the ceramic end plate. 

13.24.8 Obtain and record the wet mass of the soil 
specimen and carefully store the specimen in a moisture­
proof container for further testing. 

13.24.9 Remove the ceramic end plate by discon­
necting from the baseplate; immediately close head tank 
valve A. 

13.24.10 Compute the negative pore pressures and 
prepare a plot of negative pore pressure versus time as 
shown on figure 4a. 

13.25 Procedure for Soils With Negative Pore Pres­
sures [Pressures Greater Than 5 Atmospheres (73.5 !bf/ in2, 

507 kPa, see fig. 5)]: 
13.25.1 For soils having estimated negative pore 

pressures greater than 5 atmospheres, it is necessary to 
vary the procedure so that the test may be completed in 
an 8-hour work day. 

13.25.2 Adjust the height of the water in the head 
tank to the same height as the surface of the ceramic end 
plate. 

13.25.3 With the specimen in place, open valve A 
to the head tank and install the pressure chamber cylinder 
and top cover plate. 

13.25.4 Securely fasten the top cover plate with the 
tie bolts. 

13.25.5 Apply 10-lbf/in2 (69-kPa) air pressure to the 
chamber with valve A to the head tank open. 

NOTE 2.-The IO-lbf/in2 (69-kPa) chamber pressure will be 
supported by menisci formed across the surface of the saturated 
ceramic end plate. The end plate measuring system then will be 
at atmospheric pressure which is considered zero for this rest. 

13.25.6 Close valve A to the head tank and the 
negative pressure of the soil will quickly act on the ceramic 
end plate reducing the pressure in the end plate pressure 
measuring system to a negative value. 

13.25.7 Open valve A to the head tank and apply 
an additional increment of 10-lbf/in2 (69-kPa) air pressure 
to the chamber. 

13.25.8 Close valve A to the head tank and record 
the pressure in the ceramic end plate. Repeat this procedure 
until the reaction time of the soil on the closed end plate 
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system shows a marked decrease as shown on figure 46. 
Record the data as shown on figure 5. 

13.25.9 Complete the test using the procedure 
outlined in subparagraphs 13.24.1 through 13.24.10. 

14. Calculations 

14.1 Calculate the negative pore pressure. 

where: 
(5) 
(4) 
(3) 

(5) = (4) - (3) 

negative pore pressure, lbf/in2 

chamber pressure, !bf/ in2 

end plate pressure, !bf/ in2 

15. Report 

15.1 The report is to consist of the completed and 
checked '"Initial Negative Pore Pressure Data Sheet" forms 
(figs. 3 and 5) with a plot as shown on figure 4. 

15.2 All calculations are to show a checkmark and all 
plotting must be checked. 
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[3] Hilf,J. W., "An Investigation of Pore-Water Pressure 
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o Successive application of 5- lbfti n2 air pressure 
to chamber, end plate pressure reduced to zero. 

□ Readings intermediate between S-lbft1n 2 applications 

Sample 22L-1, specimen 3 

10 25 

TIME-HOURS 

0 

-10 

-20 

% 
u 
~ 

"' er -30 .. 
::::, 
0 

"' er 
"' a. 
u, -40 
C 
z 
::::, 
0 
a. 
' "' "' ~ -50 

"' "' "' a. 

"' "' ~ -60 

-70 

o Application of IO-lbf/in 2 pressure to chamber. 
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Sample 43M-14, specimen 6 
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a) Ini tial capillary pressure less chan 5 atmospheres negative. b) Initial capillary pressure greater than 5 atmospheres negative. 

Figure 4. - Pore pressure versus time plot. 
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EL -589 (11-85) I INITIAL NEGATIVE PORE PRESSURE DATA SHEET I Designation USBR 5735 . !!~ Burea u uf Reclamation 

SAMPLE NO. SHEET OF 
43M-14 I 2 

FEATURE PROJECT 
Example Ex_ample 

SPECIMEN NO. MOISTURE CONTENT 
16.2 

INITIAL DRY UNIT WEIGHT 
6 105.1 lbf/11" 

TESTED BY DATE CHECKED BY DATE 

DATE ACTUAL END PLATE CHAMBER NEGATIVE ACCUMU LA TEO 
TIME PRESSURE PRESSURE PORE TIME 

PRESSURE (HOURS) 
(4). (3) 

[[) lbf/in 2 [R) lbf/in 2 [!) lbf/in 2 

OkPa 0 kPa 0 kPa 

(1) . (2) (3) (4) (5) (6) 

O=O 0=-0 . 5 

8/24 9 1 10 0.0 - 0.5 0.0 0.00 

9• 11 - I . 5 -0.5 + I .5 0.02 

Applied 10 !bf/in" lo chamber 

9 1 12 0.0 + 9.5 +(0.0 0.03 

9• 12. -I . 0 + 9.5 +I I . 0 0.03 

Applied 20 lbl/in" lo chamber 

9 1 13 0.0 +19.5 + 20.0 0.05 

9• 16 - I .5 +19.5 + 21 .5 0. 10 

Applied 30 lbf/in" lo chamber 

9• 19 0.0 +29.5 +30.0 0. 15 

9•20 -2 .. 0 + 29.5 + 32.0 0. 17 

Applle.d 40 lbf/in• lo chamber 

9 • 21 0.0 + 39.5 + 40.0 0. 18 

9•25 -4.0 + 39.5 +44.0 0.25 

Applied 50 lbf/in• lo chamber 

9•26 0.0 +49.5 + 50.0 0.27 

9•29 -3 . 0 +49.5 + 53.0 0.32 

Applied 55 lbf/in• lo chamber 
I 

NOTE• 
! 

lb! /in• Applied pre!.sures between 55 and 70 not shown 
I I I 

GPO 849-2 28 

Figure 5. - Initial negative pore pressure data sheer. Data tabulated from a pore pressure test having an initial capillary pressure greater 

than 5 atmospheres negative (sheet I of 2). 
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EL-589 (11 -85) I INITIAL NEGATIVE PORE PRESSURE DATA SHEET I Designation USBR 57.35 . ~~ Bureau o f Reclamation 

SAMPLE NO. SHEET 
2 

OF 
43M-14 ' 2 

FEATURE PROJECT 

Example Example 
SPECIMEN NO. MOISTURE CONTENT INITIAL DRY UNIT WEIGHT 

6 16 .2 105.1 lbf/ 11• 

TESTED BY DATE CHECKED BY DATE 

DATE ACTUAL END PLATE CHAMBER NEGATIVE ACCUMULATED 
TIME PRESSURE PRESSURE PORE TIME 

PRESSURE (HOURS) 
(4) - (3) 

I!] lbf/in 2 Ix:] lbf/in 2 lx:J 1bf/in2 

0kPa 0 kPa 0 kPa 

I 1 l (2) (3) (4) (5) (6) 

Applied 70 lbf in" lo chamber, reduced end plate pressure lo 0 °lbl/in 1 

11 •32 0.0 + 69.5 +70.0 2.42 

12•25 - 2.3 +69.5 +72.3 3.25 

12•40 - 2.5 + 69.5 +72.5 3 . 50 

I• 10 -2.6 + 69.5 +72 . 6 4.00 

I •50 -2.9 + 69.5 +72 . 6 4.67 

2•25 -2.9 + 69.5 +72 . 9 5 . 25 

3• 10 -2 . 5 + 69.5 +72.5 6.00 

4•00 -2.3 + 69.5 +72 . 3 6 . 83 

8/25 7• 15 + 8.6 + 69.5 +61 .4 22.08 

-Completion of test-

GPO 849- 22 8 

Figure 5. - Initial negative pore pressure data sheet. Data tabulated from a pore pressure test having an initial capillary pressure greater 

than 5 atmospheres negative (sheer 2 of 2). 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5740-89 
PROCEDURE FOR 

DETERMINING LATERAL EARTH PRESSURE (K0 ) 

BY THE TRIAXIAL TEST METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5740. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining Ko (the coefficient of earth pressure at rest) 
for soil by the triaxial compression test method. The value 
of K 0 can be determined by performing the test on partially 
saturated specimens tested in unconsolidated-undrained 
(UU) compression USBR 5745, or consolidated-undrained 
(CU) compression USBR 5750, or on partially or 
completely saturated specimens tested in consolidated­
drained (CD) compression USBR 5755. Pore pressure 
measurements are made during undrained compression so 
that effective stress can be evaluated (see app. X3 ). The 
range of change in effective stress in the specimen is limited 
to the range of stress which causes a volume change equal 
to the initial free-air volume in the specimen. 

1.2 The Ko test is performed using strain-controlled 
axial loading and manually adjusted lateral pressure. The 
magnitude of lateral pressure is adjusted to maintain 
specimen lateral strain equal to zero. The rate of axial 
strain is dependent on the type of soil being tested and 
on drainage conditions under which the soil is tested. 

1.3 The Ko test has been performed successfully on 
many types of soil, ranging from fine-grained soil to coarse­
grained soil, containing up to 3-inch (75-mm) maximum 
particle size. Specimen sizes for the various types of soil 
have ranged from 1-3/8-inch diameter by 3-inches high 
to 9-inches diameter by 22-1/2-inches high (35- by 75-
to 230- by 570-mm). 

2. Auxiliary Tests 

2.1 A compacted or undisturbed soil specimen must 
be prepared in accordance with USBR 5210 or 5215 prior 
to performing this procedure. A moisture content and unit 
weight determination must be obtained in accordance with 
USBR 5300 and 5370, respectively, to obtain placement 
conditions for the test specimen. Physical properties tests 
are to be performed in accordance with USBR 5320, 5330, 
5350, 5360, 5365 after completion of the test. 

2.2 Specimen preparation and equipment assembly are 
performed in exactly the same manner as described m 
triaxial shear procedures USBR 5745, 5750, or 5755. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 1050 Calibrating Pressure Transducers 
USBR 1055 Calibrating Differential Pressure Trans­
ducers 
USBR 1450 Calibrating Triaxial-Type Chambers for 
Pressure-Volume Change Relations 
USBR 1455 Calibrating Volume and Drain Tubes 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
from Undisturbed Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5370 Determining Unit Weight of Cylindrical Soil 
Specimens 
USBR 5735 Determining Initial Capillary Pressure of 
Soils 
USBR 5745 Performing Unconsolidated-Undrained Tri­
axial Shear Testing of Soils 
USBR 7000 Performing Disturbed Soil Sampling in Test 
Pits, Trenches, Accessible Borings, and Tunnels. 
USBR 7010 Performing Disturbed Soil Sampling Using 
Auger Boring Method 
USBR 7100 Obtaining Undisturbed Block Samples by the 
Hand and Chain Saw Methods 
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USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 

3.2 ASTM Standard: 
D 2850 Test Method for Unconsolidated, Undrained 
Compressive Strength of Cohesive Soils in Triaxial 
Compression 

4. Summary of Method 

4.1 A soil specimen is prepared and placed in a standard 
rriaxial assembly (see fig. l). The chamber is sealed and 
initial pore pressure, specimen volume, chamber water 
temperature, and axial load readings are recorded. The 
specimen is loaded axially and the chamber pressure is 
increased co maintain zero lateral specimen strain. The 
required increase in chamber pressure is computed so rhar 
volume strain remains equal co axial strain. If the specimen 
expands or contracts laterally during resting, the lateral 
pressure is adjusted accordingly. Readings of axial 

Flushing tonk 

M 

Lateral pressure 
transducer 

Lateral pressure -

Volume 
lube-

prenure 
transducer 

Oe·aired wqter 
source tdroin 

Piston retainer bor 

Load cell 
anchor bolt 

deformation, pore pressure, lateral pressure, axial load, 
chamber water temperature, and volume change are 
observed and recorded as the rest progresses. Axial loading 
is stopped as either ( 1) complete specimen saturation is 
approached, or (2) the load or pressure limits of the 
equipment are reached. 

5. Significance and Use 

5.1 To apply analytical techniques, such as the finite 
element method to analyze rhe state of stress in a soil 
mass, a number of soil parameters are necessary. Two of 
the soil parameters required are Poisson's ratio, µ, and 
a modulus value, Ed. Since there is unrecoverable 
deformation in obtaining the modulus for soil, it is referred 
co as modulus of deformation Ed. This procedure is used 
to obtain the two parameters, µ and Ed (see app. X5 ). 

5.2 The Ko values are also used in retaining wall and 
pile design, slope stability analysis, and bearing capacity 

LoadinQ frame 
cross head 

Load cell 

No. 200 Screen 
(75J'm openinQ) 

Piston ploy or wobbl~ 
shall be 4 degrees or 
less. 

OPTIONAL 

Figure I. - Triaxial assembly for undrained tescs. 
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predictions. In many situations, Ko may be estimated by 
empirical equations, e.g., K 0 = 1 sin <I>' (Jaky [l]) .1 

5.3 Normally, the value of Ko is determined by testing 
partially saturated specimens in undrained compression. 
The value of Ko can also be determined on saturated or 
partially saturated specimens rested in drained compres­
sion. Using this procedure, the value of K 0 cannot be 
determined for saturated specimens rested in undrained 
compression because specimen pore pressures instantane­
ously equal applied lateral pressure and application of axial 
load would create a negative effective stress condition m 
the specimen. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Coefficient of Earth Pressure at Rest (Ko).­
The ratio of: (1) the minor principal stress, to (2) the 
major principal stress. This is applicable where the soil 
mass is in its natural state without having been permitted 
to yield or without having been compressed (ASTM 
definition) . 

6.1.2 Poisson's Ratio (v).-The ratio between linear 
strain changes perpendicular ro and in the direction of 
a given uniaxial stress change. 

6.1.3 Modulus of Elasticity/ Modulus of Deformation 
(E, M, !bf/ in2 or GPa).-The ratio of stress to strain for a 
material under given loading conditions; numerically equal 
to the slope of the tangent or the secant of a stress-strain 
curve. The use of the term, Modulus of Elasticity is recom­
mended for materials that deform in accordance with 
Hooke's law; the term, Modulus of Deformation, is recom­
mended for materials that deform otherwise (ASTM) . 

6.2 A term nor included in USBR 3900 specific to this 
designation is: 

6.2.1 Bubbling Pressure.-Pressure required to force 
air through a saturated porous insert (also referred to as 
the air-entry value) . 

7. Apparatus 

7.1 General Apparatus: 
7.1.l Balance or Scale.-Balance or scale meeting the 

requirements shown in table 1. 

Table l . - Balance or scale requirements. 

Test seecimen size Balance or scale 
Diameter Height Diameter Height Capacity Readability 

m m mm mm 

2.0 5.0 50.8 127.0 1000 g 0.05 g 
2.8 7.0 7l.l 177.8 2000g 0.1 g 
6.0 15.0 152.4 381.0 25 kg 0.01 kg 
9.0 22.5 228.6 571.5 75 kg 0.Ql kg 

7.1.2 Timer.-A timing device indicating elapsed 
time to the nearest 1 second is to be used for establishing 
the rare of stress or strain application. 

7. 1.3 . Specimen Size Measurement Devices.-Devices 
used to measure the height and diameter of the specimen. 

1 Number in brackets refers to the reference. 
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The devices must be capable of measuring to the nearest 
0.001 inch (0.025 mm) and should be constructed such 
chat their use will nor disturb the specimen. A vernier 
caliper is recommended for measuring specimen height 
and a pi tape for measuring specimen diameter. 

NOfE 1.-For specimens having heights that exceed 12 inches 
(305 mm), use a rule graduated in millimeters to measure the 
height of the specimen t0 the nearest 1.0 mm (1/32 in) . 

7.1.4 Water Container.-Sufficient size to accommo­
date rhe test specimen. 

7.1.5 Suspension Wire and Specimen Carriage.-For 
determining the specimen mass in air and water. 

7.2 Equipment Unique ta This Procedure: 
7.2.1 Axial Loading Device (compression test 

machine) .-A loading device (fig. 2) having sufficient 
capacity and control to provide the desired magnitude and 
rare of loading, respectively. 

7.2.2 Chamber Pressure Maintaining and Measure­
ment Devk·es.-Devices must be capable of applying and 
controlling the chamber pressure to within ±0.5 lbf/in2 

(±3.5 kPa). The devices may consist of a reservoir connected 
to the chamber and partially filled with the chamber fluid 
(usually water), with the upper part of the reservoir 
connected to a pressurized gas supply. The gas pressure 
is controlled by a pressure regulator and measured by a 
pressure gauge, electronic pressure transducer, or any other 
device capable of measuring to the prescribed tolerance. 
However, a hydraulic system pressurized by deadweighr 
acting on a piston or any other pressure maintaining and 

Adjustable crosshead 

Load cell------

Vertical columns--------l:ai.l 

Gear driven platform 

Control panel 

Figure 2. - Compression test ma,:hine. 
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measurement device capable of applying and controlling 
the chamber pressure co the tolerance prescribed in this 
subparagraph may be used. 

7.2.3 Triaxial Assembly.-A chamber (fig. 1) in which 
a cylindrical specimen, enclosed by a membrane sealed to 
end plates, is placed and subjecred co axial load while 
confined by lateral (a3) pressure. The triaxial chamber 
consists of a chamber bottom place, chamber, and chamber 
cap. The chamber cap includes a ball bushing and piston, 
aligned with the axis of the specimen, through which the 
load from che axial loading device can be transmitted to 
the specimen to cause the specimen to be compressed axially 
between the end plates. The ball bushing and piston muse 
be designed to minimize friction. 

7.2.3. l Specimen End Plates.-The end plates must 
be constructed of a noncorrosive impermeable material such 
as aluminum, stainless steel, or titanium; each must have 
a circular cross section, and circular plane surface of contact 
with the specimen. The mass of the top end place must 
be less than 0.5 percent of the applied axial load at failure . 
The diameter of the end plates should be within ±0.020 
inch of the diameter of che specimen. The bottom end 
plate must be coupled co the chamber bottom plate t0 

prevent lateral motion or tilting. The top end plate muse 
be designed tO receive the piston such that the pisron­
co-end plate contact area is concentric wirh the cap. Ir 
is recommended that rhe end place be constructed in a 
manner so that piston play or "wobble" be restricted co 
4 degrees or less perpendicular co the top end plate. Each 
end plate must be plumbed so air can be flushed from 
the end plate. The cylindrical surface of the end plates 
to which the membrane is sealed should be smooth and 
free of scratches. The end plates must be construcred so 
that drainage can occur from both ends of the specimen. 
Each end plate shall be fitted with a porous insert. 

7.2.3.2 Porous End Plate lnserts.-Porous inserts 
are manufactured from silicon c_arbide, aluminum oxide, 
sintered bronze, or ceramic. The material must not be 
susceptible to corrosion by soil substances or moisture. The 
proper grade (coarseness) of insert depends upon the type 
of test being performed and the soil being tested. The 
insert should be coarse enough co develop adequate 
interlock with the specimen, but fine enough co prevent 
excessive intrusion of soil into the pores of the insert. 
Exact criteria for this have not been established. The 
coarseness of insert material determines two properties 
vital co pore pressure measurements: (l) permeability, the 
rate of diffusion of a pressurized gas through a porous 
material, and (2) bubbling pressure, the air entry value; 
i.e., che air pressure required to force air through a saturated 
porous insert. 

7.2.3.3 Axial Load-Measuring Device.-The load 
measuring device shall be capable of measuring the axial 
load to an accuracy of ±0.25 percent over irs full range. 

7.2.3.4 Pore Pressure Transducers.-The pore 
pressure transducers are used to measure the pore pressure 
in the soil specimen. The pressure transducers shall have 
an accuracy of ±0.25 percent over their full range. 

7 .2.3.5 Lateral Pressure Transducer.-The lateral 
pressure transducer is used to measure the lateral pressure 
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applied inside the chamber. The transducer shall have an 
accuracy of ±0.25 percent over ics full range. 

7 .2.3.6 Differential Pressure Transducer.-The 
differential pressure transducer is used co measure volume 
change of rhe specimen during rhe cest. The transducer 
and the volume rube are plumbed so that the height of 
the water column in the volume tube reacts directly on 
the measuring diaphragm inside the transducer. The 
transducer shall have an accuracy of ±0.25 percent of its 
full range. 

7.2.3.7 Volume Tube.-A constant bore glass rube 
supported by a sectional brass pipe with watertight seals 
on both ends. The volume tube is used primarily as a means 
of visually monitoring the volume change of the specimen. 
However, it serves also as a water reservoir and flushing 
tube when de-airing the system. For triaxial systems, in 
which visual readings of rhe volume rube are used in 
determining volume change of the specimen, the volume 
tube should be graduated in 0.01 inch divisions. For triaxial 
systems, in which a differential pressure transducer (as 
described in subpar. 7.2.3.6) is used in determining volume 
change of rhe specimen, it is recommended that the volume 
tube be graduated in 0.1 inch divisions so that a visual 
check of the specimen volume change can be made. The 
volume tube must be capable of withstanding pressures 
up to 250 lbf/ in2 (1724 kPa). The volume cube assembly 
must be enclosed in a 1/4-inch-thick (6-mm) Plexiglas 
shield to prevent injury to personnel in the event the 
volume cube fails. 

7.2.3.8 Drain Tube.-A constant bore glass cube 
supported by a sectional brass pipe with watertight seals 
on both ends. The drain tubes can be used as a water 
reservoir and flushing tube when de-airing the system and 
as back pressure and drainage reservoirs . The drain cube 
must be capable of withstanding pressures up to 250 lbf/ in2 

(1724 kPa). The drain tube assembly must be enclosed 
in a 1/4-inch-thick (6-mm) Plexiglas shield to prevent 
injury co personnel in the event the drain tube fails. 

7.2.3.9 Flushing 7:rnk.-Plexiglas tube used in con­
junction with the volume cube co de-air the differential 
pressure transducer. 

7.2.3.10 Axial Deformation lndirnwr.-A dial 
indicator or L VDT (linear variable differential transducer) 
having 0.001-inch (0.025-mm) resolution, and travel range 
of ar least 20 percent of the initial height of rhe test 

·specimen. Other measuring devices meeting these 
requirements for precision and range may be used. 

7 .2 .3.11 Specimen Membr:ine. -A membrane is 
used co encase the specimen to isolate it from chamber 
fluid. Membranes should be carefully inspected prior to 

use; if any flaws or pinholes are evident, the membrane 
should be replaced. To minimize restraint co the specimen, 
the unstretched membrane diameter should be between 
75 and 90 percent of the specimen diameter. The membrane 
thickness must not exceed l percent of the diameter of 
the specimen. The membrane must be sealed to the end 
plates with two rubber O-rings for which the unstressed 
inside diameter is 75 percent or less of the diameter of 
rhe end plates. Other methods that produce a positive seal 
may be used. 
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7.2 .3.12 Fine Mesh Screen.-A No. 200 (75 µm) 
mesh screen to be placed between the specimen and the 
porous insert of the bottom end plate. 

7.2. 3.13 End Plate Control Injector.-A water­
filled hydraulic system which uses a threaded rod attached 
to an O-ring sealed piston. The operator can manually 
control pore water pressure by rotating the knob on the 
injector system clockwise to increase the pressure or 
counterclockwise to decrease the pressure in the system. 

NOTE 2.-The end plate control injeccor is to be used only 
to control the hydraulic system for measuring pore water pressure 
to ensure that it does not cavitate; i.e., does not exceed about 
minus 8.0 lbf/ in2 (-55 kPa ). 

7.3 Miscellaneous Apparatus: 
7.3. 1 Tools, Etc.-Specimen trimming and carving 

tools, membrane expander, O-rings expander, moisture 
content cans, and data forms as required. 

7 .3.2 Calculator.-A programmable calculator hav ing 
sufficient capability to accommodate necessary constants 
and factors so that the operator can almost instantaneously 
compute projected volume tube recovery at any rime during 
the test. 

7.3.3 Humidity Room.-A soil storage and sample 
preparation room with controlled temperature and 
humidity. The humidity room at the Geotechnical Services 
Laboratory at the Denver Office is designed to maintain 
70±5 percent relative humidity and temperature of 70±5 ° F 
(21±3 °C) . 

8. Reagents and Materials 

8.1 Water used for performing the test is to be de­
aired water at room temperature. The purity should be 
such that the water is free of acids, alkalies, or oils, and 
is suitable for drinking. 

9. Precautions 

9.1 Safety Precautions: 
9.1.1 Safety shoes should be worn when de-airing 

the equipment or placing che specimen. 
9.1.2 Water spillage in the area should be cleaned 

up as soon as possible. 
9.1.3 Safety glasses should be worn when applying 

air pressure to the volume/drain cubes when saturating 
or consolidating che specimen. 

9.1.4 Pressure should be slowly applied and released 
from the criaxial assembly to prevent the glass volume 
tubes from shattering. 

9.2 Technical Precautions: 
9.2.1 Care must be taken to completely de-air the 

triaxial assembly prior to performing the test. 
9.2.2. The porous inserts in the end plates should 

be cleaned frequently to remove any impurities which may 
inhibit free wacerflow. 

9.2 .3 When performing a UU-cype rest on an 
unsaturated specimen, the increase in pore pressure with 
corresponding decrease in specimen volume accelerates 
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rapidly as the test specimen approaches complete satu­
ration. As this occurs, it is not reasonable to assume that 
pore pressure in the specimen can equalize; and as a result, 
the measured pore pressure response may not be accurate. 

9.2.4 When performing a CD-type test, the rate of 
strain should be sufficiently slow to allow complete 
dissipation of pore pressure in the specimen. 

10. Sampling, Test Specimens, and Test Units 

10.1 Sample Size : 
10.1.1 Compacted specimens: 

10.1.1.1 Samples to be used in triaxial shear testing 
of compacted specimens should be obtained in accordance 
with methods presented in USBR 7000 or 7010. 

10.1.1.2 A sufficient mass of material should be 
obtained so that all required testing can be performed on 
the sample. Suggested minimum sample mass (based on 
minimum specimen size, maximum particle size, and a 
minimum of four specimens per test) should be in 
accordance with table 2. 

Table 2. - Suggested minimum sample mass. 

Test sJ:::>ecimen size Practical field 
Diameter Height Diameter Height samJ:::>le mass 

m m mm mm lbm kg 

2.0 5.0 508 127.0 65 30 
2.8 7.0 71.l 177.8 100 45 
6.0 15.0 152.4 381.0 200 90 
9.0 22.5 228.6 571.5 700 320 

10.1.2 Undisturbed specimens.-Samples to be used 
in triaxia l shear testing of undisturbed specimens should 
be obtained in accordance with methods presented in 
USBR 7100 or 7105 . 

10.2 Specimen Size: 
10.2.1 Test specimen size and maximum particle size 

should be in accordance with table 3. 

Table 3. - Specimen and maximum parricle size. 

Tes t SJ:::>ecimen size Max imum particle 
Diameter Height Diameter Height size 

in m mm mm m mm 

2.0 5.0 50.8 127.0 No.4 4.75 
2.8 7.0 71.l 177.8 0.375 9.5 
6.0 15.0 152.4 381.0 0.75 19.0 
9.0 22.5 228.6 571.5 1.5 37.5 

10.2.2 If, after completion of a test, it is found that 
oversize particles were present indicate this information 
in the report of test data under Remarks. 

NOTE 3.-For specimen sizes and maximum particle sizes not 
listed in table 3, maximum particle size should be equal to or 
less than one-sixth the specimen diameter. 

10.2.3 Specimen height-to-diameter ratio must be 
between 2 and 3. 
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10.3 Compacted Specimens.-Prepare compacted cesc 
specimens in accordance with USBR 5210. 

10.4 Undisrurbed Specimens.-Prepare undisturbed 
cesc specimens in accordance with USBR 5215. 

10.5 Remofded Specimens: 
10.5.1 Prepare remolded cesc specimens by thor­

oughly working with che fingers an undisturbed specimen 
encased in the specimen membrane and mounted on the 
end places. 

10.5.2 Place a mold around che specimen and push 
down on the cop end plate until the specimen fills the 
mold. The mold must have dimensions such char the 
remolded specimen dimensions will be equal ro those of 
che undisturbed specimen. Care should be taken so the 
specimen membrane is nor damaged or punctured during 
the remolding process. 

10.5.3 Care must be taken co avoid entrapping air 
in che specimen during remolding. Entrapment of air may 
result in a remolded specimen having a unit weight, void 
ratio, and/or moisture content inconsistent with that of 
the undisturbed specimen. 

10.6 Determine Jnicial Capillary Pressure of Parcialfy 
Sacuraced Sotl Specimens: 

10.6.1 Determine the initial capillary pressure of the 
soil in accordance with USBR 5735. 

10.6.2 Compute and plot the theoretical pore air 
pressure of the specimen (see app. X4) . 

11. Preparation of Apparatus 

11.1 Saturation of Porous Inserts and De-Airing of End 
Places: 

11.1.1 If new porous inserts with a bubbling pressure 
greater than 5 lbf/in2 (35 kPa) are co be used for che test, 
the end place, connecting lines and porous insert are ro 
be completely submerged in de-aired water and boiled from 
8 ro 16 hours ro ensure chat all entrapped air has been 
removed. 

11.1.2 If end places, with previously saturated porous 
inserts with a bubbling pressure greater than 5 lbf/in2 are 
co be re-used for the cesc, the end plates, connecting lines, 
and porous inserts are ro be removed from che rriaxial 
assembly, completely submerged in deaired water, and 
boiled for a minimum of 4 hours ro remove any entrapped 
air. 

11.1.3 If new porous inserts with a bubbling pressure 
of 5 lbf/ in2 or less are robe used for che cesc, che end plates, 
connecting lines, and porous inserts are ro be completely 
submerged in de-aired water and boiled for a minimum 
of 2 hours co ensure chat all entrapped air has been removed. 

11.1.4 If end places with previously saturated porous 
inserts with a bubbling pressure of 5 lbf/in2 or less are 
co be reused for che cesc, che end places, connecting lines, 
and porous inserts can be left in the criaxial assembly for 
subsequent tests and de-aired using vacuum. 

11.2 De-Airing che Triaxiaf Assesmbfy (fig. 1 ): 
11.2.1 Attach the saturated end places with porous 

inserts co che chamber borrom plate. 
11.2.1.1 Place the boccom end place with centering 

dowel into che hole in rhe cencer of rhe chamber bottom 
plate. 
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11.2.1.2 To ensure char pressure does not build 
up in che system when che end place connecting lines are 
attached ro che ficcings in che chamber boccom place, open 
valve F or G slightly ro allow a small amount of water 
co flow from the appropriate drain cube and flushing rank 
through the ficcings in che chamber bottom place while 
the appropriate end place connecting lines are being 
attached. · 

11.2.1.3 Open valve F. Attach che bocrom end place 
conneccing lines co che appropriate ficcings in che chamber 
boccom place. Close valve F. 

l l.2.1.4 Open valve G. Attach che cop end place 
connecting lines co the appropriate fittings in che chamber 
boccom place. Close valve G. 

11.2.2 Place che chamber into che groove in che 
chamber bocrom place. 

11.2.3 Check chat all system valves are closed. 
11.2.4 Fill che chamber about one-half full with de­

aired water. 
l l.2.5 Open chamber cap relief valve A. 
11.2.6 Sec rhe chamber cap in place and force che 

cap down until it is properly seated on the chamber. 
l 1.2.7 Insert the piston through che opening in che 

chamber cap until che flange on the piston is resting on 
cop of che chamber cap. · 

11.2.8 Open the valves on cop of che volume and 
drain cubes (valves B, C, and D). 

11.2.9 If che unit is equipped with an end place co n­
trol injecror, open valve J and turn the injector knob to 
the closed position (clockwise). Close valve] co the injector. 

11.2.10 Accach vacuum hoses ro the cops of che 
volume cube, drain rubes, and che fitting on chamber cap 
relief valve A. 

11.2.11 Attach the other ends of the vacuum hoses 
into a suitable vacuum source, such as a vacuum pump. 
Turn on the vacuum pump. 

11.2.12 Apply a vacuum of about 20 lbf/in 2 (140 
kPa) for 5 minutes. 

11.2.13 Release the vacuum co the chamber by 
uncoupling the vacuum line from che vacuum pump 
mulciporr manifold. Maintain the vacuum on che volume 
cube and drain cubes. 

11 .2.14 Open volume cube drain valve E and che 
isolation valve R, and fill the volume cube to che cop of 
its markings with de-aired water from the chamber 
(vacuum is still on the volume cube) . 

11.2.15 Close volume cube drain valve E. 
11.2.16 Open drain cube drain valves F and G and 

fill the drain rubes co the cop of their markings with de­
aired water frorr1 the chamber (vacuum is still on the drain 
rubes) . 

11.2.17 Close drain cube valves F and G. 
11..2.18 Release the vacuum from the volume and 

drain cubes by uncoupling the appropriate vacuum lines 
from che vacuum pump. 

11.2.19 Reattach the vacuum hose ro chamber cap 
relief valve A ro the vacuum source. 

11.2.20 Open valve E and allow the water level in 
che volume cube to drop co about the 25-inch (635-mm) 
level. 
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11.2.21 Close volume tube drain valve E. 
11.2.22 Open drain tube valves F and G, and allow 

the water level in the drain tubes to drop co about the 
25-inch level. 

11.2.23 Close drain tube valves F and G. 
11.2.24 Reattach vacuum hoses to the tops of the 

volume tube and drain tubes . 
11.2.25 Displace water back and forth between the 

volume and drain tubes and the chamber by repeating 
subparagraphs 11.2.13 through 11.2.25 until air bubbles 
can not be seen in the. tubes. 

11.2.26 Open valve J and rum the end plate control 
injector knob until the injector piston is a t the open position 
(counterclockwise) to fill the injector with water. 

11.2.27 Turn the injector control knob co move the 
injector piston co its full closed and full open positions 
several times to remove any entrapped air. 

11.2.28 Leave the end plate control injector piscon 
at midrange position for testing and close valve J. 

11.2.29 If the volume and drain tubes are not full 
at the end of the flushing process fill the tubes , by opening 
valves E, F, and G, with vacuum applied co the top of 
each tube. Fill the volume and drain tubes to the cop of 
their rube markings with de-aired water so they can be 
drained to the desired level for testing purposes. Close 
valves A, E, F, and G. 

11.2.30 Uncouple all vacuum lines from the manifold 
on the vacuum pump and shut off the vacuum pump. 

11.2.31 Uncouple all vacuum lines from the triaxial 
assembly, coil the vacuum lines, and store in a suitable 
location for future use. 

11.2.32 Do not drain the water from the chamber 
until the end plates and specimen are ready co be placed 
in the chamber as outlined in paragraph 14. 

11.3 De-Airing the Pore Pressure Transducers: 
11.3.1 Check that valves H and I are closed, then 

detach the pore pressure transducers from their fittings 
on the apparatus. Using a syringe, fill each transducer with 
de-aired water. 

11.3.2 Open valve A. Slowly open valve H co allow 
a small flow of water co escape from the chamber. With 
water flowing, attach the transducer for the botcom end 
plate to the appropriate fitting. Leave valve H open. 

11.3.3 Slowly open valve I to allow a small flow 
of water co escape from the chamber. With water flowing, 
attach the transducer for the top end plate co the 
appropriate fitting. Leave valve I open. Close valve A. 

11.4 De-Airing the Differential Pressure Transducer: 
11.4.1 Fill rhe flushing tank on the differential 

pressure transducer about two-thirds full of de-aired water. 
Close the volume tube isolation valve R to isolate the vol­
ume tube and differential pressure transducer from the 
chamber. 

11.4.2 Open valve L on the differential pressure 
transducer. Remove the bottom place on the differential 
pressure transducer by unscrewing the four cap head screws 
which hold it co the body of the transducer. Open valve 
M and fill the botrom plate with de-aired water from the 
flushing tank. · Open valves E and K to the volume tank 
and allow water co flood over the exposed capsule located 
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under the main body of the differential pressure transducer. 
With water flowing, place the botrom plate back on the 
differential pressure transducer, while being careful not 
to entrap air. Close valve K, but leave valve M to the 
flushing tank slightly open co relieve any pressure which 
results from tightening the cap screws. Tighten the four 
cap lead screws. 

11.4.3 Flush the differential pressure transducer 
thoroughly by attaching a hand-held vacuum/pressure 
pump co the cop of the flushing tank. Open valves K and 
M and flush water back and forth several times from the 
flushing tank and volume tube through the differential 
transducer. When this step is complete, be sure the water 
level in the volume rube is near the full mark and close 
valve M. Open volume tube isolation valve R. 

NOfE 4.-Extreme caurion must be used when flushing the 
differential pressure transducer, since a pressure greater than 
about 10 lbf/in2 (70 kPa) can damage the measuring capsule 
inside the transducer. 

12. Calibration and Standardization 

12 .1 Verify that component parts of the tri axial 
assembly are currently calibrated in accordance with the 
applicable calibration procedure. If the calibration is not 
current, perform the calibration before using the equipment 
for this procedure. 

13. Conditioning 

13.1 Prepare, place, and load the test specimen in an 
area isolated from dra fts, vibptions, and variations in 
ambient temperature. 

14. Procedure 

14.1 All data are co be recorded on the 'Triaxial Shear 
Test" data forms as shown on figures 3, 4, and 5. 

14.2 Record all identifying information pertaining co 
the sample, specimen, and triaxial assembly. 

14.3 Connect a hose co valve N; place the other end 
of the hose in an empty container or into a drain. 

14.4 Open valves A and N and drain all water from 
the chamber. Close valve N. 

14.5 Remove the piscon, the chamber cap, and the 
chamber from the chamber bottom plate. 

14.6 Verify that volume tube valve B, drain tube valves 
C and D, and volume tube isolation valve R are open. 

14.7 Verify that all remaining valves co the chamber 
are closed. 

14.8 Open drain rube valve F and lower the water in 
the drain tube to a level about 6 inches (150 mm) above 
the chamber botrom plate. The water will exit through 
the chamber bottom plate of the triaxial assembly and 
it will be necessary to absorb the excess water with a rowel 
or other appropriate absorbent material. 

14.9 Close valve F. 
14.10 Open drain cube valve G and lower the water 

in the drain tube to a level about 2 inches (50 mm) above 
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SPECIMEN PLACEMENT-DATA SHEET 1 
7-2367 (10-86) (FOR TRIAXIAL SHEAR TESTS) 

llesl3nation LISB~ 5740.§~ Bureau of Reclamation 

SAMPLE NO. rROJECT 'FEATURE 
TP-100 Example Example 

LOCATION 'DEPTH/ELEV 
Embankment A 10.0 - 20.0 ft . 

TESTED BY DATE I COMPUTED BY DATE rHECKEO BY DATE 

SPECIMEN TYPE: D UNDISTURBED □NATURAL MOISTURE TEST TYPE: Ouu Dco □MULTISTAGE 

l&J COMPACT E 0 □WETTED Ocu OuKo l&loKo 

SPECIMEN DIAMETER 2.00 (in) SPECIMEN LENGTH 5.00 (in) 

PHYSICAL PROPERTIES 

% GRAVEL 5 LIOUIO LIMIT 35 (%) (USBR 5350) 

%SANO 33 (USBR 5325) PLASTICITY INDEX 15 (%) (USBR 5360) CLASSIFICATION SYMBOL CL 

% FINES 62 SPECIFIC GRAVITY 2 .70 (USBR 5320) 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

(1) MASS OF WET SPECIMEN AND CONTAINER IN AIR (g) 700 .90 

(2) MASS OF CONTAINER IN AIR (g) 157 . 30 

(3) MASS OF WET SPECIMEN (1) · (2) (g) 543 .60 
I 

(4) MASS OF DRY SPECIMEN (3)/11 + (12)/100) (g) 487 . 53 

(5) MASS OF WET SPECIMEN AND CONTAINER IN WATER (g) 361 . 83 

(6) MASS LOSS OF WET SPECIMEN ANO CONTAINER ~ (1) • (5) (g) 339.07 

(7) MASS OF CONTAINER IN WATER (g) 79 . 60 

(8) MASS LOSS OF CONTAINER= (2) · (7) (g) 77 . 70 

(9) MASS LOSS OF SPECIMEN • (6). (8) (g) 261 . 37 

(10) SPECIMEN VOLUME= (9) / 16.3498• ( ln3) 15 . 986 

(11 I ORY UNIT WEIGHT= ( (4) x 3 .8096•) /(10) (lbf/ft3) 116 . 2 

(12) MOISTURE CONTENT (USBR 5300) (FROM BACK) (%) 11 .5 i - I 
(13) SOIL VOLUME & (4)/(SpG x 16.3498•) (in3) 11 .044 

(14) PERCENT SOIL VOLUME • (113)/(10)1 X 100 (%) 69 . 1 

(15) WATER VOLUME = 1(3) . (4)1/16.3498• (in3) 3.429 

(16) PERCENT WATER VOLUME & ((151/(10)) X 100 (%) 21 . 5 

(17) FREE AIR VOLUME= (10) . (13). (15) (in3) 1.51 3 

(18) PERCENT FREE AIR VOLUME= 100 . (14). (16) (%) 9 . 4 

(19) VOID RATIO~ 1(10)-(13)1/(13) 0.447 

(20) DEGREE OF SATURATION • --11.fil_ x 100 
(10). (13) (%) 69 . 4 

•CONSTANTS: 16.3498 g/(n3 ~ (2.54)3 X 0 .997724 

(cm/ln)3 ,c. abs. densitv of water in g/cc@ 72 F . 

3.8096 Q ( 1728 ln3 /t13) / (453.5924 ~/lbm) , 1 cc= 1 g@ 4°C 

Figure 3. - Specimen pbcemenr-data sheet I (for criaxial shear cescs)-example. 
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SAMPLE N UMBER __ T_P_-_I_O_O _______ _ 

MOISTURE CONTENT DATA 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

CONTAINER NUMBER A-6 UNITS 

DATE PLACED IN OVEN 12- 1-89 

(1) MASS OF CONTAINER+ WET SPECIMEN 346 .26 oog 

12) MASS OF CONTAINER+ DRY SPECIMEN 335 .45 

13) MASS OF CONTAINER 241.48 □ kg 

(4) MASS OF WATER = (1) - 12) I 0 .81 

(5) MASS OF DRY SPECIMEN= (2) - (31 93 .97 01bm 

(6) MOISTURE CONTENT(%)= {(4) / (5)) X 100 I 1. 5 
COMPUTED BY AND DATE 

CHECKED BY AND DATE 

COMPACTION DATA 

( _ _!__1_§.,_Q_) 
X 

1_1:__!__!_?_ __ ) - (_g§!.,_~_) 
X 

1_1.:.li __ , = 535.3/ 10 = 53.53 
dry unit wt. 1 -.. moist. wet den. factor 231 .7 CONTAINER 

(USBR 5210) 
767 .0 TOTAL 

LAYER MASS lg) LENGTH (in) LAYER MASS (g) LENGTH (in) 

(1) 713.5 (6) 445.8 

(2) 659.9 (7) 392.3 

(3) 606.4 (8) 338.8 

14) 552 .9 (9) 285.2 

(5) 449.4 (10) 231. 7 

COMPUTED BY DATE CHECKED BY DATE-- --

CONTAINER MASSES 

PARTS 
MASS· SPECIMEN 1 (g) 

PARTS 
MASS. SPECIMEN 2 (g) 

PARTS 
MASS· SPECIMEN 3 lg) 

AIR WATER LOSS AIR WATER LOSS AIR WATER LOSS 

CARRIAGE NO. I 78 .7 8 .6 

MEMBRAINE NO . C-31 15.3 16 .2 -
END PLATES C-14 59.7 50.0 

2-'0'· RINGS 

MISC. 3.6 2 .9 

TOTAL 157. 3 77 .7 

COMPUTED BY DATE CHECKED BY DATE 

Figure 3. - Specimen placement-data sheec 1 (for criaxial shear cescs)-Concinued. 
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7 -2371 (I0-80) 
Bureau of Reclamation TRIAXIAL SHEAR TEST-DATA SHEET 2 

Designation USBR 5740 .§2 
SAMPLE NO. I SPECIMEN NO. I PROJECT I FEATURE 

TP-100 I Example Example 
TESTED BY DATE I COMPUTED BY DATE CHECKED BY DATE 

2 
Volume Change of System - USBR 1450 

Displacement 00 in/ min 0 lbf/in Mox. Lot. I 10 Slope I 0:0125 Intercept I 0.000 
rote 0 .002 D mnyinin Bock pressure N/ A O kPo 

AA,lied lateral D lbf/in
2 C!I lbf/in2 Mox . Lot. 2 50 Slope 2 0 .0033 Intercept 20.125 

Barometric 
pressure__!UA_D kPo pressure 12 .0 0 kPo Mox. Lot. 3 I I I Slope 30.0015 Intercept 30.25 7 

Pore-Pressure Coefficient(B) N/A Slope 4 0 .0009 Intercept 40.349 (saturation parameter) 

Chamber No. 29 Compression test mochine No. _I_ 

( o) Load piston area , Ap 0.1964 IX) in2 D cm2 

( b) Volume tube factor, VTt 0 . 110 1X1 intln D cm3/cm 

( c) Drain tube factor, DT1 
0 .025 !Kl in3/in D cm3/cm 

( d) Temp. corr. coefficent, Tf O .011 5 l!l inr'f O cm3/0 c 

Applied Deviotor Axial Volume Pore Drain Tube 
SP.ecimen Tube Pressure Reading Temperature Lateral press. l.Dod Deformation Reading Top Bottom Tube I Tube 2 

lbf /in~} kPo (lbf) ~tons (in )I mm (in )I cm< lbf/in~D kPo < lbf/inZD kPa in I cm in I cm (OF) I "C 
(I) ( 2) ( 3) (4) ( 5) ( 6) (7) (8) ( 9) 

0 · O . 170 5 .35 -9.5 0 .0 69. 8 
1.3 35 .160 5 . 73 -9 .4 0 .0 69 . 8 

10.4 50 . 150 6 .84 -9 . 1 ·' 0 .0 69 . 8 
22.6 62 .140 7.67 -8.7 0 .9 69.B 
25.4 79 . 130 8 .02 -8.4 1.3 69.8 
28. 4 87 . 120 8.38 - 8 .2 1.6 69. 8 

____1~,...7 99 . 110 8 .68 -8 .0 2 .0 69. 8 
32 .3 105 . 100 9 .03 - 7 .6 2 .5 69.8 
34.4 112 . 090 9 .35 - 7 . 3 2 .9 69 . B 
38.2 116 . 080 9 .74 -6 . 8 3.5 69.8 
40.1 122 .070 10.07 -6 . 3 4.1 69.8 
43 .4 125 .060 10.43 - 5 . 7 4.6 69.8 
45 . 3 132 .050 10.76 -5.0 5.3 70.0 

46.9 138 1.040 11 .07 -4. 3 5.9 70.0 

49.7 141 1.030 11 .43 -3 .4 6.5 70.0 
52.8 147 1.020 11 .89 -1.6 7.9 70.0 

55.8 153 1.010 12. 18 -0.3 8.8 70.0 

55 .9 159 1.000 12 .47 0 .8 9 .4 70.2 
62 .8 165 0.990 12 .77 1.8 10.0 I 70.2 

65.0 170 0 .980 13.06 3.4 10.8 70.2 
GPO 8&2- 188 

Figure 4. - Triaxiai shear test-data sheet 2-example. 
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USBR 5740 

7-2371A (10-86) 
Bureau of Reclamation 

TRIAXIAL SHEAR TEST-DATA SHEET 2a 
Designation USBR 5740 .89 

SAMPLE NO. I SPECIMEN N~. I PROJECT I FEATURE 

TP-100 Example Example 
TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

Applied Deviator A .. ial Volume Pore Drain Tube 
srcecimen Tube Pressure Reading Temperature Lateral Press. Load De ormation Reading Top Bottom Tube L Tube 2 . 

lbf /in2J kPa ( I bf) 1New1ons '- in.) I mm in .)I cm r-!_bf/in2J kPa .Jbf/ln2{) kPo in I cm in I cm !__°FJ I oc 
l I ) l2 l l3l (4) l5) (6) l7) (8) l9l 
67.8 177 0 .970 13 . 35 5.2 11. 9 70.2 
69 . 8 185 0 .960 13 . 63 6.7 13 . 0 70 . 2 
71. 6 194 0.950 13.92 8.1 14 . 9 70 . 2 
76. 7 201 0 . 940 14.23 10.5 15 . 5 70 . 2 
80.8 210 0 .930 14 . 53 12.7 16.9 70.2 
85.8 216 0 . 920 14 . 84 14 . 7 18 . 5 70 . 2 
89 . 9 226 0 . 910 15 .1 4 17. 3 20. 5 70 . 2 
92.9 237 0.900 15.43 19.3 22.3 70. 2 
99.0 243 0.890 15.75 22.2 24 . 6 70. 2 

105 . 8 253 0.880 16.07 25 . 6 27.5 70 . 5 
II 0 . 7 262 0 . 870 16.38 29.2 30.6 70 . 5 
116. 9 271 0 . 860 16.70 33.0 33 . 7 70.5 
126. 7 280 0 . 850 17.05 38.1 37 . 5 70 . 5 
137. 4 289 0 . 840 17. 40 44. 7 42.3 70 . 5 
142.8 302 0 . 830 17. 75 53. 3 47. 7 70 . 5 
157. 6 318 0 . 820 18.10 62.6 53 . 0 70.5 
179. 5 329 0 . 810 18 . 55 77. 7 60.0 70. 5 

-

GPO 8~2- 189 

Figure 4. - Triaxial shear rest-data sheer 2a-Conrinued. 
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{in1)l@ I@ I @ICiv~ ·1 I -I~ I<;;!) 1~1 I lbl/int 
~ I cm 3 cm3 cm 3 I ?,;;' l, 'X, 'X, 'X, I kPo cm2 kPo kPo 

{I~ j {17LJ.li8)_l.ll9) J {20) J {21) J (22) J {23) j (24) j (25lJ (26) j (27) j (28) ] (29) j (301 
I o o.o 0 .000 0.000 0 . 000 0.000 0.000 0.000 0.000 15.986 5.000 -0.00 0.00 - 0.0 3.197 0.00 0.00 0 . 000 0.000 0 
2 1.3 34.7 0 . 010 -0.38 -0 .042 0.020 0 .002 0 .000 -0. 024 15 .962 4 . 990 0 . 20 0 . 15 - 1.3 3.199 10.85 12.15 0 . 107 0.097 7926 
3 10 . 4 48 . 0 0 .020 -1.49 -0.164 0 . 126 0 .004 0 . 000 -0. 042 15 .944 4 . 980 0 . 40 0 . 26 - 10 . 4 3.202 14 . 99 25.39 0 . 410 0 . 291 7426 
4 22 .6 57. 6 0 . 030 -2 . 32 ' -0 . 255 0.167 0 .006 0 .000 - 0 .094 15 . 892 4 . 970 0 .60 0 . 5 9 - 21.7 3.198 18. 01 39. 71 0 . 546 0 . 353 4141 
5 25 . 4 74 . 0 0 . 040 -2.67 - 0.294 0 . 176 0 .008 0 . 000 -0.126 15 .860 4 . 960 0 .80 0 .79 - 24 . 1 3 . 198 23. 14 47.24 0 . 510 0.338 3914 
6 28 . 4 81.4 0.050 -3 .03 -0 . 333 0 . 186 0 . 010 0 .000 - 0 . 157 15 .829 4 . 950 1.00 0 .98 - 26 . 8 3 . 198 25 . 45 52 . 25 0 . 513 0 . 339 3478 
7 29 . 7 93 . 2 0 . 060 -3.33 -0.366 0 . 190 0 .012 0 .000 -0. 188 15 . 798 4 . 940 1.20 1.18 - 2 7. 7 3 .198 29 . 14 56.84 0 . 487 0 . 328 3272 
8 32.3 98.7 0.070 -3.68 -0.405 0.199 0 . 014 0 .000 -0 . 220 15. 766 4.930 1.40 1.38 - 29.8 3.198 30.86 60.66 0 . 491 0 . 329 2980 
9 34 . 4 105.2 0 . 080 -4.00 -0.440 0.206 0 .016 0.000 -0. 250 15. 736 4 .920 1.60 1.56 - 31.5 3.198 32.90 64.40 0 . 489 0.328 2809 

10 38 . 2 108 . 5 0 . 090 -4.39 -0 . 483 0.218 0 . 018 0 .000 -0 . 283 15 . 703 4.910 I. BO 1.77 - 34 .7 3.198 33 . 93 68.63 0 . 506 0 . 336 2558 
II 40 . 1 114 . 1 0 . 100 -4.72 -0 . 519 0 . 224 0 .020 0 .000 -0.315 15 . 671 4 .900 2 . 00 1. 97 - 36 . 0 3 .198 35 . 68 71 . 68 0 . 502 0 . 334 2421 
12 43 . 4 116 . 5 0 . 110 -5 .08 -0. 559 0 . 235 0 .022 0 .000 -0.346 15 .64 0 4 .890 2 . 20 2 .16 - 38 . 8 3 . 198 36 . 43 75 . 23 0 . 516 0 . 340 2264 
13 45 . 3 123 . 1 0 . 120 -5 . 41 -0.595 0 . 241 0 .024 -0 .002 -0 . 380 15 . 606 4.880 2 . 40 2 . 38 - 40.0 3 .198 38. 49 78 . 49 0 . 510 0 . 338 2158 
14 46 . 9 128 . 8 0 . 130 -5 . 72 -0 . 629 0 . 247 0 . 026 -0.002 -0 . 410 15. 576 4 . 870 2 .60 2 . 56 - 41.0 3 . 198 40. 28 81.28 0 .504 0 . 335 2105 
15 49 . 7 131.2 0 . 140 -6.08 -0.669 0.256 0.027 -0.002 -0.442 15.544 4 . 860 2 . 80 2 .76 - 43 . 2 3.198 41.03 84.23 0 . 513 0 . 339 1991 
16 52.8 136.6 0.150 -6.54 -0.719 0.261 0 . 029 -0 . 002 -0 . 489 15.497 4.850 3 . 00 3.06 - 44.9 3.195 42.75 87.65 0.512 0.339 1867 
17 55 . 8 142 . 0 0 . 160 -6.83 -0 . 751 0 . 266 0 . 031 -0 .002 -0. 518 15 . 468 4 . 840 3 . 20 3 . 24 - 47 . 0 3 . 196 44.43 91.43 0 . 514 0.339 1843 
18 55 . 9 148 . 0 0 . 170 -7 . 12 -0 . 783 0 . 266 0 . 033 -0.005 -0. 555 15 . 431 4.830 3 . 40 3 . 47 - 46. 5 3.195 46 . 32 92 . 82 0 . 501 0 . 334 1778 
19 62 . 8 152 .7 0 . 180 -7 . 42 - 0 . 816 0 . 276 0 .035 - 0 .005 - 0 .580 15.406 4.8 20 3 .60 3 . 63 - 52 . 8 3. 196 47. 78 100 . 58 0 . 525 0.344 1772 
20 65 . 0 157. 2 0 . 190 - 7 . 71 -0 . 848 0 . 280 0 .037 -0.005 -0. 610 15 .376 4 . 810 3 . 80 3 .82 - 54 . 2 3 . 197 49 . 17 103 . 37 0 . 524 0 . 344 1730 

•subscr ipt I denotes initial reading 
Subscript i denotes any subsequent reading 

.. Bottom pore pressure shown; may use top pore pressure value (101 · (5) 
or average pore pressure, (10) . (1(5) + (6) ) + 2) 

C POIIU•Ol9 

Figure 5. - K0 -test-data sheer 3- examplc. 
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USBR 5740 

K0 TEST-DATA SHEET 3a 

SAMPLE NO. 'SPECIMEN NO. 
TP-100 

!PROJECT 
I Example !FEATURE 

£11.omple 

TEST ED BY DATE I COMPUTED BY DAT E DATE 

0 
~ 0 

~ '.=' 

" 
0 

•-r Q ~o 

~-j 0 

4- - 0 
c: .!.... > 
o-o~...J ~ a, 

;; n 
t;.::.. 

<I Ill ~ 
II 
> 

Ill 
0 
> 

~ @) @ '-'.!!) (8) @ 
kPo .. cm cm> cm> 

Qg ~ ~ ~ ~ 'I, 'I, 
cm> cm> cm> cm> '"' 

~ @) ~~ 
\I.Po cm2 kPa \I.Pc 

~ 
kPo 

{10) (11) ( 12) l 13) (14) (15) (16) ( 17) (18) (19) l20) 121) (22) (23) (24) {25) (26) {27) (28) (29) {30) 

21 67 .B 163.7 0.200 -8.00 -0.680 0 .284 0 .039 -0.005 -0.640 15.346 4 .800 4.00 4 .00 55.9 3 . 197 51.2:0 107.10 0 .522 0.343 1718 

22 69. 8 171 . 3 0 .210 -8 .28 -0.91 I 0.287 0 .041 -0.005 - 0 .670 15.316 4 .790 4 .20 4 . 19 56..8 3.197 53.58 110.38 0 .515 0 .340 1711 

23 71 .6 179.9 0 .220 -8.57 -0.943 0 .289 0 .043 -0.005 -0.702 15.284 4 .780 4 .40 4 .39 56.7 3 . 197 56.27 I 12.97 0 .502 0 .334 1712 

24 76.7 185.9 0.230 -8 .88 -0.977 0 .297 0 .045 -0 .005 -0.730 15.256 4 .770 4.60 4 .57 61.2 3 . 198 58 . 13 I 119.33 0 .513 0.339 1703 

25 80.8 194. 1 0.240 ... 9_1e -1.010 0 .303 0.047 -0.005 -0.759 15.227 4 ,760 4.80 4 .75 63.9 I 3. 199 60.68 124.58 0 .513 0.339 1711 

26 85.8 199. 1 0.250 -9.49 -\.044 0.311 0.049 -0.005 -0 .787 15.199 4 .750 5.00 4.92 67.3 3.200 62.22 I 129.52 0 .520 0.342 1696 

27 89.9 208.3 0.260 -9 .79 -1.077 0 .317 0.051 -0.005 -0 .816 15. 170 4 .740 5.20 5 .10 69.4 3.200 65 .09 I 34.49 0 .516 0.340 1715 

28 92.9 218.8 0 .270 -10.08 -I 109 0 .321 0 .053 -0.005 -0 .846 15.140 4 .730 5 .40 5 .29 70.6 3 .20 I 68.35 138. 95 0..508 0.337 1726 

29 99.0 223.6 0 .280 -10.40 -1 . 144 0 .331 0 .055 -0.005 -0.873 15. 113 4.720 5 .60 5 .46 74.4 3 .202 69.83 I 144.23 0 .516 0 .340 1717 

30 100.8 232.2 0 .290 -10. 72 -1.179 0 .341 0 .057 -0.008 -0.903 15.083 4 .710 5 .80 5 ,65 78.3 3.202 72.52 I 150.82 0 .519 0 . 342 1719 

31 110.7 240.3 0.300 -I 1.03 -1.213 0 .348 0 .059 -0 .008 -0.932 15.054 4.700 6.00 5,83 80.1 3 .203 75.02 ! 155.12 0 .516 0. 340 1731 

32 116.9 248.0 0.310 _, 1.35 -1.249 0.353 0.061 - 0.008 -0965 15.021 4.690 6.20 6,04 83.2 3 203 77,43 ! 160.63 0 .518 0.341 1722 

33 126.7 255. 1 0.320 -1 1.70 -1.287 0 .362 0.063 ---0.008 -0.996 14.990 4 ,680 6.40 6 .23 89.2 3.203 79.6◄ I 168.84 0 . 528 0.346 1717 

34 137.4 2620 0 .330 -12 .05 -1.326 0 .372 0.065 -0 .008 -1 .027 14.959 4 .670 6.60 6 .42 95. 1 3.203 81 .80 I 116.90 0 . 538 0.350 1715 

35 142.8 274.0 0 .340 -12 .40 -1.364 0 .377 0 .067 -0.008 -1 .062 14.924 4 .660 6 .80 6 .64 95. 1 3 .203 85.54 180.64 0 .526 0.345 1731 

36 157.6 287.0 0.350 -12 .75 -1.403 0 .390 0 .069 - 0 .008 -1 .090 14.896 4 .650 7.00 6 .82 104.6 3.203 89.60 I 194.20 0 .539 i 0 .350 1774 

37 179.5 293.7 0.360 -13 .20 -1.452 0 .410 0 .071 -0.008 -I . 121 14,865 4 .640 7.20 7 .01 119.5 3 .204 9 1. 67 211.17 0 .566 · 0.361 1785 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 1 . 

48 I 
49 
50 
51 
52 I { 

53 I I I I 

•subscript I denotes initial reading 
Subscript i denotes any subsequent reading 

• •eottom pore pressure shown; may use top pore pressure value ( 10} • (51 
or average pore pressure, ( 10) - (( (5) + (6) l ..;.. 2) 

Figure 5. - K 0 -cesc-data sheet 3a-Continued. 

the chamber bottom plate. The water will exit through 
the base of the triaxial assembly and should be wiped up 
immediately. 

14.11 Close valve G. 
14.12 Attaching the saturated end plate with porous 

insert to the chamber bottom plate follows. 
14.12.1 Place the botcom end plate with centering 

dowel into the centering hole in the center of the chamber 
bottom plate. 

14.12.2 Open valve G slightly to allow a very small 
amount of water to flow from the drain tube through rhe 
fitting. With water flowing, attach the bottom end plate 
connecting rube to the chamber bottom place. 

14.12.3 Close valve G. 
14.12.4 Open valve F slightly to allow a very small 

amount of water to flow from the drain tube through the 
fitting. 

14.12.5 With water flowing, attach the top end place 
connecting line to the chamber bottom plate. 
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14.12.6 Do nor close valve F because this prevents 
cavitation of the system and keeps the top end plate porous 
insert moist. 

14.13 Apply a small amount of silicon grease to the 
sides of the cop and boccom end places to aid in sealing 
che specimen membrane to the end plates. 

14.14 Obtain a precut circular piece of No. 200 (75 
mm) mesh screen. Spray the screen with a silicon mold 
release. 

14.15 Place the screen on top of the botcom end place. 
The purpose of the screen is to ensure a "break line" 
between the soil and the end place so that pore air pressure 
is measured. 

14.16 Placing and sealing the soil specimen on the end 
places follows . 

14.16.1 Obtain a specimen prepared in accordance 
with either USBR 5210 or 5215. At this poinc, the specimen 
should be enclosed in a membrane with caps on both ends 
with the membrane sealed to the caps with O-rings. 
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14.16.2 Remove the O-rings from both ends of che 
specimen. 

14.16.3 Roll che membrane from che end cap on 
one end of che specimen and remove the end cap from 
char end of che specimen-either end unless otherwise 
specified. 

14.16.4 Place the rest specimen on the bottom end 
place. Roll the membrane over che sides of the bottom 
end place. 

14.16.5 Place two O-rings, of appropriate size, on 
the bottom of che O-ring expander. Position the expander 
around the specimen with the bottom of the expander 
around the middle of the bouom end place. Roll the O-rings 
into position around che end place co seal the membrane. 

14.16.6 Remove the expander from around the 
speomen. 

14.16.7 Place two O-rings on the cop end of the 
O-ring expander. Position the expander at approximately 
midheighr of the rest specimen wich the cop of the expander 
near che middle of the cop end place. 

14.16.8 Remove the O-rings from the cop end cap. 
Roll che membrane down from the cop of the specimen 
and remove the end cap. 

14.16.9 Bloc any excess water from che surface of 
che porous insert in che cop end place and close valve F. 

14.16.10 Carefully place the top end place into 
position on cop of the rest specimen. 

14.16.11 Roll che membrane up over the sides of the 
top .end place. Roll the O-rings from the expander onto 
the membrane so che membrane seals against the cop end 
place. Remove the expander from around the specimen. 

NOfE 5.-The expander is split into halves and is hinged on 
one side co facilitate removal from around the specimen. 

14.17 Ensure char the pore water pressure measuring 
system for rhe cop end place does nor cavicace. The end 
place control injector is to be used co maintain a water 
pressure nor lower than about minus 8.0 lbf/in2 (-55 kPa). 

14.18 Lighrly grease the upper and lower ends of the 
chamber. 

14.19 Carefully place the chamber into position on the 
chamber bottom place. 

14.20 Auach a hose from the de-aired water source 
co rhe de-aired water source (valve N) line and begin filling 
the chamber through the chamber bottom place with de­
aired water. As water rises in the chamber, use a squeeze 
bulb to flush any air bubbles char may be present on the 
bottom and sides of rhe chamber and specimen. 

14.21 Fill rhe chamber completely with de-aired water. 
Close valve N. 

14.22 Open valve A and sec the chamber cap in place. 
Force the chamber cap down onto the chamber until it 
is properly seared. 

14.23 Open valve N and continue filling the chamber 
with de-aired water until water flows out of rhe chamber 
cap relief valve A. Close valve A and continue filling so 
chat any air remaining in the system is forced up through 
che ball bushing. 
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14.24 When water flows out che ball bushing, close 
valve N. 

14.25 Screw rhe chamber boles into che chamber 
bouom place and sec che chamber cap hold down place 
inco place. 

14.26 Secure the chamber cap to the chamber bouom 
place by screwing the four nuts onto rhe four chamber 
boles; cighcen the nuts in a staggered sequence co about 
50 fc-lbf corque. 

14.27 Lighrly grease the piston, open valve A, and 
carefully push the piscon through che ball bushing in the 
center of the chamber cap until che piston rip fies into 
che socket in the cop end place. Check char che piston 
is firmly in contacr with the end place, but does not apply 
excessive pressure co the specimen (by feel). Close valve A. 

14.28 Arcach the axial deformation indicator (fig. 1) 
and adjust ics range so char deformation of the rest specimen 
can be recorded. 

14.29 Open valves Land K co the differential pressure 
transducer. 

14.30 Accach and secur_e che piston retainer bar. Be 
careful nor co disturb the specimen. The purpose of the 
piscon retainer bar is co prevent che piscon from being 
forced out of che chamber when lateral pressure is applied 
inside che chamber. 

14.31 Open valve A. Slowly open volume cube drain 
valve E until water flows our of chamber cap relief valve 
A. When the level of. water in the volume cube has reached 
the desired level for starting che test-usually che 10-inch 
(250-mm) level-close valve A. 

14.32 Make sure chat che air pressure regulacor is sec 
on zero and attach the air pressure hose co the cop of 
the volume cube. Carefully place che criaxial assembly in 
the compression rest machine. 

14.33 Align the load cell with the load transfer piscon 
(fig. 1). Ensure char the load transfer piston is just in 
contact with the piston cop plate. Level che load frame 
cross head and lock it into place. 

14.34 Read and record: 
Initial applied lateral 

pressure 
Deviaror load reading 
Axial specimen defor­

mation reading 
Volume rube reading 

Top and bottom pore 
pressure readings 

Tube 1 and cube 2 drain 
cube readings 

Chamber fluid temperature 
Dare 

as shown on figure 4 (data sheer 2). 

NOfE 6.-If the specimen is tested in an undrained condition, 
drain cube readings would not be required. Similarly, if reseed 
in a drained mode, pore pressure readings would not be required. 

14.35 Begin the cesr by applying axial load co rhe piston. 
(Consult the operator's manual for specific inscrucrions 
on operation of the axial loading device.) 

14.36 Adjust the lateral pressure as required co 
maintain zero lateral specimen strain by applying the theory 
and equations as explained in appendixes X5 and X6. 
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14.36.1 Lateral pressure adjustments should be made 
at 0.20 percent strain intervals to preclude the need for 
adjusting the lateral pressure in large increments. This 
also ensures that critical readings on the volume tube are 
closely monitored. Data collection intervals for different 
length specimens are shown in table 4. The required 
increase in lateral pressure is computed so that volume 
strain is equal to axial strain. Therefore, volume change 
or strain occurs only in the axial direction such that volume 
change per unit volume and length change per unit length 
are actually the same value. 

Table 4. - Data collection inrervals for various test specimen sizes. 

Test s12ecimen size 
Diameter Height Diameter Height Data collection interval 

m m mm mm m mm % strain 

2.0 50 50.8 127.0 0.010 0.254 0.20 
2.8 7.0 71.1 177.8 .014 0.356 .20 
6.0 15.0 152.4 381.0 .030 0.762 .20 
9.0 22.5 228.6 571.5 .045 l.143 .20 

14.37 It is recommended that the test be performed 
at an axial strain rate equal to about 0 .04 percent per minute, 
as shown in table 5. 

Table 5. - Recommended displacement and strain rate for various test 
specimen sizes. 

Test s12ecimen size Displacement Strain 
Diameter Height Diameter Height rate rate 

m m mm mm in/ min mm/ min % 

2.0 5.0 50.8 127.0 0.002 0.051 0.04 
2.8 7.0 71.l 177.8 .003 .076 .04 
6.0 15.0 152.4 381.0 .006 .152 .04 
9.0 22.5 228.6 571.5 .009 229 .04 

14.38 As axial load is applied ro the specimen, plot 
the values of pore air and pore water pressures as explained 
in appendix X4. Perform this operation in the same 
increments that data readings are .taken. 

14.39 Continue loading the specimen and adjusting the 
lateral pressure until the: volume change is equal to the 
initial volume of air in the specimen or until lateral pressure 
capacity of the chamber or axial load capacity of the 
compression test machine is attained. 

NOfE 7.-As complete saturation is approached in a specimen 
tested under sealed compression conditions, the lateral pressure 
necessary to prevent lateral deformation increases rapidly. 

14.40 Stop the axial loading device. 
14.41 Carefully release the lateral pressure and drain 

the water from the chamber. Disassemble the chamber 
and remove the specimen. 

15. Calculations 

15.1 The coefficient of earth pressure at rest Ko, 
Poisson's ratio, µ, and modulus of deformation Ed , are 
calculated at each pressure increment. 
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15.2 All calculations are based on data recorded on 
figure 3 (data sheet 1) and figure 4 (data sheets 2 and 2a). 
Perform all calculations as shown and record in the 
appropriate column. 

15 .2.1 Enter the following information on the 
heading of figure 5 (data sheet 3) : 

Sample No., 
Specimen No., 
Initial specimen volume ( Vo) (from fig. 3, data sheet 1), 
Initial specimen length (Lo) (from data sheet 1), and 
Compute the initial specimen area, Ao, by dividing Vo 

by Lo. 
15.2.2 Applied lateral pressure [fig. 5, col. (10) ] is 

the applied lateral pressure from figure 4 [data sheet 2, 
col (l)]. 

15.2.3 Corrected deviacor load [col. (11)] is the 
deviator load corrected to account for upward force due 
to lateral pressure acting on the piston. 

where: 
Pde 
pd 
Ap 
o3 

corrected deviator load, lbf 
deviator load, !bf 
load piston area, in2 

applied lateral pressure, lbf/ in2 

(1) 

15.2.4 Axial speumen deformation [col. (12)] is 
calculated. 

. (2) 
where: 

6.L axial specimen deformation (change in specimen 
length), in 

initial axial specimen deformation indicaror 
reading, in 

L; subsequent axial deformation indicator reading, 
m 

15.2.5 Volume tube change [~ol. (13)] is the change 
in·fluid level (linear units) in the volume rube. 

6.VT = VT1 - VT,· 
where: 
6.VT = volume rube change, in 
VT1 initial volume tube reading, in 
VT; subsequent volume rube reading, in 

(3) 

15.2.6 Converted volume tube change [col. (14)] is 
the volume tube converted from linear units to volumetric 
units. 

6.VTn = (6. VT) ( VTr) 
where: 
6.VTn = converted volume rube change, in3 

6.VT = volume tube change, in 
VTr = volume tube factor, in3/in, from USBR 1455 

(4) 

15.2.7 System volume change due to applied lateral 
pressure [col. (15)] is the expansion or contraction of the 
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triaxial system (in cubic inches) due to a change in applied 
lateral pressure, (see fig. 6). 

.1We = [(a3 - LTPR;)] (SL;)+ Y; 
where: 

ave = system volume change, in3 

a 3 = applied lateral pressure, lbf/ in2 

LTPR; = lateral pressure intercept for lateral pressure 
increment considered, lbf/in2 

(5) 

SL; = slope of line relating volume change to applied 
lateral pressure for pressure increment 
considered, in'/ (lbf/ in2) 

Y; volume change intercept for lateral pressure 
increment considered, in3 

NOfE 8.- A curve for system volume change versus lateral 
pressure must be developed for each triaxial shear test system 
and is unique for that particular system (see fig. 6). This curve 
is developed when the triaxial shear test system is calibrated 
(USBR 1450). 

15.2.8 Volume change due w piswn movement [col. 
(16)] due to displacement of water by piston entry into 
the chamber. 

where: 
LiVP = 

Lil 
Ap = 

Y(4) 

Y(3) 

'1 
c,,vc 

Lu 
C> z .. 
::,: 
u 

Lu 
:::i; 
::, 
_J 

0 
> 
:::i; 
Lu 
f-
VJ 
)-

VJ 

volume change due to piston movement, in3 

change in specimen length, in 
load piston area, in2 

LTPR 
(I) 

(J3 LTPA 
(3) 

LATERAL PRESSURE- lbf/ln2 

m 
EXAMPLE: FOR LTPR(2)~Oi < LTPR(3) 

t:,.VC = VOLUME CHANGE:((03 - LTPR(2)]xSL(2)},-Y(2) 

(6) 

LTPR 
(4) 

Figure 6. - Volume change of system due to applied lateral pressure. 
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15.2.9 Volume change due to temperature change 
[col. (17)] is the change of the confining fluid in the cell 
due to temperature change . 

where: 
LiTV= 

Tr= 
Ti 

T; 

LiTV = Tr(1i.- T;) 

volume change due to temperature change, in3 

temperature correction coefficient, in' / 0 P 
initial temperature reading of water in 

chamber, 0 P 
subsequnt temperature reading of water in 

chamber, 0 P 

(7) 

See appendix Xl for derivation of the temperature 
correction coefficient. 

15.2.10 Total volume change [col. (18)] is calculated. 

LiV = LiVTn + ave - LiVP + Li TV (8) 
where: 

LiV = total volume change, in3 

LiVTn= converted volume tube change, in 3 

ave = system volume change due to applied lateral 
pressure, in3 

LiVP = volume change due to piston movement, in3 

A TV= volume change due to temperature change, in3 

15.2.11 Speoinen volume Leo!. (19)] is the volume 
of the specimen at any subsequent point during the test. 

V; = Va + LiV 
where: 

V; = subsequent specimen volume in3 

Va = initial specimen volume in3 

LiV = total volume change, in3 

(9) 

15.2.12 Specimen length [col. (20)] is the length of 
the specimen at any subsequent point during the test. 

L; = La - Lil (10) 
where: 

L; susequent specimen length, in 
La initial specimen length, in 

Lil axial specimen deformation (change in specimen 
length), in 

15.2.13 Axial strain [col. (21)] at any given point 
in the test is calculated. 

( 11) 

where: 
e axial strain, % 

Lil axial specimen deformtion (change in specimen 
length), in 

La specimen length initial reading, in 
100 convert from decimal to percent 
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15.2.14 Volume strain from initial, fv [col. (22)] is 
the volumetric strain in percent of the initial specimen 
volume. 

fv = 100 [ ~v ~01.0) ] (12) 

where: 
fv = volume strain from initial, % 

~V = total volume change, in3 
-1.0 = constant to establish sign convention where 

positive values indicate compression and 
negative values indicate expansion 

Vo initial specimen volume, in3 
100 convert from decimal to percent 

15.2.15 Volume strain from start of shear, fvs [col. 
(23)] normally is not used for the Ko test; however, if 
the Ko test was performed on a specimen that consolidated 
prior to application of deviator load, this parameter would 
be calculated as: 

where: 
fvs 

v,­
v,-s 

-1.0 

100 = 

fvs = 100 [ ( V;- ½s) (-1.0) ] (13) 
v,s 

volume strain from start of shear, % 
specimen volume at subsequent reading, in3 
specimen volume at start of shear, in3 
constant to establish the sign convention where 

positive values indicate compression and 
negative values indicate expansion 

convert from decimal to percent 

15.2.16 Effective lateral stress [col. (24)] 1s calcu­
lated. 

(14) 
where: 

oi effective lateral stress (minor principal stress), 
lbf/in2 

03 applied lateral pressure, lbf/in2 

u pore pressure, either top ( Uw) or bottom ( ua) 
pore pressures may be used or an average of 
the two depending on the situation, !bf/ in2 

15.2.17 Corrected specimen area [col. (25)] 1s 
calculated. 

where: 
Ac 
v,­
L; 

corrected specimen area, in2 

specimen volume at a subsequent reading, in3 

specimen length at the same subsequent 
reading, in 

(15) 

15.2.18 Deviator stress, Od [col. (26)] is calculated. 

where: 
Od 

Pde 

Ac 

deviator stress, lbf/in2 

_ corrected deviator load at a given reading, !bf 
corrected specimen area at the same given 

reading, in2 

(16) 
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15.2.19 Effective axial stress [col. (27)] is calculated. 

(17) 
where: 

o{ effective axial stress (major effective principal 
stress), lbf/in2 

oi effective lateral stress (minor effective principal 
stress), lbf/in2 

Od = deviator stress, lbf/in2 

15.2.20 Coefficient of earth pressure at rest, Ko [col. 
(28)] is determined. 

K = 03' 
0 , 

01 
(18) 

where: 
Ko lateral earth pressure coefficient 
oi effective lateral stress, !bf/ in2 

o{ effective axial stress, !bf/ in2 

15.2.21 Poisson's ratio,µ [col. (29)] is computed. 

µ= 
Ko 

1 + Ko 
(19) 

where: 
µ Poisson's ratio 

Ko lateral earth pressure coefficient 
1 unity 

15.2.22 Modulus of deformation, Ed [col. (30)] is 
computed. 

where: 
Ed= 
µ , 

01 

oi 
1 
2 

100 
fv 

(1 - 2µ) (o{ + 203') 
fv/100 

modulus of deformation, lbf/in2 

Poisson's ratio 
effective axial stress, !bf/ in2 

effective lateral stress, !bf/ in2 

mterger 
interger 
convert from percent to decimal -· 
volumetric strain, % 

16. Report 

(20) 

16.1 The report is to consist of the following completed 
and checked forms: 

"Specimen Placement-Data Sheet 1;,• (fig. 3). 
"Triaxial Shear Test-Data Sheet 2" (fig. 4). 
"Ko Test-Data Sheet 3" (fig. 5). 
16.2 Data plots as shown on figure 7. 
16.3 All calculations are to show a checkmark and all 

plotting must. be checked. 

1 7. Ref ere nee 

[l] Jaky,J., Earth Pressure in Silos, Proceedings: Second 
International Conference on Soil Mechanics and Foundation 
Engineering, Rotterdam, vol. I, pp. 103-107·, 1948. 

17.1 Background Reference: 
Knodel, P. C., Triaxial Shear Test With Zero Lateral Strain 
(Ka-Test), Bureau of Reclamation Report No. REC-ERC-
71-27, 5' pp., Denver, Colorado, May 1971. 
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APPENDIX 

XL DETERMINING THE TEMPERATURE CORRECTION COEFFICIENT 
FOR WATER-FILLED TRIAXIAL ASSEMBLY 

Xl.l Scope 

Xl.1.1 When performing triaxial shear tests, there are 
occasions when changes in ambient temperature can occur. 
These ambient temperature changes can affect the volume 
of the water used for monitoring volume change of the 
specimen during testing. This appendix presents a method 
for determining a temperature correction coefficient for 
computing correct specimen volume. 

X 1.2 Summary of Method 

Xl.2.1 A triaxial assembly is de-aired and filled with 
de-aired water. A thermometer or thermocouple is inserted 
into the water in the chamber. The triaxial assembly is 
placed in a location where the ambient temperature can 
be varied from approximately 65 to 75 ° F. The ambient 
temperature is allowed to drop slowly to the lower limit 
of the ambient temperature range over a period of 8 to 
12 hours. Then, the assembly is relocated into an 
environment where the ambient temperature will cause 
the temperature of the triaxial assembly to increase 
approximately 10 to 15 ° F over a period of 6 to 8 hours. 
The temperature of the water in the triaxial assembly is 
measured and recorded to the nearest 0.1 ° F and the water 
level in the volume tube is read and recorded to 0.01 inch. 
The data are used to compute the temperature correction 
coefficient for the assembly in cubic inch per degree 
Farenheit (cubic centimeter per degree Celsius). 

NOfE Xl.1-When determining this coefficient, the top and 
bottom end plates are removed from the triaxial assembly since 
no specimen is placed in the chamber. Pipe plugs are screwed 
into the chamber botrom plate where the cop and botrom end 
plate lines had been attached. 

NOfE Xl.2-lt is recommended that three trials be performed 
on an assembly ro determine an average temperature correction 
coefficient. Since the volume of water in an assembly is one 
of the independent variables in determining the coefficient, the 
volume of water in an assembly should not be changed during 
the trials and a temperature correction coefficient should be 
determined for each different size triaxial assembly. 

Xl.3 Preparation of Apparatus 

Xl.3.1 De-airing the triaxial assembly (fig. 1): 
X 1.3.1.1 Place the chamber into the groove m the 

bottom plate. 
Xl.3.1.2 Verify that all the valves in the system are 

closed. 
X l.3 . l.3 Fill the chamber about one-half full with 

de-aired water. 
Xl.3.1.4 Open triaxial chamber cap relief valve A. 
Xl.3.1.5 Set the chamber cap in place, and force 

the cap down onto the chamber until it is properly seated. 
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Xl.3.1.6 Insert the piston through the ball bushing 
until the piston flange is resting on top of the chamber 
cap. 

Xl.3.1.7 Open valve B to the top of the volume 
cube. 

X 1.3.1.8 Attach vacuum hoses to valve B on top 
of the volume tube and to the fitting on the chamber cap 
relief valve A. 

Xl.3.1.9 Attach the ocher ends of the vacuum hoses 
to a multiporc manifold on the vacuum pump. Turn on 
the vacuum pump. 

Xl.3.1.10 Apply a vacuum of about 20 lbf/in2 (140 
kPa) for 5 minutes. 

Xl.3.1.11 Release the vacuum from the chamber (at 
valve A) by uncoupling the vacuum line at the vacuum 
pump. Maintain the vacuum on the volume cube. 

Xl.3.l.12 Open volume tube drain valve E and 
volume tube isolation valve R, and fill rhe volume rube 
to the top of its marking with de-aired water from the 
chamber (vacuum is still on the volume tube). 

X 1.3.1.13 Close volume tube drain valve E. 
X l.3. l.14 Release the vacuum from the volume tube 

by uncoupling the appropriate vacuum line at the vacuum 
pump. 

Xl.3. l.15 Plug the vacuum hose that attaches to the 
chamber at relief valve A into the vacuum source. 

X 1.3.1.16 Open valve E and allow the water level 
in the volume cube to drop to about the 25-inch (635-
mm) level. 

X 1.3.1.17 Close volume tube drain valve E. 
Xl.3. l.18 Reattach the vacuum hose to the top of 

the volume tube. Uncouple the vacuum hose to valve A. 
Xl.3.1.19 Displace water back and forth between 

the volume tube and the chamber by repeating subpara­
graphs Xl.3.1.12 through Xl.3.1.18 until air bubbles can 
not be seen in the volume cube. 

Xl.3.1.20 If the volume tube is not full at the end 
of the flushing phase, fill the tube by opening valve E. 
Fill the volume tube to about the 5-inch level with de­
aired water, so that it can be drained to the desired level 
for the coefficient determination. Close valves A and E. 

Xl.3.1.21 Uncouple all the vacuum lines from the 
manifold on the vacuum pump and shut off the vacuum 
pump. 

Xl.3. l.22 Uncouple the vacuum line from valves A 
and B. Coil the vacuum lines up and store them in a suitable 
location for future use. 

Xl.3.1.23 Do not drain the water from the chamber 
at this time. 

Xl.3.2 De-airing the differential pressure transducer. 
X 1.3.2.1 Fill the flushing tank on the differential 

pressure transducer about two-thirds full with de-aired 
water. Close the volume cube isolation valve R to isolate 
the volume tube and differential pressure transducer from 
the chamber. 
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Xl.3.2.2 Open valve Lon the differential pressure 
transducer. Remove the bottom plate on the differential 
pressure transducer by unscrewing the four cap head screws 
which hold the bottom plate ro the body of the transducer. 
Fill the bottom plate with de-aired water. Open valve M 
and fill the bottom plate with de-aired water from the 
flushing rank. Open valves E and K ro the volume tube 
and allow water ro flood over the exposed capsule located 
under the main body of the differential transducer. With 
water flowing, place the botrom plate back on the 
differential pressure transducer, being careful not ro entrap 
air. Close valve K but leave valve M ro the flushing rank 
slightly open ro relieve any pressure which results from 
tightening the cap screws. Tighten the four cap head screws. 

Xl.3.2.3 Flush the differential pressure transducer 
thoroughly by attaching a hand-held vacuum/pressure 
pump ro the rop of the flushing rank. Open valves K and 
M and flush water back and forth several times from the 
flushing rank ro the volume tube through the differential 
transducer. When this step is complete be sure that the 
water level in the volume tube is near the full mark and 
close valve M. Open the volume tube isolation valve R. 

NITTE X l.3-Extreme caution must be used when flushing the 
differential pressure transducer system since a pressure greater 
than about 10 lbf/in2 (70 kPa) can damage the measuring capsule 
inside the transducer. 

X 1.4 Procedure 

Xl.4.1 All data are robe recorded on the "Temperature 
Correction Coefficient" form as shown on figure X 1.1. 

Xl.4.2 Record all identifying information pertaining 
to the rriaxial assembly on the form. 

Xl.4.3 Connect a hose to valve N; place the other 
end of the hose in an empty container or into a drain. 

Xl.4.4 Drain about one quarter to one-third of the 
water from the chamber by opening valve N. Close valves 
A and N. 

Xl.4.5 Remove the piston and the chamber cap from 
the chamber. 

Xl.4.6 Verify that volume tube valve Bis open. 
Xl.4.7 Verify that all remaining valves to the chamber 

are closed. 
X 1.4.8 Attach a hose from the de-aired water source 

to the de-aired water source line. Open valve N and begin 
filling the chamber through the chamber bottom plate with 
de-aired water. As water rises in the chamber, use a squeeze 
bulb to flush any air bubbles that may be present on the 
bottom and sides of the chamber. 

X 1.4.9 Fill the chamber completely with de-aired 
water. Close valve N. 

Xl.4.10 Remove relief valve A by unscrewing it from 
the chamber cap. 

X 1.4.11 Set the chamber cap in place. Force the 
chamber cap down onto the chamber until it is properly 
seated. 

Xl.4.12 Open valve N and continue filling the chamber 
with de-aired water until water flows out of the hole left 
by removal of relief valve A. Close valve N. 
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Xl.4.13 Insert a thermocouple or thermometer to 

about midheight in the chamber through the hole left by 
removal of valve A. 

Xl.4.14 Using modeling clay or silicon sealant, seal 
the opening between the thermocouple or thermometer 
and the hole in the cap. 

X 1.4.15 Open valve N and continue filling the chamber 
until water flows out the top of the ball bushing. Close 
valve N. Disconnect the de-aired water source line from 
valve N. Reattach the drain line to valve N. 

X 1.4.16 Screw the chamber bolts into the chamber 
bottom plate; set the chamber cap hold down plate into 
place. 

X 1.4.17 Secure the chamber cap to the chamber bottom 
plate by screwing the four nuts onto the four chamber 
bolts; tighten the nuts in a staggered sequence to about 
50 ft-lbf torque. 

Xl.4.18 Tape a 0.5-inch diameter by 3-inch-long 
wooden dowel to the side of the piston nearest the piston 
retainer bar. Since there is not a specimen inside the 
chamber, the dowel keeps piston intrusion at about the 
same level it would be when a specimen is in the chamber. 

X l.4.19 Lightly grease the piston. Open valve E. 
Carefully push the piston through the ball bushing in the 
chamber cap until the wooden dowel comes in contact with 
the top of the chamber cap. If the water displaced by the 
piston overtops the volume tube, drain the excess water 
by opening valve N. Close valve N. 

X l.4.20 Open valves L and K to the differential 
pressure transducer. 

X 1.4.21 Attach and secure the piston retainer. 
X 1.4.22 Open volume tube drain valve E. Slowly open 

valve N to allow water to drain from the volume tube. 
When the level of water in the volume tube has reached 
the desired level for starting the test-usually the 10-inch 
level-close valve N. 

Xl.4.23 Place the triaxial assembly in an environment 
where an ambient temperature of 60 to 65 ° F ( 16 to 18 ° C) 
can be maintained for 8 to 12 hours. 

Xl.4.24 When the temperature of the triaxial assembly 
has stabilized, read and record chamber water temperature 
and volume tube height. Move the rriaxial assembly to 
an environment where the ambient temperature will cause 
a water temperature rise of 10 to 15 ° F over a period 
of 6 to 8 hours. 

Xl.4.25 Read and record water temperature to the 
nearest 0.1 ° F and volume tube height to the nearest 0.01 
inch. These readings should be taken at about I-hour 
intervals until chamber water temperature stabilizes. 

X l.4.26 This constitutes one trial. Repeat subpara­
graphs Xl.4.23 through Xl.4.25 if additional trials are 
required. 

X 1.4.27 Compute the temperature correction coeffi­
cient for each trial. Determine the average system 
temperature correction coefficient if required. 

X 1.5 Calculations 

X l.5.1 Perform all calculations on the "Temperature 
Correction Coefficient" form as shown on figure X l. l. 



USBR 5740 

7-2368 (10-86) 
Bureau of Reclamation 

TEMPERATURE CORRECTION COEFFICIENT-DATA SHEET 
Designation USBR --

PROJECT I FEATURE 
Example Example 

TESTED BY DATE I COMPUTED BY . DATE I CHECKED BY DATE 

Triaxial Assembly No. 29 (a.) Volume tube factor, VTt O. I IO []]in3/in □cm3/cm 

* Subscript I denotes initial reading 
Subscript i denotes any subsequent reading 

OI Cl) 

C CD .c G) 
00 :, C7' 

-0 C - C 
0 _g* G) 0 
Q) Cl) ~ 

.... .c ... 
(.) - E~c 

:, 0 w w rt)- -I-
Q) Q) - :, C - C 

<f ::i: .c .c I Oo~ .... G) - :, :, - G) ... 
0 I- - - ,., > .c V Q. 

:, -.., 
Q) - o_ 

E C 
E E -0 .., ... 
:, :, !! I- G) 

~ 
Q. 

~ 
... 

E G) 
> 

~ C 
0 
(.) 

in 00 in IX) in3 00 F•OO F•l!l 
cm □ cm□ cm3□ c·o c·o 

( I ) (2) ( 3) ( 4) (5) (6) (7) 

I 9/16 6:34 10.00 - 0 .00 66.2 0 .0 

2 7 : 30 9.84 0 . 16 0.018 67 .8 1.6 

3 8 :50 9.51 0.49 0 .054 70.7 4.5 

4 9:30 9 .45 0 . 55 0.061 71.6 5.4 

5 10:30 9.23 0.77 0.085 73.2 7 .0 

6 11 :38 9.09 0.91 0.100 75.0 8.8 

7 12=35 9.05 0.95 0.105 75.7 9 .5 

8 13:30 8 .91 1.09 0.120 76.6 . 10.4 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

REMARKS: System designed for 2x5 inch specimens. No en_~lates or specimen in chamber 
during this test. One trial only. 

GPO 8!5 2 - 1ee 

Figure Xl.l. - Temperature correction coefficient-data sheer-example. 
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Xl.5 .2 Volume Tube Facror, VTr.-Enter the volume 
tube factor in the space provided on figure X 1.1 . 

Xl.5.3 Darn Record-As readings are observed, record 
the following data: date (col. 1), time (col. 2), volume tube 
reading (col. 3), and temperature (col. 6). 

X l.5 .4 Volume Tube Change (col. 4).- The change in 
fluid level (col. 4) in the volume rube is calculated. 

where: 
uVT= 
VT1 
VT;= 

6VT = VT1 - VT; 

volume rube change, in 
initial volume tube reading, in 
subsequent volume tube reading, in 

(Xl-1) 

Xl.5.5 The volume tube readings are.converted (col. 5) 
from linear to volumetric readings. 

~VTn = ~VT ( VTr) 
where: 
6VTn= converted volume tube change, in3 
6VT = volume tube change, in 
VTr = volume tube factor, in3 / in 

(Xl-2) 

Xl.5.6 The change in chamber water temperature 
(col. 7)is computed. 

(Xl-3) 
where: 
~ T = temperature change, ° F 

T1 initial stabilized water temperature reading,° F 
T,· = subsequent temperature water reading,° F 

Xl.5.7 The temperature correction coefficient is a 
constant which relates chamber water temperature change 

to system volume change and may be expressed as: 

T. _ ~VTn 
r- b..T (Xl-4) 

where Tr equals temperature correction coefficient, in3 /° F. 
The temperature correction coefficient is the slope of the 
straight line relating ~VTn to 6 T and is assumed to pass 
through the origin. The line may be established from a 
visual best-fit straight line through the data points as shown 
on figure Xl.2 or it may be determined using linear 
regression analyses. If three trials are performed, an average 
coefficient for the rriaxial shear rest system should be 
determined using all data collected for the individual trials. 

NillE Xl.4 .-The temperarure correction coefficient is usually 
expressed in terms of cubic inch per degree Fahrenheit. However, 
it may be expressed in terms of cubic inch per degree Celcius, 
cubic centimeter per degree Fahrenheit, or cubic centimeter per 
degree Celcius. 

"' C 

<J 0 .20 

"' ID 
::, 
..,_ 0.15 

"' ;f 
:::> 0.10 
..J 
0 
> 
o 0.05 

"' .... 
a: 

"' > 
z 
0 
u 

Slope computed based on visual best fit line 
,, - 0 .·IZ0 in't 104"F - 0 .0115 in' / •r 

1.0 2 .0 3.0 4 ,0 5.0 6 .0 7 0 8.0 9.0 10.0 11.0 

TEMPERATURE /:',T (0 Fl 

TRIAXIAL ASSEMBLY N0 . 29 
Temperature Correction Coeff1c1ent 

Figure X 1.2. - Temperature co rrection coefficient plo t-example. 

X2. MEMBRANE CORRECTION 

X2. l Correction for Effect of Specimen Membrane 

X2.l.l The following equation, from ASTM D 1850, 
may be used to correct compressive soil strength for the 
effect of the specimen membrane if the error in deviator 
stress due to strength of the membrane exceeds 5 percent. 

where: 
6(01 - 03) 

Do 
M= 

(X2-l) 

the correction to be subtracted from the 
measured compressive strength, lbf/in2 

initial diameter of specimen, in 
compression modulus of the membrane, 

lbf/in 
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f = specimen axial strain, expressed as a 
decimal 

X2.2 Compression Modulus of the Membrane, M 

X2.2. l The compression modulus of the membrane 
may be determined by hanging a 0.5-inch length of 
membrane over a thin rod, placing another rod along the 
bottom of the hanging membrane and measuring the force 
per unit strain by stretching the membrane. In rests of 
very soft soils, the membrane effect may be significant; 
however, for most soils the membrane correction is 
insignificant and can be ignored. 
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X3. PORE PRESSURE CONSIDERATIONS 

X3. l Introduction 

X3. l. l Effective stress analysis involves evaluation of 
pore pressure in triaxial shear testing. In partially saturated 
soils this analysis may be based on pore air pressure and 
the theoretical relationship with volume change according 
to Boyle's Law for compression of air, combined with 
Henry's Law for air solubility in water. More recently, 
consideration has been given to capillary (suction) pressures 
in partially saturated soils. Research on measurement of 
these pore pressure effects was performed by the Bureau 
of Reclamation and a workable procedure was developed 
by Gibbs and Coffey [ 1]. Measurement of capillary stress 
in this testing procedure and in USBR 5735 includes all 
of the forces that affect soil suction. Capillary stress causes 
pore water pressure to be different than pore air pressure. 
Therefore, if effective stress is analyzed on the basis of 
deducting pore air pressure from applied stress, strength 
is evaluated at the void ratio and degree of saturation of 
the soil test specimen which represents a significant 
condition of the structure being investigated, such as the 
compacted condition of an embankment or the in-place 
condition of a foundation. The strength so evaluated should 
include effects of capillary pressure. However, if stress is 
analyzed on the basis of pore water pressure being deducted 
from applied stress, the result would be a basic 
interpretation of strength that would not include capillary 
pressure as effective stress. It is believed there is a distinct 
relationship between pore pressure and volume change 
which the observed data of a compression test should follow 
if pore pressure is initially equalized throughout the test 
specimen. During tests on undrained (sealed) specimens, 
it is believed that pore pressure regains equalization quite 
rapidly because there is not a major flow of fluid within 
the test specimen. Thus, for practical testing procedures, 
this means that sealed tests may be performed in a short 
time-such as a normal workday-and end plates may be 
used for measuring pore pressure during testing. 

X3.2 Pore Pressure Analysis 

X3.2. l In a sealed unsaturated spernnen, the voids 
contain water and air. The air can develop pressure, ua, 
as it compresses and likewise the water will develop 
pressure, llw, as load is applied. However, the water pressure 
is always lower (see fig. X4. l and equation X3-l) and 
may even be negative as a result of capillary suction on 
the water films in the small soil pores. The fluid pressures 
must be in equilibrium or there will be fluid migration 
until they are in equilibrium; that is: 

Uc = - (ua - Uw) (X3-l) 
where: 

Uc = capillary stress, the portion of fluid pressure that 
assimilates capillary stress and is always 
negative; however, it approaches zero as 
compression increases enough to cause 
saturation, !bf/ in2 
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ua pore air pressure, !bf/ in2 

uw pore water pressure, !bf/ in2 

X3.2.2 Theoretical evaluation of pore air pressure, ua, 
as shown by Hamilton [2], considers the air volume to 
be the volume of free air plus dissolved air according to 
Henry's Law. Then, using the principle of Boyle's Law 
at constant temperature: 

Pa ( Vao + hVw) (Pa + lla) ( Vac + h Vw) (X3-2) 

and solving for Ua 

Ua = (X3-3) 

where: 
Pa atmospheric pressure, !bf/ in2 

h 0.02, coefficient of air solubility in water by 
volume according to Henry's Law 

Vao initial volume of free air in percent of initial 
volume,% 

Vac final volume of free air in percent of initial 
volume,% 

Vw volume of water in percent of initial volume, % 

X3.3 Pore Air Pressure 

X3.3. l A more convenient form of this equation 
suggested by Hilf [3] uses percent volume change, ~ V 
It is equal to ( Vao - Vac), thus 

lla (X3-4) 

An example calculation of theoretical pore air pressure, 
lla, is given on figure X4.l. 

X3.4 Pore Pressure Curves 

X3.4. l To fully establish the theoretical pore pressure 
curves-as shown on figure X4.2-the following steps are 
taken. 

X3.4.2 The initial capillary stress (negative pore 
pressure), Uc, is determined for the test specimen by 
performing USBR 5375 which does not damage or disturb 
the specimen for later shear testing. 

X3.4.3 The shape of the Uc curve can be estimated 
as shown on figure X4.2. It can be either asymptotic to 
zero (as shown) or can be a straight line. 

X3.4.4 The theoretical pore air pressure line, ua, 1s 
computed using equation X3-4 as shown on the "Pore 
Air Pressure Computation" sheet (see fig. X4.l). 

X3.4.5 The theoretical pore water pressure line, uw, 
is computed using equation X3-l: Uw = Ua + Uc. 

X3.4.6 These theoretical curves are used to analyze 
observed data and to control the rate of testing in triaxial 
shear. 
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X4. DETERMINING AND PLOTTING PORE AIR, PORE WATER, AND CAPILLARY PRESSURES 

X4.1 Scope 

X4.l.l When performing the UU (unconsolidated­
undrained) triaxial shear test and the Ka test, on partially 
saturated soils in the UU-mode, the pore air, ua, and pore 
water, uw, pressures must be measured if effective stresses 
are to be computed. This appendix discusses necessary 
calculations and data plots. 

X4.2 Procedure 

X4.2. l Determine the capillary pressure, Uc, of the 
specimen using the method outlined in USBR 5735. From 
the dry unit weight, moisture content, and apparent specific 
gravity of soil, theoretical values of pore water pressure, 
uw, and pore air pressure, Ua, may be computed using the 
following equations. 

where: 
Vs= 
'Yd= 
G= 

'Yw = 

where: 
Vw 

w 

'Yd 
'Yw 

100 

where: 
Va 
Vs 
Vw 

1.00 

where: 
Vas 

h 

where: 

V. = -2.L 
s Gyw 

volume of solids, expressed as a decimal 
dry unit weight of the specimen, lbf/ft3 

apparent specific gravity of the soil 
absolute unit weight of water (at 4 °C) 

(62.43 lbf/ft3) 

volume of water, expressed as a decimal 
moisture content of specimen, % 
dry unit weight of specimen, lbf/ft3 

(X4-l) 

(X4-2) 

unit weight of water at 70 ° F, (21.1 ° C), assume 
normal room temperature, 62.29 lbf/ft3 

convert from percent to decimal 

Va = 1.00 - Vs - Vw 

volume of air, expressed as a decimal 
volume of solids, expressed as a decimal 
volume of water, expressed as a decimal 
unity 

Vas = hVw = 0.02 Vw 

(X4-3) 

(X4-4) 

total volume of air in solution, expressed as a 
decimal 

0.02 coefficient of air solubility in water by 
volume according to Henry's law 

volume of water, expressed as a decimal 

Us (X4-5) 

Us = pore pressure at the point where complete 
saturation of the specimen occurs, lbf/in2 
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Va 
Vas 

where: 
Ua 

Pa 

100 

average annual atmospheric pressure corrected 
for altitude (12.0 lbf/in2 in Denver, Colorado) 

volume of air, expressed as a decimal 
volume of air in solution according to Henry's 

law, expressed as a decimal 

Ua (X4-6) 

pore air pressure, !bf/ in2 

average annual atmospheric pressure, corrected 
for altitude (12.0 !bf/ in2" in Denver, Colorado) 

volume of free air, expressed as a decimal 
volume change of specimen,% 
total volume of air in solution, expressed as a 

decimal 
convert from percent to decimal 

X4.2.2 Compute ua of the specimen usmg the form 
as shown on figure X4.l. 

X4.2.3 Prepare a plot as shown on figure X4.2. 
X4.2.4 Plot computed pore air pressure, ua, (col 4) 

versus volume change (in percent), ~V, (col. 1) and connect 
the data points. 

X4.2.5 Obtain the computed value of Va (volume of 
air) computed on figure X4.l. Multiply the value of Va 
by 100 to convert to percent volume of air and plot this 
value on the graph and draw a vertical line from zero 
pore pressure to the top of the graph. This is labeled the 
"Saturation Line." 

NOfE X4. l.-When performing this test, measured volume 
change of the specimen should not plot beyond the "'Saturation 
Line" since the solids and water in the specimen are not normally 
compressible at the pressures used for testing in the laboratory. 

X4.2.6 Plot the maximum value of Uc (-17 .0 !bf/ in2 

on fig. X4.2). Plot another point at the intersection of 
the saturation line and the zero pore pressure axis. Connect 
the two points by drawing a curved line between them. 
Experience has shown this method to be sufficiently 
accurate for most soils. However, specialized testing can 
be performed with a "floating ring" device in which data 
points are obtained for the Uc curve. 

X4.2.7 Select Uc values from the graph for correspond­
ing volume change values and enter them on the figure 
X4.l form (col. 5). 

X4.2.8 Compute values of uw (col. 6) for the 
corresponding volume changes. 

where: 
Uw 

Uc 

Ua 

Uw = Uc+ Ua 

pore water pressure, lbf/in2 

capillary pressure, ]bf/ in2 

pore air pressure, !bf/ in2 

(X4-7) 
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7-2369 (10-86) 
Bureau of Reclamation PORE AIR PRESSURE COMPUTATION SHEET 

Designation USBR 

SAMPLE NO. 

TP-100 
I SPECIMEN ~o. I PROJECT 

Example 
I FEATURE 

Example 
TESTED BY DATE I COMPUTED BY 

The following ore definition, for the 1ymbol1 uHd below : 

111 = Volume of soi I uprn,ed os o dee lmal 

Vw s Volume of water uprened 09 a decimal 

V
0 

= Volume of air upre■sed a, a decimal 

u, = Pore air prenure at ,oturalion ( U
0 

l 

h= TIie coefficient of air solubllitylnwater 

by volume according to Henr,'1 Law 

vs 
yd ! 116. 2) = 0 . 689 = 

Gyw 
= (2.70)(62.43) Vw = 

DATE I CHECKED BY DATE 

v01 = hVw =Volume of Air In 1olutlon 

yd •Dry unit weight of the 1peclmen in lbf/ft 1 

Yw = Unit weight of water ot 4"C (62.45 lllf/ft'l 

Ywt = Unit weight of water at 22.0° C (62 . 29 lbf/ft 5) 

G • Specific gravity of the toil . 

P0 •12 .0lbf/ft1 =Averge baro111etic pru1ure 
corrHfed for altitude at Denver, OD. 

Uc at 0% .O.V = ________ lbf/ln2 

(w/ IOO)Yd 
= 

(0.1150) ( 116.2) = 0 . 215 
Ywt 62.29 

Vo = I . 0 - Vs - Vw = 0 . 096 v05 = hVw = (0 .02)(0.215) :i: 0.004 -

us Pa va = 
12 .0 (0.096) 

= 288 
Vo -t Vas = 0.100 = 

Vas (0.004) 

I I) (2) (:,) 141 (5) (8~ 
Vo-+ Vu - Pore I r Capillary Pore ter 

Volume change 12 .0 (~) Prtnurt (U0 ) Pr••- (Uc) PrN-t(llw) 
(6V) percent (6V/100) lbf / in1 

lbf/lnl lbf /in1 

(2).;. ( 5) (araohl l5l + I~ 

00 o..nn 0.100 0.0 -17. 0 -17.0 
0.5 0 . 060 0.095 0.63 -15.0 -14 .4 
I. 0 0.120 0.090 I. 33 -13.0 -11.7 

2 . 0 0 .240 0 .080 3 .00 -10 . 0 -7. 0 

3.0 0.360 0 . 070 5.14 -7 . 5 -2 .4 

4 0 o . 4An 0.060 8 .00 -5 .o 3 .0 

5.0 0 .600 0 .050 12.0 -3 . 5 8 .5 

6 .0 0 . 720 0.040 18.0 -2.0 16.0 

1 . 0 0.840 0 .030 28.0 -1.0 27.0 

8.0 0 . 960 0 .020 48 .0 -0.5 47. 5 

9 .0 1.080 0.010 10_8.0 -0.25 107.8 
9 6 1.152 0.004 288 .0 0.0 288 . 0 
10.0 I, 2uu 

II n I -.;:;:,n 

12.0 1.440 

13.0 I . 5bU 

14. 0 l . oi,u 
GP0852 - l l7 

Figure X4. I. - Pore air pressure computat ion sheet-example. 
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Figure X4.2. - Pore air anJ pore water pressures versus percent volume 
change-example. 

X4.2.9 On figure X4.2, plot the values of uw versus 
volume change (in percent) on the graph and connect the 
data points with a smooth curve. 

X4.3 Performing The Test and Plotting Data 

X4.3.1 Place the specimen in the criaxial assembly 
using the correct type of porous inserts in the top and 
bottom end plates (fine ceramic on cop, coarse on bottom). 

X4.3.2 If the porous insert in the bottom end plate 
has a bubbling pressure of 5 lbf/ in2 or less, obtain a precut 
No. 200 screen. Spray the screen with a silicon mold release. 

X4.3 .3 Place che No. 200 screen on top of the bottom 
end place. The purpose of the No. 200 screen is to ensure 
a "break line" between the soil and the end place, so that 
pore air pressure is measured. 
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X4.3.4 Use the injector to control capillary pressure 
llw in the top end plate. Allow Uw to "draw down" to 
no more than about 8.0 lbf/in2 negative (assuming the 
value of Uc exceeds 8 lbf/ in2). 

X4.3.5 Apply the lateral pressure slowly. Constantly 
monicor the values of ua and Uw. 

X4.3.6 Both Ua and Uw should closely follow the­
theoretical curves as on figure X4.2. If Uc is greater than 
about minus 8 lbf/in2 it must be controlled with the injeccor 
until the specimen has undergone sufficient volume change 
so the negative pressure is less than about minus 8.0 lbf/in2. 

X4.3.7 Compute percent volume change of the 
specimen at 5.0 lbf/in2 lateral pressure increments. 

X4.3.8 Volume strain of the specimen may be 
computed. 

where: 

lOO (~VTn + ~VC - ~VP+ ~TV) 
Vo 

€v = volume strain, % 
Vo = initial specimen volume, in3 

~VTn= (~VT) ( VTr) = converted volume tube 
change, in3 

100 = convert from decimal co percent 
and 
~VT= volume tube change, in 
VTr = voume cube factor, in/3in 

(X4-8) 

~ VC= [(a3 - LTPR;) (SL;)]+ Y; = chamber volume 
change, in3 

and 
03 

LTPR; 

SL; 

applied lateral pressure, lbf/ in2 

lateral pressure intercept for lateral pressure 
increment considered, lbf/in2 

Y; = 

slope of line relating volume change co 
applied lateral pressure for pressure 
increment considered, in3 / (lbf/ in 2) 

volume change intercept for lateral pressure 
increment considered, in3 

~VP= ~L (AP)= volume change due to piston 
movement, in3 

and 
~L 
AP= 

~TV= 

and 
Tr= 
Ti. = 
T; = 

change in piston length, in 
load piston area, in2 

Tr ( Ti - T;) = volume change due to 
temperature change, in3 

tempera cure correction coefficient, in3 /° F 
initial temperature reading, ° F 
subsequent temperature reading, ° F 

NOfE X4.2.-Carefully observe equation signs. This equation 
is valid only if axial deformation indicator readings decrease as 
specimen height decreases. 

X4.3.9 Percent volume change for the Ko rest may 
be computed either by the equation shown in subparagraph 
X4.3.8 (this appendix) or by the following equation: 

~V = lOO [ (L1 - L;) A; ] 
Vo 

(X4-9) 



where: 
L1 = LVDT or dial initial reading, in 
f,.; LVDT or dial subsequent reading, in 
A; specimen area at subsequent reading, in2 

Vo = specimen volume initial reading, in3 

100 convert from decimal ro percent 
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This equation will give correct values in the Ko test 
since diameter of the specimen is nor allowed ro change. 

X4.3.10 Plot the values of ua and Uw on the graph 
(fig. X4-2) as lateral pressure and axial load are applied. 
Continue ro plot the measured values of Lia and Uw and 
compare them with theoretical values as the test progresses. 



USBR 5740 

XS. THEORY AND BASIC EQUATIONS ASSOCIATED WITH THE Ko TEST 

XS.l Scope 

XS.1.1 This appendix outlines theory, basic equations, 
and assumptions associated with a triaxial shear test with 
zero lateral strain (Ko -Test). 1 

XS.2 Discussion 

XS.2.1 The theories used when performing the Ko test 
are based on the assumption that the soil is both isotropic 
and homogeneous and that the ratio between a linear stress, 
a, and the corresponding linear strain, e, is a usable 
relationship in the form of a modulus. 

(XS-1) 

XS.2.2 The pos1t1ve vertical strain produced by a 
vertical pressure is associated with a negative horizontal 
strain, 1: 1 . The absolute value of the ratio between the 
strains is called Poisson's ratio, µ. 

µ E (XS-2) 

XS.2.3 In a K 0 test, lateral strain is not permitted; 
so in an element of soil that is laterally confined and com­
pressed by a vertical pressure, ay, there will be compres­
sion stresses ax and Oz acting on the sides of the element 
(see fig. XS.l). The stresses acting on the sides of an 
element will cause strain in the direction of the stress 
as well as strains in the two axes perpendicular to the 
stress. Strains in the perpendicular directions are equal 
to the strain in the direction of stress times Poisson's ratio, 
µ. Since lateral displacement is not permitted in a Ko 
test, the stresses in the X(or Z) direction are in equilibrium 
so that: 

(XS-3) 

XS.2.4 The Ko test is performed on a cylindrical 
specimen which is symmetrical; therefore, Ox = Oz and 
the state of stress has circular symmetry about the Oy axis. 
From equation XS-3, the ratio, Ko, of the lateral stresses 
CTx or Oz to the vertical stress Oy is: 

Ox = Oz = _E__ = Ko . 
Oy Oy 1 - µ 

(XS-4) 

XS.2.5 The volume change per unit volume of a soil 
specimen resulting from these applied stresses is equal 
to the sum of the volume change per unit of volume 

1 Knodel, P. C., Triaxial Shear Test With Zero Lateral Strain (Ko -Test), 
Report No. Bureau of Reclamation, REC-ERC-71-27, 9 pp, Denver, 
Colorado, May 1971. 
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produced by each stress individually. The volume change 
per unit of volume ~V/ V for such a configuration is: 

l..::_1_g 
~V/ V = (ay + 2ax) 

t 
(XS-5) 

In the triaxial test, the major and minor principal stresses 
are assumed to be: 

a 1 = ay = vertical principal stress, and 
a3 =ax= Oz= horizontal principal stress (lateral stress). 
Actually, during loading, shear stresses develop between 

the porous end plate inserts and the specimen ends thus 
introducing a small error. Equation XS-5 can be rearranged 
to obtain values of Ed, the modulus of deformation: 

l..::_1_g 
~V/V (01 + 2oa) (XS-6) 

Since ~V/ Vis equivalent to ea/100, equation XS-6 can 
be written: 

l..::_1_g 
ta/100 

where ea is the axial strain in percent. 

(XS-7) 

If total stresses were used, Ko would vary in relation to 

the water table. For this reason, Ko is defined as the ratio 
of horizontal to vertical effective stresses. Introducing 
effective stresses into equation XS-4, Ko may be 
expressed as: 

..J!:_ 

1-µ 
ai Oh 
a{ or a: 

(XS-8) 

This permits an evaluation of µ which can be used in 

equation XS-6 to evaluate Ed. 
XS.2.6 For materials that are essentially incompress­

ible and without shear strength, such as water, the value 
of µ is 0.5 and the corresponding value of Ko is 1.0. The 
value of K 0 can exceed 0.5 in dilatant materials, dense 
sand, and overconsolidated clays. By definition, Ko normally 
corresponds to the coefficient of earth pressure at rest 
using elastic theory. 

er, 
cry 

Figure X5. l. - Normal stresses acting on an element. 
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X6. METHODOLOGY FOR SETTING VOLUMETRIC STRAIN EQUAL TO AXIAL STRAIN 

X6.1 Method 

X6. l. l This test requires that volumetric and axial 
strain be equal for reasons explained in appendix X5 . 
Because a new computed volume cube reading is needed 
quickly, a computer or programmable calculator is required 
co perform the rest. This appendix outlines the logic and 
required computations needed for this computer program. 

X6.2 Logic 

X6.2. l In simplest form, the new volume cube reading 
could be calculated by determining axial specimen 
displacement and then calculating the corresponding 
volumetric displacement. But, for better accuracy, volu­
metric corrections for test equipment should be included 
in the calculations. Test equipment corrections follow. 

X6.2 .2 A correction must be made for chamber 
expansion as chamber pressure is increased. Since this 
volume change is not linear, a calibration curve is prepared; 
and for ease in calculation, the curve is typically broken 
into four straight line segments as shown on figure 6. 
The computer program must have'the capability to calculate 
chamber volume change caused by a given change in 
chamber pressure (lateral pressure) . The relationship is 
given on figure 5 [data sheet 3, col. (15)]. 

NOfE X6. l.-These calibration curves are determined 
separately from this procedure, and are kept on file for each 
criaxial assembly (see USBR 1450). 

X6.2.3 Specimen volume change also must be corrected 
for water displacement from the ·chamber caused by the 
piston entering the cell during axial loading. This relation­
ship is linear and is given on data sheet 3 in column (16) . 

NOfE X6.2.-The piston area is recorded with the apparatus 
calibration information. 

X6.2.4 Changes in temperature also affect the volume 
of the chamber. The · relationship is assumed linear for -
the operating range of temperatures in the laboratory as 
shown on data sheet 3 in column ( 17). 

NOfE X6.3.-See appendix X l for derivation of temperature 
correcrion coefficient. 
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X6.3 Calculations 

X6.3. l By using the equations-given on data sheet 
3-and assuming positive changes in axial dial reading 
as positive axial strain and positive changes in volume 
cube reading as positive volumetric strain, the following 
rela_cionship is found : 

or: 

(4;-4,)VTr+ (15)-(16) + (17) 
Vo 

(X6- l) 

where: 
Vo= 
dV= 
Lo= 

dL = 
VTr = 

(15) 
(16) 
(17) 
(31) 
(3;) 
(41) 
( 4;) 

specimen volume initial reading, in3 
change in specimen volume, in3 
specimen length initial reading, in 
change in specimen length, in 
volume tube faccor, in3/in 
chamber volume change, in3 
volume change due co piscon movement, in3 
temperature volume change, in3 

axial dial initial reading, in 
axial dial reading - current, (in) 
volume tube initial reading, in 
vo lume tube current reading, in 

X6.3.2 Solving for the volume cube reading, equation 
(X6. l) becomes : 

i Vo 01 - 3;)) + 
VTrlo 

I (16) - (152 - 0721 
VTr 

(X6-2) 

X6.3.3 The program is initialized by scoring the 
assembly calibration coefficients, initial specimen data, and 
initial gauge readings. During the test, the operacor enters 
the axial dial gauge readings into the computer that 
compute what the new volume cube reading should be 
for a given axial dial gauge reading. The operacor then 
adjusts the lateral pressure in order to bring the volume 
cube reading co the calculated level. 

NOfE X6.4-This is an approximate procedure because the 
new lateral pressure cannot be applied at the instant it is calculated. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5745-89 

PERFORMING UNCONSOLIDATED-UNDRAINED 
TRIAXIAL SHEAR TESTING OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, Code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5745. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the shear strength of unconsolidated­
undrained cylindrical soil specimens in either the 
undisturbed, remolded, or compacted state using the triaxial 
shear test method. 

1.2 The UU (unconsolidated-undrained) test can be 
performed on saturated or partially saturated soil specimens 
to determine the shear strength of a soil under undrained 
conditions. 

1.3 The UU test is performed using either strain or 
stress controlled axial loading. The rate of strain or rate 
of stress application is dependent on the type of soil being 
tested. 

1.4 Lateral pressure (confining pressure or cell 
pressure) is applied manually at a rate compatible with 
the type of soil being tested. 

1.5 Total stress conditions can be evaluated, or pore 
pressure measurements may be made during the UU test 
so that effective stress can be evaluated (see app. X3 ). 

1.6 UU tests have been performed successfully on many 
types of soil, ranging from fine-grained to coarse-grained 
soil, containing up to 3 inches (76 mm) maximum particle 
size. Specimen sizes for various types of soil have ranged 
from 1-3/8 inches diameter by 3 inches high to 9 inches 
diameter by 22-1/2 inches high (35- by 75- to 230- by 
570-mm). 

1.7 This procedure differs from ASTM D 2850 in that 
the rate of strain or rate of stress application is much 
slower than specified in ASTM D 2850, and pore pressure 
measurements may be made using this ·procedure. 

1.8 The test provides data for determining shear 
strength properties and stress-strain relations for soils. 

1.9 Multiple specimens may be tested under single 
stage compressive loading or a single specimen may be 
tested under multistaged compressive loading. 

2. Auxiliary Tests 

2.1 A compacted or undisturbed soil specimen must 
be prepared in accordance with USBR 5210 or 5215 prior 
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to performing this procedure. A moisture content and unit 
weight determination must be obtained in accordance with 
USBR 5300 and 5370, respectively, to obtain placement 
conditions for the test specimen. Physical properties tests 
are to be performed in accordance with USBR 5320, 5330, 
5350, 5360, and 5365 after completion of the test. Initial 
capillary pressure, determined in accordance with USBR 
5735, may be required prior to performing this procedure 
on partially saturated specimens. (See app. X3 for a 
discussion of pore-pressure analysis for this procedure and 
app. X4 for determining and plotting pore air, pore water, 
and capillary pressure.) 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 1050 Calibrating Pressure Transducers 
USBR 1055 Calibrating Differential Pressure Trans­
ducers 
USBR 1450 Calibrating Triaxial-Type Chambers for 
Pressure-Volume Change Relations 
USBR 1455 Calibrating Volume and Drain Tubes 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
From Undisturbed Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method · 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
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USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5370 Determining Unit Weight of Cylindrical Soil 
Specimens 
USBR 5735 Determining Initial Capillary Pressure 
of Soils 
USBR 5750 Performing Consolidated-Undrained Tri­
axial Shear Testing of Soils 
USBR 7000 Performing Disturbed Soil Sampling in Test 
Pits , Trenches, Accessible Borings, and Tunnels 
USBR 7010 Performing Disturbed Soil Sampling Using 
Auger Boring Method 
USBR 7100 Obtaining Undisturbed Block Samples by the 
Hand and Chain Saw Methods 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 

3.2 ASTM Standard: 
ASTM : D 2850 Test Method for Unconsolidated, 
Undrained Compressive Strength of Cohesive Soils in 
Triaxial Compression 

4. Summary of Method 

4.1 A soil specimen is prepared and placed in a standard 
triaxial assembly as shown on figure 1. The chamber is 
sealed, and a confining pressure is applied to the specimen 
and volum~~§.Q!!9g~ 1_and pore pressures are allowed to 
stabilize. Axial load 'is applied using either a strain or stress 
controlled loading device. The moisture content of the test 
specimen is not permitted to change during application 
of the confining pressure or during compression. As axial 
load is applied, deviator load, axial specimen deformation, 
specimen volume, pore pressure, and chamber water 
temperature are measured and recorded. Shear stress, major 
and minor principal stresses at failure, and axial strain 
at failure are obtained. Stress-strain curves are plotted and 
effective stress or total stress shear strength envelopes 
can be prepared. For single stage compressive loading of 
multiple specimens, at least three specimens are required 
for one complete UU triaxial shear test. For multistage 
compressive loading, only one specimen is required for 
one complete UU triaxial shear test. 

5. Significance and Use 

5.1 Shear strength can be measured (in this test) in 
terms of either total stress or effective stress. Shear strength 
in terms of effective stress, which is total stress corrected 
for pore pressure, depends on the pressure developed in 
the pore fluid during loading. If fluid is allowed to flow 
from or into a soil specimen as load is applied, the resulting 
pore pressure-hence, shear strength-differs from that 
developed in the case where drainage cannot occur. 
Drainage across the boundaries of the specimen is not 
permitted in this procedure, so shear strength measured 
in terms of total stress generally is not applicable to field 
problems where drainage occurs. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.l Consolidation .-The time-dependent reduction 
in volume of a soil mass resulting from an increase in 
effective stress. 

6 .1.2 Deviator Stress (01-aa) .-The difference 
between the major and minor principal stresses in a triaxial 
test (ASTM definition). 

6.1. 3 Effective Stress (a'). - The average normal force 
per unit area transmitted from grain to grain of a soil 
mass (similar to ASTM). 

6.1.4 Mohr Circle.-A graphical representation of the 
stresses acting on the various planes at a given point 
(ASTM). 

6.1.5 Neutral Stress/ Pore Pressure/ Pore Water 
Pressure (u) .-Stress transmitted through the pore water 
(water filling the voids of the soil)(ASTM) . 

6.1.6 Strength.-The maximum stress which a 
material can resist without failing for any given type of 
loading (International Society for Rock Mechanics). 

6.1.7 Triaxial Shear Test.-A test in which a specimen 
of soil or rock encased by an impervious membrane is 
subjected to a confining pressure and then loaded axially 
ta failure (ASTM). 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2. l Bubbling Pressure.-Pressure required ta force 
air through a saturated porous insert (also referred ta as 

· the air-entry value). 

777 

6.2.2 Failure.-The stress condition at failure for a 
test specimen is taken to correspond to the maximum 
deviator stress attained, or the deviatar stress (principal 
stress difference) at 20-percenr axial strain, whichever is 
obtained first during performance of a test. 

7. Apparatus 

7.1 General Apparatus : 
7.1. l Balance or Scale.-Balance or scale meeting the 

requirements shown in table 1. 

Table !.-Balance or scale requirements. 

Test s~cimen size Balance or scale 
Diameter Height Diameter Height Capacity Readability 

m m mm mm 

2.0 5.0 50.8 127.0 1000g 0.05 g 
2.8 7.0 71.1 177.8 2000 g 0.1 g 
6.0 15.0 152.4 381.0 25 kg 0.01 kg 
9.0 22.5 228.6 57 L.5 75 kg 0.01 kg 

7.1.2 Timer.-A timing device indicating elapsed 
time to the nearest l second is ta be used for establishing 
the rate of stress or strain application 

7.1.3 Specimen Size Measurement Dev,ces .-Devices 
used to measure the height and diameter of the specimen. 
The devices must be capable of measuring ta the nearest 
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Figure l. - Triax ial assembly for unconsolidated-undrained tests. 

0.001 inch (0.025 mm) and should be constructed such 
that their use will not disturb the specimen. A vernier 
caliper is recommended for measuring specimen height 
and a pi tape for measuring specimen diameter. 

NOfE 1.-For specimens having a height that exceed 12 inches 
(305 mm), use a rule graduated in millimeters to measure the 
height of the specimen to the nearest 1.0 mm ( l/32 in). 

7.1.4 Water Container.-Sufficient size to accommo­
date the test specimen. 

7.1.5 Suspension Wire and Specimen Carriage.-For 
determining the specimen mass in air and water. 

7.2 Equipment Unique to This Procedure: 
7.2.1 Axial Loading Device (compression test 

machine).-A loading device (fig. 2) having sufficient 
capacity and control to provide the desired magnitude and 
rate of loading, respectively. 

7.2.2 Chamber Pressure Maintaining and Measure­
ment Dev,ces.-Devices must be capable of applying and 
controlling the chamber pressure to within ±0.5 lbf/in2 

(±3.5 kPa). The devices may consist of a reservoir connected 
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to the chamber and partially filled ·with the chamber fluid 
(usually water), with the upP.er part of the reservoir 
connected to a pressurized gas supply. The gas pressure 
is controlled by a pressure regulator and measured by a 
pressure gauge, electronic pressure transducer, or any other 
device capable of measuring co the prescribed tolerance. 
However, a hydraulic system pressurized by deadweight 
acting on a piston or any other pressure maintaining and 
measurement device capable of applying and controlling 
the chamber pressure to the tolerance prescribed in this 
subparagraph may be used. 

7.2.3 TriaxialAssembly .-Achamber (fig. 1) in which 
a cylindrical specimen, enclosed by a membrane sealed to 
end plates, is placed and subjected to axial load while 
confined by a lateral (a3) pressure. The triaxial chamber 
consists of a chamber bottom plate, chamber, and chamber 
cap. The chamber cap includes a ball bushing and piston, 
aligned with the axis of the specimen, through which the 
load from the axial loading device can be transmitted to 
the specimen to cause the specimen to be compressed axially 
between the end plates. The ball bushing and piston must 
be designed to minimize friction . 
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Gear driven platform----t+t-------.. 

Control po nel 

Figure 2. - Compression cesc machine. 

7.2.3.1 SpecimenEndPlates.-The end places must 
be constructed of a noncorrosive impermeable material such 
as _aluminum, stainless steel, or titanium; each must have 
a circular cross section and circular plane surface of contact 
with the specimen. The mass of the cop end plate must 
be less than 0.5 percent of the applied axial load at failure . 
The diameter of the end places should be within ±0.020 
inch of the diameter of the specimen. The bottom end 
plate must be coupled to the chamber bottom plate to 
prevent lateral morion or tilting. The top end plate must 
be designed to receive the piston such that the piston­
to-end plate contact area is concentric with the cap. It 
is recommended that the top end plate should be 
constructed in a manner so chat piston play or "wobble" 
be restricted to 4 degrees or less perpendicular to the top 
end plate. Each end plate must be plumbed so air can 
be flushed from che end plate. The cylindrical surface of 
che end plates co which the membrane is sealed should 
be smooch and free of scratches. The end plates muse be 
constructed so that pore pressure measurements can be 
obtained from both ends of the specimen. Each end place 
shall be fitted with a porous insert. 

7.2.3.2 Porous End Plate Inserts .-Porous inserts 
are manufactured from silicon carbide, aluminum oxide, 
sintered bronze, or ceramic. The material must not be 
susceptible to corrosion by soil substances or moisture. The 
proper grade (coarseness) of insert depends upon the type 
of test being performed and the soil being tested. The 
insert should be coarse· enough to develop adequate 
interlock with the specimen, bur fine enough to prevent 
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excessive intrusion of soil into the pores of the insert. 
Exact criteria for this have not been established. The 
coarseness of insert material determines cwo properties 
viral to pore pressure measurements: (1) permeability, the 
rare of diffusion of a pressurized gas through a porous 
material; and (2) bubbling pressure, the air entry value; 
i.e., the pressure required to force air through a saturated 
porous insert. 

7.2.3.3 Axial Load-Measuring Dev1ce.-The load 
measuring device shall be capable of measuring the axial 
load to an accuracy of ±0.25 percent over its full range. 

7.2.3.4 Pore Pressure Transducers .-Pore pressure 
transducers are used to measure the pore pressure in the 
soil specimen. The pressure transducers shall have an 
accuracy of ±0.25 percent over their full range. 

7.2.3.5 Lateral Pressure Transducer.-The lateral 
pressure transducer is used to measure the lateral pressure 
applied inside the chamber. The transducer shall have an 
accuracy of ±0.25 _percent over its full range. 

7.2.3.6 Differential Pressure Transducer.-The 
differential pressure transducer is used to measure. volume 
change of the specimen during the test. The cransdu_cer 
and volume tube are plumbed so that the height of the 
water column_ in the volume tube reacts directly on the 
measuring diaphragm inside the transducer. The transducer 
shall have an accuracy of ±0.25 percent of its full range. 

7.2.3.7 Volume Tube.-A constant bore glass tube 
supported by a sectional brass pipe with watertight seals 
on both ends. The volume tube is used primarily as a means 
of visually monitoring the volume change of the specimen. 
However, it serves also as a water reservoir and flushing 
tube when de-airing the system. For rriaxial systems, in 
which visual readings of the volume tube are used in 
determining volume change of the speci[Oen, the volume 
tube should be graduated in 0.01 inch divisions. For triaxial 
systems, in which a differential pressure transducer (as 
described in subpar. 7.2.3.6) is used in determining volume 
change of the specimen, it is recommended that the volume 
tube be graduated in 0.1 inch divisions so that a visual 
check of the ·specimen volume change can be made. The 
volume tube must be capable of withstanding pressures 
up to 250 )bf/ in2 ( 1724 kPa). The volume tube assembly 
must be enclosed in a 1/4-inch thick (6 mm) Plexiglas 
shield to prevent injury to personnel in the event the 
volume cube fails. 

7.2.3.8 Drain Tube.-A constant bore glass tube 
supported by a sectional brass pipe with watertight seals 
on both ends. For UU (unconsolidated-undrained) tests, 
the drain tubes are used as a water reservoir and flushing 
tube when de-airing the system. The drain tube muse be 
capable of withstanding pressures up to 250 !bf/ in2 ( 1724 
kPa) . The drain tube assembly must be enclosed in a 
1/4-inch thick (6 mm) Plexiglas shield to prevent injury 
to personnel in the event the drain tube fails. 

7.2.3.9 Flushing Tank.-Plexiglas tube used in 
conjunction with the volume tube to de-air the differential 
pressure transducer. 

7.2.3 .10 Axial Deformation Jndicator.-A dial 
indicator or LVDT (linear variable differential transformer) 
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having 0.001-inch (0.025 mm) resolution, and travel range 
of at least 20 percent of the initial height of the test 
specimen. Other measuring devices meeting these 
requirements for precision and range may be used. 

7.2.3.11 Specimen Membrane .-A membrane used 
to encase the specimen to isolate it from chamber fluid. 
Membranes should be carefully inspected prior to use; if 
any flaws or pinholes are evident, the membrane should 
be replaced. To minimize restraint to the specimen, the 
unstretched membrane diameter should be between 75 and 
90 percent of the specimen diameter. The membrane 
thickness must nor exceed 1 percent of the diameter of 
the specimen. The membrane must be sealed to the end 
plates with two rubber O-rings for which the unstressed 
inside diameter is 75 percent or less of the diameter of 
the end plate. Other methods that produce a positive seal 
may be used. 

7.2.3.12 Fine Mesh Screen .-A No. 200 (75 µm) 
mesh screen to be placed between the specimen and the 
porous insert of the bottom end plate. 

7.2.3.13 End Plate Control Injector.-A water filled 
hydra_ulic system which uses a threaded rod attached to 
an O-ring sealed pisron. The·Opf'.!,'~tor can manually control 
water pressure by rotating the knob on· the injector system 
clockwise ro increase the pressure or counterclockwise to 
decrease the pressure in the system. 

NOfE 2.-The end plate control injector is to be used only 
to control the hydraulic system for measuring pore water pressure 
to ensure that it does not cavitate; i.e., does not exceed about 
minus 8.0 lbf/in2 (-55 kPa). 

7.3 Miscellaneous Apparatus: 
7.3.l Tools, Etc.-Specimen trimming and carving 

tools, membrane expander, O-ring expander, moisture 
content cans, and data forms as required. 

7.3.2 Humidity Room.-A soil storage and sample 
preparation room with controlled temperature and 
humidity. The humidity room at the geotechnical laboratory 
at the Denver Office is designed to maintain 70±5 percent 
relative humidity and a temperature of 70±5 ° F (21±3 ° C) . 

8. Reagents and Materials 

8.1 Water used for performing the test is to be de­
aired water at room temperature. The purity should be 
such that the water is free of acids, alkalies, or oils, and 
is suitable for drinking. 

9. Precautions 

9.1 Safety Precautions: 
9.1. l Safety shoes should be worn when de-airing 

the equipment or placing the specimen. 
9.1.2 Water spillage in the area should be cleaned 

up as soon as possible. 
9.1.3 Safety glasses should be worn when applying 

air pressure to the volume/drain tubes when saturating 
or consolidating the specimen. 

9.1.4 Pressure should be slowly applied and released 
from the triaxial assembly ro prevent the glass volume 
tubes from shattering. 

9.2 Technical Precautions: 
9.2.1 Care must be taken to completely de-air the 

triaxial assembly prior to performing the test. 
9.2.2 The porous inserts in the end plates should 

be cleaned frequently to remove any impurities which may 
inhibit free waterflow. 

9.2.3 When performing a UU-type test on an 
unsaturated specimen, the increase in pore pressure with 
corresponding decrease in specimen volume accelerates 
rapidly as the test specimen approaches complete 
saturation. As this occurs, it is nor reasonable to assume 
that pore pressure in the specimen can equalize; and as 
a result, the measured pore pressure response may not 
be accurate. 

10. Sampling, Test Specimen, and Test Units 

10.l Sample Size: 
10.1.1 Compacted Specimens: 

10.1.1.1 Samples to be used in triaxial shear resting 
of compacted specimens should be obtained in accordance 
with methods presented in USBR 7000 or 7010. 

10.1.1.2 A sufficient mass of material should be 
,. . obt'ained so that all required testing can be performed on 
· the · sample. Suggested minimum sample mass (based on 

minimum specimen size, maximum particle size, and a 
minimum of four specimens per test) should be in 
accordance with table 2. 
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Table 2. - Suggested minimum sample mass. 

Test SQecimen size Practical field 
Diameter Height Diameter Height sam Qle mass 

m in mm mm lbm kg 

2.0 5.0 50.8 127.0 65 30 
2.8 7.0 71.1 177.8 100 45 
6.0 15.0 152.4 381.0 200 90 
90 22.5 228.6 571.5 700 320 

10.1.2 Undisturbed Specimens.-Samples to be used 
in triaxial shear testing of undisturbed specimens should 
be obtained in accordance with methods presented in USBR 
7100 or 7105 . 

10.2 Specimen Size: 
10.2.1 Test specimen size and maximum particle size 

should be in accordance with table 3. 

Table 3.-Specimen and maximum particle size. 

Test s~cimen size Maximum partical 
Diameter Height Diameter Height size 

m m mm mm m mm 

20 5.0 50.8 127.0 No. 4 4.75 
2.8 7.0 71.1 177.8 0.375 9.5 
6.0 15.0 152.4 381.0 0.75 19.0 
9.0 22.5 228.6 571.5 1.5 37.5 

10.2.2 If, after completion of a test, it is found that 
oversize particles were present indicate this information 
in the report of test data under Remarks. 



USBR 5745 

NOfE 3.-For specimen sizes and maximum particle sizes nor 
lisred in rable 3, maximum parricle size should be equal to or 
less rhan one-sixrh rhe specimen diamerer. 

10.2.3 Specimen height-co-diameter ratio must be 
between 2 and 3. 

10.3 Compacted Specimens.-Prepare compacred rest 
specimens in accordance wirh USBR 5210. 

10.4 Undisturbed Specimens.-Prepare undisturbed 
resr specimens in accordance with USBR 5215 . 

10.5 Remolded Specimens: 
10.5.1 Prepare remolded resr specimens by thor­

oughly working with the fingers an undisturbed specimen 
encased in the specimen membrane and sealed ro the end 
places. 

10.5.2 Place a mold around the specimen and push 
down on the cop end plate until the specimen fills the 
mold. The mold must have dimensions such char the 
remolded specimen dimensions will be equal to chose of 
the undisturbed specimen. Care should be taken so the 
specimen membrane is nor damaged or punctured during 
the remolding process. 

10.5.3 Care must be taken to avoid entrapping air 
in the specimen during remolding. Entrapment of air may 
result in a remolded specimen having a unit weight, void 
ratio, and/or moisture content inconsistent with chat of 
the undisturbed specimen. 

10.6 Determine the Initial Capillary Pressure of 
Partially Saturated Specimens: 

10.6.1 Determine the initial capillary pressure of the 
soil in accordance with USBR 5735. 

10.6.2 Compute and plot the theoretical pore air 
pressure of the specimen as shown in appendix X4 of 
this procedure. 

11. Preparation of Apparatus 

11.1 Saturation of Porous lnserts and De-A iring of End 
Plates: 

11.1 .1 If new porous inserts with a bubbling pressure 
greater than 5 !bf/ in2 (35 kPa) are co be used for the 
rest, the end plate, connecting lines, and porous insert are 
co be completely submerged in de-aired water and boiled 
from 8 to 16 hours to ensure that all entrapped air has 
been removed. 

11.1.2 If end plates with previously saturated porous 
inserts with a bubbling pressure greater than 5 lbf/ in2 

are co be reused for the test, the end places, connecting 
lines, and porous inserts are co be removed from the criaxial 
assembly, completely submerged in de-aired water, and 
boiled for a minimum of 4 hours co remove any entrapped 
air. 

11.1.3 If new porous inserts with a bubbling pressure 
of 5 lbf/ in2 or less are to be used for the cest, che end 
plates, connecting lines, and porous inserts are to be 
completely submerged in de-aired water and boiled for a 
minimum of 2 hours to ensure that all entrapped air has 
been removed. 

11.1.4 If end plates with previously saturated porous 
inserts with a bubbling pressure of 5 !bf/ in2 or less are 
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to be reused for the cesc, the end places, connecring lines, 
and porous inserts can be left in the triaxial assembly for 
subsequent tests and de-aired using vacuum. 

11.2 De-Airing the Triaxial Assembly (fig. 1): 
11.2.1 Attach the saturated end places with porous 

inserts co the chamber bottom place. 
11.2.1.1 Place the bottom end place with centering 

dowel into the hole in the center of the chamber bottom 
place. 

11.2.1.2 To ensure chat pressure does not build 
up in the system when the end plare connecring lines are 
attached co the fittings in rhe chamber bottom plate, open 
valves F or G slightly co allow a small amount of water 
co flow from the appropriate drain cube and flushing tank 
through the fittings in the chamber botcom plate while the 
appropriate end plate connecting lines are being attached. 

11.2.1.3 Open valve F. Attach the bocrom end plate 
connecting lines co the appropriate fittings in the chamber 
bottom plate. Close valve F. 

11.2.1.4 Open valve G. Attach the top end plate 
connecting lines co the appropriate fittings in the chamber 
bottom plate. Close valve G. 

11.2.2 Place the chamber into the groove in the 
chamber bottom plate. 

11.2.3 Check that all system valves are closed. 
11.2.4 Fill the chamber about one-half full with de­

aired water. 
11.2.5 Open chamber cap relief valve A. 
11.2.6 Set the chamber cap in place and force the 

cap down until it is properly seated on the chamber. 
11.2.7 Insert the piston through the opening in the 

chamber cap until the flange on the piston is resting on 
top of the chamber cap. 

11.2.8 Open the valves to che top of the volume 
and drain rubes (valves B, C, and D). 

11.2.9 If the unit is equipped with an end plate 
control injector, open valve J and cum the injector knob 
to rhe closed position (clockwise). Close valve J to the 
injector. 

11.2.10 Attach vacuum hoses to the tops of che 
volume cube, drain rubes, and the fitting on chamber cap 
relief valve A. 

11.2.11 Attach the ocher ends of the vacuum hoses 
into a suitable vacuum source, such as a vacuum pump. 
Turn on the vacuum pump. 

11.2.12 Apply a vacuum of approximately 20 lbf/in2 

(140 kPa) for 5 minutes. 
11.2.13 Release the vacuum co the chamber by 

uncoupling the vacuum line from the vacuum pump 
multiport manifold. Maintain the vacuum on the volume 
cube and drain cubes. 

11.2.14 Open volume cube drain valve E and the 
volume tube isolation valve R, and fill the volume cube 
co the cop of its markings with de-aired water from the 
chamber (vacuum is still on the volume cube). 

11.2.15 Close volume rube drain valve E. 
11.2.16 Open drain rube valves F and G and fill the 

drain cubes co the cop of their markings with de-aired 
water from the chamber (vacuum is sci II on che drain tubes) . 
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11.2.17 Close drain tube valves F and G. 
11.2.18 Release the vacuum from the volume and 

drain tubes by uncoupling the appropriate vacuum lines 
from the vacuum pump. 

11.2.19 Reattach the vacuum hose to chamber cap 
relief valve A to the vacuum source. 

11.2.20 Open valve E and allow the water level in 
the volume tube to drop to about the 25-inch level 
(635 mm) . 

11 .2.21 Close volume tube drain valve E. 
11.2.22 Open drain tube valves F and G, and allow 

the water level in the drain tubes to drop to about the 
25-inch level. 

11.2.23 Close drain tube valves F and G. 
11.2.24 Reattach vacuum hoses to the tops of the 

volume tube and drain tubes. 
11.2.25 Displace water back and forth between the 

volume and drain tubes and the chamber by repeating 
subparagraphs 11.2.13 through 11 .2.25 until air bubbles 
cannot be seen in the tubes. 

11 .2.26 Open valve J and turn the end plate control 
injector knob until the injector piston is at the open position 
(counterclockwise) co fill the injector with water. 

11.2.27 Turn the injector control knob co move the 
injector piston to its full closed and full open positions 
several times co remove any entrapped air. 

11.2.28 Leave the end place control injector piston 
at midrange position for testing and close valve J. 

11.2.29 If the volume and drain tubes are not full 
at the end of the flushing process fill the tubes by opening 
valves E, F, and G, with vacuum applied to the top of 
each tube. Fill the volume and drain cubes co the cop of 
their tube markings with de-aired water so they can be 
drained co the desired level for testing purposes. Close 
valves A, E, F, and G. 

11.2.30 Uncouple all vacuum lines from the manifold 
on the vacuum pump and shut off the vacuum pump. 

11.2.31 Uncouple all vacuum lines from the triaxial 
assembly, _coil the vacuum lines, and score in a suitable 
location for future use. 

11.2.32 Do not drain the water from the chamber 
until the end places and specimen are ready co be placed 
in the chamber as outlined in paragraph 14. 

11.3 De-Airing the Pore Pressure Transducers : 
11.3. l Check that valves H and I are closed, then 

detach the pore pressure transducers from their fittings 
on the apparatus. Using a syringe, fill each transducer with 
de-aired water. 

11.3.2 Open valve A. Slowly open valve H to allow 
a small amount of water co escape from i:he chamber. With 
water flowing, attach the transducer for the bottom end 
plate to the appropriate fitting. Leave valve H open. 

11.3.3 Slowly open valve I co allow a small amount 
of water co escape from the chamber. With water flowing, 
attach the transducer for the top end plate to the 
appropriate fitting. Leave valve I open. Close valve A. 

11.4 De-Airing the Differential Pressure Transducer: 
11.4. l Fill the flushing tank on the differential 

pressure transducer about two-thirds full of de-aired water. 
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Close the volume tube isolation valve R to isolate the 
volume tube and differential pressure transducer from the 
chamber. 

11.4.2 Open valve L on the differential pressure 
transducer. Remove the bottom plate on the differential 
pressure transducer by unscrewing the four cap head screws 
which hold it co the body of the transducer. Open valve 
M and fill the bottom place with de-aired water from the 
flushing tank. Open valves E and K co the volume tank 
and allow water co flood over the exposed capsule located 
under the main body of the differential pressure transducer. 
With water flowing, place the bottom place back on che 
differential pressure transducer while being careful not co 
entrap air. Close valve K, but leave valve M co the flushing 
tank slightly open co relieve any pressure which results 
from tightening the cap screws. Tighten the four cap head 
screws. 

11.4.3 Flush the differential pressure transducer 
thoroughly by attaching a hand-held vacuum/pressure 
pump co the cop of the flushing tank. Open valves K and 
M and flush water back and forth several times from the 
flushing rank and volume cube through the differential 
pressure transducer. When chis step is complete, be sure 
the water level in the volume cube is near the full mark 
and close valve M. Open volume tube isolation valve R. 

NOTE 4.-Excreme caution muse be used when flushing che 
differential pressure transducer, since a pressure greater than 
about 10 lbf/in2 (70 kPa) can damage che measuring capsule 
inside rhe transducer. 

12. Calibration and Standardization 

12. l Verify that component parts of the triaxial 
assembly are currently calibrated in accordance with the 
applicable calibration procedure. If the calibration is not 
current, perform the calibration before using the equipment 
for chis procedure. 

13. Conditioning 

13. l Prepare, place, and load the test specimen in an 
area isolated from drafts, vibrations, and variations in 
ambient temperature. 

14. Procedure 

14. l All data are to be recorded on figure 3, "Specimen 
Placement - Data Sheet l" (for triaxial shear tests); 
figure 4, "Triaxial Shear Test - Data Sheet 2"; and figure 5, 
"Pore Air Pressure Computation Sheet. " Perform 
calculations, as necessary, following seep by seep procedures 
outlined on figure 6, "Triaxial Shear Test - Data Sheet 3." 

14.2 Record all identifying information pertaining co 
the sample, specimen, and criaxial assembly in designated 
blanks on data sheers 1 and 2. 

14.3 Connect a hose co valve N; place the other end 
of the hose in an empty a container or into a drain. 

14.4 Open valves A and N and drain all water from 
the chamber. Close valve N. 

14.5 Remove the piston, the chamber cap, and che 
chamber from the chamber bottom place. 
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SPECIMEN PLACEMENT-DATA SHEET 1 
7-2367 (10-86) 
Bureau of Reclamation 

(FOR TRIAXIAL SHEAR TESTS) 
Desl311aUon USBR 5745 -~~ 

SAMPLE NO. 'PROJECT rEATURE 

50L - 61 Example Example 
LOCATION IDEPTH/ELEV 

Borrow C 0.0-10.0 ft. 
TESTED BY DATE rOMPUTED BY DATE 'CHECKED BY DATE 

SPECIMEN TYPE : D UNDISTURBED □NATURAL MOISTURE TEST TYPE: £8:luu Oco □MULTISTAGE 

l8J COMPACTED □WETTED Ocu DuKo DDKo 

SPECIMEN DIAMETER 
2.00 linl SPECIMEN LENGTH 

5.00 lin) 

PHYSICAL PROPERTIES 

% GRAVEL 5 
LIOU I D LIMIT 35 (%) (USBR 5350) 

% SAND 33 (USBR 5325) PLASTICITY INDEX 
15 (%) (USBR !5360) CLASSIFICATION SYMBOL CL 

% FINES 62 SPECIFIC GRAVITY 2.72 (USBR 5320) 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

713 . 2 716 . 5 715.0 
(1) MASS OF WET SPECIMEN AND CONT Al NE R IN Al R (g) 

154 . 1 159 . 4 155 . 8 
(2) MASS OF CONTAINER IN AIR (g) 

559 . 1 557. I 559.2 
(3) MASS OF WET SPECIMEN (1) • (2) (g) 

496. 5 494 . 8 496 .6 
(4) MASS OF ORY SPECIMEN (3)/[1 + (12)/100) (g) 

(5) MASS OF WET SPECIMEN ANO CONTAINER IN WATER (g) 
378. 9 378 . 3 379.4 

(6) MASS LOSS OF WET SPECIMEN AND CONTAINER• (1) - (5) (g) 
334 . 3 338 . 2 335. 6 

78. 8 79 . 4 79. 0 
(7) MASS OF CONTAINER IN WATER (g) 

(8) 
75. 3 80.0 76. 8 

MASS LOSS OF CONTAINER O (2) - (7) (g) 

259 . 0 258 . 2 258 . 8 
(9) MASS LOSS OF SPECIMEN • (6) - (8) (g) 

(10) SPECIMEN VOLUME a (9)/16.3498° (ln3) 
15. 841 15 . 792 15. 829 

(11) ORV UNIT WEIGHT a 1(4) x 3 .8096° I /(10) (lbf/ft3) 
119.4 119 . 4 119 . 5 

(12) MOISTURE CONTENT (USBR 53001 (FROM BACK) (%) 
12 . 6 12 . 6 12 . 6 

(ln3) 
11.165 11 . 126 II .167 

(13) SOIL VOLUME ~ 14)/(SpG x 16.3498°) 

70.48 70.45 70.55 
(14) PERCENT SOIL VOLUME • 1(13)/(10)1 x 100 (%) 

(15) WATER VOLUME• [(3). (4)1/16,3498° (ln3) 
3 . 829 3.810 3.829 

(16) PERCENT WATER VOLUME • 1(15)/(10)1 x 100 (%) 
24 .17 24 . 13 24 . 19 

(17) FREE AIR VOLUME• l10)- (13) - (15) (ln3) 
0.847 0.856 0,833 

(18) PERCENT FREE AIR VOLUME • 100. (14) - (16) (%) 
5.35 5.42 5.26 

(19) VOID RATIO • ((10)-(13)1/113) 0 , 4188 0.4194 0.4175 

(20) DEGREE OF SATURATION • ~ x 100 
10 · 13 (%) 

81.89 81 . 65 82. 13 

"CONSTANTS: 16.3498 g/ln3 • (2.54)3 x 0.997724 
(cm/ln)3 x ab1. den1ltV of water In g/cc Iii> 72 F. 

3.8096 • (1728 ln3tft3) / (453.5924 g/lbm), 1 cc• 1 g@ 4°c 

Figure 3. - Specimen placement-data sheet I ( for triaxial shea r tests}-example. 
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SAMPLE NUMBER ---~5_0_L_-_6_1 _____ _ 

MOISTURE CONTENT DATA 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

CONTAINER NUMBER 71 43 89 UNITS 

DATE PLACED IN OVEN 3- 2- 89 3- 2 - 89 3- 2 - 89 

(1) MASS OF CONTAINER+ WET SPECIMEN 453.7 448.6 461.1 ~g 

(2) MASS OF CONTAINER+ DRY SPECIMEN 417.0 413 . 2 424. 2 

(3) MASS OF CONTAINER 125. 7 13 2.4 131.4 0kg 

(4) MASS OF WATER~ (1) - (2) 36. 7 35.4 36 . 9 

(5) MASS OF DRY SPECIMEN • (2) - (3) 291 . 3 280.8 292.8 O1bm 

(6) MOISTURE CONTENT(%) • ((4)/(5)) X 100 

COMPUTED BY AND DATE 
CHECKED BY AND DATE 

COMPACTION DATA 

(_ ______ ) 
" 

c!:... _____ 1 - (_ ______ ) 
X 

(_ ______ ) -
dry unit wt. 1 + moist. wet den . - fac:tor CONTAINER 

(USBR 5210) 
TOTAL 

LAVER MASS (g) LENGTH (In) LAVER MASS (g) LENGTH (in) 

(1) (6) 

(2) (7) 

(3) (8) 

(4) (9) 

(5) (10) 

COMPUTED BY DATE CHECKED BY DATE----

CONTAINER MASSES 

PARTS 
MASS· SPECIMEN 1 (g) 

PARTS 
MASS - SPECIMEN 2 (g) 

PARTS 
MASS - SPECIMEN 3 (g) 

AIR WATER LOSS AIR WATER LOSS AIR WATER LOSS 

CARRIAGE NO. I 78.6 70.1 8.5 I 78.6 70.1 8.5 I 78,6 70.1 8.5 

MEMBRAINE NO. 33 15.0 -1 . 3 16.3 34 )6.3 -1. 5 17.8 35 17.0 -1. 4 18.4 

END PLATES EP-1 56.9 9.3 47.6 EP-2 6 2.2 11.7 50.5 EP-3 56.6 9 . 6 47. 0 

2-'0 '· RINGS 3 . 6 0.7 2.9 3 . 6 0.7 2.9 3 . 6 0.7 2.9 

MISC. 

TOTAL 154.1 78.8 75 .3 160.7 81.0 79.7 155.8 79.0 76.8 

COMPUTED BY DATE CHECKED BY DATE 

Figure 3. - Specimen placement-data sheet l (for tria xial shear res ts)-example-Conrinued. 
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7-2371 (10-8b) 
Bureau o f Reclamation TRIAXIAL SHEAR TEST-DATA SHEET 2 

Deslgnallon USBR 5745 -~~ 
SAMPLE NO. I SPECIMEN ;o. I PROJECT I FEATURE 

5OL-6I E,rnmple Example 
TESTEO BY DATE I COMPUTED BY DATE CHECKED BY DATE 

0 lbf/in
2 

Volume Change of System - USSR 1450 

Displacement ~ in/min Moll . Lot. I ...!.2.:..£_ Slope I 0 .0125 Intercept 1 _o __ 
rate 0 .002 D mrrvmin Bock pressure~ D kPo 

Ai¥,lied lateral ~ lbf /in
2 

Barometric ~ lbf/in2 Moll. Lot. 2~ Slope 2 0.003 3 Intercept' 2 0 . 125 

pressure __!2.Q.,_Q_ D kPo pressure 12 .0 OkPo 111 Slope 3 o .0015 Intercept 3~ Moa. Lot. 3 
Pore-Pressure Coefficient(B) N/A Slope 4 0.0009 Intercept 4 0 . 3 4 9 ( saturation parameter) 

Chamber No._2_9 __ Compression test machine Na. _I_ 

( a) Lood pis ton area , Ap 0 . 1964 ~ in2 0 cm2 

( b} Volume tube factor, VTt 0 . 115 ~ in,.ln D cm3/cm 

( c ) Drain tube foe tor, D Tf 0 . 025 ~ in3/in O cm3/cm 

( d} Temp. corr. coefficent, Tf 0 . 0115 ~ inr'f' 0 cm3/0 c 

Applied Deviator Axial Volume Pore Drain ·Tube 
SP.ecimen Tube Pressure Reading Temperature Lateral press. Load De formation Readinc;i _Jop Bottom Tube I Tube 2 

lbf /inZl kPa ( I bf) ,W,Wtons in) I mm in )I cm lbf/in2 D kPa , lbf/in2) kPa in I cm in I cm ,oF J J "C 
(I) ( 2) ( 3) (4) \5 \6) (7) (8) ( 9) 
0 .0 0 .0 1. 247 9 .00 -8.7 -0. 1 71 . 9 

190.0 37.3 1. 259 18 . 65 17.1 14 . 8 72.4 
190.0 37. 5 1.212 18. 54 17.1 15 . 1 72.5 
190. 0 508.0 1.163 19 . 74 38.7 29 . 0 72 . 7 
190.0 694 . 0 I.Ill 20. 26 60. 0 45.9 72.7 
190. 0 784 . 0 1. 060 20 . 47 76.8 63 . 0 72.8 
190.0 820. 0 1.007 20.53 86.4 76.4 72 . 8 
190.0 861.0 0.911 20.57 92.4 89 . 7 72 . 8 
190. 0 914 .0 0 .807 20 . 48 92.6 93 . 4 73.0 
190. 0 914.0 0. 797 20. 47 92.7 93 . 5 73.0 
190. 0 923 . 0 0 . 713 20. 39 91. 7 92.9 73 . 0 
190.0 957. 0 0.610 20. 29 89 .9 90.6 72 . 9 
190.0 987.0 0.505 20. 19 87.7 88. 0 72.8 
190. 0 991.0 0 . 411 20. 10 85.7 85.4 72 . 8 
190. 0 1003 . 0 0.306 20 .00 85.4 81 . 9 72. 6 
190.0 990. 0 0.201 19 .90 83.2 78.3 72.5 

0 .0 0 .0 0.162 13 .00 - 8.3 -1 . 7 71 . 0 

I 

CPO 8~2 - 188 

Figure 4. - Triaxial shear resr-darn sheer 2-example. 
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7-2369 (10-86) 
Bureau of Reclamation PORE AIR PRESSURE COMPUTATION SHEET 

SAMPLE NO. I SPECIMEN ;o. I PROJECT 

50L-61 
TESTED BY DATE I COMPUTED BY 

Th• followino are definition, for the 1ymbol1 uHd below: 

1/1 = Volume of 1011 uprnsed as a dec:lmal 

Vw • Volume of water uprHHd oe a decimal 

V
0 

= Volume of air upreHed a, a declmal 

U. = Pore air P'Hture at aaturatlon ( Ua ) 

h= TIie coefficient of air ,olubllity lnwatir 

by volume accordlno to Henry'• Law 

vs = 
yd 

Gyw 
= (119 .5) = 0.704 

( 2 .72 )(62.43) 

Example 

V = w 

Designation USBR 5745 _89 I FEATURE 

Example 
DATE I CHECKED BY DATE 

v
01

=hVw=Volume of Air in aolutlon 

yd • Ory unit weloht of the ape cl men In lbf/ft1 

Yw ., Unit wei9ht of water at 4°C (62. 43 lbf/ft5) 

Ywf = Unit weloht of water at 22.0° C (62. 29 lbf/ft5) 

G • Spe_!:lflc gravity of the toil. 

P0 =IZ.Olbf/ft5 .-Avero• baro111etic pressure 
corrKted for altitude at Den.,,r,011. 

Ucat O%llV= ________ lbf/ln2 

(w/lOO)Yd 
= 

(0 .126) (119. 5) = 0.242 
62.29 Ywt 

Va = I. 0 - Vs - Vw = 0.054 Vas = hVw = (0.02)(0.242) ,. 0.00484 

0 . 0588 Us Pa va = 
12 .0 (0.054) 

= 134 
Va + Vas = = 

Vos (0.00484) 

( I) (2) (3) <41 (!!) <•~ 
Va+ V0 1 - Pore Ir Coplllary Pore ter 

Volume chano• 12.0 (~) Prenure (Ua) Pr"eure (lie) Pr•-e(Uwl 
(.0.V) percent (.0.V/100) lbf /in1 

lbf/lnl lbf /in1 

(2)..-(3) ra,aeh) llll ♦ /.al 

00 noo 0.059 0 . 00 -20.0 -20.00 
0.5 0 .06 0.054 I.II -17.0 - 15.89 
I. 0 0.120 0.049 2.45 -14.0 -11.55 

2.0 0.240 0.039 6 . 15 -9. 5 -3. 35 

3.0 0.~1.0 0 . 029 12.41 -5. 5 + 6 . 91" 

4 0 o.4An 0.019 25. 26 -2 . 5 22 . 76 

5.0 0.600 0.009 66 . 67 0.5 66.17 
5 . 5 0.666 0.004 165.00 0.0 165.00 
6-0 0 . 720 

7.0 0.840 

8. 0 0.960 

9.0 1.080 

10.0 l,2vu 

II 0 I 3:>n 

12 0 1.440 

13.0 I. 'if>O 

14.0 I . fiACl 
GP08S2-187 

Figure 5. - Pore ai r pressure computation sheer-example. 
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I ).2J71 (l ·ll 'J) 
Uuruu of ktch1m11t0n 

SAMPLE NO. 

50L-61 
Initial specimen tongth (L0 ) 

TESTED BY 

iq 
"' -.. -
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,g_e 
0. ... 
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.., 
0 
E 
::; ... 
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u -
~ 0 
.. u 
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!SPECIMEN NO, 

3 

* .. 
"'­c ·-
0 ... 

,,= -
u ' ... 
.0 -
~ I ,_ 
.. > 
5 <l 
0 
> 

.. 
g' 
i! 
u .,-;;. 
.0 0-

~ ~ 
E ..=. 
:, '.'.! 
.;-
> u 

-,:, C .. ,_ 
... > 
:;; <l 
1; 
0 
u 

IPAOJECT 
Example 

181 in I Spedmen long1h ,, Siar! of shear Ls 

0mm 4.965 

!? >-.. ... 
:,'--' 
~~C/) .. "' -gi~n 
0 O.Q: 
-5_0.. 

0 ,-. 
.. L ...J 
E~• 
20-
0-0 
>-,;, =-
~i~ 
♦- o.U 
!Z.o> 

<J) <l 

!? ... _ 
~ f<l.a. 

:~-= .,.o-
~E~ 
,,= -ug• 
QJ~>Q. 

~ ·a <l 
0 
> 

DATE 

o&1~ 
~ g'-
.. 0 -:,.en 
-,;,V~ 

~~7" 
~~--:. 
,,= 00, u~u 
QJ o. II 

~i~ 
g <l 

I COMPUTED BY 
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TRIAXIAL SHEAR TEST-DATA SHEET 3 
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♦-
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~ =-
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E ...J 
·u II .. ·-
0. ...J 

<J) 

... 
0 

t 
0 
t; 0 

2 

~ .. -r-... 0 . 
"'o 

.!:~N CII 
0 -L I 
t; 
- ...J 
.; II 
<I 

Iii 

'FEATURE 

181 in llni1ial specimen area (A0 • v0 + Loi 

0mm 3 .166 

'.2 
♦- 0 

:~ ~ 
E w 
o_ 
;:~ 
c1 

t~l>0 

.,,., 

.,_ 
i II 
0 > 
> Iii 

.. 0 
g Q 

~o"'a 
b.-~ 
t Cl 'o 
~~t 
~'E ~ 
~ t 1; 
CO°" 
·ot,; E 
L. - .2 +- 0 O 

:~; 
Em tS. 
.:E.a .. "" 
g J 

i 
"' .. 
~ ~ 
+-* 0 
ell .9-

e ~ -~ 
.. "' 0. 
♦- -E 1 ~ 

]~~ 
:t _II :t: 
'+-Mo, 

~bg 
j 

DATE 

0 

~ 
0 

ii;~ 
_g-:;::-

1~ 
"' a .. u 

~<: 

8 

l®ftin~(fil;l ® I ~1-~r 0-1 Q)~QST~~,-Q) I CG) I ,. I ,. I ,. I~ I ~ kPo I kN cm cm' cm cm' ~ I ciif I cm.., I cm' cm kPo cm' 
(10) I (II) I (12) I (13) I (14) I (15) I (16) I (17) I (18) I (19) I (20) I (21) I (22) I (23) I (24) I (25) 

Example 

181 in2 I Initial specimen volume (V0 1 

0 mm2 15.829 
I CHECKED BY 

.,,­
"' U') 

~!::!. .... ' 
"'<:o .. -o­.... a 
·lb 
0 

"' "' ~ 0 .... ·-
"' "' +-f _ O f _ 
t; U, •- CII 'II" 

o ~ _g E ~ 
·§.:cut;_:: 

-~ ~ :€ -~ ~ 
t D .J!:! °t II 

:E'6 t; :E <J)L 

w a w 
:c1 
~ 

Qpf1in2J~ 
~I kPo 

N a ... 
N 

♦ 

;::-
N 

u 
u 

0. 

N 

' ;; 
N 

~Isl 
-= .~ 
j; 
.. 0 0.., 
C: l::f 
.,.!. 
.?: ~ t" f-b .... 

.,,cs, 

~~ 
~ ';:! 
.. o 
il!'.!. 

,,= II 
<J). 

f, 

I o.,1sn,uon USBM ~74 ~ -~~ 

~i 
~ 'a 
ii .. "' 
L 0 

8. -:::t 
~~ 
~f 
~,I, 

<l 

181 in3 

Omm3 

DATE 

~i 
~ "o 
:S.i 
~t; 
gs 
::l.~ 
o, L 
u 0. 
tg 
Er;r 
£} 
s <l 

~ 
-~ 
u 

:::~ ~"'-.... "' 
'-0 N 
:, -:::::i 
~ 
~ u 
cf 4 

t26l I (211 I 128) 129) 1 l30l f131) T (j2J I (33\ Lt}41-1J3_5l 
I o .o 0.0 0.000 o .oo o .oo o .oo 0 .000 0.000 0 .000 15.829 5.000 - 0.00 - 0 . 1 3 .166 0 .0 0.1 1.00 - - - - - - -
2 190.0 0 .0 -0 .012 -9.65 -I.II 0 . 420 -0 .002 -0.006 -0.694 15.135 5 .012 - 4 . )8 - 175 . 2 3 .020 0,0 175 , 2 1.00 - - - - - - - I 

-J 190.0 O. 2 O.Ol5 -9.54 -1.10 0 ,420 0 .007 -0.007 -0.694 15.135 4 .965 0 .00 4 . 38 0 .00 174 .9 3 .048 0,1 175.0 I.GO 175.0 0 . 1 174.9 0 . 1 0 .0 0.3 0 .00 I 
4 190.0 470. 7 0 .084 . 10.74 -1.24 0 .420 0 .016 -0 .009 -O. a45 14 .984 4 . 916 0 .99 5 . 34 1.00 161.0 3. 048 154 4 315. 4 1.96 238 . 2 77. 2 197.2 65.4 21.6 14 . 2 0 .0921 
5 190. 0 656 .7 0 . 1)6 -11 .26 -1 . 29 0 ,420 0 ,027 ·0.009 -0. 906 14,923 4 .864 2 .03 5,72 1.40 144 . 1 _3 .068 214.0 358.1 2 .49 251.1 107.0 194 . 2 90 .6 42.9 31.1 0 .14~ 
6 190.0 746 .7 0 . 187 -11 , 47 -1.32 0 .420 0 .037 -0.010 -0.947 14.882 4.813 3 .06 5 . 98 1.67 127. 0 ) .092 241.5 368.5 2 .9 0 247.8 120.8 183.6 102.3 59.7 48 . 2 0 .200 

7 190.0 782 ,7 0,240 •11.53 -1.33 0 .420 0 .047 -0 .010 -0.967 14.862 4.760 4.13 6.11 1.80 113.6 3 .122 250 .7 364.3 3.21 239.0 125 .4 172.4 106.2 69.3 61.6 0.246 

8 190.0 823.7 0.336 -11.57 -1.33 0.420 0 .066 -0.010 -0.986 14.84) 4.664 6 .06 6 . 23 1.93 100.3 3.182 258.9 )59.2 3.58 229.8 129 .5 161 , 0 109.7 75.3 74.9 0.289 
9 190. 0 876 . 7 0 .4 40 -11.48 -1.32 0.420 0 .086 •0.013 -0.999 14.8)0 4.560 8 . 16 6.31 2.02 96.6 3 .252 269 ,6 366,2 3.79 231,4 134 .8 1~9.8 114.2 75.5 78,6 0.292 

10 190.0 876. 7 0.450 -11.47 -1.32 0.420 0.088 ·0.01) -1.001 14.828 4.550 8 .36 6.32 2.03 96.5 ).259 269 .0 365.5 3.79 231.0 134.5 159.5 113.9 75.6 78.7 0.293 
II 190.0 885.7 0 .534 -11.39 -1.31 0.420 0 . 105 -0.013 -1.008 14.821 4.466 10.05 6 .37 2.07 97.1 3.319 266.9 364.0 3.75 230.6 133.5 159.7 113,1 74.6 78.1 0.293 

12 190.0 919 , 7 0.637 -11.29 -1.30 0.420 0.125 -0.012 -1.017 14.812 4.363 12.12 6.42 2.13 99.4 3.39~ 270.9 370.3 3.73 234.9 135.5 162.9 114.8 72.8 75.8 0.280 
13 190.0 949 . 7 0 .742 •11.19 -1.29 0.420 0.146 ·0.010 -1.026 14.803 4,258 14. 24 6.48 2.19 102.0 3 .477 273 . 1 375.1 l.68 238.6 136.6 166.0 115.7 70.6 73.2 0.268 
14 190.0 953.7 0.836 -11.10 -1.28 0 ,420 0 . 164 ·0.010 -1.034 14.795 4,164 16.13 6.53 2.25 104.6 3.553 268 .4 373.0 3.57 238.8 134 . 2 167.5 113.7 68.6 70.6 0 . 263 

15 190.0 965 .7 0.941 -11.00 -1.27 0 .420 0 .185 ·0. 008 -1.043 14.786 4,059 18 . 25 6.59 2.31 108 . 1 3.643 265. 1 373.2 3.45 240,7 132 .6 170.2 112.3 68.3 67.1 0.253 
16 l90.0 952 .7 1.046 -I0.90 -1.25 0.420 0.205 -0 007 -1.042 14.787 ) .954 20. 36 6 . 58 2.)0 111.7 3.740 254 ,7 366 . 4 3.28 239.1 127,4 171,4 107,9 66,1 63.~ 0.249 

17 0.0 0 .0 1.085 -4 .00 -0. 46 0 . 00 0 . 213 0.010 -0 .663 15.166 3.915 21 . 15 4, 19 -0. 20 1.7 3.874 0,0 1.7 1.00 1.7 0.0 1.7 0.0 -25, 4 -165 
18 
19 
20 

-sign designates s'lllrt of sheor (touch) 
•subscript I denotes inici1I rctding 
Subscript i denotes any subsequent read ing 

• •eouom pore pressure shown; may use top pore pressure value ( 10) · (SI 
or aver19e pore pressure, (10) • (((5) + (6)),-:- 2) 

GP08~ 1QJ 

0------------------

Figure 6. - Triaxial shear test-data sheet 3-example. 
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14.6 Verify that volume tube valve B, drain tube valves 
C and D, and volume tube isolation valve R are open. 

14.7 Verify that all remaining valves to the chamber 
are closed. 

14.8 Open drain tube valve F and lower the water in 
the drain tube to a level about 6 inches (150 mm) above 
the chamber bottom plate. The water will exit through 
the chamber bottom plate of the triaxial assembly and 
it will be necessary to absorb the water with a towel or 
other appropriate absorbent material. 

14.9 Close valve F. 
14.10 Open drain tube valve G and lower the water 

in the drain tube to a level about 2 inches (50 mm) above 
the chamber bottom plate. The water will exit through 
the bottom plate of the triaxial assembly and should be 
wiped up immediately. 

14.11 Close valve G. 
14.12 Attaching the saturated end plate with porous 

inserts to the chamber bottom plate follows. 
14.12.1 Place the bottom end plate with centering 

dowel into the centering hole in the center of the chamber 
bottom plate. 

14.12.2 Open valve G slightly to allow a very small 
amount of water to flow from the drain tube through the 
fitting. With water flowing, attach the bottom end plate 
connecting tube to rhe chamber bottom plate. 

14.12.3 Close valve G. 
14.12.4 Open valve F slightly ro allow a small amount 

of water to flow from the drain tube through the fitting. 
14.12.5 With water flowing, attach the top end plate 

connecting line to the chamber botrom plate. 
14.12.6 Do not close valve F because this prevents 

cavitation of the system and keeps the top end plate porous 
insert moist. 

14.13 Apply a small amount of silicon grease to the 
sides of the top and bottom end plates to aid in sealing 
the specimen membrane to the end plates. 

14.14 Obtain a precut circular piece of No. 200 (75 µm) 
mesh screen. Spray the screen with a silicon mold release. 

14.15 Place the screen on top of the botrom end plate. 
The purpose of the screen is to ensure a "break line" 
between the soil and the bottom end plate porous insert 
so that pore air pressure is measured. 

14.16 Placing and sealing the soil specimen on the end 
plates follows. 

14.16.1 Obtain a specimen prepared in accordance 
with either USBR 5210 or 5215. At this point, the specimen 
should be enclosed in a membrane with caps on both ends 
with the membrane sealed to the caps with O-rings. 

14.16.2 Remove the O-rings from both ends of the 
specimen. 

14.16.3 Roll the membrane from the end cap on 
one end of the specimen and remove the end cap from 
that end of the specimen - either end may be used unless 
otherwise specified. 

14.16.4 Place the test specimen on the bottom end 
plate. Roll the membrane down over the sides of the bottom 
end plate. 

14.16.5 Place two O-rings, of appropriate size, on 
the bottom of the O-ring expander. Position the expander 

around the specimen with the bottom of the expander 
around the middle of the bottom end place. Roll the O-rings 
into position around the end plate to seal the membrane. 

14.16.6 Remove the· expander from around the 
specimen. 

14.16.7 Place two O-rings on the top end of the 
O-ring expander. Position the expander at approximately 
midheight of the test specimen with the top of the expander 
near the middle of the top end plate. 

14.16.8 Remove the O-rings from the top end cap. 
Roll the membrane down from the top of the specimen 
and remove the end cap. 

14.16.9 Blot any excess water from the surface of 
the porous insert in the top end plate and close valve F. 

14.16.10 Carefully place the top end plate into 
position on top of the rest specimen. 

14.16.11 Roll the membrane up over the sides of 
the top end plate. Roll the O-rings from the expander 
onto the membrane so the membrane seals against the 
middle of the top end plate. Remove the expander from 
around the specimen. 

NOfE 5.-The expander is split into halves and is hinged on 
one side ro facilitate removal from around the specimen. 

14.17 Ensure that the pore water pressure measuring 
system for the top end plate does not cavirare. The end 
plate control injector is to be used to maintain a water 
pressure nor lower than about minus 8.0 lbf/in2 (-55.2 kPa). 

14.18 lightly grease the upper and lower ends of the 
chamber. 

14.19 Carefully place the chamber into position in the 
groove in the chamber bottom plate. 

14.20 Attach a hose from the de-aired water source 
to the de-aired water source (valve N) line and begin filling 
the chamber through the chamber bottom plate with de­

. aired water. As water rises in the chamber, use a squeeze 
bulb to remove any air bubbles that may be present on 
the bottom and sides of the chamber and specimen. 
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14.21 Fill the chamber completely with de-aired water. 
Close valve N . 

14.22 Open valve A and set the chamber cap in place. 
Force the chamber cap down onto the chamber until it 
is properly seated. 

14.23 Open valve N and continue filling the chamber 
with de-aired water until water flows out of chamber cap 
relief valve A. Close valve A and continue filling so that 
any air remaining in the system is forced up through the 
ball bushing. 

14.24 When water flows out the ball bushing, close 
valve N. 

14.25 Screw the chamber bolts into the chamber 
bottom plate and set the chamber cap hold down plate 
into place. 

14.26 Secure the chamber cap to the chamber bottom 
plate by screwing the four nuts onto the four chamber 
boles; tighten the nuts in a staggered sequence to about 
50 ft -lbf torque. 

14.27 lightly grease the piston, open valve A, and 
carefully push the piston through the ba_ll bushing in the 
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center of the chamber cap until the piscon tip fits into 
the socket in the top end plate. Check that the piston 
is firmly in contact with the cop end plate, but does not 
apply excessive pressure co the specimen (by feel). Close 
valve A. 

14.28 Attach the axial deformation indicacor (fig. 1) 
and adjust its range so that deformation of the test specimen 
can be recorded. 

14.29 Open valves Land K co the differential pressure 
transducer. 

14.30 Attach and secure the piscon retainer bar. Be 
careful not co disturb the specimen. The purpose of the 
piscon retainer bar is co prevent the piscon from being 
forced out of the chamber when lateral pressure is applied 
inside the chamber. 

14.31 Open valve A. Slowly open volume tube valve E 
until water flows out of chamber cap relief valve A. When 
the level of water in the volume tube has reached the 
desired level for starting the test - usually the 10-inch 
(250-mm) level - close valve A. 

NOfE 6.-The desired volume tube water level is dependent 
on the volume change potential of the soil being tested. For 
test specimens whose anticipated volume change is slight, the 
volume tube can be filled co a higher level than for test specimens 
whose anticipated volum~ change is great. 

14.32 Make sure the air pressure regulacor is set to 
zero and attach the air pressure hose co the cop of the 
volume tube. Carefully place the triaxial assembly in the 
compression test machine. 

14.33 Align the load cell with the load transfer piscon 
(fig. 1). Ensure that the load transfer piston is just in 
contact with the piston cop plate. Level the load frame 
cross head and lock it into place. 

14.34 Read and record: 
Initial applied lateral 

pressure 
Deviacor load reading 
Axial specimen 

deformation reading 
Volume tube reading 

Top and bottom pore 
pressure readings 

Tube 1 and tube 2 drain 
tube readings 

Chamber fluid temperature 
Date 

as shown on figure 4 (data sheet 2). 

NOfE 7.-lt is not necessary co read rhe drain cubes since this 
is a sealed rest and no drainage is permitted. 

· 14.35 Apply the desired lateral pressure slowly. For 
partially saturated specimens, compute the percent volume 
change and plot pore air and pore water pressures as 
outlined in appendix X4 (see figs. 5 and 7). 

14.36 When the desired lateral pressure has been 
applied, allow the specimen co stabilize for a period of 
time. The length of time depends on how quickly the pore 
pressure and volume change readings stabilize (no change 
for at least 30 minutes). Read and record: 

Lateral pressure Volume tube 
Deviacor load Top and bottom pore 
Specimen deformation pressures 

Chamber fluid temperature 
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SAMPLE NO. SOL-61 

SPECIMEN NO. 3 

•-• = THEORETICAL PORE AIR PRESSURE 
6-6 = THEORETICAL PORE WATER PRESSURE 
<7-<7 = THEORETICAL CAPILARY PRESSURE 
o-o = MEASURED PORE WATER PRESSURE 
o-o = MEASURED PORE AIR PRESSURE 
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Figure 7. - Pore air and pore water pressure ve rsus 
percent volume d1ange-exa111plc. 

14.37 Determine the "couch" point. 
14.37.1 Compute deviator load due co applied lateral 

pressure. 

NOfE 8.- Deviator load due to applied lateral pressure is 
based on the area of the piscon. The piston area [item (a) from 
"Triaxial Shear Test - Dara Sheet 2, fig. 4) is muliriplied by 
the applied lateral pressure to obtain the force the piston exerts 
on the load cell. This force is subtracted from the deviaror load 
co obtain the actual axial force applied co the specimen. 

14.37.2 Begin the test by applying axial load co the 
piston. When the deviacor load reading just equals deviacor 
load due co applied lateral pressure (corrected deviator load 
equals zero), stop the piston movement. This is "touch" 
point - the point at which the piscon just contacts the 
top end plate on the specimen. 

14.37.3 When "couch" has been established, deter­
mine and record all values as described in subparagraph 
14.36. Place a minus sign in the left hand margin of data 
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sheet 2 (fig. 4) directly opposite the data line at which 
"touch" was obtained. The minus sign serves as an easy 
reference as to when "touch" was achieved. 

14.38 Rate of Loading.-The specimen may be com­
pressed in one of rwo manners, either (1) by controlling 
the rate of applied axial compressive stress or (2) by 
controlling the rate of axial strain. 

14.38.1 Controlled rate of axial stress: 
14.38.1.1 Axial load is applied to the specimen 

in such a manner that the rate of stress increase is constant. 
14.38.1.2 The axial stress application rare should 

be based on field conditions being modeled in the laboratory. 
14.38.2 Controlled rare of axial strain: 

14.38.2. l If the specimen is to be compressed at 
a controlled rate of axial strain, a rare of 0.04-percent per 
minute should be used unless otherwise specified in the 
resting request. Table 4 lists recommended displacement 
rates and strain rates for various specimen dimensions. 

Table 4. - Recommended displacement and srrain rate for various test 
specimen sizes. 

Test srecimen size Displacement Strain 
Diameter Height Diameter Height rate ~ 

m m 111111 mm in/min mm/min % strain 

2.0 5.0 50.8 127.0 0.002 0.051 0.04 
2.8 7.0 71.1 177.8 .003 .076 .04 
6.0 15.0 152.4 381.0 .006 .152 .04 
9.0 22.5 228.6 571.5 .009 .229 .04 

14.39 Data Aquisition R ate: 
14.39.1 If an automatic data aquisirion sys rem is used, 

data readings should be recorded at 0.20-percent axial strain 
intervals as shown in table 5. 

Table 5. - Data collection intervals for various test specimen sizes. 

Test srecimen size Data collection 
Diameter Height Diameter Height interval 

m m mm mm m mm % strain 

2.0 5.0 50.8 127.0 0.010 0.254 0.20 
2.8 7.0 71.l 177.8 .014 0.356 .20 
6.0 15.0 152.4 381.0 .030 0.762 .20 
9.0 22.5 228.6 5715 .045 1.143 .20 

14.40 Compressive Stress Application: 
14.40.1 Single stage compression of multiple 

specimens (standard procedure) : · 
14.40.1.1 Start loading the specimen at the 

prescribed rate; determine and record all parameters at 
the recommended interval. 

14.40.1.2 Continue loading the speomen until 
axial strain equals 20 percent. 

NOfE 9.-Due to data acquisition system restraints in the 
Bureau's geocechnical laborarory in Denver, Colorado, the criaxial 
test may be continued until axial strain is approximately 20 
percent. However, it may be appropriate to discontinue the test 
at some ocher point if possible, such as 5-percent axial strain 
past maxi mum deviaror stress. 

14.40.1.3 When loading is complete, stop the 
compression test machine; unload the specimen until the 
load indicator registers zero. 

14.40.2 Multistage compression of single specimen 
( optional procedure): 

14.40.2.1 Start loading the specimen at the 
prescribed rate; determine and record all parameters at 
the recommended interval. 

14.40.2.2 Compute, plot, and monitor the stress 
difference (deviator stress), axial strain, and effective stress 
ratio. 

14.40.2.3 Continue loading the specimen until one 
of the following criteria are met. 

14.40.2.3.1 Axial strain equals 5 percent (20% 
at final lateral pressure). 

14.40.2.3.2 Stress difference or effective stress 
ratio curve starts to peak or flatten out. 

14.40.2.4 When the criteria stated in subpara­
graph 14.40.2.3 are satisfied, stop the compression test 
machine and unload the specimen until the load indicator 
registers zero. 

14.40.2.5 Apply the next lateral pressure and 
repeat the procedure beginning at subparagraph 14.35. 

14.41 Carefully release the lateral pressure. Close all 
valves to the chamber. Open valve A. Attach the drain 
tube to valve N , open valves N and ·Rand drain the water 
from the chamber. 

14.42 Engage the controls on the compression test 
mach ine which allow manual control of the loading device. 
Back the load transfer piston away from the load cell. 

14.43 Dismantle the triaxial assembly. 
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14.44 Photograph the specimen while it is still on the 
chamber bottom plate with the end plates attached. 

14.45 Release the membrane from the top and bottom 
end plates by moving or removing the O-rings and rolling 
the ends of the membrane off of the end plates. 

14.46 Carefully remove the specimen from the end 
plates. 

14.47 Carefully remove the membrane from the 
spec11nen. 

14.48 Photograph the specimen with the membrane 
removed. 

14.49 Determine the moisture content of the rest 
specimen, in accordance with USBR 5300, us ing the entire 
specimen or a representative portion taken along the entire 
length of the specimen. 

14 .50 For single stage compression of multiple 
specimens, repeat UU triaxial shear tests on new specimens 
at specified lateral pressures until at least three specimens 
have been tested and resulting data have been recorded. 

15. Calculations 

15.1 Perform all calculations on "Triaxial Shear Test -
Data Sheet 3" (fig. 6) as specified, and record in the 
appropriate columns. 

15.2 All calculations are based on data recorded on data 
sheets 1 and 2 (figs. 3 and 4). 
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15.2.1 Enter the following information on the 
heading of figure 6 (data sheet 3): 

Sample No., 
Specimen No., 
Initial specimen volume ( Vo) (from fig. 6, data sheet 1), 
Initial specimen length (Lo) (from data sheet 1), and 
Compute the initial specimen area (Ao) by dividing Vo 

by Lo. 
15.2.2 Applied lateral pressure [fig. 6, col. (10)] is 

the applied lateral pressure from figure 4, [data sheet 2, 
col. (l)]. 

15.2.3 Corrected deviaror load [col. (11)] is the 
deviator load corrected for the upward force due to lateral 
pressure acting on the piston. 

where: 
Pde 

pd 
Aµ 
03 

corrected deviator load, lbf 
deviator load, lbf 
load piston area, in2 

applied lateral pressure, lbf/ in2 

(1) 

15.2.4 Axial speomen deformation [col. (P)J is 
calculated. 

where: 
t.L 

t.L = Li-L; (2) 

axial specimen deformation (change in specimen 
length), in 

Li 
L; 

initial axial deformation indicator reading, in 
subsequent axial deformation indicator reading, in 

15.2.5 Volume wbe change [col. (13)] is the change 
in fluid level (linear units) in the volume tube. 

where: 
11VT= 
VT1 
VT;= 

11VT = VT1 - VT; 

volume tube change, in 
initial volume tube reading, in 
subsequent volume tube reading, in 

(3) 

15.2.6 Converted volume wbe change [col. (14)] is 
the volume tube converted from linear to volumetric units. 

11 VTn = 11 VT ( VTr) (4) 
where: 
11VTn= converted volume tube change, in3 

11VT = volume tube change, in 
VTr = volume tube factor from USBR 1455, in 3/in 

15.2.7 System volume change due ro applied lateral 
pressure [col. (15)] is the expansion or contraction of the 
triaxial system (in cubic inches) due to a change in applied 
lateral pressure (see fig. 8). 

11VC = [(03 - LTPR;)] (SL;)+ Y; 
where: 

11 VC = system volume change, in3 

03 = applied lateral pressure, lbf/in2 

(5) 
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LATERAL PRESSURE- lbf/ln 2 

m 
EXAMPLE: FOR LTPR(2).S:03 < LTPR(3) 

AVC= VOLUME CHANGE=([Cn - LTPR(2l]xSL(2))+Y(2) 

Figure 8. - Volume change of system due to applied lateral pressure. 

LTPR; = lateral pressure intercept for lateral pressure 
increment considered, lbf/in2 

SL; slope of line relating system volume change 
to applied lateral pressure for pressure 
increment considered, in3 / (lbf/ in2) 

Y; volume change intercept for lateral pressure 
increment considered, in3 

NOfE 10.- A curve for system volume change versus lateral 
pressure must be developed for each rriaxial shear rest system 
and is unique for that particular system, see figure 8. This curve 
is developed when the triaxial shear rest system is calibrated. 

15.2.8 Volume change due ro piston movement [col. 
(16)] is due to displacement of water by piston entry into 
the chamber. 

where: 
l1Vµ 
11L 

volume change due to piston movement, in3 

actual specimen deformation (change in 
specimen length), in 

load piston area, in2 • 

(6) 

15.2.9 Volume change due ro temperawre change 
[ col. ( 17)] is the change of the entire triaxial assembly 
and confining fluid in the chamber due to temperature 
change. 

11TV = Tr (T1 - T;) 
where: 
11 TV= volume change due to temperature change, in3 

Tr = temperature correction coefficient, in3 /° F 

(7) 
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T; 

initial temperature reading of water in 
chamber, 0 P 

subsequent temperature reading of water in 
chamber, 0 P 

See appendix X 1 for derivation of the temperature 
correction coefficient. 

15.2.10 Totalvolumechange[col. (18)] iscalculaced. 

AV= AVTn + AVC- AVp + ATV (8) 
where: 

AV = total volume change, in3 
A VTn = converted volume cube change, in3 

A VC = system volume change due to applied laceral 
pressure, in3 

A Vp = volume change due co piston movement, in3 

ATV = volume change due to temperature change, in3 

15.2.11 Specimen volume [col. (19)] is che volume 
of che specimen at any subsequent point during the test. 

where: 
V; = subsequent specimen volume, in3 

Vo = initial specimen volume, in3 

AV = total volume change, in 3 

(9) 

15.2.12 Specimen length [col. (20)] is the length 
of specimen at any subsequent point during che cesc. 

L; = Lo - AL (10) 
where: 

L; subsequent specimen length, in 
Lo initial specimen length, in 

AL axial specimen deformation (change in specimen 
length), in 

15 .2.13 Axial strain from start of shear, E [ col. (21)] 
is calculated. 

(11) 

where: 
f axial strain from start of shear, % 

Ls specimen length at start of shear, in 
L; subsequent specimen length, in 

100 convert from decimal to percent, % 

15.2.14 Volume strain from initial, Ev [col. (22)] is 
the volumetric strain, in percent of initial specimen volume. 

Ev = 100 [ AV(-1)] 
Vo 

where: 
Ev = volume strain, % 

AV = total volume change, in3 

-1 = constant to establish sign convention where 
positive values indicate compression and 
negative values indicate expansion 

Vo initial specimen volume, in3 

100 convert from decimal to percent 

(12) 
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15.2.15 Volume strain from start of shear, fvs [col. 
(23)) is the volumetric strain in percent of specimen 
volume. 

Evs = 100 [ ( V; - V;s) (-1.0) ] (13) 
V,s 

where: 
fvs 

V; 

Vis 
-1.0 

volume strain from start of shear, % 
specimen volume at a subsequent reading, in3 

= specimen volume at stare of shear, in3 

constant to establish sign convention where 
positive values indicate compression and 
negative values indicate expansion 

100 = convert from decimal to percent, % 

15.2.16 Effective lateral stress [col. (24)] is 
calculated. 

03 = 03 - u ( 14) 
where: 

ai effective lateral stress (minor effective principal 
stress), lbf/in2 

03 applied lateral pressure, lbf/ in 2 

u - pore pressure, either cop (uw) or bottom (ua) 
pore pressures may be used or an average of 
the cwo depending on the test condition being 
modeled, lbf/in2 

15.2.17 Corrected speomen area [col. (25)] 1s 
cal cu laced. 

(15) 

where: 
Ac = corrected specimen area, in2 

V; specimen volume at a subsequent reading, in3 
L; specimen length at same subsequent reading, in 

15.2.18 Deviator stress, Od [col. (26)) is calculated. 

(16) 

where: 
Ud deviator stress, lbf/in2 

Pde corrected deviator load at a given reading, lbf 
Ac corrected specimen area ac same given 

reading, in2 

15.2.19 Effective axial stress [col. (27)) is calculated. 

o{ = oi + Od (17) 
where: 

a1' 

ai 

<7d 

= 

= 

effective axial stress (major effective principal 
stress), lbf/ in2 

effective lateral stress (minor effective principal 
stress), lbf/in2 

deviator stress, !bf/ in2 

15.2.20 Effective stress ratio [col. (28)) is calculated. 

(18) 
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where: 
Sr = effective stress ratio, dimensionless 

01' = effecrive axial stress (major effective principal 
stress), lbf/ in2 

a{ = effective lateral stress (minor effective principal 
srress), lbf/in2 

15 .3 p - q Diagram.-A convenient method of plotting 
the stare of stress, for a given soil specimen, is to plot 
stress points on a p - q diagram. The coordinate sysrem 
for the p - q diagram may be defined in terms of total 
or effective stress as follows: 

Total stress 

p = (01 + 03) 

2 

Effecrive stress 

p' = (a{+ a{) 
2 

q 

where: 

(01 - a3) 
2 

0d 

2 
q' = q 

01 = major principal stress, lbf/in2 

03 = minor principal stress, lbf/ in2 
Od = deviator stress, lbf/in2 

oi' = major effective principal stress, lbf/in2 

ai = minor effective principal stress, lbf/in2 

0d 

2 

15.3. l Record the calculated values of p' and q' or 
p and q in columns 29 and 30, respectively, on data sheet 3 
(fig. 6). 

15.3.2 Repeat calculations described in subpara­
graphs 15.2.2 through 15.3.1 for all recorded data for all 
specimens. 

15.3.3 For each specimen tested (minimum of 3), 
select an appropriate failure stress and locate corresponding 
p' - q ' or p - q values which are referred to as p;, q; 
or Pr, qr · 

15.3.3.1 Failure of the test specimen may be 
defined in several ways: 

• First maximum or maximum principal effective 
stress ratio ( a{/ aa') maximum 
• First maximum or maximum deviator stress (ad) 
maximum 
• Shear stress at a prescribed axial strain 
• Any ocher criteria consistent with rhe condition being 
analyzed 

15.3.4 Plor all calculated values of p' - q' or p - q 
for each specimen as shown on figure 9 . 

15.3.4. l Connect the respective stress points for 
each specimen with a line or curve as shown on figure 9. 
This curve is a continuous representation of successive 
scares of stress to which the specimen was subjected during 
resting and is called a "stress path." 

15.3.5 Fir a straight line through the stress points 
corresponding ro failure (p/ - qi) on rhe p - q diagram; 
use either a visual best fir or a mathematical fitting 
technique such as linear regression. This line is rhe Kr-line. 
Determine and draw the Kr-line (fig. 9) . 
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NOfE 11.-The Kr -line can be determined by performing a 
linear regression analysis of stress poinrs ar failure. 

15.3.5.1 The equation of rhe Kr -line is of rhe 
linear form y = mx + b. It is defined for effective stress 
conditions as follows : 

qf = a + pf (ran r/J) 
where: 

qf = q' at failure, lbf/in2 

pf = p' at failure, lbf/in2 

a = intercept of the Kr-line on the q-axis, lbf/in2 

tanr/J = slope of the Kr-line, (dimensionless) 

( 19) 

rjJ = angle of the Kr-line with respect to horizontal, 
degrees 

15.4 Mohr-Coulomb Effeaive Srress Shear Strength 
Parameters.-The equation for rhe Mohr-Coulomb failure 
envelope, as shown on figure 10, is similar to that of the 
Kr -line in that borh are linear. There are relationships 
from which effective stress shear srrengrh parameters may 
be calculated using the parameters obtained from the 
p - q diagram. 

15.4.l Effeccive angle of internal friccion, cf>', is the 
angle rhe Mohr-Coulomb failure envelope makes with the 
horizontal and may be calculated using the relationship 
between the Kr -line and the Mohr-Coulomb failure 
envelope. 

sin cf>' = tan rjJ 
qi = sin- 1 (ran 1/1) 

(20) 

where qi equals effective angle of internal friction, degrees . 

15.4.1. l Calculate the effective angle of internal 
friction, cf>', using the equation in subparagraph 15.4. l and 
the value for tan rjJ from subparagraph 15.3.5.1. 
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15.5.2.1 Record values for T on figure 6 [data 
sheet 3 col. (32)]. · 

15.6 Mohr's Diagram .-A Mohr's circle can be 
constructed for every state of stress to which a specimen 
is subjected. However, the state of stress most often 
represented is the condition at failure (subpar. 15.3.5.1). 
The circle at failure is defined by the principal stresses 
which caused failure and the resulting normal and shear 
stresses on the failure plane. 

15.6.1 Plot the Mohr's circle at failure for each 
specimen as shown on figure 10. 

15.6.1.1 The center of each Mohr's circle is located 
using the p' value from figure 6 [data sheet 3 col. (29)] 
corresponding to the selected failure point. 

where: 

P
,_ 

r -
a{r+ air 

2 

pf = p' at failure, lbf/in2 

(24) 

0 50 100 150 200 250 300 
a{r = major effective principal stress at failure, lbf/ in2 

air = minor effective principal stress at failure, lbf/ in2 

EFFECTIVE I\JORMfa.L STRESS a' ( lbf / in2) 

Figure 10. - Mohr's diagram-example. 

15.4.2 Effective cohesion, c' is the shear stress inter­
cept of the Mohr-Coulomb failure envelope. Cohesion may 
be calculated using the relationship between the Kr -line 
and the Mohr-Coulomb failure envelope. 

c' = _a_ 
cos</>' 

(21) 

where: 
c' effective cohesion, lbf/in2 

a - intercept of the Kr-line on the q'-axis, lbf/in2 

15.4.2.1 Calculate the effective cohesion, c' using 
the equation in subparagraph 15.4.2 and the values for 
a and</>' from subparagraphs 15.3.5.1 and 15.4.1.1. 

15.5 Effective Stresses on Fatlure Pfane.-The effective 
normal stress, a', and the shear stress, T, that develop 
on the failure plane during shear may be calculated at any 
reading for each of the specimens tested. 

15.5.1 Effective normal stress; a' , for each reading 
for each specimen using corresponding values of p', q', 
and ¢' from data sheet 3 (fig. 6), subparagraphs 15.3.1 
and 15.4.1, respectively, is calculated. 

a' = p' - q' (sin</>') (22) 

where a' equals effective normal stress
1 

lbf/in2. 

15.5.1.1 Record values for a' on figure 6 [data 
sheet 3, col. (31)]. 

15.5.2 Shear stress, T, for each reading for each 
specimen using corresponding values of q' and <J,' from 
fig. 6 (data sheet 3), subparagraphs 15.3.3 and 15.4.1, 
respectively, is calculated. 

r' = q' (cos </>') 

where r' equals shear stress, !bf/ in2. 

(23) 

15.6. 1.2 The radius of the Mohr's circle is equal 
to qf for for the selected failure point from figure 6 [data 
sheet 3 col. (30)]. 
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qf = 
where: 

qf = q' at failure, lbf/in2 

Odr 
2 

a dr = deviator stress at failure, lbf/ in2 

(25) 

15.6.2 Locate the center of each circle on the same 
plot of shear stress versus effective normal stress and draw 
each circle using the corresponding radius (fig. 10). 

15.6.3 Locate, and include on the Mohr's diagram, 
the Mohr-Coulomb failure envelope defined by the effective 
stress shear strength parameters <J,' and c' as determined 
in subparagraphs 15.4.1.1 and 15.4.2.1, respectively 
(fig. 10). 

15.6.4 Plot the effective normal stress [col. (31)] 
and shear stress [col. (32)] for each reading from figure 6 
(data sh_eet 3) for each specimen on the Mohr diagram. 
Connect the respective points for each specimen with a 
line or curve (fig. 10). This curve is called a "vector curve." 

15.7 Top Excess Pore PressureJcol. (33)].-The cop 
excess pore pressure is : 

fi. Uet = Uit - Uptt 

where: 
fi 11e1 top excess pore pressure, !bf/ in2 

u;, cop pore pressure at a given point, !bf/ in2 

Uptt top pore pressure prior co touch, !bf/ in2 

(26) 

15.8 Bottom Excess Pore Pressure [col. (34)].-The 
botcom excess pore pressure is: 

fi Ueb = Uib - Uptb (27) 
where: 
liueb = bottom excess pore pressure, 1.bf/in2 

Uib bottom pore pressure at a given point, lbf/in2 

Uptb = bottom pore pressure prior to touch, lbf/in2 
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15.9 Pore Pressure Coefh"cient, A, [col. (35)].-The 
pore pressure coefficient, A, for a saturated UU or CU 
test specimen is derived. 

where: 
A 

6.u 
6.a3 
6.a1 

A= 

pore pressure coefficient, dimensionless 
change in pore pressure, lbf/ in2 

change in lateral pressure, lbf/in2 

change in major principal stress, lbf/in2 

(28) 

In an ordinary compression test 6.a3 = 0 since the cell 
(confining or lateral) pressure is held constant throughout 
the test. The equation then takes the form: 

(29) 

where: 
A 

6.u 
pore pressure coefficient, dimensionless 
corresponding change in pore pressure (bottom 

pore pressure normally used), lbf/ in2 

change in deviator stress, lbf/ in2 

15.10 Plot percent axial strain [col. (21}] versus 
deviator stress [col. (26)] from figure 6 (data sheet 3) 
for each specimen tested as shown on figure 11. 

15.11 Plot percent axial strain (data sheet 3, fig. 6, 
col. 21) versus excess pore air and pore water pressures 
(cols. 5 and 6, data sheet 2, fig. 4) as shown on figure 12. 
Pore pressure readings from bottom porous insert (col. 6) 
correspond to pore air pressure. 

15.12 Plot percent axial strain [ col. (21)] versus volume 
strain ( col. 22) from figure 6 ( data sheet 3) for each 
specimen tested as shown on figure 13. 

15.13 Plot percent axial strain (col. 21) versus effective 
stress ratio (col. 28) from figure 6 (data sheet 3) for each 
specimen tested as shown on figure 14. 

16. Report 

16.1 The report is to consist of the following completed 
and checked forms: 

"Specimen Placement-Data Sheet l" (fig. 3). 
"Triaxial Shear Test-Data Sheet 2" (fig. 4). 
"Pore Air Pressure Computation Sheet" (fig. 5). 
"Triaxial Shear Test-Data Sheet 3" (fig. 6). 
16.2 Data plots are required as follows: 
"Pore Air and Pore Water Pressure versus Percent 
Volume Change" (fig. 7). 
"p' - q' Diagram" (fig. 9). 
"Mohr's Diagram" (fig. 10). 
"Percent Axial Strain Versus Deviator Stress" (fig. 11). 
"Percent Axial Strain Versus Excess Pore Pressure" 
(fig. 12). 
"Percent Axial Strain versus Volume Strain" (fig. 13). 
"Percent Axial Strain versus Effective Stress Ratio" 
(fig. 14). 

16.3 All calculations are to show a checkmark and all 
plotting must be checked 

17. Background Reference 

Engineering .wd Design Laboratory Soil Testing EM 1110-
2-1906, Department of the Army, Office of the Chief 
Engineers, Washington, D.C. 20314, November 1970. 
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APPENDIX 

Xl. DETERMINING THE TEMPERATURE CORRECTION COEFFICIENT 
FOR WATER-FILLED TRIAXIAL ASSEMBLY 

Xl. l Scope 

X 1.1. l When performing triaxial shear tests, there are 
occasions when changes in ambient temperature can occur. 
These ambient temperature changes can affect the volume 
of the water used for monicoring volume change of the 
specimen during resting. This appendix presents a method 
for determining a temperature correction coefficient for 
computing correcr specimen volume. 

Xl.2 Summary of Method 

X 1.2. l A triaxial assembly is de-aired and filled with 
de-aired water. A thermometer or thermocouple is inserted 
into the water in the chamber. The triaxial assembly is 
placed in a location where the ambient temperature can 
be varied from approximately 65 co 75 ° F. The ambient 
temperature is allowed co drop slowly co the lower limit 
of the ambient temperature range over a period of 8 co 
12 hours. Then, the assembly is relocated into an 
environment where the ambient temperature will cause 
the temperature of the triaxial assembly co increase 
approximately 10 co 15 ° F over a period of 6 co 8 hours. 
The temperature of the water in the triaxial assembly is 
measured and recorded co the nearest 0.1 ° F and the water 
level in the volume tube is read and recorded co 0.01 inch. 
The data are used co compute the temperature correction 
coefficient for the assembly in cubic inch per degree 
Farenheit (cubic centimeter per degree Celsius). 

NITTE XI.I-When determining this coefficient, che top and 
bonom end places are removed from the rriaxial assembly since 
no specimen is placed in che chamber. Pipe plugs are screwed 
into the chamber bottom place where the cop and bottom end 
plate lines had been attached. 

NITTE X 1.2-It is recommended that three trials be performed 
on an assembly to determine an average temperature correction 
coefficient. Since che volume of water in an assembly is one 
of che independent variables in determining the coefficient, the 
volume of water in an assembly should not be changed during 
the trials and a temperature correction coefficient should be 
determined for each different size criaxial assembly. 

Xl.3 Preparation of Apparatus 

Xl.3 .1 De-airing the triaxial assembly (fig. 1) : 
X 1.3.1. l Place the chamber into the groove in the 

bottom plate. 
X 1.3.1.2 Verify that all the valves in the system are 

closed. 
X 1.3. 1.3 Fill the chamber about one-half full with 

de-aired water. 
X 1.3.1.4 Open triaxial chamber cap relief valve A. 
Xl.3.1.5 Sec the chamber cap in place, and force 

the cap down onto the chamber until it is properly seared. 
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X 1.3.1.6 Insert the pis con through che ball bushing 
until che piscon flange is resting on top of the chamber 
cap. 

X 1.3. l".7 Open valve B co the top of the volume 
tube. 

X 1.3.1.8 Attach vacuum hoses to valve B on cop 
of the volume tube and to the fitting on the chamber cap 
relief valve A. 

X 1.3.1.9 Attach the other ends of the vacuum hoses 
co a multiport manifold on the vacuum pump. Turn on 
the vacuum pump. 

Xl.3 .1.10 Apply a vacuum of about 20 lbf/in2 (140 
kPa) for 5 minutes. 

X l.3. l.11 Release che vacuum from the chamber (at 
valve A) by uncoupling the vacuum line at the vacuum 
pump. Maintain the vacuum on the volume rube. 

Xl.3.l.12 Open volume tube drain valve E and 
volume tube isolation valve R, and fill the volume tube 
to the cop of its marking with de-aired water from the 
chamber (vacuum is still on the volume tube) . 

Xl.3 .1.13 Close volume tube drain valve E. 
X l.3.1.14 Release the vacuum from the volume tube 

by uncoupling the appropriate vacuum line at the vacuum 
pump. 

X l.3.1.15 Plug the vacuum hose that attaches co the 
chamber at relief valve A inco the vacuum source. 

X 1.3.1.16 Open valve E and allow the water level 
in the volume tube to drop co about the 25-inch (635-
mm) level. 

X l.3.1.17 Close volume tube drain valve E. 
X l.3 . l.18 Reattach the vacuum hose co the top of 

the volume tube. Uncouple the vacuum hose co valve A. 
X 1.3.1.19 Displace water back and forth between 

the volume tube and the chamber by repeating subpara­
graphs Xl.3.1.12 through X 1.3 .1.18 until air bubbles can 
not be seen in the volume tube. 

X l.3.1.20 If the volume tube is not full at the end 
of the flushing phase, fill the tube by opening valve E. 
Fill the volume tube co about the 5-inch level with de­
aired water, so that it can be drained co the desired level 
for the coefficient determination. Close valves A and E. 

X 1.3.1.21 Uncouple all the vacuum lines from the 
manifold on the vacuum pump and shut off the vacuum 
pump. 

Xl.3.1.22 Uncouple the vacuum line from valves A 
and B. Coil the vacuum lines up and store them in a suitable 
location for future use. 

X l.3.1.23 Do not drain the water from the chamber 
at this time. 

X 1.3.2 De-airing the differential pressure transducer. 
X 1.3.2. l Fill the flushing tank on the differential 

pressure transducer about two-thirds full with de-aired 
water. Close the volume tube isolation valve R co isolate 
the volume tube and differential pressure transducer from 
the chamber. 
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Xl.3.2.2 Open valve L on the differential pressure 
transducer. Remove the bottom plate on the differential 
pressure transducer by unscrewing the four cap head screws 
which hold the bottom plate to the body of the transducer. 
Fill the bottom plate with de-aired water. Open valve M 
and fill the bottom plate with de-aired water from the 
flushing tank. Open valves E and K to the volume tube 
and allow water to flood over the exposed capsule located 
under the main body of the differential transducer. With 
water flowing, place the bottom plate back on the 
differential pressure transducer, being careful not to entrap 
air. Close valve K but leave valve M to the flushing tank 
slightly open to relieve any pressure which results from 
tighter,ing the cap screws. Tighten the four cap head screws. 

Xl.3.2.3 Flush the differential pressure transducer 
thoroughly by attaching a hand-held vacuum/pressure 
pump to the top of the flushing tank. Open valves K and 
M and flush water back and forth several times from the 
flushing tank to the volume tube through the differential 
transducer. When this step is complete be sure that the 
water level in the volume tube is near the full mark and 
close valve M. Open the volume tube isolation valve R. 

NOI'E Xl.3-Extreme caution must be used when flushing the 
differential pressure transducer system since a pressure greater 
than about 10 lbf/in2 (70 kPa) can damage the measuring capsule 
inside the transducer. 

Xl.4 Procedure 

Xl.4.1 All data are to be recorded on the "Temperature 
Correction Coefficient" form as shown on figure Xl.1. 

Xl.4.2 Record all identifying information pertaining 
to the triaxial assembly on the form. 

Xl.4.3 Connect a hose to valve N; place the other 
end of the hose in an empty container or into a drain. 

Xl.4.4 Drain about one quarter to one-third of the 
water from the chamber by opening valve N. Close valves 
A and N. 

Xl.4.5 Remove the piston and the chamber cap from 
the chamber. 

Xl.4.6 Verify that volume tube valve Bis open. 
Xl.4.7 Verify that all remaining valves to the chamber 

are closed. 
Xl.4.8 Attach a hose from the de-aired water source 

to the de-aired water source line. Open valve N and begin 
filling the chamber through the chamber bottom plate with 
de-aired water. As water rises in the chamber, use a squeeze 
bulb to flush any air bubbles that may be present on the 
bottom and sides of the chamber. 

Xl.4.9 Fill the chamber completely with de-aired 
water. Close valve N. 

Xl.4.10 Remove relief valve A by unscrewing it from 
the chamber cap. 

Xl.4.11 Set the chamber cap in place. Force the 
chamber cap down onto the chamber until it is properly 
seated. 

Xl.4.12 Open valve N and continue filling the chamber 
with de-aired water until water flows out of the hole left 
by removal of relief valve A. Close valve N. 
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Xl.4.13 Insert a thermocouple or thermometer to 
about midheight in the chamber through the hole left by 
removal of valve A. 

Xl.4.14 Using modeling clay or silicon sealant, seal 
the opening between the thermocouple or thermometer 
and the hole in the cap. 

X 1.4.15 Open valve N and continue filling the chamber 
until water flows out the top of the ball bushing. Close 
valve N. Disconnect the de-aired water source line from 
valve N. Reattach the drain line to valve N. 

Xl.4.16 Screw the chamber bolts into the chamber 
bottom plate; set the chamber cap hold down plate into 
place. 

X 1.4.17 Secure the chamber cap to the chamber bottom 
plate by screwing the four nuts onto the four chamber 
bolts; tighten the nuts in a staggered sequence to about 
50 ft-lbf torque. 

Xl.4.18 Tape a 0.5-inch diameter by 3-inch-long 
wooden dowel to the side of the piston nearest the piston 
retainer bar. Since there is not a specimen inside the 
chamber, the dowel keeps piston intrusion at about the 
same level it would be when a specimen is in the chamber. 

Xl.4.19 Lightly grease the piston. Open valve E. 
Carefully push the piston through the ball bushing in the 
chamber cap until the wooden dowel comes in contact with 
the top of the chamber cap. If the water displaced by the 
piston overtops the volume tube, drain the excess water 
by opening valve N. Close valve N. 

Xl.4.20 Open valves L and K to the differential 
pressure transducer. 

Xl.4.21 Attach and secure the piston retainer. 
Xl.4.22 Open volume tube drain valve E. Slowly open 

valve N to allow water to drain from the volume tube. 
When the level of water in the volume tube has reached 
the desired level for starting the test-usually the 10-inch 
level-close valve N. 

Xl.4.23 Place the triaxial assembly in an environment 
where an ambient temperature of 60 to 65 °F (16 to 18 °C) 
can be maintained for 8 to 12 hours. 

Xl.4.24 When the temperature of the triaxial assembly 
has stabilized, read and record chamber water temperature 
and volume tube height. Move the triaxial assembly to 
an environment where the ambient temperature will cause 
a water temperature rise of 10 to 15 °F over a period 
of 6 to 8 hours. 

Xl.4.25 Read and record water temperature to the 
nearest 0.1 °F and volume tube height to the nearest 0.01 
inch. These readings should be taken at about I-hour 
intervals until chamber water temperature stabilizes. 

Xl.4.26 This constitutes one trial. Repeat subpara­
graphs Xl.4.23 through Xl.4.25 if additional trials are 
required. 

Xl.4.27 Compute the temperature correction coeffi­
cient for each trial. Determine the average system 
temperature correction coefficient if required. 

Xl.5 Calculations 

Xl.5.1 Perform all calculations on the "Temperature 
Correction Coefficient" form as shown on figure Xl.l. 
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7.2J68 (10-86~ ' 
Bureau of Rec mation 

TEMPERATURE CORRECTION COEFFICIENT-DATA SHEET 
Oeslgnalion USBR 

PROJECT I FEATURE 
Example Example 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

Triaxial Assembly Na, 29 (a.) Volume tube factor , VT f O . I I O 00 in'tin □cm3tcm 

* Subscript I denotes initial reading 
Subscript i denotes any subsequent reading 

co CD 
C CD .Q Q) 

co ::, a, 
-0 C - C 
0 _g* Q) 0 
Q) 

4D -
... .s::. ... u - E~o 
::, u w w Q) CD 

rt'>- -I- -- ::, C _. 0 

<l ~ .0 .0 I Oo~ ... Q) 
::, ::, - Q) ... 

0 I- - - ~ >.s::. '¢ a. ::, -., 
CD -- u -- E 0 

E e "O ., ... 
::, ::, ~ I- Q) 

~ 
0.. 

~ 
... 

E ~ 
C ~ 0 u 

in 00 in 00 in31Xl F•OO F•[X) 
cm □ -cm □ cm'□ .c•o C-0 

( I) ( 2) ( 3) ( 4) (5) (6) {7) 

I 9/16 6 :34 10.00 - 0.00 66.2 0 .0 

2 7:30 9.84 ·0.16 0 .018 67.8 1.6 

3 8:50 9.51 0 .49 0 .054 70.7 4.5 

4 9 : 30 9.45 0.55 0 .061 71.6 5.4 

5 10:30 9.23 0.77 0.085 73.2 7.0 

6 11 :38 9.09 0.91 0.100 75.0 8.8 

7 12:35 9.05 0.95 0.105 75.7 9.5 

8 13=30 8.91 1.09 0 . 120 76.6 10.4 

9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 

REMARKS: System designed for 2x5 inch specimens . No en.~_plQ!~s or specimen in chamber 
during this test. One trio I only. 

GPO 8S2 - 188 

Figure X 1.1. - Temperature correction coefficienc-dara sheer-example. 
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Xl.5.2 Volume Tube Factor, VT£.-Enter the volume 
tube factor in the space provided on figure Xl.l. 

Xl.5.3 Data Record-As readings are observed, record 
the following data: date (col. 1), time (col. 2), volume tube 
reading (col. 3), and temperature (col. 6). 

Xl.5.4 Volume Tube Change (col. 4).- The change in 
fluid level (col. 4) in the volume tube is calculated. 

where: 
LlVT = 
VT1 
VT;= 

LlVT = VTi - VT; 

volume tube change, in 
initial volume tube reading, in 
subsequent volume tube reading, in 

(Xl-1) 

Xl.5.5 The volume tube readings are converted (col. 5) 
from linear to volumetric readings. 

LlVT,, = LlVT (VT£) 
where: 
LlVTn= converted volume tube change, in3 

LlVT = volume tube change, in 
VTr = volume tube factor, in3/in 

(Xl-2) 

Xl.5.6 The change in chamber water temperature 
(col. 7)is computed. 

where: 
LlT = 
Ti 
T; = 

LlT = Ti - T; (Xl-3) 

temperature change, ° F 
initial stabilized water temperature reading, ° F 
subsequent temperature water reading, ° F 

Xl.5.7 The temperature correction coefficient is a 
constant which relates chamber water temperature change 

to system volume change and may be expressed as: 

(Xl-4) 

where T1 equals temperature correction coefficient, in3 /° F. 
The temperature correction coefficient is the slope of the 
straight line relating LlVTn to Ll T and is assumed to pass 
through the origin. The line may be established from a 
visual best-fit straight line through the data points as shown 
on figure Xl.2 or it may be determined using linear 
regression analyses. If three trials are performed, an average 
coefficient for the rriaxial shear rest system should be 
determined using all data collected for the individual trials. 

NOTE Xl.4.-The temperature correction coefficient is usually 
expressed in terms of cubic inch per degree Fahrenheit. However, 
it may be expressed in terms of cubic inch per degree Celcius, 
cubic centimeter per degree Fahrenheit, or cubic centimeter per 
degree Celcius. 
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Figure Xl.2. - Temperature correction coefficient plot-example. 

X2. MEMBRANE CORRECTION 

X2. l Correction for Effect of Specimen Membrane 

X2. l.1 The following equation, from ASTM D 1850, 
may be used to correct compressive soil strength for the 
effect of the specimen membrane if the error in deviator 
stress due to strength of the membrane exceeds 5 percent. 

"'( ) _ 4Mf. (I - f.) 
u Ul - U3 -

Do 
(X2-1) 

Do 
M= 

the correction to be subtracted from the 
measured compressive strength, lbf/in2 

initial diameter of specimen, in 
compression modulus of the membrane, 

lbf/in 

800 

f. = specimen axial strain, expressed as a 
decimal 

X2.2 Compression Modulus of the Membrane, M 

X2.2.1 The compression modulus of the membrane 
may be determined by hanging a 0.5-inch length of 
membrane over a thin rod, placing another rod along the 
bottom of the hanging membrane and measuring the force 
per unit strain by stretching the membrane. In tests of 
very soft soils, the membrane effect may be significant; 
however, for most soils the membrane correction is 
insignificant and can be ignored. 
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X3. PORE PRESSURE CON SID ERA TIO NS 

X3. l Introduction 

X3. l. l Effecrive stress analysis involves evaluation of 
pore pressure in triaxial shear resting. In partially saturated 
soils chis analysis may be based on pore air pressure and 
the theoretical relationship with volume change according 
to Boyle's Law for compression of air, combined with 
Henry's Law for air solubility in water. More recently, 
consideration has been given to capillary (suction) pressures 
in partially saturated soils. Research on measurement of 
these pore pressure effects was performed by the Bureau 
of Reclamation and a workable procedure was developed 
by Gibbs and Coffey [ 1]. Measurement of capillary stress 
in this resting procedure and in USBR 5735 includes all 
of the forces that affecr soil suction. Capillary stress causes 
pore water pressure to be different than pore air pressure. 
Therefore, if effecrive stress is analyzed on the basis of 
deducring pore air pressure from applied stress, strength 
is evaluated at the void ratio and degree of saturation of 
the soil rest specimen which represents a significant 
condition of the structure being investigated, such as the 
compacred condition of an embankment or the in-place 
condition of a foundation. The strength so evaluated should 
include effects of capillary pressure. However, if stress is 
analyzed on the basis of pore water pressure being deducred 
from applied stress, the result would be a basic 
interpretation of strength chat would not include capillary 
pressure as effective stress. It is believed there is a distinct 
relationship between pore pressure and volume change 
which the observed data of a compression test should follow 
if pore pressure is initially equalized throughout the rest 
specimen. During tests on undrained (sealed) specimens, 
it is believed chat pore pressure regains equalization quite 
rapidly because there is not a major flow of fluid within 
the rest specimen. Thus, for practical testing procedures, 
chis means that sealed tests may he performed in a short 
time-such as a normal workday-and end plates may be 
used for measuring pore pressure during resting. 

X3.2 Pore Pressure Analysis 

X3.2.l In a sealed unsaturated specimen, the voids 
contain water and air. The air can develop pressure, ua, 
as it compresses and likewise the water will develop 
pressure, Uw, as load is applied. However, the water pressure 
is always lower (see fig. X4. l and equation X3-l) and 
may even be negative as a result of capillary sucrion on 
the water films in the small soil pores. The fluid pressures 
must be in equilibrium or there will be fluid migration 
until they are in equilibrium; chat is: 

Uc = - (ua - Uw) (X3-l) 
where: 

Uc = capillary stress, the portion of fluid pressure chat 
assimilates capillary stress and is always 
negative; however, it approaches zero as 
compression increases enough to cause 
saturation, lbf/in2 
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ua pore air pressure, )bf/ in2 

uw pore water pressure, lbf/in2 

X3.2.2 Theoretical evaluation of pore air pressure, u8 , 

as, shown by Hamilton [2], considers the air volume to 
be the volume of free air plus dissolved air according to 
Henry's Law. Then, using the principle of Boyle's Law 
at constant temperature: 

and solving for Ua 

Ua = 
where: 

p ( Vao + h Vw) _ l 
a ( Vac + hVw) 

Pa atmospheric pressure, lbf/in2 

(X3-2) 

(X3-3) 

h 0.02, coefficient of air solubility in water by 
volume according to Henry's Law 

Vao initial volume of free air in percent of initial 
volume,% 

Vac final volume of free air in percent of initial 
volume,% 

Vw volume of water in percent of initial volume, % 

X3.3 Pore Air Pressure 

X3.3.1 A more convenient form of this equation 
suggested by Hilf [3] uses percent volume change, u V. 
It is equal to ( Vao - Vac), thus 

Ua 
Pa uV 

Vao + hVw - uV 
(X3-4) 

An example calculation of theoretical pore atr pressure, 
Ua, is given on figure X4. l. 

X3.4 Pore Pressure Curves 

X3.4. l To fully establish the theoretical pore pressure 
curves--as shown on figure X4.2-che following steps are 
taken. 

X3.4.2 The initial capillary stress (negative pore 
pressure), uc, is determined for the rest specimen by 
performing USBR 5375 which does not damage or disturb 
the specimen for lacer shear testing. 

X3.4.3 The shape of the Uc curve can be estimated 
as shown on figure X4.2. It can be either asymptotic co 
zero (as shown) or can be a straight line. 

X3.4.4 The theoretical pore air pressure line, Ua, is 
computed using equation X3-4 as shown on the "Pore 
Air Pressure Computation" sheet (see fig. X4. l). 

X3.4.5 The theoretical pore water pressure line, uw, 
is computed using equation X3- l: Uw = Ua + Uc. 

X3.4.6 These theoretical curves are used co analyze 
observed data and co control the race of resting in criaxial 
shear. 
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X4. DETERMINING AND PLOTTING PORE AIR, PORE WATER, AND CAPILLARY PRESSURES 

X4.l Scope 

X4. l. l When performing the UU ( unconsolidared­
undrained) rriaxial shear rest and the Ko rest, on partially 
saturated soils in the UU-mode, the pore air, ua, and pore 
water, Uw, pressures must be measured if effective stresses 
are co be computed. This appendix discusses necessary 
calculations and data plots. 

X4.2 Procedure 

X4.2. l Determine the capillary pressure, Uc, of the 
specimen using the method outlined in USBR 5735. From 
the dry unit weight, moisture content, and apparent specific 
gravity of soil, theoretical values of pore water pressure, 
uw, and pore air pressure, ua, may be computed using the 
following equations. 

where: 
Vs = volume of solids, expressed as a decimal 
Yd = dry unit weight-of the.specimen, lbf/ft3 

G = apparent specific gravity of the soil 
Yw = ?.bsolure unit weight of water (at 4 °C) 

(62.43 lbf/ft3) 

(X4-l) 

Yd C1;0) 
Vw = --- (X4-2) 

Yw 
where: 

V. -w -

w= 
volume of water, expressed as a decimal 
moisture content of specimen, % 

Yd = dry unit weight of specimen, lbf/ft3 

Yw = unit weight of water at 70 °F, (21.1 °C), assume 
normal room temperature, 62.29 lbf/ft3 

100 = convert from percent to decimal 

where: 
Va = 
Vs = 

Vw = 
1.00 = 

where: 
Vas = 

h = 

Vw = 

where: 

volume of air, expressed as a decimal 
volume of solids, expressed as a decimal 
volume of water, expressed as a decimal 
unity 

Vas = hVw = 0.02 Vw 

(X4-3) 

(X4-4) 

coral volume of air in solution, expressed as a 
decimal 

0.02 coefficient of air solubility in water by 
volume according to Henry's law 

volume of water, expressed as a decimal 

Us (X4-5) 

Us = pore pressure at the point where complete 
saturation of the specimen occurs, lbf/in2 

Pa 

Va 

-

= 

average annual atmospheric pressure corrected 
for altitude (12.0 lbf/in2 in Denver, Colorado) 

volume of air, expressed as a decimal 
Vas = volume of air in solution according to Henry"s 

law, expressed as a decimal 

Ua (X4-6) 

where: 
ua pore air pressure, !bf/ in2 

Pa = average annual atmospheric pressure, corrected 
for altitude (12.0 lbf/in2 in Denver, Colorado) 

Va = volume of free air, expressed as a decimal 
LlV = volume change of specimen, % 
Vas = total volume of air in solution, expressed as a 

decimal 
100 = convert from percent co decimal 

X4.2 .2 Compute ua of the specimen using the form 
as shown on figure X4. l. 

X4.2.3 Prepare a plot as shown on figure X4.2. 
X4.2.4 Plot computed pore air pressure, ua, (col 4) 

versus volume change (in percent), LlV, (col. 1) and connect 
the data points. 

X4.2 .5 Obtain the computed value of Va (volume of 
air) computed on figure X4. l. Multiply the value of Va 
by 100 co convert to percent volume of air and plot this 
value on the graph and draw a vertical line from zero 
pore pressure to the top of the graph. This is labeled the 
"Saturation Line." 

NOfE X4.1.-When performing this rest, measured volume 
change of the specimen should nor plot beyond rhe "Saturation 
Line" since rhe solids and water in the specimen are nor normally 
compressible at the pressures used for resting in the laboratory. 

X4.2.6 Plot the maximum value of Uc (-17.0 !bf/in2 

on fig. X4.2) . Plot another point at the intersection of 
the saturation line and the zero pore pressure axis. Connect 
the two points by drawing a curved line between them. 
Experience has shown this method to be sufficiently 
accurate for most soils. However, specialized testing can 
be performed with a ''floating ring" device in which data 
points are obtained for the Uc curve. 

X4.2.7 Select Uc values from the graph for correspond­
ing volume change values and enter them on the figure 
X4. l form (col. 5). 

X4.2.8 Compute values of uw (col. 6) for the 
corresponding volume changes. 
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Uw = Uc+ Ua 

where: 
Uw = pore water pressure, !bf/ in2 

Uc = capillary pressure, lbf/in2 

ua = pore air pressure, lbf/in 2 

(X4-7) 
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7-2369 (10-86) 
Bureau of Reclamation PORE AIR PRESSURE COMPUTATION SHEET 

Deslgnatlon USBR __ . __ 

SAMPLE NO. 

TP-100 
I SPECIMEN ~o. I PROJECT 

Example 
I FEATURE 

Exomole 
TESTED BY DATE I COMPUTED BY 

Th• followin9 ore definition, for the 1ymbol1 uHd below : 

v1 = Volume of 10II uprened os o decimal 

Vw • Volume of woter uprHHd at o decilftol 

V
0 

= Volume of oir uprHHd aa a declm.al 

U1 = Pore oir Pl'Hlure at 10hll'atlon (U0 1 

h= TIie coefficient of air solubility in water 
by volume occordi119 to He11r,'1 Law 

v, = 
yd 

Gyw 
= i 116. 2i = 0.689 

( 2 . 70 ){62.43) Vw = 

DATE I CHECKED BY DATE 

v01 = hVw •Volulftl of Air In 1olutlon 

yd • Dry unit w1l9ht of the epecllftefl in lbf/ft1 

Yw • Unit wei411ht of water at 4oC (62 .45 lbf/ft5> 

Ywt = Unit wel9llt of woter at 220° C (62. 29 lbf/tt') 

G • Specific gravity of rhe 10II. 

Pa =12.0lbf/ft1 a:Aor4111 baro111etic prenurt 
corrected for altitude ot Denvar,C.. 

Ucat O%~V• lbf/1111 

(w/ IOO)Yd 
= 

(0.1150) (116.2) 
= 0 .215 

Ywt 62.29 

Va = 1.0- Vs - Vw = 0.096 Vas = hVw = ( 0 .02)(0. 215) " 0 . 004 

us Pa Va = 
12 .0 (0.096) 

= 288 
Vo -t Vas = 0 . 100 = 

Vas (0.004) 

( I) (2) (5) '41 (5) <•~ 
Va+ Vu - Port Ir Capillary Port fer 

Volume chan9e 12 .0 (~) PrtllUrt (Ila) Pr••- (lie) Pr•-•IUwl 
(~VI percent (~V/100) lbf/in1 

lbf/l111 lbf /in1 

(ZI + (5) {11ratll) un + ,.i 
oo a. nn 0.100 0 .0 -17. 0 -17.0 
0 . 5 0.060 0 . 095 0 .63 -15 .0 -14 .4 
1.0 o. 120 0 .090 I. 33 -13 .0 -11.7 

2.0 0 . 240 0.080 3 .00 -10.0 -7.0 

3.0 0.360 0.070 5.14 -7 . 5 -2.4 

4 0 0 . 4An 0 .060 8.00 -5.0 3.0 

5.0 0.600 0.050 12.0 -3 . 5 8.5 

6 .0 0 . 720 0.040 18 . 0 -2.0 16.0 

7 . 0 0.840 0 .030 28 . 0 -1.0 27.0 

8.0 0 . 960 0.020 48.0 -0.5 47.5 

9.0 1.080 0.010 108.0 -0.25 107.8 
q 6 1.152 0.004 288.0 0.0 288.0 
10.0 I, zun 

11.0 I. 3:,n 

12.0 1.440 

13.0 I . ~fiu 

, ... 0 I . t>nu 
GPO ll!52- 1 87 

Figure X4. l. - Pore air pressure computation sheer-example. 
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Figure X4.2. - Pore air and pore water pressures versus percent volume 
change-example. 

X4.2.9 On figure X4.2, plot the values of Uw versus 
volume change (in percent) on the graph and connect the 
data points with a smooth curve. 

X4.3 Performing The Test and Plotting Data 

X4.3.l Place the specimen in the triaxial assembly 
using the correct type of porous inserts in the top and 
bottom end plates (fine ceramic on cop, coarse on botcom). 

X4.3.2 If the porous insert in the bottom end plate 
has a bubbling pressure of 5 !bf/ in2 or less, obtain a precut 
No. 200 screen. Spray the screen with a silicon mold release. 

X4.3.3 Place the No. 200 screen on top of the botcom 
end plate. The purpose of the No. 200 screen is to ensure 
a "break line" between the soil and the end plate, so that 
pore air pressure is measured. 

X4.3.4 Use the injector co control capillary pressure 
uw in the cop end plate. Allow uw to "draw down" co 
no more than about 8.0 lbf/in2 negative (assuming the 
value of Uc exceeds 8 !bf/ in2). 

X4.3.5 Apply the lateral pressure slowly. Constantly 
monitor the values of ua and Uw. 

X4.3.6 Both Ua and Uw should closely follow the 
theoretical curves as on figure X4.2. If Uc is greater than 
about minus 8 lbf/ in2 it must be controlled with the injeccor 
until the specimen has undergone sufficient volume change 
so the negative pressure is less than about minus 8.0 lbf/in2• 

X4.3.7 Compute percent volume change of the 
specimen at 5.0 lbf/in2 lateral pressure increments. 

X4.3.8 Volume strain of the specimen may be 
computed. 

where: 

lOO (~VTn + ~VC - ~VP+ ~TV) 
Vo 

Ev = volume strain, % 
Vo = initial specimen volume, in3 

~VT,,= (~VT) ( VTr) = converted volume tube 
change, inl 

100 = convert from decimal to percent 
and 
~VT= volume tube change, in 
VTr = voume tube factor, in/3in 

(X4-8) 

~ VC= [(a3 - LTPR;) (SL;)]+ Y; = chamber volume 
change, inl 

and 
03 

LTPR; 

SL; 

applied lateral pressure, lbf/ in2 

lateral pressure intercept for lateral pressure 
increment considered, lbf/in2 

Y; = 

slope of line relating volume change to 
applied lateral pressure for pressure 
increment considered, inl / (!bf/ in2) 

volume change intercept for lateral pressure 
increment considered, inl 

~VP= ~L (AP)= volume change due co piscon 
movement, inl 

and 
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~L 
AP= 

~TV= 

and 
Tr= 
T1 
T; = 

change in piscon length, in 
load piston area, in2 

Tr ( T1 - T;) = volume change due to 
temperature change, inl 

temperature correction coefficient, in3 /° F 
initial temperature reading, ° F 
subsequent temperature reading, ° F 

NOfE X4.2.-Carefully observe equation signs. This equation 
is valid only if axial deformation indicator readings decrease as 
specimen height decreases. 

X4.3.9 Percent volume change for the Ko test may 
be computed either by the equation shown in subparagraph 
X4.3.8 (this appendix) or by the following equation: 

(X4-9) 



where: 
Li = LVDT or dial initial reading, in 
Li = L VDT or dial subsequent reading, in 
A; = specimen area at subsequent reading, in2 

Vo = specimen volume initial reading, in3 

100 convert from decimal co percent 
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This equation will give correct values in the Ko test 
since diameter of the specimen is not allowed to change. 

X4.3.10 Plot the values of ua and Uw on the graph 
(fig. X4-2) as lateral pressure and axial load are applied. 
Continue to plot the measured values of ua and Uw and 
compare them with theoretical values as the cesc progresses. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5 750-89 

PERFORMING CONSOLIDATED-UNDRAINED 
TRIAXIAL SHEAR TESTING OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, Code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5 750. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the shear strength of consolidated-undrained 
cylindrical soil specimens in either the undisturbed or 
compacted state using the criaxial shear test method. 
Specimens may be saturated using a back-pressuring 
technique prior co application of compressive stresses. 

1.2 The CU (consolidated-undrained) test is performed 
using either strain or stress controlled axial loading. The 
race of strain or race of stress application is dependent 
on the type of soil being tested. 

1.3 Lateral pressure (confining pressure or cell 
pressure) is applied manually at a race compatible with 
the type of soil being tested. 

1.4 Pore pressure measurements are made during the 
CU test so chat effective stresses can be evaluated. 

1.5 CU tests have been performed successfully on many 
types of soil, ranging from fine-grained to coarse-grained 
soil containing up co 3-inches (76-mm) maximum particle 
size. Specimen sizes for various types of soil have ranged 
from 1-3/8 inches diameter by 3 inches high co 9 inches 
diameter by 22-1/2 inches high (35 - by 75- co 230- by 
570-mm). 

1.6 The CU rest provides data for determining shear 
strength properties and stress-strain relations for soil~. 

1.7 Multiple specimens may be reseed under single 
stage compressive loading or a single specimen may be 
tested under multistage compressive loading. 

2. Auxiliary Tests 

2.1 A compacted or undisturbed soil specimen must 
be prepared in accordance with USBR 5210 or 5215 prior 
co performing chis procedure. A moisture content and unit 
weight determination muse be obtained in accordance with 
USBR 5300 and 5370, respectively, to obtain placement 
conditions for che cesc specimen. Physical properties tests 
are to be performed in accordance with USBR 5320, 5330, 
5350, 5360, and 5365 after completion of the test. 
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3. Applicable Documents 

3.1 USER Procedures: 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 1050 Calibrating Pressure Transducers 
USBR 1055 Calibrating Differential Pressure Trans­
ducers 
USBR 1450 Calibrating Triaxial-Type Chambers for 
Pressure-Volume Change Relations 
USBR 1455 Calibrating Volume and Drain Tubes 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
From Undisturbed Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining che Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5370 Determining Unit Weight of Cylindrical Soil 
Specimens 
USBR 7000 Performing Disturbed Soil Sampling in Test 
Pits, Trenches, Accessible Borings, and Tunnels 
USBR 7010 Performing Disturbed Soil Sampling Using 
Auger Boring Method 
USBR 7100 Obtaining Undisturbed Block Samples by the 
Hand and Chain Saw Methods 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 
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4. Summary of Method 

4.1 A soil specimen is prepared and placed in a standard 
triaxial assembly as shown on figure 1 and the chamber 
is sealed. The specimen may be saturated using a back­
pressure technique and is then isotropically consolidated 
under a predetermined effective consolidation pressure 
until primary consolidation is complete. The drains are 
closed and axial compressive stress is applied using either 
a strain or stress controlled loading device. As axial load 
is applied, deviator load, axial specimen deformation, 
specimen volume, pore pressure, and chamber water 
temperature are measured and recorded. The moisture 
content of the test specimen is not permitted to change 
during axial load application. Shear stress, major and minor 
principal stresses at failure, and axial strain at failure are 
obtained. Stress-strain curves are plotted and effective stress 
or total stress shear strength envelopes can be prepared. 
For single stage compressive loading of multiple specimens, 
at least three specimens are required for one complete 

·CU triaxial shear test. For multistage compressive loading, 
only one specimen is required for one complete CU triaxial 
shear test. 

5. Significance and Use 

5.1 Shear strength of soil in triaxial compression 
depends on stresses applied, consolidation conditions, strain 
rate or stress application rate, and the stress history 
experienced by the soil. 

5.2 Shear strength measured (in this test) is determined 
under undrained conditions. The test is applicable to field 
conditions where consolidated soils are subjected to stress 
changes under undrained conditions and at magnitudes 
similar to those applied during the test. 

5.3 Shear strength can be expressed in terms of 
effective stress using pore pressures measured during the 
test. The results may be applied to field conditions where 
excess pore pressures can be estimated during stress 
changes. 
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Figure L - Triaxial assembly for consolidated-undrained tests. 
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5.4 Shear strength-as determined by the rest-can 
be expressed in terms of total stress (undrained conditions) 
or in terms of effective stress (known pore pressure 
conditions), and is commonly used in stability analyses, 
earth pressure calculations, and foundation designs. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1. l Consolidation.-The rime-dependent reduction 
in volume of a soil mass resulting from an increase in 
effective stress. 

6.1.2 Deviator Stress (01-aa).-The difference 
between the major and minor principal stresses in a triaxial 
test (ASTM definition). 

6.1.3 EffecriveSrress (a') .-The average normal force 
per unit area transmitted from grain to grain of a soil 
mass (similar to ASTM). 

6.1.4 Mohr Circle.-A graphical representation of the 
stresses acting on the various planes at a given point 
(ASTM). 

6.1.5 Neutral Stress/Pore Pressure/Pore Water 
Pressure (u).-Stress transmitted through the pore water 
(water filling the voids of the soil)(ASTM). 

6.1.6 Strength.-The maximum stress which a 
material can resist without failure for any given type of 
loading (International Society of Rock Mechanics). 

6.1.7 Triaxial Shear Test.-A test in which a specimen 
of soil or rock encased by an impervious membrane is 
subjected to a confining pressure and then loaded axially 
to failure (ASTM). 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2.l Back-Pressure .-A pressure applied to the 
specimen pore water that causes gas in the pore space 
to go into solution in the pore water; i.e., to saturate rhe 
speomen. 

6.2.2 Bubbling Pressure.-Pressure required to force 
air through a saturated porous insert (also referred to as 
the air-entry value). 

6.2.3 Effecrive Consolidation Pressure.-The effec­
tive lateral pressure (the difference between cell pressure 
and back-pressure) applied co the specimen during 
consolidation. 

6.2.4 Fa,lure .-The stress condition at failure for a 
test specimen is taken to correspond to the maximum 
deviator stress attained, or the deviator stress (principal 
stress difference) at 20-percent axial strain, whichever is 
obtained first during performance of a test. 

7. Apparatus 

7.1 General Apparatus: 
7.1. l Balance or Scale.-Balance or scale meeting the 

requirements shown in cable 1. 
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Table I. - Balance or scale requirements. 

Tesr specimen size 
Diameter Height Diameter Height 

m in mm mm 

2.0 
2.8 
6.0 
9.0 

5.0 
7.0 

15.0 
22.5 

50.8 
71.l 

152.4 
228.6 

127.0 
177.8 
381.0 
571.5 

Balance or scale 
Capacity Readability 

1000g 
2000g 

25 kg 
75 kg 

0.05 g 
0.1 g 
0.0l kg 
0.01 kg 

7.1.2 Timer.-A riming device indicating elapsed 
time to the nearest l second is to be used for establishing 
the rate of stress or strain application. 

7.1.3 Specimen Size Measurement Dev,ces.-Devices 
used to measure the height and diameter of the specimen. 
The devices must be capable of measuring to the nearest 
0.001 inch (0.025 mm) and should be constructed such 
that their use will nor disturb the specimen. A vernier 
caliper is recommended for measuring specimen height 
and a pi tape for measuring specimen diameter. 

NOfE l.-For specimens having a height char exceed 12 inches 
(305 mm), use a rule graduated in millimeters ro measure rhe 
height of the specimen ro rhe nearest l.0 mm (l/32 in). 

7.1.4 Water Container.-Sufficient size to accommo­
date the test specimen. 

7.1.5 Suspension Wire and Specimen Carriage.-For 
determining the specimen mass in air and water. 

7.2 Equipment Unique to This Procedure: 
7.2. l Axial Loading Device (compression test 

machine).-A loading device (fig. 2) having sufficient 
capacity and control to provide the desired magnitude and 
rate of loading, respectively. 

7.2.2 Chamber Pressure Maintaining and Measure­
ment Devices.-Devices muse be capable of applying and 
controlling the chamber pressure to within ±0.5 lbf/in2 

(±3.5 kPa). The devices may consist of a reservoir connected 
to the chamber and partially filled with the chamber fluid 
(usually water), with the upper part of the reservoir 
connected to a pressurized gas supply. The gas pressure 
is controlled by a pressure regulator and measured by a 
pressure gauge, electronic pressure transducer, or any ocher 
device capable of measuring to the prescribed tolerance. 
However, a hydraulic system pressurized by deadweight 
acting on a piston or any ocher pressure maintaining and 
measurement device capable of applying and controlling 
the chamber pressure to the tolerance prescribed in this 
subparagraph may be used. 

7.2.3 Triaxial Assembly.-A chamber (fig. l) in which 
a cylindrical specimen, enclosed by a membrane sealed co 
end plates, is placed and subjected to axial load while 
confined by lateral (aa) pressure. The triaxial chamber 
consists of a chamber bottom plate, chamber, and chamber 
cap. The chamber cap includes a ball bushing and piston, 
aligned with the axis of the specimen, through which the 
load from the axial loading device can be transmitted to 

rhe specimen to cause the specimen to be compressed axially 
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Adjustable crosshead 

Load cell------

Vertical columns------m 

Gear driven platform----ttt----.. 

Control panel 

Figure 2. - Compression cesc machine. 

between the end plates. The ball bushing and piston must 
be designed to minimize friction . 

7.2.3.1 SpecimenEndPlates.-The end places must 
be constructed of a noncorrosive impermeable material such 
as aluminum, stainless steel, or titanium; each must have 
a circular cross section and circular plane surface of contact 
with the specimen. The mass of the top end place muse 
be less than 0.5 percent of the applied axial load at failure. 
The diameter of the end places should be within ±0.020 
inch of the diameter of the specimen. The bottom end 
plate must be coupled to the chamber bottom place to 
prevent lateral motion or tilting. The top end plate must 
be designed to receive the piston such that the piston­
to-end plate contact area is concentric with the cap. It 
is recommended that the top end plate should be 
constructed in a manner so that piston play or "wobble" 
be restricted to 4 degrees or less perpendicular to the top 
end plate. Each end plate must be plumbed so air can 
be flushed from the end plate. The cylindrical surface of 
the end plates to which the membrane is sealed should 
be smooth and free of scratches. The end plates must be 
constructed so that pore pressure measurements can be 
obtained from both ends of the specimen. Each end plate 
shall be fitted with a porous insert. 

7.2.3.2 Porous End Plate Inserts.-Porous inserts 
are manufactured from silicon carbide, aluminum oxide, 
sintered bronze, or ceramic. The material muse not be 
susceptible to corrosion by soil substances or moisture. The 
proper grade (coarseness) of insert depends upon the type 
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of test being performed and the soil being tested. The 
insert should be coarse enough to develop adequate 
interlock with the specimen, but fine enough co prevent 
excessive intrusion of soil into the pores of the insert. 
Exact criteria for this have not been established. The 
coarseness of insert material determines two properties 
vital to pore pressure measurements: (1) permeability, the 
rate of diffusion of a pressurized gas through a porous 
material; and (2) bubbling pressure, the air entry value; 
i.e., the pressure required co force air through a saturated 
porous insert. 

7.2.3.3 Axial Load-Measuring Device .-The load 
measuring device shall be capable of measuring the axial 
load co an accuracy of ±0.25 percent over its full range. 

7.2.3.4 Pore Pressure Transducers.-Pore pressure 
transducers are used co measure the pore pressure in the 
soil specimen. The pressure transducers shall have an 
accuracy of ±0.25 percent over their full range. 

7.2.3.5 Lateral Pressure Transducer.-The lateral 
pressure transducer is used co measure the lateral pressure 
applied inside the chamber. The transducer shall have an 
accuracy of ±0.25 percent over its full range. 

7 .2.3 .6 Differential Pressure Transducer.-The 
differential pressure transducer is used co measure volume 
change of the specimen during the test. The transducer 
and volume tube are plumbed so that the height of the 
water column in the volume tube reacts directly on the 
measuring diaphragm inside the transducer. The transducer 
shall have an accuracy of ±0.25 percent of its full range. 

7.2.3.7 Volume Tube .-A constant bore glass tube 
supported by a sectional brass pipe with watertight seals· 
on both ends. The volume tube is used primarily as a means 
of visually monicoring the volume change of the specimen. 
However, it serves also as a water reservoir and flushing 
tube when de-airing the system. For criaxial systems, in 
which visual readings of the volume tube are used in 
determining volume change of the specimen, the volume 
tube should be graduated in 0.01 inch divisions. For triaxial 
systems, in which a differential pressure transducer (as 
described in subpar. 7.2.3 .6) is used in determining volume 
change of the specimen, it is recommended that the volume 
tube be graduated in 0.1 inch divisions so that a visual 
check of the specimen volume change can be made. The 
volume tube must be capable of withstanding pressures 
up co 250 lbf/in2 (1724 kPa) . The volume tube assembly 
must be enclosed in a 1/4-inch thick (6 mm) Plexiglas 
shield co prevent injury to personnel in the event the 
volume tube fails . 

7.2.3.8 Drain Tube.-A constant bore glass tube 
supported by a sectional brass pipe with watertight seals 
on both ends. For CU (consolidated-undrained) tests , the 
drain tubes are used as a water reservoir and flushing tube 
when de-airing the system, for back pressuring the 
specimen, and may be used co monitor the volume of fluid 
drainage during the test. The drain tube must be capable 
of withstanding pressures up to 250 lbf/in2 (1724 kPa). 
The drain tube assembly must be enclosed in a 1/4-inch 
thick (6 mm) Plexiglas shield to prevent injury co personnel 
in the event the drain tube fails . 
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7.2.3.9 Flushing Tank-Plexiglas tubes used for 
flushing air from rhe rriaxial assembly. One tank is mounted 
on rhe differential pressure transducer and one each on 
the exit ports of rhe mp and bormm end places. 

7.2.3.10 Axial Deformation Jndicatar.-A dial 
indicamr or LVDT (linear variable differential transformer) 
having 0.001 inch (0.025 mm) resolution, and travel range 
of at least 20 percent of the initial height of the rest 
specimen. Other measuring devices meeting these 
requirements for precision and range may be used. 

7.2.3.11 Specimen Membrane.-A membrane used 
ro encase the specimen ro isolate it from chamber fluid. 
Membranes should be carefully inspected prior ro use; if 
any flaws or pinholes are evident, the membrane should 
be replaced. To minimize restraint tO the specimen, the 
unsrrerched membrane diameter should be between 75 and 
90 percent of the specimen diameter. The membrane 
thickness must nor exceed 1 percent of the diameter of 
the specimen. The membrane must be sealed to the end 
plates with two rubber O-rings for which the unstressed 
inside diameter is 75 percent or less of the diameter of 
the end plate. Other methods that produce a positive seal 
may be used. 

7.3 Miscellaneous Apparatus: 
7.3.1 Tools, Etc-Specimen trimming and carving 

mols, membrane expander, O-ring expander, moisture 
content cans, and data forms as required. 

7.3.2 Humidity Room.-A soil storage and sample 
preparation room with controlled temperature and 
humidity. The humidity room at the Geotechnical Services 
Laborat0ry, Denver Office, is designed tO maintain 70±5 
percent relative humidity and a temperature of 70±5 ° F 
(21±3 °C). 

8. Reagents and Materials 

8.1 Water used for performing the test is tO be de­
aired water at room temperature. The purity should be 
such that the water is free of acids, alkalies, or oils, and 
is suitable for drinking. 

9. Precautions 

9.1 Safety Precautions: 
9.1.1 Safety shoes should be worn when ·de-airing 

the equipment or placing the specimen. 
9.1.2 Water spillage in the area should be cleaned 

up as soon as possible. 
9.1.3 Safety glasses should be worn when applying 

ai= pressure to che volume/drain tubes when saturating 
or consolidating the specimen. 

9.1.4 Pressure should be slowly applied and released 
from the triaxial assembly to prevent the glass volume 
tubes from shattering. 

9.2 Technical Precautions : 
9.2.1 Care muse be taken co completely de-air the 

triaxial assembly prior to performing the test. 
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9.2.2 The porous inserts in the end plates should 
be cleaned frequently tO remove any impurities which may 
inhibit free waterflow. 

10. Sampling, Test Specimen, and Test Units 

10.1 SampleSize: 
10.1.1 Compacted Specimens. 

10.1.1. l Samples tO be used in triaxial shear testing 
of compacted specimens should be obtained in accordance 
with methods presented in USBR 7000 or 7010. 

10.1.1.2 A sufficient mass of material should be 
obtained so that all required resting can be performed on 
the sample. Suggested minimum sample mass (based on 
minimum specimen size, maximum particle size, and a 
minimum of four specimens per test) should be in 
accordance with table 2. 

Table 2. - Suggested minimum sample mass. 

Test specimen size Practical field 
Diameter Height Diameter Height sample mass 

tn tn mm mm lbm kg 

2.0 5.0 50.8 127.0 65 30 
2.8 7.0 71.l 177.8 100 45 
6.0 15.0 1524 381.0 200 90 
9.0 22.5 228.6 571.5 700 320 

10.1.2 Undisturbed specimens.-Samples to be used 
in triaxial shear testing of undisturbed specimens should 
be obtained in accordance with methods presented in 
USBR 7100 or 7105. 

10.2 Specimen Size: 
10.2.1 Test specimen size and maximum particle size 

should be in accordance with table 3. 

Diameter 
in 

2.0 
2.8 
6.0 
9.0 

Table 3. - Specimen and maximum particle size. 

Test specimen size Maximum particle 
Height Diameter Height size 

tn mm mm tn mm 

5.0 50.8 127.0 No.4 4.75 
7.0 71.l 177.8 0.375 9.5 

15.0 152.4 381.0 0.75 19.0 
22.5 228.6 571.5 1.5 37.5 

10.2.2 If, after completion of a test, it is found that 
oversize particles were present indicate this information 
in the report of test data under Remarks. 

NOfE 2.-For specimen sizes and maximum particle sizes not 
listed in table 3, maximum particle size should be equal to or 
less than one-sixth rhe specimen diameter. 

10.2.3 Specimen height-to-diameter ratio must be 
between 2 and 3. 

10.3 Compacted Specimens.-Prepare compacted test 
specimens in accordance with USBR 5210. 

10.4 Undisturbed Specimens.-Prepare undisturbed 
test specimens in accordance with USBR 5215. 
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11. Preparation of Apparatus 

11.1 Saturation of Porous Jnserrs and De-airing of End 
Plates : 

11 .1.1 If new porous inserts with bubbling pressure 
greater than 5 !bf/ in2 (35 kPa) are to be used for the 
test, the end plate, connecting lines, and porous insert are 
to be completely submerged in de-aired water and boiled 
from 8 to 16 hours to ensure that all entrapped air has 
been removed. 

11.1.2 If end plates with previously saturated porous 
inserts with a bubbling pressure greater than 5 lbf/in2 

are to be reused for the test, the end plates, connecting 
lines, and porous inserts are to be removed from the triaxial 
assembly, completely submerged in de-aired water, and 
boiled for a minimum of 4 hours to remove any entrapped 
air. 

11.1.3 If new porous inserts with a bubbling pressure 
of 5 lbf/ in2 or less are to be used for the test, the end 
plates, connecting lines, and porous inserts are to be 
completely submerged in de-aired water and boiled for a 
minimum of 2 hours to ensure that all entrapped air has 
been removed. 

11.1.4 If end plates with previously saturated porous 
inserts with a bubbling pressure of 5 lbf/in2 or less are 
to be reused for the rest, the end plates, connecting lines, 
and porous inserts can be left in the triaxial assembly for 
subsequent tests and de-aired using vacuum. 

11.2 De-airing the Triaxial Assembly (fig. 1): 
11.2.1 Attach the saturated end plates with porous 

inserts to the chamber bottom place. 
11 .2.1.1 Place the bottom end plate with centering 

dowel into the hole in the center of the chamber bottom 
plate. 

11.2.1.2 To ensure that pressure does not build 
up in che system when the end plate connecting lines are 
attached to the fittings in the chamber bottom plate, open 
valves F and P or G and Q slightly to allow a small amount 
of water to flow from the appropriate drain tube and 
flushing tank through the fittings in the chamber bottom 
plate while the appropriate end plate connecting lines are 
being attached. 

11.2.1.3 Open valves F and P. Attach the bottom 
end plate connecting lines to the appropriate fittings in 
the chamber bottom plate. Close valves F and P. 

11.2.1.4 Open valves G and Q. Attach the top end 
plate connecting lines to the appropriate fittings in the 
chamber bottom plate. Close valves G and Q. 

11 .2.2 Place the chamber into the groove in the 
chamber bottom plate. 

11.2.3 Check that all system valves are closed. 
11.2.4 Fill the chamber about one-half full with de­

aired water. 
11.2.5 Open chamber cap relief valve A. 
11.2.6 Set the chamber cap in place and force the 

cap down until it is properly seated on the chamber. 
11.2.7 Insert the piston through the opening in the 

chamber cap until the flange on the piston is resting on 
top of the chamber cap. 
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11.2.8 Open the valves to the top of the volume 
and drain tubes (valves B, C, and D) . 

11.2.9 Attach vacuum hoses to the tops of the volume 
tube, drain tubes, and the fitting on chamber cap relief 
valve A. 

11.2.10 Attach the other ends of the vacuum hoses 
into a suitable vacuum source, such as a vacuum pump. 
Turn on the vacuum pump. 

11.2.11 Apply a vacuum of approximately 20 lbf/in2 

(140 kPa) for 5 minutes. 
11.2.12 Release the vacuum to the chamber by 

uncoupling the vacuum line from the vacuum pump 
multiport manifold. Maintain the vacuum on the volume 
tube and drain tubes. 

11.2.13 Open volume tube drain valve E and the 
volume tube isolation value R, and fill the volume tube 
to the top of its markings with de-aired wacer from the 
chamber (vacuum is still on the volume tube) . 

11.2.14 Close volume tube drain valve E. 
11.2.15 Open drain tube valves F and G and fill the 

drain tubes to the top of their markings with de-aired 
water from the chamber (vacuum is still on the drain tubes) . 

11.2.16 Close drain tube drain valves F and G. 
11.2.17 Release the vacuum from the volume and 

drain tubes by uncoupling the appropriate vacuum lines 
from the vacuum pump. 

11.2.18 Reattach the vacuum hose to chamber cap 
relief valve A tO the vacuum source. 

11.2.19 Open valve E and allow the water level in the 
volume tube to drop to about the 25-inch (635-mm) level. 

11.2.20 Close volume tube drain valve E. 
11.2.21 Open drain tube valves F and G, and allow 

the water level in the drain tubes to drop to about the 
25-inch level. 

11.2.22 Close drain tube valves F and G. 
11.2.23 Reattach vacuum hoses to the tops of the 

volume tube and drain tubes. 
11.2.24 Displace water back and forth between the 

volume and drain tubes and the chamber by repeating 
subparagraphs 11.2.12 through 11.2.24 until air bubbles 
cannot be seen in the tubes. 

11.2.25 If the volume and drain tubes are not full 
at the end of the flushing process, fill the tubes, by opening 
valves E, F, and G, with vacuum applied to the top of 
each tube. Fill the volume and drain tubes to the top of 
their tube markings with de-aired water so they can be 
drained to the desired level for testing purposes. Close 
valves A, E, F, and G. 

11.2.26 De-air the flushing tanks and associated lines 
and fittings. A rubber stopper, with a short length tubing 
through the hole in the center of the sropper, is inserted 
into the upper end of each flushing tank. 

11.2.27 A vacuum hose is attached to each tube. Plug 
the vacuum hoses attached to the top of the flushing tanks 
into the vacuum source. 

11.2.28 Open valve A. Slowly open valves P and 
Q and allow each flushing rank to fill within about 1 inch 
(25 mm) of the top. 

11.2.29 Close flushing tank valves P and Q. 
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11.2.30 Release the vacuum from the flushing tanks 
by uncoupling the appropriate vacuum lines from the 
vacuum pump. 

11.2.31 Plug the vacuum hose to chamber relief valve 
A into the vacuum source. 

11.2.32 Open valves P and Q and allow the water 
level in the flushing tank to drop so there is about 1 inch 
of water remaining in each flushing tank. Close valves 
P and Q. 

11.2.3 3 Displace water back and forth between the 
flushing tanks and the chamber by repeating subparagraphs 
11.2.27 through 11.2.33 until air bubbles cannot be seen 
in the flushing tank. Close val~es A, P, and Q. 

11.2.34 Uncouple all vacuum lines from the manifold 
on the vacuum pump and shut off the vacuum pump. 

11.2.35 Uncouple all vacuum lines from the triaxial 
assembly, coil the vacuum lines, and store in a suitable 
location for future use. 

11.2.36 Do not drain the water form the chamber 
until the end plates and specimen are ready to be placed 
in the chamber as outlined in paragraph 14. 

11.3 De-Airing the Pore Pressure Transducers: 
11.3.1 Check that valves H and I are closed, then 

detach the pore pressure transducers from their fittings 
on the apparatus. Using a syringe, fill each transducer with 
de-a ired water. 

11.3.2 Open valve A. Slowly open valve H to allow 
a small amount of water to escape from the chamber. With 
wacer flowing, attach the transducer for . the bottom end 
plate to the appropriate fitting. Leave valve H open. 

11.3.3 Slowly open valve I to allow a small amount 
of water to escape from the chamber. With water flowing, 
attach the transducer for the top end plate ro the 
appropriate fitting. Leave valve I open. Close valve A. 

11.4 De-Airing the Differenrial Pressure Transducer: 
11.4.1 Fill the flushing tank on the differential 

pressure transducer about two-thirds full of de-aired water. 
Close the volume tube isolation valve R to isolate the 
volume tube and differential pressure transducer from the 
chamber. 

11.4.2 Open valve L on the differential pressure 
transducer. Remove the bottom plate on the differential 
pressure transducer by unscrewing the four cap head screws 
which hold it to the body of the transducer. Open valve 
M and fill the bottom plate with de-aired water from the 
flushing tank. Open valves E and K ro the volume tube 
and allow water tO flood over the exposed capsule located 
under the main body of the differential pressure transducer. 
With water flowing, place the bottom plate back on the 
differential pressure transducer while being careful not to 
entrap air. Close valve K, but leave valve M to the flushing 
tank slightly open to relieve any pressure which results 
from tightening the cap screws. Tighten the four cap head 
screws. 

11.4.3 Flush the differential pressure transducer 
thoroughly by attaching a hand-held vacuum/pressure 
pump to the top of the flushing rank. Open valves K and 
M and flush the water back and forth several rimes between 
the flushing tank and the volume tube through the 
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differential pressure transducer. When chis seep is 
complete, be sure the water level in the volume tube is 
near the full mark and close valve M. Open the volume 
tube isolation valve R. 

NITTE 3.-Excreme caution muse be used when flushing che 
differential pressure transducer, since a pressure greater chan 
abouc 10 lbf/in2 (70 kPa) can damage the measuring capsule 
inside the transducer. 

12. Calibration and Standardization 

12.1 Verify that component parts of the triaxial 
assembly are currently calibrated in accordance with the 
applicable calibration procedure. If the calibration is not 
current, perform the calibration before using the equipment 
for this procedure. 

13. Conditioning 

13. l Prepare, place, saturate, and load the test specimen 
in an area isolated from drafts , vibrations, and variations 
in ambient temperature. 

14. Procedure 

14.1 All data are to be recorded on figure 3, "Specimen 
Placement-Data Sheet l" (for triaxial shear tests) and 
on figure 4 , "Triaxial Shear Test-Data Sheet 2." Perform 
calculations, as necessary, following step by step procedures 
outlined on figure 5, "Triaxial Shear Test-Data Sheet 3." 

14.2 Record all identifying information pertaining to 
the sample, specimen, and triaxial assembly in designated 
blanks on data sheets l and 2. 

14.3 Connect a hose to valve N ; place the other end 
of the hose in an empty container or into a drain. 

14.4 Open valves A and N and drain all water from 
the chamber. Close valve N. 

14.5 Remove the piston, the chamber cap, and the 
chamber from the chamber bottom plate. 

14.6 Verify that volume rube valve B, drain tube valves 
C and D, and volume tube isolation valve R are open. 

14.7 Verify that all remaining valves to the chamber 
are closed. 

14.8 Open drain rube drain valve F and lower the water 
in the drain tube to a level about 6 inches ( 150 mm) above 
the chamber bottom plate. The water will exit through 
the chamber bottom plate of the triaxial assembly and 
it will be necessary to absorb the water with a towel or 
ocher appropriate absorbent material. 

14.9 Close valve F 
14.10 Open drain cube drain valve G and lower the 

water in the drain tube to a level about 2 inches (50 mm) 
above the chamber bottom plate. The water will exit 
through the bottom plate of the triaxial assembly and should 
be wiped up immediately. 

14.11 Close valve G. 
14.12 Attaching the saturated end place with porous 

insert to the chamber bottom plate follows . 
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SPECIMEN PLACEMENT-DATA SHEET 1 
7-2367 (10-86) (FOR TRIAXIAL SHEAR TESTS) 

Delignation USBR 5750.!;!~ Bureau of Reclamation 

SAMPLE NO. rROJECT rEATURE 
61W- 3 Example Example 

LOCATION I DEPTH/ELEV 
Area D 10.0 - 15.0 ft. 

TESTED BY DATE rOMPUTEO BY DATE ICHECKEO BY DATE 

SPECIMEN TYPE: 0 UNDISTURBED □NATURAL MOISTURE TEST TYPE: Ouu □co □MULTISTAGE 

OOcoMPACTED □WETTED IXlcu DuKo OoKo 

SPECIMEN DIAMETER 2 .000 (in) SPECIMEN LENGTH 5 .000 (in) 

PHYSICAL PROPERTIES 

"GRAVEL 
5 LIQUID LIMIT 

35 ('K,) (USBR 5350) 

"SANO 33 (USBR 5325) PLASTIC ITY INDEX 15 ('K,) (USBR 5380) CLASSIFICATION SYMBOL CL 

"FINES 62 SPECIFIC GRAVITY 2 .66 (USBR 5320) 

SPECIMEN 1 SPECIMEN 2 SPECIMiN 3 

705 . 3 711 . I 702 . 9 
(1) MASS OF WET SPECIMEN ANO CONTAINER IN AIR (g) 

159,6 161 .8 157 .3 
(2) MASS OF CONTAINER IN AIR (g) 

545.7 549 .3 545 .6 
(3) MASS OF WET SPECIMEN 11) - (2) (g) 

(4) MASS OF ORV SPECIMEN (3)/(1 + (12)/100] (g) 
4 73. 7 476 .8 473 .2 

368 .6 371 .9 367.8 
(5) MASS OF WET SPECIMEN ANO CONTAINER IN WATER (g) 

(S) MASS LOSS OF WET SPECIMEN AND CONTAINER• (1) - (5) (g) 
336.7 339 .2 335.1 

79.2 79 . 1 78.5 
(7) MASS OF CONTAINER IN WATER (g) 

(B) MASS LOSS OF CONTAINER • (2) - (7) (g) 
80.4 82.7 78.8 

(9) MASS LOSS OF SPECIMEN• (6) - (Bl (g) 
256 . 3 256 .5 256.3 

(10) SPECIMEN VOLUME• (9)/18.3498• (ln3) 
15.676 15.688 15.676 

115.1 115 .8 115.0 
(11) ORV UNIT WEIGHT• ((4) >< 3 .8096•) /(10) (lbf/tt3) 

(12) MOISTURE CONTENT (USBR 5300) (FROM BACK) '"'' 
15.2 15 . 2 15.3 

(13) SOIL VOLUME • (4)/(SpG >< 16.3498•) (ln3) 
10,892 10.963 10. 881 

69. 5 69 . 9 69.4 
(14) PERCENT SOIL VOLUME• ((13)/(10)] >< 100 l"l 

(15) WATER VOLUME • ((3) . (4))/16.3498• (ln3) 
4 . 404 4 .434 4 . 428 

(16) PERCENT WATER VOLUME• ((15)/(10)] >< 100 '"' 
28.1 28 . 3 28 . 2 

(17) FREE AIR VOLUME• (10). (13) - (15) (ln3) 
0.380 0 . 291 0.367 

(18) PERCENT FREE AIR VOLUME• 100 - (14) - (16) l"l 
2.4 I. 8 2 . 4 

(19) VOID RATIO • [(10)-(13)]/(13) 
0.439 0 . 431 0 . 441 

(20) DEGREE OF SATURATION•~" 100 
1 · 13 l"l 

92 . I 93 , 8 92,3 

"CONSTANTS: 16.3498 g/ln3 • (2.64)3 X 0 .997724 
(cm/ln)3 >< abtl. danlltV of water Ing/cc O 72 F. 

3 .8096 • (1728 1n3tft3J / (453.5924 g/lbm), 1 cc• 1 g O 4°c 

Figure 3. - Specimen placemenr-da ra sheer l (for rriaxial shear resrs)-example. 
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61W- 3 SAMPLE NUMBER ___________ _ 

MOISTURE CONTENT OATA 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

CONTAINER NUMBER 67 38 29 UNITS 

DATE PLACED IN OVEN 1-25-89 1-25-89 1-25-89 

(1) MASS OF CONTAINER+ WET SPECIMEN 362 . 7 375.8 386 . 9 181 g 

(2) MASS OF CONTAINER+ DRY SPECIMEN 341. 3 350.2 361.0 

(3) MASS OF CONTAINER 200.5 181.8 191. 7 □ kg 

(4) MASS OF WATER• (1) - (2) 21.4 25.6 25.9 

(5) MASS OF ORY SPECIMEN• (2) - (3) 140.8 168.4 169.3 01bm 

(6) MOISTURE CONTENT(%)• [(4)/(6)) X 100 15.2 15.2 15.3 
COMPUTED BY AND DATE 
CHECKED BY AND DATE 

COMPACTION OATA 

( _______ ) 
X c:!:... _____ 1 - ( _______ ) 

X 
( _______ ) -

dry unit wt. 1 + moist. wet den. factor CONTAINER 
(USBR 5210) 

TOTAL 

LAYER MASS (g) LENGTH (In) LAYER MASS [g) LENGTH (in) 

(1) (6) 

(2) (7) 

(31 (Bl 

(4) (9) 

(5) (10) 

COMPUTED BY DATE CHECKED BY DATE-- --

CONTAINER MASSES 

PARTS 
MASS - SPECIMEN 1 (g) 

PARTS 
MASS - SPECIMEN 2 (g) 

PARTS 
MASS - SPECIMEN 3 (g) 

AIR WATER LOSS AIR WATER LOSS AIR WATER LOSS 

CARRIAGE NO. I 78. 7 70.1 8 . 6 I 78.7 701 8 . 6 I 78.7 70 . 1 8.6 

MEMBRAINE NO. 3MN 17. 3 -1.6 18 .9 4MN 18.5 -1 .7 20 . 2 5MN 14:5 -1. 3 15. 8 

END PLATES 3EP 60 .0 10.0 50.0 4EP 61.0 10 .0 51.0 SEP 60.5 9 .0 51 . 5 

2-'0'- RINGS 3. 6 0.7 2.9 3.6 0 .7 2.9 3.6 0 .7 2.9 

MISC. 

TOTAL 159.6 79.2 80.4 161.8 79.1 82.7 157 . 3 78.5 78.8 

COMPUTED BY DATE CHECKED BY DATE 

Figure 3. - Specimen placement-data sheet I (for triaxial shear cests)-example-Cominued. 
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USBR 5750 

7-2371 (I 0-81>) 
Bureau of Reclamation TRIAXIAL SHEAR TEST-DATA SHEET 2 

Designation USBR 5750 -!!~ 
SAMPLE NO, I SPECIMEN NIO. I PROJECT I FEATURE 

61W-3 Example Example 
TESTED BY DATE IC.OMPUTED BY DATE I CHECKED BY DATE 

IXI lbf/in
2 

Volume Change of System - USBR 1450 

Displacement Iii in/ min Ma1t. Lot. I ~ Slope I 0 0214 Intercept I 0 .ooo 
rote 0.001 Dmnvmin Bock pressure~ D kPo 

AA>!ied lateral !81 lbf /in
2 

Barometric ~ lbf/ln2 Mer«. Lot. 2 20.0 Slope2 0.0062 Intercept 2..2....!..QL 
pressure ....za.J2.. D kPa pressure 12.0 D kPo 

Max. Lot. 3 100.0 Slope 3 o.0020 Intercept 3 o . 200 

Pore-Pressure Coefficient(B) 0. 98 Slope 4 0.0010 Intercept 4~ ( saturation parameter) 

Chamber No.~ Compression test machine No. _I_ 

(a) Load piston area , Ap o. 1964 Ii] in2 0 cm2 

( b) Volume tube factor, VTf 0 . 122 Iii inJ'ln D cm3/cm 

( c ) Drain tube factor, DTt 0.0247 Iii in3/in D cm3/cm 

( d) Temp. corr. coefficent, Tf 9 011:'i Ii] inr'f O cml;°C 

Applied Oeviatar Axial Volume Pore Drain Tube 
SP.ecimen Tube Pressur9a Reading Temperature Loterol press. l.Dod Deformation Readino Top ottom Tube I Tube2 

qpt /in91 kPa (1 bf) ,._.,ons (in) I mm (in)I cm Jbf/inZ.l kPa Qbf/in2] kPa in I cm in I cm <...°FJ I °C 
(I) ( 2) ( 3) (4) ( 5) (6) (7) (8) ( 9 J 

o.o 0 .0 1,210 5,95 0 .0 0.0 67 . 3 
78.0 0 .0 1.210 9. 74 53 .0 53.0 67 . 9 
78. 0 15 .0 1.130 9. 54 53 .4 53 . 4 68 . 0 
78. 0 70.0 1.080 9. 46 64 . 3 65 . 0 68 .0 
78. 0 79.0 1.030 9. 36 66 -5 66.7 68. 1 
78.0 84 .0 0. 980 9. 30 68.0 68. I 68. 0 
78.0 90.0 0 -932 9 . 22 68.6 68.9 67.9 

78.0 98.0 0.830 9 . 05 68. 8 69. 5 67 . 7 -78,0 98.0 0.820 9 . 04 68. 8 69.5 67 . 6 

78.0 106 .0 0 . 730 8.87 68 . 3 69.5 67. 5 

78.0 116.0 0.620 8. 70 67. 5 69. I 67.3 
78.0 123.0 0.530 8. 58 66.9 68.4 67. I 

78.0 132,0 0. 440 8. 46 66.2 67.6 66.8 
78.0 143.0 0 . 340 8 . 32 65.4 66.7 66 . 5 
78.0 148.0 0.230 8 . 17 64. 6 65.7 66 . 3 
78.0 154 .0 0. 130 8.02 63. 8 64. 7 66 . 1 

0 .0 0 .0 0 . 150 7 . 33 -1 . 3 -,I. 2 66. 0 

GPO 8S2 - 188 

Figure 4. - Triax ial shear resr- data sheer 2-example. 
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USBR 5750 

14.12.1 Place the bottom end plate with centering 
dowel into the centering hole in the center of the chamber 
bottom place. 

14.12.2 Open valve G slighcly to allow a very small 
amount of water to flow from the drain tube through che 
fitting. With water flowing, attach the bottom end place 
connecting cube to che chamber bottom place. 

14.12.3 Close valve G. 
14.12.4 Open valve F slighcly to allow a very small 

amount of water to flow from the drain cube through che 
fitting. 

14.12.5 Wich water flowing, attach the top end place 
connecting line to che chamber bottom plate. 

14.12.6 Do nor close valve F because this prevents 
cavitation of the system and keeps che cop end plate porous 
insert moist. 

14.13 Apply a small amount of silicon grease to che 
sides of the top and bottom end plates to aid in sealing 
the specimen membrane to the end plates. 

14.14 Placing and sealing che soil specimen on the end 
plates follows. 

14.14.1 Obcain a specimen prepared in accordance 
wich either USBR 5210 or 5215. At chis point, che specimen 
should be enclosed in a membrane with caps on both ends 
with the membrane sealed to che caps with O-rings. 

14.14.2 Remove the O-rings from both ends of che 
speomen. 

14.14.3 Roll che membrane from the end cap on 
one end of the specimen and remove the end cap from 
char end of the specimen-either end may be used unless 
otherwise specified. 

14.14.4 Place the rest specimen on the bottom end 
place. Roll che membrane down over che sides of the bottom 
end place. 

14.14.5 Place two O-rings, of appropriate . size, on 
che bottom of the O-ring expander. Position che expander 
around the specimen wich che bottom of the expander 
around che middle of che bottom end plate. Roll the O-rings 
into position around che end place to seal the membrane. 

14.14.6 Remove che expander from around the 
specimen. 

14.14.7 Place cwo O-rings on the top end of che 
O-ring expander. Position che expander at approximately 
midheighc of che rest specimen with the top of che expander 
near che middle of the top end plate. 

14.14.8 Remove che O-rings from the top end cap. 
Roll the membrane down from che top of the specimen 
and remove che end cap. 

14.14.9 Blot any excess water from the surface of 
che porous insert in che top end place and close valve F. 

14.14.10 Carefully place che top end place into 
position on top of the tesc specimen. 

14.15 Lighcly grease the upper and lower ends of the 
chamber. 

14.16 Carefully place the chamber into position in the 
groove in che chamber bottom plate. 

14.17 Attach a hose from the de-aired wacer source 
to the de-aired water source (valve N) line and begin filling 
the chamber through che chamber bottom plate wich de­
aired water. As water rises in the chamber, use a squeeze 
bulb to remove any air bubbles that may be present on 
che bottom and sides of the chamber and specimen. 

14.18 Fill the chamber completely with de-aired water. 
Close valve N. 

14.19 Open valve A and set the chamber cap in place. 
Force the chamber cap down onto che chamber until ic 
is properly seated. 

14.20 Open valve N and continue filling the chamber 
with de-aired water until water flows out of chamber cap 
relief valve A. Close valve A and continue filling so that 
any air remaining in the system is forced up through the 
ball bushing. 

14.21 When water flows out of che cop of the ball 
bushing, close valve N . 

14.22 Screw the chamber boles into the chamber 
bottom plate and set the chamber cap hold down plate 
into place. 

14.23 Secure the chamber cap to che chamber bottom 
plate by screwing the four nuts onto the four chamber 
bolts; tighten the nucs in a staggered sequence to about 
50 ft-lbf torque. 

14.24 Lighcly grease the piston, open valve A, and 
carefully push the piston through the ball bushing in the 
center of the chamber cap until the piston tip fits into 
the socket in the cop end plate. Check chat che piston 
is firmly in contact wich che top end place, but does nor 
apply excessive pressure co the specimen (by feel) . Close 
valve A. 

14.25 Attach che axial deformation indicator (fig. 1) 
and adjust its range so that deformation of the test specimen 
can be recorded. 

14.26 Open valves Land K to the differential pressure 
transducer. 

14.27 Attach and secure the piston retainer bar. Be 
careful not to disturb the specimen. The purpose of the 
piston retainer bar is to prevent the piscon from being 
forced out of che chamber when lateral pressure is applied 
inside the chamber. 

14.28 Open valve A. Slowly open volume tube valve E 
until water flows our of chamber cap relief valve A. When 
the level of water in the volume tube has reached the 
desired level for starring the test-usually the 10-inch (250-
mm) level-close valve A. 

14.14.11 Roll the membrane up over the sides of 
che cop end place. Roll the O-rings from the expander 
onto che membrane so che membrane seals against che 
middle of the cop end place. Remove the expander from 
around che specimen. 

NOfE 5.-The desired volume rube water level is dependent 
on the volume change potential of the soil being reseed. For 
test specimens whose anticipated voluIT1e change is slight, che 
volume cube can be filled co a higher level than for test specimens 

· whose ancicipaced volume change is great. 

NOfE 4.-The expander is split into halves and is hinged on . 
one side to facilitate removal from around the specimen. 
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14.29 Make sure che air pressure regulators are set to 
zero and attach air pressure hoses to the tops of the volume 
tube and drain tubes. 
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14.30 Read and record: 
Initial applied lateral 

pressure 
Deviacor load reading 
Axial specimen defor­

mation reading 
Volume tube reading 

Top and bottom pore 
pressure readings 

Tube 1 and tube 2 drain 
tube readings 

Chamber fluid temperature 
Date 

as shown on figure 4 (date sheet 2). 
14.31 Specimen saturation by application of back 

pressure follows. 
14.31.l Open valve E and apply 5 lbf/in2 (35 kPa) 

lateral pressure to the fluid in the chamber to seat the 
triaxial assembly. 

14.31.2 Determine and record appropriate data as 
shown on data sheet 2 (fig. 4). 

14.31.3 Open valves F and G and increase the lateral 
pressure and back pressure simultaneously, maintaining 
a difference of approximately 2 co 5 lbf/in2 between the 
two pressures. Never allow the back pressure to equal or 
exceed the lateral pressure. 

NCTT"E 6. - Time required for the pore fluid to reach an equi­
librium condition under the applied back pressure can vary greatly 
depending on soil type, intial degree of saturation, and size of 
specimen. Normally the back pressure can be raised to 60 lbf/in2 

(414 kPa) over a period of 30 minutes. 

NCTT"E 7.- For most soils, a back pressure of 60 lbf/ in2 should 
be applied before the pore pressure coefficient B is checked. 

14.31.4 Close drain tube valves F and G. 
14.31.5 Increase the lateral pressure by 5 lbf/in2• 

14.31.6 Open pore pressure transducer valves H 
and I. Determine and record the pore pressure at the top 
and bottom of the specimen. Close valves H and I. 

NOfE 8.-To determine if saturation is complete, the pore 
pressure coefficient B is calculated. Specimens are considered 
saturated if B is equal to or greater than 0.95 or if B remains 
unchanged after application of additional back pressure 
increments. See figure 6 for an example of B coefficient 
calculations. An alternative method of determining if saturation 
is complete is to first measure pore water pressure at a point 
when consolidation is thought to be complete. Then immediately 
close valves C and D. After 10 minutes, measure pore water 
pressure. Calculate the percent pore pressure dissipation using 
the following: 

U= 
where: 

U- US X 100% 
Uo- US 

U = percent pore pressure dissipation, % 
u = pore pressure after valves C and D closed, lbf/in2 

Uo = pore pressure before closure of valves C and D, lbf/in1 

us = back pressure, lbf/in1 

If U is equal to or greater than 95 percent, the consolidation 
of the test specimen is complete. 

NOfE 9.-For many specimens, the pore pressure may decrease 
after an immediate increase and then increase slightly with time. 
If the pore pressure immediately equals the lateral pressure this 
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may indicate a leak of chamber fluid into the specimen. Decreasing 
pore pressure with time may indicate a leak in a part of the 
pore pressure measurement system located outside the chamber. 

14.31.7 Compute the B value by dividing the value 
of the induced pore pressure increment (response due co 
applied lateral pressure increment) by the increase in 
applied lateral pressure increments (5 lbf/ in2) . If the B 
value is less than 0.95, continue the back-pressure process 
by repeating subparagraph 14.31.5. If the B value is equal 
to or greater than 0.95, initiate the consolidation process 
starting at subparagraph 14.32. Normally, the specimen 
should be allowed to set for at least 30 minutes between 
B value determinations. 

14.32 Consolidating the specimen follows. 

NOfE 10.-The objective of che consolidation phase of the 
test is to allow the specimen to reach equilibrium in a drained 
state under the effective consolidation pressure for which the 
shear strength determination is required. During consolidation, 
daca are obtained for use in determining when consolidation is 
complete. 

14.32.1 Open specimen drain tube valves F and G. 
Increase the lateral pressure until the difference between 
the lateral pressure and the back pressure equals the desired 
effective consolidation pressure. 

14.32.2 At increasing intervals of elapsed time 
(approximatelr 0.1 , 0.2, 0.5, 1, 2, 4, 8, and 24 minutes 
and 1, 2, 4, and 8 hours, etc.) observe and record volume 
tube height readings. 

14.32.3 Allow the specimen co consolidate under the 
specified effective consolidation pressure until 100-percent 
primary consolidation is obtained. Consolidation is 
considered complete based on a marked reduction in the 
slope of the specimen volume versus square root of time 
plot. Figure 7 shows an example of this type of plot. 

14.33 Determine the "couch" point. 
14.33.1 After completion of primary consolidation, 

specimen drain tube valves F and G are closed. 
14.33.2 Attach a calibrated load cell co the crosshead 

of the compression test machine. Carefully place the triaxial 
assembly in the compression test machine. 

14.33.3 Align the load cell and load transfer piscon 
of the triaxial assembly. 

14.33.4 Compute deviacor load due to applied lateral 
pressure. 

NOfE 11.-Deviator load due ro applied lateral pressure is based 
on the area of the piston. The piston area [item (a) from "Triaxial 
Shear Test-Dara Sheet 2, fig. 4] is multiplied by the applied 
lateral pressure to obtain the force the piston exerts on the load 
cell. This force is subtracted from the deviator load to obtain 
the actual axial force applied to che specimen. 

14.33.4.1 When deviacor load due co applied 
lateral pressure has been computed, determine and record 
all values as described in subparagraph 14.31. Begin co 
apply load slowly to the piston. When the deviacor load 
reading just equals deviator load due co applied lateral 
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7-2410 C 1-89) 
Buret1u of Reclamation TRIAXIAL SHEAR TEST-e-v ALUE DETERMINATION 

0es;gna1;on USBR 5750 -!! ~ 

SAMPLE NO. I SPEC ME~ NO. I PROJECT l FEATURE 
GIW-3 Example Example 

TESTED BY OATE COMPUTED BY DATE CHECKED BY DATE 

APPLIED TOP PORE BOTTOM PORE 

LATERAL PRESSURE PRESSURE 

PRESSURE w u 
2 

lbf/in 
2 2 

z 
00 lbf/in (gJ IX] lbf/in 

w 
er: 
w 

□ □ □ 
u.. 

KPa KPa KPa u. "' 0 -... r:::, 
w-
er: - ~ ~~ ::::, ~ 

~ + <t' - !£l 
w ~ > er: a) 
0. c::::.i I II 

~ 5 c.::, § § w II m CD c.::, 
~ 

c.::, c.::, 
~ ~ 4 ~ UJ ~ w ~ 

0 0 u I 0 0 u• 0 WI a.~ 
<l <l Z~ <l <l z~ <l 0 ~ ~ w w w w <l u.. w 

I- w u.. Wq w u.. wr-- w 00 WO c.::, 
<l ~ er: b(") er: t51 er~ er: I- er: I- er:~ a: 4 

w m a: :: <l 
0 I- UJ 

~4 <t'~ tt' II 
a: 4 w a: 

~ <t' u.. II 

~ <t' t±: II w u. u. I-

0 t51 04 > I- z I- ~ I- ~ 0 m <l 
~ u: ~ ~ u.. ~ ~ u.. ~ 

~ 

( 1) (2) (3) (4) (5) (6) (7) (8) (9) ( 10) ( 11) (12) (13) 

1-15-89 0800 59.7 64.7 5.0 58.5 62.4 3 .9 58.5 62 .7 4 . 2 4 .1 0 .82 

1-15-89 1500 64.7 69. 7 5.0 62. 7 67.6 4 .9 62 .7' 67.6 4 .9 4 .9 0.98 

-

Figure 6. - Triaxial shear test-B - value determination-example. 
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Figure 7. - Specimen volume versus square root of time-example. 

pressure (corrected deviacor load equals zero), stop the 
piston movement. This is "touch" point-the point at 
which the piston just contacrs the cop end plate on the 
specimen. 

14.33.4.2 When "couch" has been established, 
determine and record all values as described in subpara­
graph 14.30. Place a minus sign in the left hand margin 
of data sheet 2 (fig. 4) directly opposite the data line at 
which "touch" was obtained. The minus sign serves as 
an easy reference as to when "couch" was achieved. 

14.34 Rate of Loading.-The specimen may be com­
pressed in one of two manners, either (1) by controlling 
the rate of applied axial compressive stress or (2) by 
controlling the rate of axial strain. 

14.34.1 Controlled rate of axial stress: 
14.34.1.1 Axial load is applied to the specimen 

in such a manner that the rate of stress increase is constant. 
14.34.1.2 The axial stress application rate should 

be based on the field conditions being modeled in the 
laboratory. 

14.34.2 Controlled rate of axial strain: 
14.34.2.1 If the specimen is co be compressed at 

a controlled rate of axial strain, a rate of 0.02-percent per 
minute should be used unless otherwise specified in the 
resting request. Table 4 lists recommended displacement 
rates and strain rates for various specimen dimensions. 

Table 4. - Recommended displacement and strain rate for various 
test specimen sizes. 

Test s~cimen size Displacement Strain 
Diameter He1gt Diameter Height rate rate 

in in mm mm in/min mm/min~ 

2.0 
2.8 
6.0 
9.0 

5.0 
7.0 

15.0 
22.5 

50.8 
71.1 

152.4 
228.6 

127.0 
177.8 
381.0 
571.5 

14.35 Data Acquisition Rate: 

0.0010 
.0014 
.0030 
.0045 

0.0254 
.0356 
.0762 
. I 143 

0.02 
.02 
.02 
.02 

14.35. l If an automatic data aquisirion system is used, 
data readings should be recorded at 0.20-percent axial strain 
intervals as shown on cable 5. 
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Table 5. - Dara collection intervals for various test specimen sizes. 

Test seecimen size Data collection interval 
Diameter Height Diameter Height Dis~lacemenc Axial strain 

In In mm mm in mm % 

2.0 5.0 50.8 127.0 0.0010 0.254 0.20 
2.8 7.0 71.1 177.8 .0014 0.356 .20 
6.0 15.0 152.4 381.0 .0030 0.762 .20 
9.0 22.5 228.6 571.5 .0045 1.143 .20 

14.36 Compressive Srress Application : 
14.36. l Single stage compression of multiple 

specimens (standard procedure): 
14.36.1. l Starr loading the specimen at the 

prescribed rate; determine and record all parameters at 
the recommended interval. 

14.36.1.2 Continue loading the specimen until 
axial strain equals 20 percent. 

NOfE 12.-Due co data acquisition system rescraincs in the 
Bureau's geotechnical laboracory in Denver, Colorado, the triaxial 
test may be continued until axial strain is approximately 20 
percent. However, it may be appropriate co discontinue the test 
at some other point if possible, such as 5-percent axial strain 
past maximum deviacor stress. 

14.36.l.3 When loading is complete, stop the 
compression test machine; unload the specimen until the 
load indicator registers zero. 

14.36.2 Multistage compression of single specimen 
(optional procedure): 

14.36.2.1 Start loading the specimen at the 
prescribed rate, determine and record all parameters at 
the recommended interval. 

14.36.2.2 Compute, plot, and monitor the stress 
difference (deviator stress), axial strain, and effective stress 
ratio. 

14.36.2.3 Continue loading the specimen until one 
of the following criteria are met. 

14.36.2.3. l Axial strain equals 5 percent (20% 
at final lateral pressure) . 

14.36.2.3.2 Stress difference or effecrive stress 
ratio curve starts to peak or flatten out. 

14.36.2.4 When the criteria starred in subpara­
graph 14.36.2.3 is satisfied, stop rhe compression rest 
machine and unload the specimen until the load indicator 
registers zero. 

14.36.2.5 Apply the next lateral pressure and 
repeat the procedure beginning at subparagraph 14.32. 

14.37 Carefully release the lateral pressure. Close all 
valves co the chamber. Open valve A. Attach the drain 
rube to valve N . Open valves N and R and drain the 
water from the chamber. 

14.38 Engage the controls on the compression test 
machine which allow manual control of the loading device. 
Back the load transfer piston away from the load cell. 

14.39 Dismantle the rriaxial assembly. 
14.40 Photograph the specimen while it is still on the 

chamber bottom plate with the end places attached. 
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14.41 Release the membrane from the top and bottom 
end plates by moving or removing the O-rings and rolling 
the ends of the membrane off of the end plates. 

14.42 Carefully remove the specimen from the end 
plates. 

14.43 Carefully remove the membrane from the 
specimen. 

14.44 Photograph the specimen with the membrane 
removed. 

14.45 Determine the moisture content of the test 
specimen, in accordance with USBR 5300, using the entire 
specimen or a representative portion taken along the entire 
length of the specimen. 

14.46 For single stage compression of multiple 
specimens, repeat CU triaxial shear tests on new specimen 
at specified lateral pressures until at least three specimens 
have been tested and resulting data have been recorded. 

15. Calculations 

15 .1 Perform all calculations on "Triaxial Shear 
Test-Data Sheet 3 (fig. 5) as specified, and record in 
the appropriate columns. 

15 .2 All calculations are based on data recorded on data 
sheets 1 and 2 (figs. 3 and 4). 

15.2.1 Enter the following information on the 
heading of figure 5 (data sheet 3): 

Sample No., 
Specimen No., 
Initial specimen volume ( Vo) (from fig. 3 data sheet 1), 
Initial specimen length (lo) (from data sheet 1), and 
Compute the initial specimen area (Ao) by dividing Vo 

by Lo . 
15.2.2 Applied lateral pressure [fig. 5, col. (10)] is 

the applied lateral pressure from figure 4 [data sheet 2, 
(col. l)]. 

15.2.3 Corrected deviator load [col. (11)] is the 
deviator load corrected to account for upward force due 
to lateral pressure acting on the piston. 

(1) 
where: 

Pde = corrected deviator load, !bf 
Pd deviator load, !bf 
Ap load piston area, in2 

03 = applied lateral pressure, lbf/in2 

15.2.4 Axial speomen deformation [col. (12)] is 
calculated. 

(2) 
where: 

t:..L = axial specimen deformation (change in specimen 
length, in 

1 1 = initial axial specimen deformation indicator 
reading, in 

L; = subsequent axial deformation indicator 
reading, in 

15.2.5 Volume tube change [col. (13)) is the change 
in fluid level (linear units) in the volume tube. 

where: 
!::..VT= 
VT1 
VT;= 

volume tube change, in 
initial volume tube reading, in 
subsequent volume tube reading, in 

(3) 

15.2.6 Converted volume tube change [col. (14)) is 
the volume tube converted from linear to volumetric units. 

t:..VTn = !::..VT ( VTr) 
where: 
t:..VTn= converted volume tube change, in3 

!::..VT= volume tube change, in 
VTr = volume tube factor, in3/in, from USBR 1455 

(4) 

15.2.7 System volume change due to applied lateral 
pressure [col. (15)) is the expansion or contraction of the 
triaxial system (in cubic inches) due to a change in applied 
lateral pressure (see fig . 8). 

t:..VC = [(03 - LTPR;)] (SL;)+ Y; 
where: 

t:..VC = system volume change, in3 

03 = applied lateral pressure, !bf/ in2 

LTPR; = lateral pressure intercept for lateral pressure 
increment considered, !bf/ in2 

1 

'" "' z .. 
:,;: 
u 

'" ::E 
::, _, 
0 
> 
::E 

"' .... 
en 
► en 

Y(4) 

Y(3) 

e.vc 

LTPA 
(3) 

LATERAL PRESSURE- lbl/ln2 

m 
EXAMPLE: FOR LTPR(2)_!s0i < LTPR(3) 

AVC= VOLUME CHANGE=([03 - LTPR(2l)xSL(2)).Y(2) 

(5) 

LTPR 
(4) 

Figure 8. - Volume change of system due to applied lateral pressure. 

822 



USBR 5750 

SL; slope of line relating volume change ro applied 
lateral pressure for pressure increment 
considered, in3 / (!bf/ in2) 

Y; volume change intercept for lateral pressure 
increment considered, in2 

NOTE 13.- A curve for system volume change versus lateral 
pressure must be developed for each criaxial shear test system 
and is unique for that particular system (see fig. 8). This curve 
is developed when the triaxial shear test is calibrated (USBR 
1450) . 

15.2.8 Volume change due to piston movement [col. 
( 16)] is due to displacement of water by piston entry into 
the chamber. 

where: 
LlVp volume change due to piston volume 

movement, in3 
change in specimen length, in 
load piston area, in2 

(6) 

15.2.9 Volume change due to temperature change, 
[col. (17)) is the change of the confining fluid in the cell 
due to temperature change. 

where: 
LlTV= 

Tr= 
T1 

T,· 

volume change due to temperature change, in3 

temperature correction coefficient, in3 /° F 
initial temperature reading of water in 

chamber, 0 P 
subsequent temperature reading of water in 

chamber, 0 P 

(7) 

See appendix Xl for derivation of the temperature 
correction coefficient. 

15.2.10 Total volume change [ col. (18)] is calculated. 

where: 
LlV = total volume change, in3 

LlVTn= converted volume cube change, in3 

LlVC = system volume change due to applied lateral 
pressure, in3 

LlVp = volume change due to piston movement, in3 
Ll TV= volume change due to temperature change, in3 

15.2.11 Specimen volume [col. (19)] is the volume 
of the specimen at any subsequent point during the test. 

V; = Vo + LlV 
where: 

V; = subsequent specimen volume, in3 
Vo = initial specimen volume, in3 

ilV = total volume change, in3 

(9) 

15.2.12 Specimen length [col. (20)] is the length of 
the specimen at any subsequent point during the test. 

L; = Lo - LlL (10) 
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where: 
subsequent specimen length, in 
initial specimen length, in 

L; = 
Lo 

LlL = axial specimen deformation (change in specimen 
length), in 

15.2.13 Axial strain from start of shear, E [col. (21)] 
is calculated. 

E = 100 ( Ls - L,-) 
Ls 

where: 
E = axial strain from start of shear, % 

Ls = specimen length at start of shear, in 
L,- = subsequent specimen length, in 

100 = convert from decimal co percent 

(11) 

15.2.14 Volume strain from initial, Ev [col. (22)) is 
the volumetric strain, in percent of che initial specimen 
volume. 

Ev= 100 [ LlV(-1.0)] 
Vo 

where: 
Ev = volume strain from initial, % 

LlV = coral volume change, in3 
-1.0 = constant to establish sign convention where 

positive values indicate compression and 
negative values indicate expansion 

Vo initial specimen volume, in3 

100 convert from decimal to percent 

(12) 

15.2.15 Volume strain from start of shear, Evs [ col. 
(23)] is the volumetric strain in percent of specimen volume 
at start of shear. 

where: 
fvs = 
V; = 

V;s 

-1.0 = 

100 = 

Evs = 100 [ ( V; - V;~) (-1.0)] (13) 
V,s 

volume strain from start of shear, % 
specimen volume at subsequent reading, in3 
specimen volume at start of shear, in3 
constant to establish the sign convention where 

positive values indicate compression and 
negative values indicate expansion 

convert from decimal to percent 

15.2.16 Effective lateral stress (col. (24)] is 
calculated. 

03' = 03 - U (14) 
where: 

03' effective lateral stress (minor effective principal 
stress), lbf/in2 

03 applied lateral pressure, lbf/ in2 

u = pore pressure, either top (uw) or bottom (us) 
pore pressures may be used or an average of 
the two depending on the test condition being 
modeled, lbf/in2 

15.2.17 Corrected specimen area [col. (25)] is 
calculated. 

A - V,­
c - L,- (15) 
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where: 
Ac corrected specimen area, in2 

V; specimen volume at a subsequent reading, in3 

L; specimen length at same subsequent reading, in 

15.2.18 Deviator stress, ad [col. (26)] is calculated. 

(16) 

where: 
Od deviator stress, !bf/ in2 

Pde corrected deviator load at a given reading, !bf 
Ac corrected specimen area at same given 

reading, in2 

15.2.19 Effective axial stress [col. (27)] is calculated. 

(17) 
where: 

a1' effective axial stress (major effective principal 
stress), lbf/in2 

a3' effective lateral stress (minor effective principal 
stress), lbf/in2 

Od deviator stress, !bf/ in2 

15.2.20 Effective stress ratio [col. (28)] is calculated. 

(18) 

where: 
Sr effective stress ratio, dimensionless 

a1' effective axial stress (major effective principal 
stress) !bf/ in2 

a3' effective lateral stress (minor effective principal 
stress), lbf/in2 

15.3 p - q Diagram.-A convenient methqd of plotting 
the state of stress, for a given soil specimen, is to plot 
stress points on a p - q diagram. The coordinate system 
for the p - q diagram may be defined in terms of total 
or effective stress as follows: 

Total stress Effective stress 

p 
{a1 + a3} 

p' 
{a1' + a3'} 

2 2 

{a1-a3} Od , Od 

2 2 
q q 

2 q 

where: 
a1 major principal stress, lbf/in2 

a3 minor principal stress, lbf/in2 

Od deviator stress·, !bf/ in2 

a1' major effective principal stress, lbf/in2 

a/ minor effective principal stress, lbf/in2 

15.3.1 Record the calculated values of p' and q' or 
p and q in columns 29 and 30, respectively, on data sheet 3 
(fig. 5 ). 

15.3.2 Repeat calculations described in subpara­
graphs 15.2.2 through 15.3.1 for all recorded data for all 
specimens. 

15.3.3 For each specimen tested (minimum of 3), 
select an appropriate failure stress and locate corresponding 
p' - q' or p - q values which are referred to as pl, qi 
or pr, qr. 

15.3.3.1 Failure of the test specimen may be 
defined in several ways: 

(1) First maximum or maximum principal effective 
stress ratio ( a1 '/ a3 ') maximum 
(2) First maximum or maximum deviator stress (ad) 
maximum 
(3) Shear stress at a prescribed axial strain 
(4) Any other criteria consistent with the condition 
being analyzed. 

15.3.4 Plot all calculated values of p' - q' or p - q 
for each specimen as shown on figure 9. 

15.3.4. l Connect the respective stress points for 
each specimen with a line or curve as shown on figure 9. 
This curve is a continuous representation of successive 
states of stress to which each specimen was subjected during 
testing and is called a "stress path." 

15.3.5 Fit a straight line through the stress points 
corresponding to failure (pl - qi) on the p - q diagram; 
use either a visual best fit or a mathematical fitting tech­
nique such as linear regression. This line is the Kr -line. 
Determine and draw the Kr-line (fig. 9). 

NOTE 14.-The Kr -line can be determined by performing a 
linear regression analysis of stress points at failure. 

SAMPLE NO. 61 W-3 
125 -------------------~ 

o - o = SPECIMEN NO. 1 
• - • = SPECIMEN NO. 2 
.o. - t>. = SPECIMEN NO. 3 

TEST SUMMARY: 
SPECIMEN P' 

f 
O' f 

NO. (lbf/in) (lbf/in) 

N 
C 100 

<P = SIN-l(TAN ,j,) 
. C =a/COS.¢> 

23.2 14.3 
35.1 21.2 
61.1 35.0 
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~ 
.D 

N 75 
'---.. 
-------n 
b 

I 50 

II 

a 
25 

25 50 

K - LINE 
t 

75 100 

Figure 9. - p' - q' diagram-example. 

'/I= 28.5° 

125 
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15.3.5. l The equation of the Kr -line is of the 
linear form y = mx + b. It is defined for effective stress 
conditions as follows: 

where: 
qi 
pl 

a 
tan 1/1 

t/1 

qi = a + pl (ran t/1) 

q' at failure, lbf/in2 

p' at failure, lbf/ in2 

intercept of the Kr-line on q' -axis, lbf/ in2 

slope of the Kr-line, dimensionless 
the angle of the Kr -line with respect co 

horizontal, degrees 

(19) 

15.4 Mohr-Coulomb Effective Stress Shear Strength 
Parameters.-The equation for the Mohr-Coulomb failure 
envelope, figure 10, is similar co that of the Kr -line in 
that both are linear. There are relationships from which 
effective stress shear strength parameters may be calculated 
using the parameters obtained from the p - q diagram. 

15.4.l Effective angle of internal friction,</>', is rhe 
angle the Mohr-Coulomb failure envelope makes witli. the 
horizontal and may be calculated using the relationship 
between the Kr -line and the Mohr-Coulomb failure 
envelope. 

sin cj,' = tan t/1 (20) 

cj,' sin-1 (tan 1/1) 

where cj,' equals effective angle of internal friction, degrees. 

15.4.1. l Calculate the effective angle of internal 
friction, cj,', using the equation in subparagraph 15.4.l and 
the value for tan r/J from subparagraph 15.3.5.1. 

15.4.2 Effective cohesion, c', is the shear stress 
intercept of the Mohr-Coulomb failure envelope. Cohesion 

,........,_ 
N 

C 

'-...._ 

.D 
..__,, 

~ 

(/) 
(/) 
w 
0::: 
1-
(/) 

0::: 
<( 
w 
I 
(/) 

125 ~------------S_AM_P_L_E_N_0_._6_1W_-_J_ 
o - o = SPECIMEN NO. 1 

100 

75 

50 

0 

• - • = SPECIMEN NO. 2 
t. - t. = SPECIMEN NO. 3 

<I>'= sin- 1(ton 1/1) 
c' = a/cos <I>' 

25 

TEST SUMMARY: 
SPECIMEN a•

1 
a•

3 
o·1 7't 

NO. (lb f/;n2) (lbf/;n2) (lbf/ ;n2) (lt>f/;n2) 
1 37. 5 8 .9 15.• 1 2.0 
2 56.4 13.9 23.6 17.8 
3 96.0 26. 1 •2. 1 29.4 

<I> ' = 32 .9° 

50 75 100 125 

EFFECTIVE NORMAL STRESS a' (lbf/in2) 

Figure IO. - Mohr"s diagram-example. 
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may be calculated using the relationship between the 
Kr-line and the Mohr-Coulomb failure envelope. 

c' 

where: 

a 

cos</>' 

c' effective cohesion, lbf/in2 

(21) 

a - intercept of the Kr-line on the q'-axis, lbf/in2 

15.4.2. l Calculate the effective cohesion, c', using 
the equation in subparagraph 15.4.2 and the values for 
a and cj,' from subparagraphs 15.3.5.l and 15.4.1.1. 

15.5 Effective Stresses on Failure Plane .-The effective 
normal stress, a', and the shear stress, r, that develop 
on the failure plane during shear may be calculated at any 
reading for each of the specimens tested. 

15.5. l Effective normal stress, a', for each reading 
for each specimen using corresponding values of p', q', 
and cj,' from data sheet 3 (fig. 5), subparagraphs 15.3.1, 
and 15.4.1, respectively, is calculated. 

a' = p' - q' sin ¢' (22) 

where a' equals effective normal s tress, lbf/in2 

15.5.1. l Record values for a' on figure 5 [data 
sheet 3 col. (31)]. 

15.5.2 Shear stress, T , for each reading for each 
specimen using corresponding values of q' and cj,' from 
figure 5 (data sheet 3) subparagraphs 15.3.3 and 15.4.1, 
respectively, is calculated. 

T = q' COS </>' (23) 

where r equals shear stress, lbf/in2 . 

15.5.2. l Record values for r on figure 5 [data sheet 
3 ccil. (32)]. 

15.6 Mohr 's Diagram .-A Mohr's circle can be 
constructed for every state of stress co which a specimen 
is subjected. However, the state of stress most often 
represented is the condition at failure (subpar. 15.3.5.1) . 
The circle at failure is defined by the principal stresses 
which caused failure and the resulting normal and shear 
stresses on the failure plane. 

15.6.1 Plot the Mohr's circle at failure for each 
specimen as shown on figure 10. 

15.6.1. l The center of each Mohr's circle is located 
using the p' value from figure 5 [ data sheer 3 col. (29)] 
corresponding to the selected failure point. 

pl 

where: 

(a'1r + a'3r) 
2 

pl = p' at failure, lbf/in2 

(24) 

a'ir = major effective principal stress at failure, lbf/in2 

oar = minor effective principal stress ar failure, lbf/in2 
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15.6.1.2 The radius of the Mohr's circle is equal 
to qr' for the selected failure point from figure 5 [ data 
sheet 3 col. (30)]. 

qr' 
Udf 

2 
(25) 

where: 
q/ = q' at failure, lbf/in2 

Udf = deviator stress at failure, lbf/in2 

15 .6.2 Locate the center of each circle on the same 
plot of shear stress versus effective normal stress and draw 
each circle using the corresponding radius (fig. 10). 

15 .6.3 Locate, and include on the Mohr's diagram, 
the Mohr-Coulomb failure envelope defined by the effective 
stress shear strength parameters </>' and c' as determined 
in subparagraphs 15.4.1.1 and 15.4.2.1, respectively 
(fig. 10). 

15.6.4 Plot the effective normal stress [col. (31)] 
and shear stress [ col. (32)] for each reading from figure 5 
(data sheet 3) for each specimen on the Mohr diagram. 
Connect the respective points for each specimen with a 
line or curve (fig. 10). This curve is called "vector curve." 

15.7 Top Excess Pore Pressure [col. (33)].-The top 
excess pore pressure is: 

flue, = Uit - Uptt 

where: 
tl1.1e, = top excess pore pressure, lbf/in2 

u;1 = top pore pressure at a given point, !bf/ in2 

Uptt = top pore pressure prior to touch, lbf/in2 

(26) 

15.8 Bottom Excess Pore Pressure [col. (34)].- The 
bottom excess pore pressure is: 

/;lUeb = Uib - Uptb (27) 
where: 
tl1.1eb = bottom excess pore pressure, lbf/in2 

Uib = bottom pore pressure at a given point, lbf/in2 

Uptb = bottom pore pressure prior to touch, lbf/in2 

15.9 Pore Pressure _Coefficient, A[col. (35)].-The pore 
pressure coefficient, A for a saturated UU or CU test 
specimen is derived. 

A = flu - tlaa 

where: 
A = pore pressure coefficient, dimensionless 

flu = change in pore pressure, lbf/in2 

tlaa = change in lateral pressure, lbf/in2 

fla1 change in major principal stress, lbf/in2 

(28) 

In an ordinary compression test Aaa = 0 since the cell 
(confining or lateral) ·pressure is held constant throughout 
the test. The equation then takes the form: 

A= flu 
/:lad 

(29) 
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where: 
A 

Au 
pore pressure coefficient, dimensionless 
corresponding change in pore pressure (bottom 

pore pressure normally used), !bf/ in2 

change in deviator stress, !bf/ in2 

15 .10 Plot percent axial strain [ col. (21)] versus 
deviator stress [col. (26)] from figure 5 (data sheet 3) 
for each specimen tested as shown on figure 11. 

15.11 Plot percent axial strain (col. 21, fig. 5) versus 
excess pore air and pore water pressures (cols. 33 and 
34) from figure 5 (data sheet 3) for each specimen as 
shown on figure 12. Pore pressure readings from bottom 
porous insert (col. 6) correspond to pore air pressure. 

15.12 Plot percent axial strain [col. (21)] versus volume 
strain [col. (22)] from figure 5 (data sheet 3) for each 
specimen tested as shown on figure 13. 

15.13 Plot percent axial strain [col. (21)] versus 
effective stress ratio [col. (28)] from figure 5 (data sheet 
3) for each specimen tested as shown on figure 14. 

15.14 For saturated specimens, plot percent axial strain 
[col. (21)] versus pore pressure coefficient [col. (35)] from 
figure 5 (data sheet 3) for each specimen tested as shown 
on figure 15 . 

16. Report 

· 16.1 The report is to consist of the following completed 
and checked forms: 

"Specimen Placement-Data Sheet l" (fig. 3) . 
"Triaxial Shear Test-Data Sheet 2" (fig. 4). 
"Triaxial Shear Test-Data Sheet 3" (fig. 5). 
16.2 Data plots are required as follows : 
"p' ..,. q' Diagram" (fig. 9) . 
"Mohr's Diagram" (fig. 10). 
"Percent Axial Strain versus Deviator Stress" (fig. 11). 
"Percent Axial Strain versus Excess Pore Pressure" 
(fig. 12). . 
"Percent Axial Strain versus Volume Strain" (fig. 13). 
"Percent Axial Strain versus Effective Stress Ratio" 
(fig. 14). 
"Percent Axial Strain versus Pore Pressure Coefficient" 
(fig. 15). 
16.3 All calculations are to show a checkmark and all 

plotting must be checked. 

17. Background Reference 

Engineering and Design Laboiatory Soil Testing, 
EM 1110-2-1906, Department of t11te Army, Office of the 
Chief Engineers, Washington, D.C., 20314, November 
1970. 
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Figure 15. - Percent ax ial strain versus pore pressure coeffi cient-exa mple. 
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APPENDIX 

Xl. DETERMINING THE TEMPERATURE CORRECTION COEFFICIENT 
FOR WATER-FILLED TRIAXIAL ASSEMBLY 

Xl.l Scope 

X 1.1.1 When performing rriaxial shear res rs, there are 
occasions when changes in ambient temperature can occur. 
These ambient remperarure changes can affect the volume 
of rhe water used for monitoring volume change of rhe 
specimen during resting. This appendix presents a method 
for determining a temperature correction coefficient for 
co mputing correct specimen volume. 

X 1.2 Summary ·of Method 

X 1.2. l A rriaxial assembly is de-aired and filled with 
de-aired water. A thermometer or thermocouple is inserted 
into the water in the chamber. The triaxia l assembly is 
placed in a location where the ambient temperature can 
be varied from approximately 65 to 75 ° F. The ambient 
temperature is a llowed to drop slowly ro the lower limit 
of the ambient temperature range over a period of 8 to 
12 hours . Then, the assembly is reloca ted into an 
environment where rhe ambient temperature will cause 
the temperature of the rriaxial assembly to increase 
approximately 10 to 15 °F over a period of 6 to 8 hours. 
The temperature of rhe water in rhe rriaxial assembly is 
measured and recorded ro the nearest 0.1 ° F a nd the water 
level in the volume tube is read and recorded ro 0.01 inch. 
The data are used to compute the temperature correction 
coefficient for the assembly in cubic inch per degree 
Farenheit (cubic centimeter per degree Celsius) . 

NOfE X 1.1-When determining this coefficient, the rop and 
borrom end plates are removed from rhe rriaxial assembly since 
no specimen is placed in the chamber. Pipe plugs are screwed 
into the chamber borrom plate where the top and bottom end 
place lin_es had been attached. 

NOfE X 1.2-Ir is recommended that three trials be performed 
on an assembly ro determine an average temperature correction 
coefficient. Since the volume of water in an assembly is one 
of the independent variables in determining the coefficient, the 
volume of water in an assembly should nor be changed during 
rhe trials and a temperature correction coefficient should be 
determined for each different size criaxial assembly. 

X 1.3 Preparation of Apparatus 

Xl.3 .1 De-airing the triaxial assembly (fig. 1) : 
X 1.3 .1.1 Place the chamber into the groove in the 

bottom plate. 
X 1.3.1.2 Verify that all rhe valves in the system are 

closed. 
X 1.3.1.3 Fill the chamber about one-half full with 

de-aired water. 
X 1.3.1.4 Open triaxial chamber cap relief valve A. 
X 1.3.1.5 Ser the chamber cap in place, and force 

rhe cap down onto the chamber until it is properly seated. 
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X 1.3. l.6 Insert the piston through rhe ball bushing 
until the piston flange is resting on top of the chamber 
cap. 

X 1.3.1. 7 Open valve B to the top of the volume 
rube. 

Xl.3.1.8 Attach vacuum hoses to valve B on top 
of the volume rube and to rhe fitting on rhe chamber cap 
relief valve A. 

Xl.3.1.9 Attach the other ends of the vacuum hoses 
to a mulriporr manifold on the vacuum pump. Turn on 
the vacuum pump. 

Xl.3 .1.10 Apply a vacuum of about 20 lbf/in2 (140 
kPa) for 5 minutes. 

X 1.3.1 .11 Release the vacuum from the chamber (at 
valve A) by uncoupling · the vacuum •Iine at the vacuum 
pump. Maintain the vacuum on the volume rube. 

Xl.3.1.12 Open volume tube drain valve E and 
volume tube isolation valve R, and fill rhe volume tube 
to the top of its marking with de-aired water from rhe 
chamber (vacuum is still on rhe volume rube) . 

X 1.3.1.13 Close volume rube drain valve E. 
Xl.3.1.14 Release the vacuum from the volume tube 

by uncoupling rhe appropriate vacuum line at the vacuum 
pump. 

Xl.3 .1.15 Plug the vacuum hose that attaches to the 
chamber at relief valve A into the vacuum source. 

X 1.3.1.16 Open valve E and allow the water level 
in the volume rube to drop to about the 25-inch (635-
mm) level. 

X 1.3.1.17 Close volume tube drain valve E. 
Xl.3 .1.18 Reattach the vacuum hose ro the top of 

the volume rube. Uncouple the vacuum hose to valve A. 
Xl.3.1.19 Displace water back and forth between 

rhe volume rube and rhe chamber by repeating subpara­
graphs Xl.3 . l.12 through Xl.3 .U8 until air bubbles can 
nor be seen in the volume rube. 

X 1.3.1.20 If the volume rube is not full at the end 
of the flushing phase, fill the rube by opening valve E. 
Fill the volume tube to about the 5-inch level with de­
aired water, so that it can be drained to the desired level 
for the coefficient determination. Close valves A and E. 

X 1.3 .1.21 Uncouple all the vacuum lines from the 
manifold on the vacuum pump and shut off the vacuum 
pump. 

X 1.3.1.22 Uncouple rhe vacuum line from valves A 
and B. Coil rhe vacuum lines up and store them in a suitable 
location for future use. 

X 1.3.1.23 Do not drain the water from the chamber 
at this time. 

X 1.3.2 De-airing the differential pressure transducer. 
X 1.3.2.1 Fill the flushing tank on the differential 

pressure transducer about two-thirds full with de -aired 
water. Close the volume tube isolation valve R to isolate 
the volume rube and differential pressure transducer from 
the chamber. 
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Xl.3.2.2 Open valve L on the differential pressure 
transducer. Remove the bottom plate on the differential 
pressure transducer by unscrewing the four cap head screws 
which hold the bottom plate to the body of the transducer. 
Fill the bottom plate with de-aired water. Open valve M 
and fill the bottom plate with de-aired water from the 
flushing tank. Open valves E and K to the volume tube 
and allow water to flood over the exposed capsule located 
under the main body of the differential transducer. With 
water flowing, place the bottom plate back on the 
differential pressure transducer, being careful not to entrap 
air. Close valve K but leave valve M to the flushing tank 
slightly open to relieve any pressure which results from 
tighter,ing the cap screws. Tighten the four cap head screws. 

Xl.3.2.3 Flush the differential pressure transducer 
thoroughly by attaching a hand-held vacuum/pressure 
pump to the top of the flushing tank. Open valves K and 
M and flush water back and forth several times from the 
flushing tank to the volume tube through the differential 
transducer. When this step is complete be sure that the 
water level in the volume tube is near the full mark and 
close valve M. Open the volume tube isolation valve R. 

NOfE Xl.3-Extreme caution must be used when flushing the 
differential pressure transducer system since a pressure greater 
than about 10 lbf/in2 (70 kPa) can damage the measuring capsule 
inside the transducer. 

Xl.4 Procedure 

Xl.4.1 All data are to be recorded on the "Temperature 
Correction Coefficient" form as shown on figure Xl. 1. 

Xl.4.2 Record all identifying information pertaining 
to the triaxial assembly on the form. 

Xl.4.3 Connect a hose to valve N; place the other 
end of the hose in an empty container or into a drain. 

Xl.4.4 Drain about one quarter to one-third of the 
water from the chamber by opening valve N. Close valves 
A and N. 

Xl.4.5 Remove the piston and the chamber cap from 
the chamber. 

Xl.4.6 Verify that volume tube valve Bis open. 
Xl.4.7 Verify that all remaining valves to the chamber 

are closed. 
Xl.4.8 Attach a hose from the de-aired water source 

to the de-aired water source line. Open valve N and begin 
filling the chamber through the chamber bottom plate with 
de-aired water. As water rises in the chamber, use a squeeze 
bulb to flush any air bubbles that may be present on the 
bottom and sides of the chamber. 

Xl.4.9 Fill the chamber completely with de-aired 
water. Close valve N. 

Xl.4.10 Remove relief valve A by unscrewing it from 
the chamber cap. 

Xl.4.11 Set the chamber cap in place. Force the 
chamber cap down onto the chamber until it is properly 
seated. 

Xl.4.12 Open valve N and continue filling the chamber 
with de-aired water until water flows out of the hole left 
by removal of relief valve A. Close valve N. 
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Xl.4.13 Insert a thermocouple or thermometer to 
about midheight in the chamber through the hole left by 
removal of valve A. 

Xl.4.14 Using modeling clay or silicon sealant, seal 
the opening between the thermocouple or thermometer 
and the hole in the cap. 

Xl.4.15 Open valve N and continue filling the chamber 
until water flows out the top of the ball bushing. Close 
valve N. Disc0rinect the de-aired water source line from 
valve N. Reattach the drain line to valve N. 

Xl.4.16 Screw the chamber bolts into the chamber 
bottom plate; set the chamber cap hold down plate into 
place. 

Xl.4.17 Secure the chamber cap to the chamber bottom 
plate by screwing the four nuts onto the four chamber 
bolts; tighten the nuts in a staggered sequence to about 
50 ft-lbf torque. 

X 1.4.18 Tape a 0.5-inch diameter by 3-inch-long 
wooden dowel to the side of the piston nearest the piston 
retainer bar. Since there is not a specimen inside the 
chamber, the dowel keeps piston intrusion at about the 
same level it would be when a specimen is in the chamber. 

Xl.4.19 Lightly grease the piston. Open valve E. 
Carefully push the piston through the ball bushing in the 
chamber cap until the wooden dowel comes in contact with 
the top of the chamber cap. If the water displaced by the 
piston overtops the volume tube, drain the excess water 
by opening valve N. Close valve N. 

Xl.4.20 Open valves L and K to the differential 
pressure transducer. 

Xl.4.21 Attach and secure the piston retainer. 
Xl.4.22 Open volume tube drain valve E. Slowly open 

valve N to allow water to drain from the volume tube. 
When the level of water in the volume tube has reached 
the desired level for starting the test-usually the 10-inch 
level-close valve N. 

Xl.4.23 Place the triaxial assembly in an environment 
where an ambient temperature of 60 to 65 °F (16 to 18 °C) 
can be maintained for 8 to 12 hours. 

Xl.4.24 When the temperature of the triaxial assembly 
has stabilized, read and record chamber water temperature 
and volume tube height. Move the triaxial assembly to 
an environment where the ambient temperature will cause 
a water temperature rise of 10 to 15 °F over a period 
of 6 to 8 hours. 

Xl.4.25 Read and record water temperature to the 
nearest 0.1 °F and volume tube height to the nearest 0.01 
inch. These readings should be taken at about 1-hour 
intervals until chamber water temperature stabilizes. 

Xl.4.26 This constitutes one trial. Repeat subpara­
graphs Xl.4.23 through Xl.4.25 if additional trials are 
required. -

Xl.4.27 Compute the temperature correction coeffi­
cient for each trial. Determine the average system 
temperature correction coefficient if required. 

Xl.5 Calculations 

Xl.5.1 Perform all calculations on the "Temperature 
Correction Coefficient" for111 as shown on figure Xl.l. 
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System designed for 2x5 inch specimens . No en_~plq!~s or specimen in chamber 
during this test. One trial only. 

Figure XI.I. - Temperature correctio n coefficiem-dat~ sheet-example. 
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Xl.5.2 Volume Tube Factor, VTt-.-Enter the volume 
tube factor in the space provided on figure Xl.l. 

Xl.5.3 Data Record-As readings are observed, record 
the following data: date (col. 1), time (col. 2), volume tube 
reading (col. 3), and temperature (col. 6). 

Xl.5.4 Volume Tube Change (col. 4).- The change in 
fluid level (col. 4) in the volume tube is calculated. 

where: 
LlVT = 
VTi 
VT;= 

LlVT = VTi - VT; 

volume tube change, in 
initial volume tube reading, in 
subsequent volume tube reading, in 

(Xl-1) 

Xl.5.5 The volume tube readings are converted (col. 5) 
from linear to volumetric readings. 

LlVT,, = LlVT ( VTr) 
where: 
LlVTn= converted volume tube change, in3 
LlVT = volume tube change, in 
VTt- = volume tube factor, in3 / in 

(Xl-2) 

Xl.5.6 The change in chamber water temperature 
(col. 7)is computed. 

where: 
LlT = 

Ti 
T; = 

LlT = Ti - T; (Xl-3) 

temperature change, ° F 
initial stabilized water temperature reading, ° F 
subsequent temperature water reading, ° F 

Xl.5.7 The temperature correction coefficient is a 
constant which relates chamber water temperature change 

to system volume change and may be expressed as: 

'T' _ LlVTn 
-'-£ - Ll T (Xl-4) 

where Tr equals temperature correction coefficient, in3 /° F. 
The temperature correction coefficient is the slope of the 
straight line relating LlVTn to Ll T and is assumed to pass 
through the origin. The line may be established from a 
visual best-fit straight line through the data points as shown 
on figure Xl.2 or it may be determined using linear 
regression analyses. If three trials are performed, an average 
coefficient for the triaxial shear test system should be 
determined using all data collected for the individual trials. 

NOfE Xl.4.-The temperature correction coefficient is usually 
expressed in terms of cubic inch per degree Fahrenheit. However, 
it may be expressed in terms of cubic inch per degree Celcius, 
cubic centimeter per degree Fahrenheit, or cubic centimeter per 
degree Celcius. 
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C 
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~ 0.15 
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.J 
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> 

0 
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z 
0 
<.> 

Slope computed based on visual best fit line 
Tt •0.120 in3/ I0.4•F •0.0115 in3t•F 

1.0 2.0 3.0 4.0 5.0 6.0 7 0 8.0 9.0 10.0 II 0 

TEMPERATURE b,T (•F) 

TRIAXIAL ASSEMBLY N0.29 
Temperature Correction Coeff1c1ent 

Figure Xl.2. - Temperature correction coefficient plot-example. 

X2. MEMBRANE CORRECTION 

X2. l Correction for Effect of Specimen Membrane 

X2. l. l The following equation, from ASTM D 1850, 
may be used to correct compressive soil strength for the 
effect of the specimen membrane if the error in deviator 
stress due to strength of the membrane exceeds 5 percent. 

"( ) _ 4Me (I - e) 
u a1 - a3 -

Do 
(X2-l) 

Do 
M= 

the correction to be subtracted from the 
measured compressive strength, lbf/in2 

initial diameter of specimen, in 
compression modulus of the membrane, 

lbf/iri 
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E = specimen axial strain, expressed as a 
decimal 

X2.2 Compression Modulus of the Membrane, M 

X2.2. l The compression modulus of the membrane 
may be determined by hanging a 0.5-inch length of 
membrane over a thin rod, placing another rod along the 
bottom of the hanging membrane and measuring the force 
per unit strain by stretching the membrane. In tests of 
very soft soils, the membrane effect may be significant; 
however, for most soils the membrane correction is 
insignificant and can be ignored. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5755-89 

PERFORMING CONSOLIDATED-DRAINED 
TRIAXIAL SHEAR TESTING OF SOILS 

INTRODUCTION 

This procedure is under the jurisdiction of che Geocechnical Services Branch, Code D-3760, Research and Laborat~ry Se~vices 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5755. The number 1mmed1acely 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation ouclines the procedure for 
determining the shear strength of consolidated-drained 
cylindrical soil specimens in either the undisturbed or 
compacted state using the triaxial shear test method. 
Specimens may be saturated using a back-pressuring 
technique prior to application of compressive stresses. 

1.2 The CD (consolidated-drained) test is performed 
using either strain or stress controlled axial loading. The 
rate of strain or rate of stress application is dependent 
on the type of soil being tested. 

1. 3 Lateral pressure (confining pressure or cell 
pressure) is appl ied manually at a rate compatible with 
the type of soil being tested. 

1.4 CD tests have been performed successfully on many 
types of soil, ranging from fine-grained to coarse grained 
soil, containing up ro 3-inches (76 mm) maximum particle 
s ize. Specimen s izes for various types of soil have ranged 
from 1-3/8 inches diameter by 3 inches high to 9 inches 
diameter by 22-1/2 inches high (35- by 75- to 230- by 
570-mm). 

1.5 The test provides data for determining shear 
strength properties and stress-strain relations for soils. 

1.6 Multiple specimens may be tested under single 
stage compressive loading or a single specimen may be 
tested under multistage compressive loading. 

2. Auxiliary Tests 

2.1 A compacted or undisturbed soil specimen must 
be prepared in accordance with USBR 5210 or 5215 prior 
to performing this procedure. A moisture content and unit 
weight determination must be obtained in accordance with 
USBR 5300 and 5370, respectively, to obtain the placement 
conditions for the test specimen. Physical properties tests 
are co be performed in accordance with USBR 5320, 5330, 
5350, 5360, and 5365 after completion of the tesc. 

3. Applicable Documents 

3.1 USER Procedures : 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
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USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducer (Load Cells) 
USBR 1050 Calibrating Pressure Transducers 
USBR 1055 Calibrating Differential Pressure Transducers 
USBR 1450 Calibrating Triaxial-Type Chambers for 
Pressure-Volume Change Relations 
USBR 1455 Calibrating Volume and Drain Tubes 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co So il Mechanics 
USBR 5210 Preparing Compacted Soil Specimens for 
Laboratory Use 
USBR 5215 Preparing Soil Specimens for Laboratory Use 
From Undisturbed Samples 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by the 
One-Point Method 
USBR 5360 Determining the Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5370 Determining Unit Weight o f Cylindrical Soil 
Specimens 
USBR 5750 Performing Consolidated-Undrained Triaxial 
Shear Testing of Soils 
USBR 7000 Performing Disturbed Soil Sampling in Test 
Pits, Trenches, Accessible Borings, and Tunnels 
USBR 7010 Performing Disturbed Soil Sampling Using 
Auger Boring Method 
USBR 7100 Obtaining Undisturbed Block Samples by the 
Hand and Chain Saw Methods 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 

4. Summary of Method 

4.1 A soil specimen is prepared and placed in a standard 
triaxial assembly as shown on figure l and the chamber 
is sealed. The specimen may be saturated using a back­
pressure technique and is then isotropically consolidated 
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Figure I. - Triax ial assembly for consolidated-drained res ts . 

under a predetermined effective consolidation pressure 
until primary consolidation is complete. The drains are 
left open and axial compressive stress is applied using 
either a strain or stress controlled loading device. As axial 
load is applied, deviator load, axial specimen deformation, 
specimen volume, and chamber water temperature are 
measured and recorded. The moisture content of the test 
specimen is permitted to change during axial load 
application. Shear stress, major and minor principal stresses 
at failure, and axial strain at failure are obtained. Stress­
strain curves are plotted and an effective stress shear 
strength envelope is prepared. For single stage compressive 
loading of mulciple specimens, at least three specimens 
are required for one complete CD triaxial shear test. For 
mulcistage compressive loading, only one specimen 1s 
required for one complete CD triaxial shear test. 

5. Significance and Use 

5.1 Shear strength of soil in triaxial compression 
depends on stresses applied, consolidation conditions, strain 
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rate or stress application rate, and the stress history 
experienced by _the soil. 

5.2 Shear strength measured (in this test) is determined 
under drained conditions. The test is applicable to field 
conditions where consolidated so ils are subjected to stress 
changes under drained conditions and magnitudes similar 
to those applied during the test. 

5.3 Shear strength is expressed in terms of effective 
stress because a strain rate or load application rate slow 
enough to allow pore pressure equalization during shear 
is used to maintain zero excess pore pressure conditions. 
The resulcs may be applied to field conditions where 
drainage can take place during stress changes and excess 
pore pressures can be assumed to be zero. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Consolidation.-The time dependent reduction 
in volume of a soil mass resulting from an increase in 
effective stress. 
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6.1.2 Deviaror Stress (a1-a3).-The difference 
between rhe major and minor principal stresses in a rriaxial 
rest (ASTM definition). 

6.1.3 EffectiveStress(a').-The average normal force 
per unit area rransmirred from grain ro grain of a soil 
mass (similar ro ASTM). 

6.1.4 MohrCircle .-A graphical representation of rhe 
stresses acting on the various planes ar a given point 
(ASTM). 

6.1.5 Neutral Stress/Pore Pressure/Pore Water 
Pressure (µ). Stress transmitted through rhe pore water 
(water filling rhe voids of rhe soil) (ASTM) . 

6.1.6 Strength .-The maximum stress which a 
material can resist without failing for any given type of 
loading (International Society for Rock Mechanics). 

6.1.7 Triaxial Shear Test.-A rest in which a specimen 
of soil or rock encased by an impervious membrane is 
subjected ro a confining pressure and then loaded axially 
to failure (ASTM). 

6.2 Terms not included in USBR 3900 specific ro this 
designation are: 

6.2. l Back-Pressure.-A pressure applied ro the 
specimen pore water that causes gas in the pore space 
to go into solution in the pore water ; i.e., to saturate the 
specimen. 

6.2.2 Bubbling Pressure.-Pressure required to force 
air through a saturated porous insert (also referred ro as 
the air-entry value). 

6.2.3 . Effective Consolidation Pressure.-The effec­
tive lateral pressure (the difference between cell pressure 
and back pressure) applied ro the specimen during 
consolidation. 

6.2.4 Failure.-The stress condition at failure for a 
rest specimen is taken to correspond ro the maximum 
deviaror stress attained, or the deviaror stress (principal 
stress difference) at 20 percent axial strain, whichever is 
obtained first during performance of a test. 

7. Apparatus 

7.1 General Apparatus: 
7.1. l Balance or Scale.-Balance or scale meeting the 

requirements shown in table 1. 

Table 1.-Balance or scale requirements. 

Tesr s~cimen size Balance or scale 
Diameter Height Diameter Height Capacity Readability 

m m mm mm 

2.0 5.0 50.8 127.0 1000g 0.05 g 
2.8 7.0 71.l 177.8 2000g 0.1 g 
6.0 15.0 152.4 381.0 25 kg 0.01 kg 
9.0 22.5 228.6 571.5 75 kg 0.01 kg 

7.1.2 Timer.-A timing device indicating elapsed 
time ro the nearest l second ro be is used for establishing 
the rate of stress or strain application. 

7. 1.3 Specimen Size Measurement Devices .-Devices 
used to measure the height and diameter of the specimen. 
The devices must be capable of measuring to the nearest 
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0.001 inch (0.025 mm) and should be constructed such 
that their use will not disturb the specimen. A vernier 
caliper is recommended for measuring specimen height 
and a pi tape for measuring specimen diameter. 

NOfE 1.-For specimens having a height rhat exceed 12 inches 
(305 mm), use a rule graduated in millimeters co measure the 
height of the specimen co the nearest 1.0 mm ( L/32 in). 

7.1.4 Water Container.-Sufficient size to accommo­
date the test specimen. 

7.1.5 Suspension Wire and Specimen Carriage.- For 
determining the specimen mass in air and water. 

7.2 Equipment Unique to This Procedure: 
7.2. l Axial Loading Device (compression test 

machine).-A loading device (fig. 2) having sufficient 
capacity and control to provide the desired magnitude and 
rate of loading, respectively. 

7.2.2 Chamber Pressure Maintaining and Measure­
ment Devices .-Devices must be capable of applying and 
controlling the chamber pressure ro within ±0.5 lbf/in2 

(±3.5 kPa) . The devices may consistof a reservoir connected 
to the chamber and partially filled with the chamber fluid 
(usually water), with the upper part of the reservoir 
connected to a pressurized gas supply. The gas· pressure 
is controlled by a pressure regulator and measured by a 
pressure gauge, electronic pressure transducer, or any other 
de_vice capable of measuring to the prescribed tolerance. 
However, a hydraulic system pressurized by deadweight 
acting on a piston or any other pressure maintaining and 

Adjustable crossheod 

Load cell------

Vertical columns------l:afl 

Geer driven platform---+!+-

Control po nel 

Figure 2. - Compression rest machine. 
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measurement device capable of applying and controlling 
the chamber pressure to the tolerance prescribed in this 
subparagraph may be used. 

7.2.3 Triaxial Assembly.-A chamber (fig. 1) in which 
a cylindrical specimen, enclosed by a membrane sealed to 
end plates, is placed and subjected to axial load while 
confined by lateral (03) pressure. The triaxial chamber 
consists of a chamber bottom plate, chamber, and chamber 
cap. The chamber cap includes a ball bushing and _piston, 
aligned with the axis of the specimen, through which the 
load from the axial loading device can be transmitted to 
the specimen to cause the specimen to be compressed axially 
between the end plates. The ball bushing and piston must 
be designed to minimize friction . 

7.2.3.1 SpecimenEndPlates.-The end plates must 
be constructed of a noncorrosive impermeable material such 
as aluminum, stainless steel, or titanium; each must have 
a circular cross section and circular plane surface of contact 
with the specimen. The mass of the top end plate must 
be less than 0.5 percent of the applied axial load at failure. 
The diameter of the end plates should be within ±0.020 
inch of the diameter of the specimen. The bottom end 
plate must be coupled to the chamber bottom plate to 
prevent lateral motion or tilting. The top end plate must 
be designed to receive the piston such that the piston­
to-end plate contact area is concentric with the cap. It 
is recommended that the top end plate should be 
constructed in a manner so that pisron play or "wobble" 
be restricted to 4 degrees or less perpendicular to the top 
end plate. Each end plate must be plumbed so air can 
be flushed from the end plate. The cylindrical surface of 
the end plates to which the membrane is sealed should 
be smooth and free of scratches. The end plates must be 
constructed so drainage can occur from both ends of the 
specimen. Each end plate shall be fitted with a porous 
insert. 

7.2.3.2 Porous End Plate lnserts.-Porous inserts 
are manufactured from silicon carbide, aluminum oxide, 
sintered bronze, or ceramic. The material must not be 
susceptible to corrosion by soil substances or moisture. The 
proper grade (coarseness) of insert depends upon the type 
of test being performed and the soil being tested. The 
insert should be coarse enough ro develop adequate 
interlock with the specimen, but fine enough to prevent 
excessive intrusion of soil into the pores of the insert. 
Exact criteria for this have not been established. The 

· coarseness of insert material determines two properties 
vital to pore pressure measurements: (1) permeability, the 
rate of diffusion of a pressurized gas through a porous 
material; and (2) bubbling pressure the air entry value; 
i.e., the pressure required to force air through a saturated 
porous insert. 

7.2.3.3 Axial Load-Measuring Device.-The load 
measuring device shall be capable of measuring the axial 
load to an accuracy of ±0.25 percent over its full range. 

7.2.3.4 Pore Pressure Transducers.-Pore pressure 
transducers are used to measure pore pressure in the soil 
specimen. The pressure transducers shall have an accuracy 
of ±0.25 percent over their full range. 
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7.2.3.5 Lateral Pressure Transducer.-The lateral 
pressure transducer is used to measure the lateral pressure 
applied inside the chamber. The transducer shall have an 
accuracy of ±0.25 percent over its full range. 

7.2.3.6 Differential Pressure Transducer.-The 
differential pressure transducer is used to measure volume 
change of the specimen during the test. The transducer 
and volume tube are plumbed so that the height of the 
water column in the volume cube reacts directly on the 
measuring diaphragm inside the transducer. The transducer 
shall have an accuracy of ±0.25 percent of its full range. 

7.2.3.7 Volume Tube.-A constant bore glass tube 
supported by a sectional brass pipe with watertight seals 
on both ends. The volume cube is used primarily as a means 
of visually monitoring the volume change of the specimen. 
However, it serves also as a water reservoir and flushing 
tube when de-airing the system. For triaxial systems, in 
which visual readings of the volume tube are used in 
determining volume change of the specimen, the volume 
tube should be graduated in 0.01 divisions. For triaxial 
systems, in which a differential pressure transducer ( as 
described in subpar. 7.2.3.6) is used in determining volume 
change of the specimen, it is recommended that the volume 
tube be graduated in 0.1 inch divisions so that a visual 
check of the specimen volume change can be made. The 
volume tube must be capable of withstanding pressures 
up to 250 lbf/in2 (1724 kPa). The volume tube assembly 
must be enclosed in a 1/4-inch thick (6 mm) Plexiglas 
shield to prevent injury to personnel in the event the 
volume tube fails. 

7.2.3.8 Drain Tube.-A constant bore glass tube 
supported by a sectional brass pipe with watertight seals 
on both ends. For CD (consolidated-drained) tests, the drain 
tubes are used as a water reservoir and flushing cube when 
de-airing the system, for back pressuring the specimen, 
and may be used ro monitor the volume of fluid drainage 
during the test. The drain tube must be capable of 
withstanding pressures up to 250 lbf/in2 (1724 kPa). The 
drain cube assembly must be enclosed in a 1/4-inch thick 
(6 mm) Plexiglas shield to prevent injury to personnel 
in the event the drain cube fails. 

7.2.3 .9 Flushing Tank.-Plexiglas cubes used for 
flushing air from the triaxial assembly. One tank is mounted 
on the differential pressure transducer and one each on 
the exit ports of the top and bottom end plates. 

7.2.3 .10 Axial Deformation Jndicatar.-A dial 
indicator or L VDT (linear variable differential transformer) 
having 0.001 inch (0.025 mm) resolution, and travel range 
of at least 20 percent of the initial height of the test 
specimen. Other measuring devices meeting these 
requirements for precision and range may be used. 

7.2.3 .11 Specimen Membrane.-A membrane used 
to encase the specimen to isolate it from chamber fluid. 
Membranes should be carefully inspected prior ro use; if 
any flaws or pinholes are evident, the membrane should 
be replaced. To minimize restraint to the specimen, the 
unstretched membrane diameter should be between 75 and 
90 percent of the specimen diameter. The membrane 
thickness must not exceed 1 percent of the diameter of 
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the specimen. The membrane must be sealed to the end 
plates with two rubber 0-rings for which the unstressed 
inside diameter is 75 percent or less of the diameter of 
the end plate. Other methods that produce a positive seal 
may be used. 

7.3 Miscellaneous Appararus: 
7.3. l Tools, Etc-Specimen trimming and carving 

tools, membrane expander, 0-ring expander, moisture 
content cans, and data forms as required. 

7.3.2 Humidity Room.-A soil storage and sample 
preparation room with controlled temperature and 
humidity. The humidity room at the Geotechnical Services 
Laboratory, Denver Office, is designed to maintain 70±5 
percent relative humidity and a temperature of 70±5 ° F 
(21±3°() . 

8. Reagents and Materials 

8.1 Water used for performing the test is to be de­
aired water at room temperature. The purity should be 
such that the water is free of acids, alkalies, or oils, and 
is suitable for drinking. 

9. Precautions 

9.1 Safety Precautions : 
9.1.1 Safety shoes should be worn when de-airing 

the equipment or placing the specimen. 
9.1.2 Water spillage in the area should be cleaned 

up as soon as possible. 
9. 1.3 Safety glasses should be worn when applying 

air pressure to the volume/drain tubes when saturating 
or consolidating the specimen. 

9.1.4 Pressure should be slowly applied and released 
from the triaxial assembly co prevent the glass volume 
tubes from shattering. 

9.2 Technical Precautions: 
9.2.1 Care must be taken ro completely de-air the 

triaxial assembly prior to performing the test. 
9.2.2 The porous inserts in the end plates should 

be cleaned frequently to remove any impurities which may 
inhibit free waterflow. · 

9.2.3 When performing a CO-type test, the rate of 
strain should be sufficiently slow co allow complete drainage 
and equalization of pore pressure in the specimen. 

10. Sampling, Test Specimen, and Test Units 

10.1 Sample Size: 
10.1. l Compacted Specimens: 

10.1.1. l Samples to be used in triaxial shear testing 
of compacted specimens should be obtained in accordance 
with methods presented in USBR 7000 or 7010. 

10.1.1.2 A sufficient mass of material should be 
obtained so that all required resting can be performed on 
the sample. Suggested minimum sample mass (based on 
minimum specimen size, maximum particle size, and a 
minimum of four specimens per rest) should be in 
accordance with table 2. 
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Table 2. - Suggested minimum sample mass. 

Tesc seecimen size Practical field 
Diameter Height Diameter Height samele mass 

in m mm mm lbm kg 

2.0 5.0 50.8 127.0 65 30 
2.8 7.0 71.1 177.8 100 45 
6.0 15.0 152.4 381.0 200 90 
90 22.5 228.6 571.5 700 320 

10.1.2 Undisrurbed Specimens .-Samples to be used 
in triaxial shear testing of undisturbed specimens should 
be obtained in accordance with methods presented in USBR 
7100 or 7105. 

10.2 Specimen Size : 
10.2.l Test specimen size and maximum particle size 

should be in accordance with table 3. 

Table 3. - Specimen and maximum particle size. 

Tesc seecimen size Maximum particle 
Diameter Height Diameter Height size 

in m mm mm m mm 

2.0 5.0 50.8 127.0 No. 4 4.75 
2.8 7.0 71.l 177.8 0.375 9.5 
6.0 15.0 152.4 381 .0 0.75 19.0 
9.0 22.5 228.6 571.5 l.5 37.5 

10.2.2 If, after completion of a test, it is found that 
oversize particles were present indicate this information 
in the report of rest data under Remarks. 

NOfE 2: For specimen sizes and maximum particle sizes 
noc listed in cable 3, maximum particle size should be smaller 
than one-sixth che specimen diameter. 

L0.2.3 Specimen height-co-diameter ratio must be 
between 2 and 3. 

10.3 Compacted Specimens.-Prepare compacted rest 
specimens in accordance with USBR 5210. 

10.4 Undisrurbed Specimens .-Prepare undisturbed 
rest specimens in accordance with USBR 5215. 

11. Preparation of Apparatus 

11. l Saturation of Porous Inserts and De-ti iring of End 
Plates . 

l 1. 1. l If new porous inserts with a bubbling pressure 
greater than 5 lbf/in2 (35 kPa) are to be used for the 
test, the end plate, connecting lines, and porous insert are 
to be completely submerged in de-aired water and boiled 
from 8 to 16 hours co ensure that all entrapped air has 
been removed. 

11.1.2 If end plates with previously saturated porous 
inserts with a bubbling pressure greater than 5 lbf/ in2 

are to be reused for the rest, the end plates, connecting 
lines, and porous inserts are to be removed from the triaxial 
assembly, completely submerged in de-aired water, and 
boiled for a minimum of 4 hours to remove any entrapped 
air. 
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11.1.3 If new porous inserts with a bubbling pressure 
of 5 lbf/ in2 or less are to be used for the test, the end 
plates, connecting lines, and porous inserts are to be 
completely submerged in de-aired water and boiled for a 
minimum of 2 hours tO ensure that all entrapped air has 
been removed. 

11 .1.4 If end plates with previously saturated porous 
inserts with a bubbling pressure of 5 lbf/ in2 or less are 
tO be reused for the test, the end plates, connecting lines, 
and porous inserts can be left in the triaxial assembly for 
subsequent tests and de-aired using vacuum. 

11.2 De-Airing the Triaxial Assembly (fig. 1) : 
11.2.1 Attach the saturated end plates with porous 

inserts to the chamber bottom plate. 
11.2.1.1 Place the bottom end plate with centering 

dowel into the hole in the center of the chamber bottom 
plate. 

11.2.1.2 To ensure that pressure does not build 
up in the system when the end plate connecting lines are 
attached to the fittings in the chamber bottom plate, open .. 
valves F and P or G and Q slightly tO allow a small amount 
of water to flow from the appropriate drain tube and 
flushing tank through the fittings in the chamber bottom 
plate while the appropriate end place connecting lines are 
being attached. 

11.2.1.3 Open valves F and P. Attach the bottom 
end plate connecting lines to the appropriate fittings in 
the chamber bottom plate. Close valves F and P. 

11.2.1.4 Open valves G and Q. Attach the t0p end 
place connecting lines co the appropriate fittings in che 
chamber bottom plate. Close valves G and Q. 

11.2.2 Place the chamber into the groove in the 
chamber bott0m plate. 

11.2.3 Check that all system valves are closed. 
11.2.4 Fill the chamber about one-half full with de­

aired water. 
11.2.5 Open chamber cap relief valve A. 
11.2.6 Set the chamber cap in place and force the 

cap down until it is properly seated on the chamber. 
11.2.7 Insert the piston through the opening in the 

chamber cap until the flange on the pist0n is resting on 
cop of the chamber cap. 

11.2.8 Open the valves to the top of the volume 
and drain tubes (valves B, C, and D). 

11.2.9 Attach vacuum hoses co the tops of the volume 
tube, drain tubes, and the fitting on chamber cap relief 
valve A. 

11.2.10 Attach the ocher ends of the vacuum hoses 
into a suitable vacuum source, such as a vacuum pump. 
Turn on the vacuum pump. 

11.2.11 Apply a vacuum of approximately 20 lbf/in2 

(140 kPa) for 5 minutes. 
11.2.12 Release the vacuum co the chamber by 

uncoupling the vacuum line from the vacuum pump 
multiport manifold. Maintain the vacuum on the volume 
tube and drain tubes. 

11.2.13 Open volume tube drain valve E and the 
volume rube isolation valve R, and fill the volume tube 
to the cop of its marking with de-aired water from the 
chamber (vacuum is still on the volume tube). 
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11.2.14 Close volume tube drain valve E. 
11.2.15 Open drain tube valves F and G and fill the 

drain tubes to the top of their markings with de-aired 
water from the chamber (vacuum is still on the drain tubes). 

11.2.16 Close drain tube valves F and G. 
11.2:17 Release the vacuum from the volume and 

drain tubes by uncoupling the appropriate vacuum lines 
from the vacuum pump. 

11.2.18 Reattach the vacuum hose to chamber cap 
relief valve A to the vacuum source. 

11.2.19 Open valve E and allow the water level in 
the volume tube to drop to about the 25-inch (635-mm) 
level. 

11.2.20 Close volume cube drain valve E. 
11.2.21 Open drain tube valves F and G, and allow 

the water level in the drain tubes to drop co about the 
25-inch level. 

11.2.22 Close drain rube valves F and G. 
11.2.23 Reattach vacuum hoses to the cops of the 

volume tube and .drain tubes. 
11.2.24 Displace water back and forth between the 

volume and drain tubes and the chamber by repeating 
subparagraphs 11.2.12 through 11.2.24 until air bubbles 
cannot be seen in che rubes. 

11.2.25 If the volume and drain tubes are not full 
at the end of the flushing process, fill the tubes by opening 
valves E, F, and G, with vacuum applied co the top of 
each tube. Fill the volume and drain tubes co the top of 
their tube markings with de-a ired water so they can be 
drained co the desired level for testing purposes. Close 
valves A, E, F, and G. 

11.2.26 De-air the flushing tanks and associated lines 
and fittings. A rubber stopper, with a short length of tubing 
through the hole in the center of the scopper, is inserted 
into the upper end of each flushing tank. 

11.2.27 A vacuum hose is attached co each cube. Plug 
the vacuum hoses attached co the top of the flushing tanks 
into the vacuum source. 

11.2.28 Ope~ valve A. Slowly open valves P and 
Q and allow each flushing tank co fill within about 1 inch 
(25 mm) of the cop. 

11.2.29 Close flushing tank valves P and Q. 
11.2.30 Release the vacuum from the flushing tanks 

by uncoupling the appropriate vacuum lines from che 
vacuum pump. 

11.2.31 Plug the vacuum hose co chamber relief valve 
A into the vacuum source. 

11.2.32 Open valves P and Q and allow the water 
level in the flushing tanks to drop so there is about I 
inch of water remaining in each flushing tank. Close valves 
P and Q. 

11.2.33 Displace water back and forth between the 
flushing tanks and che chamber by repeating subparagraphs 
11.2.27 through 11.2.33 until air bubbles cannot be seen 
in che flushing tank. Close valves A, P, and Q. 

11.2.34 Uncouple all vacuum lines from che manifold 
on the vacuum pump and shut off the vacuum pump. 

11.2.35 Uncouple all vacuum lines from the criaxial 
assembly, coil the vacuum lines, and score in a suitable 
location for future use. 
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11.2.36 Do not drain the water from the chamber 
until the end places and specimen are ready co be placed 
in the chamber as outlined in paragraph 14. 

11.3 De-Airing the Pore Pressure Transducers: 
11.3. l Check chat valves H and I are closed, then 

detach the pore pressure transducers from their fittings 
on the apparatus. Using a syringe, fill each transducer with 
de-aired water. 

l 1.3.2 Open valve A. Slowly open valve H to allow 
a small amount of water to escape from the chamber. With 
water flowing, attach the transducer for the bottom end 
place to the appropriate fitting. Leave valve H open. 

11.3.3 Slowly open valve I to allow a small amount 
of water to escape from the chamber. With water flowing, 
attach the transducer for the top end plate to the 
appropriate fitting. Leave valve I open. Close valve A. 

11.4 De-Airing the D1fferential Pressure Transducer: 
11.4.1 Fill the flushing rank on the differential 

pressure transducer about two-thirds full of de-aired water. 
Close the volume cube isolation valve R to isolate the 
volume tube and differential pressure transducer from the 
chamber. 

11.4.2 Open valve L on the differential pressure 
transducer. Remove the bottom plate on the differential 
pressure transducer by unscrewing the four cap head screws 
which hold it to the body of the transducer. Open valve 
M and fill the bottom plate with de-aired water from the 
flushing tank. Open valves E and K to the volume rube 
and allow water to flood over the exposed capsule located 
under the main body of the differential pressure transducer. 
With water flowing, place the bottom plate back on the 
differential pressure transducer while being careful not to 
entrap air. Close valve K, bur leave valve M to the flushing 
rank slightly open to relieve any pressure which results 
from tightening the cap screws. Tighten the four cap head 
screws. 

11.4.3 Flush the differential pressure transducer 
thoroughly by attaching a hand-held vacuum/pressure 
pump to the top of the flushing tank. Open valves K and 
M and flush water back and forth several times between 
the flushing tank and the volume tube through the 
differential pressure transducer . When this step is 
complete, be sure the water level in the volume tube is 
near the full marl< and close valve M. Open the volume 
tube isolation valve R . 

NOfE 3.-Excreme caution muse be used when flushing the 
differential pressure transducer, since a pressure greater chan 
about 10 lbf/in(2 (70 kPa) can damage che measuring capsule 
inside che transducer. 

12. Calib_!"ation and Standardization 

12.1 Verify that all component parts of the triaxial 
assembly are currently calibrated in accordance with the 
applicable calibration procedure. If the calibration is not 
current, perform the calibration before using the equipment 
for chis procedure. 
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13. Conditioning 

13. l Prepare, place, saturate, and load che test specimen 
in an area isolated from drafts, vibrations, and variations 
in ambient temperature. 

14. Procedure 

14.1 All data are to be recorded on figure 3, "Specimen 
Placement-Dara Sheer l" (for rriaxial shear tests) and 
on figure 4, "Triaxial Shear Test-Dara Sheet 2." Perform 
calculations, as necessary, following step by step procedures 
outlined on figure 5, "Triaxial Shear Test-Dara Sheet 3." 

14.2 Record all identifying information pertaining to 
the sample, specimen, and rriaxial assembly in designated 
blanks on data sheets 1 and 2. 

14.3 Connect a hose co valve N ; place the other end 
of the hose in an empty container or into a drain. 

14.4 Open valves A and N and drain all water from 
the chamber. Close valve N. 

14.5 Remove the piston, the chamber cap, and the 
chamber from the chamber bottom plate. 

14.6 Verify that volume tube valve B, drain tube valves 
C and D, and volume cube isolation valve R are open. 

14.7 Verify that all remaining valves to the chamber 
are closed. 

14.8 Open drain cube valve F and lower the water in 
the drain tube to a level about 6 inches (150 mm) above 
the chamber bottom plate. The water will exit through 
the chamber bottom plate of the triaxial assembly and 
it will be necessary to absorb the water with a rowel or 
other appropriate absorbent material. 

14.9 Close valve F. 
14.10 Open drain tube valve G and lower the water 

in the drain tube to a level about 2 inches (50 mm) above 
the chamber bottom place. The water will exit through 
the bottom plate of the triaxial assembly and should be 
wiped up immediately. 

14.11 Close valve G. 
14.12 Attaching the saturated end plate with porous 

insert to the chamber bottom plate follows : 
14.12. l Place the bottom end plate with centering 

dowel into the centering hole in the center of the chamber 
bottom place. 

14.12.2 Open valve G slightly to allow a very small 
amount of water to flow from the drain tube through che 
fitting. With water flowing, attach the bottom end place 
connecting tube to the chamber bottom place. 

14.12.3 Close valve G. 
14.12.4 Open valve F slightly to allow a very small 

amount of water co flow from the drain cube through the 
fitting. 

14.12.5 With water flowing, attach the cop end plate 
connecting line co the chamber bottom plate. 

14.12.6 Do not close valve F because this prevents 
cavitation of the system and keeps the cop end plate porous 
insert moist. 
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SPECIMEN PLACEMENT-DATA SHEET 1 
7-2367 (10-86) (FOR TRIAXIAL SHEAR TESTS) 

Designation USBR 5 755 -~~ Bureau of Reclamallon 

SAMPLE NO. rROJECT 'FEATURE 

61W-9 Example Example 
LOCATION l°EPTH/ELEV 

DH-27 15.0 - 20 . 0 ft. 
TESTEO BY OATE rOMPUTEO BY OATE rHECKEO BY OATE 

SPECIMEN TYPE : 181 UNOISTURBEO □NATURAL MOISTURE TEST TYPE: Ouu 181co OMUL TISTAGE 

OcoMPACTEO OwETTEO □cu OuKo OoKo 

SPECIMEN OIAMETER 2.000 (inl SPECIMEN LENGTH 5 .000 (in) 

PHYSICAL PROPERTIES 

% GRAVEL 5 LIOUIO LIMIT 46 (%1 (USBR 5350) 

%SANO 13 (USBR 5325) PLASTICITY INOEX 26 (%1 (USBR 63601 CLASS IF !CATION SYMBOL CL 

% FINES 82 SPECIFIC GRAVITY 2 . 71 (USBR 5320) 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

714.2 716.5 728 . 2 
11 I MASS OF WET SPECIMEN ANO CONTAINER IN AIR (g) 

151.0 151.1 158 .3 
(2) MASS OF CONTAINER IN AIR (g) 

563.2 565.4 569.7 
(3) MASS OF WET SPECIMEN (1) - (2) (g) 

MASS OF ORY SPECIMEN (3)/(1 + (12)/100) 
494.5 496.4 499.7 

(4) (g) 

(5) MASS OF WET SPECIMEN ANO CONTAINER IN WATER (g) 
387.5 389.6 389. 7 

(6) MASS LOSS OF WET SPECIMEN ANO CONTAINER • (1) - (5) (g) 
326.7 326.9 338.3 

(7) MASS OF CONTAINER IN WATER (g) 
80.0 80.5 79.4 

(8) MASS LOSS OF CONTAINER s (2) - (7) (g) 
71.0 70.6 78.9 

255.7 256 .3 259.4 
(9) MASS LOSS OF SPECIMEN• (6) · (8) (g) 

(10) SPECIMEN VOLUME= (9)/16.3498' (ln3) 
15.639 15 . 676 15 . 866 

(11) ORY UNIT WEIGHT= [ (4) x 3 ,8096') /(10) (lbf/tt3) 
120. 5 120.6 120.0 

(12) MOISTURE CONTENT (USBR 5300) (FROM BACK) (%)' 
13.9 13.9 14 . 0 

(13 ) SOIL VOLUME • (4)/(SpG x 16.3498') (ln3) 
11 . 161 11.203 11.278 

71.4 71.5 71.1 
(14) PERCENT SOIL VOLUME a ((13)/(10)) x · 100 (%) 

(15) WATER VOLUME= [ (3) - (4)) / 16,3498' (ln3) 
4.202 4 . 220 4.281 

(16) PERCENT WATER VOLUME • ((15)/(10)) x 100 (%) 
26.9 26.9 27.0 

(17) FREE AIR VOLUME= (10). (13) - (15) ·(ln3) 
0.276 0 . 253 0 .307 

(18) PERCENT FREE A I R VOLUME= 100 . (14) . (16) (%) 
I. 7 1.6 1.9 

(19) VOIO RATIO • ((10)-(13))/(13) 
0.401 0 . 399 0 .407 

(20) OEGREE OF SATURATION = ~ x 100 93.8 94.3 93 .. 3 
10 - 13 (%) 

'CONSTANTS: 16.3498 g/ln3 • (2,64)3 x 0 ,997724 

(em/ln)3 x ebo. denalty of water In glee GP 72 F, 
3 ,8096 = (1728 ln3/tt3) / (463.5924 g/lbm), 1 cc= 1 g@ 4oC 

Figure 3. - Specimen placement - data sheet I (for triaxial shear tests) - example. 

840 



USBR 5755 

SAMPLE NUMBER ___ 6_1_W_-_9 _____ _ 

MOISTURE CQNTENT DATA 

SPECIMEN 1 SPECIMEN 2 SPECIMEN 3 

CONTAINER NUMBER 63 41 76 UNITS 

DATE PLACED IN OVEN 2/14 2/14 2/14 

(1) MASS OF CONTAINER+ WET SPECIMEN 357.6 365 . 8 382.9 183 g 

(2) MASS OF CONTAINER+ DRY SPECIMEN 339.0 346.3 362.0 

(3) MASS OF CONTAINER 205. 2 206 .0 212 .7 Oke 
(4) MASS OF WATER • (1) - (2) 18.6 19 . 5 20.9 

(5) MASS OF DRY SPECIMEN• (2) - (3) 133. 8 140. 3 149. 3 01bm 

(6) MOISTURE CONTENT(%)• ((4)/(5)) X 100 13.9 13.9 14 .0 
COMPUTED BY AND DATE 
CHECKED BY AND DATE 

COMPACTION DATA 

(_ ______ ) 
X 

1_1:_ _____ , - (_ ______ ) 
X 

( _______ ) -
dry unit wt. 1 + mol1t. wet den . factor CONTAINER 

(USBR 5210) 
TOTAL 

LAYER 

' 
MASS (g) LENGTH (In) LAYER MASS (g) LENGTH (in) 

( 1) (6) 

(2) (7) 

(3) (B) 
" . 

(4) (9) 

(5) (10) -

COMPUTED BY DATE CHECKED BY DAT·E-- --

CONTAINER MASSES 

PARTS 
MASS - SPECIMEN 1 (g) PARTS MASS - SPECIMEN 2 (g) 

PARTS 
MASS· SPECIMEN 3 (g) 

AIR WATER LOSS AIR WATER LOSS AIR WATER LOSS 

CARRIAGE NO. I 78.7 70.1 8_6 I 78.7 70.1 8 .6 I 78.7 70.1 8 .6 

MEMBRAINE NO. 6MN 17.0 -0. 6 17.6 7MN 16.5 -1. 7 18.2 8MN 17.5 -1. 7 19.2 

END PLATES 6EP 51.7 9 .8 41.9 7EP 52.3 11.4 40.9 SEP 58 .5 10. 3 48.2 

2-'0' - RINGS 3 .6 0 . 7 2 .9 3.6 0 .7 2 .9 3,6 0.7 2.9 

MISC. 

TOTAL 151.0 80.0 71.0 . 151.1 80.5 70.6 158.3 79.4 78.3 

COMPUTED BY DATE CHECKED BY DATE 

Figure 3. - Specimen placement - dara sheet I (for triaxial shear tescs) - example - Continued. 

14.13 Apply a small amounr of silicon grease to che 
sides of the cop and boccom end places to aid in sealing 
che specimen membrane co the end places. 

14.14 Placing and sealing che soil specimen on the end 
places follows : 

14.14.1 Obtain a specimen prepared in accordance 
with either USBR 5210 or 5215. Ac this poinr, the specimen 
should be enclosed in a membrane wich caps on both ends 
with the membrane is sealed co che caps with O-rings. 
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14.14.2 Remove che O-rings from both ends of the 
specimen. 

14.14.3 Roll the membrane from the end cap on 
one end of the specimen and remove the end cap from 
char end of che specimen-either end may be used unless 
otherwise specified. 

14.14.4 Place che cesc specimen on che bottom end 
place. Roll che membrane down over the s ides of the boccom 
end place. 
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7-2371 ( J 0 -8b) 
Bureau of Reclamation TRIAXIAL SHEAR TEST-DATA SHEET 2 

Designation USBR 5755.~~ 
SAMPLE NO. I SPECI MEN Ni°" I PROJECT I FEATURE 

61W-9 Example Example 
TESTEO BY DATE I COMPUTED BY OATE I CHECKED BY DATE 

181 lbf/i/ 
Volume Chonge of System - USBR 1450 

Displacement 181 in /min Mal. Lat. I -1.QJL Slope I 0.008 Intercept I 0.000 
rote 0 .0001 D mrTVinin Back pressure 68. 2 D kPa 

Awlied lateral l8l lbf/in
2 

Barometric 181 lbf/ln2 Mal. Lat. 2 30.0 Slope2 0 .004 Intercept 2 0.080 

pressure _fil D kPa pressure 12 .0 □ kPo Max. Lat. 3 75.0 Slope 3 0.002 Intercept 3 0.160 

Pore-Pressure Coefficient(Bl 0. 98 Slope 4 0. 001 Intercept 4 0. 2 50 ( saturation parameter) 

Chamber No. 33 Compression test machine No. _2_ 

(a) Load piston area ,Ap 0.1964 181 in2 0 cm2 

( b) Volume tube factor, VTt 0 . 120 181 intln D cm3/cm 

( c ) Drain tube factor, DTf 0.0121 181 in3/in D cm3/cm 

( d) Temp. corr. coefficent, T1 
0 . 0115 181 inr'F O cm3/0 c 

Applied Oeviotor Axial Volume Pore Drain ·Tube 
SP.ecimen Tube Pressure Reading Temperature ~eral press. Load Deformation Reading --l'ap Bottom Tube I Tube 2 

(Jbf /in"l kPa (lbf) ~tons in l I mm in'il cm lbf/in2 D kPa lbf/in2b kPo in I cm ( in) I cm ( OF) I °C: 
\I) ( 2) -(3) -\4) \5 ---,6) (7) \8) ( 9) 

0 .0 0 I. 276 17. 76 0.0 0.0 - I 71 . 2 
97.0 0 I. 283 23.81 68.0 68.0 - 45 71 . 0 
97.0 19 I . 275 23 . 82 68.0 68 . 0 - 46 70.6 
97. 0 93 1. 225 23 .77 68.0 68 . 0 - 51 72 . 3 
97.0 124 1.184 24 . 15 68.0 68.0 - 55 71. 7 
97.0 149 1. 134 24 . 78 68.0 68.0 - 60 70. 7 

97. 0 161 1.094 24 .72 68 .0 68.0 - 64 71. 8 

97 . 0 161 1.084 24.69 68 . 0 68 . 0 - 65 72 . 2 
97. 0 183 0 .972 25 . 43 68.0 68.0 - 76 71. 2 

97.0 180 0 . 872 25.43 68.0 68.0 - 81 70.1 

97. 0 201 0 . 767 25.39 68 .0 68 . 0 - 86 7 I. I 
97. 0 212 0 . 667 25 . 31 68.0 68 . 0 - 91 69.6 
97.0 219 0 . 567 25 . 21 68.0 68.0 - 96 69 . 3 

97. 0 225 0.466 25 . 13 68.0 68.0 - IOI 68.8 

97 . 0 225 0 . 366 25 .. 07 68.0 68.0 - 106 70.6 
97.0 227 0 . 266 25.00 68.0 68 . 1 - 111 69. 7 
0.0 0 0 . 262 25. 78 0.0 -0.5 - II 2 69 . 2 

I 

GPO 8S2 - 188 

Figure 4. - Triax ial shear rest - data sheet 2 - example. 

842 



~ 
\.J-J 

·•• 

I , .nnt1,t19) TRIAXIAL SHEAR TEST-DATA SHEET 3 
Uurnu of Rtcl1m1tion 

$AMPLE NO. )SPECIMEN NO, 
I 

I PROJECT 
€,ample 

I FEA TURE 
61W-9 

Initial spec imen length IL0 ) 

5 . 000 

IXI in I Specimen length It m,1 of shea, L, 

0mm 4 .999 

IXJ in l'nit ial specimen a,ea !Ao• v0 + Loi 

0mm 3. 128 

T ESTED BY 

~­
~ g ,, -
"-= e C 

t § 
:;; ii 
I~ 
0. .... 

<I -

.,, 
C 
£ 
L 
0 -.,.. 0. 

-~; 
-c 0 .., = 
o, I 

i~ 
L D 

8 CL~ 

*g 

i 
L 
0 .,._ .. ·­.., ~ 
Cl .,_ 
E.., 
·i.-
.. ...J 

0 <l 
·;; 
<I 

,<ibf~® I® kPu I kN cm 
(10) I (II) I (12) 

* .. 
g'--:-:_ 
C ♦ 
.c -
u .!.. .. -.D. 
~ii' ... 
.. > 
g <I 
0 
> 

.. .,. 
C 

_g 
u 
.,-;;. 
.D ... 

~2'.:. 
0, N 

e­
"' ~ ~; 
~ .,_c 
.,.. > 
~ <] 
C 
0 
u 

~ ► 
.. .. ♦ 
:, L ...J 
~~(/) 
.... N 

gi~n 
C O.Q: 

£-0.. 
0 ... 

.. L ...J 
E~ I a~o 
>-gfi 
~~ n 
♦- o.U 
'/:.o> 
Vl <] 

0 .. .,.._ 
C 0. 

.. "'<1 
"'E­.., .. N 

fi~ 
0 -
.CCU 
u O o. 

e~~ :, 

g 

DATE 

o.,~ .. .,. c­
.. 0 N ,,.t:n 
-,:, u7-
o,11,1~ 
C,,L I 

~~--=-
,::Oen utu 
., o. I 
~~> - ..... 
!; <l 

I COMPUTED BY 

~ ... .,.­c.,, 
0 -
.c -u I .. ;;;­
E -
27 
o-
> :! 

o D 
+-
0 > 
... <I 

e-
"' CD o.=. 
> ♦ 

f >o 
.5 u 
~ >-

V) 

.t: 
+-
:r­.!!.=. 
C I 
.. 0 
E ...J 
·u II .. ·-
0. ...J 

V) 

... 
0 

+­
L 

~ 0 
~ 

~L-JN ... c . 
"'o 

.5~N v, 
0 -
~ I 

- ...J 
.2 II 
.::; 

"' 

'.'§ 
.,.. 0 

j~ ~ 
E N 
o_ 
Lo .... . 
c, 
£~1>0 
"'CD .. -
~ II 
0 > 

> "' 

L 0 
2 0 
~--;1... 
't-0 o 
~:;:.~ 
.g ~ 'o 

;it 
e 'o t; 
1t-t b 
,: 2 CV 
o .,, E 

~:~ 
e-'- ;.i -= ~ ~ 
oi:l" 
> .J 

' 

~ 
~ ~ 
~* g_ 
~* -~ 
o_ ·c 
~ IJ) :a. 
+- - .. 
0 I .> 

;ot 
t~t .. - .. 
~ba 
u.J C 

:i 

DATE 

0 
~ 
0 

l;j~ 
.e-::::-
§~ 
.,, .a 
.. u 
't <f ! ~. 

® 1@T®T(]n~:51®1 Gn!) 1 ~, G:5T, --r, i--, 1<f!>.wn3) 1 ® 
cm' c~ I cm' I cm' I en? cm' cm' c~ I kPo cm2 

(13l I (1•l I 115) I 11&) I 111) I (18) I 119) I (20) I (21) I (22) I (23) I l24l I (25) 

I 

Ei omple 

IXI in2 I Initial specimen volume (Vol 

Omm2 15.639 

ICHECl< EO BY 

.,, 
f O ... ·-.,, .,, ... 

- f - ~ 
~W") t;~ .- U'I:; 
GI~ _NV ~N .!:, o- . '--
"'- ·;;: + (/) ..... = o_ cu -

i~ f~] !~ 
~ is't i(/)L 

W L u.J 
.2. ·o 
~ 

(2&t I (21) (28) 

"' a .. 
"' 
♦ 

;::-
"' u 
I 

CL 

N .... 
.; 
~ 

"' 

~Isl 
♦- C .. __ 
- .. 
0 .. 
E­L:;: 
g t::i 

I .,_ 
► O> 

· - N 
+- -u II :-b 
u.J 

::: cg 

f :s 
♦- u 
.. N 

LO 
2~ 
~ ... • ... 

(29l J (30l I (31l I p2J 
II 00~0~000J0:00Jo.000Jo.000Jo000Jo.ooo)o.ooo),5 .s;ig)5.ooo) - I o.oo I - I o.o )3. ,28) o.oo) o .oo Jo.coo 

I .,..tp,,uon USBR 5755.!I)? 

j! 
o.i 

i; 
::: ·~ 
t In .. :r 
"'f & -1 
lbftin1 

kPa 
(31 

1X1 in3 

Omm3 

DATE 

1! 
:s.t r~ 
:a.§ 
ta tm 
e,lr 

j} 
<l 

lbf tin• 

kPa 
(34} 

♦-c 

·~ 

:::~ 
8 
u -.. L ,o 
LON 
:, -
~~ 
: I 
L <( 

~ 

lbf t in2 

kPo 
(35) 

2 • 6 .05 -o 726 0 . 272 -0.001 0 . 002 -0. 451 15 . 188 5.007 - - 29.0 3.033 -6.30 22 . 70 0 . 783 - - - - - -
J -6.06 -0,727 ·0.212 0.000 0 . 0 0 7 -0.448 15.191 4 .999 0 . 00 o.oo 29,0 3 , 039 -0.02 28.98 0. 999 28.99 -o.o, -
♦ -6 .01 -0.121 0.212 0 .010 -0. 013 -0. 472 15.161 4.949 1.00 0 .1s zg.o 3.065 24 _11 53.11 1.e:,1 4i .os 11 . 23 
5 -6 .3!!_ -0.161 0.212 0 .010 -0.005 -o.s,9 , s . 120 4 .908 1.82 0 .47 __19c9 3.0J!i 3< .05 63.05 2. 114 46 .03 15.86 
61 91.0 I 129.910. 142 J - 1 .02 l-o.e4z) o .21210.028lo.00 6 L-o.5!!1l15.o41_L4,858I 2 . 82 I 3.79 I o .9s I 29.o I 3.0911 41.94) 10.94 l2 . 446 l49.91l20.9...Ll42 .32~2 
71 97.0 I 141.9 I 0. 182 l-6 ,96 l-0.835 I 0 .272 I 0 .036 l-0 .007 l-0.606 I 15.033_1 4 .818 I 3 .62 I 3 .87 I 1.0 4 I 29 .0 I 3.12 0 I 45 .48 I 74 ,48 I 2 .568 I Sl .74 I 22 .74 143,44 I 21, 17 
81 97.o I 141.910, ,92 l-6.93 I-0.832 I 0.2121 0 .0381-0.012 1-0 . 610 I 15.029 I 4.808 I 3.02 I 3.9o L~1 .01~I ~29,0 ( :1126 J•5 .3.2...]_74,39_l_2.56S I s, ,10122.10143.421 21 . 13 
91 97.o I 163.9 I o .~-1.6·1_J-o.920 I 0.212 I 0 .060 I 0.000 1-0 . 108 I 14. 931 I 4 .696 I 6 .06 I • .53 I , .1, I ~9.o I 3. 180 I si .54 ( 80.54 12 .111 I 54 . 77 I 25 .77 ( 45.37 I 23 .99 

10 97.0 160.9 0 .404 -7 .69 -0.923 0 .272 0 .079 0 .013 -0 . 717 14 .9 22 4.5 9 6 8 .06 4 .58 1.77 29.0 3. 247 49 .55 78 .55 2 . 709 53.78 24.78 44 .7 4 23.07 
11 97. o 1e1 ,9 0. ,09 -7 . 63 -0. 916 0 .212 0 . 100 0 .001 -0 .1 4 3 14.896 4 .491 10. 1s 4 .7 5 1. 94 29-.0 3.3 17 54.84 8 3. 84 2. 891 56. 42 27 .42 46.42 25 .53 

12 97.0 19.?.9 0 . 609 -7 .55 -0.906 0 .272 0 .120 0 .018 -0.736 14.903 4 .391 12. 16 4 . 71 1.90 29 0 ~394 56.84 85.84 2 .960 57.42 28 .42 47.05 26.46 

13 97.0 199.9 0 .709 -7 . 4~ -0.894 0.272 0. 139 0 .022 -0.739 14.900 4 .291 14. 16 4 .73 1.92 29.0 3. 4 72 57. 57 86 .57 2.985 57. 79 28.79 47. 29 26.81 I -- I - I 
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15 91.0 205.o o , 910 -1. 31 -o.877 0212 0. 119 0 .001 -0.111 1<,86 2 •090 ,8. 18 4.97 2 . , 1 29.o 3. &3• 56.66 85 .66 2 .954 57.33 28, 33 46,99 26.38 
16 97.0 207,9 1. 010 -7. 24 -0.869 0.272 0 .198 0.017 -0. 778 14,861 l.990 20. 18 4 .9 7 2. 17 28. 9 17 25 55.81 84.71 2.931 56. 81 27. 91 46.63 25.99 
17 0.0 0 . 0 1.014 -8. 02 -0.962 0 .000 0 . 199 0 .023 -1 .138 14.501 3.986 20 . 26 7.28 4 .54 0 .5 3.638 0 .00 I 0 . 5 1.000 

18 I I I I J J I I I 
19 I I I I I I 
20 I I I I I I I 

-sign designates start uf shear (touch) 

•sutncript I denotes initial reading 
Subscript i denotes any subsequent read ing 

.. Bottom pore pressure shown; may UM! lOP pore pressure value ( 101 · (5) 
or 1ver,ge pore pressure, ( 101 • (I (51 + (61 I ~ 21 

G,01~ •l12 

Figure 5. - Triaxial shear _resr - da ta sheer 3 - example. 
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14.14.5 Place two O-rings, of appropriate size, on 
the bottom of the O-ring expander. Position the expander 
around the specimen with the bottom of the expander 
around the middle of the bottom end plate. Roll the O-rings 
into position around the end place co seal the membrane. 

14.14.6 Remove the expander from around the 
specimen. 

14.14.7 Place two O-rings on the top end of the 
O-ring expander. Position the expander at approximately 
midheight of the test specimen with the rop of the expander 
near the middle of the cop end plate. 

14.14.8 Remove che O-rings from the top end cap. 
Roll the membrane down from the cop of the specimen 
and remove the end cap. 

14.14.9 Blot any excess water from the surface of 
the porous insert in the top end plate and close valve F. 

· 14.14.10 Carefully place the cop end plate into 
position on rop of the test specimen. 

14.14.11 Roll the membrane up over the sides of 
the top end plate. Roll the O-rings from the expander 
onto the membrane so the membrane seals against the 
middle of the top end plate. Remove the expander from · • 
around the specimen. 

NOfE 4.-The expander is split into halves and is hinged on 
one side to facilitate removal from around che specimen. 

14.15 Lightly grease the upper and lower ends of the 
chamber. 

14.16 Carefully place the chamber into position in the 
groove in the chamber bottom plate. 

14.17 Attach a hose from the de-aired water source 
to the de-aired water source (valve N) line and begin filling 
the chamber through the chamber bocrom plate with de­
aired water. As water rises in the chamber, use a squeeze 
bulb to remove any air bubbles that may be present on 
the bottom and sides of the chamber and specimen. 

14.18 Fill the chamber completely with de-aired water. 
Close valve N. 

14.19 Open valve A and set the chamber cap in place. 
Force the chamber cap down onto the chamber until it 
is properly seated. 

14.20 Open valve N and continue filling the chamber 
with de-aired water until water flows out of chamber cap 
relief valve A. Close valve A and continue filling so that 
any air remaining in the system is forced up through the 
ball bushing. 

14.21 When water flows out of the top of the ball 
bushing, close valve N. 

14.22 Screw the chamber boles into the chamber 
bottom plate and set the chamber cap hold down plate 
into place. 

14.23 Secure the chamber cap to the chamber bottom 
plate by screwing the four ours onto the four chamber 
boles; tighten the nuts in a staggered sequence to about 
50 ft-lbf torque. 

14.24 Lightly grease the piston, open valve A, and 
carefully push the piston through the ball bushing in the 
center of the chamber cap until the piston tip fits into 
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the socket in the top end plate. Check that the piston 
is firmly in contact with the top end plate but does not 
apply excessive pressure to the specimen (by feel) . Close 
valve A. 

14.25 Attach the axial deformation indicator (fig. 1), 
and adjust its range so that deformation of the test specimen 
can be recorded. 

14.26 Open valves Land K to the differential pressure 
transducer. 

14.27 Attach and secure the piston retainer bar. Be 
careful not to disturb the specimen. The purpose of the 
pisron retainer bar is to prevent the pisron from being 
forced out of the chamber when lateral pressure is applied 
inside the chamber. 

14.28 Open valve A. Slowly open volume tube valve 
E until water flows out of chamber cap relief valve A. 
When the level of water in the volume tube has reached 
the desired level for starting the test-usually the IO-inch 
(250-mm) level-close valve A. 

NOfE 5.-The desired volume tube water level is dependent 
on che volume change potential of the soil being cesced. For 
test specimens whose anticipated volume change is slight, the 
volume cube can be filled co a higher level than for test specimens 
whose anticipated volume change is great. 

14.29 Make sure the air pressure regulators are sec 
to zero and attach air pressure hoses to the tops of the 
volume tube and drain tubes. 

14.30 Read and record: 
Initial applied lateral 

pressure 
Deviator load reading 
Axial specimen defor­

mation reading 
Volume tube reading 

Top and bottom pore 
pressure readings 

Tube 1 and tube 2 drain 
tube readings 

Chamber fluid temperature 
Date 

as shown on figure 4 (data sheet 2). 
14.31 Specimen saturation by application of back 

pressure follows: 
14.3 1.1 Open valve E and apply 5 lbf/in2 (35 kPa) 

lateral pressure to the fluid in the chamber to seat the 
r.riaxial assembly. 

14.31.2 Determine and record appropriate data as 
shown on data sheet 2 (fig. 4) . 

14.31.3 Open valves F and G and increase the lateral 
pressure and back pressure simultaneously, maintaining 
a difference of approximately 2 to 5 lbf/in2 between the 
two pressures. Never allow the back pressure to equal or 
exceed the lateral pressure. 

NOfE 6.-Time required for the pore fluid to reach an 
equilibrium condition under the applied back pressure increment 
can vary greatly depending on soil type, initial degree of saturation, 
and size of specimen. Normally the back pressure can be raised 
ro 60 lbf/ in2 ( 414 kPa) over a period of 30 minutes. 

NOfE 7.-For most soils, a back pressure of 60 lbf/in2 should 
be applied before the pore pressure coefficient Bis checked. 
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14.31.4 Close drain cube valves F and G. 
14.31.5 Increase the lateral pressure by 5 lbf/in2 . 

14.31.6 Open pore pressure transducer valves H 
and I. Determine and record the pore pressure at the rop 
and botrom of the specimen. Close valves H and I. 

NOfE 8.-To determine if saturation is complete, che pore 
pressure coefficient B is calculated. Specimens are considered 
sacurared if B is equal co or grearer rhan 0.95 or if B remains 
unchanged after application of additional back pressure 
increments. See figure 6 for an example of B parameter 
calcularions. An alternative method of determining if saturation 
is complete is co first measure pore warer pressure ac a point 
when consolidation is choughr co be complere. Then immediately 
close valves C and D. After 10 minutes, measure pore water 
pressure. Calculate che percent pore pressure dissipation using 
rhe following: 

U= 
U- UB 
Uo- UB X 100% 

where: 
U = percent pore pressure dissipation, % 
u pore pressure after valves C and D closed, lbf/in2 

u0 = pore pressure before closure of valves C and D, lbf/in2 

un = back pressure, lbf/in2 

If U is equal ro or greater rhan 95 percent, rhe consolidation 
of che rest specimen is complete. 

NOfE 9.- For many specimens, rhe pore pressure may decrease 
after an immediate increase and then increase slighcly with time. 
If the pore pressure immediately equals the lateral pressure chis 
may indicate a leak of chamber fluid into rhe specimen. Decreasing 
pore pressure wirh time may indicate a leak in a pare of rhe 
pore pressure measurement system located outside rhe chamber. 

14.31.7 Compute the B value by dividing the value 
of the induced pore pressure increment (response due to 
applied lateral pressure increment) by the increase in 
applied lateral pressure increment (5 !bf/ in2) . If the B 
value is less than 0.95, continue the back-pressure process 
by repeating subparagraph 14.31.5. If the B value is equal 
ro or greater than 0.95, initiate the consolidation process 
starting at subparagraph 14.32. Normally, the specimen 
should be allowed to set for at least 30 minutes between 
B value determinations. 

14.32 Consolidating the specimen follows : 

NOfE 10.-The objective of rhe consolidation phase of the 
cesc is ro allow rhe specimen ro reach equilibrium in a drained 
scare under che effective consolidation pressure for which che 
shear strength determination is required. During consolidation, 
dara are obtained for use in determining when consolidation is 
complere. 

14.32.1 Open specimen drain cube valves F and G. 
Increase the lateral pressure until the difference between 
the lateral pressure and the back pressure equals the desired 
effective consolidation pressure. 

14.32.2 At increasing intervals of elapsed time 
(approximately 0.1, 0.2, 0.5, 1, 2, 4, 8, and 24 minutes 
and 1, 2, 4, and 8 hours, etc.) observe and record volume 
rube height readings. 

14.32.3 Allow the specimen to consolidate under the 
specified effective consolidation pressure until 100-percent 
primary consolidation is obtained. Consolidation is 
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considered complete based on a marked reduction in the 
slope of the specimen volume versus square root of time 
plot. Figure 7 shows an example of this type of plot. 

14.33 Determine the "couch" point. 
14.33.1 After completion of primary consolidation, 

specimen drain cube valves F and G are left open. 
14.33.2 Attach a calibrated load cell ro the crosshead 

of the compression test machine. Carefully place the triaxial 
assembly in the compression test machine. 

14.33.3 Align the load cell and load transfer piston 
of the triaxial assembly. 

14.33.4 Compute deviator load due ro applied lateral 
pressure. 

NOfE l l.-Deviaror load due ro applied lateral pressure-is based 
on rhe area of rhe piston. The piston area [irem (a) from "Triaxial 
Shear Tesr-Dara Sheer 2"', fig. 4] is multiplied by rhe applied 
lateral pressure co obtain rhe force rhe piston exerrs on the load 
cell. This force is subrracced from rhe deviacor load co obtain 
the acrual axial force applied ro the specimen. 

14.33.4.1 When deviator load due to applied 
lateral pressure has been computed, determine and record 
all values as described in subparagraph 14.31. Begin ro 
apply load slowly to the piscon. When the deviator load 
reading just equals the deviaror load due to applied lateral 
pressure (corrected deviacor load equals zero), stop the 
piston movement. This is ·· couch" point-the point at 
which the piston just contacts the top end plate on the 
specimen. 

14.33.4.2 When "couch" has been established, 
determine and record all values as described in subpara­
graph 14.30. Place a minus sign in the left hand margin 
of data sheer 2 (fig. 4) directly opposite the data line at 
which "touch" was obtained. The minus sign serves as 
an easy reference as to when "touch" was achieved. 

14.34 Race of Loading.-The specimen may be com­
pressed in one of two manners, either ( 1) by controlling 
the rate of applied axial compressive stress or (2) by 
controlling the rate of axial strain. 

14.34. l Controlled rare of axial stress : 
14.34.1.1 Axial load is applied to the specimen 

in such a manner that the rate of stress increase is constant. 
14.34.1.2 The axial stress application rate should 

be based on field conditions being modeled in the laboratory. 
14.34.2 Controlled rate of axial strain: 

14.34.2. l If the specimen is to be compressed at 
a controlled rate of axial strain, a rate of 0.002 percent 
per minute should be used unless otherwise specified in 
the testing request. Table 4 lists recommended displacement 
rares and strain rates for various specimen dimensions. 

Table 4. - Recommended Jisplacemenr anJ strain rate for various test 
specimen sizes. 

Tesr seecimen size Displacement Sera in 
Diameter Height Diameter Height race rare 

m in mm mm in/min mm/min % 

2.0 5.0 50.8 127.0 0.00010 0.00254 0.002 
2.8 7.0 71.1 177.8 .00014 .00356 .002 
6.0 15.0 152.4 381.0 .00030 .00762 .002 
9.0 22.5 228.6 571.5 .00045 .01143 .002 
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Figure 6. - Triaxial shear tesr-B -value determinarion - example. 
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15 55 

INITIAL SP( Cl t.'[ fl VOL UM[ = I S.64 in J 

SATURAT ED SP[(IM(rl \'OU.JU!: • 16 7,:, in} 

SAM"LE 110. 6 3W-9 
SPECIMEN NO. 1 

15 .50 .;_.. ___ _.._ ___ -+----- -----+-----I 
0 .0 10 .0 20.0 30 .0 .:o.o 50 .0 

TIME ( ✓MINUTES) 

Figure 7. - Specimen volume versus square root of rime - example. 

14.35 Data Acquisition Rate : 
14.35.1 If an automatic data acqutsmon system is 

used, data readings should be recorded at 0.20-percent axial 
strain intervals as shown on table 5. 

Table 5. - Dara collection intervals for various rest specimen sizes. 

Test specimen size Data collection interval 
Diameter Height Diameter Height Displacement Axial strain 

m m mm mm in mm % 

2.0 
2.8 
6.0 
9.0 

5.0 
7.0 

15.0 
22.5 

50.8 
71.l 

152.4 
228.6 

127.0 
177.8 
381.0 
571.5 

0.010 
.014 
.030 
.045 

0.254 
0.356 
0.762 
1.143 

14.36 Compressive Stress Application : 

0.20 
.20 
.20 
.20 

14.36.1 Single stage compression of multiple 
specimens (standard procedure) : 

14.36.1.1 Start loading the specimen at the 
prescribed rate; determine and record all parameters at 
the recommended interval. 

14.36.1.2 Continue loading the specimen until 
axial strain equals 20 percent. 

NOfE 12.-Due to data acquisition system restraints in the 
Bureau's geotechnical laboratory in Denver, Colorado, the criaxial 
test may be continued until axial strain is approximately 20 
percent. However, it may be appropriate to discontinue the test 
at some other point if possible, such as 5-percent axial strain 
past maximum deviator stress. 

14.36.1.3 When loading is complete, srop the 
compression test machine; unload the specimen until the 
load indicaror registers zero. 

14.36.2 Multistage compression of single specimen 
( optional procedure): 

14.36.2. l Start loading the specimen at the 
prescribed rate, determine and record all parameters at 
the recommended interval. 

14.36.2.2 Compute, plot, and moniror the stress 
difference (deviaror stress), axial strain, and effective stress 
ratio. 
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14.36.2.3 Continue loading the specimen until one 
of the following criteria are met. 

14.36.2.3. l Axial strain equals 5 percent (20% 
at final lateral pressure) . 

14.36.2.3.2 Stress difference or effective stress 
ratio curve starts to peak or flatten out. 

14.36.2.4 When the criteria stated in subpara­
graphs 14.36.2.3 is satisfied, stop the compression test 
machine and unload the specimen until the load indicaror 
registers zero. 

14.36.2.5 Apply the next lateral pressure and 
repeat the procedure beginning at subparagraph 14.32 . 

14.37 Carefully release the lateral pressure. Close all 
valves to the chamber. Open valve A. Attach the drain 
tube ro valve N . Open valves N and R and drain the 
water from the chamber. 

14.38 Engage the controls on the compression test 
machine which allow manual control of the loading device. 
Back the load transfer piston away from the load cell. 

14.39 Dismantle the triaxial assembly. 
14.40 Phorograph the specimen while it is still on the 

chamber bottom plate with the end plates attached. 
14.41 Release the membrane from the top and bottom 

end plates by moving or removing the O-rings and rolling 
the ends of the membrane off of the end plates. 

14.42 Carefully remove the specimen from the end 
plates. 

14.43 Carefully remove the membrane from the 
specimen. 

14.44 Phorograph the specimen with the membrane 
removed. 

14.45 Determine the moisture content of the test 
specimen, in accordance with USBR 5300, using the entire 
specimen or a representative portion taken along the entire 
length of the specimen. 

14.46 For single stage compression of multiple 
specimens, repeat CD triaxial shear test on new specimens 
at specified lateral pressures until at least three specimens 
have been tested and resulting data have been recorded. 

15. Calculations 

15.1 Perform all calculations on "Triaxial Shear Test­
Data Sheet 3" (fig. 5) as specified, and record in the 
appropriate columns. 

15.2 All calculations are based on data recorded on data 
sheets 1 and 2 (figs. 3 and 4) . 

15.2.1 Enter the following information on the 
heading of figure 5 (data sheet 3) . Read and record: 

Sample No., 
_Specimen No., 
Initial specimen volume ( Vo) (from fig. 3, data sheet 1), 
Initial specimen length (Lo) (from data sheer 1), and 
Compute the initial specimen area (Ao) by dividing Vo 

by Lo. 
15.2.2 Applied lateral pressure [fig. 5, col. (10)] is 

the applied lateral pressure from figure 4 [ data sheet 2, 
col. (1)). 
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15.2.3 Corrected deviator load [col. (11)] is the 
deviator load corrected for the upward force due to lateral 
pressure acting on the piston. 

(1) 
where: 

Pde corrected deviator load, !bf 
Pd = · deviator load, !bf 
Ap load piston area, in2 

aa = applied lateral pressure, lbf/in2 

15.2.4 Axial specimen deformation [col. (12)] is 
calculated. 

(2) 
where: 

b.L axial specimen deformation (change in specimen 
length), in 

initial axial specimen deformation indicator 
reading, in 

L; subsequent axial deformation indicator reading, in 

15.2.5 Volume tube change [col. (13)] is the change 
in fluid level (linear units) in the volume tube. 

where: 
b.VT= 
VT1 
VT;= 

volume tube change, in 
initial volume tube reading, in 
subsequent volume tube reading, in 

(3) 

15.2.6 Converted volume tube change [col. (14)] is 
the volume tube converted from linear units to volumetric 
units. 

b.VT,, = b.VT (VT1) 
where: 
b.VT,,= converted volume tube change, in3 

b.VT = volume tube change, in 
VT1 = volume tube factor, in3/in, from USBR 1455 

(4) 

15.2.7 System volume change due to applied lateral 
pressure [col. (15)] is the expansion or contraction of the 
triaxial system (in cubic inches) due ro a change in applied 
lateral pressure (see fig. 6) . 

b.VC = [(aa - LTPR;)] (SL;)+ Y; 
where: 

b.VC = system volume change due to applied lateral 
pressure, in3 

a3 = applied lateral pressure, !bf/ in2 

LTPR; = lateral pressure intercept for lateral pressure 
increment considered, )bf/ in2 

(5) 

SL; = slope of line relating volume change tO applied 
lateral pressure for pressure increment 
considered, in3 / (lbf/ in2) 

Y; = volume change intercept for lateral pressure 
increment considered, in3 

NOTE 13.-A curve for system volume change versus lateral 
pressure must be developed for each triaxial shear test system 
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and is unique for that particular system (see fig. 8). This curve 
is developed when the rriaxial shear rest system is calibrated 
(USBR 1450). 

15.2.8 Volume change due to piston movemem [col. 
(16)] due to displacement of water by piston entry into 
the chamber. 

where: 
b.Vp 

(6) 

volume change due to pisron volume movement, 
in3 

change in specimen length, in 
load piston area, in2 

15.2.9 Volume change due to temperature change 
[ col. ( 17)] is the change of the confining fluid in the cell 
due to temperature change. 

(7) 
where: 
b.TV = 

T1 = 
T1 

volume change due to temperature change, in 3 

temperature correction coefficient, in3 /° P 
initial temperature reading of water in 

chamber, 0 P 
subsequent temperature reading of water in 

chamber, 0 P 

See appendix Xl for derivation of the temperature 
correction coefficient. 

w 
(!) 

z .. 
:,: 
u 

w 
::i; 
::, 
..J 

Y(4) 

Y(3) 

§? Y( 2) 

::i; 
w 
I-

"' >-
(/) 

Y(~~°=PR:-------:L-::'T'::cPR:------(l;,:L-3-----:LT:'-:-P-R ______ LT_,_PR 

(I) (2) (3) (4) 

LATERAL PRESSURE- lbf/ln2 

m 
EXAMPLE: FOR LTPR(2)!>Oi < LTPR(3) 

t:,.VC= VOLUME CHANGE=([o, -LTPR(2lJ•SL(2)}+Y(2) 

Figure 8. - Volume change of system due to applied lateral pressure. 
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15.2.10 Tora/ volume change [col. ( 18)} is calculated. 

aV = aVTn + aVC - aVp + aTV (8) 
where: 

aV = total volume change, in3 

aVTn = converted volume cube change, in3 

aVC = system volume change due to applied lateral 
pressure, in3 

aVp = volume change due to piston movement, in 3 

a TV = volume change due to temperature change, in3 

15.2.11 Specimen volume [col. (19)] is the volume 
of the specimen at any subsequent point during the test. 

where: 
V; = subsequent specimen volume, in3 

Vo = initial specimen volume, in3 

aV = total volume change, in3 

(9) 

15.2.12 Specimen lengrh [col. (20)] is the length of 
the specimen at any subsequent point during the test. 

where: 
subsequent specimen length, in 
initial specimen length, in 

(10) 

L; 
Lo 

al axial specimen deformation (change in specimen 
length), in 

15.2.13 Axialsrrainfromsrartofshear E [col. (21)] 
is calculated. 

where: 
E = 

Ls 
L; 

100 

E = 100 ( Ls - L;) 
Ls 

axial strain from start of shear, % 
specimen length at start of shear, in 
subsequent specimen length, in 
convert from decimal co percent 

(11) 

15.2.14 Volume srrain from inirial, Ev, [col. (22)] 
is the volumetric strain in percent of initial specimen 
volume. 

Ev = 100 [ aV ~l.O)] 

where: 
Ev = volume strain from initial,% 

aV = total volume change, in3 

-1.0 = constant to establish sign convention where 
positive values indicate compression and 
negative values indicate expansion 

Vo = initial specimen volume, in3 

100 convert from decimal to percent 

(12) 

15.2.15 Volume srrain from start of shear, Evs [col. 
(23)] is the volumetric strain in percent of specimen volume 
at start of shear. 

Evs 
= lOO [ (V; -Vis) (-1.0) J 

V,s 
(13) 

849 

where: 
Evs = volume strain from start of shear, % 

specimen volume at subsequent reading, in3 

specimen volume at start of shear, in3 

V; = 
Vis 

-1.0 = constant to establish the sign convention where 
positive values indicate compression and 
negative values indicate expansion · 

100 = converts from decimal co percent 

15.2.16 Effective lareral stress [col. (24)] is 
calculated. 

03' = 03 - u (14) 
where: 

o3 ' effective lateral stress (minor effective principal 
stress), lbf/in2 

oa applied lateral pressure, lbf/ in2 

u pore pressure, lbf/ in2 

15 .2.1 7 Correcred specimen area [col. (25)] is 
calculated. 

where: 

V; 
Ac= -

L; 

Ac = corrected specimen area, in2 

(15) 

V; = specimen volume at a subsequent reading, in3 

L; = specimen length at same subsequent reading, in 

15.2.18 Deviator srress, Od [ col. (26)] is calculated. 

(16) 

where: 
o d deviacor stress, lbf / in2 

Pde corrected deviacor load at a given reading, lbf 
Ac corrected specimen area at the same given 

reading, in2 

15.2.19 Effective ax1:1J srress [col. (27)] is calculated. 

(17) 
where: 

o 1' effective axial stress (major effective principal 
stress), lbf/ in2 

03' effective lateral stress (minor effective principal 
stress), lbf/ in2 

Od deviator stress, lbf/in2 

15.2.20 Effective srress ratio [col. (28)] is calculated. 

S - oi' 
r - , 

03 
( 18) 

where: 
Sr = effective stress ratio, dimensionless 

oi' effective axial stress (major effective principal 
stress), lbf/ in2 

o3' effective lateral stress (minor effective principal 
stress), lbf/ in2 

15.3 p - q Diagram.-A convenient method of plotting 
the state of stress, for a given soil specimen, is to plot 
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stress points on a p - q diagram. The coordinate system 
for the p - q diagram may be defined in terms of total 
or effective stress as follows: 

Total stress Effective stress 

(01 + 03} p' 
(a{+ al} 

p 
2 2 

(01 - 03} 0d , 
q= 

0d 
q 

2 2 
q 

2 

where: 
01 major principal stress, lbf/in2 

03 minor principal stress, lbf/in2 

Od deviator stress, lbf/in2 

a{ major effective principal stress, lbf/in2 

03' minor effective principal stress, )bf/ in2 

15.3.1 Record the calculated values of p' and q' or 
p and q in columns 29 and 30, respectively, on data sheet 3. 

15.3.2 Repeat calculations described in subpara­
graphs 15.2.2 through 15.3.1 for all recorded data for all 
specimens. 

15.3.3 For each specimen tested (minimum of 3), 
·select an appropriate failure stress and locate corresponding 
p' - q' or p - q values which are referred to as p'r, q'r 
or pr, qr. 

15.3.3.1 Failure of test specimen may be defined 
in several ways: 

(1) First maximum or maximum principal effective 
stress ratio (a{jal) maximum 
(2) First maximum or maximum deviator stress (ad) 
maximum 
(3) Shear stress at a prescribed axial strain 
(4) Any other criteria consistent with the condition 
being analyzed 

15.3.4 Plot all calculated values of p' - q' or p - q 
for each specimen as shown on figure 9. 

15.3.4.1 Connect the respective stress points for 
each specimen with a line or curve as shown on figure 9. 
This curve is a continuous representation of successive 
states of stress to which each specimen was subjected during 
testing and is called a "stress path." 

15.3.5 Fit a straight _line through the stress points 
corresponding to failure (p'r - q'r) on the p - q diagram; 
use either a visual best fit or a mathematical fitting 
technique such as linear regression. This line is the Kr-line. 
Determine and draw the Kr-line (fig. 9). 

NOfE 14.-The Kr -line can be determined by performing a 
linear regression analysis of stress points at failure. 

15.3.5.1 The equation of the Kr-line is of the linear 
form y = mx + b. It is defined for effective stress 
conditions as follows: 

'qf= a+pF(tani/f) (19) 
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SAMPLE NO. 61 W-9 
250 ~--------------------, 

o-o ~ SPECIMEN NO. 1 TEST SUMMARY: 
• - • = SPECIMEN NO. 2 
6 - 6 = SPECIMEN NO. 3 

SPECIMEN p· 
f 

o· 
f 

NO. (lbf/;n) (lbf/;n) 

------N 
c: 200 
~ 
_o 

N 150 
'---.._ 

------n 
b 

I 100 

0 

where: 

0 

<l> = SIN-1 (TAN ,J;) 
C = a/COS <l> 

51.7 
103.4 
189.6 

50 100 150 200 

P' = (a' 1 + a' 3)/2 (lbf/in2) 

Figure 9. - p' - q' diagram - example. 

qr - q' at failure, lbf/ in2 

PF= p' at failure, lbf/in2 

22.7 
45.4 
73.6 

a intercept of the Kr-line on q-axis, lbf/ in2 

tan 1/J slope of the Kr-line, dimensionless 

250 

1/J angle of the Kr-line with respect to horizontal, 
degrees 

15.4 Mohr-Coulomb Effective Stress Shear Strength 
Parameters.-The equation for the Mohr-Coulomb failure 
envelope, figure 10, is similar to that of the Kr -line in 
that both are linear. There are relationships from which 
effective stress shear strength parameters may be calcu_lated 
using the parameters obtained from the p - q diagram. 

15 .4.1 Effective angle of internal friction, <p ', is the 
angle the Mohr-Coulomb failure envelope makes with the 
horizontal and may be calculated using the relationship 
between the Kr -line and Mohr-Coulomb failure envelope. 

sin <f,' tan 1/J (20) 

<f,' sin-1 (tan 1/J) 

where <f,' equals effective angle of internal friction, degrees. 

15.4.1.1 Calculate the effective angle of internal 
friction,</>', using the equation in subparagraph 15.4.1 and 
the value for tan 1/J from subparagraph 15.3.5.1. 

15.4.2 Effective cohesion, c', is the shear stress 
intercept of the Mohr-Coulomb failure envelope. Cohesion 
may be calculated using the relationship between the 
Kr -line and the Mohr-Coulomb failure envelope. 

c' 

where: 

a 
cos </>' 

c' effective cohesion, lbf/ in2 

(21) 

a = intercept of the Kr-line on the q'-axis, lbf/in2 
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SAMPLE NO. 61W-9 
250--------------------, 

o-o = SPECIMEN NO. 1 

,.,....._ 
• - • = SPECIMEN NO. 2 
.a - o. = SPECIMEN NO. 3 

TEST SUMMARY: 

N 
-~ 200 

....._____ 

<I>" ; sin - 1 (ton •'·) SPEC1'4EN •·' •· 3 •·, T"1 
'I' NO. (lbf/;n2) (lbf/;n2) (lbf/;n2) (lbf/;n2) 

c' ; a/cos <I>' 1 74.5 29.0 43.5 21.2 

....... 
_Q 

.____, 

l- 150 
(/) 
(/) 
w 
O::'. 
I- 100 
(/) 

O::'. 
<( c· ; 5.8 lbf/in 2 
w 
I 50 
(/) 

0 50 

2 148.8 58.0 86.9 42.3 
3 263.2 116.0 162.9 68.6 

100 150 200 250 

EFFECTIVE NORMAL STRESS a' (lbf /in2) 

Figure 10. - Mohr's diagram - example. 

15.4.2.1 Calculate the effective cohesion, c', using 
the equation in subparagraph 15.4.2 and the values for 
a and</>' from subparagraphs 15.3.5.1 and 15.4.1.1. 

15.5 Effective Stresses on Failure Plane.-The effective 
normal stress, a', and the shear stress, T, that develop 
on the failure plane during shear may be calculated at any 
reading for each of the specimens tested. 

15.5.1 Effective normal stress, a', for each reading 
for each specimen using corresponding values of p', q', 
and</>' from figure 5 (data sheet 3), subparagraphs 15.3.1, 
and 15.4.1, respectively, is calculated. 

a' = p' - q' sin</>' (22) 

where a' equals effective normal stress, lbf/in2. 

15.5.1.1 Record values for a' on figure 5 [data 
sheet 3, col. (31) ]. 

15.5.2 Shear stress, T, for each reading for each 
specimen using corresponding values of q' and </>' from 
figure 5 (data sheet 3), subparagraphs 15.3.3 and 15.4.1, 
respectively, is calculated. 

T = q' COS q>' (23) 

where T equals shear stress, lbf/in2. 

15.5.2.1 Record values for T on figure 5 [data 
sheet 3, col. (32) ]. 

15.6 Mohr's Diagram.-A Mohr's circle can be 
constructed for every state of stress to which a specimen 
is subjected. However, the state of stress most often 
represented is the condition at failure (subpar. 15.3.5.1). 
The circle at failure is defined by the principal stresses 
which caused failure and the resulting normal and shear 
stresses on the failure plane. 
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15.6.1 Plot the Mohr's circle at failure for each 
specimen as shown on figure 10. 

15.6.1.1 The center of each Mohr's circle is located 
using the p' value from figure 5 [data sheet 3, col. (29)]. 

p' = 
where: 

(air + aar) 
2 

p'r = p' at failure, lbf/in2 

(24) 

air = major effective principal stress at failure, lbf/in2 

aar = minor effective principal stress at failure, !bf/ in2 

15.6.1.2 The radius of the Mohr's circle is equal 
to q'r for the selected failure point from figure 5 [data 
sheet 3, col. (30)]. 

q'r = 
where: 

q'r = q' at failure, lbf/in2 

adr 

2 

adr = deviator stress at failure, lbf/in2 

(25) 

15.6.2 Locate the center of each circle on the same 
plot of shear stress versus effective normal stress and draw 
each circle using the corresponding radius (fig. 10). 

15.6.3 Locate, and include on the Mohr's diagram, 
the Mohr-Coulomb failure envelope defined by the effective 
stress shear strength parameters <J>' and c' as determined 
in subparagraphs 15.4. l. l and 15.4.2.1, respectively 
(fig. 10). 

15.6.4 Plot the effective normal stress [col. (31)] 
and shear stress [col. (32)] for each reading from figure 5 
(data sheet 3) for each specimen on the Mohr diagram. 
Connect the respective points for each specimen with a 
line or curve (fig. 10). This curve is called a "vector curve." 

15.7 Plot percent axial strain [col. (21)] versus deviator 
stress [ col. (26)] from figure 5 ( data sheet 3) for each 
specimen tested as shown on figure 11. 

15.8 Plot percent axial strain [col. (21)] versus volume 
strain [ col. (22)] from figure 5 ( data sheet 3) for each 
specimen tested as shown on figure 12. 

15 .9 Plot percent axial strain [ col. (21)] versus effective 
stress ratio [ col. (28)] from figure 5 ( data sheet 3) for 
each specimen tested as shown on figure 13. 

16. Report 

16.1 The report is to consist of the following completed 
and checked forms: 

"Specimen Placement-Data Sheet l" (fig. 3) 
"Triaxial Shear Test-Data Sheet 2" (fig. 4) 
"Triaxial Shear Test-Data Sheet 3" (fig. 5) 

16.2 Data plots are required as follows: 
"p' - q' Diagram" (fig. 9) 
"Mohr's Diagram" (fig. 10) 
"Percent Axial Strain versus Deviator Stress" (fig. 11) 
"Percent Axial Strain versus Volume Strain" (fig. 12) 
"Percent Axial Strain versus Effective Stress Ratio'' 

(fig. 13) 
16.3 All calculations are to show a checkmark and all 

plotting must be checked. 
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SAMPLE NO. 61W-9 
200 

,,--._ 
160 66_6 __ 6-•-·-· 

N 
C .----'-,._ ,./ -.D / '--' 

(/) 120 . 
I (/) . w I ----·-·-0::: .------.. ·-·-· I- . 

(/) I . / 80 
0::: / 
0 . 
I- TI <( I 0--0-0-0-

> .-----0-0---

w 40 - 0/<D 

0 . / 
0 

I o - o = SPECIMEN NO . 1 
? • - • = SPECIMEN NO. 2 

6 - t:. = SPECIMEN NO, 3 
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AXIAL STRAIN (%) 

Figure 11. - Percent axial strain versus deviator stress - example. 
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SAMPLE NO. 61 W-9 
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o-o = SPECIMEN NO. 1 
• - • = SPECIMEN NO. 2 
.o. - t:. = SPECIMEN NO. 3 
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Figure 12. - Percent axial strain versus volume strain - example. 
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Figure 13. - Percent axial strain versus effective stress ratio - example. 

17. Background Reference 

Engineering and Design Laboratory Soil Testing, 
Department of the Army, Office of the Chief Engineers, 
Washington, D .C. 20314, EM 1110-2-1906, 
November 1970. 
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APPENDIX 

X 1. DETERMINING THE TEMPERATURE CORRECTION COEFFICIENT 
FOR WATER-FILLED TRIAXIAL ASSEMBLY 

Xl.l Scope 

X l. l. l When performing criaxial shear cescs, there are 
occasions when changes in ambient temperature can occur. 
These ambient temperature changes can affect the volume 
of the water used for monitoring volume change of the 
specimen during testing. This appendix presents a method 
for determining a temperature correction coefficient for 
computing correct specimen volume. 

X 1.2 Summary of Method 

X 1.2. l A criaxial assembly is de-aired and fiiled with 
de-aired water. A thermometer or thermocouple is inserted 
into the water in the chamber. The triaxial assembly is 
placed in a location where the ambient temperature can 
be varied from approximately 65 co 75 ° F. The ambient 
temperature is allowed co drop slowly to the lower limit 
of the ambient temperature range over a period of 8 to 
12 hours . Then, the assembly is relocated into an 
environment where the ambient temperature will cause 
the temperature of the criaxial assembly to increase 
approximately 10 to 15 °F over a period of 6 co 8 hours. 
The temperature of the water in the triaxial assembly is 
measured and recorded co the nearest 0.1 ° F and che water 
level in the volume cube is read and recorded to 0.01 inch. 
The data are used to compute the temperature correction 
coefficient for the assembly in cubic inch per degree 
Farenheic (cubic centimeter per degree Celsius). 

NOfE Xl.1-When determining chis coefficient, the top and 
bottom end plates are removed from the triaxial assembly since 
no specimen is placed in the chamber. Pipe plugs are screwed 
into the chamber bottom plate where the rop and bottom end 
pl_ilte lines had been attached. 

NOfE X 1.2-lc is recommended that three trials be performed 
on an assembly to determine an average temperature correction 
coefficient. Since the volume of water in an assembly is one 
of the independent variables in determining the coefficient, the 
volume of water in an assembly should not be changed during 
the trials and a temperature correction coefficient should be 
determined for each different size triaxial assembly. 

Xl.3 Preparation of Apparatus 

X 1.3. l De-airing the criaxial assembly (fig. l): 
X l.3.1.1 Place che chamber into che groove in che 

bottom place. 
X 1.3.1.2 Verify that all the valves in the system are 

closed. 
X 1.3.1.3 Fill the chamber about one-half full with 

de-aired water. 
X l.3. l.4 Open triaxial chamber cap relief valve A. 
X l.3.1. 5 Set the chamber cap in place, and force 

che cap down onto the chamber until it is properly seared. 
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X 1.3. l.6 Insert the piston through the ball bushing 
until che piscon flange is resting on cop of the chamber 
cap. 

X 1.3. l.7 Open valve B to the top of the volume 
cube. 

X 1.3.1.8 Attach vacuum hoses co valve B on cop 
of the volume cube and co the fitting on the chamber cap 
relief valve A. 

X 1.3.1.9 Attach the ocher ends of the vacuum hoses 
to a multiporc manifold on the vacuum pump. Turn on 
the vacuum pump. 

Xl.3.1.10 Apply a vacuum of about 20 lbf/in2 (140 
kPa) for 5 minutes. 

X l.3 .1.11 Release the vacuum from the chamber (at 
valve A) by uncoupling the vacuum line at the vacuum 
pump. Maintain the vacuum on the volume cube. 

Xl.3.1.12 Open volume tube drain valve E and 
volume tube isolation valve R, and fill the volume cube 
co the cop of its marking with de-aired water from the 
chamber (vacuum is still on the volume cube) . 

Xl.3.1.13 Close volume cube drain valve E. 
X 1.3.1.14 Release the vacuum from the volume tube 

by uncoupling the appropriate vacuum line at the vacuum 
pump. 

X 1.3. l. L 5 Plug the vacuum hose that attaches co the 
chamber at relief valve A into the vacuum source. 

Xl.3.1.16 Open valve E and allow the water level 
in the volume tube co drop to about the 25-inch (635-
mm) level. 

X 1.3.1.17 Close volume tube drain valve E. 
X 1.3. 1.18 Reattach the vacuum hose to the top of 

the volume tube. Uncouple the vacuum hose to valve A. 
X 1.3.1. 19 Displace water back and forth between 

the volume tube and the chamber by repeating subpara­
graphs X 1.3. l.12 through X l.3. l.18 until air bubbles can 
not be seen in the volume cube. 

X l.3.1.20 If the volume tube is not full at the end 
of the flushing phase, fill the cube by opening valve E. 
Fill the volume tube to about the 5-inch level with de­
aired water, so that it can be drained co the desired level 
for the coefficient determination. Close valves A and E. 

X 1.3.1.21 Uncouple all the vacuum lines from the 
manifold on the vacuum pump and shut off the vacuum 
pump. 

X l.3 . l.22 Uncouple the vacuum line from valves A 
and B. Coil the vacuum lines up and store them in a suitable 
location for future use. 

X l.3. l.23 Do not drain the water from the chamber 
at this time. 

Xl.3.2 De-airing the differential pressure transducer. 
X 1.3.2. l Fill the flushing tank on the differential 

pressure transducer about two-thirds full with de-aired 
water. Close the volume cube isolation valve R to isolate 
the volume cube and differential pressure transducer from 
the chamber. · 
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Xl.3.2.2 Open valve L on the differential pressure 
transducer. Remove the bottom plate on the differential 
pressure transducer by unscrewing the four cap head screws 
which hold the bottom plate to the body of the transducer. 
Fill the bottom plate with de-aired water. Open valve M 
and fill the bottom plate with de-aired water from the 
flushing tank. Open valves E and K to the volume tube 
and allow water to flood over the exposed capsule located 
under the main body of the differential transducer. With 
water flowing, place the bottom plate back on the 
differential pressure transducer, being careful not t0 entrap 
air. Close valve K but leave valve M to the flushing tank 
slightly open to relieve any pressure which results from 
tighter,ing the cap screws. Tighten the four cap head screws. 

Xl.3.2.3 Flush the differential pressure transducer 
thoroughly by attaching a hand-held vacuum/ pressure 
pump to the top of the flushing tank. Open valves K and 
M and flush water back and forth several times from the 
flushing tank to the volume tube through the differential 
transducer. When this step is complete be sure that the 
water level in the volume tube is near the full mark and 
close valve M. Open the volume tube isolation valve R. 

NOfE Xl.3-Extreme caution must be used when flushing the 
differential pressure transducer system since a pressure greater 
than about 10 lbf/in2 (70 kPa) can damage the measuring·capsule 
inside the transducer. 

Xl.4 Procedure 

Xl.4.1 All data are to be recorded on the "Temperature 
Correction Coefficient" form as shown on figure X 1. 1. 

Xl.4.2 Record all identifying information pertaining 
to the triaxial assembly on the form. 

Xl.4.3 Connect a hose to valve N; place the other 
end of the hose in an empty container or into a drain. 

Xl.4.4 Drain about one quarter to one-third of the 
water from the chamber by opening valve N. Close valves 
A and N. 

Xl.4.5 Remove the piston and the chamber cap from 
the chamber. 

Xl.4.6 Verify that volume tube valve Bis open. 
Xl.4.7 Verify that all remaining valves to the chamber 

are closed. 
Xl.4.8 Attach a hose from the de-aired water source 

to the de-aired water source line. Open valve N and begin 
filling the chamber through the chamber bottom plate with 
de-aired water. As water rises in the chamber, use a squeeze 
bulb to flush any air bubbles that may be present on the 
bottom and sides of the chamber. 

Xl.4.9 Fill the chamber completely with de-aired 
water. Close valve N . 

Xl.4.10 Remove relief valve A by unscrewing it from 
the chamber cap. 

Xl.4.11 Set the chamber cap in place. Force the 
chamber cap down onto the chamber until it is properly 
seated. 

Xl.4.12 Open valve N and continue filling the chamber 
with de-aired water until water flows out of the hole left 
by removal of relief valve A. Close valve N. 

Xl.4.13 Insert a thermocouple or thermometer to 
about midheight in the chamber through the hole left by 
removal of valve A. 

Xl.4.14 Using modeling clay or silicon sealant, seal 
the opening between the thermocouple or thermometer 
and the hole in the cap. 

Xl.4.15 Open valve N and continue filling the chamber 
until water flows out the top of the ball bushing. Close 
valve N . Disconnect the de-aired water source line from 
valve N. Reattach the drain line to valve N . 

Xl.4.16 Screw the chamber bolts into the chamber 
bottom plate; set the chamber cap hold down plate into 
place. 

Xl.4.17 Secure the chamber cap to the chamber bottom 
plate by screwing the four nuts onto the four chamber 
bolts; tighten the nuts in a staggered sequence to about 
50 ft-lbf torque. 

Xl.4.18 Tape a 0.5-inch diameter by 3-inch-long 
wooden dowel to the side of the piston nearest the piston 
retain.er bar. Since there is not a specimen inside the 
chamber, the dowel keeps piston intrusion at about the 
same level it would be when a specimen is in the chamber. 

Xl.4.19 Lightly grease the piston. Open valve E. 
Carefully push the piston through the ball bushing in the 
chamber cap until the wooden dowel comes in contact with 
the top of the chamber cap. If the water displaced by the 
piston overtops the volume tube, drain the excess water 
by opening valve N . Close valve N. 

Xl.4.20· Open valves L and K to the differential 
pressure transducer. 
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Xl.4.21 Attach and secure the piston retainer. 
Xl.4.22 Open volume tube drain valve E. Slowly open 

valve N to allow water to drain from the volume tube. 
When the level of water in the volume tube has reached 
the desired level for starting the test-usually the 10-inch 
level-close valve N. 

Xl.4.23 Place the triaxial assembly in an environment 
where an ambient temperature of 60 to 65 ° F ( 16 to 18 ° C) 
can be maintained f9r 8 to 12 hours. 

Xl.4.24 When the temperature of the triaxial assembly 
has stabilized, read and record chamber water temperature 
and volume tube height. Move the triaxial assembly to 
an environment where the ambient temperature will cause 
a water temperature rise of 10 to 15 ° F over a period 
of 6 to 8 hours. 

Xl.4.25 Read and record water temperature to the 
nearest 0.1 °F and volume tube height to the nearest 0.01 
inch. These readings should be taken at about I-hour 
intervals until chamber water temperature stabilizes. 

Xl.4.26 This constitutes one trial. Repeat subpara­
graphs Xl.4.23 through Xl.4.25 if additional trials are 
required. 

Xl.4.27 Compute the temperature correction coeffi­
cient for each trial. Determine the average system 
temperature correction coefficient if required. 

Xl.5 Calculations 

Xl.5 .1 Perform all calculations on the "Temperature 
Correction Coefficient" form as shown on figure Xl.l. 
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7-2368 (10-86~ 
Bureau of Rec mation 

TEMPERATURE CORRECTION COEFFICIENT-DATA SHEET 
Designation USBR _____ 

PROJECT I FEATURE 
Example Example 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

Triaxial Assembly No. 29 (a.) Volume tube factor , VT f O. 1 I O 00 in3tin □cm3tcm 

* Subscript I denotes initial reading 
Subscript i denotes any subsequent reading 

Ct Cl) 

C: Cl) .0 Cl) 
c,, ::, c,, 

'O C: - C: 
0 _g* Cl) 0 
Q) 

Cl) -
.. .c .. 

0 - E~o 
::, 0 w w Cl) ~- -I-

Q) - ::, C: - C 
:ii: .D .D I Oo~ 

.. Q) 
ct ::, ::, - Cl) ... 
0 I- - - ,ii" >.c V a. ::, ., - ..,_ 

E -Cl) 0 
E E -,::, Cl) ... 
::, ::, .l!! I- Cl) 

~ 
a. 

~ 
... E Cl) 
> 

~ C 
0 
(.) 

in 00 in IXl in3 1Xl F•OO Fo~ 

cm □ cm□ cm3 0 c·o C"□ 

(I) (2) ( 3) ( 4 l (5) (6) (7) 

I 9/16 6:34 10.00 - 0.00 66.2 0.0 

2 7:30 9.84 0.16 0.018 67.8 1.6 

3 8=50 9.51 0.49 0.054 70.7 4.5 

4 9:30 9.45 0.55 0.061 71.6 5.4 

5 10=30 9.23 0.77 0.085 73.2 7.0 

6 11 =38 9.09 0.91 0.100 75.0 8.8 

7 12=35 9.05 0.95 0.105 75.7 9.5 

8 13=30 8.91 1.09 0.120 76.6 10.4 

9 

10 

II 
12 
13 

14 
15 

16 

17 

18 
19 
20 

REMARKS: System designed for 2x5 inch specimens. No en_c:IJ)lotes or specimen in chamber 
during this test. One trio I only. 

t;PO 8~2- 180 

Figure X 1. I. - Temperature correction codficienc-daca sheet - example. 
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Xl.5.2 Volume Tube Factor, VTr.-Enter the volume 
tube factor in the space provided on figure Xl.l. 

Xl.5.3 Data Record-As readings are observed, record 
the following data: date (col. 1), time (col. 2), volume tube 
reading (col. 3), and temperature (col. 6). 

Xl.5.4 Volume Tube Change (col. 4).- The change in 
fluid level (col. 4) in the volume tube is calculated. 

where: 
LlVT = 
VT1 
VT;= 

LlVT = VT1 - VT; 

volume tube change, in 
initial volume tube reading, in 
subsequent volume tube reading, in 

(Xl-1) 

Xl.5.5 The volume tube readings are converted (col. 5) 
from linear to volumetric readings. 

LlVT,, = LlVT ( VTr) 
where: 
LlVTn= converted volume tube change, in3 

LlVT = volume tube change, in 
VTr = volume tube factor, in3/in 

(Xl-2) 

Xl.5.6 The change in chamber water temperature 
(col. 7)is computed. 

LlT = Ti - T; (Xl-3) 
where: 
LlT = temperature change, 0 P 

Ti initial stabilized water temperature reading, 0 P 
T; = subsequent temperature water reading, 0 P 

Xl.5.7 The temperature correction coefficient is a 
constant which relates chamber water temperature change 

to system volume change and may be expressed as: 

y; _ LlVTn 
r - LlT (Xl-4) 

where Tr equals temperature correction coefficient, in3 /° F. 
The temperature correction coefficient is the slope of the 
straight line relating LlVTn to Ll T and is assumed to pass 
through the origin. The line may be established from a 
visual best-fit straight line through the data points as shown 
on figure X 1.2 or it may be determined using linear 
regression analyses. If three trials are performed, an average 
coefficient for the triaxial shear test system should be 
determined using all data collected for the individual trials. 

NOfE Xl.4.-The temperature correction coefficient is usually 
expressed in terms of cubic inch per degree Fahrenheit. However, 
it may be expressed in terms of cubic inch per degree Celcius, 
cubic centimeter per degree Fahrenheit, or cubic centimeter per 
degree Celcius. 
.., 

C 

<] 0.20 

.., 
m 
::, 
~ 0.15 

.., 
:I 
=, 0.10 
..J 
0 
> 
O 0.05 .., ... 
a: .., 
> 
z 
0 
u 

Slope computed based on visual best fit line 
r,-0.120 in3/ 104°F •0.0115 in3/°F 

LO 2.0 30 4.0 5.0 6.0 7.0 e.o 9.0 10.0 II 0 

TEMPERATURE 6T ("Fl 

TRIAXIAL ASSEMBLY N0.29 
Temperature Correction Coeff1c1ent 

Figure Xl.2. - Temperature correction coefficient plot - example. 

X2. MEMBRANE CORRECTION 

X2.1 Correction for Effect of Specimen Membrane 

X2. l. l The following equation, from ASTM D 1850, 
may be used to correct compressive soil strength for the 
effect of the specimen membrane if the error in deviator 
stress due to strength of the membrane exceeds 5 percent. 

A( )_4ME(i-E) 
u 01 - 03 -

Do 
(X2-l) 

where: 
Ll(o1 - oa) the correction to be subtracted from the 

measured compressive strength, lbf/in2 

initial diameter of specimen, in 
compression modulus of the membrane, 

!bf/in 

Do 
M= 

E = specimen axial strain, expressed as.'.a 
decimal 

X2.2 Compression Modulus of the Membrane, M 

X2.2. l The compression modulus of the membrane 
may be determined by hanging a 0.5-inch length of 
membrane over a thin rod, placing another rod along the 
bottom of the hanging membrane and measuring the force 
per unit strain by stretching the membrane. In tests of 
very soft soils, the membrane effect may be significant; 
however, for most soils the membrane correction is 
insignificant and can be ignored. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5765-89 

PERFORMING LABORATORY VANE SHEAR 
TESTING OF SOILS 

INTRODUCTION 

This procedure is under rhe jurisdiction of rhe Georechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under rhe fixed designation USBR 5765. The number immediately 
following the designation indicates rhe year of acceptance or rhe year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
performing laboratory vane shear· resting of soils using 
a vane shear device adapted with an electrical torque 
transducer and an appropriate readout system for 
determining undrained shear strength of soil. 

NITTE !.-Laboratory vane shear devices are manufactured rhar 
incorporate a series of calibrated torque springs in lieu of the 
electrical torque transducer specified in this designation. If torque 
springs are used, calibration of the vane shear device must be 
performed in accordance to the manufacturer specifications. Data 
obtained from a laboratory vane shear rest performed using a 
calibrated rorque spring would include measurement of vane 
rotation along with rotation of the spring mounting which are 
used to determine spring deflection. Spring deflection is used 
to calculate the torque applied ll]. 1 Torque transducer 
measurement is related directly to vane rotation because the 
electrical torque transducer shaft is physically attached to rhe 
vane. The data sheers presented in this designation reflect the 
direct vane rotation measurement capabilities using an electrical 
torque transducer. These data sheers should not be used without 
appropriate modifications for calibrated torque spring· applica­
tions (see note 2) . 

1.2 Ir is recommended that the laboratory vane shear 
test be conducted in fine-grained soils having an undrained 
shear strength less than 1.0 ton/ft2 (96 kN/m2) . Vane 
shear test failure surfaces in higher strength fine-grained 
soils may deviate from the assumed cylindrical failure 
surface and cause inconsistencies in rhe measured undrained 
shear strength. 

2. Auxiliary Tests 

2.1 The soil samples used in laboratory vane shear 
resting generally are undisturbed block or rube type samples 
rhar have been obtained in accordance with USBR 7100 
or 7105, respectively. Tube-type samples are processed in 
accordance with USBR 5200. 

1 Number in brackets refers t0 the reference. 
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3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating ro Soil Mechanics 
USBR 5200 Processing Tube-Type Samples 
USBR 7100 Obtaining Undisturbed Block Samples by the 
Hand and Chain Saw Methods 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 

4. Summary of Method 

4.1 A four-bladed vane is pushed into a soil sample. 
The torque required to cause a cylindrical surface of the 
soil to be sheared by the vane is measured. This torque 
is convened to a unit shearing resistance of the cylindrical 
surface. Measurement of torque is accomplished using an 
electrical torque transducer which is arrached directly to 
the vane shaft. 

5. Significance and Use 

5.1 The laboratory vane shear test is used for evaluation 
of undrained shear strength of saturated cohesive soils. 
It can be performed on tube-type or block samples. 

5.2 Correlation of laboratory vane shear rest results 
with chose obtained from unconfined compression and 
criaxial shear tests is generally favorable. This is particularly 
true of sarurared clays having undrained shear strengths 
below 1 ron/ft2 (96 kN/m 2). 

5.3 The laboratory vane shear rest should be used as 
an aid in evaluating undrained shear strength characteristics 
of soil rather than as a replacement for conventional shear 
strength measuring techniques. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 

6.1.1 Shear Strength-The maximum resistance of 
a soil or rock to shearing stresses (ASTM definition). 
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7. Interferences 

7.1 The laboratory vane shear test is designed for use 
on saturated, fine-grained cohesive soils. The presence of 
coarse sand or gravel in test specimens could result in 
erroneous values of undrained shear strength of soil. If 
the test specimen contains coarse-grained material, 
laboratory vane shear testing should not be performed and 
ocher shear strength measuring techniques should be 
employed. 

7 .2 Since undrained shear strength measured using the 
vane can be greatly influenced by the rate at which shear 

_.,....--,.Torque spring 
replacement 
spacer 

Full bridge strain gauge 
torque transducer 

Vane blade 

(a) Electrical torque transducer. 

Pointer carrier 

Knob on 
vertical shaft 

Pointer 

Rotating 
scale 

Fixed scale 

BEFORE TEST ZERO SETTING 

(b) Scales on laboratory vane shear device. 

Figure 1. - Laboratory vane shear device. 
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occurs, it is recommended chat corque be applied using 
a motorized device. A handcrank manual device can be 
used, but is not recommended due to potential variation 
in race of shear. Rotation rate of the device must be such 
that drainage is not permitted during shear. 

NOfE 2.-A fundamental difference exists in torque application 
berween laboratory vane shear tests made using an apparatus 
with a calibrated torque spring versus an elecrrical torque 
transducer. An elecrrical torque transducer produces a strain­
contro lled torque to the vane, whereas a calibrated torque spring 
produces torque co the vane that varies between stress-controlled 
and strain-controlled conditions. Using an elecrrical torque 
transducer, the consrant rate of rotation applied co the cop of 
the torque transducer is transmitted directly to the vane. The 
resulring strain-controlled torque could result in a higher rate 
of shear than that produced using a calibrated torque spring. 

8. Apparatus 

8.1 Laboratory Vane Shear Device.-A laboratory vane 
shear device (fig. 1) consisting of an electrical torque 
transducer and torque spring replacement spacer (fig. la) 
to apply torque to the vane, for measuring undrained shear 
strength of soil. The laboratory vane shear device should 
preferably be motorized and should rotate the vane at a 
constant rate such that drainage during shear is not 
permitted. The device is to have an indicator or reading 
system so that rotation of the electrical corque transducer 
(i.e. vane blade rotation) can be determined. The electrical 
torque transducer should produce a repeatable linear 
relationship between transducer output ( m V) and torque 
applied (in·lbf). 

8.2 Vane.-A four-bladed vane as shown on figure 2. 
A vane having a height twice the diameter (2:1) is most 
often used; although, vanes with varying height to diameter 
ratios can also be used to accommodate soils of different 
shear strength. 

::c 

2:1 VANE 
(H=2D) 

f 1==:=..11===1 

~ 

~ 
1:1 VANE 

(H=D) 

Figure 2. - Rectangular four-bladed vane. 
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8.3 Wax. - Paraffin type, used co secure the tube or block 
sample co a suitable testing stand or table for resting. 

8.4 Brnsh. - Paintbrush, about 5 inches (130 mm) wide, 
used for applying the wax to secure the rest specimen. 

8.5 Calibration Wheel - A wheel which is attached to 
the laboratory vane shear device during calibration and 
is used to support the calibration masses. A schematic of 
a calibration wheel is shown on figure 3a . 

1.437 R 

NOTE: Shaft must hove 
a flat section 
for locking with 
set screw 

0 .18 2 .25 R 

2.35 R 

Drill thru 6°-i" dio. holes 
equal I y spaced at 60° 

2.25 R 

(a) Schematic of calibrat ion wheel. 

(b) Ca libra tio n asse mbly. 

Figure 3. - Calibrat ion of an electrica l torque transduce r 

vane shear device. 
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8.6 Calibration Masses.- Sets of masses which are used 
to apply torque to the laboratory vane through an electrical 
torque transducer. 

9. Precautions 

9.1 Safety Precautions. - H andle the vane shear ap paratus 
carefully co avoid possible injury resulting from the sharp 
edges of the vanes. 

9.2 Technical Precautions: 
9.2.1 Do nor attempt co test materials that contain 

coarse sand or gravel (see subpar. 7.1 ). 
9.2.2 Score the vanes in a suitable case when nor 

in use co avoid damage. 

10. Sampling, Test Specimens, and Test Units 

10. l Samples are obtained in accordance with USBR 
7105 and generally processed in accordance with USBR 
5200 prior co performing this procedure. 

11. Calibration and Standardization 

11.1 Torque Transducer Calibration: 
11.1.1 All data are to be recorded on the "Laboratory 

Vane Shear Calibration" form as shown on figure 4. 
11 .1.2 Attach the torque transducer co the vane shaft, 

as outlined in the manufacturer's specifications. Insert the 
torque spring replacement spacer in the apparatus. 

11.1.3 Connect the torque transducer leads co an 
appropriate s ignal conditioner, and connect the signal 
conditioner co a readout system (generally a voltmeter or 
computer). 

11.1.4 Secure the laboratory vane shear apparatus/ 
torque transducer assembly to the edge of a suitable table 
or bench as shown on figure 36. 

11.1.5 Insert and secure the calibration wheel in the 
vane shaft ho le of the transducer using an appropriate 
size set screw. 

11.1.6 Attach the cord onto the calibration wheel. 
11.1.7 Zero the output signal from the torque 

transducer on the readout sys tem. 
11.1.8 Hang the smallest calibration mass from the 

cord as shown on figure 36. 
11. l.9 Reposition the calibration wheel, if necessary, 

until the cord is hanging vertically and tangent co rhe wheel. 
Remove the mass from the cord. 

11.1.10 Calculate the maximum torque that can be 
applied co the torque transducer. 

11.1.11 Calculate the mass required to apply the 
desired torque to the transducer for each torque increment. 

NOTE 3.- It is recommended that ca librat ion data be obtained 
at a minimum of four incre ments over the full range of the 
torque transducer to ensure accurate calibration. 

11.1.12 Hang sufficient mass onto the cord of the 
calibration wheel to obtain the desired torque. 

11.1.13 Read and record the mass co the nearest 
0.001 lbm and the voltage output co the nearest 0.01 mV. 
Remove the mass from the cord. 



USBR 5765 

7-2382 (12-86) 
LABORATORY VANE SHEAR CALIBRATION 

Bureau of Reclamation Designation USBR 5765-~9 
MANUFACTURER MODEL NO. SERIAL NO . 

Example Example I 

CALIBRATION PERFORMED BY DATE COMPUTED BY DATE CHECKED BY DATE 

RADIUS OF CALIBRATION WHEEL (1) 2.25 in LOAD CELL NO . 3 

CALIBRATION MASS TORQUE• 
USED (in-lb!) TRANSDUCER OUTPUT 
(lbm) T=(l)x(2)= (millivolts) 

(2) (3) (4) 

0.004 (2g) 0.01 0. 10 

0.022 I I0a l 0.05 0.50 

0. 110 (50g) 0.25 2.50 

0 . 132 (60g) 0.30 3.00 

0.220 I 100g) 0.50 5.00 

-

• IMPLIES 1 lbm = 1 lbf GPO 8!52 - !5-47 

Figure 4. - Laboratory vane shear calibration - example. 
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11.1.14 Repeat subparagraphs 11.1.12 and ll.l.13 
for the full rorque range. 

11. l.15 Calculate and record ro the nearest 0.01 in·lbf 
the rorque applied by each mass and prepare a plot of 
transducer output versus rorque as shown on figure 5 and 
calculate the slope of the line using a linear regression 
analysis. 

11.1.16 Verify calibration of the torque transducer 
for each rescing program. 

12. Conditioning 

12. l Vane shear resting should be performed as quickly 
as possible after specimen preparation ro avoid unrecorded 
moisture loss from che cesc specimen. 

13. Procedure 

13.1 All data are to be recorded on the ""Laboratory 
Vane Shear Test" form as shown on figure 6. 

13.2 Secure the laboratory vane shear apparatus to a 
suitable cable or bench. 

13.3 Select a vane and torque transducer appropriate 
for the material being tested. As a guideline, use smaller 
vanes for firm or stiff soils and larger vanes for softer 
soils. Several trials may be necessary to determine the 
correct vane size and torque transducer combination. Too 
small a vane will produce rotations of insufficienr 
magnitude, while too large a vane may produce torque 
in excess of the capacity of the torque transducer. Regardless 
of vane size, the torque transducer is to be carefully 
monitored to avoid overstressing the system. 

13.4 Place the selected torque transducer and torque 
spring replacement spacer in the vane shear apparatus 
in accordance with manufacturer specifications. 

0.5 ~----------------------£ 

0.4 

~0.3 
...J 
I 
~ 

0.1 

0 1.000 

By 
Slope= 0.100 

MACHINE NO. I 
LOAD CELL NO. 3 

Z.000 3.000 4.000 5.000 

MILLIVOLTS 
AT 

Figure 5. - Torque transducer calibrarion plot - example. 
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13.5 Secure the selected vane into the vane shaft of 
the rorque transducer using an appropriate size set screw. 

13.6 Securely wax the specimen to a suitable moveable 
platform and position the specimen directly under the vane 
as shown on figure 7. 

13.7 Select a flat area on the specimen where the vane 
shear cest is to be performed; reposition the specimen, 
if necessary. 

13 .8 Rotate the pointer carrier on the vertical shaft 
(fig. lb) until the pointer is brought to zero on both the 
rotating and fixed scales. 

13.9 Manually lower the vane into the soil until the 
depth of soil over the top of the vane is about 1/2 inch. 
This is ro ensure that shearing rakes place along the 
horizontal planes of the vane (cylindrical surface) without 
movement of the soil sample surface. 

13.10 Attach the belt from the drive motor to the vane 
drive system and turn the vane shear apparatus on. 

13. l I Read and record degrees of vane rotation on 
the fixed scale (to the nearest l degree) and transducer 
output (to the nearest 0.01 millivolts) for every 5-degree 
rotation of the vane. The rotating scale is noc used with 
the torque transducer. 

13.12 Continue taking degrees of vane rotation and 
transducer output readings until failure occurs which is 
defined as (1) the point at which che transducer voltage 
output decreases, or (2) the maximum transducer voltage 
output is reached. 

NOfE 4.-While the soil is resisting torque applied to the vane, 
the transducer voltage output increases steadily until the 
maximum shear resistance of the soil is mobilized. At this point, 
failure occurs and the volrage output decreases. The angle of 
vane rotation continues to increase throughout the test. 

13.13 Read and record five additional transducer output 
readings after failure occurs. 

13.14 If the maximum voltage output of the transducer 
is reached before failure occurs, stop the test and repeat 
subparagraphs 13.7 through 13.13 using a smaller vane. 

13.15 After failure has occurred and the five additional 
readings after failure have been obtained, turn the vane 
shear apparatus off; remove che belt and manually rotate 
the vane one full revolution from che original starting 
point; i.e. forward to 0-degree point . 

13.16 After the manual rotation is complete, reattach 
the belt; verify that the pointer is at 0-degree on the fixed 
(outer) scale, and wait about l minute before continuing 
the rest. 

13. l 7 Turn the vane shear apparatus on; read and 
record degrees of vane rotation and che transducer output 
(millivolts) for every 5-degree of rotation of the vane, as 
described in subparagraph 13.1 l 

13.18 Continue taking readings until failure again 
occurs (torque decreases) or until che transducer voltage 
output readings remain approximately constant. 

13.19 Turn the vane shear apparatus off, remove che 
belt, and manually rotate the vane the remaining distance 
to complete two revolutions from rhe original 0-degree 
vane rotation point. 



USBR 5765 

1.23s3 (12-86l LABORATORY VANE SHEAR TEST 
Bureau of Rec amation Designation USBR 5765-~~ 

SAMPLE NO. 
62M-28 

I PROJECT I FEATURE 
Example Example 

SPECIMEN NO. I HOLE NO. I DEPTH 
2 417 15.0-17 .5 f I. 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

VANE DIAMETER (D) 0.50 in VANE HEIGHT (H) 0.75 in v• = 3.14 D2 (H/2 + D/6) = 0.360 in3 

TRANSDUCER NO. I CALIBRATED SLOPE ( 1) 0.100 (in-lbf)/mV 

SHEAR RESISTANCE 

DEGREES OF ROTATION TRANSDUCER OUTPUT TORQUE 
S= 0• (Torque Transducer) (mllllvolu) T = (1)x(2) 

(2) in-lbf 
lbf/in2 

Isl. Rotation 

0 0.00 0.00 0.00 

5 19.42 I .942 5.39 

10 25.24 2.524 7.01 

15 28.96 2.896 8.04 

20 27.89 2.789 7.75 

25 26.84 2.684 7.46 

30 26.66 2.666 7.41 

35 26.06 2.606 7.24 

40 25.39 2.539 7.05 

2nd. Rotation ., 

0 0.00 0.00 0.00 

5 3.26 0.326 0.91 

10 3. 10 0.310 0.86 

15 2.96 0.296 0.82 

20 2.91 0.291 0.81 

25 2.93 0.293 0.81 

30 2.94 0.294 0.82 

35 2.92 0.292 0.81 

40 2.97 0.297 n i::i.,._ 

3rd. Rotation 

0 0.00 0.00 0.00 

5 0.51 0.051 0.14 

10 0.36 0.036 0.10 

15 0.41 0.041 0. 11 

20 0.40 0.040 0. I I 

25 0.31 0.031 0.09 

30 0.40 0.040 0. 11 
GPO 852-548 

Figure 6. - Laborarory vane shear test - example. 
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13.20 Repeat subparagraphs 13. L6 through L3.l8. 
l3.21 Shear strength after 3 or more revolutions is 

sometimes desired. If this is requested repeat subparagraphs 
13. 16 through 13. lS. 

13.22 Turn the vane shear apparatus off; careful ly 
remove the vane from the soil and repeat subparagraphs 
13.11 through 13.20 at a minimum of three different 
locations on the specimen. These tests shou ld be spaced 
a minimum of 30 mm apart as shown on figure 8. 

L3.23 If a soi l moisture content and/ or a dry unit weight 
are to be obtained, the specimen shou ld be rewaxed and 
properly stored for further testing. 

13.24 Calculate and record the torque appl ied and the 
equ ivalent undrained shear strength at each increment of 
vane rotation recorded. 

13.25 Prepare a plot of degrees of vane rotation versus 
equiva lent undrained shear strength as shown on figure 9. 

14. Calculations 

14. l Determine the torque applied at each rncrement 
of vane rotation. 

( I ) 

Figure 7. - Test specimen in place under vane shear device. 
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where: 
T = torque, in·lbf 

AT = transducer output, mV 
BT = slope of torque transducer ca lib ration line, 

in·lbf/ mV (va lue determined by linear 
regression ana lysis , (f ig. S )) 

lli.2 Calculate the eq uivalent undrained shear strength 
at each increment of vane rotat ion. 

where: 

T 
S = V* 

S = equivalent undrained shear strength, lbf/ in 2 

T = applied torque, in·lbf 
V* = vane factor = rrD2 (H / 2 + D/6), in 1 

rr = 3.14 
H = vane height, in 
D = vane diameter, in 

(2) 

*See reference l L l for a complete derivation of al l con­
stants g iven. 

15. Report 

LS. I The report 1s to consist of the completed and 
checked: 

"Laboratory Vane Shear Test" form (fig. 6 ). 
··vane Shear Test Plor" (fig. 9 ). 
LS.2 All calculations are to show a checkmark and all 

plotting must be checked. 

16. Reference 

ll J Head, K. H., Manual of Soil Laboratory Testing, 
Engineering Laboratory Equipment Limited, Hals con Press , 
vol. 2, pp. 534 -538 and 572-580, 1982 

30mm 30mm 

Figure 8. - Minimum spacing requirements for 
vane shear resting - 1ninimu1n o f three rest 
locations required. 
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7-2384 (12-86) I VANE SHEAR TEST PLOT I Designation USBR 5765-§i) Bureau of Reclamation 
SAMPLE NO. PROJECT FEATURE 

G2M-28 Example Example 
VANE SIZE HOLE NO. DEPTH 

0.50 Dia./0.75 Height 417 15.0-17 .5 fl. 
TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

~ UNDISTURBED 8.04 lbf/in2 55.4 kPa 

-A-A, REMOLDED 0.91 lbf/in2 6.27 kPa 

BB REMOLDED 0.14 lbf/in2 0.97 kPa 
~ 

-
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Figure 9. - Vane shear test plot - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

PERFORMING TORV ANE (POCKET VANE 
SHEAR METER) TESTING OF SOILS 

USBR 5 770-89 

INTRODUCTION 

This procedure is under the jurisdiccion of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5770. The number immediately 
following the designation indicates the year of acceptance or the year of the lase revision. 

1. Scope 

1.1 This designation outlines the procedure for rapid 
determination of undrained shear strength of cohesive soils, 
either in the field or in the laborarory using a Torvane. 1 

1.2 This procedure should be used only on saturated 
cohesive so ils whose undrained s hear strength is 
independent of normal pressure. Correlation of Torvane 
test results and the results obtained from unconfined 
compression and triaxial shear tests is generally favorable 
for certain soil types such as saturated clays having shear 
strength below 1 ton per square foot . 

1. 3 Torvane data also can be used to assist in visual 
classification of a homogeneous soil 

2. Auxiliary Tests 

2.1 The Torvane (fig. 1) used in this procedure must 
be calibrated in accordance with USBR L445 prior to 
performing chis procedure. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1445 Calibrating the Torvane Shear Device 
(Pocket Vane Shear Meter) 
USBR 3900 Standard Definition of Terms and Symbols 
Relating ro Soil Mechanics 

4. Summary of Method 

4.1 A flat surface is selected on a sample of undisturbed 
cohesive soil. The Torvane is pressed carefully into the 
cohesive soil to the· depth of the vane blades. The knob 
of the Torvane is rotated slowly at a constant rate so that 
failure of the sample occurs in 5 ro 10 seconds. As sample 
failure occurs, the maximum Torvane dial reading is noted 
and the undrained shear strength is determined. 

5. Significance and Use 

5.1 The Torvane is used for rapid evaluation of 
undrained shear strength of saturated cohesive soils. It can 

1 Torvane (hand held vane shear testing device}, Slope Indicator Co., 
PO Box C-30316, Seattle, Washington. 
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be used on tube-type samples (fig. 2), block samples, and/ 
or sides of test pits. The Torvane has bec-n used to assist 
in planning laboratory investigations. 

5.2 Ir is recommended chat the Torvane be used as 
an aid in evaluating undrained shear strength characteristics 
of soils rather than as a replacement for conventional shear 
strength measuring techniques. 

6. Terminology 

6. L All definitions are in accordance with USBR 3900. 
A term of particular significance is: 

6.1.1 Shear Strength - The maximum resistance of 
a soil or rock ro shearing stresses (ASTM definition). 

7. Interference 

7.1 The Torvane is designed for use on saturated, fine­
grained cohesive soils. The presence of coarse sand or gravel 
in test specimens could result in erroneous values of 
undrained shear strength of so il. If the test specimen 
contains coarse-grained material, the Torvane should not 
be used and other shear strength measuring techniques 
should be performed. 

8. Apparatus 

8.1 Torvane Device.-The small vane shear meter 
(fig. 1) is capable of measuring shear strengths between 
0 and 2.5 ton/ft2. The Torvane dial should be marked with 
major divison in units of 0.05 ron/fc2 to permit visual 
interpolations ro the nearest 0.01 ton/ft2. 

NOfE 1.-Table l should be used as a guide for selecring the 
appropriate vane adapter. 

Table 1.-Torvane adapters. 

Undrained shear 
strength 
con/fc2 

0 co 0.2 
1.0 co 2.5 

Adapter 
diameter 

in 

1.875 
0.75 

Vane 
height 

in 

0.210 
0.135 
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(a ) Top view. (b) Side view. Note vane at bottom. 

(c) Adapror: 0 ro 0.2 ton/ ft ' . (d) Adapror: 0 to 2.5 ton/ ft 1. 

Figure l. - Torvane - pocket va ne shear merer. 

9. Precautions 

9.1 Safety Precautions: 
9.1.1. H andle the To rvane ca refully co avoid possible 

injury resulting from the sharp edges of the vanes. 
9.2 Technical Precautions: 

9.2.1 Do not attempt co cesc materials cl1ac contain 
coarse sand or grave l (see subpar. 7.1 ). 
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9.2.2 Score che Torvane and spare vanes in a suitable 
case when not in use co avoid damage co the meter and/ 
or vanes. 

10. Calibration and Standardization 

10. 1 Verify chat the Torvane is currently ca librated in 
accordance with USBR 1445. If the ca lib ration is not 
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Figure 2. - Torvane use<l on the end of a tube- type sample. 

current, perform the ca libration before using the Torvane 
fo r th is procedure. 

11. Co nd iti oning 

l l. l Specia l condition ing requirements are not needed 
for chis procedure. 

12. Proced ure 

l2. l A II da ta are co be recorded on the "Torvane 
(Pocket Vane Shear Meter) D a ta Sheet" as shown on 
figure 3. 

l2.2 Select a flat area on the side of a test pie or at 
the end or on che side of a laboratory sample (fig. 2) 
where the Torvane test is co be performed. 

l2. 3 Select a vane size appropriate for the material 
being tested. Several trials may be necessary co determine 
the correct vane size. Too sma ll a vane will produce dial 
readings of insufficient magnitude co register on the dia l 
head, while a larger vane will produce readings coo large 
for the sea le. 

12.4 Rotate the pointer counterclockwise co zero. 
12.5 Carefully press the vane into che cohesive soil 

co the depth of the vane blades . 
12.6 Maintain a constant norma l load on the meter 

by finger pressure aga inst che Torvane knob. 
12.7 Slowly turn the knob of the meter clockwise at 

a constant race co prov ide torque on the vane. A rate of 
rotation such chat failure occurs in 5 co LO seconds is 
recommended. 

12.8 After fai lure occurs, read and record the Torvane 
dial head reading indicated by the pointer. 

12.9 Return the pointer co zero . 
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12.10 Perform subparagraphs 12 .2 through 12.9 two 
more t imes by moving the Torvane co an undisturbed area 
in the same genera l location for each success ive cesc. 

12.11 Calcu late the average Torvane reading for each 
locat ion. 

L2. l2 Calcu late the average Torvane undrained shear 
strength for each location. 

12.13 Obta in the Torvane correction curve as prepared 
in accorda nce with USBR lli45. 

l2. l4 Use che average Torvane undra ined shear 
strength value as calcu lated in subparagraph 12.12, and 
the correction curve, if necessary, co determine the corrected 
average equivalent undrained shear strength of the soil. 

l 2. 15 If correction is not necesary , che average Torva ne 
undrained shear strength va lue obtained in subparagraph 
l2. L2 is recorded direct ly as the equ iva lent undrained shear 
strength of the soil. 

13. Calculations 

13. 1 Ca lcu late the average Torvane reading. 

where: 
(4) 

( 1) , (2 ) , (3) 

( 1) + (2) + (3) 
3 

average Torvane reading 
Torvane read ings 

( 1) 

13.2 Calculate the average Torvane undrained shear 
strength. 

where: 
(5) 

(4) 
F = 

(5) = (4) F 

average Torvane undrained shear strength, 
con/ fc 2 

average Torvane reading 
Torvane vane faccor , cable 2 

Table 2. - Torva nc va ne factors. 

Undrained shear Vane 
strength diameter 
ton/ fc2 1n 

0 to 25 0.75 
0 to 1.0 1.00 
0 co 0.2 1.90 

Vane 
faccor 

F 

2.5 
1.0 
0.2 

14. Repo rt 

(2) 

14 . l The report is co consist of a com pieced and checked 
"Torvane (Pocket Vane Shear Meter) D ata Sheet" (fig . 3) . 

l4.2 All ca lculations are co show a checkmark. 
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7-2329(11-85) I 
Burt~au of Kl·clamation TORVANE (POCKET VANE SHEAR METER) DATA SHEET l Dl'signation USHK 5,770 89_ 

Project 
Example 

Feature 
Example 

Tested by Date Checked by Date 

Manufacturer Torvane serial No. 
Example P-5340 

Sample No. I Trial No. 

Diameter of vane 0.75 
(in) (1) (2) (3) 

Torvane readir13 . 0.84 0.88 0.94 . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . . ..... 

(4) Average Torvane reading . _ 0.89 . . .. . . . . . . . . . . . . . . . . . . . . . . . . 

(5) Average Torvane undrained shear strength (4)x(F) • ~ 2.2 (ton/ft 2 ) .. . . . . . . . . . . . . . . . . . . . . . 

(6) Corrected average Torvane undrained shear strength (USSR 1445) □ None reguired ~ 2.2 (ton/ft 2 ) 

Sample No_ 2 Trial No. 

Diameter of vane 
1.00 

iin) (1) (2) 13) 

T orvane reading . . . . . . . .... . . . . . . . . . . . . . . . . . 0.60 0.65 0.50 
. - . . . . . . . . . . . . 

(4) Aver~ge Torvarie reading 0.58 . . . . . . . . . . . . . . . . · • . . . 

(5) Average Torvanc undrnint.:d shear strength (4)x(F)• ~ 0.58 (ton/ft·) . . . . . . . . . . . . . ... . ... 

(Cl Corrected average Tor vane undrained ~hear strength (USSR 1445) ~ 0.63 lton/ft 2 ) 

Sample No. 
3 

Trial No . 

Di~mcter of vane I . 90 (in) (1) 12) 13) 

Torvune rt!ading 0. 15 0.20 0. 10 . . . . . . . . . . . . ..... . . . . . . . . . . . . . . .... . .. 

(4) Average Torvane reading _ 0. 15 
. . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . 

(5) Average Torvane undrained shear strength (4Jx(F)• ~ 0.03 (ton/ft 2 ) .... . . . . . . . . . . . . · - ... 

(6) Corrected average Torvane undrained shear strength (USSR 1445) I]] 0.05 (ton/ft 2 ) 

0.75 inch diameter vane (0 - 2.5 tons/ft 2 ) F ~ 2.5 

' 1.00 inch diameter vane (0. 1.0 tons/ft·) F = 1.0 
USSR 1445. 89 _ 

1.90 inch diameter vane (0 - 0.2 tons/ft 2) 
Auxiliary Test: 

F - 0.2 

Rema.-ks 

GPO 649-2:2 9 

Figure 3. - Torvane (pocket vane shear meter) data sheet - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5800-89 

PERFORMING LABORATORY COMPACTION 
OF SOIL-CEMENT MIXTURES 

INTRODUCTION 

This procedure is under the jurisdiction of the Georechn ical Services Branch, Code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5800. The number immediately 
following rhe designation indicates the year of acceptance or the year of lasr revision. 

This procedure is similar co ASTM D 558, except that chis procedure contains a rewritten and more derailed description and 
includes USBR data forms . 

1. Scope 

I. l This designation outlines the procedure for 
performing laboracory compacrion of soil-cement mixtures. 

1.2 This procedure is performed co determine the 
relationship between the mo isture content and the dry unit 
weight of soil-cement when compacred with a given 
compactive effort. A compacrion curve is plotted from 
which the optimum moisture content and maximum dry 
unit weight can be determined. 

l.3 This procedure is typically performed using a 
mechanica l compacror that has been calibrated ro produce 
the same effect as a manual compacto r using a 5.5-lbm 
rammer and an LS-inch drop. 

L.4 This procedure is limited ro soil particles passing 
the No. 4 sieve. 

l.5 This procedure is identical co USBR 5500 except 
for requirements and information related co cement and 
soil-cement mixtures. 

l.6 USBR 5500 differs from method A of ASTM D 698. 
USBR 5500 uses a 1/ 20-ft3 compacrion mold and is based 
o n a manual rammer drop of 18 inches. ASTM D 698 
uses a 1/30-ft3 compaction mold and is based on a manual 
ram mer drop of L2 inches. Both methods, however, impart 
the same compactive effort of L2,375 ft-lbf/ft 3 to the soil 
specimen. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. 

2.2 Moisture content must be determined in accordance 
with USBR 5300 as part of performing the procedure. 

3. Applicable Documents 

3.1 
USBR 
USBR 
USBR 
USBR 

USER Procedures: 
L009 Calibrating Compaction Molds 
lOL2 Calibrating Balances or Scales 
1020 Calibrating Oven~ 
1025 Checking Sieves 
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USBR 14 L5 Calibrating Laboratory Mechanical 
Compacrors 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating ro Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5500 Performing Laboratory Compaction of 
Soils - 5.5-lbm Rammer and LS-in Drop 
USBR 5805 Preparing Soil-Cement Specimens for 
Compressive Strength Testing for Mix Designs 
USBR 5810 Performing Compressive Strength Testing 
of Soil-Cement Cylinders 
USBR 58 L5 Preparing Soil-Cement Specimens for 
Durability Testing 
USBR 5820 Performing Wet-Dry Durability Testing of 
Compacted Soil-Cement Mixtures 
USBR 5825 Performing Freeze-Thaw Durability Testing 
of Compacted Soil-Cement Mixtures 

3.2 ASTM Sr.wdards: 
C 150 Specification for Portland Cement 
C 595 Specification for Blended Hydraulic Cements 
C 558 Moisture-Density Relations of Soil-Cement 
Mixtures 
D 698 Moisture-Density Relations of Soils and Soil­
Aggregate Mixtures Using 5.5-Pound (2.49-kg) Rammer 
and 12-Inch (305-mm) Drop 
E l l Specification for Wire Cloth Sieves 

4. Summary of Method 

4.1 A minimum of five specimens from the same soil­
cement mixture are prepared, each at a different moisture 
content. Each specimen is compacted in a mold using the 
same compactive effort. The moisture content and resulting 
dry unit weight of each specimen are determined, plotted, 
and a compaction curve constructed. From the companion 
curve, the optimum moisture content and the maximum 
dry unit weight are determined. 
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5. Significance and Use 

5.1 Laboratory tests are conducted on soil-cement 
mixtures to determine the cement content to be specified 
in the design of a soil-cement structure. Normally , 
laboratory compaction tests are performed on so il-cement 
mixtures using three different cement contents. The cement 
contents selected for resting are based on past experience 
with similar materials. The optimum moisture content and 
laboratory maximum dry unit weight are required for 
performing USBR 5805 and 5815. Based upon results from 
laboratory compaction res ts, compressive strength 
specimens are formed at the three different cement contents 
and rested (USBR 5805 and 5810) . Soil-cement mix designs 
that meet compressive strength requirements are then 
subjected to wet-dry and freeze-thaw durability rests (USBR 
5820 and 5825). An economical mix design · uses the 
minimum cement content that meets both strength and 
durability requirements. 

6. Terminology 

6.1 Definitions are m accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Compaction Curve.-The curve showing the 
relationship between the dry unit weight and the moisture 
content of a soil for a given. compacrive effort (ASTM 
definition) . 

6.1.2 Maximum Unit Weight (Y max) .-The dry unit 
weight defined by the peak of a compaction curve. 

6.1. 3 Optimum Moisture Content ( wo, % ).-The 
moisture content at which a soil can be compacted to the 
maximum dry unit weight by a given compactive effort 
(ASTM). 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2.1 Compacrive Efforr.-The theoretical energy 
used to compact soil into a known volume, expressed as 
ft·lbf/ft 3. Compacrive effort is computed as the product 
of the drop height, rammer mass, blows per layer, and 
number of layers divided by rhe volume of the mold. 

6.2.2 Cement Content.-Amount of cement in a soil­
cement mixture, specified as a percent of dry soil mass. 

7. Interferences 

7.1 Variations in rammer drop height, rammer mass, 
or number of blows per layer will result in erroneous rest 
data because of nonstandard compacrive effort. To ensure 
a given compactive effort, the mechanical compactor must 
be inspected and calibrated in accordance with USBR 1415. 

8. Apparatus 

8.1 General Apparatus: 
8.1.1 Balance or Scale.-A typical balance or scale used 

to determine moisture content must be readable to 0.1 g 
and have a capacity of about 1000 g. 

8.1.2 Balance or Scale.-A typical balance or scale used 
to measure the mass of the compaction specimen must 
be readable to 0.01 lbm and have a capacity of about 50 Ibm. 
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8.1.3 Desiccator.-An enclosed container, with a 
moisture absorbing chemical compound inside, used for 
cooling a heated soil sample while maintaining zero change 
in moisture content due to condensation. 

8.1.4 Dish, Evaporating.-A suitable dish resistant to 

corrosion or changes in mass when subjected co repeated 
heating, cooling, or cleaning. 

8.1.5 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout rhe drying chamber. 

8.1.6 Graduated Cylinder.-1000-mL capacity, grad­
uated co lO ml. 

8.1.7 Sieves.-U.S.A . Standard series No. 4 (4.75 mm) 
sieve with stand and a N o. 16 (1.18 mm) sieve, conforming 
to the requirements of ASTM E 11. 

8.1.8 Scraightedge.-A stiff metal straightedge of 
convenient length. The scraping edge musr be beveled if 
it is thicker than 1/8 inch. 

8.2 Equipment Unique to This Procedure (See USBR 
5500 figs. 1, 2, and 3.) 

8.2.1 Compaction Apparatus.-A mechanical com­
paction device with a rammer having an initial mass of 
5.5 lbm, an adjustable height of drop of about 12 ro 18 
inches, and a counter for registering the number of blows. 
If a mechanical compactor is not available, a manual tamper 
may be used (see USBR 5500 app. X2). The device includes 
a 1/ 20-ft3 mold with baseplate. The mold assembly must 
rest firmly on a uniform, rigid foundation , equivalent co 
a 200 lbm or larger block of concrete. 

NOIE l.-There are several varieties of commercially available 
molds ; the mo ld may be fabricated . Figure 3 in USBR 5500 is 
typical. Critical requirements are the tapered design, the inside 
diameter, and the height. 

8 .2 .2 E x truder for Compaction Specimen.-A 
mechanical device for removing a compacted soil-cement 
specimen from a compaction mold. 

8.2.3 Moisci1re-Proof Concainers.-Cylindrical metal 
or plastic containers, about 6-inch diameter by L2 inches 
long, using a plastic inner bag for sealing and storing 
specimens to be rested. 

8.3 Miscellaneous Equ1pment.-Brushes, knife, mixing 
pan, scoop, ere., for mixing, placing, or trimming soil­
cement specimens. 

9. Reagents and Materials 

9.1 Tapwater that is free of acids, alkalies, or oils and 
is suitable for drinking should be used for wetting the 
soil prior to compaction. 

9.2 Cement is to conform to ASTM C 150 and C 595. 

10. Precautions 

10. l Safety Precautions: 
10.1. l This procedure may involve hazardous 

materials, operations, and equipment. 
10.1.2 Do nor place hands near the cop of the mold 

when the mechanical rammer is operating. 
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10. l.3 Exercise care co protect hands from the drying 
and abrasive properties of cement. 

l0.1.4 Carefully mix the soil and cement using a 
large pan co avoid forming a cement dust cloud. Wear 
a protective mask co prevent inhaling cement dust. 

10.2 Technical Precautions.-To minimize the effecc of 
cement hydration and evaporation, perform the rest 
expeditiously and continuously co completion. Elapsed time 
between addition of water to the soil-cement mixture and 
final compaction should not exceed 30 minutes. 

11. · Sampling, Test Specimens, and Test Units 

l l. l Cement: 
l l. l.1 Cement must conform to the provisions of 

subparagraph 9.2. 
l 1. 1.2 Pass the cement through a No. 16 ( 1.18 mm) 

sieve and discard all lumps. 
11.2 Soil-Cement Mixtures: 

l l.2.1 For each cement content, prepare a rest 
sample of about 50 lbm of minus No. 4 soil in accordance 
with USBR 5205. 

l l.2.2 Air dry the rest sample if the soil was not 
air-dried as pare of performing USBR 5205. 

l l.2.3 Split the test sample into six specimens in 
accordance with USBR 5205 . Set aside one of the specimens 
and keep it at the air-dried moisture content in case an 
additional specimen is requested. 

l l.2.4 Add the specified amount of cement co each 
of the five remaining specimens. Mix the soil and cement 
thoroughly until uniform throughout. 

l l.2.5 Prepare the five specimens for compaction 
by adding increasing amounts of water to each specimen 
so the moisture content of each succeeding specimen is 
about 2 percentage points higher than the previous 
specimen. The moisture contents selected must bracket the 
optimum moisture content to ensure obtaining an 
appropriate compaction curve. Some soils having very high 
optimum moisture contents may require a larger moisture 
content increment between specimens in order to obtain 
a well defined compaction curve. 

NOfE 2.-Judging the optimum moisture content requires 
practice and experience. A cable of presumptive values may be 
useful or the optimum moisture content for the soil may be 
used as a scarring poinr. 

l l.2.5 . l Thoroughly mix the soil while sprinkling 
the water onto the soil co ensure an even distribution of 
moisture throughout the material. Record the amount of 
water added co each specimen on the "Soil-Cement 
Laboratory Compaction Test" form as shown on figure l. 
Balls of cement may form when water is first added to 

the soil-cement mixture. Break down the balls of cement 
in the soil-cement mixture co ensure a homogeneous 
distribution of cement, water, and soil. 

l 1.2.5 .2 On the "Soil-Cement Laboratory 
Compaction Test" form (fig. l), note the rime when water 
was added to the soil-cement mixture. Cover and allow 
to stand for not less than 5 minutes but not more than 
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lO minutes to aid dispersion and complete absorption of 
the water. 

12. Calibration and Standardization 

12. l Verify chat equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for chis procedure. 
USBR 1009 Calibrating Compaction Molds 
USBR 10l2 Calibrating Balances or Scales 
USBR l020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1415 Calibrating Laboratory Mechanical 
Compactors 

13. Conditioning 

13. l Bring the materials to room temperature 
[preferably 65 to 75 °F (18 co 14 °C)] before beginning 
the rest. 

13.2 Store cement in moisture-proof containers and 
in a dry place. 

14. Procedure 

14. l All data are co be recorded on the "Soil-Cement 
Laboratory Compaction Test" form shown on figure l. 

14.2 Determine the mass of the compaction mold to 
the nearest 0.01 lbm and record the value. 

l4.3 Ensure chat the compaction device rests firmly 
on a level concrete (or equivalent) base. 

14.4 Assemble the mold and collar and secure co the 
baseplate. 

14.5 Select the initial specimen for resting and 
immediately prior to compaction, pass the material co be 
compacted through a No. 4 (4.75 mm) sieve co break up 
any lumps of soil-cement resulting from the specimen 
preparation procedure. 

I 4.6 Place 2.0 to 2.5 lbm of soil-cement into the mold 
and spread into a layer of uniform thickness. 

14.7 Using a mechanical or manual companion 
apparatus, compact the layer with 25 blows distributed 
equally over the surface of the layer. 

14.8 Repeat the compaction process outlined in 
subparagraphs 14.6 and 14.7 until three layers have been 
compacted. The third layer, when compacted, should extend. 
into the collar about 1/4 inch, but not more than 1/2 
inch. If, after the last layer is compacted, the specimen 
is too shore or too long it should be discarded and a new 
specimen compacted. 

NOfE 3.- \Xlhen compacting specimens wetter than optimum 
moisture conrent, uneven compacted surfaces may occur and some 
operaror judgmenr is required as IO the average height of the 
specimen. The lase blow delivered by the rammer should nor 
extend below the top of the compaction mold. 

14.9 Taking care nor co disturb the compacted soil­
cement within the mold, remove the collar from the mold 
and use a straightedge to trim the specimen flush with 
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the cop of the mold. A knife may be used co remove or 
loosen soil-cement sticking co the inside of the collar and 
for initial trimming of che compacted specimen. 

14.10 Remove the mold from che baseplate. 
14.11 Determine and record the mass of the mold and 

the compacted soil-cement co the nearest 0.01 lbm. 
14.12 Extrude the specimen from the mold and cue 

about 1-1/2-inch-square by 6-inch-long moisture content 
specimen from the center of che compacted specimen. The 
moisture content specimen should have a mass of ac lease 
200 grams. 

14.13 Place the moisture content specimen in a suitable 
container for drying and determination of moisture content. 

14.14 Calculate the wee density of the compacted 
specimen co the nearest 0.1 lbm/fc3. 

14.14.l Convert wee density co wee unit weight by 
changing lbm/fc3 co lbf/fc3 (assume 1 lbm = I lbf) and 
record co the nearest 0.1 lbf/fc3. 

14.15 Repeat the procedure outlined in subparagraphs 
14.4 through 14.14 until at lease five specimens have been 
compacted. 

NOfE 4.-After determining the wet unit weight of the second 
and each successive compacted specimen, compare the wet unir 
weights co ensure that a desired pattern is developing so that 
points o n each side of the optimum moisture content are 
compacted. 

14.16 Determine the moisture content of each 
compacted specimen in accordance with USBR 5300. 

14.17 Calculate the dry unit weight for each compacted 
specimen and record co the nearest O.L lbf/ft3. 

14.18 Plot the moisture contents (abscissa) and dry 
unit weights (ordinate) as shown on figure 2. 

14.19 Draw a smooch curve connecting the plotted 
points 

14.20 The optimum moisture content is the moisture 
content corresponding to the peak of the curve. Determine 
the value and record co the nearest 0.1 percent. 

14.21 The maximum dry unit weight is the dry unit 
weight corresponding co the optimum moisture content. 
Determine the value and record co the nearest 0.1 lbf/fc3. 
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14.22 If cwo or more plotted points do nor fall on 
each side of the optimum moisture content, acidicional 
specimens must be prepared and compacted at appropriate 
moisture contents. 

15. Calculations 

15 .1 Calculate the wee density of the compacted soil­
cement specimen co the nearest 0.1 lbm/ft3. 

Pwet 

where: 

D-E 
V 

Pwet = wee density of compacted soil-cement, lbm/fc3 
V = volume of mold, fc3 
D = mass of mold + wee soil-cement, lbm 
E = mass of mold , lbm 

(1) 

15.1.1 In the procedure, wee density is converted co 
wee unit weight by changing lbm/fc3 co lbf/fc3. (Assume 
1 lbm = 1 !bf.) 

15 .2 Calculate the dry unit weight of the soil-cement 
speomen. 

Ywet (2) 

where: 
Yd dry unit weight of compacted soil-cement, lbf/fc3 
w = moisture content, % 

Ywet wet unit weight, lbf/ fc3 

16. Report 

16. l The report is co consist of the following completed 
and checked USBR forms: 

"Soil-Cement Laboratory Compaction Test" (fig. 1). 
"Soil-Cement Compaction Curve" (fig. 2). 
16.2 All calculations are to show a checkmark and all 

plotting muse be checked. 
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7-2305 (6~) I SOIL - CEMENT LABORATORY COMPACTION TEST Dftlgnnton USBR 11800· _§_ ~ BW'QII of Redllnatlon 

PROJECT FEATURE 

Example Example 
LOCATION DEPTH/ ELEVATION 

AP-25 3.5 - 10.5 FT 
SAMPLE NO. CEMENT CONTENT 

5800T 12.0 % 
PERFORMED BY DATE COMPUTED BY DATE CHECKED BY DATE 

Auxiliary Tests: USBR 5205- 8 ..L USBR 5300- 8 9 

SPECIMEN 1 2 3 4 5 6 7 

UNIT WEIGHT DETERMINATIONS 

WATER ADDED (ml) 200 270 340 410 480 

( 1) MOLD VOLUME (ft3) 0.0498 0 .0498 0.0498 0.0498 0.0498 

(2) MASS CYL + WET SOIL - CEMENT (lbml 13.51 13.69 13.78 13.81 13.71 

(31 MASS OF CYLINDER (lbml 7.06 7.06 7.06 7.06 7.06 

(41 MASS OF WET SOIL - CEMENT (lbm) (2) - (31 6.45 6 .63 6.72 6.75 6.65 

(51 WET UNIT WEIGHT (lbf/ft3) -m-· 129.5 133. 1 134.9 135.5 133.5 

MOISTURE CONTENT DETERMINATIONS 

DISH NO. 2 9 6 4 8 

(61 MASS DISH+ WET SOIL - CEMENT (g) 391 .5 384.5 382.4 386.7 382 . 1 

(71 MASS DISH + DRY SOIL - CEMENT (g) 375.9 363.8 359. 1 359.6 352 .4 

(8) MASS OF DISH (g) 139.8 121.6 129.4 133.8 140.6 ~-- .. .. 

(91 
~ .;,I-

MASS OF WATER (gl (6)- (71 15.6 20.7 23.3 27 . 1 29.7 

(101 MASS OF DRY SOIL- CEMENT (g) (71 - (81 · 236.1 -242.2. ,~29? 225.8 21'1.8 

(11 I MOISTURE CONTENT(% Dry Mass)-f,'g; x 100 6.6 8.5 10.1 12 .0 14 .0 
.. ·- . .. 

(12) (111 
DRY UNIT WEIGHT (lbf/ft3 1 1 + i, 111100 121.5 122 .7 122.5 121.0 117.1 

TIME WATER WAS ADDED 0700 0724 0749 0810 0840 (24-HOUR CLOCK) 

TIME COMPACTION COMPLETED 0718 0744 0806 0829 0900 (24-HOUR CLOCKI 

TOTAL TIME ELAPSED 18 20 17 19 20 (MINUTES) 

QUESTIONS TO ANSWER FROM OBSERVATIONS BY OPERATORS DURING TEST 

1. HOW FAST DOES SAMPLE ABSORB WATER? FAST X MEDIUM SLOW 

2. IS DIFFICULTY ENCOUNTERED MIXING WATER WITH SOIL-CEMENT? NONE 
(SPECIMEN) 

3. FOR WHICH SPECIMENS IS SAMPLE CRUMBL Y7 I FIRM? 21314 SOFT? 5 

4. WAS BLEEDING NOTICED DURING TEST? YES IF SO, WHICH SPECIMENS? 5 

5. FOR WHICH SPECIMENS.IS SAMPLE SPONGY? 4,5 

6. OTHER COMMENTS 

• For thl1 ac,pllc:atlon. 1 pound mm la conalder.t to be numerically equal to 1 pound force. 

GPO 848-521 

Figure I. - Soil-cement laboratory compaction resr - exa mple. 
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7-215 I (64!5) I SOIL - CEMENT COMPACTION CURVE I Designation USBR 5800- J!_ _9_ Bureau of Reclamation 

PROJECT FEATURE 

Example Example 
SAMPLE NO _ !LOCATION 'DEPTH 

5800T AP-25 3 _5-10. 5 ft It.Al 
PREPARED BY DATE CHECKED BY DATE 

124 
! 

/ 
,..., 

-..... :t 
I \. I 

I 
122 

/! I \ -

I 
0 \ 

' I I 

\ . 
':!, \ :S 120 i 
.0 \ 
I- I J: 
<,2 ' \ w 
s: \ 
I-

\ 
3118 
>- \ --~- -- --
ex: , 

I 
0 ··- -

' ~ 

116 
: 

' 
i 

i i 
·-I--

! i · · -

114 
0 5 10 15 20 25 

MOISTURE CONTENT-% 

21 PERCENT LARGER THAN TESTED 12.0 PERCENT CEMENT 

122. 7 MAXIMUM DRY UNIT WEIGHT - lbf/ft3 IKl kN/m3 0 SP-SM SOIL CLASSIFICATION 

8.9 OPTIMUM MOISTURE CONTENT - PERCENT 2.68 SPECIFIC GRAVITY OF SOIL 

NOTES : 

GPO 848 -- 512 

Figure 2. - Soil-cement compaccion curve - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5805-89 

PREPARING SOIL-CEMENT SPECIMENS FOR 
COMPRESSIVE STRENGTH TESTING FOR MIX DESIGNS 

INTRODUCTION 

This procedure is under the jurisdiction of che Geocechnical Services Branch, code D-3760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under che fixed designation USBR 5805. The number immediately 
following the designation indicates che year of acceptance or che year of last revision. 

This procedure is similar co ASTM D 1632, except chat this procedure contains a rewritten and more detailed description and 
includes USBR data forms. Corresponding forms in SI units are included. The SI forms have the letter M following the first 
digit in the form number. 

1. Scope 

1.1 This designation outlines the procedure for 
preparing and curing soil-cement specimens for unconfined 
compressive strength testing to determine the adequacy 
of mix designs. 

2. Auxiliary Tests 

2.1 The moisture content of the soil must be 
determined in accordance with USBR 5300 as pare of this 
procedure. The laboratory maximum dry unit weight and 
optimum moisture content of the soil-cement mixture must 
be determined in accordance with USBR 5800 in order 
to determine values necessary to compact rest specimens 
at a percentage of the laboratory maximum dry unit weight 
at optimum moisture content. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1009 Calibrating Compaction Molds 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5800 Performing Laboratory Compaction of Soil­
Cement Mixtures 
USBR 5810 Performing Compressive Strength Testing 
of Soil-Cement Cylinders 
USBR 5820 Performing Wee-Dry Durability Testing of 
Compacted Soil-Cement Mixtures 
USBR 5825 Performing Freeze-Thaw Durability Testing 
of Compacted Soil-Cement Mixtures 

3.2 ASTM Standards: 
C 150 Specification for Portland Cement 
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C 511 Specification for Moist Cabinets, Moist Rooms, 
and Water Storage Tanks Used in the Testing of Hydraulic 
Cements and Concretes. 
C 595 Specification for Blended Hydraulic Cements 
D 1632 Specification for Making and Curing Soil-Cement 
Compression and Flexure Test Specimens in the Laboratory 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 Molded cylindrical specimens of compacted soil­
cement are tested after curing to determine the unconfined 
compressive strength of the material for mix designs. 
Compressive strength test specimens are formed at a 
minimum of three different cement contents. Twelve 
specimens are prepared at each cement content so that 
three specimens can be tested at 3, 7, 28, and 90 days, 
respectively. A batch of soil-cement is prepared at the 
desired cement content and optimum moisture content. 
Only enough material for three test specimens and a 
moisture content determination is mixed at one time. Each 
specimen is prepared by placing the soil-cement mixture 
in a mold in three equal layers. Each layer is rodded to 
a height of approximately 2 inches (50 mm). The specimen 
is then compacted to the specified unit weight with a 
dropping-weight compacting machine (fig . 1). The 
specimens are cured in a high humidity environment for 
a minimum of 12 hours and then extruded from the mold. 
After extrusion, the specimens are kept in a high humidity 
environment for the specified curing time prior to 
compression testing. 

5. Significance and Use 

5.1 Soil-cement unconfined compressive strength test~ 
ing is performed to determine the unconfined compres­
sive strength of compacted, cured soil-cement mixtures. 
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Figure I. - Dropping-weight compacting machine. 

5.2 The unconfined compressive strength test is one 
of a series of tests normally performed to evaluate the 
adequacy of compacted, cured soil-cement. Other tests 
include wet-dry durability (USBR 5820) and freeze-thaw 
durability (USBR 5825 ). 

5.3 Laboratory-compacted soil-cement specimens are 
tested to determine the cement content to be specified 
in a soil-cement mix design. Based on satisfactory 
performance of existing soil-cement structures, Bureau 
criteria require minimum unconfined compressive strength 
values of 600 !bf/ in2 at 7 days and 875 lbf/ in2 at 28 days 
( 4100 and 6000 kPa) . Unconfined compressive strength 
testing is conducted prior to durability testing to eliminate 
mix designs that do not meet unconfined compressive 
strength criteria. An economical mix design uses the 
minimum cement content that meets both strength and 
durability requirements. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to the 

designation are: 
6.2.1 Cement Content.-Amount of cement in a soil­

cement mixture, specified as a percent of dry soil mass. 
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6.2 .2 Soil-Cement Moisture Content.-Ratio of the 
mass of water to the total dry mass of soil-cement mixture, 
expressed as a percent. 

6.2.3 Saturated Surface Dry (SSD).-Condition of an 
aggregate particle when the permeable voids are filled with 
water and no water is on the exposed surfaces. 

7. Apparatus 

7.1 General Apparatus: 
7.1.1 Sieve.-U.S.A. Standard series 1 -inch, 3/4-inch, 

No. 4, and No. 16 (25.0-, 19.0-, 4.75-, and 1.18-mm) sieves, 
conforming to the requirements of ASTM E 11. 

7.1.2 Balances or Scales.-Typical balances or scales 
used for this designation are: 

Application 

Moisture content 
Mass of compaction 

specimen 

Readable to Approximate capacity 

0.1 g 

0.01 lbm 

lOOOg 

25 lbm 

7.1.3 Tamping Rod.-A round-nosed 1/2- or 
5/8-inch (13- or 16-mm) diameter, smooth steel rod about 
20 inches (500-mm) in length. 

7.1.4 Moist Room or Water Bath.-A moist room 
or water bath capable of maintaining a uniform tempera­
ture of 73.4±3.0°F (23.0±1.7°C) and a relative humidity 
of not less than 95 percent, conforming to the requirements 
of ASTM C 511. 

7.2 Equipment Unique to This Procedure: 
7 .2 .1 Compressive Strength Test Specimen 

Extruder.-Consisting of a piston, jack, and frame for 
extruding soil-cement specimens from the mold. 

7.2.2 Dropping-Weight Compacting Machine.-A 
controlled dropping-weight device of 15 lbm (6.8 kg) (fig. 1) 
for striking the top piston (fig. 2). Shop drawings are 
available upon request from the Bureau's Denver Office. 
Ensure that the compacting machine rests firmly on a level, 
uniformly rigid foundation, equivalent to a 200-lbm (90-kg) 
cylinder of concrete. 

7 .2.3 Compressive Strength Test Specimen Molds 
(fig. 2) : 

7 .2.3. l Molds having an inside diameter of 
2.80±0.01 inch (71.12±0.25 mm) and a height of 9.00±0.01 
inch (229±0.25 mm) for molding test specimens 2.80±0.01 
inch (71.12±0.25 mm) in diameter and 5.60±0.01 inch 
(142±0.25 mm) high. Satisfactory molds may be made from 
4340 cold-drawn, seamless steel tubing with a rustproof 
coating. 

7.2.3.2 Machined steel top and bottom pistons 
having a diameter 0.005 inch (0.13 mm) less than the 
mold inside diameter. 

7.2.3.3 A spacer clip. 
7.2.3.4 Two aluminum separating disks 1/16 inch 

chick by 2.78 inches (1.59 by 70.6 mm) in diameter for 
each test specimen. 

7.2.4 A funnel to fill the 2.80-inch (71.12 mm) 
diameter molds with soil-cement. 
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Figure 2. - Soil-cement compressive strength mold assembly. 

7.3 Miscellaneous Equipment: 
7.3 .1 Miscellaneous mixing tools such as a large 

mixing pan and trowel, or a suitable mechanical device 
for thoroughly mixing soil, cement, and water. 

7.3.2 Spatula for distributing soil-cement along the 
inside of the mold. 

7.3.3 Damp cowels for keeping test specimens moist. 
7.3.4 Tags for labeling molds. 
7.3.5 Waterproof markers for labeling the test 

specimens. 
7.3 .6 Vegetable oil spray or commercial lubricating 

oil co prevent soil-cement from adhering co the mold. 
7.3.7 Suitable pans for handling materials and 

transporting test specimens. 
7 .3.8 Plastic for covering soil-cement mixture co 

prevent moisture loss. 

8. Reagents and Materials 

8.1 Tapwater that is free of acids, alkalies, or oils and 
is suitable for drinking should be used for mixing water. 

8.2 Cement is to conform co ASTM C 150 and ASTM 
C 595 . 

9. Precautions 

9.1 Safety Precautions: 
9.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
9.1.2 Exercise care co protect hands from the drying 

and abrasive properties of cement. 
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9.1.3 Carefully mix the soil and cement in a large 
pan to avoid forming a cement dust cloud. Wear a protective 
mask co prevent inhaling cement dust. 

9.2 Technical Precautions: 
9.2 .1 To minimize rhe effects of cement hydration 

and evaporation, perform the test expeditiously and con­
tinuously co completion. 

9.2.2 Laboratory-compacted soil-cement test speci­
mens are very fragile, and special care should be taken 
in preparation, handling, and transportation to prevent 
damage. 

9.2.3 When extruding a rest specimen from the mold, 
maintain a slow, constant rate of extrusion. Fractures may 
occur in the specimen if the extrusion process is not 
conducted with care. 

10. Sampling, Test Specimens, and Test Units 

10. l Cement.-Pass cement through a No. 16 (l.18-
mm) sieve and discard all lumps. 

10.2 Water.-The mixing water must conform to sub­
paragraph 8.1. 

10.3 Sod: 
10.3. l Dry the soil sample - if damp when received 

from the field - until it becomes friable . Allow the sample 
to air-dry, or use a drying apparatus such that the tem­
perature of the sample does nor exceed 140 ° F (60 °C). 
Thoroughly break up any large soil aggregations in such 
a manner as to avoid reducing the natural size of individual 
soil particles. 

10.3.2 Sieve the sample on the No. 4 (4.75-mm) 
sieve. For soils containing more than 5 percent (by dry 
mass) material retained on the No. 4 sieve, use the 
procedure outlined in annex Al for processing che plus 
No. 4 soil. 

10.3.3 Obtain a representative sample of soil passing 
the No. 4 sieve, and determine the moisture content of 
the sample in accordance with USBR 5300. 

10.4 Twelve specimens are required at each cement 
concenc so chat chree each can be rested at 3, 7, 28, and 
90 days. However, only enough material co prepare three 
specimens is mixed at one time. 

11. Calibration and Standardization 

11.1 Verify that equipment is currencly calibrated in 
accordance wich che applicable calibration procedure. If the 
calibration is noc current, perform calibration before using 
che equipment for this procedure. 

11.2 Calibrate compressive strength test specimen 
molds in accordance with USBR 1009. 

12. Conditioning 

12.1 Bring all che materials co room temperature 
[preferably 65 to 75 °F (18 co 24 °C)] before beginning 
che rest. 

12.2 Store cement in moisture-proof containers - in 
a dry place. 
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12.3 Cure the test specimen in the mold in a high­
humidity environment for the time specified in subpara­
graph 13.15 before extruding from the mold. 

12.4 After extrusion from the mold, cure the test 
specimen in a high-humidity environment for the specified 
moist curing period. 

13. Procedure 

13.1 Record all data on the "Preparation of Soil­
Cement for Molded Compressive Strength Test Specimens" 
form. 

• For soils contammg S percent or less plus No. 4 
(4.75-mm) aggregate, record on figure 3A or 3B. 
• For soils containing more than S percent plus No. 4 
(4.75-mm) aggregate, record on figure 3C or 3D. 
• Record placement data on the "Soil-Cement 
Unconfined Compressive Strength Test" form, figure 4A 
or 4B. 

Figures 3A, 3C, and 4A are in inch-pound units and 
figures 3B, 3D, and 4B are in SI units. 

13.2 Calculate individual quantities of soil, cement, and 
water required to prepare three test specimens at the 
specified (usually 98) percent of laboratory maximum dry 
unit weight (USBR 5800) plus sufficient material to obtain 
one moisture co ntent determination. Calculate each 
quantity to the nearest 0.01 lbm (S g) . Add an additional 
0.3 percent water to compensate for moisture loss caused 
by evaporation and cement hydration. The initial moisture 
content of the minus No. 4 (4.75 mm) soil - as determined 
in accordance with USBR 5300 - is used to calculate the 
additional water required to bring the soil-cement mixture 
to optimum moisture content. For soils containing more 
than S percent plus No. 4 (4.75 mm) material, refer to 
annex A 1 for calculations. 

13.3 Use appropriate clean, dry containers and obtain 
quantities of soil, cement, and water in the amounts 
calculated in subparagraph 13.2. 

13.4 Mix the soil, cement, and water either by hand 
or in a suirable laboratory mixer. Use a continuous operation 
for mixing and compacting compression test specimens. 
Do not exceed 45 minutes elapsed time between addition 
of water and final compaction. 

13.4.1 H and Mixing.-Mix the batch in a clean, damp, 
metal pan or on top of a damp steel table with a blunt 
bricklayer's trowel using the following procedure: 

13.4.1.1 Mix the cement and soil until thoroughly 
blended. 

13.4.1.2 Add the calculated quantity of water 
required to raise the moisture content of the mixture to 
the optimum moisture content plus an additiona l 
0.3 percent water to compensate for moisture loss caused 
by evaporation and cement hydration; mix thoroughly. 

13 .4.2 Machine Mixing.-Follow the sequence 
specified in subparagraphs 13.4.1.1 through 13.4.1.2. To 
eliminate segregation of coarser soil particles, deposit 
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machine-mixed soil-cement into a clean, damp, metal pan 
and remix with the trowel. 

13.4.3 Balls of cement may form when water is added 
to soil-cement mixtures. Break down and mix these balls 
of cement with the soil-cement mixture to ensure that 
the cement and water are distributed uniformly. 

13.S Protect the soil-cement mixture against moisture 
loss by immediately covering with plastic or damp towels. 

13.6 Obtain a representative sample of the moist soil­
cement, screen out any plus No. 4 (4.75 mm) material, 
and determine the moisture content of the minus No. 4 
(4.75 mm) fraction in accordance with USBR 5300. Record 
the moisture content on the "Soil-Cement Unconfined 
Compressive Strength Test" form (fig. 4A or 4B). 

13.7 Lightly spray the inside of the mold and both 
sides of two separating disks with vegetable oil or 
commercial lubricating oil. Place a separating disk on the 
top of the bottom piston. Place the spacer clip over the 
bottom piston. Place the mold over the bottom piston and. 
on top of the spacer clip so that the bottom piston extends 
about 1 inch (25 mm) into the mold. 

13.8 Obtain the quantity of soil-cement required to 
produce one specimen when placed at optimum moisture 
content and at the specified (usually 98) percent of the 
laboratory maximum dry unit weight - as determined 
by USBR 5800. 

13.9 Place the funnel on top of the mold. 
13.10 Using the funnel, place the first layer of soil­

cement in the mold. Carefully spade the mixture around 
the mold sides with a thin spatula. Compact the layer of 
soil-cement by steadily and firmly forcing (with little 
impact) the round-nosed tamping rod repeatedly through 
the mixture from the top down to the point of refusal. 
Distribute the rodding uniformly over the cross section 
of the mold. Continue rodding until the layer is p acked 
co a height of about 2 inches (50 mm). Repeat the process 
until the mixture has been placed in the required three 
layers and is packed to a height of about 6 inches (150 mm) 
above the rop of the bottom piston or to about 2 inches 
(SO mm) below the top of the mold. 

13.11 Place a separating disk on the surface of the 
soil-cement. Remove the spacer clip supporting the mold 
on the bottom piston. Place the rop piston in the mold. 
Apply a dynamic load with the dropping-weight compact­
ing machine until the specimen is 5.60 inches (142 mm) 
high. The proper height of the specimen is obtained when 
the flanges of both the top and bottom pistons come into 
contact with the mold. Approximately six to eight blows 
with the compacting machine should bring the specimen 
to the proper height. 

NOfE 1.-If more than 10 blows are required, the rodding 
performed in subparagraph 13.10 was insufficient and the 
specimen is co be discarded. The process of rodding each layer 
aids in achieving a uniform unit weight throughout the specimen. 
An excessive number of blows with the compacting machine 
creates a higher unit weight on the ends of che specimen than 
in the middle of the specimen. A uniform unit weight throughout 
the specimen is critical for accurate compressive strength test 
results. 
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13.12 Remove rhe pisrons from rhe mold assembly, 
leaving rhe specimen and separaring disks in rhe mold . 
Label rhe mold and record on figure 4A or 4B. 

13.13 Repeat subparagraphs 13.7 through 13.12, 
forming two additional specimens. 

13.14 Repeat subparagraphs 13.2 rhrough 13.13 for 
nine additional specimens. 

13.15 Cure the specimen in the mold in a high-humidity 
environment for 12 hours or longer, if required, before 
exrruding from rhe mold. 

13.16 To assist in removal of the specimen from rhe 
mold, spray a lubricant (such as a vegetable oil or 
commercial lubricating oil) inside the ends of the mold 
and in the collar of the extruder. Remove the specimen 
from the mold using a suitable extruder. To prevent damage 
to the specimen, maintain a slow, constant rate of extrusion 
(approximately 12 in/min) . Fractures can occur in the 
specimen if the extrusion process is not conducted with 
care. Keep test specimens covered with damp (not wet) 
rowels until placed in a high-humidity environment. 

13.17 Label and place the specimen in an upright 
position in a moist room or a water bath to provide a 
high-humidity curing environment (see note 2) . Protect 
the specimen from dripping or running water for the 
specified moist curing period. If specimens are scored in 
a moist room do not leave the specimen in a pan or 
container that will collect water. 

NOfE 2.-Care must be taken when transporting the rest speci­
mens. The specimens are very susceptible t0 breakage at this time. 

14. Calculations 

14. l Calculate design masses of soil, cement, and water 
for a test specimen. 

14. l. l Inch-Pound Unirs.-Convert unit weight to 

density by changing lbf/ft3 co lbm/ft3 (see note 3). 

meyl = ( PdLabMax) DV 

IDs = .....!!l.m_ 

1 + C 

/De = meyl - ms 

111w = meyl ( Wo + 0.003) 
where: 

meyl dry mass of test specimen at desired dry 
density, lbm 

PdLabMax = laboracory maximum dry unit weight 
converted co density, lbm/ft3 

(1) 

(2) 

(3) 

(4) 

D = desired percentage of laboracory maximum 
dry unit weight and expressed as a decimal 

V = test cylinder volume, ft3 
ms = mass of dry soil, lbm 

C = desired percentage of cement and expressed 
as a decimal 

me = mass of cement, lbm 
mw = mass of water, lbm 
wo = optimum moisture content and expressed as 

a decimal 
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0.003 percent of additional water required to 
compensate for moisture loss caused by 
evaporation and cement hydration and 
expressed in decimal form 

NOfE 3.-For this application, a 1-pound mass is considered 
tO be numerically equal tO a I -pound force. 

14. l.2 SJ Units: 

where: 
PdLabMax= 

'YdLabMax= 

101.97 
meyl = 

D= 

V= 

IJJw 

Wo 

0.003 

PdLabMax 101 .97 ( 'Y dLabMax) (5) 

!Dey/ ( PdLabMax) D V (6) 

ms 
....!!2EL (7) 
I+ C 

me !Heyl - ms (8) 

mw meyl ( Wo + 0.003) (9) 

laboracory maximum dry density, kg/m3 
laboracory maximum dry unit weight, kN/m3 
conversion from kN/m3 co kg/m3 
dry mass of a test specimen at desired unit 

weight, kg 
desired percentage of laborarory maximum 

dry unit weight and expressed as a decimal 
test cylinder volume, m3 
mass of dry soil, kg 
desired percentage of cement and expressed as 

a decimal 
mass of cement, kg 
mass of water, kg 
optimum moisture content and expressed as a 

decimal 
percent of additional water required to 

compensate for moisture loss caused by 
evaporation and cement hydration and 
expressed in decimal form 

NOfE 4.-Two values are combined in the l0L.97 above 
conversion. To convert tO density (kg/ m l), divide the unit weight 
(kN/ml) by the acceleration of gravity (9.8067 m/s2) and multiply 
by 1000. 

14.2 Calculate the mass of moist soil and the additional 
water necessary for one test specimen (in-lb or SI systems): 

msm ms ( 1 + wr) 

mwa = mw - ( msm - ms) 

where: 
msm = mass of moist soil, lbm or kg 

wr = moisture content of soil and expressed as a 
decimal 

(10) 

(11) 

mwa = mass of additional water co be added, lbm or kg 

14.3 Calculate the total wet mass of soil-cement for 
one test specimen: 

m,w = flJe + msm + mwa (12) 

where m,w equals total wet mass of soil-cement for one 
test specimen, lbm or kg. 
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14.4 Calculate the masses of moist soil, cement, and 
additional water necessary for a test batch equal to 
3.5 specimens: 

where: 

3.5 me 

Bsm 3.5 msm 

Bwa = 3.5 mwa 

Be = mass of cement per batch, lbm or kg 
Bsm = mass of moist soil per batch, lbm or kg 

(13) 

(14) 

(15) 

Bwa = mass of additional water per batch, lbm or kg 

14.5 Calculate the mass of soil-cement per layer for 
placement in the mold: 

Mass of soil-cement per layer, lbm or kg = (16) 

15. Report 

l 5.1 The report is to consist of the following completed 
and checked forms: 

"'Preparation of Soil-Cement For Molded Compressive 
Strength Test Specimens" [for soil containing 5 percent 
or less plus No. 4 (4.75-mm) aggregate (fig. 3A or 3B)]. 
"Preparation of Soil-Cement for Molded Compressive 
Strength Test Specimens" [for soil containing more than 
5 percent plus No. 4 (4.75-mm) aggregate (fig. 3C or 
3D)]. 
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"Soil-Cement Unconfined Compressive Strength Test" 
(fig. 4A or 4B). 
15.2 All calculations are to show a checkmark. 
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7-~302 (6-115) _ I PREPARATION OF SOIL-CE_MENT _FOR MOLDED COMPRESSIVE STRENGTH TEST SPECIMENS I Desi nation USBR 5805 _ S 9 Bureau of Reclamat1on (for soil containing 5 percent or les, plus No. 4 aggregate) g - -

PROJECT FEATURE 

Example Example 
LOCATION DEPTH/ELEVATION 

AP-25 3. 5 - 7. 5 ft. 
SAMPLE NO. SPECIMENS NO . 

5805 T- I , 2, 3 
COMPUTED BY DATE !CHECKED BY DATE r~EPARED BY 

Auxiliary tests: USSR 5300- 8 ~. USSR 5800· .8. 9 
DESIGN DATA 

1. Design cement content, dec imal 0 . 120 

2. Laboratory maximum dry unit weight 125 . 0 1 bf/ftJ 

3 . Optimum moisture content, decimal 0 . 112 

4 . Moisture content of soil, decimal 0 . 013 

5. Test specimen volume . 0.0200 ft3 

6. Desired percentage of laboratory maximum dry unit weight, decimal 0 . 980 

DESIGN MASSES PER SPECIMEN (DRY SOIL) 

7. Total dry mass at desired unit weight (2) x (6) x (5) 2 . 45 lbm J/ 

8 . Mass of dry soi l (7) + I 1.0 + (1)) 2 . 19 lbm 

9. Mass of cement (7) · (8) 0.26 lbm 

10. Mass of water (8) x ( (3) + 0.003) Y 0. 25 lbm 

DESIGN MASSES PER SPECIMEN (MOIST SOIL) 

11. Mass of moist soil (8) x I 1.0 + (4)) 2. 22 lbm 

12. Mass of additional water ( 10) · I ( 11 I - (8) I 0.22 lbm 

13. Total wet mass of soil -cement (9) + ( 11 I + ( 121 2 . 70 lbm 

14. Mass of soil-cement per layer (13) + 3.0 0 . 90 lbm 

BATCH QUANTITIES (for 3½ specimens) 

15. Mass of cement (9) x 3.5 0 . 91 lbm 

16. Mass of moist soil ( 11 I x 3.5 7. 77 lbm 

17. Mass of additional water ( 12) x 3.5 0 . 77 lbm 

]J For this application . 1 -pound mass is considered to be numerically equal to 1-pound force. 

y 0 .3% moisture added to account for moisture loss caused by evaporation and hydration. 

GPO 848-515 

Figure 3A. - Preparation of soil-cement for molded compressive strength test specimens. Soil containing 5 percent or less plus No. 4 aggregate. 
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?m-2302 (6-85) . I PREPARATION OF SOIL-CEMENT FOR MOLDED COMPRESSIVE STRENGTH TEST SPECIMENS I Designation USBR 5805_ 8 9 
Bureau or Reclamauon (for ,oil containing 5 percent or Jess plus 4 . 75-mm aggregate) - -

PROJECT FEATURE 

Example Example 
LOCATION DEPTH/ELEVATION 

AP-25 I. I - 2 .3 m 
SAMPLE NO . SPECIMENS NO . 

5805 T- I, 2, 3 
COMPUTED BY DATE !CHECKED BY DATE rREPARED BY 

Auxiliary tests: USBR 5300- 8. 2, USBR 5800· 8. 9 
DESIGN DATA 

1. Design cement content, decimal 0 . 120 

2. Laboratory maximum dry unit weight 19.63 kN/mJ 

3. Laboratory maximum dry density (2) x 101 .97 JJ 2002 kg/m3 

4. Optimum moisture content, decimal 0.112 

5. Moisture content of soil, decimal 0.013 

6. Test specimen volume Y 5.63 X io-4 mJ 

7. Desired percentage of laboratory maximum dry unit weight, decimal 0.980 
1 DESIGN MASSES PER SPECIMEN (DRY SOIL) 

8. Total dry mass at desired dry density (3) x (7) x (6) 1.105 kg 

9. Mass of dry soil (8) + (1.0 + (1)) 0 . 990 kg 

10. Mass of cement (8) • (9) 0. 115 kg 

11. Mass of water (9) x I (4) + 0 .003) ';}/ 0 . 114 kg 

DESIGN MASSES'PER SPECIMEN (MOIST SOIL) 

12. Mass of moist soil (9) x (1.0 + (5)] 1.005 kg 

13. Mass of additional water ( 11) • I (12) • (9) I 0.100 kg 

14. Total wet mass of soil-cement (10) + (12) + (13) 1.220 kg 

15. Mass of soil-cement per layer (14) + 3.0 0.405 kg 

BATCH QUANTITIES (for 3½ specimens) 

16. Mass of cement (10) x 3.5 0.400 kg 

17 . Mass of moist soil (12) x 3.5 3.520 kg 

18. Mass of additional water (13) x 3.5 0 . 350 kg 

jJ Two values are combined in the constant. To convert from unit weight (kN/m3) to density (kg/m3), 
divide by the acceleration of gravity {9 .8067 m/s2) and multiply by 1,000. 

y To convert from cm3 to m3, divide by 106. 

':}/ 0 .3% moisture added to account for moinure loss caused by evaporation and hyd ration. 

GPO B48 •516 

Figure 38. - Preparation of soil-cement for molded compressive strength test specimens. Soil containing 5 percent or less plus 4.75-mm aggregate. 
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7-2301 (6-85) I PREPARATION Of SOIL-CEMENT FOR MOLDED COMPRESSIVE STRENGTH TEST SPECIMENS I DMlgnellon USSR 11806_ 8 9 Bwaaa of Redamallou (fo, ooll containing mo,. then 15 perc:ent plua No. • --•• - -

PROJECT Fi:ATURE 

Example Example 
LOCATION DEPTH/ELEVATION 

AP-25 3.5 - 7. 5 ft. 
SAMPLE NO. SPECIMENS NO. 

5805T I, 2, 3 
COMPUTED BY DATE rHECKED BY DATE rREPARED BY 

Auxiliary tests: USSR 5300- §. 9 USBR 5320- ,a 2. USSR 5800- §. ~ 

DESIGN DATA 

1. Design cement content, decimal 0 .08 
2. Laboratory maximum dry unit weight 136.0 lbf/ft3 
3. Desired percentage of laboratory maximum dry unit weight, decimal 0 . 980 
4. Optimum moisture content, decimal 0.060 
5. Percentage of plus No. 4 aggregate, decimal 0 .209 
6. Specific gravity of plus No. 4 aggregate 2 .56 
7. Moisture content of minus No. 4 soil, decimal 0.013 
8. Test specimen volume . 0.0200 ft3 

CORRECTIONS FOR PLUS No. 4 AGGREGATE 

9. Theoretical unit weight of composite of minus No. 4 soil-cement 
at desired 0-value with SSD aggregate added 138.1 lbf/ft3 

1.0 
(51 

+ 
1.0- (51 

62.4 X (61 (21 X (31 

10. Increase in unit weight (91 - ((21 x (3)) 4.8 lbf/ft3 
11. Unit weight of additional cement required (101 x (11 0 .4 lbf/ft3 
12. Ory unit weight of total material (91 + (111 138.5 lbf/ft3 

DESIGN MASSES PER SPECIMEN 

13. Dry mass of soil-cement per specimen (12) x (Bl 2. 77 lbm JI 
14. Ory mass of minus No. 4 soil and SSD aggregate (13) + (1.0+ (1)) 2.56 lbm 
15. Dry mass of cement (13) - (14) 0. 21 lbm 
16. DrymassofminusNo.4soil (14) x (1.0-(5)) 2.02 lbm 
17. Mass of SSD aggregate (141 - (161 0 .54 lbm 
18. Mass of water ((15) + (16)) x ((41 + 0.003) y 0 . 14 lbm 
19. MassofmoistminusNo.4soil (16)x [1.0+(7)) 2.05 lbm 
20. Mass of additional water (181 - ((191 - (1611 0.11 lbm 
21. Total wet mass of soil-cement (151 + (17) + (19) + (201 2.91 lbm 
22. Mass of soil<ement per layer (211 + 3.0 0.97 lbm 

BATCH QUANTITIES (for 3½ specimens) 

23. Mass of cement (15) x 3.5 0.74 lbm 
24. Mass of moist minus No. 4 soil (191 x 3.5 7.18 lbm 
25. Mass of additional water (20) x 3.5 0.39 lbm 
26. Mass of SSD aggregate (17) x 3.5 1.89 lbm 

y For thla appllcatlon. 1--pound mau la conaldered to be numerically equal to 1-c,ound force. 
y 0 .3" molnur• added to account for molnura loa cauaacl by evaporation and hydration. 

QPO 1,t ■ -111 

Figure 3C. - Preparation of soil-cement for molded compressive strength test specimens. Soil containing more than 5 percent plus No. 4 aggregate. 
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7m-2301 (6-15) . I PREPARATION OF SOIL-CEMENT FOR MOLDED COMPRESSIVE STRENGTH TEST SPECIMENS I Dnl atlon USSR 5805_ 8 9 Bwau of Reclamation (for 1011 containing mor• than 5 percent plu1 •· 75-mm •••-t•I gn - -

PROJECT FEATURE 
Example Example 

LOCATION DEPTH/ELEVATION 
AP-25 1.1 - 2.3 m 

SAMPLE NO. SPECIMENS NO. 
5805T I, 2,3 

COMPUTED BY DATE rHECKED BY DATE rREPARED BY 

Auxiliary tests: USSR 5300- 8 i USSR 5320- §. 9 USSR 5800- 8 9 

DESIGN DATA 

1. Design cement content, decimal 0.08 
2. Laboratory maximum dry unit weight 21. 89 kN/m3 
3. Laboratory maximum dry density (2) x 101.97 11 2232 kg/m3 
4. Desired percentage of laboratory maximum dry unit weight, decimal 0.980 
5. Optimum moisture content, decimal 0.060 
6. Percentage of plus 4.75-mm aggregate, decimal 0.209 
7. Specific gravity of plus 4.75-mm aggregate 2.56 
8. Moisture content of minus 4.75-mm soil, decimal 0.020 
9. Test specimen volume Y · 5.63 X 10-4 m3 

CORRECTIONS FOR PLUS 4.75-mm AGGREGATE 

10. Theoretical density of composite of minus 4. 75-mm soil-cement 
at desired D-value with SSD aggregate added 2256 kg/m3 

1.0 
(6) 

+ 
1.0- (6) 

1000 X (7) (3)x (4) 

11 . Increase in density (101 - ((3) X (4)) 69 kg/m3 
12. Density of additional cement required ( 11) x ( 1) 6 kg/m3 
13. Dry density of total material (10) + (121 2262 kg/m3 

DESIGN MASSES PER SPECIMEN 

14. Dry mass of soil-cement per specimen (13) X (9) 1.275 kg 
15. Dry mass of minus 4.75-mm soil and SSD aggregate (14) + [1.0+(1)] 1.180 kg 
16. Dry mass of cement (14) - (15) 0.095 kg 
17. Dry mass of minus 4.75-mm soil (16) x [1.0- (611 0.935 kg 
18. Mass of SSD aggregate (15) - (17) 0.245 kg 
19. Mass of water [(16) + (17)] x [(5) + 0.003) ~ 0.065 kg 
20. Mass of moist minus 4.75-mm soil (17) x (1.0 + (8)) 0.955 kg 
21 . Mass of additional water ( 191 - [ (201 - ( 17) I 0.045 kg 
22. Total wet mass of soil~ment (16) + (18) + (20) + (21) 1.340 kg 
23. Mass of soil-cement per layer (22) + 3.0 0.445 kg 

BATCH QUANTITIES (for 3% specimens) 

24. Mass of cement (16) x 3.5 0.335 kg 
25. Mass of moist minus 4.75-mm soil (20) X 3.6 3.340 kg 
26. Mass of additional water (21 Ix 3.5 0.160 kg 
27; Mass of SSD aggregate· (18) x 3.5 0.860 kg 

y Two valu• er• combined In the coMtant. To convert from unit weight (kN/m3) to den1lty (kglm3), 
divide by th• accalaretlon of grwltv (9.8067 mti1-) and multiply by 1.000. 

y To convert from cm3 to m3. divide by 1o8. 
~ 0 .3" molnur• added to account for mal■tur• loa c.aiMd by evaporation ■nd hydration. 

GPO 1•1•514 

Figure 3D. - Preparation of soil-cement for molded compressive strength test specimens. Soil containing more than 5 percent plus 4.75-mm aggregate. 
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7-1803 (H5) I SOIL-CEMENT UNCONFINED COMPRESSIVE STRENGTH TEST I Designation USBR 5805- JL i Bweau or Reclamation 

Project: Feature: 
Example Example 

Location: Depth/Elev.: 
AP-25 3.5 - 7.5 ft. 

Sample No.: Auxiliary tests: 
USBR 5300-Ji. ~. USBR 5800- JL ~ 5805T : 

Cement content: 12.0 % . Load at failure 11' D 2 
Compressive strength (Qui c Area ; Area "'-4-

' 
Placement: 'Yd "' 122.5: lbf/ft3, w= 11.0 % Loading rate: lbf/in2/s 

'' 

Placed at 98.0 % of 125.0 lbf/ft3 'Y max; wo = 11. 2 % 

Date Load at failure (lbf) 

::i e ~ ~ 
> 

C ;:;- .c .. - d,"' E . ai- o.2 .. - ::, .!: > C ~ 
't> 

i~ .. "' 'i .. NOTES ·- 0 •- C ::i~ ._ C CV'- ,:,/, &z 0,:. 
<( = C';;:::, ::, :0 ., ... 

!il c- a: .c Q, II .. ~ = C' = .. I- .s:. (/) ..J a: u Formed Tested c( 3-day 7-day 28-day 90-day 

I 11-23-89 11-26.-89 

2 11-23-89 11-26-89 

3 11-23-89 11-26-89 
' 

4 11-23-89. 11-30-89 

5 11-23-89 11-30-89 

6 11-23-89 11-30-89 

7 11-23-89 12-21-89 

8 11-23-89 12-21-89 

9 11-23-89 12-21-89 

10 11-24-89 2-2-90 

11 11-24-89 2-2-90 

12 11-24-89 2-2-90 

CPO e4e - eoo 

· Figure 4A. - Soil-cement unconfined compressive strength rest (in-lb). 
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?m-1803 (6-li'S) I SOIL-CEMENT UNCONFINED COMPRESSIVE STRENGTH TEST I Designation USBR 6805- .!L ~ Bureau or ReclamaUon 

Project: Feature: 
Example Example 

Location : Depth/Elev.: 
I.I - 2.3 AP-25 m 

Sample No.: Auxiliary tests: 
USBR 5300- JL ~. USBR 6800-JL ~ 5805T 

Cement content: 12.0 % . Load at failure N N r 02 
Compressive strength (Qui= Area - mm2 ; kPa = mm2 x 1()3; Area= - 4-

Placement : 'Yd ~ 19.63 kN/m3, w = 11 . 0 % Loading rate: MPa/s 

Placed at 98.0 % of 20.03 kN/m3 'Y max; Wo = 11. 2 % 

Date Load at failure (NI 

C ::; g .! .! .! .. -- .!!ie ., .... =- "0 E . ~E o .2 f E :, ., ,~ i i .. NOTES ·- 0 t.ie oE :)lii Cl' t .. -" &z <s :, -" ., .. 
ii c- 0>- a: - er- Q. r: .. .. ... c5 Cl) ..J > ~ Formed Tested c( 3-day 7-day 2B-day 90-day 

I 11-23-89 11-26-89 

2 11 - 23-89 11-26-89 

3 11-23-89 11-26-89 

4 11-23-89 11-30-89 

5 11-23-89 11-30-89 

6 11-23-89 11-30-89 

7 11-23-89 12-21-89 

8 11-23-89 12-21-89 

9 11-23-89 12-21-89 

10 11-24-89 2-22-90 

11 11-24-89 2-22-90 

12 11-24-89 2-22-90 

GPO 8411 • 1509 

Figure 4B. - Soil-cement uncon fi ned compressive strength test (SI ). 

C 
CJ) 

t:,::l 
:,::, 
V, 
00 
0 
V, 



USBR 5805 

ANNEX 

A 1. PROCEDURES FOR FORMING COMPRESSIVE STRENGTH SPECIMENS 
WHEN MATERIAL RETAINED ON THE NO. 4 SIEVE IS PRESENT (IN-LB SYSTEM) 

A 1.1 Sieve an adequate quantity of represenrative soil 
on the 1-inch, 3/4-inch, and No. 4 sieves. Discard any 
aggregate retained on the 1-inch sieve. Remove aggregate 
passing the 1-inch sieve and retained on the 3/4-inch sieve, 
and replace it with an equal mass of aggregate passing 
the 3/4-inch sieve and retained on the No. 4 sieve. Obtain 
aggregate for replacemenr from the original sample. Keep 
the aggregate and the minus No. 4 soil in separate 
coma iners. 

NOIE A 1.1-This method for making soil-cement compressive 
strength resr specimens is used primarily with soils having 
25 percent or less aggregate retained on rhe No. 4 sieve. The 
plus 3/4-inch soil is replaced in this procedure because 3/4 inch 
is rhe maximum allowable particle size in a 3-inch-diameter by 
6-inch-high cylindrical specimen. 

A 1.2 Determine the specific gravity and absorption of 
the aggregate in accordance with USBR 5320. 

A 1.3 Aggregate used in this procedure must be in a· 
saturated surface dry condition (see USBR 5320 and subpar. 
Al.9) . 

A 1.4 Calculate the theoretical dry unit weight of the 
composite of the minus No. 4 soil-cemenr at laboratory 
maximum dry unit weight-with SSD (saturated surface 
dry) aggregate added-using the following equation: 

where: 

1 
Yo = --p------

1
-_-p-­

+ -----
Yw Ga (YdLabMax) D 

Yo = theoretical dry unit weight of composite 
of minus No. 4 soil-cement and SSD 
aggregate, lbf/fr3 

(lA) 

P = percent SSD aggregate and expressed as a 
decimal 

G,, specific gravity of aggregate 
Yw = unit weight of water, 62.4 lbf/ft3 

YdLabMax laboratory maximum dry unit weight of 
minus No. 4 soil-cemenr, lbf/fr3 

D = desired percentage of laboratory maximum 
dry unit weight and expressed as a decimal 

A 1.5 Calculate the increase in dry unit weight resulting 
from the addition of aggregate to the soil-cemenr mixture: 

Yi = Yo - ( YdLabllfsx) D (2A) 

where y; equals increase in dry unit weight of soil-cement 
resulting from addition of aggregate, lbf/fc3. 

A l.6 Calculate the dry unit weight of the additional 
cement required as a result of the increase in dry unit 
weight: 

Yie y;C (3A) 
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where: 
Yie = dry unit weight of additional cement required as 

a result of the increase in dry unit weight, lbf/ft3 
C = design percent cemenr and expressed as a 

decimal 

A 1.7 Calculate the dry unit weight of the total soil-
cement mixture: 

Yi = Yo+ Yie (4A) 

where y, equals dry unit weight of the total soil-cement 
mixture, lbf/ft3. 

A 1.8 Calculate the dry mass of soil-cement per test 
specimen: 

mcyl = Pt V (5A) 

where: 
meyl = specimen dry mass at desired dry unit weight, 

lbm 
p, = unit weight converted to dens ity, lbm/ft3 
V = test cylinder volume, fc 3 

NOIE A 1.2-For rhis application, a I-pound mass is considered 
robe numerically equal ro a I-pound force. 

A 1.9 Calculate design masses of dry minus No. 4 soil, 
SSD aggregate, cement, and water for a test specimen: 

ms+a = __!!}£J:L 
(6A) 

1 + C 

Inc = mey/ - ms+a (7A) 

ms = ms+n 
(8A) 

1 +P 

ma = ms+a - ms (9A) 

mw = (me+ ms) (Wo + 0.003) (lOA) 

where: 
ms+a = dry mass of minus No. 4 soil and SSD (saturated 

surface dry) aggregate, lbm 
me mass of cement, lbm 
ms dry mass of minus No. 4 soil, lbm 
ma mass of SSD aggregate, lbm 
mw mass of water, lbm 

Wo optimum moisture content and expressed as a 
decimal 

0.003 = percent of additional water required to 
compensate for moisrure loss caused by 
evaporation and cement hydration and 
expressed in decimal form 
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Al.IO Calculate the masses of moist minus No. 4 soil 
and additional water necessary for a test specimen: 

illsm ills (1 + Wf) 

mwa mw - (msm - Ins) 
where: 
msm = mass of moist minus No. 4 soil, lbm 

wr = moisture content of minus No. 4 soil and 
expressed as a decimal 

mwa = mass of additional water, lbm 

(1 lA) 

(12A) 

A 1. ll Calculate the total wet mass of soil~cement for 
one test specimen: 

illtw = me + ma + illsm + Inwa (13A) 

where m1w equals total wet mass of soil-cement for one 
test specimen, lbm. 

A.1.12 Calculate the masses of moist minus No. 4 soil, 
cement, and additional water necessary for a test batch 
equal to 3.5 specimens: 

where: 
Be 

Bsm 

Bwa 

Ba 

3.5 me 

Bsm 3.5 illsm 

Bwa 3.5 mwa 

3.5 ma 

mass of cement per batch, lbm 

(14A) 

(15A) 

(16A) 

(17 A) 

mass of moist minus No. 4 soil per batch, lbm 
mass of additional water per batch, lbm 
mass of SSD aggregate per batch, lbm 

Al.13 Calculate the mass of soil-cement per layer for 
placement in the mold: 

Mass of soil-cement per layer, lbm 
illtw 

3 

Al.14 Follow the main procedure beginning at sub­
paragraph 13.4. Mix the aggregate with the entire batch 
until the aggregate is distributed uniformly throughout. 

AlM. PROCEDURES FOR FORMING COMPRESSIVE STRENGTH SPECIMENS 
WHEN MATERIAL RETAINED ON THE 4.75-mm SIEVE IS PRESENT (SI SYSTEM) 

A 1.1 M Sieve an adequate quantity of representative 
soil on the 25.0-, 19.0-, and 4.75-mm sieves. Discard any 
aggregate retained on the 25.0-mm sieve. Remove 
aggregate passing -the 25.0-mm ·sieve and retained on the 
19.0-mm sieve, and replace it with an equal mass of 
aggregate passing the 19.0-mm sieve and retained on the 
4.75-mm sieve. Obtain aggregate for replacement from the 
original sample. Keep the aggregate and the minus 
4.75-mm soil in separate containers. 

NOTE A 1.1 M-This method for making soil-cement 
compressive strength test specimens is used primarily with soils 
having 25 percent or less aggregate retained on the 4.75-mm 
sieve. The plus 19.0-mm soil is replaced in this procedure because 
19.0 mm is the maximum allowable particle size in a 76-mm­
diameter by 152-mm-high cylindrical specimen. 

A 1.2 M Determine the specific gravity and absorption 
of the aggregate in accordance with USBR 5320. 

Al.3 M Aggregate used in this procedure must be in 
an SSD condition (see USBR 5320 and subpar. Al.9). 

A 1.4 M Convert the laboratory maximum dry unit 
weight, kN/m3, to laboratory maximum dry density, kg/m3: 

PdLabMax = 101.97 ("/dLabMax) (lM) 
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where: 
PdLabMax laboratory maximum dry density of 

minus 4.75-mm soil-cement, kg/m3 
laboratory maximum dry unit weight of 

minus·4.75~mm soil-cement, kN/m3 

conversion from kN/m3 to kg/m3 

"/dLabMax 

101.97 

NOTE Al.2 M-Two values are combined i~ the 101.97 above 
conversion. To convert to density (kg/ml), divide the unit weight 
(kN/ ml) by the acceleration of gravity (9.8067 m/s2) and multiply 
by 1000. 

A 1.5 M Calculate the theoretical dry density of the 
composite of the minus 4.75-mm soil-cement at laboratory 
maximum density-with SSD (saturated surface dry) 
aggregate added-using the following equation: 

where: 
Po= 

P= 
Ga= 

Po= p l - p 
--+ 
Pw Ga (PdLabMax) D 

1 
(2M) 

theoretical dry density of composite of minus 
4.75-mm soil-cement and SSD (saturated 
surface dry) aggregate, kg/m3 

percent SSD aggregate expressed as a decimal 
specific gravity of aggregate 



USBR 5805 

Pw density of water, 1000 kg/m 3 

D desired percentage of laborarory maximum dry 
density and expressed as a decimal 

A 1.6 M Calculate the increase in dry density resulting 
from the addition of aggregate ro the soil-cement mixture: 

Pi = Po - [ (PdLabMax) D] (3M) 

where Pi equals increase in dry density of soil-cement 
resulting from the addition of aggregate, kg/m3. 

Al.7 M Calculate the dry density of the additional 
cement required as a result of the increase in dry density: 

Pie = Pi C (4M) 
where: 

Pie = dry density of additional cement required as a 
result of the increase in dry density, kg/ m3 

C = design percent cement and expressed as a 
decimal 

A 1.8 M Calculate the dry density of the total soil­
cement mixture: 

Pt = Po+ Pie (SM) 

where Pt equals dry density of the total soil-cement 
mixture, kg/ m3. 

Al.9 M Calculate the dry mass of soil-cement per test 
speomen: 

illeyl = Pt V 
where: 
meyl = dry mass of soil-cement per specimen, kg 

V = test cylinder volume, m 3 

(6M) 

Al.10 M Calculate design masses of minus 4.75-mm dry 
soil, SSD aggregate, cement, and water for a test specimen: 

me Ineyl - ills+a 

ms+a 
Ins 

l + p 

ma ms+a - ms 

mw (me + ms) (wo+ 0.003) 

where: 
ms+a = dry mass of minus 4.75-mm soil and SSD 

aggregate, kg 
C = design percent cement and expressed as a 

decimal 

(8M) 

(9M) 

(lOM) 

(llM) 
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me 

ms 

ma 

mw 

Wo 

0.003 

mass of cement, kg 
dry mass of minus 4.75-mm soil, kg 
mass of SSD aggregate, kg 
mass of water, kg 
optimum moisture content and expressed as a 

decimal 
percent of additional water required to compen­

sate for moisture loss caused by evaporation 
and cement hydration and expressed in 
decimal form 

A 1.11 M Calculate the masses of moist minus 4.75-mm 
soil and additional water necessary for a test specimen. 

where: 
Insm = 

Wf = 

Inwa = 

111sm 

111wa 

ms (l + wr) 

mw - ( 111sm - 111s) 

(12M) 

(13M) 

mass of moist minus 4.75-mm soil, kg 
moisture content of minus 4.75-mm soil and 

expressed as a decimal 
mass of additional water ro be added, kg 

A 1.12 M Calculate the total wet mass of soil-cement 
for one test specimen. 

111tw = me + 111a + 111sm + 111wa (14M) 

where mtw equals total wet mass of soil-cement for one 
test specimen, kg. 

A 1.13 M Calculate the masses of moist minus 4.75-mm 
soil, cement, and additional water necessary for a test batch 
equal to 3.5 specimens. 

where: 
Be 

Bsm 

Bwa 

Ba 

Be 3.S me (15M) 

Bsm 3.5 111sm (16M) 

Bwa 3.5 111wa (17M) 
. ·····. 

- (l8M)° Ba 3.5 111a 

mass of cement per batch, kg 
mass of moist minus 4.75-mm soil per batch, kg 
mass of additional water per batch, kg 
mass of SSD aggregate per batch, kg 

A 1.14 M Calculate the mass of soil-cement per layer 
for placement in the mold. 

Mass of soil-cement per layer, kg 
Intw 

3 
(19M) 

A 1. 15 M Follow the main procedure beginning at 
subparagraph 13.4. Mix the aggregate with the entire batch 
until the aggregate is distributed uniformly throughout. 
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USBR 5806-89 
PROCEDURE FOR 

PREPARING SOIL-CEMENT SPECIMENS 
FOR COMPRESSIVE STRENGTH TESTING 

FOR CONSTRUCTION CONTROL 

INTRODUCTION 

This procedure is under the jurisdiccion of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5806. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

This procedure is similar co ASTM D 1632, except that this procedure contains a rewritten and more detailed description and 
includes USBR data forms, and its application for construction control. Corresponding forms in SI units are included. The SI 
forms have the letter M following the first digit in the form number. 

1. Scope 

1.1 This designation ouclines the procedure for making 
and curing soil-cement specimens for unconfined 
compressive strength testing for construction control. 

2. Auxiliary Tests 

2.1 The fill (in-place compacted) wee unit weight of 
the soil-cement muse be determined in accordance with 
USBR 7205 or 7206 so chat compression test specimens 
can be placed at the fill wet unit weight. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1009 Calibrating Compaction Molds 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 
USBR 5810 Performing Compressive Strength Testing 
of Soil-Cement Cylinders 
USBR 5830 Performing Construction Control of Soil­
Cement 
USBR 7205 Determining Unit Weight of Soils In-Place 
by che Sand-Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by the Rubber Balloon Method 

3.2 ASTM Standards: 
C 511 Specification for Moise Cabinets, Moise Rooms, 
and Water Storage Tanks Used in the Testing of Hydraulic 
Cements and Concretes 
D 1632 Specification for Making and Curing Soil-Cement 
Compression and Flexure Test Specimens in the Laboratory 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 Molded cylindrical specimens of compacted soil­
cement are tested after curing to determine rhe unconfined 
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compressive strength of the material for construction 
control and record purposes . The compression test 
specimens are compacted co the fill wet unit weight of 
the soil-cement structure as constructed. Six specimens are 
prepared so that one specimen can be tested at 3 days, 
two specimens at 7 days, two specimens at 28 days, and 
one specimen at 90 days. Each specimen is prepared by 
placing the soil-cement mixture in a mold in three e9.ual 
layers. Each layer is rodded co a height of about 2 inches 
(50 mm). Then, the specimen is compacted with a 
dropping-weight compacting machine (fig. 1) to the fill 
wet unit weight. The specimens are cured in a high­
humidity environment for a minimum of 12 hours and 
then are extruded from the mold. After extrusion, the 
specimens are kept in a high-humidity environment for 
the specified curing time prior co compression testing. 

5. Significance and Use 

5.1 Soil-cement unconfined compressive strength 
testing is performed during construction of a soil-cement 
structure co determine the rate of strength gain and to 
ensure that the soil-cement is gaining adequate strength 
with age. 

5.2 Minimum acceptable soil-cement compressive 
strength values of 600 !bf/ in2 ( 4100 kPa) at 7 days and 
875 lbf/in2 (6000 kPa) at 28 days have been established, 
by the Bureau, based on satisfactory field .. perforq1ance of 
existing soil-cement structures. , ~ 7 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Cement Conrent.-Amount of cement in a soil­

cement mixture, specified as a percent of dry soil mass. 
6.2.2 Soil-Cement Moisture Contenr.-Ratio of che 

mass of water co the total dry mass of a soil-cement mixture, 
expressed as a percent. 
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7. Apparatus 

7.1 General Appararus: 
7 .1.1 Balance or Scale.-A balance or scale used for 

this designation must be readable to 0.01 lbm and have 
a capacity of about 25 lbm. 

7.1.2 Sieves.-V.S.A. Standard series 3/ 4 inch 
(19.0 mm) and No. 4 (4.75 mm) sieves, conforming to 
the requirements of ASTM E 11. 

7.1.3 Tamping Rod.-A round-nosed 1/2- or 
5/8-inch (13- or 16-mm) diameter, smooth steel rod about 
20 inches (510 mm) long. 

7.1.4 Moist Room or U1.:1ter Bath.-A moist room 
or water bath capable of maintaining a uniform tempera­
ture of 73.4±3.0 °F (23.0±1.7 °C) and a relative humidity 
of not less than 95 percent, conforming to the requirements 
of ASTM C 511. 

7.2 Equipment Unique to This Procedure: 
7.2.1 Dropping-Weight Compacting Machine.-A 

controlled dropping-weight device of 15 lbm (6.8 kg) for 
striking the top piston (figs. 1 and 2). Shop drawings are 
available upon request from the Denver Office. Ensure 
that the compacting machine rests firmly on a level, 
uniformly rigid foundation, equivalent to a 200-lbm (90 kg) 
cylinder of concrete. 

Bot tom 
piston 

'I' ,,1 
11 
I 
I 
I 

I • 

f(l9.lmm) Oio. 
steel shaft 

Guide sleeve 

Note: Apparatus to be 
mounted to suitable 
base 

Heavy steel 
baseplate 

FRONT VIEW SIDE VIEW 

Hommer support 

Figure I. - Dropping-weight compacting machine. 
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2. 4340 Seamless steel tubing 
with rust-proof coating 

3. s,, test procedure for 
tolerances on mold 
dimensions. 

Figure 2. - Soil-cement compressive strength mold assembly. 

7 .2.2 Compression Test Specimen Molds (fig. 2): 
7.2.2.1 Molds having an inside diameter of 

2.80±0.01 inch (71.12±0.25 mm) and a height of 9.00± 
0.01 inch (229±0.25 mm) for molding test specimens 
2.80±0.01 inch (71.12±0.25 mm) in diameter and 
5.60±0.01 inch (142±0.25 mm) high. Satisfactory molds 
may be made from 4340 cold-drawn, seamless steel tubing 
having a rustproof coating. 

7.2.2.2 Machined steel top and bottom pistons 
having a diameter 0.005 inch (0.13 mm) less than the 
mold inside diameter. 

7.2.2.3 A spacer clip. 
7.2.2.4 Two aluminum separating disks 1/16-inch 

(1.6-mm) thick by 2.78 inches (70.6 mm) in diameter for 
each test specimen. 

7.2.3 Compressive Strength Test Specimen 
Extruder.-Consisting of a piston, jack, and frame for 
extruding soil-cement specimens from the mold. 

7 .2.4 Funnel.-To facilitate filling the 2.80-inch 
(71.1-mm) diameter molds with soil-cement. 

7.3 Miscellaneous Equipment: 
7.3. l Miscellaneous mixing tools such as a large 

mixing pan and trowel. 
7.3.2 Spatula for distributing soil-cement along the 

in~ide of the mold. 
7.3.3 Damp towels to keep test specimens moist. 
7.3.4 Tags for labeling molds. 
7.3.-5 Waterproof markers to label test specimens:· --
7.3.6 Vegetable oil spray or commercial lubricating 

oil to prevent soil-cement from adhering to the mold. 
7.3.7 Moisture-proof container suitable for trans­

porting fresh soil-cement from the construction site to 
the laboratory. 
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8. Precautions 

8.1 Safety Precautions: 
8.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
8.1.2 Exercise care to protect hands from drying and 

abrasive properties of cement. 
8.2 Technical Precautions: 

8.2.1 To minimize the effects of cement hydration 
and evaporation, perform the test expeditiously and 
continuously to completion. 

8.2.2 Laboratory compacted soil-cement test speci­
mens are very fragile and special care should be taken 
in preparation, handling, and transportation to prevent 
damage. 

8.2.3 When extruding a test specimen from the mold, 
maintain a slow, constant rate of extrusion. Fractures can 
occur in the specimen if the extrusion process is not 
conducted with care. 

9. Sampling, Test Specimens, and Test Units 

9.1 The compressive strength is to be determined at 
least once for every 500 yd3 (400 m 3) of soil-cement placed, 
a minimum of once per shift if less than 500 yd3 are placed, 
or in questionable areas. 

9.2 Place a representative sample of about 50 lbm 
(23 kg) of fresh soil-cement in a moisture-proof container 
to prevent moisture loss while transporting to the 
laboratory. Every precaution should be observed in 
obtaining sam pies that are truly representative of the nature 
and condition of the soil-cement. Refer to USBR 5830 
for sampling procedures. 

9.3 The elapsed time between obtaining the fresh soil­
cement sample and preparing the test specimens should 
be as short as possible; do not exceed 45 minutes. 

9.4 Pass the sample through a U.S.A. Standard series 
3/4-inch (19.0-mm) sieve. Discard any aggregate retained 
on the 3/4-inch (19.0-mm) sieve. 

NOTE 1.-This method for making soil-cement compressive 
strength test specimens is used primarily with soils having 
25 percent or less aggregate retained on the No. 4 sieve. The 
3/4-inch (19.0-mm) aggregate is the maximum allowable particle 
size in a 3-inch-diameter by 6-inch-high (75- by 152-mm) 
cylindrical specimen. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

10.2 Calibrate compressive strength test specimen 
molds in accordance with USBR 1009. 

11. Conditioning 

11.1 Place the soil-cement sample obtained 10 

subparagraph 9.2 into a moisture-proof container to 
prevent moisture loss. 
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11.2 Cure the test specimen in the mold in a high­
humidity environment for the time specified in subpara­
graph 12.9 before extruding from the mold. 

11.3 After extrusion from the mold, cure the test 
specimen in a high-humidity environment for the specified 
moist curing period. 

12. Procedure 

12.1 All data are to be recorded on the "Soil-Cement 
Test Cylinder Break Card" form shown on figure 3A (in-lb 
units) or 3B (SI units). 

12.2 Prepare six specimens individually so that one 
each can be tested at 3 and 90 days and two each can 
be tested at 7 and 28 days. 

12.3 Calculate the quantity of uniformly mixed soil­
cement necessary to produce a specimen at the fill wet 
unit weight as determined by USBR 7205 or 7206. 

12.4 Lightly spray the inside of the mold and both 
sides of two separating disks with vegetable oil or 
commercial lubricating oil. Place a separating disk on the 
top of the bottom piston. Place the spacer clip over the 
bottom piston. Place the mold over the bottom piston and 
on top of the spacer clip so that the bottom piston extends 
about 1 inch (25 mm) into the mold. 

12.5 Place the funnel on top of the mold. 
12.6 Using the funnel, place the first layer of soil­

cement in the mold. Carefully spade the mixture around 
the mold sides with a thin spatula. Compact the layer of 
soil-cement by steadily and firmly forcing (with little 
impact) the round-nosed tamping rod repeatedly through 
the mixture from the top down to the point of refusal. 
Distribute the rodding uniformly over the cross section 
of the mold. Continue rodding until the layer is packed 
to a height of about 2 inches (50 ·mm). Repeat the process 
until the mixture has been placed in the required three 
layers and is packed to a height of about 6 inches (150 mm) 
above the top of the bottom piston or to about 2 inches 
(50 mm) below the top of the mold. 

12.7 Place a separating disk on the surface of the soil­
cement. Remove the spacer clip supporting the mold on 
the bottom piston. Place the top piston in the mold. Apply 
a dynamic load with the dropping-weight compacting 
machine until the specimen is 5.67 inches (142 mm) high. 
Six to eight blows with the compacting machine should 
bring the specimen to the proper height. The proper height 
of the specimen is obtained when the flanges of both the 
top and bottom pistons come into contact with the mold. 

NOTE 2.-If more than ten blows are required, the rodding 
performed in subparagraph 12.6 was insufficient and the specimen 
is to be discarded. The process of rodding each layer aids in 
achieving a uniform unit weight throughout the specimen. An 
excessive number of blows with the compacting machine creates 
a higher unit weight on the ends of the specimen than in the 
middle of the specimen. A uniform unit weight throughout the 
specimen is critical for accurate compressive strength test results. 

12.8 Remove the pistons from the mold assembly­
leaving the specimen and separating disks in the mold. 
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Label the mold and record on the "Soil-Cement Test 
Cylinder Break Card" form of figure 3A or 3B. 

12.9 Cure the specimen, in the mold, in a high-humidity 
environment for 12 hours or longer, if required, before 
extruding from the mold. 

12.10 To assist in removal of the specimen from the 
mold, spray a lubricant such as a vegetable oil or a 
commercial lubricating oil inside the ends of the mold and 
in the collar of the extruder. Remove the specimen from 
the mold using a suitable extruder. To prevent damage 
to the specimen, maintain a slow, constant rate of extrusion 
(approximately 12 in/ min) . Fractures can occur in the 
specimen if rhe extrusion process is nor conducted wirh 
care. Keep rest specimens covered with damp (nor wet) 
rowels until placed in a high-humidity environment. 

12.11 Label and place the specimens in an upright . 
position in a moist room or a water bath to provide a 
high-humidity curing environment (note 3). Protect the 
specimens from dripping or running water for the specified 
moist curing period. If specimens are stored in a moist 
room, do not leave the specimens in pans or containers 
that will collect water. 

NillE ) .-Care muse be taken when transporting che test 
specimens. The specimens are very susceptible co breakage at 
chis cime. 

13. Calculations 

13.1 Calculate the mass of soil-cement required to 
produce a compressive strength test specimen at the fill 
wet unit weight using the following equations: 
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13.1.1 Inch-Pound Units : Convert unit weight to 

density by changing lbf/ft3 to lbm/fr3 (see nore 4). 

m = Pw V 
where: 

m mass required for rest specimen, lbm 
Pw = wet unit weight of soil-cement converted to 

density, lbm/ft3 
V = volume of mold , fr3 

(1) 

NillE 4.-For chis application, a I-pound mass is considered 
to be numerically equal co a I-pound force. 

13.1.2 Sf Units : 

m = 101.97 Yw V 
where: 

m = mass required for test specimen, kg 
)'w = wet unit weight of soil-cement, kN/m3 

V = volume of mold, m3 
101.97 = conversion from kN/m3 to kg/m3 

(2) 

NorE 5.-Two values are combined in the constant. To convert 
from unit we ight, kN/ml, co density, kg/ml, <livid~ by the 
acceleration of gravity (9.8067 m/ s2) and multiply by IO00. 

13.2 Divide the total mass required for each test speci­
men by 3 to determine the mass required for each lift. 

14. Report 

14.1 The report is co consist of a COtilpleted "Soil­
Cement Test Cylinder Break Card" form (fig. 3A or 3B). 

14.2 All calculations are ro show a checkmark. 
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7-2149 (6--85) 
Bureau of Reclamation SOIL-CEMENT 

TEST CYLINDER BREAK CARD 

Designation USSR 5806- 8 -~ Auxiliary Tests: USSR 7205- __§___ _9_, USSR 7206- _ 

Feature: _E_x_a_m_p_l_e ____________ Structure : _3_:_I_S_lo~p_e_o_f_D_a_m __ F_a_c_e ___ _ 

Test No . or Location 10 - 2 3-A-1 Date Placed : 10 - 2 3- 89 Shift: A T;me : ------ 3: 00 PM 

Mold Volume : ___ 0_._0_2_0_0 _______ ft3 Fill Unit Weight: ___ 1_3_6_._0 ________ 1bf/ft3 

D -Value: ____ 9_9_._0_· _____ % Cement Content: __ l_l._2 ___ % Loading Rate: __ 3_0 ___ 1bf/in2/s 

.,J .,_ 
Load Area (in2) Compressive ., .. 01- gio_ 

Specimen 01 > .. .c- at A= 7T D2 Strength (lbf/ in2) 
Break Date ~ ~ C: ~- C: LID 

number <{ E CD en ·- m ro ·- Failure -4- Load > c:- > ·--
<( Q) <( 0 (lbf) q = --

J 
u A 

I 3 10-26-89 

2 7 10-30-89 

3 7 10-30-89 

4 28 11-20-89 

5 28 11-20-89 

6 90 I -21-90 
Remarks on Reverse Side 

Figure 3A. - Soil-cement test cylinder break card (in-lb example). 

7m-2149 (6--85) 
Bureau of Reclamation SOIL-CEMENT 

TEST CYLINDER BREAK CARD 

'O 
'O 'O 

Q) Q) 

.; > !!!> .,, > 
c, ID i;ID al ID ., 
~ 

f- .c 
u 

JKL 
JKL 
JKL 
RST 

RST 

RST 
-

Designation USSR 5806- 8 9 

Feature: Example 

Auxiliary Tests: USSR 7205 - _§_ ~- USSR 7206- _ 

Structure : _3_: _I _S_l_o..,_p_e __ o_f_D_a_m __ F_a_c_e __ _ 

Test No. or Location : 2-22-A- I Date Placed : 2- 2 2 -89 Shift: ___ A ____ Time:_3_:_3_0_P_M __ 

5.63x10- 4 Mold Volume : _____________ m3 

(to convert from cm3 to m3, divide by 106) 

Fill Unit Weight: _2_0_._o __________ kN / m3 

D -Value : _____ 9_8_._9 _____ % Cement Content : __ 1_2_._0 __ % Loading Rate : __ 0_._2_Q ___ MPa/ s 

Q)J .,_ 
Load Area(mm2) Compressive 'O 

'O -0 
.,.; Cl-- 010- Q) ., 

Specimen a,> Break Date ~ -5 E ~- E LID at A= 7T D2 
Strength(kPal .; > !!! > -" > 

number <i:i g;! g' E g;! .'.!' E Failure -4- (Q l = Load " 103 
C.ID i;ID al ID 

<{ .,- <{0- (N) u A ~ f- .c 
J 0. u 

I 3 2-25-89 CED 
2 7 3-01-89 CED 
3 7 3-01-89 CED 
4 28 3-22-89 CED 
5 28 3-22-89 CED 
6 90 5-23-89 CED 

Remarks on Reverse Sid·e 

Figure 3B. - Soil-cement test cylinder break card (SI example). 
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UNITED ST ATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5807-89 

PREPARING AND TESTING SOIL-CEMENT SLURRY 
TEST CYLINDERS 

INTRODUCTION 

This procedure is under the jurisdiction of the Georechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5807. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
preparing and testing cylindrical specimens of soil-cement 
slurry to determine compressive strength. 

1.2 This method may also be used to prepare and test 
specimens of other slurry mixtures of soil and cementitious 
materials, such as certain fly ashes. 

2. Auxiliary Tests 

2.1 The soil-cement slurry cylinders are capped in 
accordance with USBR 4617 or ASTM C 617 prior to com­
pressive strength testing. 

3. Applicable Documents 

3.1 USER Procedures: 
-USBR * 1104 Load Verification of Testing Machines 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating_ to Soil Mechanics 
USBR *4192 Making and Curing Concrete Test Spec­
imens in Laboratory 
USBR *4617 Capping Cylindrical Concrete Specimens 
USBR 5810 Performing Compressive Strength Testing 
of Soil-Cement Cylinders 

3.2 ASTM Standards: 
C 192 Making and Curing Concrete Test Specimens m 
the Laboratory 
C 470 Specification for Molds for Forming Concrete Test 
Cylinders Vertically 
C 617 Capping Cylindrical Concrete Specimens 

4. Summary of Method · 

4.1 Cylinders of soil-cement slurry are tested to deter­
mine the compressive strength of the material. The 
cylinders are prepared by pouring a representative sample 
of the slurry into molds, curing the cylinders, removing 

* Concrete ,\lanual, Bureau of Reclamation, pare 2, in press. 
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the cylinders from the molds, and capping the cylinders 
for compression testing. The cylinders are then tested to 
obtain compressive strengths, typically 7 days after the 
cylinders are prepared. Duplicate cylinders are required. 

5. Significance and Use 

5.1 This method is used to prepare and test cylindrical 
specimens of soil-cement slurry to determine the 
compressive strength of the hardened slurry. 

5.2 Soil-cement slurry is typically used as a backfill 
material around structures, · particularly in confined or 
limited spaces. The main use has been as pipe bedding. 
When it is used to transfer structural loads to the 
surrounding soil as in pipe bedding a minimum compres­
sive strength of test cylinders of a given age is generally 
specified in the contract documents. Compressive strength 
testing is performed to assist in the design of the soil­
cement slurry mix and to serve as a control technique during 
construction. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Soil-Cement.-A mixture of soil, portland 
cement, and water that (as the cement hydrates) forms 
a material with a higher strength than the untreated soil. 
Depending on the amount of water used, it can be placed 
as a compacted material, as a mortar, or as a slurry. 

6.1.2 Soil-Cement Slurry.-Soil-cement with a mois­
ture content such that it has the consistency of a thick liquid. 

7. Apparatus 

7.1 Single-Use Cylindrical Molds.-Plastic single-use 6-
inch diameter by 12-inch high molds (152-mm diameter 
by 305-mm high) that conform to ASTM C 470. 

7.2 Testing Machine.-Any type having sufficient load 
capacity and strain control to provide the rate of load.ing 
prescribed in subparagraphs 10. l and 14.3. The testing 
machine should be equipped with two steel bearing blocks 
with hardened faces (see note l), one of which is a spheri-
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cally seated headblock that normally will bear on the upper 
surface of the specimen and the other a plain rigid block 
on which the specimen will rest. The diameter of the 
bearing surfaces should be as large and preferably slightly 
larger than the diameter of the test specimen. The bearing 
faces, when new, should not depart from plane by more 
than 0.0005 inch (0.013 mm) at any point, and should 
be maintained within a permissible variation limit of 0.001 
inch (0.025 mm). The bearing faces should be perpendicular 
to the axis of loading of each bearing block. In the 
spherically seated block, the diameter of the sphere should 
not greatly exceed the diameter of the specimen. The center 
of the bearing face should coincide with the center of the 
sphere. The moving portion of this block should be held 
closely in the spherical seat, but the design should be such 
that the bearing face can be rotated freely and tilted through 
small angles in any direction. This is necessary to prevent 
eccentric loading conditions on the test specimen. 

NafE 1.-lt is desirable that the bearing faces of blocks used 
for compression testing of soil-cement slurry specimens have 
a Rockwell C-scale hardness number greater than 60. 

7.3 Sampling and Mixing Receptacle.-The receptacle 
should be a suitable heavy-gage metal pan, wheelbarrow, 
etc., of sufficient capacity to allow easy sampling and mixing 
of the slurry and to allow for preparation of at least two 
cylinders. 

7.4 Storage Container.-A tightly constructed, firmly 
braced wooden box with a cover or other suitable container 
for storage of the soil-cement slurry cylinders at the 
construction site. It should be marked for identification 
and should be a bright color to avoid disturbance. 

7.5 Transportation Container.-A sturdy wooden box 
or other suitable container constructed to minimize shock, 
vibration, or damage to the soil-cement slurry cylinders 
when transported to the laboratory. 

7.6 Curing Environment.-A curing environment 
(water bath, damp sand, fog room) that meets the 
requirements of USBR 4192 or ASTM C 192. The soil­
cement slurry cylinders are to be cured in the same curing 
environment used for concrete cylinders at the laboratory 
performing the testing. 

7 .7 Small Tools.-Tools and items such as shovels, pails, 
trowels, and scoops. 

8. Precautions 

8.1 Safety Precaution: 
8.1.1 The safety precautions stared in USBR 4617 

or ASTM C 617 are to be strictly observed. 
8.1.2 When capping the cylinders with molten sulfur 

mortar, proper personal protective equipment, including 
gloves with cuffs at least 6 inches (150 mm) long, are 
to be worn. 

8.2 Technical Precaution-The procedure for prepara­
tion of soil-cement slurry cylinders has many similarities 
to preparing concrete cylinders. However, the soil-cement 
slurry cylinders are more fragile than concrete cylinders, 
and special care should be taken in their preparation, 
storage, and handling. 
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9. Sampling, Test Specimens, and Test Units 

9.1 The sample from the soil-cement slurry batch 
should be a minimum of 1 ft 3 (0.03 m3) for each cylinder 
to be prepared. Prepare a minimum of two compressive 
strength cylinders to represent each sampled batch. 

NafE 2.-In the initial stage of soil-cement slurry usage, 
preparation of three cylinders is recommended to obtain reliable 
compressive strength data. Subsequently, two cylinders may be 
used to maintain testing records and to ascertain an overall quality 
of the mix. However, since the soil-cement slurry cylinders are 
fragile and may be damaged during transportation, mold removal, 
and capping, preparation of an extra cylinder may be necessary 
to provide the minimum number of test specimens (see notes 3 
and 4). 

9.2 When soil-cement slurry is used for pipe bedding, 
the compressive strength is to be determined at least once 
for every 500 linear feet (or 150 linear meters) of pipe 
placed, or at least twice per shift. The testing frequency 
should be increased in the initial stage of any soil-cement 
slurry usage and maintained until routine construction 
procedures a·nd consistent test results are established. 

9.3 The procedures used in sampling the slurry should 
include use of every precaution to ensure that samples 
are truly representative of the nature and condition of the 
soil-cement slurry. Protect the sample obtained from sun, 
wind, and other sources of rapid evaporation, and from 
contamination. 

9.4 Keep the elapsed time between obtaining the 
sample and preparing the test specimens as short as pos­
sible-not to exceed 15 minutes. 

9.5 In sampling from revolving drum truck mixers or 
agitators, sample the soil-cement slurry during discharge 
of the middle portion of a batch. Do not obtain samples 
from the very first or last portions of the batch discharge. 
In any case, do not obtain _samples until after all water 
has been added to the mixer. Sample by completely 
diverting the discharge into the sampling and mixing 
receptacle. 

10. Calibration and Standardization 

10.1 Verify that the testing machine conforms to the 
requirements of and is calibrated in accordance with USBR 
1104. Since the soil-cement slurry will have a typical range 
of compressive strength of 50 to 200 lbf/in2 (350 to 1400 
kPa) at 7 days, the testing machine must be equipped to 
provide a suitable load range and must be calibrated for 
that load range. 

11. Conditioning 

11.1 As part of the preparation of the soil-cement slurry 
cylinders for compressive strength testing, the cylinders 
are to remain in a storage container at the job site for 
4 days and then placed in a curing environment until the 
day they are to be rested. 
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12. Procedure - Molding Specimens and Curing 

12.1 Place of Molding.-Find a level, rigid, horizontal 
surface, free from vibration and other disturbances, on 
which to mold the specimens. The specimens should be 
prepared at a place as near as practicable to the location 
where they are co be scored during the first 4 days. 

L2 .2 Placing rhe Slurry: 
12.2. l Thoroughly mix the slurry sample (obtained 

in accordance with par. 9) in the sampling and mixing 
receptacle. 

12.2.2 With a bucket, scoop through the center 
portion of the sample, and pour the slurry into the cylinder 
mold. Repeat until the mold is full. 

12.2.3 For some slurry mixtures, free water will 
appear at the cop of the specimen in the mold. After a 
few minutes , thoroughly mix the slurry in the sampling 
and mixing receptacle and place a scoopful of the slurry 
in the top of the mold-displacing the water. A slight 
mound of material should be left on the top of the specimen, 
if possible. This refilling may be required again after about 
15 minutes. Leave the mound on the cop of the specimen 
in the mold. 

l2 .3 Curing: 
12.3.1 Store the cylinders at the construction site 

in the scorage container until the fourth day after 
preparation. 

12.3.2 On the fourth day, transport the cylinders co 
the site of the curing environment in the transportation 
container and place in the curing environment. The curing 
environment (water bath, damp sand, fog roo m) is co be 

the same as used for concrete cylinders at the laboratory 
performing the compressive testing. The curing environ­
ment shall conform co the requirements of USBR 4192 
or ASTM C 192. 

13. Procedure - Capping 

13.1 Carefully remove the molds from the cylinders and 
allow the cylinders to air-dry for 4 co 8 hours before capping. 
The cylinders are to be capped in accordance with USBR 
4617 or ASTM C 617. If the upper surface of the cylinder 
is not a horizontal plane, use a wire brush to flatten the 
surface. Brush off all loose particles. 

NITTE 3.-Soil-cement slurry cylinders are more fragile rhan 
concrere cylinders and musr be handled carefully during rhe mold 
removal and during capping. 

NITTE 4.-0il is placed on the capping plare to ensure release 
of the capping material from rhe capping plate. More oil may 
be required on the capping plare when capping soil-cement slurry 
cylinders rhan is normally used when capping concrere cylinders. 
Capped soil-cement cylinders will normally contain more air voids 
berween the cap and rhe cylinder rhan capped concrere cylinders, 
and rhis should be considered if the caps are rapped to check 
for voids. 

14. Procedure - Testing 

14. l All data are to be recorded on the "Soil-Cement 
Test Cylinder Break Card" form as shown on figure 1. 

7-2149 (6~5) 
Bureau of Reclamation 

SOIL-CEMENT 
TEST CYLINDER BREAK CARD 

Designation USB R 5807-JL 9 Auxiliary Tests : ASTM C 617 __ , USBR 7206 - __ 

Feature: _E_x_a_m--'p'--I e _____________ Structure:-----------------

Test No . or Location ______ Date Placed: ______ Shift : ______ T;me: _____ _ 

Mold Volume : _____________ ft3 Fill Unit Weight : _____________ lbf/ft3 

D -Value : _____ N_. A_. _____ % Cement Content: __ I _l._4 __ % Loading Rate: __ 3_0 ___ lbf/in2/s 

., .J .,_ 
Compressive " al 

.. 
.,-;;; 01- g,c_ Load Area (in2) ., " Specimen <C .c- Strength (lbf/in2) :. > ~> "'- > "'> Break Date ~ ~ C ~-c LID at A = TC D2 

number <l:E CJ o, ·- ~ .~:.:. Failure -4- q = ~ 
Cl ID ~ a, ~ a, >c-

((0 (lbf) ~ .... .c <:(., u A a. u .J 

4-2A 7 4-9-89 12 6 2 2910 28.27 103 

4-28 7 lt-9-89 12 6 2 3320 28 . 27 117 
4-2C 7 4-9--89 12 6 2 3190 28.27 113 

Remarks on Reverse Side 

Figure I. - Soil-cement test cylinder break card - example. This example shows the front of a card (form) having a blank reverse side. 
The card is available from the Denver Office .. 

897 



USBR 5807 

NOTE 5.-This form is normally used in conjunction with USBR 
5810. With slight modifications, it may be used for this designation 
as illustrated on figure l. 

14.2 Placing the Specimen-Place the lower bearing 
block, with its hardened face up, on the table or platen 
of the testing machine directly under the spherically seated 
(upper) bearing block. Wipe clean the bearing faces of 
the upper and lower bearing blocks and of the test specimen, 
and place the test specimen on the lower bearing block. 
Carefully aline the axis of the specimen with the center 
of thrust of the spherically seated block. As the spherically 

. seated block is brought to bear on the top of the specimen, 
rotate its movable portion gently by hand so that uniform 
seating is obtained. 

14.3 Rate of Loading-Apply the load continuously and 
without shock. Apply the load at a constant rate within 
the range of 30±10 lbf/in2 per second (200±70 kPa/s). 
During the application of the first half of the anticipated 
maximum load, a higher rate of loading may be permitted. 
Make no adjustment in the controls of the testing machine 
while a specimen is yielding rapidly immediately before 
failure. 

14.4 Failure.-Apply the load until the specimen fails, 
and record the maximum load carried by the specimen 
during the test. Note the type of failure and the appearance 
of the soil-cement slurry specimen. For about l out of 

every 10 cylinders, continue the loading until the cylinder 
breaks enough to examine the appearance of the interior 
of the specimen. Note any apparent segregation, lenses, 
pockets, etc., in the specimen. 

14.5 Compressive Strength-Calculate and record the 
compressive strength of the specimen. Express the result 
to the closest division mark readable on the testing machine 
dial. 

15. Calculations 

15.1 Calculate the compressive strength . 

Compressive strength = maximum load, lbf or kN 
1r02 

4 
where D equals nominal diameter of cylinder [normally 
6 inches (152 mm)]. 

16. Report 

16.1 The report is to consist of a completed and checked 
"Soil-Cement Test Cylinder Break Card" (fig. 1). 

16.2 All calculations are to show a checkmark. 
16.3 For reports on pipe bedding, a form (see fig. 2) 

should be used for the Bureau's monthly Construction 
Progress Report (L-29). 

SOIL-COO:NT SURRY PIPE ll£1Ult«i SllH _!_ ut' I 
AlUIECT: Example. 

HAllUE: Example ~port lb.~_ 

SltC If ICATIOOS NO. FOO TIE 1-\llffit ~ April 19 89 --- --

l.lV'U'\IIU1 
V'l 

v'l ~:~~1~3 B 1-4lAY ------·--
Linear X PASS!t-r. 

C, 
0 - ,,-~ CII-IIHESSII/L Sll!I.Nint ~....J 

Q' .... "' 
., 

u c( :;:; "' i::u (lhf/tn2) ~ "' ~at1on feet ...JO -► C 
>- c( UCO ~t >- t· "' ~ "' l!/o 
c( z Lu feprt!- :0:: u :;,j"' z .. E q 

;,. f:l QJ Q 0 >- 00.C: ·O •O ....J ► U> - .... ~ Lu QJ >, u., 
~l!.>eluen ~H!<:111•'1 ~llX:!1111,i1 :E sente:1 --- u .; 00 00 -V'l g_-i~ 00 

~ ;; :E <.:o u u ,. "'E MC z- ZN 0 ::, Lu "'t/l --- ·o ,- QJ N1. I N1. 2 N1. 3 z V'l V'll!I u u :a: ... Q. ,-

6 4 89 219•83 325 100 99 6 2 -- 2.72 117 643 287 251 2.24 11.4 21 176 173 l'f 1 

6 4 89 220• 10 121 100 99 6 2 -- ___ ,. 
117 685 286 2511 2."IO 11.4 24 132 141 Vold In 

Cyl. 
7 4 q() 220•50 131 100 99 7 3 ·- 2.70 136 706 288 253 2.45 11.4 22 145 132 90 • 
8 4 t!9 22 I "14 72 100 100 6 2 -- ---- 85 707 288 248 2.45 11.6 27 155 173 182 

*Ile feet in cyl i11df!r 

Cl:MENf: mAr-0: Example TYPE: II S() HC.E: .::.E:..:...xa.c.:m..:Jpc.:.le.:...... ____ _ 

Figure 2. - Soil-cement slurry pipe bedding - monthly report example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5810-89 

PERFORMING COMPRESSIVE STRENGTH TESTING 
OF SOIL-CEMENT CYLINDERS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5810. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

This procedure is similar to ASTM D 1633, except that this procedure contains a rewritten and more detailed description and 
includes USBR data forms. Corresponding forms in SI units are included. The SI forms have the letter M following the first 
digit in the form number. 

1. Scope 

1.1 This designation outlines the procedure for 
-performing compressive. strength testing of soilccement, 
using either laboratory-compacted or field-cored cylinders 
as cesc specimens. 

2. Auxiliary Tests 

2.1 The laboratory-compacted soil-cement cylinders 
must be prepared in accordance with USBR 5805 or 5806. 
The field-cored, soil-cement cylinders must be obtained 
in accordance with USBR 5835 . The soil-cement cylinders 
must be capped in accordance with USBR *4617 or ASTM 
C 617 prior to compressive strength testing. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR * 1104 Load Verification of Testing Machines 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR *4617 Capping Cylindrical Concrete Specimens 
USBR 5805 Preparing Soil-Cement Specimens for 
Compressive Strength Testing for Mix Designs 
USBR 5806 Preparing Soil-Cement Specimens for 
Compressive Strength Testing for Construccion Control. 
USBR 5820 Performing Wet-Dry Durability Testing of 
Compacted Soil-Cement Mixtures. 
USBR 5825 Performing Freeze-Thaw Durability Testing 
of Compacted Soil-Cement Mixtures. 
USBR 5835 Performing Record Coring and Cross 
Sectioning of Compacted Soil-Cement 

3.2 ASTM Standards: 

* Concrete ,\fanual, Bureau of Reclamation, part 2, in press. 
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C 511 Specification for Moist Cabinets, Moist Rooms, 
and Water Storage Tanks Used in the Testing of Hydraulic 
Cements and Concrete. 
C- 617 Specification -for Capping · Cylindrical Concrete 
Specimens. 
D 1633 Specification for Compressive Strength of Molded 
Soil-Cement Cylinders 

4. Summary of Method 

4.1 Laboratory-compacted or field-cored cylindrical 
soil-cement specimens are loaded in compression to failure. 
The load at failure divided by the cross-sectional area is 
the compressive strength. Laboratory-compacted speci­
mens are tested at 3, 7, 28, and 90 days; field-cored 
specimens are rested at 28, 90, and 360 days, and thereafter 
as necessary. 

5. Significance and Use 

5.1 Soil-cement compressive strength testing is 
performed to determine the unconfined compressive 
strength of compacted soil-cement mixtures. 

5.2 The unconfined compressive strength test is one 
of a series of tests normally performed to evaluate the 
adequacy of compacted soil-cement. Ocher tests include wet­
dry durability (USBR 5820) and freeze-chaw durability 
(USBR 5825). 

5.3 Laboratory-compacted soil-cement specimens are 
reseed to determine the cement content to be specified 
in a soil-cement mix design . Based on satisfactory 
performance of existing soil-cement structures, Bureau 
criteria require minimum unconfined compressive strength 
values of 600 lbf/in2 (4100 kPa) at 7 days and 875 lbf/in2 

(6000 kPa) at 28 days . Unconfined compressive strength 
testing is conducted prior co durability testing co eliminate 
mix designs chat do not meet compressive strength criteria. 
An economical mix design uses the minimum cement 
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content' that meets both strength and durability 
requirements. 

5.4 Compressive strength tests are also conducted on 
laboratory-compacted and field-cored specimens during 
construction of the compacted soil-cement structure for 
construction control and record purposes. Compressive 
strength tests are performed to ensure that the soil-cement 
meets compressive strength criteria. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 A term not included in USBR 3900 specific to this 

designation is: 
6.2.1 Cement Content.-Amount of cement in a soil­

cement mixture, specified as a percent of dry soil mass. 

7. Apparatus 

7.1 General Apparatus: 
7.1. l Compression Testing Machine.-Any type 

machine having sufficient load capacity and strain control 
to provide the rate of loading prescribed in subparagraph 
12.4.2. The testing machine should be equipped with two 
steel bearing blocks with hardened faces (see note l), of 
which one is a spherically seated headblock that normally 
bears on the upper surface of the specimen, and the other 
a rigid block on which the specimen rests. The diameter 
of the bearing surfaces should be at least as large and 
preferably slightly larger than the surface of the rest 
specimen. The bearing faces, when new, should not depart 
from plane by more than ±0.0005 inch (0.013 mm) at 
any point, and should be maintained within a permissible 
variation limit of 0.001 inch (0.02 mm). In the spherically 
seated block, the diameter of the sphere should not greatly 
exceed the diameter of the specimen. The center of the 
bearing face should coincide with the center of the sphere. 
The moving portion of this block should be held closely 
in the spherical seat, but the design should be such that 
the bearing face can be rotated freely and tilted through 
small angles in any direction. This is necessary to prevent 
eccentric loading conditions on the test specimen. 

NOfE 1.-lt is desirable that the bearing faces of blocks used 
for compression testing of soil-cement have a Rockwell hardness 
C number not less than 60. 

7.1.2 Vernier Cabpers.-Capable of measurements 
from 1-1/2 inches to 12 inches (37 to 300 mm). 

7.1.3 Saw.-Power saw capable of cutting the cored 
soil-cement specimens to the proper length. 

7.1.4 Moist Room or Warer Bath.-A moist room 
or water bath capable of maintaining a uniform 
temperature of 73 .4±3.0 ° F (23.0± 1.7 ° C) and a relative 
humidity of not less than 95 percent, conforming to the 
requirements of ASTM C 511. · 

7.2 Equipment Unique to This Procedure: 
7.2.1 Water Bath.-A suitable tank for submerging 

compacted specimens in water at room temperature. 

900 

7.2.2 Capping Device.-A mold or jig used while 
placing sulfur caps of consistent dimensions on 3-inch­
(75-mm) diameter test specimens. 

7.3 Miscellaneous Equipment.-Damp towels for 
keeping test specimens moist (see sub par. 11.3 ). 

8. Precautions 

8.1 Safety Precautions: 
8.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
8.1.2 When capping the cylinders with sulfur mortar, 

wear protective gloves with cuffs at least 6 inches (150 mm) 
long. 

8.1.3 Melting pots equipped with peripheral hearing 
help to prevent accidents during reheating of cooled sulfur 
mixtures which have a crusted-over surface. When using 
melting pots not so equipped, a buildup of pressure under 
the hardened surface cruse on subsequent reheating may 
be avoided by use of a metal rod which contacts the botrom 
of the pot and projects above the surface of the fluid sulfur 
mix as it cools. The rod should be of sufficient size co 
conduct enough heat co the cop of the sulfur on reheating 
co melt a ring around the rod first and thus avoid 
development of pressure. A large metal ladle can be 
substituted for the rod. 

8.1.4 Sulfur melting pots should be used under a 
hood co exhaust the fumes from the working area. Heating 
over an open flame is dangerous because the flash point 
of sulfur is approximately 440 ° F (227 ° C) and the mixture 
can ignite because of overheating. Should the mixture start 
co burn, cover the melting pot with the lid co snuff out 
the flame. The pot should be recharged with fresh material 
after the flame has been extinguished. 

8.1.5 Hydrogen sulfide gas may be produced during 
capping if sulfur mortar is contaminated with organic 
materials such as paraffin or oil. The gas is colorless and 
has a nororiously bad odor; however, the odor should not 
be relied upon as a warning sign, since sensitivity co the 
odor rapidly disappears upon exposure. High concentra­
tions are lethal; less concentrated dosages may produce 
nausea, sromach distress, dizziness, headache, and irritation 
of the eyes. For these health reasons, it is mandatory that 
the melting pot be located under a hood or near an exhaust 
fan and that the capping area be well ventilated. 

8.1.6 Operate the compression testing machine away 
from other nonrelated work activities co prevent pieces 
of test specimens from striking personnel in the area . 

8.2 Technical Precaur,ons.-Sulfur capping compound 
should not be reused as it results in loss of strength and 
pourability occasioned by contamination of the mortar with 
oil and miscellaneous debris, and loss of sulfur through 
volatilization. 

9. Sampling, Test Specimens, and Test Units 

9.1 Preparation of Laboratory-Compacted Test 
Specimens: 
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9. l. l Prepare laborarory-compacred resr specimens 
for mix designs in accordance wirh USBR 5805. 

9.1.2 Prepare laborarory-compacred resr specimens 
for consrrucrion control in accordance wirh USBR 5806. 

9.2 Preparation of Field-Cored Test Specimens: 
9.2. l Obtain field-cored resr specimens in accordance 

wirh USBR 5835. 
9.2 .2 Cur rhe resr specimen ro an L/D rario (length 

ro diamerer) of 2: l. Cur rhe ends of rhe specimen 
perpendicular ro rhe longitudinal axis of rhe core. 

NOfE 2.-Ic is nor crirical char che L/D racio be precisely 2: I. 
Racios from I :5 ro 2:5 can be used wich expecred variance in 
srrengrh of less rhan 5 percent than char of a 2: l specimen. 

9.3 Soak rhe resr specimens in warer for 4 ro 24 hours 
before capping. 

9.4 Capping: 
9.4.1 Capped surfaces should be ar righr angles ro 

rhe major axis of rhe specimen. 
9.4.2 Before capping, remove all loose particles from 

rhe ends of rhe cylinders and thoroughly dry wirh a rowel, 
as sulfur will not adhere ro a wee surface. 

9.4.3 Cap the en'ds of all compression resr specimens 
in accordance with USBR 4617 or ASTM C 617. 

10. Calibration and Standardization 

10.1 Verify chat equipment is currently calibrated in 
accordance with che applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for chis procedure. 

10.2 Verify chat che resting machine meets all 
requirements of chis procedure and is calibrated in 
accordance with USBR 1104. Soil-cement typically has a 
compressive strength of 300 to 1,500 !bf/ in2 (2100 co 
10 300 kPa), and the resting machine muse be equipped 
ro provide a suitable load range and muse be calibrated 
for rhac load range. 

11. Conditioning 

11. l Laboratory-Compacted Test Specimens: 
l l. l. l Cure the laboratory-compacred rest specimens 

in accordance with procedures described in USBR 5805 
or 5806. 

11.2 Field-Cored Tesi Specimens: 
11.2.2 During the period from rime of coring ro time 

of preparing specimens for compressive strength testing, 
protect rest specimens from moisture loss. 

11.3 After capping rhe rest specimens with sulfur, keep 
the specimens under damp-bur not wee-towels until they 
are resred. Do not use wet rowels as the excess moisture 
may cause the sulfur caps co separate from the cylinders. 

12. Procedure 

12.1 Perform compression tests of rest specimens as 
soon as practical after completion of soaking. 
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12.2 All data are ro be recorded on the "Soil-Cement 
Unconfined Compressive Strength Test" form as shown 
on figures lA and 1B, or "Soil-Cement Test Cylinder Break 
Card" as shown on figures 2A (in-lb units) and 2B (SI 
units). 

12.3 Using calipers, determine the diameter of the rest 
specimen ro the nearest 0.01 inch (0.2 mm) by averaging 
two diameters measured ac right angles to each orhet near 
the center of rhe length of the specimen. Use chis average 
diameter for calculating the cross-sectional area. Measure 
the length of the specimen including sulfur caps ro rhe 
nearest 0.1 inch (2 mm). Record rhe average diameter 
and length of the rest specimen. 

12.4 Testing: 
12.4. l Place the specimen between the hardened 

steel bearing places of the compression resting machine 
directly under the spherically seared upper head. Make 
certain char rhe center of the specimen is aligned vertically 
with rhe center of the upper head. As the spherically seated 
head is brought ro bear on the rop bearing plate, rotate 
the movable portion gently by hand to obtain uniform 
searing. 

12.4.2 Adjust rhe compression resting machine co 
a constanr loading rare within the limits of 20 to 50±10 
(lbf/in 2)/s (140 to 340±70 kPa/s). Apply the' load 
uniformly and without shock. 

12.4.3 Apply the load until rhe specimen fails and 
record the maximum load applied to the specimen during 
the resr. Nore the type of failure and rhe appearance of 
the soil-cement. For about l of every LO specimens, continue 
the loading until rhe specimen breaks enough co examine 
rhe appearance of rhe interior of the specimen and record 
any apparent segregations, lenses, pockets, ere., in che soil­
cement. 

12.4.4 Record the coral load co che nearest 50 !bf 
(100 N for SI application) at failure of the test specimen. 

12.4.5 Calculate the compressive strength of the 
specimen and record co the nearest LO lbf/in2 (10 kPa). 

13. Calculations 

13. l Calculate rhe area of the rest specimen: 

rr D2 
A= 

4 
where: 

A = area, in2 or mm2 

D = average diameter of the cylinder, in or mm 
rr = 3.14 

13.2 Calculate the compressive strength: 

where: 
qu = compressive strength, lbf/in2 or N/mm 2 

Pmox = load at failure !bf or N 

(1) 

(2) 
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13.3 Inch-Pound Units.-Report compressive strength 
as lbf/in2. 

13.4 Metric Units.-Report compressive strength as 
kPa. Convert N/mm2 to kPa: 

kPa = 1000 ( N 
2 

) · 
mm 

(3) 

13.5 Sample calculations, for determining compressive 
strength of a test specimen, are shown in the appendix. 

14. Report 

14.1 The report is to consist of the following completed 
USBR forms: 

"Soil-Cement Unconfined Compressive Strength Test" 
(fig. lA or lB), 
"Soil-Cement Test Cylinder Break Card" (fig. 2A or 2B). 
Record all appropriate remarks as to the type of failure, 
defects noted, or nonuniformity of material. 
14.2 All calculations are to show a checkmark. 

APPENDIX 

Xl. SAMPLE CALCULATIONS FOR DETERMINING COMPRESSIVE STRENGTH 
OF A TEST SPECIMEN 

X 1.1 The following is a sample calculation for 
determining compressive strength of the test specimen 
in inch-pound units. 

A= 
Ir D2 1r (3.05 in)2 

7.31 in2 (Xl) = 4 4 

where: 
D= 

qu = 
Pmax = 

Pmax 4,500 lbf 
qu A 7.31 in2 

qu 620 lbf/ in2 

average diameter of the specimen measured 
with calipers, 3.05 inches 
compressive strength, lbf 

(X2) 

load at failure determined from test, 4,500 lbf 

Xl.2 The following is a sample calculation for 
determining compressive stength of the test specimen in 
newtons per square millimeter. 
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Ir D2 
A= 

4 
1r 

06-~ mm)
2 = 4548.4 mm2 (X3) 

where: 

20 100 N 
4548.4 mm2 

qu 4.42 N/mm2 

(X4) 

D = average diameter of the specimen measured with 
calipers, 76.1 mm 

qu = compressive strength, N/mm2 

Pmax = load at failure determined from test, 20 100 N 

and converting N/mm2 to kPa: 

qu = kPa = 1000 ( N 
2

) (X5) 
mm 

1000 (4.42) ( N 
2

) 
min 

4420 kPa 
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7-180) (6-85) I SOIL-CEMENT UNCONFINED COMPRESSIVE STRENGTH TEST I Designation USBR 5805- J!... ..2... Bwcau of RtclamaUon 

Project: Feature: 
Example E xomple 

Localion : Depth/Elev.: 
AP-25 3.5-6.5 ft. 

Sample No.: Auxiliary tests: 
USBR 5300- .§.. JL USBR 5800- .§.. ~ 5805T 

Cement content: 12.0 'l(, Compressive strength (Qui " Load :t failure; Area.. 7T4D2 
rea 

Placement: 'Yd " 127.4 lbf/ftJ, w= 10.8 'l(, Loading rate: 20 lbf/in2/s 

Placed at 98.0 'l(, of 130.0 lbf/ft3 "Y max; wo" 11. 0 'l(, 

Dale Load at failure (lbf) 

C ::; 0 ~ ~ 
> 

;:;- ..c .. - -- .. - ti ~ 
-0 E . ~- o.2 a, N :, .!: i ., 

NOTES · - 0 s.-= •- C :::i ;; ~ C •:.:::: :.r. &z O:::. <::. C" i :, l:i ., .. 
Ill C: - a, a: ll. ll .. ::. C" ::. ., • 1/) ~ > ~ I- 0 Formed Tested < 3-day 7-day 28-day 90-day 

401 2-22-89 2-25-89 5.60 2.80 2 .00 4200 6 . 16 680 JKL LMN RST -
402 2-22-89 2-25-89 5.60 2.80 2.00 4300 6 .!E 700 690 JKL LMN RST 

403 2-22-89 -- - - -- -- -- - - - SPECIMEN CRACKED 
DURING EXTRUSION 

404 2-22-e9 3- I -89 5.60 2.80 2.00 4950 6.16 800 JKL JKL LMN 

405 2-22-89 3-1-89 5.60 2.80 2.00 4900 6 . 16 800 800 JKL JKL LMN 

406 2-22-89 3-1-89 5.60 2.80 2 .00 4950 6.16 800 JKL JKL LMN 

407 2-22-89 3-22-e9 5.60 2.80 2.00 6600 6.16 1070 JKL JKL RST 

408 2-22-89 3-22-e9 5.60 2.80 2.00 6700 6 .16 1090 1090 JKL LMN RST 

409 2-22-89 3-22-e9 4 .98 2.80 1.78 6800 6. 16 1100 JKL LMN RST ENO CRACKED DURING 
EXTRUSION 

410 2-23-89 5-23-89 5.61 2.79 2.01 8800 6.11 1440 LMN RST JKL 

411 2-23-89 5-23-89 5.61 2.79 2 .01 9200 6 . 11 1510 14 70 LMN RST JKL 

412 2-23-89 5-23-89 5.61 2.79 2 .01 8900 6. 11 1460 LMN RST JKL 
GPO ••• .. eoo 

Figure IA . - Soil-cement unconfined compressive strength test (in-lb example). 

C: 
(J') 

t:c 
::0 

. \J\ 
00 ..... 
0 



7m-1803 (6~S) 
8WU11 of Reclamation 

Project: 
Example 

Location: 
AP-25 

Sample No.: 
5805T . 

Cement content: 

Placement: "Yd = 17.7 

Placed at 98.0 'l(, of 

Date 
:i C .. --E . .s:. E 

·- 0 t,,e &z c-.. 
(/) ..J 

Formed Tested 

\0 

~ 
401 2-22-€9 2-25-€9 142.0 

402 2-22-89 2-25-89 142.0 

403 2-22-89 2-25-89 -

404 2-22-89 3-1-89 142.0 

405 2-22-89 3-1-89 142.0 

406 2-22-89 3-1-89 142.0 

407 2-22-89 3-22-89 142.0 

408 2-22-89 3-22-89 142.0 

409 2-22-89 3-22-89 128.4 

410 2-23-89 5-23-89 141.8 

411 2-23-89 5-23-89 141.8 

412 2-23-89 5-23-89 141.8 

I - I SOIL-CEMENT.UNCONFINED COMPRESSIVE STRENGTH TEST Designation USBR 5805- JL ~ 
Feature: 

E xomple 

Depth/Elev.: 
1.8 - 3.5 m 

Auxiliary tests: 
USBR 5300- JL 2._, USBR 5800- JL .9__ 

12.0 'l(, Compressive strength (Qui" Load :~::ilure = m:2 ; kPa = m~2 x 103 ; Area= ,rl2 

kN/ml, w = 10.4 'l(, Loading rate: 0 . 20 IW'ws 

18 . 1 kN/m3 "Y max; Wo = 10.6 'l(, 

Load at failure (NI 
e ~ ~ 

> .c 

.!!e .. N =- ~ i Q .2 ~ E :::, . > • al NOTES oe :) . CT ~ •11. .:,,r. 
ct.§. :::,.IO: • .. 

~ .;,- a: CT - Q. II .. .s:. > ct I-< 3-day 7-day 28-day 90-day u 

71.1 2.00 18700 3970.4 4710 JKL LMN RST 

71.1 2.00 19100 3970.4 4810 4760 JKL LMN RST 

SPECIMEN CRACKED - - -- -- -- - - - DURING EXTRUSION 

71.1 2.00 22000 3970.4 5540 JKL LMN RST 

71.1 2.00 21800 3970.4 5490 5520 JKL JKL LMN 

71.1 2.00 22000 3970.4 5540 JKL JKL LMN 

71.1 2.00 29400 3970.4 7400 JKL LMN RST 

71 .1 2.00 30000 3970.4 7560 7520 JKL LMN RST 

71 . 1 1.81 30200 3970.4 7610 JKL LMN RST END CRACKED DURING 
EXTRUSION 

70.9 2.CJ0 39100 3948.0 9900 LMN RST JKL 

70.9 2 .00 40900 3948.0 10360 10,100 LMN RST JKL 

70.9 2.00 39600 3948.0 10030 LMN RST JKL 
GPO 141 • ,oo 

Figure I B. - Soil -cement unconfined compressive strength tes t (SI example ). 

C: 
en 
0:, 
~ 
VI 
00 -0 
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7-2149 (6-85) SOIL-CEMENT 
Bureau of Reclamation TEST CYLINDER BREAK CARD 

Designation USBR 5806 · 8 9 

Feature: Example 

Auxiliary Tests: USBR 7205- J!._ J!.. USBR 7206 - __ 

Structure: _3_: _I _S_I o_._p_e_o_f __ D_a_m __ F_a_c_e ___ _ 

Test No. or Locat ion 2 - 2 2 - A- I Date Placed : 2-22-89 Shift : A Time : 3:30 PM 

Mold Volume: ___ 0_.0_2_0_0 ______ ft3 Fill Unit Weight: _____ 13_6_._0 _____ 1bf/ft3 

D-Value: ____ 9_8_. 9 _____ % Cement Content : __ l_l._2 __ % Loading Rate : __ 3_0 __ lbf/in2/s 

., .J .,_ 
Load Area (in2) Compressive -0 

-0 al ., .. 0>- g,o_ ., 
Specimen "'.c- at Strength (lbf/ in2) :;; > ~ > °"> O> > Break Date ~ ~ C: ~- C: LID A = 7r o2 

<l:E 
G) o, ·- <P Cll ' - Failure Oal ,: al ~ al number > c:- > ·-- -4- q =~ ., 
<l:" <l: 0 (lbf) ,t .... .c 

.J 
u A u 

I 3 2-25-89 4.98 2.80 1.78* 3800 6.16 620 CED JNL KAT 

2 7 3-01-89 5.60 2.80 2.00 4200 6.16 680 CED RPl KAT 

3 7 3-01-89 5.60 2.80 2.00 4300 6.16 700 CED RPl KAT 

4 28 3-22-89 5.60 2 .80 2 .00 6050 6 . 16 980 DAB JNL KAT 

5 28 3-22-89 5.60 2.80 2.00 6150 6.16 1000 DAB JNL KAT 

6 90 5-23-89 5.60 2.80 2.00 6750 6 . 16 1100** DAE! CEC KAT 
Remarks on Reverse Side 

Remarks: ..,_ 

* L; 0- is -less . than 2 .. 0. at 3 day_s because the end of the specimen 

crocked during extrusion 

* * 3/4
11 

clayball on side of test specimen 

Figure 2A . - Soil-cement cest cylinder break card (in -lb example). 

905 



?m-2149 (6-S5) 
Bureau of Reclamation 

Designation USB R 5806- 8 . _ 9 

Feature : Example 

USBR 5810 

SOIL-CEMENT 
TEST CYLINDER BREAK CARD 

Auxiliary Tests: USBR 7205 -~ _9_, USBR 7206· 

Structure: 3=1 Slope of Dam Face 

TestNo . orLocation : 2-22-A-I DatePlaced: 2-22-89Shift: A Time: 3:30 PM -----
Mold Volume: __ 5_.~6_3_x_10_-_4 __ ~_ m3 Fill Unit Weight: _2_0_. O _________ kN/m3 

(to convert from cm3 to m3, divide by 106) 

D-Value : ____ 9_8_._9 ____ % Cement Conterit: _1_2_._O __ % Loading Rate: __ O_._2_O ___ MPa/s 

a,_J .,_ Load Area(mm2) Compressive tJ 
tJ tJ ., .; "'-- "'O- <I) ., 

Specimen CD> Break Date E £ E ~- E LID at A= Tr o2 Strength(kPa) ;;; > e> .>t. > 
number <i:i ., "'E ~ ~ E Failure -4- (Q ) = Load x 103 

Q(l) ;m ~ CD 

~~- ~ 1-- .r. 
_J 

<i: □- (N) u A a.. u 

I 3 2- 25-89 128.4 71.1 1.81* 18400 3970.4 4630 CED JNL CED 

2 7 3-01-89 142.0 71.1 2.00 19500 3970.4 4910 CED PRT RMN 
3 7 3-01-89 142.0 71.1 2.00 20000 3970.4 5040 CED PRT RMN 
4 28 3-22-89 142.0 71.1 2.00 27200 3970.4 6850 CEO PRl CED 

5 28 3 - 2 2 - 8 914 2 .0 71.1 2.00 28100 3970.4 7080 CED JNL CED 

6 90 5-23-89 142.0 71.1 2.00 39100 3970.4 9850* * CED CEO RMN 
Remarks on Reverse Side 

Remarks: 

* L/D is less than 2.0 at 3 davs because the end of the soecimen 

cracked durina extrusion 

**2s-mm clavball on side of test soecimen 

Figure 2B. - Soil-cement rest cylinder break card (SI example). 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5815-89 

PREPARING SOIL-CEMENT SPECIMENS 
FOR DURABILITY TESTING 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5815. The number immediacely 
following the designation indicates the year of acceptance or the year of last revision. 

This procedure is similar co the specimen preparation and molding procedure described in ASTM D 559 and D 560, except 
that this procedure contains a rewritten and more derailed description and includes USBR data forms. Corresponding forms in 
SI units are included. The SI forms have che letter M following the first digit in the form number. 

1. Scope 

1.1 This designation outlines_ the procedureJor making 
and <;:uring soil-cemerii: specimens for wet-dry (USBR 5820) 
and freeze:thaw (USBR 5825) durability testing for mix 
designs. 

2. Auxiliary Tests 

2.1 The maximum dry unit weight and optimum 
moisture content must be determined in accordance with 
USBR 5800 in order to compact the test specimen at 
laboratory maximum dry unit weight and optimum 
moisture content. The moisture content of the soil must 
be determined in accordance with USBR 5300 as part of 
performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1009 Calibrating Compaction Molds 
USBR 1415 Calibrating Laboratory Mechanical 
Compactors 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5300 Determining Moisture Content of Soil and 
Rock the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5800 Performing Laboratory Compaetion of Soil­
Cement Mixtures 
USBR 5810 Performing Compressive Strength Testing 
of Soil-Cement Cylinders 
USBR 5820 Performing Wet-Dry Durability Testing of 
Compacted Soil-Cement Mixtures 
USBR 5825 Performing Freeze-Thaw Durability Testing 
of Compacted Soil-Cement Mixtures 

3.2 ASTM Standards: 
C l 50 Specification for Portland Cement 
C 511 Specification for Moist Cabinets, Moist Rooms, 
and Water Storage Tanks Used in the Testing of Hydraulic 
Cements and Concretes 
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C 595 Specification for Blended Hydraulic Cements 
D 559 Wetting-and-Drying Tests of Compacted Soil-
Cement Mixtures . ~-.. -
D 560 Freezing~and-Thawing Tests of Compacted Soil­
Cement Mixtures 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 Six soil-cement durability test specimens are 
molded for each of three cement contents to determine 
durability of the soil-cement when subjected to repeated 
cycles of wetting and drying or freezing and thawing. Six 
specimens are prepared at each cement content so that 
two specimens can be subjected to repeated wetting and 
drying, two specimens can be subjected to repeated freezing 
and thawing, and two specimens can be used to determine 
moisture content. A batch of soil-cement is prepared at 
the desired cement content and optimum moisture content. 
Only enough material is mixed at one time to prepare 
three test specimens and obtain one moisture content. The 
soil-cement is compaeted to laboratory maximum dry unit 
weight by placing and compacting in a l/30-ft3 (944-cm 3) 

mold in three equal layers. Then the specimens are cured 
in a moist room for 7 days prior to durability testing. 

S. Significance and Use 

5.1 Soil-cement durability testing is performed to dete·r­
mine the accumulated soil-cement mass losses produced 
by repeated wetting and drying or freezing and thawing. 

5.2 Wee-dry durability (USBR 5820), freeze-thaw 
durability (USBR 5825), and compressive strength (USBR 
5810) tests are normally performed to evaluate the adequacy 
of compacted, cured soil-cement. 

5.3 Laboracory-compacced soil-cement specimens are 
rested co determine the cement content co be specified 
in a soil-cement mix design. Based on satisfaccory 
performance of existing soil-cement structures, Bureau 
criteria require accumulated durability mass losses of (1) less 
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than 6 percent following 12 cycles of wetting and drying, 
and (2) less than 8 percent following 12 cycles of freezing 
and thawing. An economical mix design uses the lowest 
cement content that meets both strength and durability 
requirements. 

5.4 Normally, compressive strength testing is con­
ducted prior to durability testing to eliminate mix designs 
that do not meet unconfined compressive strength criteria. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 of particular 

significance are: 
6.2.1 Cement Content.-Amount of cement in a soil­

cement mixture, specified as a percent of dry soil mass. 
6.2.2 Soil-Cement Moisture Content.-Ratio of the 

mass of water to the total dry mass of a so il-cement mixture, 
expressed as a percent. 

6.2.3 SSD (saturated surface dry) .-Condition of an 
aggregate particle when the permeable voids are filled with 
water and water is not on the exposed surfaces. 

7. Apparatus 

7.1 General Apparatus: 
7.1.l U.S.A. Standard series 1-inch, 3/4-inch, No. 

4, and No. 16 (25.0-, 19.0-, 4.75 -, and 1.18-mm, respectively) 
sieves, conforming to the requirements of ASTM E 11. 

7.1.2 Balance or Scales.-Typical balances or scales 
used for this designation are: 

Application 

Moisture content 
Mass of compaction 

specimen 

Readable co Approximate capacity 

0.1 g 1000 g 

0.01 lbm 25 lbm 

7.1.3 Straightedge.-A rigid steel bar 12 inches 
(305 mm) long and having one beveled edge for trimming 
the top of the specimens. 

7.1.4 Knife.-A knife 10 inches (250 mm) long for 
trimming the top of the specimens. 

7.1.5 Scarif.ier.-A six-pronged ice pick or similar 
apparatus to scarify the smooth compaction plane between 
two adjacent layers of the specimen. 

7.1.6 Moist Room or Water Bath.-A moist room 
or water bath capable of maintaining a temperature of 
73.4±3.0 ° F (23.0±1.7 °C) and a relative humidity of not 
less than 95 percent, conforming to che requirements of 
ASTM C 511. 

7.2 Equipment Unique to This Procedure: 
7.2 .1 Mold.-A cylindrical metal mold having a 

capacity of 1/30±0.0004 ft 3 (944±11 cm3), an internal 
diameter of 4.0±0.016 inch (101.60±0.41 mm), and a height 
of 4.584±0.005 inch (116.43±0.13 mm) to permit 
preparing compacted specimens of soil-cement mixtures 
of this size. The mold is provided with a detachable collar 
assembly approximately 2-1/2 inches (64 mm) in height. 
The mold may be of the split type consisting of two one­
half-round sections split perpendicular to the mold 
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circumference and that can be locked securely in place to 
form a closed cylinder having the dimensions described 
above. The mold assembly is constructed so it can be 
fastened firmly to a detachable base (fig. 1). The base should 
be secured to a level, uniformly rigid foundation, equivalent 
co a 200-lbm (90-kg) cylinder of concrete. 

7.2.2 R ammers: 
7.2.2.l Manual Rammer.-A manually operated 

metal rammer having a 2.0±0.005-inch (50.80±0.13-mm) 
diameter circular face and a mass of 5.5±0.02 lbm 
(2.49±0.01 kg) . The rammer is equipped with a suitable 
guide sleeve to control the height of drop to a free-fall 
of 12.0±1/ 16 inch (304.80±1.6 mm) above the elevation 
of che so il-cement. The guide sleeve has four or more vent 
holes at least 3/8 inch (9.5 mm) diameter spaced at 90° 
and located with centers 3/ 4±1/16 inch (19.0±1.6 mm) 
from each end. The guide sleeve has an inside diameter 
such that free-fall of the rammer shaft and head will not 
be restricted. 

7.2.2 .2 Mechanical Rammer.-A mechanically 
operated rammer having a 2.0±0.005-inch (50.80± 
0.13-mm) diameter face and a mass of 5.5±0.02 lbm 
(2.49±0.01 kg). The operating mass of the rammer is 
determined from a calibration in accordance- with 
USBR 1415 . The rammer is equipped with a suitable 
arrangement ro control the height of drop to a free-fall 
of 12.0±1/16 inch (304.80±1.6 mm) above the elevation 
of the soil-cement. 

7.2.3 R ammer Face.-Scrength and resistance to 
wetting and drying of specimens or freezing and thawing 
of specimens compacted with the sector face rammer may 
differ from that of specimens compacted with the circular 
face rammer. Therefore, the sector face rammer should 
not be used unless previous tests on similar soil-cement 
mixtures show chat similar resistance to wetting and drying 
or freezing and thawing is obtained with che two types 
of rammers. 

7.2.4 Sample Extruder.-A jack, lever frame, or other 
device adapted for the purpose of extruding compacted 
specimens from the mold; this is not required when a 
split-type mold is used. 

7.2.5 Thin Plastic Liners.-Liners are used on the 
inside of the mold to prevent soil-cement from adhering 
to the sides of the mold. 

7.3 Miscellaneous Equipment: 
7.3.1 Miscellaneous mixing tools such as a large 

mixing pan and trowel, or a suitable mechanical device 
for thoroughly mixing the soil, cement, and water. 

7.3.2 Thin spatula for distributing soil-cement along 
the inside of the mold. 

7.3.3 Suitable pans for handling materials and 
transporting test specimens. 

7. 3.4 Suitable carriers or trays for handling test 
specimens. 

7.3.5 Damp rowels for keeping test specimens moist. 
7.3.6 Plastic for covering soil-cement mixture to 

prevent moisture loss. 
7 .3. 7 Suitable waterproof markers for labeling soil­

cement test specimen. 
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8. Reagents and Materials 

8.1 Tapwacer chat is free of acids, alkalies, or oils and 
is suitable for drinking should be used for mixing water. 

8.2 The cement muse conform co ASTM C 150 and 
ASTM C 595. 

9. Precautions 

9.1 Safety Precautions: 
9.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
9.1.2 Exercise care co protect hands from drying and 

abrasive properties of cement. 
9. 1.3 Carefully mix che soil and cement using a large 

pan and avoid forming a cement dust cloud. Wear a 
protective mask co prevent inhaling the cement dust. 

9.2 Technical Precautions: 
9.2. l Laboratory-compacted soil-cement test speci­

mens are very fragile, and special care should be taken 
in preparation, handling, and transportation to prevent 
damage. 

9.2 .2 If a split-type mold is not used, maintain a 
slow, constant rate of extrusion when extruding the 
specimen from the mold. Fractures can occur in the 
specimen if the extrusion process is not conducted with 
care. 

9.2.3 To minimize the effects of cement hydration 
and evaporation, perform the test expeditiously and 
continuously to completion. 

10. Sampling, Test Specimens, and Test Units 

10.l Cement.-Pass the cement through a U.S.A. 
Standard series No. 16 (l.18-mm) sieve and discard all 
lumps. 

10.2 Water.-The mixing water must conform to 
subparagraph 8.1. 

10.3 Soil: 
10.3.1 Dry the soil sample until it becomes friable. 

Allow the sample to air-dry, or use a drying apparatus 
such that the temperature of the sample does not exceed 
140 ° F (60 ° C) . Thoroughly break up any large soil 
aggregations in such a manner as to avoid reducing the 
natural size of individual soil particles. 

10.3.2 Sieve the sample on the No. 4 (4.75-mm) 
sieve. For soils containing more than 5 percent (by dry 
mass) material retained on the No. 4 sieve, use the 
procedure outlined in annex Al for processing the plus 
No. 4 soil. 

10.3.3 Obtain a representative sample of soil passing 
the No. 4 sieve, and determine the moisture content of 
the sample in accordance with USBR 5300. 

10.4 Six specimens are prepared at each cement content 
so that two specimens can be subjected to repeated wetting 
and drying, two specimens can be subjected to repeated 
freezing and thawing, and two specimens can be used to 
determine moisture content. However, only enough 
material is mixed at one time co prepare three specimens 
and obtain one moisture content. 
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11. Calibration and Standardization 

11.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

11.2 Calibrate durability test specimen molds in 
accordance with USBR 1009. 

11 .3 Calibrate mechanical compactor in accordance 
with USBR 1415. 

12. Conditioning 

12.1 Bring materials to room temperature [preferably 
65 co 75 ° F (18 co 24 ° C) J before preparing the specimens. 

12.2 Store cement in moisture-proof containers in a 
dry place. 

12.3 Cure the test specimens in a high humidity 
environment for the specified moist curing period. 

13. Procedure 

13.1 Record all data on the "Preparation of Soil­
Cement for Molded Durability Test Specimens" form. For 
soils containing 5 percent or less plus No. 4 (4.75-mm) 
aggregate, record on figure 2A (in-lb system) or 2B (SI 
system). For soils containing more than 5 percent plus 
No. 4 (4.75-mm) aggregate, record on figure 3A (in-lb 
system) or 3B (SI system). Record placement data on the 
"Soil-Cement Durability Tests" form on figure 4. 

13.2 Calculate individual quantities of soil, cement, and 
water required to prepare three test specimens at the 
desired cement content and a representative specimen for 
a moisture content determination. Calculate each quantity 
to the nearest 0.01 lbm (5 g). Add an additional 0.3 percent 
water to compensate for moisture loss caused by 
evaporation and cement hydration. The initial moisture 
content of the minus No. 4 (4.75-mm) soil, as determined 
in accordance with USBR 5300, is used to calculate the 
additional water required to bring the soil-cement mixture 
to optimum moisture content. For soils containing more 
than 5 percent plus No. 4 (4.75-mm) material, refer to 
annex A 1 for calculations. 

13.3 Use appropriate clean, dry containers and obtain 
quantities of soil, cement, and water in the amounts 
calculated in subparagraph 13.2. 

13.4 Mix the soil , cement, and water either by hand 
or in a suitable laboratory mixer. Use a continuous operation 
for mixing and compacting the durability test specimens. 
Do not exceed 45 minutes elapsed time between addition 
of water and final compaction. 

13.4.1 Hand Mixing.-Mix the batch in a clean, damp, 
metal pan or on top of a steel table, with a blunt bricklayer's 
trowel using the following procedure: 

13.4.1.1 Mix the cement and soil until thoroughly 
blended. 

13.4.1.2 Add the calculated quantity of water 
required to raise the moisture content of the mixture to 
optimum moisture content plus an additional 0.3 percent 
water to compensate for moisture loss caused by 
evaporation and cement hydration; mix thoroughly. 
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13 .4 .2 Machine Mixing.-Follow the sequence 
specified in suparagrphs 13.4.1.1 and 13.4.1.2. To eliminate 
segregation of coarse soil particles, deposit machine-mixed 
soil-cement inco a clean, damp metal pan and remix with 
the trowel. 

13.4.3 Balls of cement may form when water is added 
co soil-cement mixtures. Break down and mix these balls 
of cement with the soil-cement mixture to ensure that 
the cement and water are distributed uniformly. 

13.5 Protect the soil-cement mixture against moisture 
loss by immediately covering with plastic or damp rowels. 

13.6 Place a thin plastic liner around the inside of the 
mold co prevent the soil-cement from sticking to rhe mold. 

13.7 During compaction, rake a representative sample 
of rhe moist soil-cement from rhe batch, screen our the 
plus No. 4 (4.75-mm) material, and determine the moisture 
content of rhe minus No. 4 (4.75-mm) material in 
accordance with USBR 5300. Calculate the percentage of 
moisture to check against the design moisture content. 
Record on figure 2A or 2B, or figure 3A or 3B. 

13.8 Form the specimen co laboratory maximum dry 
unit weight (±1.0 percent) by immediately compacting the 
soil-cement in the mold, with collar attached, with the 
manual or mechanical rammer in accordance with USBR 
5800 except for rhe difference in mold dimensions and 
height of rammer drop from those noted in USBR 5800. 
When the soil-cement contains aggregate retained on the 
No. 4 (4.75-mm) sieve, carefully spade the mix around 
the mold with a thin spatula. Compact the soil-cement 
in three equal layers. Scarify rhe top of each compacted 
layer to remove smooth compaction planes before placing 
and compacting succeeding layers. Using the scarifier, form 
grooves at right angles co each other approximately 
1/8 inch in width, 1/8 inch in depth and about 1/4 inch 
apart (3 X 3 X 6 mm). 

13.9 Remove the collar and trim the excess material 
even with the top of the mold. Trowel the top of the 
specimen co a smooth, even surface. 

13.10 Determine the mass of the compacted specimen 
and mold. Remove the specimen from the mold and label 
the specimen. On figure 4, record the specimen number, 
cement content, placement conditions, and the dace it was 
formed. 

13.11 Following the procedures described in subpar­
agraphs 13.6 ch rough 13.10, except for the moisture content 
determination (subpar. 13 .7) , form two additional 
specimens as rapidly as possible. The moisture content 
determined from the batch is used for the placement dry 
unit weight calculation on all three specimens. Keep the 
specimens under damp, but not wee, rowels until placement 
in che moist room for curing. 

13.12 Calculate the dry unit weight of the specimen 
in lbf/ft3 (kN/m3) and check against the design dry unit 
weight. The specimen dry unit weight should not vary 
more than ± l percent from the design dry unit weight. 
Record the dry unit weight of the specimen on figure 2A 
or 2B, 3A or 3B, and figure 4. 

13.13 Place the specimens on suitable carriers in a 
moist room and protect them from free and running water 
for a period of 7 days. 
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NOfE l.-Care muse be taken when transporting the rest 
specimens. They are very susceptible co breakage at chis rime. 

13.14 Repeat che procedures described in subpara­
graphs 13. l through 13 .13 making three additional 
specimens at the same cement content. 

13.15 Repeat che procedures described in subpara­
graphs 13. l through 13.14 for each additional cement 
content. 

14. Calculations 

14. l Calculate the total dry mass of a rest batch using 
the following equations. 

14.1. l Inch-Pound Unirs: Convert unit weight to 
density by changing lbf/ft3 co lbm/fc3 (see note 2). 

mt = (PdLnbMox) V (1) 
where: 

m1 total dry mass , lbm 
V = rest batch volume of 0.12 fc3 is recommended 

PdLabMax= laboratory maximum dry unit weight 
converted to density, lbm/ft3 

NOfE 2.-For this application, a 1-pound mass is considered 
to be numerically equal co a 1-pound force. 

14.l.2 5/ Units : 

PdLabMax 

where: 

101.97 ( YdLabMax) 

(PdLabMax) V 

PdLabMax = laboratory maximum dry density, kg/m3 
"/dLnbMax = laboratory maximum dry unit weight, 

kN/m3 
m1 total dry mass, kg 
V = rest batch volume of 0.0034 m3 is 

recommended 
101.97 = convert from kN/m3 to kg/m3 

(2) 

(3) 

NOfE 3.-Two values are combined in the above constant. To 
convert from unit weight kN/m3, co density kg/ml, divide by 
the acceleration of gravity (9.8067 m/s2) and multiply by 1000. 

14.2 Calculate the individual masses of dry soil, cement, 
and water in a batch. 

ms = 

me 

where: 

_.EL. 

(l + C) 

mi ( Wo + 0.003) 

ms = mass of dry soil, lbm or kg 
C = design cement content and expressed as a 

decimal 
me mass of cement, Ibm or kg 
mw mass of water, lbm or kg 
wo optimum moisture content and expressed as a 

decimal 

(4) 

(5) 

(6) 
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0.003 = percent of additional water required to 
compensate for moisture loss caused by 
evaporation and cement hydration and 
expressed as a decimal 

14.3 Calculate the individual masses of moist soil and 
additional water in a batch. 

ms (1 + wr) 

mwa 

where: 
msm = mass of moist soil, lbm or kg 

(7) 

(8) 

wr = soil moisture content and expressed as a decimal 
mwa = mass of additional water, lbm or kg 

14.4 Calculate the total wet mass of soil-cement for 
a test batch. 

illtw = msm + fl1c + mwa (9) 

where m 1w equals coral wet mass of soil-cement, lbm or kg. 

14.5 Calculate wet unit weight of the compacted soil­
cement specimen using the following equations. 

14.5.1 Inch-Pound Unirs: Convert density to unit 
weight by changing lbm/ft3 to lbf/ft3 (see note 4). 

mspec D-E (10) 

Pwet 
~ ( 11) 

Vm 

Ydry = 
'Ywct (12) 

1 + Wf 

where: 
mspec = mass of compacted soil-cement specimen, lbm 

D = mass of mold plus wet soil-cement, lbm 
E = mass of mold, lbm 

Vm = mold volume, ft3 
-Ywet = wet unit weight of compacted soil-cement 

specimen lbf/ft3 
Pwet = wet density of compacted soil-cement specimen, 

lbm/ft3 
w1 = moisture content of compacted soil-cement 

specimen and expressed as a decimal 

NOfE 4.-For chis application, a 1-pound mass is considered 
ro be numerically equal co a 1-pound force. 

14.5.2 SI Units: 

mspec D-E (13) 

Pwet (14) 
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Pdry 
Pwet 

1 + Wf 
(15) 

°Ydry (9.81 X 10-3) Pdry (16) 
where: 
mspec = mass of compacted soil-cement specimen, kg 

D = mass of mold plus wet soil-cement, kg 
E = mass of mold, kg 

Vm = mold volume, m3 

wr = moisture content of compacted soil-cement 
specimen and expressed as a decimal 

Pwet wet density of compacted soil-cement specimen, 
kg/m3 

Pdry dry density of compacted soil-cement specimen, 
kg/m3 

"/dry dry unit weight of compacted soil-cement 
specimen, kN/m3 

9.81 X 10-3 = converts kg/m3 to kN/m 3 

NOfE 5.-Two values are combined in the above constant. To 
convert from density kg/m3, to unit weight kN/m3, multiply 
by the acceleration of gravity (9.8067 m/s2) and divide by 1000. 

L4.6 Calculate the percent of laboratory maxi mum dry 
unit weight using the following equation. 

where: 
D-value 

100 

00 ( Ydrv ) D-value = 1 
"/dLabMax 

percent of laboratory maximun dry unit 
weight,% 

convert from decimal to percent 

(17) 

14.7 Calculate the variation from optimum moisture 
content Wo - wr using the following equation : 

Variation from optimum= 100 ( Wo - wr) (18) 

where 100 is the conversion to percent. 

15. Report 

15.1 The report is to consist of the following completed 
forms: 

"'Preparation of Soil-Cement for Molded Durability Test 
Specimens" [for soil containing 5 percent or less plus 
No. 4 (4.75-mm) aggregate] (fig. 2A or 2B) . 
""Preparation of Soil-Cement for Molded Durability Test 
Specimens" [for soil containing more than 5 percent 
plus No. 4 (4.75-mm) aggregate] fig. 3A or 3B. 
"Soil-Cement Durability Tests" fig. 4. Record the cement 
content, date the specimen was formed, placement 
conditions, and specimen number. 
L5.2 All calculations are co show a checkmark. 
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,.2304 (6~5) I 
Bwuu or Reclamation 

PREPARATION OF SOIL-CEMENT FOR MOLDED DURABILITY TEST SPECIMENS I Oetlgnatlon USBR 11815- .!!_ 2. (for ooll containing 15 perC9flt or 1- ph,o No . 4 _r_ .. , 

PROJECT FEATURE 

Example E xomple 
LOCATION DEPTH/ELEVATION 

AP-25 3 .5-7. 5 ft. 
SAMPLE NO. SPECIMENS NO. 

5815T I, 2,3 
COMPUTED BY DATE !CHECKED BY DATE rREPARED BY 

Auxiliary Tesu: USSR 5300- .§ ~. USSR 5800- ji ~ 

DESIGN DATA 

, 

1. Design cement content, decimal 0.120 
2. Laboratory maximum dry unit weight 125.0 lbf/ftJ 
3. Optimum moisture content, decimal 0.112 
4. Moisture content of soil, decimal 0.013 
5. Test batch volume 0.12 ftJ 

DESIGN MASSES PER BATCH (DRY SOIL) DESIGN MASSES PER BATCH (MOIST SOIL) 

6. Total dry mass at laboratory 
maximum dry unit weight 10. Mass of moist soil 
(2)x (5)Y 15.00 lbm (7) X (1.0 + (4)) 13 .56 lbm 

7. Mass of drv soil 
(61/ (1.0+ (11) 13.39 lbm 11. Mass of additional water 

(9) - ((10) - (7)] 1. 55 lbin 
8. Mass of cement (61- (71 1.61 lbm 

9. Mass of water 12. Total wet mass of soil-cement 
(61 X ((31 + 0.003) y 1. 72 lbm (81 + (10) + (11) 16 . 72 lbm 

PLACEMENT DATA 

Specimen No. __ I __ Specimen No. 2 Specimen No. 3 

13. Mass of mold and specimen 9. 72 9 . 71 9 . 73 lbm 
14. Mass of mold 5. 10 5 . 10 5. 10 lbm 
15. Mass of wet soil (131 - (14) 4.62 4.61 4.63 lbm 
16. Volume of mold 0.0333 0.0333 0.0333 ft3 

17. Wet unit weight of specimen 
(15) / (161 138.7 138.4 139.0 lbf/ft3 

18. Placement moisture content. decimal 0.113 0 . 113 0.112 
19. Dry unit weiqht 

(171/ (1.0+ (181) 124.6 124.3 125.0 lbf/ft3 

20. Percent of LAB MAX 
((191 / (21) X 100 99.7 99 .4 100.0 "' 21. Variation from optimum w0 -wf 
((31 - (181) X 100 -0.1 -0. 1 0.0 

y For tllla ■PPllcatlon, 1 -t)OUnd ,,,.. la conald■r■ci to b■ num■rlcally equal to 1 -90Und force. 

y 0 .311. molnu,. - to account for molnure loo■ _,_ by ■v-■tlon ■nd hydration. 

GPO 848-BIO 

Figure 2A. - Preparation of soil-cement for molded durability test specimens (for soil containing 5 percent or less plus No. 4 aggregate) . 
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7m-2304 (6~5) I PREPARATION OF SOIL-CEMENT FOR MOLDED DURABILITY TEST SPECIMENS I Dfllgnatlon USSR 681li- .§_ 2 Bureau or Reclamation (for 1011 containing Ii percent or 1- plu, , .711-mm -r■g■ta) 

PROJECT FEATURE 
Example Example 

LOCATION DEPTH/ELEVATION 
AP-25 1.8-3.8 m 

SAMPLE NO. SPECIMENS NO. 
5815T 1,2,3 

COMPUTED BY DATE icHECKED BY DATE rREPARED BY 

Auxiliary Tests: USBR 5300- 8 9, USSR 5800- 8 i 
DESIGN DATA 

1. Design cement content, decimal 0.120 
2. Laboratory maximum dry unit weight 19.63 kN/m3 

3. Laboratory maximum dry density 
(2) X 101.97 j/ 2002 kg/m3 

4. Optimum moisture content, decimal 0.112 
5. Moisture content of soil, decimal 0.013 
6. Test batch volume 3.40 X I0-! m3 

DESIGN MASSES PER BATCH (DRY SOIL) DESIGN MASSES PER BATCH (MOIST SOIL) 

7. Total dry mass at laboratory 
maximum dry density 11. Mass of moist soil 
(31 X (61 6.8.05 kg (8) X [1.0 + (51] 6.155 kg 

8. Mass of dry soil 
(7) / [1.0+ (11] 6.075 kg 12. Mass of additional water 

: (10) - [(111 - (81) 0.705 kg 
9. Mass of cement (71 - (81 0.730 kg 

10. Mass of water 13. Total wet mass of soil-cement 
(7) x ( (4) + 0.003) y 0.785 . kg (9) + (11) + (12) 7 .590 kg 

.. -· PLACEMENT DATA 

Specimen No. I Specimen No. 2 Specimen No. 3 

14. Mass of mold and specimen 4.410 4.405 . 4.415 kg 

15. Mass of mold · 2.315 2.31 5 2.315 kg 
16. Mass of wet soil (141- (16) 2.095 2.090 2.100 kg 
17. Volume of mold~ 

. 9.43 X I0-4 9.43xlo- 4 9. 43xl0-4 m3 

18. Wet density. of specimen 
(16) / (17) 2222 2216 2227 kg/m3 

19. Placement moisture content, decimal 0.113 0 . 113 0.112 

20. Dry density 
1996 1991 2003 . _ , .. (18) / [1.0 + (19)] kg/m3 

21. Dry unit weight 
(201 X (9.81 X 10-3) ~ 19. 58 19.53 19.65 kN/m3 

22. Percent ofl.AB.MAX 
((211/(2)) x100 99 .7 99.5 100.1 % 

23. Variatiordrom optimum 
((41 - (191) X 100 

Wo-Wf 
-0. 1 -0.1 0.0 

y Two valuft are combined In thecomtant. To co,,,,_" from unit weight (kN/m3) to denoitv (kgtm3), 
divide by the ecceleretlon of gravity (9.8067 m/ill end multiply by 1,000. 

y 0 .3" moisture added to account for motatu,. Joa cauNd by ..,•Pora11on and hydration. 

~ To co.,,.." from cm3 to m3, divide by 1 c,6. 
~ Two veluft ere combined In the conatent. To conv•" from denolty (kgtm3) to unit weight (kN/mll, 

multlply by th• acc■ l■ratlon of gravity (9.8067 m/-2I end dlvlCM by 1.000. 

GPO 141 • 820 

Figure 2B. - Preparation of soil-cement for molded durability resc specimens (for soil containing 5 percent or less plus 4.75-mm aggrega te). 
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7-2303 (6-85) I PREPARATION OF SOIL-CEMENT FOR MOLDED DURABILITY TEST SPECIMENS I DNlgnatlon USSR 5815· _§. ~ Bwau of Reclamation (tor eoll containing more than 5 IJ#CMt plu1 No. -' eggreeata) 

PROJECT FEATURE 

EXAMPLE EXAMPLE 
LOCATION DEPTH/ELEVATION 

AP- 25 3 .5- 7.5 ft. 
SAMPLE NO. SPECIMENS NO. 

5815T I, 2, 3 
COMPUTED BY DATE rHECKED SY DATE rREPAREO SY 

Auxiliary Tests: USBR 5300- .11 .9 USBR 5320- .a .i USBR 5800- .a .9 
DESIGN DATA 

1. Design cement content, decimal Q.QflQ 
2. Laboratory maximum dry unit weight I~§ Q lbf/ft3 
3. Optimum moisture content, decimal 0.060 -
4. Percentage of plus No. 4 aggregate, decimal 0 .209 . 

5. Specific gravity of plus No. 4 aggregate 2 .56 
6. Moisture content of minus No. 4 soil, decimal 0 .013 
7. Test batch volume 0 . 12 - ft3 

CORRECTIONS FOR PLUS NO. 4 AGGREGATE DESIGN MASSES PER BATCH 

12. Dry .mass of soil<ement per batch 
8. Theoretical maximum unit weight (11) X (71 16.90 lbmJ/ 

of composite of minus No. 4 soil- 13. Dry mass of soil and SSD aggregate 
cement with SSD aggregate added (121/ (1.0+ (11) 15.65 lbm 

1.0 14. Ory mass of cement (121 • (131. 1.25 lbm 

(41 1.0- (41 15. Dry mass of minus No. 4 soil 
62.4 (51 

+ 
(21 140.4 lbf/ft3 (131 X (1.0- (4)) . 12.38 lbm 

16. Mass of SSD aggregate (131 • (15) 3 . 27 lbm 
17. Mass of water 

9. Increase in unit weight (~I • (21 4 !:! lbf/ft3 ((141 + (151) X ((31 + 0.003) ~ 0 .86 lbm 
10. Unit weight of additional cement-· 18. Mass of moist minus No. 4 soil 

required (91 x (1) 0.4 lbf/ft3 (151 X (1.0+ (6)) 12 . 54 lbm 
11. Dry unit weight of total material .. ~ =:- 19. Mass of additional water 

(81 + (101 140.8 lbf/ft3 • (171 • 1(181 • (1511 0. 70 lbm 
20. Total wet mass of soil<ement 

(141 + (161 + (181 + (191 17. 76 lbm 
PLACEMENT DATA 

Specimen No. I Specimen No. 2 Specimen No. 3 

21. Mass of '!'Old and specimen 10 .06 IQ.Q7 IQ Q4 lbm 
22. Mass of mold 51Q ~IQ ~IQ lbm 
23. Mass of wet soil (21) - (221 4 96 4. 97 4. 94 lbm 
24. Volume of mold 0 .0333 0. 0333 0. 0 333 ft3 
25. Wet unit weight of specimen 

(231 / (241 148.9 149.2 148. 3 lbf/ft3 . 
26. Placement moisture content minus 

No. 4 material, decimal 0 .060 0.059 0.059 
27. Ory unit weight minus No. 4 material 

((251 - (91) 
[1.0+ (26)) 136 . 3 136.7 135.9 lbf/ft3 

28. Percent of LABMAX 
((27)/ (21) X 100 IQQ 2 IQQ ~ 99 9 % 

29. Variation from optimum Wo--Wf 
[(31 - (261) X 100 0 . 0 0.0 0.1 

jJ For thl1 ■ppllcetlon. 1-pound maa 11 conald•Nd to be numetlcally equal to 1-POUnd force. 

~ 0 .31' molttur• edded to account for mol■tur• toa cauNd by avaporatton and hydration. 

GPO 141-811 

Figure 3A. - Preparation of soil-cement for molded durability test specimens (for soil containing more than 5 percent plus No. 4 aggregate). 
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7m-2303 (U5) , I PREPARATION OF SOIL-CEMENT FOR MOLDED DURABILITY TEST SPECIMENS IDHlgnatlon USSR 581!5· _§. ,2_ Bweau or Reclamation (for soll containing more than 5 percent plu1 4.7&-mm aggregate) 

PROJECT FEATURE 
Example Example 

LOCATION DEPTH/ELEVATION 
AP-25 1.1 - 2.3 m 

SAMPLE NO. SPECIMENS NO. 
58I5T I, 2,3 

COMPUTED BY DATE rHECKED BY DATE rREPARED BY 

Auxiliary Tests: USBR 5300- 8 9 USBR 5320- 8 9 USBR 5800· 8 9 

DESIGN DATA 

1. Design cement content, decimal 0.080 

2. Laboratory maximum dry unit weight 21.37 kN/m3 
3. Laboratory maximum dry density (2) x 101.97 ll 2179 kg/m3 

4. Optimum moisture content, decimal 0.060 

5. Percentage of plus 4.75-mm aggregate, decimal 0.209 

6. Specific gravity of plus 4.75-mm aggregate 2.56 

7. Moisture content of minus 4.76-mm soil, decimal 0.013 

8. Test batch volume 3.4 X 10-3 m3 
CORRECTIONS FOR PLUS 4.75-mm AGGREGATE DESIGN MASSES PER BATCH 

13. Ory mass of soil-<:ement per batch 
9. Theoretical maximum density of (12) X (8) 7.665 kg 

composite of minus 4.75-mm soil- 14. Ory mass of soil and SSD aggregate 
cement with SSD aggregate added (13)/ (1.0 + (1 )) 7.095 kg 

1.0 15. Dry mass of cement (13) - (14) 0.570 kg 
(5) 

+ 
1.0- (5) 16. Dry mass of minus 4.75-mm soil 

1000 (6) (3) 2249 kg/m3 (14) X (1.0·(5)). 5.610 kg 
17. Mass of SSD aggregate (14) • (16) 1.485 kg 
18. Mass of water 

10. Increase in density (9) - (3) 70 kg/m3 ((15) + (16)) X ((4) + 0.003) ii 0.390 kg 

11. Density of additional cement 19. Mass of moist minus 4.75-mm soil 
required (10) x·(l) 6 kg/m3 (16) X (1.0 + (7)] 5.685 kg 

12. Ory density of total material 20. Mass of additional water 
(9) + (11) 2255 kg/m3 (18) - ((19) • (16)] 0.315 kg 

21. Total wet mass of soil-<:ement 
(15) + (17) + (19) + (20) 8.055 kg 

PLACEMENT DATA 
Specimen No. I Specimen No. 2 Specimen No. 3 

22. Mass of mold and specimen 4.565 4.570 4.555 kg 
23. Mass of mold 2.315 2.315 2.315 kg 
24. Mass of wet soil (22) - (23) 2.250 2.255 2.240 kg 
25. Volume of mold~ · 9.43xl0-4 9.43 x I o-4 9.43 X 10-4 m3 

26. Wet density of specimen (24) / (25) 2386 2391 2375 kg/m3 
27. Placement moisture content minus 

4. 75-mm material, decimal 0.060 0.059 0.059 

28. Dry density minus 4.75-mm material 
((26) - (10)] 
(1.0+ (27)) 2185 2192 2177 kg/m3 

29. Ory unit weight minus 4. 75-mm material 
(28) X (9.81 X 10-3) ~ 21.43 21.50 21.36 kN/m3-

30. Percent of LABMAX 
((29) / (2)) X 100 100.3 100.6 100.0 % 

31. Variation from optimum w0 -wf 
((4) - (27)) X 100 0.0 0.1 0.1 

lJ Two valu• •r• combined In the con1t1nt. To conven from unit weight (kN/m3) to denalty (kgfm3), 
divide by the acceleratlon of gravity (9.8067 m!.:Z) and multiply by 1 .000. 

y 0.3" moisture added to account for molatur• lo• cauMCI by evaporation and hydration. 

~ To conven from cm3 to m3. divide by 1o6. 

~ Two v■luft are combined In th• constant. To convert from danalty (kg/m3) to unit weight (kN/m3). 
multiply by the acceleretlon of gravity (9.8087 m/12) and divide by 1,000. 

GPO 141-811 

Figure 3B. - Preparation of soil-cement for molded durability test specimens (for soil containing more than 5 percent plus 4.75-mm aggregate). 
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7-1802 (I I -85) 

I 
SOIL-CEMENT DURABILITY TESTS Bureau of Reclamation 

Designation USBR 5820 · (wet-drv, Designation USBR 5825· (freeze-thaw) 

PROJECT FEATURE 

Example Example 
LOCATION DEPTH/ELEVATION 

AP-25 3.5 - 7. 5 ft 
SAMPLE NO. SPECIMENS NO . 

5815T-5 I, 2, 3 
TESTED BY ICOMPUTEO BY DATE !CHECKED BY DATE 

Molded specimens from USBR 5815- JL ~ : 

Date Formed 11-23-89 Cement Content 12.0 % 

i' max= 12 5. 0 ~ lbf/ft3 0 kN/m3 , wo= 9.8· % 
I SPEC 1 I SPEC 2 I SPEC 3 I 

I Moisture Content I 9.8 I 9 . 8 I 9.7 I 
I D -Value I 99 . 8 I 99.8 I 99.7 I 

Cored specimen from USBR 5835- _ - : 

Date Cored Age days 

Cement Content % 

Average Diameter 0 in D mm Length Din Omm 

Dry unit weight 0 lbf/ft3 0 kN/m3 

Specimen No. _I_ Specimen No. _2_ 

,,,_ ~ -o- a, -o-
ci 

., 
~~ 

,,,_ 
~~ ~ Cl ~ Cl a.- ~ Cl ~ Cl a.-Date o- e- o- ,,,_ 

z ~~ _!!!., - ~~ .!!! "' - Cl - Cl - Cl - Cl o, C 
"' C 

:, "' a, C "'C :, "' ., .a ·- 0"' E ..2 .a ·- 0 ., E ..2 Remarks u "'.c ~ i: -;~ :, "' "'.c ~~ -;~ :, "' > "'"' "'"' u "' "'"' "'::, u "' u 19 "' :, ~ 2 "'u u"' "'::, ~ ~ "'u u"' - ~.o .a :E <t E ~ .0 .a ~ <t E 

1 
2 
3 
4 

5 
6 
7 

8 
9 
10 
11 
12 

Specimen No. __ I_ Specimen No. _2 __ 

-(1) Wet mass of specimen g g 

(2) Moisture content • % % 

{ 
(1) 

(3) Initial dry mass of specimen g g 1.0+& 

(4) Total accumulated mass loss g g 

(5) Percent loss % % { ~ X 100 
(3) 

• Specimen No. __ used for moisture content determination only . See back for calculations. 

Figure 4. - Soil-cement durabiliry rests - example. 
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ANNEX 

Al. PROCEDURES FOR FORMING DURABILITY SPECIMENS WHEN MATERIAL RETAINED ON 
THE NO. 4 SIEVE IS PRESENT (INCH-POUND SYSTEM) 

A 1.1 Sieve an adequate quantity of representative 
pulverized soil on U.S.A. Standard series 1-inch, 3/4-inch, 
and No. 4 sieves. Discard any aggregate retained on the 
1-inch sieve. Remove aggregate passing the 1-inch sieve 
and retained on the 3/4-inch sieve, and replace it with 
an equal mass of aggregate passing the 3/4-inch sieve and 
retained on the No. 4 sieve. Obtain aggregate for 
replacement from the original sample. Keep the aggregate 
and the minus No. 4 soil in separate containers. 

NOfE AL-This method for making soil-cement durability test 
specimens is used primarily with soils having 25 percent or less 
aggregate retained on the No. 4 sieve. The plus 3/4-inch soil 
is replaced in this procedure because 3/4 inch is the maximum 
allowable particle size in a 4.0-inch-diameter by 4.6-inch-high 
cylindrical specimen. 

Al.2 Determine the specific gravity and absorption of 
the aggregate in accordance with USBR 5320. 

Al.3 Aggregate used in this procedure is to be in a 
saturated surface dry condition. (See USBR 5320 and 
subpar. Al.9.) 

A 1.4 Calculate the theoretical maximum dry unit 
weight of the composite of the minus No. 4 soil-cement 
at laboratory maximum dry unit weight with SSD aggregate 
added using the following equation. 

'Yo= 

where: 

p 
+ 

')'w Ga 

1 
1-P 

(lA) 

')/dLabMax 

'Yo theoretical dry unit weight of composite of 
minus No. 4 soil-cement and SSD 
aggregate, lbf/ft3 

P = percent SSD aggregate and expressed as a 
decimal 

Ga 
'Yw 

')/dLabMax 

specific gravity of aggregate 
unit weight of water, 62.4 lbf/ft3 
laboratory maximum dry unit weight of 

minus No. 4 soil-cement, lbf/fc3 

Al.5 Calculate the increase in dry unit weight resulting 
from the addition of aggregate to the soil-cement mixture. 

'Yi = 'Yo - ')/dLabMax (2A) 

where y; equals increase in dry unit weight of soil-cement 
resulting from the addition of aggregate, lbf/ft3. 

Al.6 
cement 
weight. 

Calculate the dry unit weight of the additional 
required as a result of the increase in dry unit 

'Yie = 'Yi C (3A) 
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where: 
')lie = dry unit weight of additional cement required as 

a result of the increase in dry unit weight, 
lbf/ft3 

C = design percent cement and expressed as a 
decimal 

A 1. 7 Calculate the dry unit weight of the total soil­
cement mixture. 

'Yt = 'Yo+ 'Yie (4A) 

where 'Yt equals dry unit weight of the total soil-cement 
mixture, lbf/fc3_ 

A 1.8 Calculate the dry mass of soil-cement per batch. 
Convert unit weight to density by changing lbf/fc3 to 
lbm/fc3 (see note Al). 

mbat = Pt V (5A) 
where: 
mbat = total dry mass .ofsoil-cement per batch, lbm 

V = test batch volume of 0.12 fc3 is recommended 
Pt = unit weight converted to 9ensity, lb~/fc3 

NOfE A2.-For this application, a 1-pound mass is considered 
to be numerically equal to a 1-pound force. 

Al.9 Calculate the design masses of dry soil, SSD 
aggregate, cement, and water for a test batch. 

where: 
ms+s 

me 

ms 
ma 

mw 

Wo 

0.003= 

l11bat 
(6A) ms+a 

(1 + C) 

me= mbat - ms+a (7A) 

= 
ms+a 

(8A) ms 
(1 + P) 

ma = ms+a - ms (9A) 

m.., = (me+ ms) (Wo + 0.003) (lOA) 

dry mass of soil and (SSD) saturated surface dry 
aggregate, lbm 

mass of cement, lbm 
dry mass of minus No. 4 soil, lbm 
mass of SSD aggregate, lbm 
mass of water, lbm 
optimum IJ}Oisture content and expressed as a 

decimal 
percent of additional water required ro 

compensate for moisture loss caused by 
evaporation and cement hydration and 
expressed as a decimal 
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A 1.10 Calculate rhe masses of moist soil and additional 
water necessary for a rest barch. 

illsm ms (1 + wr) 

mwa mw - (msm - ms) 
where: 
msm = mass of moist minus No. 4 soil, lbm 

wr = moisture content of minus No. 4 soil and 
expressed as a decimal 

mwa = mass of additional water to be added, lbm 

(llA) 

(12A) 

A 1.11 Calculate rhe coral wee mass of soil-cement for 
a rest batch. 

1n1w = Insm + 111c + I11wa + 1na (13A) 

where mtw equals coral wee mass of soil-cement, lbm. 

A 1.12 Follow the main procedure beginning ar 
subparagraph 13.3. Mix the aggregate in with the entire 
batch until the aggregate is uniformly distributed 
rhroughour. 

A IM. PROCEDURES FOR FORMING DURABILITY TEST SPECIMENS WHEN 
MATERIAL RETAINED ON THE 4. 75-MM SIEVE IS PRESENT (SI SYSTEM) 

Al.IM Sieve an adequate quantity of representative 
soil on U.S.A. Standard series 25.0-, 19.0-, and 4.75-mm 
sieves. Discard any aggregate retained on rhe 25.0-mm 
sieve. Remove aggregate passing rhe 25.0-mm sieve and 
retained on the 19.0-mm sieve, and replace it with an equal 
mass of aggregate passing the 19.0-mm sieve and retained 
on the 4.75-mm sieve. Obtain aggregate for replacement 
from the original sam pie. Keep rhe aggregate and the minus 
4.75-mm soil in separate containers. 

NITTE A 1.1 M-This method for making soil-cement durability 
test specimens is used primarily with soils having 25 percent 
or less aggregate retained on the 4.75-mm sieve. The plus 19.0-mm 
soil is replaced in this procedure because 19.0-mm is the maximum 
allowable particle size in a 102-mm-diameter by I 16-mm-high 
cylindrical specimen. 

Al.2M Determine the specific gravity and absorption 
of the aggregate in accordance with USBR 5320. 

Al.3M Aggregate used in this procedure is to be in 
a saturated surface dry condition. (See USSR 5320 and 
subpar. A 1.9.) 

A 1.4M Convert rhe laboratory maximum dry unit 
weight (kN/m3) co laboratory maximum dry density 
(kg/m3). 

PdLabMox = 101.97 (-YdLabMax) (lM) 
where: 

PdLabMox 

"ydLabMax 

101.97 

laboratory maximum dry density of minus 
4.75-mm soil-cement, kg/m> 

laboratory maximum dry unit weight of 
minus 4.75-mm soil-cement, kN/m3 

convert kN/m3 to kg/m3 

NITTE A l.2M-Two values are combined in the above con­
stant. To convert from unit weight kN/ml, to density kg/ml, 
divide by the acceleration of gravity (9.8067 m/s2) and multiply 
by 1000. 

A l.5M Calculate the rheorerical maximum dry density 
of the composite of the minus 4.75-mm soil-cement at 
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laboratory maximum density with SSD aggregate added 
using the following equation. 

Po 

where: 

p 

Pw Ga 
+ 

l - p (2M) 

PdLabMax 

Po = theoretical dry density of composite of minus 
4.75-mm soil-cement and SSD aggregate, 
kg/m3 

P = percent SSD aggregate and expressed as a 
decimal 

Ga specific gravity of aggregate 
Pw density of water, 1000 kg/m 3 

Al.6M Calculate the increase in dry density resulting 
from the addition of aggregate to rhe soil-cement mixture. 

Pi = Po - PdLabMax (3M) 

where Pi equals increase in dry density of soil-cement 
resulting from the addition of aggregate, kg/m3. 

A l.7M Calculate the dry density of rhe additional 
cement required as a result of rhe increase in dry density. 

where: 
Pie = 

C= 

Pie = Pi C (4M) 

dry density of additional cement required as a 
result of the increase in dry density, kg/m3 

design percent cement and expressed as a 
decimal 

Al.SM 
mixture. 

Calculate the dry densiry of rhe rest soil-cement 

Pt = Po+ Pie (5M) 

where Pt equals dry density of rhe coral soil-cement mix­
ture, kg/ m3. 
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Al.9M Calculate the dry mass of soil-cement per batch. 

lllbat = Pt V (6M) 
where: 
mbat = total dry mass of soil-cement per batch, kg 

V = test batch volume of 0.0034 m3 is recommended 

A 1. lOM Calculate the design masses of dry soil, SSD 
aggregate, cement, and water for a test batch. 

mbat 
ms +a 

(I+ C) 

me mbat - ms+a 

IDs+a 
ms 

(I+ P) 

ma ms+a - ms 

mw (me+ ms) (Wo + 0.003) 
where: 
ms+a = dry mass of minus 4.75-mm soil and SSD 

aggregate, kg 
C = design percent cement and expressed as a 

decimal 
me mass of cement, kg 
ms = dry mass of minus 4.75-mm soil, kg 
ma mass of SSD aggregate, kg 
mw mass of water, kg 

(7M) 

(8M) 

(9M) 

(lOM) 

(llM) 
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wa = optimum moisture content and expressed as a 
J 

0.003= 
decimal 

percent of additional water required to 
compensate for moisture loss caused by 
evaporation and by cement hydration and 
expressed as a decimal 

A 1.1 lM Calculate the masses of moist minus 4.75-mm 
soil and additional water necessary for a test batch . 

ms (1 + wr) 

where: 
msm = mass of moist minus 4.75-mm soil, kg 

(12M) 

(13 M) 

wr = moisture content of minus 4.75-mm soil and 
expressed as a decimal 

mwa = mass of additional water to be added, kg 

Al: 12M Calculate the total wet mass of soil-cement 
for a test batch. 

mtw = m sm + me + mwa + ma (14M) 

where m1w equals total wet mass of soil-cement, kg. 

A 1.13M Follow the main procedure beginning at sub­
paragraph 13.3. Mix the aggregate in with the entire batch 
until the aggregate is uniformly distributed throughout. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5820-89 
PROCEDURE FOR 

PERFORMING WET-DRY DURABILITY TESTING 
OF COMP AC.TED SOIL-CEMENT MIXTURES 

INTRODUCTION 

This procedure is under rhe jurisdicrion of rhe Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under che fixed designation USBR 5820. The number immediarely 
following rhe designation indicates che year of acceptance or che year of lase revision. 

This procedure is similar co che standard for wee-dry durability testing described in ASTM D 559, except chat chis procedure 
contains a rewritten and more derailed description and includes USBR data forms. The procedure for preparing soil-cement durability 
rest specimens has been written as a separate procedure (USBR 5815 ). Corresponding forms in SI units are included. The SI 
forms have rhe letter M following rhe first digir in the form number. · 

1. Scope 

l. l This designation outlines the procedure for 
determining soil-cement mass losses resulting from 
repeated wetting and drying of hardened soil-cement, using 
as test specimens either laborarory-compacred specimens 
or field-cored cylinders. 

1.2 The mass loss obtained using this procedure is an 
indication of the wet-dry durability of compacted, hydrated 
soil-cement. 

2. Auxiliary Tests 

2.1 The laboratory-compacted soil-cement cylinders 
must be prepared in accordance with USBR 5815. The 
initial wet mass and moisture content for the compacted 
cylinders are determined from a rest specimen in accordance 
with USBR 5300. Field-cored soil-cement cylinders must 
be obtained in accordance with USBR 5835. As part of 
the specimen preparation, a moisture content is obtained 
in accordance with USBR 5300 and the dry unit weight 
determined in accordance with USBR 5370. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5370 DeterminingUnitWeightofCylindricalSoil 
Specimens 
USBR 5810 Performing Compressive Strength Testing 
of Soil-Cement Cylinders 
USBR 5815 Preparing Soil-Cement Specimens for 
Durability Testing 
USBR 5825 Performing Freeze-Thaw Durability Testing 
of Compacted Soil-Cement Mixtures 
USBR 5835 Performing Record Coring and Cross 
Sectioning of Compacced Soil-Cement 
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3.2 ASTM Standards: 
C 511 Specification for Moist Cabinets, Moise Rooms, 
and Water Srorage Tanks Used in che Testing of Hydraulic 
Cements and Concretes 
D 559 Specification for Wetting and Drying Tests of 
Compacted Soil-Cement Mixtures 

4. Summary of Method 

4.1 Laboracory-compacred or field-cored soil-cement 
cylindrical specimens are subjecced to 12 cycles of wetting 
and drying. Each cycle consists of submerging the specimens 
for 5 hours in potable water at room temperature and 
drying it for 42 hours in an oven at 160 ° F (7 L ° C). The 
specimens are then wire-brushed. The mass of each soil­
cement specimen is determined before and after each 
brushing ro determine the mass loss. Mass losses from 
12 cycles of wetting·and drying-are accumulated. The total 
percent of mass loss is calculated for· each specimen. The 
average rocal mass loss for all specimens is an indication 
of che durability of che compacted, cured soil-cement. 

5. Significance and Use 

5.1 Soil-cement wet-dry durability resting is performed 
ro determine the accumulated soil-cement mass losses 
produced by repeated wetting and drying. 

5.2 The wet-dry durability test is one of a set of rests 
normally performed to evaluate the adequacy of compacced 
soil-cement. The other tests are freeze-thaw durability 
(USBR 5825) and compressive strength (USBR 58 LO) . 

5.3 Laboratory-compacted soil-cement specimens are 
reseed ro determine the cement content ro be specified 
in a soil-cement mix design. Based on satisfactory perform­
ance of existing soil-cement structures, Bureau criteria 
require accumulated wet-dry durability mass losses of 
6.0 percent or less following 12 cycles of wetting and drying. 
Unconfined compressive strength resting is conducted prior 
ro durability testing to eliminate mix designs chat do not 
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meet compressive strength criteria. An economical mix 
design uses the minimum cement content that meets both 
strength and durability requirements. 

5.4 Wet-dry durability tests are also conducted on field­
cored specimens obtained during construction of the 
compacted soil-cement structure for construction control 
and record purposes to ensure that the soil-cement has 
met wet-dry durability requirements. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Cement Content.-Amount of cement in a soil­

cement mixture, specified as a percent of dry soil mass. 
6.2.2 Soil-Cement Moisture Content.-Ratio of the 

mass of water to the total dry mass of a soil-cement mixture, 
expressed as a percent. 

7. Apparatus 

7.1 General Apparatus: 
7.1.1 Platform Scale.-A typical platform scale used 

for this designation must be readable to 0.01 lbm and have 
a capacity of about 25 lbm. An electronic digital readout 
scale should not be used. . 

7 .1.2 Balance or Scale.-A typical balance or scale used 
for this designation must be readable to 0.1 gram and have 
a capacity of about 3000 grams. 

7.1.3 Moist Room or Water Bath.-A moist room 
or water bath, capable of maintaining a uniform tempera­
ture of 73.4±3.0 °F (23.0±1.7 °C) and a relative humidity 
of not less than 95 percent, conforming to the requirements 
of ASTM C 511. 

7.2 Equipment Unique to This Procedure: 
7 .2.1 Drying Oven.-An oven, thermostatically 

controlled, preferably of the forced-draft type, capable of 
maintaining a uniform temperature of 160±5 ° F (71±3 ° C) 
throughout the drying chamber, for drying compacted soil­
cement specimens. 

7.2.2 Water Bath.-A suitable tank for submerging 
compacted specimens in water at room temperature. 

7.2.3 Wire Brush.-A wire brush made of 2- by 
1/16-inch (50- by 2-mm) flat No. 26 gauge (0.46-mm) 
wire bristles assembled in 50 groups of 10 bristles each 
and mounted to form 5 longitudinal rows and 10 transverse 
rows of bristles on a 7-1/2- by 2-1/2-inch (190- by 60-mm) 
hardwood block. 

7 .3 Miscellaneous Equipment.-Suitable pans for 
transporting test specimens, small brush with soft bristles 
for removing residue from specimens. 

8. Precautions 

8.1 Safety Precautions: 
8.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
8.1.2 Wear safety glasses when brushing specimens. 
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9. Sampling, Test Specimens, and Test Units 

9.1 Preparation of Laboratory-Compacted Test 
SpeCJinens: 

9.1. l Prepare three laboratory-compacted test 
specimens in accordance with USBR 5815. 

9.1.2 At the end of the 7-day storage period in the 
moist room, dry one of the specimens to constant mass 
and determine the moisture content in accordance with 
USBR 5300. Record on the "Soil-Cement Durability Tests" 
form (fig. lA or 1B). This moisture content is used to 
determine the dry mass for the other two test specimens. 

9.1.3 At the end of the 7-day storage period in the 
moist room, determine and record the wet mass of the 
remaining two test specimens. Using the moisture content 
obtained in subparagraph 9.1.2, calculate the initial dry 
mass of the two test specimens. Record on the "Soil-Cement 
Durability Tests" form (fig. lA or lB). 

9.2 Preparation of Field-Cored Test Specimens: 
9.2.1 Obtain field-cored test specimens in accordance 

with USBR 5835. 
9.2.2 Cut the 4.0-inch (102-mm) diameter core to 

obtain a test specimen 4.6±0.1-inch (ll 7-mm±3-mm) long. 
When using a 3.0-inch (76-mm) diameter core, cut to a 
length of 7.3±0.1 inch (185±3 mm). This results in 
approximately the same surface area as a standard 4.0-inch 
(102-mm) diameter by 4.6-inch (117-mm) long specimen. 

9.2.3 From the remainder of the' core, cut at least 
a 1-inch (25-mm) length for use in determining the 
moisture content of the field-cored specimen. 

9.2.4 Dry the moisture specimen to constant mass 
and determine the moisture content in accordance with 
USBR 5300. Record on the "Moisture Content and Unit 
Weight Determination of Cylindrical Specimens" form 
(fig. 2A or 2B). 

9.2.5 Determine the measured dry unit weight of 
the specimen in accordance with USBR 5370. Record on 
the "Moisture Content and Unit Weight Determination 
of Cylindrical Specimens" form (fig. 2A or 2B). 

9.2.6 Transfer data obtained in subparagraph 9.2.4 
and 9.2.5 to the "Soil-Cement Durability Tests" form 
(fig. lA or lB). 

9.2.7 Determine the wet mass of the test specimen. 
Using the moisture content obtained in subparagraph 9.2.4, 
calculate the initial dry mass of the test specimen. Record 
on the "Soil-Cement Durability Tests" form (fig. lA or lB). 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

10.2 The technician who will brush the specimens must 
practice to ensure that 3 lbm (1.4 kg) is applied to the 
specimen during brushing. To measure the 3 lbm, hold 
the specimen in a vertical position on the edge of a platform 
scale and zero the scale. Apply vertical downward brushing 
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strokes to the specimen, and note the force necessary to 
register approximately 3 lbm (fig. 3). 

11. Conditioning 

11.1 Laboratory-Compacted Test Specimens.-Cure the 
laboratory-compacted test specimens in accordance with 
USBR 5815. 

11.2 Field-Cored Test Specimens.-Place cored speci­
mens in the moist room for 24 hours prior to the first 
cycle of testing. 

11.3 Oven Temperatures.-Set and maintain the 
temperature of the oven to be used for the drying portion 
of the wet-dry durability test at 160 ° F (71 ° C). 

12. Procedure 

12.1 All data are to be recorded on the "Soil-Cement 
Durability Tests" form as shown on figure IA or lB. Figure 
lA is an example for laboratory-compacted specimens, and 
figure 1B is an example for field-cored specimens. 

12.2 Record the wet mass, moisture content, and initial 
dry mass as determined in subparagraph 9.1 for laboratory­
compacted test specimens, and in subparagraph 9.2 for 
field-cored test specimens. 

12.3 Sul;:>merge the test specimen in potable water at 
room temperature for a period of 5 hours and remove. 

12.4 Place the test specimen in an oven at 160 ° F 
(71 ° C) for 42 hours and remove. Determine and record 
the mass of the specimen to the nearest 0.1 gram. 

12.5 Give each specimen two firm strokes on all areas 
with the wire brush. Hold the brush with the long axis 
of the brush parallel to the longitudinal axis of the specimen 
or parallel to the ends as required to cover all of the 
specimen. Apply these strokes to the full height and width 
of the specimen with a firm stroke corresponding to 
approximately 3 lbm (1.4 kg). To measure the 3 lbm, hold 
the specimen in a vertical position on the edge of a platform 
scale and zero the scale. Apply vertical brushing strokes 
to the specimen, and note the- force necessary to register 
approximately 3 lbm as shown on figure 3. Eighteen to 
twenty vertical brush strokes are required to cover the 
sides of the specimen twice, and four strokes are required 
on each end. 

12.6 Using a soft bristle brush, carefully brush any 
residue from the specimen. 

12.7 Determine the mass of the specimen and record 
to the nearest 0.1 gram. Turn the specimen end for end 
before placing in water. 

12.8 Calculate and record the mass loss for each cycle 
and the accumulated mass loss to the nearest 0.1 gram. 

· 12.9 The procedures described in subparagraphs 12.3 
through 12.8 constitute one cycle ( 48 hours) of wetting 
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and drying. Repeat this cycle 12 times. If it is not possible 
to run the cycles continuously because of weekends, holidays, 
or for ocher reasons, keep the specimens in the oven during 
the layover period; note this on the form. 

12.10 For laboratory-compacted specimens, complete 
the data that is required on the form from information 
obtained from the specimen preparation (subpar. 9.1). 

12.11 For field-cored specimens, complete the data that 
is required on the form from information obtained from 
the specimen preparation (subpar. 9.2). 

12.12 Calculate and record the percent mass loss to 
the nearest 0.01 percent. 

13. Calculations 

13. l Calculate the mass loss per cycle: 

A= B-C 
where: 

A = mass loss per cycle, g 
B = mass before brushing, g 
C = mass after brushing, g 

(1) 

13.2 Calculate the mass loss of the test speomen as 
a percent (percent loss) of the initial oven dry mass: 

( 
IDt ) Percent loss, % = 100 -
illid 

(2) 

where: 
mt total accumulated mass loss, g 

m;d initial dry mass of specimen, g 
100 convert to percent, % 

13.2. l An example calculation follows for determin­
ing the percent of mass loss of a test specimen due to 
wet-dry durability testing. 

Int total accumulated mass loss-= 27.8 g 
m;d initial dry mass of specimen= 1610. l g 

_ ( 27.8 g ) _ Percent loss - 100 
1610 1 

- 1.73% 
.. g 

14. Report 

14.1 The report is to consist of the following completed 
and checked forms: 

"Soil-Cement Durability Tests" (fig. lA or lB). 
"Moisture Content and Unit Weight Determination of 
Cylindrical Specimens" (fig. 2A or 2B). 
14.2 All calculations are to show a checkmark. 
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7-1802 ( 11-85) I SOIL-CEMENT DURABILITY TESTS 
Hureau of Reclamation 

Designation USB A 5820- 8 9 (wet-dry) l!ll Designation USBR 5825- _ -- (freeze-thaw) D 
PROJECT FEATURE 

Example E xomple 
LOCATION DEPTH/ELEVATION 

AP-25 3. 5 - 7. 5 ft 
SAMPLE NO. SPECIMENS NO. 

5820T I, 2, 3 
TESTED BY rOMPUTED BY DATE I CHECKED BY DATE 

Molded specimens from USSR 5815- JL JL: 

Date Formed 11-23-89 Cement Content 12.0 % 

"Ymax; 125.0 181 I bf /ft3 0 kN/m3 , Wo = 9.8 % 
I SPEC 1 I SPEC 2 I SPEC 3 I 

I Moisture Content I 9.8 I 9.8 I 9.7 I 
I 0-Value I 99.8 I 99.8 I 99. 7 I 

Cored specimen from USSR 5835- _ - : 

Date Cored Age days 

Cement Content % 

Average Diameter Din Omm Length Din Omm 

Ory unit weight □ lbf/ft3 □ kN/m3 

Specimen No. _I_ Specimen No. _2_ 

o,- ~ -o- o,- - ~ -o-
~2' Q) !2 ci ~ Cl ~ Cl c.- ~ Cl ~ Cl c.-Date o- .,,_ o- .,,_ 

z .., ~2' ~.,, .., 
~~ ~.,, 

- Cl - Cl ::, .,, - Cl - Cl ::, .,, o, C "'C o, C "'C "' ..0 ·- 0 Q) E .2 ..0 ·- 0 "' E .2 Remarks u .,, .,:;; ~ i: i~ .,,.,:;; ~~ i~ > .,, .,, "'.,, ::, .,, .,, .,, ::, .,, 
u 19 89 "'::, ~ 2 "' u 

<.).,, 
"'::, "'::, "'u 

<.).,, 
<.)"' ~ ~ <.)"' 

~ ii ..0 ~ <I'. E ~ii ..0 ~ <I'. E 

1 11-30 1722.8 1719.9 2.9 2 _9· 1728.2 1726.4 1.8 I. 8 
2 12- 3 1708.2 1705. 2 3.0 5.9 1716.2 1714.2 2.0 3.8 * 3 12-5 1709.8 1707. 2 2.6 8.5 1718.0 1716.0 2.0 5.8 
4 12-7 1723.0 1720.8 2.2 10.7 1732.0 1730.0 2.0 7.8 
5 12-10 1714.9 1713. 2 1.7 12.4 1724 .o 1722.5 I. 5 9.3 * 6 12-12 1704.0 1701.0 3.0 15.4 1712. 8 · 1710.0 2.8 12. I 
7 12-14 (714.0 1711. 8 2.2 17.6 1724.0 1721.8 2.2 14.3 
8 12-17 1714.0 1711. 9 2.1 19.7 1724.8 1723.0 1.8 16.1 * 9 12-19 1696.4 1694.0 2.4 22.1 1706. 2 1704.0 2.2 18.3 

10 12-21 1705.0 1702.8 2.2 24.3 1714.5 1712.8 I. 7 20.0 
11 12-24 1699.8 1698.1 I. 7 26.0 1710.4 1709.0 1.4 21.4 * 12 12-26 1685.3 1683.5 I. 8 27.8 1696.7 1694.8 I. 9 23.3 

Specimen No. _I_ Specimen No._2 __ * Specimens kept in 
oven during lay-

(1) Wet mass of specimen 1722.8 g . 1728.2 g over period. .. 

(2) Moisture content * 7.0 % 7.0 % 

{ 
(1) 

(3) Initial dry mass of sp~cimen 1610.1 g 1615.1 g 
1.0 +Mir 

(4) Total accumulated mass loss 27.8 g 2 3.3 g 

(5) Percent loss 1.73 % I. 4 4 % { (4) 
X 100 

(3) 

* Specimen No. _3_ used for moisture content determination only. See back for calculations. 

Figure lA. - Soil-cement durability rests - laboratory-compacted specimen example. 
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7 - 1802 (11 -8 S) 

I 
SOIL-CEMENT DURABILITY TESTS Bureau of Reclamation 

Designation USSR 5820 · 8 9 (wet-Ory) 121 Oe-signation USSR 5825· (freeze-thew) 0 
PROJECT FEATURE 

Example Example 
LOCATION OEPTH/ELEVATION 

APC-18 4.0 - 5.6 ft 
SAMPLE NO . SPECIMENS NO . 

5820T 14, 16 
TESTED BY ICOMPUTEO BY DATE ICHECKEO BY DATE 

Molded specimens from USBR 5815- _ - : 

Date Formed Cement Content % 

"Ymax; 0 lbf/ft3 0 kN/m3, wo= % 
I SPEC 1 SPEC 2 I SPEC 3 I 

I Moisture Content I I I I 
I D-Value I I I I 

Cored specimen from USBR 5835- _§_ ~ : 

Date Cored 11 - 23-89 Age 28 days 

Cement Content 12 % 

Average Diameter 3.89 181 in O mm Length 4. 57 181 in Omm 

Dry unit weight 134. 2 ~ lbf/ft3 0 kN/m3 

Specimen No. _1_4_ Specimen No. __ 

.. - ~ -o- .. - - .; -0 -"' !..!:?? ~.,21 ci ~ en ~ en a.- ~ en ~ en a.-Date o- .,,_ o- .,,_ 
z - .. 2 ~"' - ~~ ~"' - en - en - en - en O> C o, C 0"' :I"' ll .~ "' C :I "' .. .0 · - E~ 0"' E~ Remarks u .,,..c ~ :s ~~ .,, ..c ~ :s -;~ > .,, .,, :I.,, .,, .,, :I.,, 

., :J u "' ., :J u.,, u 19 89 ., :J 
~ ~ ., u u .. ., :J 

~~ ., u u ., ~.o .0 ~ <! E ~ .0 .0 ~ <! E 

1 11-30 1788. I 1787. 6 0 . 5 0 . 5 

2 12- 3 1747. 5 1747 .0 0 . 5 1.0 * 3 12- 5 1761.4 1761.1 0.3 I. 3 

4 12 - 7 1760.0 1759.6 0.4 I. 7 
5 12-10 1758.3 1758 . 0 0.3 2.0 * 6 12-12 1764.9 1764 . 3 0 .6 2.6 
7 12-14 1751.4 1751.0 0.4 3 .0 

8 12 -17 1762 . 3 1761 . 8 0 . 5 3 .5 * 9 12 -19 1763.7 1763. 1 0 .6 4.1 

10 12 -21 1750 .8 1750 . 2 0 .6 4 .7 
11 12- 24 1760.4 1759.7 0.7 5 .4 * 12 12-26 1757.0 1756 . 5 0 . 5 5.9 

Specimen No. _1_4_ Specimen No. ___ * Specimen kept in 
oven during loy -

( 1) Wet mass of specimen 1788.1 g g over period. 

(2) Moisture content • 1.8 % % 

1756.5 { 
(1) 

(3) Initial dry mass of specimen g g 
1.0+1™, 

(4) Total accumulated mass loss 5 . 9 g g 

(5) Percent loss 0 . 34 % % { (4) 
X 100 

(3) 

• Specimen No . ...!§... used for moisture content determination only. See back for calculations. 
-

Figure I B. - Soil-cement durability tests - field-cored specimen example. 
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7-2338 (I 2-86) I MOISTURE CONTENT AND UNIT WEIGHT DETERMINATION I Designation USBR 5370 - §~ Bureau of Reclamation OF CYLINDRICAL SPECIMENS 
SAMPLE NO. PROJECT I FEATURE 

5820T Example Example 
SPECIMEN NO. IHOLE NO. I DEPTH 

14 APC-18 4.0-5 .6 ft. 
TESTED BY DATE COMPUTED BY DATE I CHECKED BY DATE 

a 3. 86 (in) 

Soil specimen diameter b 3.93 (in) 

C 3.82 (in) 

(11 Average specimen diameter 3.87 (in) 

(21 Soil specimen area = 0.7854 X (1 )2 11. 760n2 J 
a 4.57 (in) 

Length of soil specimen b 4.53 (in) 

C 4.57 (in) 

(3) Average length of soil specimen 4.56 (in) 

(4) Soil specimen volume = (2) X (3) 53.63 (in3 1 

(5) Wet mass of soil spec imen 4.24 (lbm) 

(6) Wet density = (5) X 1728/(4) 136. 6 (lbm/ft3 ) 

(71 Wet unit weight• 136. 6 (lbf/f t 3 ) 

(20) Ory unit weight = (7)/(1 + (19)/100) 134. 2 (lbf/ft 3 ) 

Top Bottom 
Remarks : Cut 4.57 inch Iona Moisture content 

+ No. 4 -No. 4 + No. 4 -No.4 specimen from 6.02inch Iona 
Dish No. 218 piece of core reoresentina a 
Mass of dish + wet soil (g) 282 . 1 comoaction lift. Specimen 
Mass of dish + dry soil (g) 279 .2 used for wet-dry durability 
Mass of dish (g) 12 I . 8 testina. 
Mass of water (g) 2 . 9 
Mass of dry soil (g) 157 .4 

(8) Moisture content + No. 4 • • (%) !., "1'.:.. •. 'i":-.;_ ~:;-~ 
(9) Moisture content - No . 4 • • (%) >~~~ 1. 8 t ... f~~~ 

Complete the following onfy if + No . 4 is present: 

(10) Total wet mass of moisture 
specimen (g) 

(11) Mass of wet + No. 4 (g) --.K!G;,.~ t'.;_ . .. .''; 
(12) Mass of wet - No. 4 (g) ~':JRIT~ ... J l'fl.mr.--:i'f 
(13) Mass of dry + No. 4 (g) ~~,l~ ·'tic ',' !f ,. •~ 
(14) Mass of dry - No. 4 (g) ~~;:.,:; ,:~ 't, ;,!'~: 
(15) 

Mass of dry moisture specimen 
(+ No. 4) + (- No. 4) (g) 

(16) Percentage of particle size ;_,,: ,-P,";j._.~ . . '. Au xi liary· Test: 
.. 

(17) Percentage of particle size ~-!-~I ~_;:u;l~iilil USBR 5300 - §~ 

(1B) 
Moisture content of total 

specimen • • • (%) 

(19) Average moisture content (%) 1.8 

• Implies 1 lbm = 1 lbf 

.. If + No. 4 is not porous, a moisture content (% absorption) of 1.5 percent 

may be assumed for+ No. 4 material only. 

(16) X (8) (17) X (9) 
• • • (18) = ----icio + 

100 

Constants: 0.7854 • 1T /4 

1728 is Convert in3 to tt3 

GPO 8!50 - 0!56 

Figure 2A. - Moisture content and unit weight determination of cylindrical specimens (in-lb example). 
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7M-2338 (S -86) I MOISTURE CONTENT AND UNIT WEIGHT DETERMINATION I Bureau of Reclamation OF CYLINDRICAL SPECIMENS Design a tion USllR 5370 • ~~ 
SAMPLE NO. PROJECT I FEATURE 

5820T Example Example 
SPECIMEN NO. I HOLE NO. I OEPTH 

14 APC-18 I. 2 - 1.7 m 
TESTED BY DATE COMPUTEO BY DATE I CHECKED BY 

• 98 . 1 (mm) 

Soil specimen diame ter b 99 .7 (mm) 

C 97.0 (mm) 

(1) A verage soil spec im e n diam et e r 98 .3 (mm) 

(2) Soil specimen diamete r in c e ntimet ers = (1) / 10 9 . 83 (cm) 

(3) Soil specimen area • o. 7B54 x (2)2 75. 89 (cm2) 

• 116 . 0 (mm) 

Length of soil specimen b 115 .0 (mm) 

C 116 .0 (mm) 

(4 ) Average length of soil specim en 115 . 7 (mm) 

(5 ) Average length of soil sp ecim e n = (4) / 10 II. 5 7 (cm) 

(6) Soil specimen volum e . (3) X (5) 878 .0 (cm
3 ) 

(7) We t mass of soil spec im en 1950 (g) 

(20) Wet density = (7) X 1000/(6) 2220 (k g/ m-') 

(21) Wet unit weight = (20) x 0.009B07 21 . 77 (kN/m
3

) 

(22) Ory unit w e igh t • (21) /( 1 + (19) / 1001 21 .39 ( k N / m
3) 

Top Bot t o m 
Remarks : Cut 115.7mm long speci-

Moi sture content 
+ No. 4 - No. 4 -4- No. 4 - No. 4 men from 153.0 long piece of 

Dish No. 28 core representing 0 compoction 

Mass of dish + wet soil (g) 281.1 lift. Specimen used for wet-dry 

M ass of dish + dry soil (g) 279.2 durobilily te s ting. 

Mass of dish ( g ) 121.8 

Mass of w at er (g) 2 . 9 

M ass of d r y so il (g) 157.4 

(B) Moist ure content + N o . 4• (%) 

191 Moisture content - No. 4• (% ) 1. 8 

Comp l ete t he follow ing only if + N o . 4 is present : 

T otal w et mass of moisture 
(10) specimen (g) 

(11) M ass of wet + No. 4 (g) 

(12) Mass of wet - No. 4 (g) 

(13) Mass of dry + No. 4 ( g ) 

(14) Mass of dry - No. 4 (g ) 

(15) 
Mass of dry moisture specim en 

( + No. 4} + (- No. 4) (g) 
Au x iliary T est : 

( 16) Percentage of part icle siz e USSR 5300 · ~~ 
(17) Percen t age of p ar ti c le si ze I 

Moistu r e content o f to t al 
(18) specimen .. (%) 

(19) A ver age moisture content (%) 1.8 

If + No. 4 is not porous, a moisture content(% absorption) of 1.5 percent may be assumed 
for + No. 4 material only . 

.. 1a - ~+(17lx(9) 
100 100 

Constan t s : 0.7B54 = 71/4 
3 3 

1 000 = Convert g/cm to k g/m 

0 .009807 = Convert kg to k N 

GPO es1-ose 

Figure 28. - Mo isture content and unit weight determinat ion of cylindrical specimens (SI example) . 
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/ 
____,/ , 

----->! 

(a) Brush strokes app lied to a soil -cement durability test spec imen 
registering a 3- lbrn o n platform scale. 

(b) Clo,cup view of downward vertical brus hi ng strokes app li ed 
to rhe sides of a soil-cement durabi li ty res t speci men. 

(c) Closeu p view of brush strokes applied to the end of a so il ­
ce1ncnr durability res t spec in1en . 

Figure 3. - Brushi ng strokes require pract ice t0 app ly necessary force . 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5825-89 

PERFORMING FREEZE-THAW DURABILITY TESTING 
OF COMP ACTED SOIL-CEMENT MIXTURES 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5825. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

This procedure is similar ro the procedure for freeze-thaw durability testing described in ASTM D 560, except that this procedure 
contains a rewritten and more derailed description and includes USBR data forms. The procedure for preparing soil-cement durability 
test specimens has been written as a separate procedure (USBR 5815). Corresponding forms in SI units are included. The SI 
forms have the letter M following the first digit in the form number. 

1. Scope 

1.1 This designation outlines the procedure for 
determining soil-cement mass losses resulting from 
repeated freezing and thawing of hardened soil-cement, 
using as rest specimens either laboratory-compacted 
specimens or field-cored cylinders. 

1.2 The mass loss obtained using this procedure is an 
indication of the freeze-thaw durability of compacted, 
hydrated soil-cement. 

2. Auxiliary Tests 

2.1 The laboratory-compacted soil-cement cylinders 
must be prepared in accordance with USBR 5815. The 
initial wet mass and moisture content for the compacted 
cylinders are determined from a test specimen in accordance 
with USBR 5300. Field-cored soil-cement cylinders must 
be obtained in accordance with USBR 5835. As part of 
the specimen preparation, a moisture content is obtained 
in accordance with USBR 5300 and the dry unit weight 
determined in accordance with USBR 5370. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5370 Determining Unit Weight of Cylindrical Soil 
Specimens 
USBR 5810 Performing Compressive Strength Testing 
of Soil-Cement Cylinders 
USBR 5815 Preparing Soil-Cement Specimens for 
Durability Testing 
USBR 5820 Performing Wet-Dry Durability Testing of 
Compacted Soil-Cement Mixtures 
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USBR 5835 Performing Record Coring and Cross 
Sectioning of Compacted Soil-Cement 

3.2 ASTM Standards: 
C 511 Specification for Moist Cabinets, Moist Rooms, 
and Water Storage Tanks Used in the Testing of Hydraulic 
Cements and Concretes 
D 560 Specification for Freezing-and-Thawing Tests of 
Compacted Soil-Cement Mixtures 

4. Summary of Method 

4.1 Laboratory-compacted or field-cored soil-cement 
cylinders are subjected to 12 cycles of freezing and thawing. 
Each cycle consists of subjecting specimens to 24 hours 
in a freezing cabinet at a temperature of -10° F (-23° C) 
or colder and then 23 hours in a humidity room having 
a relative humidity of not less than 95 percent and a 
temperature of 73.4±3 ° F (23.0± 1.7 ° C). The specimens 
are then wire-brushed. The mass of each soil-cement 
specimen is determined before and after each brushing 
to determine the mass loss. Mass losses from 12 cycles 
of freezing and thawing are accumulated. The total percent 
of mass loss is calculated for each specimen. The average 
total mass loss for all specimens is an indication of the 
durability of the compacted, cured soil-cement. 

5. Significance and Use 

5.1 Soil-cement freeze-thaw durability resting is 
performed to determine the accumulated soil-cement mass 
losses produced by repeated freezing and thawing. 

5.2 The freeze-thaw durability rest is one of a set of 
tests normally performed to evaluate the adequacy of 
compacted soil-cement. Other rests are wet-dry durability 
(USBR 5820) and compressive strength (USBR 5810). 

5.3 Laboratory-compacred soil-cement specimens are 
rested ro determine the cement content to be specified 
in a soil-cement mix design. Based on sarisfacrory 
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performance of ex1stmg soil-cement structures, Bureau 
criteria require accumulated freeze-thaw durability mass 
losses of 8.0 percent or less following 12 cycles of freezing 
and thawing. Unconfined compressive strength testing is 
conducted prior to durability testing to eliminate mix 
designs that do not meet compressive strength criteria. 
An economical mix design uses the minimum cement 
content that meets both strength and durability 
requirements. 

5.4 Freeze-thaw durability tests are also conducted on 
field-cored specimens obtained during construction of the 
compacted soil-cement structure for construction control 
and record purposes to ensure that the soil-ceinent has 
met freeze-thaw durability requirements. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.l Cement Content.-Amount of cement in a soil­

cement mixture, specified as a percent of dry soil mass. 
6.2.2 Soil-Cement Moisture Content.-Ratio of the 

mass of water to the total dry mass of a soil-cement mixture, 
expressed as a percent. 

7. Apparatus 

7.l General Apparatus: 
7.1.1 Platform Scale.-A typical platform scale used 

for this designation must be readable to 0.01 lbm and have 
a capacity of about 25 lbm. An electronic digital readout 
scale should not be used. 

7.1.2 BalanceorScale.-A typical balance or scale used 
for this designation must be readable to 0.1 gram and have 
a capacity of about 3000 g. 

7.1.3 Moist Room or Water Bath.-A moist room 
or water bath, capable of maintaining a uniform 
temperature of 73.4±3.0 °F (23.0±1.7 °C) and a relative 
humidity of not less than 95 percent, conforming to the 
requirements of ASTM C 511. 

7.2 Equipment Unique to This Procedure: 
7.2.l Freezing Chamber.-A freezing chamber or 

cabinet capable of maintaining temperatures of -10 °F 
(-23 °C) or lower. 

7.2.2 Porous Carbon Stones.-Porous carbon stones, 
coarse grade (PC-45), 4.0-inch (102-mm) diameter, 
0.375-inch (9.5-mm) thick for placing between test 
specimens and carriers to allow test specimens to absorb 
water by capillary action during the thawing period. 

7.2.3 Wire Brush.-A wire brush made of 2- by 
1/16-inch (50- by 2-mm) flat No. 26 gauge (0.46-mm) 
wire bristles assembled in 50 groups of 10 bristles each 
and mounted to form 5 longitudinal rows and 10 transverse 
rows of bristles on a 7-1/2- by 2-1/2-inch (190- by 60-mm) 
hardwood block. 

7.3 Miscellaneous Equipment.-Suitable pans for 
transportating test specimens, small brush with soft bristles 
for removing residue from specimens. 
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8. Reagents and Materials 

8.1 Tapwater that is free of acids, alkalies, or oils and 
is suitable for drinking should be used for wetting the 
absorptive pads under the specimens. 

9. Precautions 

9. l Safety Precautions: 
9.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
9.1.2 Wear safety glasses when brushing specimens. 

10. Sampling, Test Specimens, and Test Units 

10.1 Preparation of Laboratory-Compacted Test 
Specimens: 

10.1.1 Prepare three laboratory-compacted test 
specimens in accordance with USBR 5815. 

10.1.2 At the end of the 7-day storage period in 
the moist room, dry one of the specimens to constant mass 
and determine the moisture content in accordance with 
USBR 5300. Record on the "Soil-Cement Durability Tests" 
form (fig. lA or 1B). This moisture content is used to 
determine the dry mass for the other two test specimens. 

10.1.3 At the end of the 7-day storage period in 
the moist room, determine and record the wet mass of 
the remaining two test specimens. Using the moisture 
content obtained in subparagraph 10.1.2, calculate the initial 
dry mass of the two test specimens. Record on the "Soil­
Cement Durability Tests" form (fig. IA or lB). 

10.2 Preparation of Field-Cored Test Specimens: 
10.2.1 Obtain field-cored test specimens in accor­

dance with USBR 5835. 
10.2.2 Cut the 4.0-inch (102-mm) diameter core to 

obtain a test specimen 4.6±0.1-inch (117±3-mm) long. 
When using a 3.0-inch (76-mm) diameter core, cut to a 
length of 7.3±0.1 inch .(185±3 mm). This results in 
approximately the same surface area as a standard 4.0-inch 
( 102-mm) diameter by 4.6-inch ( 117-mm) long specimen. 

10.2.3 From the remainder of the core, cut at least 
a I-inch (25-mm) length for use in determining the 
moisture content of the field-cored specimen. 

10.2.4 Dry the moisture specimen to constant mass 
and determine the moisture content in accordance with 
USBR 5300. Record on the "Moisture Content and Unit 
Weight Determination of Cylindrical Specimens" form (fig. 
2A or 2B). 

10.2.5 Determine the measured dry unit weight of 
the specimen in accordance with USBR 5370. Record on 
the "Moisture Content and Unit Weight Determination 
of Cylindrical Specimens" form (fig. 2A or 2B). 

10.2.6 Transfer data obtained in subparagrahs 10.2.4 
and 10.2.5 to the "Soil-Cement Durability Tests" form 
(fig. IA or lB). 

10.2.7 Determine the wet mass of the test specimen. 
Using the moisture content obtained in subparagraph 
10.2.4, calculate the initial dry mass of the test specimen. 
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Record on the "Soil-Cement Durability Tests" form (fig. lA 
or 1B). 

11. Calibration and Standardization 

11. l Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

11.2 The technician who will brush the specimens must 
practice to ensure that 3 lbm ( 1.4 kg) is a pp lied to the 
specimen during brushing. To measure 3 lbm, hold the 
specimen in a vertical position on the edge of a platform 
scale and zero the scale. Apply vertical downward brushing 
strokes to the specimen and note the force necessary to 
register approximately 3 lbm (fig. 3). 

12. Conditioning 

12. l Laborarory-Compacted Test Specimens.-Cure the 
laboratory-compacted rest specimens in accordance with 
USBR 5815 . 

12.2 Field-Cored Test Speninens.-Place cored speci­
mens in the moist room for 24 hours prior to the firsr · 
cycle of resting. 

12.3 Freezer Temperatures.-Ser and maintain the 
temperature of the freezing chamber to be used for the 
freezing portion of the freeze-thaw durability rest at -10 ° F 
(-23 °C) or lower. 

13. Procedure 

13. l All data are to be recorded on the "'Soil-Cement 
Durability Tests" form as shown on figure lA or 1B. Figure 
lA is an example for laboratory-compacted specimens and 
figure 1B is one for field-cored specimens. 

13.2 Record the wet mass, moisture content, and initial 
dry mass as determined in subparagraph 10. l for laboratory­
compacted rest specimens, and in subparagraph 10.2 for 
field-cored rest specimens. 

13.3 Place each rest specimen on a porous stone. Use 
a suitable pan for transporting the rest specimen and porous 
stone. 

13.4 Place the rest specimen in a freezing cabinet 
having a constant temperature of -10 ° F (-23 ° C) or lower 
for a period of 24 hours and remove. 

13.5 Place the test specimen in the moist room or 
water bath having a temperature of 73.4±3.0 ° F 
(23.0± 1.7 °C) and a relative humidity of not less than 
95 percent for 23 hours and remove. Ensure that free, 
potable water is made available to the porous stone under 
rhe specimen ro permit the specimen to absorb water by 
capillary action during the thawing period. Determine and 
record the mass of the specimen to the nearest 0.1 gram. 

13.6 Give each specimen rwo firm strokes on all areas 
with the wire brush. Hold the brush with the long axis 
of rhe brush parallel ro the longitudinal axis of rhe specimen 
or parallel to the ends as required to cover all of the 
specimen. Apply these strokes to rhe full height and width 
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of the specimen with a firm stroke corresponding to 

approximately 3 lbm: To measure 3 lbm, hold rhe specimen 
in a vertical position on the edge of a platform scale and 
zero the scale. Apply vertical brushing strokes ro the 
specimen and note the force necessary ro register 
approximately 3 lbm as shown on figure 3. Eighteen to· 
twenty vertical brush strokes are required to cover the 
sides of the specimen twice, and four strokes are required 
on each end. 

13.7 Using a soft bristle brush, carefully brush any 
residue from rhe specimen. 

13.8 Determine the mass of the specimen and record 
to the nearest 0.1 gram. 

13.9 After determining the mass of the specimen, turn 
the specimen end for end before replacing on the porous 
stone. 

13.10 Calculate and record the mass loss for each cycle 
and the accumulated mass loss to the nearest 0.1 gram. 

NOfE 1.-The mass loss per cycle and accumulated loss. after 
each cycle are approximations. Because of the. difficulty in 
retrieving and determining an accurate moisture content on the 
brushed particles, the loss per cycle is calculated on a wer mass 
basis. 

13.11 The procedures described in subparagrpahs 13.4 
through 13.10 constitute one cycle (48 hours) of freezing 
and thawing. Repeat this cycle 12 rimes. If it is nor possible 
to run the cycle continuously because of weekends, holidays,· 
or for other reasons, keep the specimens in the freezing 
cabinet during the layover period; note this on the form . 

13.12 For laboratory-compacted specimens, complete 
the data that is required on the form from information 
obtained from the specimen preparation (subpar. 10.1). 

13.13 For field-cored specimens, complete the data that 
is required on the for·m fro~ information obtained from 
the specimen preparation (subpar. 10.2) . 

13.14 Calculate and record the percent mass loss to 
the nearest 0.01 percent. 

14. Calculations 

14. l Calculate the mass loss per cycle. 

A= B-C 
where: 

A = mass loss per cycle, g 
B = mass before brushing, g 
C = mass after brushing, g 

(1) 

14.2 Calculate rhe mass loss of rhe rest specimen as 
a percent (percent loss) of the initial oven-dry mass using 
the equation : 

P I ~ -- 100 ( !!lL) ercenr oss, ,.-o 
llid 

(2) 

where: 
m, total accumulated mass loss, g 

llJ;d initial dry mass of specimen, g 
100 convert to percent, % 
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7- 1802 (11-8S) I SOIL-CEMENT DURABILITY TESTS 
Bureau of Reclamation 

Designation USS A 5820 - (wet-Ory) □ Designation USBR 5B25- 8 _9_ (freeze-thaw) 8 
PROJECT FEATURE 

Example Example 
LOCATION DEPTH/ELEVATION 

AP-25 4.5 - 6.0 ft 
SAMPLE NO . SPECIMENS NO . 

5825T I, 2, 3 
TESTED BY I COMPUTED BY DATE I CHECKED BY DATE 

Molded specimens from USBR 5815- JL ~ : 

Date Formed 11-23-89 Cement Content 12 .0 % 

-Y max; 125.0 ~ lbf/ft3 0 kN/m3 , wo= % 
I SPEC 1 I SPEC 2 I SPEC 3 I 

I Moisture Content I I I I 
I D-Value I I I I 

Cored specimen from USBR 5835- _ -

Date Cored Age days 

Cement Content % ' 

Average Diameter 0 in O mm Length Din Omm 

Dry unit weight 0 lbf/ft3 0 kN/m3 

Specimen No. _I_ Specimen No. _2_ 

.,_ .; -o- ., - - .; -o-
0 ~ O> ~ O> a.- ~.2' ~ "' ~ "' a.- ~~ 

Date o- ~- o- ., -z .. ~ ~"' - .. ~ ~"' 
- O> - O> - "' - "' Q) C: "'C: 0 ., ~"' ., C: "'C: 0"' ~ "' <1> ..0 -- E~ ..0 -- E~ Remarks u .,,..c: ~~ -;~ ~ "' "'..c: ~ ~ ---.::; 

~ "' > "'"' "'~ u"' "'"' "'~ "' >- u"' u 19 89 "' ~ ::E ~ "'u u"' "' ~ ::E ~ ~ " u"' ::E ..0 ..0 ~ <t: E :::!; ..0 ..0 ~ <t: E 

1 11-30 1964. 2 1959.6 4.6 4 . 6 1970 . 2 1966.1 4.1 4.1 
2 12 -3 1960.2 1952 .2 8 . 0 12 . 6 1966.3 1960 . 2 6 . 1 10. 2 * 
3 12-5 1953. 4 1947.8 5.6 18. 2 1961 . 0 1955.0 6.0 16. 2 
4 12-7 194 7.8 1940.2 7.6 25.8 1953. 8 1948.0 5.8 22. 0 
5 12-10 1939.0 1932.8 6.2 32.0 1947. 2 1942.2 5.0 27.0 * 
6 12 -12 1933 . 8 1928. 3 5 . 5 37. 5 1944.0 1939.4 4.6 31. 6 
7 12-14 1929.4 1923. 2 6 . 2 43. 7 1939. 5 1934. 2 5.3 36 . 9 
8 12-17 1922 .0 1917. 3 4 .7 48.4 1932. 9 1929 . 0 3.9 40 . 8 * 
9 12-19 1919. 4 1914.2 5.2 53. 6 1929.2 1924.4 4 . 8 45. 6 

10 12- 21 1914 . 2 1904.8 9.4 63.0 1923.8 1917.0 6 . 8 52.4 
11 12-24 1904. 5 1899.1 5.4 68 . 4 1916.9 1913.0 3.9 56.3 * 
12 12-26 1899.8 1894.2 5 . 6 74.0 1911. 7 1906.4 5 . 3 61.6 

Specimen No. _I_ Specimen No. _2 __ 
* Specimens kept 

1957. 8 1962 . 8 
in freezing cabi-

(1) Wet mass of specimen g g net during lay -
over. 

(2) Moisture content • 7.0 % 7.0 % 

{ 
( 1) 

(3) Initial dry mass of specimen 1829. 7 g 1834 . 4 g 1.0+& 

(4) Total accumulated mass loss 74.0 g 61.6 g 

(5) Percent loss 4.04 % 3.36 % { (4) 
X 100 

(3) 

• Specimen No . ~ used for moisture content determination only . See back for calculations. 

Figure lA. - Soil-cement durability test - laboratory-compacted specimen example. 
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7-1802 ( 11-85) I SOIL-CEMENT DURABILITY TESTS llureau of Keclamation 

Designation USB R 5820- (wet-dry) 0 Designation USSR 5825- 8 9 (freeze-thaw) ~ 

PROJECT FEATURE 

Example Example 
LOCATION DEPTH/ELEVATION 

APC-18 4.0-5.6 ft. 
SAMPLE NO. SPECIMENS NO. 

5825T 14 
TESTED BY I COMPUTED BY DATE 'CHECKED BY DATE 

Molded specimens from USBR 5815· - -

Date Formed Cement Content % 

"Y max::; 0 lbf/ft3 0 kN/m 3 , Wo = % 
I SPEC 1 I SPEC 2 I SPEC 3 I 

I Moisture Content I I I I 
I D-Value I I I I 

Cored specimen from USBR 5835- .!!_ 9 

Date Cored 11-23-89 Age 28 days 

Cement Content 12.0 % 

A~erage Diameter 3.87 ~ in Omm Length 4. 57 ~ in Omm 

Dry unit weight 134 .2 18'.) lbf/ft3 0 kN/m3 

Specimen No. _1_4_ Specimen No. __ 

Q) - - :;; -0 - Q) - :;; -0 -
ci ~ Cl ~ Cl c.- ~~ ~ Cl ~ Cl c.- ~~ 

Date o- Q) - o- o,-
z .., .,,~ ~.,, .., 

~~ ~.,, 
- Cl - Cl - Cl - Cl :, .,, 
Q) C: "'C: 0 Q) 

:, .,, 
Q) C: 

"' C: Q) ..0 ·- E .2 ..0 ·- 0 Q) E .2 Remarks u .,, .c ~~ ~~ .,, .c ~~ -u 
> .,, .,, :, .,, .,, .,, .,, 

> 
:, .,, 

"':, u .,, "':, .,, u .,, 
u 19 89 "':, ::E ~ ·<O u u"' "':, ~ ~ "' u u "' ~..o ..0 ~ <! E ~..o ..0 ~ <! E 

1 11-30 1807.1 1805. 2 1.9 1.9 
2 12 - 3 1820.0 1819.1 0.9 2.8 * 3 12- 5 1826.5 1825.5 1.0 3.8 
4 12- 7 1829.9 1827. 7 2.2 6.0 
5 12-10 1831. 7 1830.5 I. 2 7. 2 * 6 12-12 1833.6 1832.6 1.0 8.2 
7 12-14 1835.0 1834. 2 0.8 9.0 

8 12- 17 1837.6 1836.9 0.7 9.7 * 9 12-19 1839.0 1837.9 I.I 10.8 

10 12-21 1840.0 1839. I 0.9 11. 7 

11 12-24 1841.7 1840.0 I. 7 13.4 * 12 12 -26 1840.5 1838.9 1.6 15.0 

Specimen No. _1_4_ Specimen No. ___ 

* Specimen kept in 

(1) Wet mass of specimen 1799.6 freezing co bi net 
g g during layover. 

(2) Moisture content • I. 8 % % 

{ 
(1) 

(3) Initial dry mass of specimen 1767.8 g g 1.o+M3-

(4) Total accumulated mass loss I5.0 g g 

(5) Percent loss 0.85 % % { (4) 
X 100 

(3) 

• Specimen No . ..l!L used for moisture content determination only. See back for calculations. 

Figure 1B. - Soil-cement durability test - field-cored specimen example. 
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7-2338 {12-86) I MOISTURE CONTENT AND UNIT WEIGHT DETERMINATION I Bureau of Reclamation OF CYLINDRICAL SPECIMENS Designation USBR 5370 - §2 

SAMPLE NO. PROJECT I FEATURE 

5825T Example Example 

SPECIMEN NO. IHOLE NO . DEPTH 

14 APC-I8 4 .0 - 5 .6 ft . 

TESTED BY DATE COMPUTED BY DATE I CHECKED BY DATE 

a 3 .86 (in) 

Soil specimen diameter b 3.93 (in) 

C 3 82 (in) 
(1) Average specimen diameter 3 . 87 (in) 

(2) Soil specimen area - 0.7854 X (1 )2 II . 76 (in2) 
a 4.57 (in) 

Length of soil specimen b 4.53 (in) 
C 4.57 (in) 

(3) Average length of soil specimen 4.56 (in) 
(4) Soil specimen volume : (2) X (3) 53.63 (in3) 
(5) Wet mass of soil specimen 4 . 24 (lbm) 

(6) Wet density 2 (5) X 1728/(4) 136 .6 (lbm / f t 3) 
(7) Wet unit weight• 136.6 (lbf / tt3) 

(20) Dry unit weight ~ (7)/11 + (19)/100) 134.2 (lbf/ft3) 

Top Bottom Cut 4 .57 inch long 
Moisture con tent Remarks : 

+ No. 4 - No. 4 + No. 4 - No. 4 _specimen from 6.02 inch long 
Dish .No. 218 piece of core representing a 
Mass of dish + wet soil (g) 282. 1 compaction lift: Specimen used 

Mass of dist:" + dry·s_o.i.L (g) 279.2 --··· .. 
freeze . thaw durobilitv testinci .. 

Mass of dish (g) 121 .8 
Mass of water (g) 2.9 
Mass of-dry so i l (g) 157.4 

(8) Moisture content + No . 4 •• (%) ~,i.):~·-· 
'-• .,, .. .. -,,_. -:-·-., ~ C 

. (9) Moisture content - No. 4 •• (%) <,• -¥,,,,,:-,_:::J 1.8 : .(,r~:_\fi,;;~ 

Complete the following only if + No. 4 is present : 

(10) Total wet mass of moisture 
specim en (g) 

(11) Mass of wet + N o. 4 (g) :· ' ?-' "\.~;.,: 
, ·-

.'.1, 

(12) Mass of wet - No. 4 (g) _- .,f ·--~" '"f'. :.:,~~-·:~ 
(13) Mass of dry + No. 4 (g) /;.f:';/·~ , ,. ,, :.,_·,: fl, 

(14) Mass of dry - No. 4 (g) 1 •-,c; ·.,,_. : . 1,,_-,,,.:,,>·•-, 
(15) Mass of dry moisture specimen 

(+ No. 4) + (- No. 4 ) (g) 

(16) Percent age of particl e size ~,y~-~.~~ r·:,;. ~~ ~ Auxiliary Test: 

(17) Percentage of particle size :_; , . .;.¥>"lf;'M ~---~~:H"f ( fi _'.:t USBR 5300 - I;!_!! 

(18) Moistu re content o f total 
specimen • • • (% ) 

(19) Average moisture content (%) 1.8 

• Implies 11bm = 11bf 

.. If + No. 4 is not porous, a moistu re conterit (% absorption) of 1.5 percent 

may be assumed for+ No. 4 material only. 

(16) X (8) (17) X (9) 
• • • ("I 8) -~ + 100 

Constants : 0.7854 - 1T /4 
1728 = Convert in3 to ft3 

GPO 850 - 0~6 

Figure 2A. - Moisture content and unit weight determination of cylindrical specimens (in-lb example). 
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JM-2338 (S -86) I MOISTURE CONTENT ANO UNIT WEIGHT DETERMINATION I Bureau of Reclamation OF CYLINDRICAL SPECIMENS Designation USBH SJ70 - ~~ 
SAMPLE NO. PROJECT I FEATURE 

5825T Examole Example 
SPECIMEN NO. I HOLE NO. I OEPTH 

14 APC -18 l.2-1.7m 
TESTED BY DATE COMPUTED BY DATE I CHECKED BY 

a 98.1 (mm) 

Soil specimen diameter b 99,7 (mm) 

C 97.0 (mm) 

(1) Average soil specimen diameter 98 . 3 (mm) 

(2) Soil specimen diameter in centimeters = (1) / 10 9 .83 (cm) 

(3) Soil specimen area = 0. 7B54 x (21 2 75 . 9 (cm2 ) 

a 116 .0 (mm) 

LenAth of soil specim im b 115.1 (mm) 

C 115.9 (mm) 

(4) Average length of soil specimen 115 . 7 (mm) 

(5) Average length of soil specimen = (41/10 II. 57 (cm) 

(6) Soif specimen volume = (3) X (5) 878 . 2 (cm 3 ) 

(7) Wet mass of soil specimen 1950 (g) 

(20) Wet density = (7) X 1000/(6) 2220 (kgfm") 

(21) Wet unit weight = (20) X 0 .009807 21.77 (kN/m-') 

. (22) O ry u nit weight = (21)/11 + (19)/100) 21 . 39 (kNtm3 ) 

Top Bottom 
Remarks : Cut 115 . 7mm long 

Moisture content 
+ No. 4 - No. 4 + No. 4 - No. 4 specimen from 153.0 mm long 

Dish No. 28 piece of core re pre sent ing a 

Mass of dish + wet soil (g) 282.1 compaction lift. Specimen used 

Mass of dish + dry soil (g) 279. 2 for freeze - thaw dura bi Ii t y testing. 

Mass of dish (g) 121. 8 

Mass of wa ter (g) 2 . 9 

Mass of dry soil (g) 157. 4 
(B) Moisture content + No. 4• (%) 

(9) Moisture content - No. 4 • (%) 1.8 

Complete the following only if + No. 4 is present: 

Total wet mass of moisture 
(10) specimen (g) 

(11) Mass of wet + No. 4 (g) 

(12) Mass of wet - No. 4 (g) 

(13) Mass of dry + No. 4 (g) 

(14) Mass of dry - No. 4 (g) 

(15) 
Mass of dry moisture specimen 

( + No. 4) + (- No. 4) (g) 
Auxiliary Test: 

(16) Percen tage of particle size USBR 5300 · ~~ 
(17) Percentage of particle size 

Moisture content of total 
(1B) specimen .. (%) 

(19) Average moisture content (%) 1 . 8 

If+ No. 4 is not porous, a moisture content(% absorption) of 1 .5 percent may be assumed 
for + No. 4 material only. 

.. 
18 • ~ + !..!2l..!.Jfil 

100 100 

Constants : 0 .7B54 = -;r/4 

3 3 
1000 = Convert g/cm to kg/m 

0.009807 = Convert kg to k N 

GPoa,1-o~e 

Figure 2B. - Moiscure content and unit weight determination of cylindrical specimens (SI example) . 
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(a) Brush srrokes applied ro a soil-cement durability test specimen 
registering a 3 lbm on platform sca le. 

(b) C loseup view of downward ve rtical brushing strokes applied 
co the sides of a soil-cement durabiliry resr specimen. 

(c) C loseup view of brushing strokes applied ro the end of a soi l­
cement durability test spec imen. 

Figure 3. - Brushing strokes require pracrice ro app ly necessary force. 

IIJ.2.1 An example calcu lat ion follows for determin-
111g the percent of mass loss from a test specimen due 
ro freeze -thaw durab ili ty rest ing. 

m, rora I accmu la reel mass loss = 7 4.0 g 
m;d initial dry mass of spec imen = 1829.7 g 

( 
7/J .O g ) 

Percent loss = 100 
1829

_
7 

g = li .04 <'X 
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15. Report 

IS. l The report is to consist of the fo llowing completed 
and checked forms: 

.. So il -Cement Durability Tests" (fig. LA or LB ). 

.. Moisture Content and Unit Weight Determinat ion of 
Cy lindrica l Spec imens" (fig . 2A or 2B). 
15.2 All calcu lations are to show a checkmark. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5830-89 

PERFORMING CONSTRUCTION CONTROL OF SOIL-CEMENT 

This procedure is under the jurisdiccion of the Geocechnical Services Branch, code D-3760, Research and Laborarory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5830. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. Corresponding forms in SI units are included. 
The SI forms have the letter M following the first digit in the form number. 

1. Scope 

l. l This designation outlines procedures for resting 
soil-cement during construction activities for construction 
control and record purposes. The resting includes gradation 
analysis and specific gravity of soil, rapid method of 
construction control of soil-cement as compacted, in-place 
unit weight determination, compressive strength, chemical 
titration for cement content determination, and record 
conng. 

1.2 All rests are in accordance with USBR procedures 
with exceptions and additions as listed in this procedure. 

2. Applicable Documents 

2.1 USER Procedures : 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USBR 5806 Preparing Soil-Cement Specimens for 
Compressive Strength Testing for Construction Control 
USBR 5810 Performing Compressive Strength Testing 
of Soil-Cement Cylinders 
USBR 5835 Performing Record Coring and Cross 
Sectioning of Compacted Soil-Cement 
USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by the Rubber Balloon Method 
USBR 7240 Performing Rapid Method of Construction 
Control 
USBR 7255 Determining the Percent Compaction of 
Earthwork for Construction Control 

2.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 
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2.3 USBR Document.-Field Method for Determina­
tion of Cement Content in Soil-Cement Mixtures [ l]; 1 

3. Summary of Method 

3.1 The soil used for soil-cement is sampled and 
gradation analysis and specific gravity rests are performed. 
Freshly mixed soil-cement is sampled and rested co 
determine clay ball content (subpar. 10.3.2) and the 
laboratory maximum dry unit weight and optimum 
moisture content. The cement content of fresh soil-cement 
is determined by chemical titration rests. Compacted soil­
cement is rested co determine in-place dry t.:nic weight 
which is compared co laboratory maximum dry unit weight 
co determine the percent companion. Test cylinders are 
molded from fresh soil-cement, cured in a high-humidity 
environment for designated periods, and reseed for 
compressive strength. H ardened soil-cement is cored at 
designated rime intervals after compaccion during 
construction and the cores are rested for durability and 
compressive strength. Durability rest specimens are 
shipped co the Bureau's Denver Office, Geotechnical 
Services Branch, for laboratory resting. Cross sections of 
the compacted soil-cement are determined at designated 
locations for future reference. 

4. Significance and Use 

4.1 The tests discussed in chis procedure are used co 
determine the adequacy of soil-cement placed in Bureau 
structures. Thorough inspection and quality control resting 
are required during all stages of construction co ensure 
that design criteria are obtained under field conditions. 
Results of early inspections and laboratory resting are used 
co establish placement conditions, procedures co be used 
for the remaining construction, and as a reference for the 
design and construction of future projects. 

4.1. l Gradation analysis of the soil is performed co 
determine if it meets specifications requirements. The 

1 Number in brackets refers to the reference. 
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percentage of fines is particularly important as either too 
many or too few fines can significantly affect compressive 
strength of the soil-cement mixture. 

4.1.2 The soil-cement mixture is rested for clay ball 
content because a high percentage of clay balls ultimately 
can reduce durability of the so il-cement structure. During 
mixing, clay balls are coated with cement; however, the 
cement does not mix into the clay balls but creates spots 
in the soil-cement structure that wash out when exposed 
to wave action. 

4 .1.3 Compacted soil-cement is rested for percent 
compaction because compaction is related directly to the 
final compressive strength and durability of the structure. 
A higher percentage of compaction at a given cement 
content generally yields a higher compressive strength and 
a more durable product. 

4.1.4 Soil-cement is tested for compressive strength 
at the fill wet unit weight to determine if design compres­
sive strength requirements are achieved. Minimum design 
compressive strengths have been established based on 
performance of earlier Bureau soil-cement structures. In 
conjunction with laboratory compacted specimens, core 
samples of hardened soil-cement from the structure are 
obtained and tested for compressive strength. 

4.1.5 The soil-cement mixture is rested for cement 
content by chemical titration tests to confirm batch plant 
mass cement content determinations. 

4.1.6 The rimes are observed and recorded when (1) 
plant mixing is completed, (2) laborarory compaction is 
completed, (3) field compaction is completed, and (4) the 
field unit weight test is begun. Usually the maximum time 
allowed for hauling and spreading is specified as 30 minutes. 
Compaction usually is required to be completed within 60 
minutes after spreading with no more than 30 minutes 
between operations. These restrictions are necessary for 
the soil-cement to be compacted before significant 
hydration of cement. 

4.2 This procedure outlines sampling methods and 
routine soil resting procedures involved with soil-cement 
placement. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
5.2 Terms not included in USBR 3900 specific to this 

designation are: 
5.2.1 Cement Content.-Amount of cement in a soil ­

cement mixture, specified as a percentage of dry soil mass. 
5.2.2 Clay Ball-A ball of fines (clay and silt) and 

sand which does not break down during ordinary 
processing. 

5.2.3 Soil-Cement Moisture Content.-Ratio of the 
mass of water to the total dry mass of a soil-cement mixture, 
expressed as a percentage. 

5.2.4 Chemical Titration Test for Cement Content.­
Volumetric determination of the total calcium by means 
of EDTA (ethylenediamine terraacetic acid) titration. 
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6. Apparatus 

6.1 General Apparatus: 
6.1.1 Containers .-Moisture-proof containers for 

transporting soil and fresh soil-cement. 
6.1.2 Shovel-Shovel for obtaining soil and fresh 

soil-cement. 
6.1.3 Sieve.-U.S.A. Standard Series No. 4 ( 4.75-mm) 

sieve conforming co the requirements of ASTM E 11. 
6.1.4 BalanceorScale.-A typical balance or scale used 

for this designation must be readable to 0.01 lbm (5 g) 
and have a capacity of about 50 lbm (23 kg) . 

7. Precautions 

7.1 Safety Precautions: 
7 .1.1 This designation may involve h azardous 

materials, operations, and equipment. 
7 .1.2 Exercise care co protect hands from drying and 

abrasive properties of cement. 
7.2 Technical Precautions .-To minimize the effects of 

cement hydration and evaporation, perform all tests 
expeditiously and continuously to completion. 

8. Calibration and Standardization 

8.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

9. Conditioning 

9.1 Protect the soil and fresh soil-cement samples from 
moisture loss by transporting to the laboratory in moisture­
proof containers. 

9.2 Retain the samples in moisture-proof containers 
in the laboratory prior to resting. 

10. Procedure 

10.1 All the compressive strength data are to be 
recorded on "Soil-Cement Test Cylinder Break Card" (fig. 
lA or lB). 

Summarize data on forms: ··summary of Compacted Soil­
Cement Tests" (fig. 2A or 2B), and "Soil-Cement Cores­
Compressive Strength Summary" (fig. 3A or 3B) for 
monthly progress reports. 

Figures lA, 2A, and 3A are in inch-pound units ; and 
figures lB, 2B, and 3B are in SI units. 

10.2 Soil: 
10.2.1 Before adding cement, sample the soil after 

processing, and prepare the sample in accordance with 
USBR 5205. After sampling, record the rime when plant 
mixing of the selected load of soil-cement was completed. 

10.2.2 Test the soil for gradation (USBR 5 325) and 
specific gravity (USBR 5320). 
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10.2.3 Sample and cesc the soil once for each 500 yd3 
(400 m3) of soil-cement placed, or a minimum of once 
per shift, or when che properties of che soil visibly change. 
If specification requirements are consistently mer, resting 
may be limited to once per shift. 

10.3 Soil-Cement: 
10.3. l Sample and rest the fresh soil-cement mixture 

once for each 500 yd3 (400 m3) placed, or a minimum 
of once per shift, or when the properties of the soil-cement 
visibly change. The sample is to be taken ac the placement 
sire whenever possible; however, when not practical, the 
sample may be taken at the batch plant. Approximately 
50 lbm (23 kg) is required for resting. 

10.3.1. l The sampling process must be coordi­
nated with barchplant and placement inspectors. Obtain 
the soil-cement sample from the same load that was being 
mixed ac che rime the soil sample was taken. 

10.3. l.2 Sample from three locations within the 
spreader box after the load is dumped or cake a shovel­
wide section across the lift after the soil-cement is spread. 

10.3.l.3 Mark the location at which the loose soil­
ceri;ient sample was taken so the in-place wet unit weight 
can be determined for the same load of soil-cement after 
compaction. 

10.3.2 Test che fresh soil-cement for clay ball content. 
10.3.2.1 Split the sample obtained in accordance 

with subparagraph 10.3. l and pass one-half over a No. 4 
(4.75-mm) sieve exercising care not to break down the 
clay balls. Retain rhe ocher one-half of soil-cement sample 
in a moisture-proof container. 

10.3.2.2 Remove the clay balls by hand from mate­
rial retained on the No. 4 (4.75-mm) sieve. Determine 
the wet mass of the clay balls. Discard any remaining plus 
No. 4 material. 

10.3.2.3 Determine the wet mass of the minus 
No. 4 (4 .75-mm) material. 

10.3.2.4 Divide the wee mass of the clay balls by 
the wet mass of the minus No. 4 (4 .75-mm) material to 
determine the percent of material in clay balls in the sample 
and record on figure 2A or 28. 

NOTE 1.-The percentage of material in clay balls is an 
approximation based on wet masses. If it is LO percent or more, 
notify concerned personnel. 

L0.3.2.5 Pass the clay balls through the No. 4 sieve 
and thoroughly mix with the previously sieved material 
in preparation for further resting. 

10.3.3 Perform rapid method of construccion control 
(USBR 7240) resting on the sample prepared in accordance 
with subparagraph 10.3.2.5. Perform compaccion testing 
in the laboratory at the same rime the sampled load is 
being compacted in the field to minimize time effect 
disparities on compaction properties of soil-cement caused 
by evaporation and cement hydration. Note the rime the 
laboracory compaction was completed and record on figure 
2A or 28. 

10.3.4 Determine che in-place wee unit weight of 
the compacted soil -cement ac the location stared in sub­
paragraph 10.3. l.3 in accordance with USBR 7205 or 7206 
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as soon as field compaction is completed. Nore the rime 
the field unit weight test was started and record on figure 
2A or 28. 

10.3.4. l Before making the volume determination, 
measure and record rhe depth of the compacted lift to 
the nearest 1/4 inch (5 mm). 

10.3.4.2 Upon completion of unit weight resting, 
backfill the rest hole with fresh soil-cement and compact. 

10.3.5 Using the unscreened portion of the split 
sample (subpar. 10.3.2. l) prepare specimens for compres­
sive strength resting in accordance with USBR 5806. The 
specimens are to be compacted to the in-place wee unit 
weight as determined in subparagraph 10.3.4. Specimens 
should be compacted as soon as possible after the field 
wet unit weight has been determined. 

10.3.6 Following the designated curing period, rest 
the specimens for compressive strength in accordance with 
USBR 5810. 

10.3.7 Determine cement content of the sample by 
means of the chemical titration test in accordance with 
the procedure referenced in subparagraph 2.3. 

10.3.8" O~rain from the bacchplant inspector ·the 
volume of material represented by the test and the percent 
cement by dry niass and record on figure 2A or 2B. 

10.3.9 Obtain from che placement inspector the 
source o_f material, the method of compaction, and the 
time field compaction was completed and record on figure 
2A or 2B. 

10.3.10 Obtain record cores from the soil-cement 
structure in accordance with USBR 5835. 

11. Calculations 

I 1.1 Calculate the percentage of material in clay balls: 

CB= 100(1) 

where: 
CB = clay ball content, % 

A = wet mass of clay balls, lbm or kg 
B = wee mass of minus No. 4 (4.75-mm) soil-cement, 

lbm or kg 

12. Report 

12. l The report is to consist of the following completed 
and checked forms: 

"Soil-Cement Test Cylinder Break Card" (fig. lA or 18) 
"Summary of Compacted Soil-Cement Tests" (fig. 2A 
or 2B) 
"Soil-Cement Cores-Compressive Strength Summary" 
(fig. 3A or 38) 
12.2 All calculations are to show a checkmark. 

13. Reference 

[l] Tramutt, Paul R., Field Method for Determination 
of Cement Content in Soil-Cement Mixtures, Bureau of 
Reclamation Report No. ChE-77 Denver, Colorado, 
December, 1967. 



USBR 5830 

7-2149 (6-85) 
Bureau of Reclamation 

SOIL-CEMENT 
TEST CYLINDER BREAK CARD 

Designation USBR 5806 -JL -~ Auxiliary Tests : USBR 7205- _8___ _j!_, USBR 7206- __ 

Feature: Exam p I e structure: _ _;S~I o:e.JpC..e"'--.,_P_,_r-=o_,_t..::;e..,.c_,_t-'--'i o""'n:..:__ _____ _ 

TestNo_orLocation A-I Sta.I26 Date Placed: 7-1-89 Shift: _~D~a=----y ___ T;me: I2 :55p.m. 

Mold Volume: __ O_;•_;;O_2c.._c_O_;O'--______ ft3 Fi II unit Weight: ---''..:!3'--'6=--=-. o=---------' bf /ft3 

D-Value: ___ ...;;9c...9-=--.O-=--____ % Cement Content : __ I _I.---'9'--_ % Loading Rate: __ 3_O~_ lbf/in2/s 

a,..J ., _ Load Area (in2) Compressive ., .. Cl- g,o_ 
Spec imen <0 ..c- at A= Tr D2 Strength (lbf/in2) Cl> Break Date ~ ~ C ~- C LID <(; q, o ·- CD c,:i · - Failure number ;, c- > ·-- -4- q = ~ <( ., <t 0 (!bf) u A 

..J 

97 3 7-4-89 5.67 2.83 2.0 3800 6.29 600 
98 7 7-8-89 5.67 2.83 2.0 4700 6.29 750 

99 7 7-8-89 5.67 2.83 2.0 4800 6.29 760 

100 28 7-29-89 5.67 2.83 2.0 6250 6.29 990 

IOI 28 7-29-89 5.67 2.83 2.0 6350 6.29 1010 

102 90 
~ -

5.67 2.83- -2~0 · - 7050-- : 6.29 1_120 9-29-89 --- .. 
Remarks on Reverse S ide 

Figure l A. - Soi l-cement test cy linder break ca rd (in-lb example). 

7m-2149 (6-85) 
Bureau of Reclamation SOIL-CEMENT 

TEST CYLINDER BREAK CARD 

"C 
"C i ., 

:;; > 2! > "'> ::;m ~m c.m ., 
I- ..c .t u 

r,JDG VDC: AC 

VDG VDG AC 

VDG VDG AC 

VDG VD( AC 

VDG VD( AC 

rvt)G VDG AC 

Designation USBR 5806 · _8___ - ~ Au xi liary Tests: USBR 7205- JL _9_, USSR 7206 -

Feature : --=E'-'-x'-=a'--'m-'-'--"'p_,_l~e _______ _ _ Structure : s I ope Protection 

Test No. or Location : A-I Sta. 126 Date Placed: 7- I -89_ Shift : Doy Time: 12: 55 p.r:n.__ 

Mold Volume: 5.63 x I o-4 Fill Unit Weight: __ 2_0_._o ________ kN /m3 
(to convert from cm3 to m3. divide by 106) 

D-Value : -----'9~9"-'-. Q~--- % Ceme nt Content : _l_l_._9 __ % Loading R,>te: _ ___;:;O_,_ . .;;::2:..:O::___MPa/s 

a,..J .,_ Load Area(mm2) Cornpressive "C 
"C i ., .. e> - - ~ Specimen "'s: E C>Q --

A= Tr D2 Strength(kPa) 2! > "'> a,> Break Date ~ - E LID at "'> 
number <t E ~ ~E ~ .'! E Failure -4- (q ) = ~ )( 103 c. m ;m ~ ID ., 

I- ..c <t ., - <tO - (N ) u A .t u ..J 

97 3 7-4-89 144 72.0 2.0 16000 4071 .5 3930 VDG VDG CED 

98 7 7-8-89 144 72.0 2.0 21600 4071.5 5310 VDG VDG RNM 
99 7 7-8-89 144 72.0 2.0 21600 4071.5 5310 VDG VDG RNM 
100 28 7-29-89 144 72.0 2.0 30000 4071.5 7370 VDG VDG CED 

IOI 28 7-29-89 144 72.0 2 .0 30600 4071.5 7520 r,JDG VDG CED 

102 90 9 - 29-891144 72.0 2.0 36500 4071.5 8960 VDG VDG RNM 
Remarks on Reverse Side 

Figure l B. - Soi l-cement test cylinder break card (SI example). 
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"1° 17.U (IHI!',) 
llurr;,iu of krd.1m.111u 11 

PROJECT Example 

FEATURE Example 

SPECIFICATIONS 7 M-229~ 

TEST 
0 

LOCAllON w 
IDENTI FICATION OF 

.. 
~ 

~ TEST § -
SOURCE OF 

~ 
., 

!NOTE 11 MATERIAL ., ., 
[ 0 • 

~t'I~ 
(BORROW AREA, .. 0 .. 

REQUIRED • z > 
«. STATION « \2 - ~ .. d I ~ :S OFFSET ~ 

EXCAVATION, .. .. 3 ETC.) 
~ 

z > ~ ... COORDINATES. z 
~ i 0 • ~ 

~ . ELEVATION ~ • a z I;; 
lhl > 

7 I A I A 126 + ~3 223.6 •01 BORROW A SP-SM 9 3 .2 

7 2 A I A 87+76 231.J HO ,. C SM " s . 7 

7 2 8 ' R 83 ♦ 66 233.3 •95 " C SM 19 • . 8 

7 2 8 I A 83• 66 233.3 •95 " C SM 19 4 .8 

,_!_ l A I A 85+ 30 240.2 •09 " C SP-SM 5 I . 3 

7 3 A 2 A 104 + 33 209. 7 502 " C SP-~M 6 2 .0 

.-1.. ~ ~ I A 105•81 213.6 l90 " C SP- SM 6 I . 2 

7 • 8 I A 102 • 53 219.0 lOI ,. C SM 13 3 .8 

7 5 A ' A 107•45 221 .9 •o• " C SM 19 3 .5 

7 s B I w 106•98 226.9 120 C SM 35 

7 5 8 2 • 106 +99 226.9 120 " 0 SM 12 3 .9 

7 6 A I A ••.sn 229.0 502 " 0 SM 12 2 . 1 

7 6 8 I A 90+70 231.9 30• " 0 SP- SM 7 1,0 

• A • Accepted 
R • Reject.,, 
W•WauecJ 

NOTE I MIMIMUM NUMBER OF FILL UNIT WEICHT TESTS REQUIRED 
1 len tor ~11 v 500 vd3 or 211111 per 1hih, 
whichev11i1gre11tr. 

SUMMARY OF COMPACTED SOIL ,CEMENT TESTS 

OA TEOF REPORT , MONTH~YEAR~ 

PERIOD OF REPORT , FROM9/28/89 TO ID/5/89 

90 ,DAV COMPRESSI V E STRENGTH UPDATE 

Oe,igna tion USBR S830. Jl i.. 

TOTAL VOLUME OF SOIL-CEMENT PLACED nus PERIOD , 

FACING 4,226 1Yd31 

OTHER _____________ tV,13 t 

SHEET 0 

CEMENT 
TIME 

OR Y UNIT WEICHT A NO MOISTURE CONTENT CONTENT COMPllESSIV( SIHF.NCfll 
lNOTEll Ubt/1n1) 

METHOD 
OF FILL ORY UNIT 

g~~ E COMPACTION 

~ 
0 WEICHT 

C INOTE21 w ...... ., .. 
NO. OF PASSE S ,uw ., w .. 

~~~~ ~61 ROLLER TYPE ~i~ 
., 

I 
~ ~ 

" • 0 0 ~ g~ ~ iz ~ coo u .,uu u 

6.2 GSA •AT 12 :05 12 :50 12 so 12 :55 123.6 123. 6 

6 .0 GSA 6RT 9 •35 9,55 9 ,55 9 ,55 123 .9 123 .9 

6 .5 6SR 6AT 13: 37 14:00 14 :0o 14:00 116.4 116.4 

6 .S 6SR 9RT 13,:n 14 :00 14:1 5 14 :1 5 125 .2 125.2 

·-
6 .3 7SR 6RT 1I :QQ JI :JQ I t :35 I 1:37 129 .8 126.5 

6 .2 6SR 8RT 14: 17 14 :50 14:57 15:00 124 .7 124 .7 

5 .9 6SR 7RT 10:00 10,30 11:QQ J 1:00 124. 3 124.3 

6 .0 65R 6RT 1),SO 14=15 14:23 14 :25 125.3 125 .3 

5 .9 6SR 6RT 10,2s 11 :00 II :00 11 •00 124.7 124 .7 

6 .3 6SR 6RT 10 ,50 19115 ,9 ,2 3 19=27 129.8 129 .8 

6 .0 .00 GRT 10:00 10 ,3s 10 :40 10 :40 130.8 130 .8 

6 .0 G<o 6RT 14: 12 14 :45 14 :50 14 :50 131 .9 128 .4 

NOTE 2. SR-Sh1epdoo1 
RT-R vbbc• Tm!d 
DR-Drvm 
VR-V1bratorv Roller 

NOTE J : T,me o l daV comPll!l etl. Use 2 4 -hOUI clock . 

&~5: 

m: o 0 o-
... ~-r'I 

~~!~ 
a:ix--
c<Z .,, ~ =ii 
124.8 99.0 

126.6 9?.9 

129.3 90.0 

12 9 .'l 96 .8 

13 I .9 95.9 

126.6 98.5 

127 .8 97.3 

127 .3 98.4 

126.9 98.3 

128.6 100.9 

130.9 99 .9 

132 .9 96 .6 

Figure 2A. - Summary of compacted soil-cement rests (in-lb example). 

"" FILL MOISTURE • > ~ 
.. 

CONTENT « z 
o> ~ -- ~~t 

.. .. ~ 
~! \, 

1; ~ > > ~ > t~- ~-i _ ___ 

~~!ic 
< < . 

>«I • « 0 0 a 0 
~ :e §~! i~!!.! • 1 ~~~ 1;;~ " g ;o 0 ;,; 

~ 
10 .6 10.6 10.3 -0.3 11.9 11 . 7 600 750 990 1120 

760 1010 

8.0 8 .0 9 .3 u 11.9 12 .0 490 650 900 1090 
610 920 

10.2 10.2 9.6 -0.6 11.6 11.6 

10 .2 10.2 9 .6 -0.6 11.6 11.6 490 610 890 1020 
650 910 

8.2 8.8 8.8 0.0 11.7 11.9 520 650 900 1120 
690 850 

10.8 10.8 9.8 -1 .0 12 .5 12 .8 720 900 1120 1540 

910 1070 

99 9 9 10? o., lt.6 I 4 5)0 750 980 1200 

780 940 
10. 1 10. 1 8 .6 -1.5 10.8 10.6 440 610 170 980 

630 810 
IQ.6 10.6 9.5 -I.I 11.2 II.I 590 650 920 1140 

670 920 

8A 0• 8.• 0.4 11.8 11. 7 540 690 850 1290 

720 1090 , 

10 .5 10.S 9 .2 -1.3 10.9 II . I •eo 620 890 1000 
600 880 

7.8 8 .1 8,4 0 .3 11.2 11.6 520 670 880 1210 

680 880 

·-

----

C: 
er, 
c:, 
:,::, 
\Jl 
00 
\.>J 
0 
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Is.) 

'TM ,17 .11 ll 1-11 ~) 
U ,,..au u l k<'~·•ama 1ion 

PROJECT E Kemple 

FEA TU RE Example 

SPEClf ICA TIOtJS _ _,_7!!Mc.-_,,2_,,2c.e9,,5c.._ _____ _ 

0 
TEST LOCATION w 

ID ENTIFICATION OF 
... 
z 

TEST w ...... SOURCE OF " "' _., 
(NOTE ll wzw MATERIA L " < cc :JI- - g :z ~~ME 

!BORROW AR[A, .. 
RE DUIREO • > 

a: • STATION :~~ - ~ s r ~ 3 OFFSE T EXCAV ATION, u ... ... > ► W ETC.I 2 > ' ... COORQINA TES. ::, .. ~ 
0 < * ::, i ELEV ATIO N 0 • 0 z "' 1ml > 

2..~ A I A 38+ 57 68 . 2 368 BORROW A SP-SM 9 3 .2 

' 
7 2 • I A 26+ 75 70 .5 260 C SM 13 5,7 

7 2 8 I R 25+66 71.1 378 " C SM I 9 4.8 

7 2 8 I A 25+ 50 71 . 1 378 " C SM I 9 4 .8 

7 3 A I A 26+00 73.2 374 " C SP-SM 5 I. 3 

1 3 A 2 A 32+80 G3. 9 384 C SP-SM 6 2.0 

7 4 A I A_ 32 +25 65. 1 298 " C SP-SM 6 1. 2 

7 4 8 I A 31 +25 66.8 230 " C SM I 3 3.8 

..I... _5 A I A 33 ... 75 67. 6 307 " C SM 19 3, 5 

7 5 8 I w· 32+ so 69. 2 92 " C SM 35 

7 5 8 2 A 3 2 +61 69.2 92 0 SM 12 3.9 

1 6 A I A 26+37 69.8 384 " 0 SM 12 2.1 

7 6 8 I A 27 +64 70.7 232 " 0 SP-SM 7 1.0 

f-- • ' 

--

"/\ Acc•iP lt'{'I 
R • R,•,o,c1+:d 
W • W;iu"d 

NOTE I MIMIMUM NUMBER O F F1L L U N IT WEICH T TE STS REOUIREO 
t f u1 to, •:v1•1 y 400 ,.,J m 2 H.'11~ Pt!• sh ,t c, 
..,h,chl'v~r ,, 11re,111•, 

SUMMARY OF COMPACTED SOIL-CEMENT TESTS 

DATE OF REPORT : MONTH OCT. YEAR~ 

PERIOD OF REPORT - FROM9128/89 TO~ 

go ,DAY COMPRESSIV E ST RE NGTH UPDATE 

Detignation USB R 5830. !_ !._ 

TOTAL VOLU ME OF SOIL -CEMENT PLACED THIS PERIOD: 

FACING 3 231 lmJI 

OTHER------------- lm31 

SHEET OF 

CEMENT 
TIME COMPR ESSIVE STRENGTH 

(NOTE 31 
ORY UNIT WEIGHT ANO MOISTUR E CONTENT CONTENT 

METHOD 
OF FILL ORY UNIT 

~ ~e 
... e COMPACTION 0 

z O I ::io WEI GHT 
(N OTE 21 w Ow 

E ... j:;:- ~ .J;:: 1- ... w - NO. OF PA SSE S 

" 
<UW = ~'j I ~:c ~~,.,~ 3.,_,.,; ROLLER TYPE a: "i ; u.; ~ ' "< ~~~ - ... g~ ~ i~ ~ 8 oO w"' :38u uU ~ 

157 6SR 4RT 12;05 12 =50 !2=50 12•55 19.4 19. 4 

152 6SR 6RT 9:35 9:55 9 :55 9:55 19.5 19 .5 

165 6SR 6RT 13:37 14:00 14:00 14-00 18.3 18.3 

165 6SR 9RT 13:37 14 :00 14:15 14 : 15 19.7 19 .7 

160 75R 6RT tl:00 fl:30 11 :35 11:37 20.4 19.9 

157 6SR 8RT 14:17 14=50 14:57 I5:0Q 19 .6 19.6 

i,o 6SR 7RT 10 =00 10,~ _!!:..qO 11:00 19.5 19.5 

152 6SR 6RT 13=50 14:15 14,23 14=25 19 .7 19 .7 

150 6SR 6RT 10:25 11:00 11:0Q 11 =00 19.6 19 .6 

160 6SR 6RT 18:50 19:15 19:23 19 :27 20.4 20.4 

152 6SR 6RT 1r,n11._ __tQ:SS 1n ,4n jf'l :41"1 20.5 20.5 

152, 6SR 6RT 14!12 14,45 14 =50 14:50 20.7 20.2 

' 

t 

I 

NOl'E "} SR - Sht>t'P1lor11 

R'T - Rubbt' r T11 •:d 
DR-Drum 
V R -V,br;itorv Roll,:r 

NOTE J . r ,m., ot <lav C01f1r,l1i1et1 . U1r. 24 •h 0Uf cloci.. 

~~~:1~i~ oO(J _ ~o;£ 
t- :::ii:-M .:::::!::] 
(( ::,W E .. :t ;e -

i~~~ ~!!§ 
.J :::1;:, "'~; 

19.6 99.0 

19 .9 98 .0 

20.3 90. 1 

20.3 97 .0 

20. 7 96 . 1 

19.9 98.5 

20. 1 97.0 

20.0 98.5 

19 .9 98.5 

[ 
20.2 101 .0 

20.6 99.5 

20.9 96. 7 

Figure 28. - Summary of compacted soil-cement res ts (SI example). 

"" 
{k.P&) 

FILL MOISTUR E ~ > ... 
CONTENT 15~ 

::, z 
~ - "' < "' > ,..::, ~- f ~~i "'~ > > > 

"~ "' • ~!~ i< •o • < • < ·~ - ~o, ~- O! ·o > a: r •a: 0 0 0 0 
~ re :;\ e~ ~ iz -- ;~ . ' ~ u. ~ ~· ,; 

~ - ~ 
10.6 10.6 10.3 -0.3 11 .9 11 . 7 4140 5170 6830 7720 

5240 6960 
8 .0 8 .0 9 . 3 1.3 11.9 12.0 3380 4480 62 10 7520 

4210 6340 
10.2 10.2 9.6 -0.6 11.6 11.6 

10 .2 10.2 9 .6 -0.6 11.6 11 .6 3380 4210 6140 7030 
44B0 6270 

8 .2 8 .8 8 .8 0 .0 11.7 t L9 3590 4480 6210 7720 
4760 5860 

10.8 10.8 9.8 - 1.0 12.5 12.8 4960 6210 7720 10 620 
6270 7380 

9.9 9 .9 10.2 0.3 11.6 1 1.4 3650 5170 6760 8270 

5380 6480 
IQ. I 10.1 8 .6 -1.5 10.8 10.6 3030 4210 5310 6760 

4340 5580 
10.6 10.6 9 .5 -I. I r 1.2 II.I 4070 4480 6340 7860 

4620 6340 

8.4 B.4 8 .8 0.4 11.8 I I . 7 3720 4760 5860 8890 
4960 7520 

10.5 10 .5 9.2 - r .3 10.9 II. I 3310 4270 6140 6900 

4140 6070 
7.8 8 . 1 8 .2 0 . 3 11. 2 11.6 3590 4620 6070 8340 

4690 6070 

I 

C 
(fl 

t:c 
::z::, 
Vl 
IX> 
VJ 
0 



7,2147 IIO•BJI 
8urt1u of Rtclem•tiO" SOIL-CEMENT CORES - COMPRESSIVE STRENGTH SUMMARY 

Project E aomplo Date ol report: October 7, 1989 

Feature E11.ample Period of report: From 9/3Q/89 to JQL§_/_§_ 9 
Locaition Dam Facing 

Spccific11ion, No . 7M-2295 

:0 ~ coi\~~~~'!41 DRlgmi(L:~i~ns;ir'l:l'RCfeWNT f.lf;l 
~ ~ ~ --r -- - --- --,- ----------' COMPRESSIVE STRENGTH llb!in1! ~t; 
z a:_ o ~t; I FILL ~ z i ~ u~ ~- 8 ~ a: :S ~z ,:~ DRY DENSITY, <i ~ ~ ~:; :; O,zC 

ci I ii oE ~- ~~ I ~E flb/tt
3

1 I ;~i g~oX~ ~fJ 111 ~ 0 1-----------~--1:x:w:..= ! ~ · oENStTV ~ ~ ~l ~~ . 1 t;;~! :a ... ;e a:~ f 5~ 1 CONST. CONTROL CVL. t;~ 
CORE STA. OFFSET ELEV. ~ ~ TEST DATE DATE ~ <( ► t- ~ TOTAL M•Nus I m:; ~ ai <to o RECOOD zw 

NO. 11,1 lit) :i ~ NO PLACED CORED a: Q m~ ! ;;u MATL. · N0.4 I cc 1
1 u:: <t >a: J l·DAY 7,0AY 2B·OAY 90·0AY CORE ~~ 

' ..J ..J I.I. 

LOCATION OF CORE 
REMARKS 

55 81+82 126L '228.4 2 6.1 A-7~1-A-I -7-1-89 9-30-89 91 3.05 11.9 I 11.7 12:'-.6 : 123.6 ! 124 .8! 99.01-0.3 10.3 600 ! 750 I 990 1120 j 142:0 S,7 

1-=l-- _ _ __ L;:_4~ ~-&~ :-6:25:-~2:- ~-25~~- ~---89 ~: 97- 300 12 J-:~•2~5~ :47:-,£,~,!~26~6-:_9~5 I~!~ ~;~tr;~~ 1540 ~4~ ~,~~;i~~t!!••nt throughoul IOSI __ _ 

)6 e3+64 112~L 1233.l 2 65 A-1-2-e-1 1-2-89 9-3o-e9 90 303 11s 1 11.6 116.4 116.4! 124.3i 9o.o7-o.s I 9.6 490 I 6....!__Q__J __ 8_90J .1~ 1210 6.1 
I . . ' - -- ----: -- ; - I - 650 I 910 I I 

-- -,--· - • ! 2:J2 .J 4- 6.o- -A-6-·2J-A=T- - s-z3~ e-9 · -9-io:eg 99 2.99 116--:-11 :4- 12-4 3-; 124 3-• -,21.el -97-3 - oT,lo2 - ~30-;7so -j-9eoT"'i"2oo r139o ~" ,- --- ---------

51- ~J-.-: i 124 L ! m.e- ~=;;=;::;;a-;= -:_~-:4;:= ;;::~ ~e-_ -4~ · 1-0 e_-: -,o-6~ --,:-5-3 · i2s 3_ :_121 .J-!-~e~4-;:·1~:a=~ ·-4:~~~f;=-~;H=-9~~ L:.:. ·.= ::;=. E-~~o~~~ce 
! I I I : 630 1 810 I _laboratory for inspeclli)n and testinQ_. 

'i 
\jJ 

__ , ___ J ; 2:n .J_ 2 . 6 ._s A-1- .2-e-1 _ 1-2-e9 •. _ 9-30-89 . _ _ 90 . 4_ 11 .s_ .,_ . 11 .6 _116.4. 116 .4_, 12.9. 3 1 90 .. 0 j-0.6 j_9 .6 490 f' GtO I 890 I 1020 
1 

- -
. . . : I 650 I _9~t~o_ ,1 __ ~ __ ,1 __ 
j 1 232.8 -j . - s.o- ·A•6-=-is-A=i--- -s-:is-=·89· 9~8-9 . 97- -4- - 11·.2·-~- ·11.·,- 12·4.7 ii4.7. t2s-:;-·--g9·.3-::j·-:1i9.5 "T9o-r650r 920 ! 1140 I - -- - -·· - , 

I . . : I I 6 70 1 920 I 
f---l -+--- ;232.J- -4 · 6-.o- -•=6-23=-•=1- · - 6-2J- es· ·-!i-Jo:eg - ·-99 4 · 10.9 11 .1 1Jo_e- · 1Jo."e_:_1Jo ."9-:99_9-:::,:-J-i9T -4eo 1 620 e90 I ,ooo : 
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Figure 3A. - Soil-cement cores - compressive strength summary ( in-lb example). 
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Figure 313. - Soil-cement cores - compressive strength summa ry (SI example ). 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5835-89 

PERFORMING RECORD CORING AND 
CROSS SECTIONING OF COMP ACTED SOIL-CEMENT 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5835. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. Corresponding forms in SI units are included. 
The SI forms have the lener M following the first digit in the form number. 

1. Scope 

1.1 This designation outlines the procedure for per­
forming record coring and cross sectioning of compacted 
soil-cement. 

2. Applicable Documents 

2.1 USBR Procedures: 
USBR 5810 Performing Compressive Strength Testing 
of Soil-Cement Cylinders 
USBR 5820 Performing Wet-Dry Durability Testing of 
Compacted Soil-Cement Mixtures 
USBR 5825 Performing Freeze-Thaw Durability Testing 
of Compacted Soil-Cement Mixtures 
USBR 5830 Performing Construction Control of Soil­
Cement 

2.2 USBR Document: 
Driller's Safety 1\1:inual 

3. Summary of Method 

3.1 Three-inch (76-111111) and four-inch ( 102-mm) 
diameter core samples of soil-cement are obtained through 
the entire thickness of a soil-cement section or facing using 
a rotary drill equipped with a masonry type diamond drill 
bit. The coring is performed 28, 90, and 360 days after 
soil-cement placement and samples are retrieved, labeled, 
and logged. Generally, 3-inch diameter core samples are 
tested for compressive strength by the field laboratory, 
and 4-inch diameter core samples are shipped to the 
Bureau's Denver Office for inspection, durability testing, 
and direct shear testing, as required. 

3.2 Following the 28-day coring, steel reinforcing bar 
is placed into each 3-inch (76-mm) diameter drill hole 
and grouted into place. The bar is placed so it extends 
l to 2 inches (25 to 50 mm) above the surface of the 
soil-cement. Record cross sections are taken then at these 
locations. Soil-cement cross sections are plotted referencing 
(1) the locations and elevations of the reinforcing bars, 
and (2) the thickness of the soil-cement is determined 
from record coring. 
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4. Significance and Use 

4.1 Soil-cement record coring is performed for 
construcion control (USBR 5830) and record purposes. 

4. L l Record cores are obtained at 28, 90 and 360 
days after placement. 

4.1.2 Record coring is conduc~ed to determine the 
quality and the total thickness of the soil-cement, and to 

evaluate bonding between lifts of soil-cement. 
4.1.3 Record core drill hole locations are based on 

the design of the soil-cement structure. Hole locations and 
core diameters required for testing should be determined 
prior to start of construction. Cores should be obtained 
also in any area of questionable soil-cement quality. 

4.2 Record cross sections are determined at locations 
where the 3-inch (76-111111) diameter, 28-day core samples 
are obtained. 

4.3 Results from: record coring, laboratory test i;esults 
on record core samples, and the· plotted cross sections are 
used to assess soil-cement deterioration when inspected 
in future years. 

5. Terminology 

5.1 All definitions are in accordance with USBR 3900. 

6. Apparatus 

6.1 Equipment Unique tu This Procedure: 
6.1. l Drill and Drill Sund.-A rotary drill capable 

of drilling 4-inch (102-mm) diameter core samples up to 

4 feet ( 1.2 111) in length. The drill must be capable of 
drilling vertical holes on soil-cement slopes. The drill 
should be mounted and the drill stand anchored so that 
the drill and stand are stable during the drilling process. 
Figure l is a view of a drill and stand that have been 
successfully used for coring soil-cement. 

6.1.2 Adaprors.-Removable extension adaptors and 
extension rods compatible with drill and core barrels. 

6. 1.3 l\Viuer.-Water supply for drilling to remove 
cuttings and cool drill bits. 
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(a) View of coredrill ser-up used for so il -cemenr coring. 

(b) Close-up view of soil-cement coring operation. 

Figure l. - Drill and stand used for cori ng soi l-cement. 

6. J .4 Cenerntor. - Porrable electric generator suitable 
for supplying electric power to dri ll. 

6.1.5 Impact Dri/1.- Rorary impact drill or other 
su itable device for drilling holes for anchor bolts. 

6. l.6 Anchors.-Anchors and bolts adequa te for 
securing the drill stand ro the soil-cement. 
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6.1.7 Core Barrels.- Diamond surface set or diamond 
impregnated masonry drill bits, 3- and 4- inch (76- and 
I 02-mm ) inside diameter, preferably of sufficient length 
to penetrate the full vertical depth of the soi l-cement. 

6.1.8 Core Rerriev,1 / Barrels. - Worn 3- and 4- inch­
diameter (76- and 102-mm) masonry dri ll bits with cutting 
edge removed and s lotted on the drilling end for retrieving 
core samples (fig. 2). 

6.1.9 Shipping Boxes. -Ca rdboard boxes with 
Styrofoam inserts and plywood bottoms for shipping Ii-inch 
( I 02-mm ) diameter core sa mples ro the Bureau's Denve r 
Office. 

6.1. LO Reinforcing Bars.-Sections of No. 4 steel 
reinforcing bar cut to appropriate lengths. The reinforcing 
bar should be of sufficient length ro penetrate the entire 
vert ica l depth of the soi l-cement facing and extend I ro 
2 (25- to 50-mm) inches above the surface of the soil­
ccmenr. 

6.2 Miscellaneous Equipmenr: 
6.2.1 Assorted rools necessary for drilling operations, 

chain tongs and pipe wrenches for installing and removing 
core barrels, and waterproof markers for labeling core 
samples. 
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Figure 2. - Co re ret ri eva l barre ls made from worn di.11nond srudded 
co re barrels. 
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6.2.2 Concrete premix, bagged cement, or grout 
premix, and potable water for backfilling drill holes. 

7. Precautions 

7. l Safety Precautions. 
7.1. l This designation may involve hazardous 

materials, operations, and equipment. 
7 .1.2 Safety hazards may be involved in use of the 

rotary drill. Refer co rhe manufacturer's handbook and the 
Bureau's Driller's Safety Manual before operating the drill. 

7 .1.3 Ensure that electrical supply lines are well 
insulated and conneccions kept dry co prevent electrical 
shock. 

7.1.4 Use caution when refilling gasoline tanks on 
electrical generarors. 

7.1.5 Drilling equipment and core samples are heavy 
and awkward co handle; use care when lifting and 
transporting. 

7.1.6 Drilling operations often take place on sloped 
surfaces. Adequate safety shoes or boots should be worn 
co prevent slipping into machinery or down the slope. 

7.1.7 Wear gloves to protect hands during cormg 
operations. 

7.1.8 Wear safety glasses and hardhat. 
7.2 Technical Precautions: 

7 .2.1 Core barrels should remain vertical, and the 
drill and stand should be stable while drilling co prevent 
core from binding in the barrel. 

7.2.2 Drilling should be performed at a slow 
rotational speed, with constant feed pressure such that the 
core is not damaged during the drilling operations. 

7.2.3 Core retrieval barrels should be of sufficient 
length co remove the core through the entire depth of 
soil-cement in one piece. 

8. Sampling, Test Specimens, and Test Units 

8.1 Frequency and location of coring and cross sec­
tioning of soil-cement structures are considered on an 
individual basis by Denver Office personnel. 

9. Calibration and Standardization 

9.1 Not applicable; reference standards are not used 
in this procedure. 

10. Conditioning 

10. l Place core samples in shipping boxes and cover 
immediately after retrieval co prevent moisture loss. 

11. Procedure 

11. l All data are co be recorded on the form '"Log 
of Soil-Cement Drill Hole"' shown on figure 3A or 3B. 
Figure 3A is an example using inch-pound units and figure 
3B uses SI units. 
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11.2 Anchor the drill stand co rhe soil-cement in a 
manner which effeccively stabilizes the drill and drill stand 
during drilling. 

11.3 As required, install a 3- or 4-inch (76- or 102-mm) 
inside diameter core barrel of sufficient length co penetrate 
rhe full vertical depth of the soil-cement section of facing. 

11.4 Drill \'.ertically through the entire depth of soil­
cement co the embankment or foundation contacc in one 
continuous operation. 

11.4. l Drilling is to progress slowly and continuously 
co minimize damage to the core. 

11.4.2 If the core has broken and is binding in rhe 
core barrel, scop dr_illing, remove the core barrel, and 
retrieve rhe broken pieces of core with rhe core retrieval 
barrel before continuing. 

11.4.3 If the depth of soil-cement exceeds the 
maximum length of the core barrel, remove rhe core barrel 
and retrieve core with core retrieval barrel. Add an 
extension rod and continue drilling co embankment or 
foundation contact. 

11.5 Remove the core barrel, and install a core retrieval 
barrel of sufficient length to remove the core in one piece. 

11.6 Retrieve the core in one operation by inserting 
rhe core retrieval barrel over the full length of core and 
exrracring both from the hole. As soon as the core retrieval 
barrel and core are out of the hole, place a cover over 
the hole to prevent core from falling back into the hole. 

11.7 Remove the core retrieval barrel from the drill 
and carefully remove the core from the barrel by pushing 
rhe core our the cop. Place rhe core in the shipping box 
in the exacr order that it was retrieved. 

11.8 Immediately label the core by hole number and 
position in the hole from rop ro bottom. Indicate rhe 
direction of top on each piece of core. 

11.9 Log rhe hole as shown on figure 3A or 3B. Nore 
rhe drilling method, depth at which breaks occur in core, 
lift contacrs, embankment or foundation contact, bonding 
agent used (if any); and other pertinent information (i.e., 
clayballs, loose material, poor compaction, ere.). 

l l.10 When possible, keep the shipping box lid closed 
co prevent moisture loss. 

11.11 Refill all core holes with grout or premix slurry. 
l l. 11. l Following the 28-day coring, grout No. 4 

steel reinforcing bar into each 3-inch (76-mm) diameter 
drill hole through the entire vertical depth of soil-cement. 
Place grout around the reinforcing bar so the bar extends 
l co 2 inches (25 to 50 mm) above the surface of the 
soil-cement. 

11.12 Carefully pack rhe cores to prevent damage 
during transit. 

11.13 Generally, 3-inch (76-mm) diameter core will 
be reseed by rhe field laborarory and 4-inch (102-mm) 
diameter core will be shipped to the Bureau's Denver Office 
for inspection and laboratory testing. 

11.13. l Ensure char the cores are labeled completely 
and packed securely before shipping co prevent damage 
during shipment. 

11.14 Following the 28-day coring operation, coordi­
nate cross sectioning of the soil-cement wirh a survey crew. 
Obtain stations, elevations, and offsets of reinforcing bars 
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installed during record coring. Measure the distance the 
reinforcing bars extend above the surface of the soil-cement. 
Plot cross sections referencing reinforcing bars installed 
after record coring and thickness of soil-cement determined 
during the record coring. Refer to figure 4A or 4B for 
an example of a typical soil-cement cross section. (Figure 4A 
is in in-lb units and figure 4B is in SI units.) 

11.14.1 When wear or damage to the soil-cement 
is suspected, a more detailed cross section is required to 
assess damage. Figure 5 is an example showing the detail 
required. 

11.15 Core samples of 90- and 360-days are taken 
immediately adjacent to the locations of the 28-day core 
holes. 
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12. Calculations 

12.1 Not applicable, calculations are not required for 
this procedure. 

13. Report 

13. l The report is to consist of the completed "Log 
of Soil-Cement Drill Hole" form (fig. 3A or 3B). 

13.2 Plots of soil-cement cross sections (figs. 4A and 
4B are examples). 

13.3 When wear or damage to the soil-cement is 
suspected, a more detailed cross section is required (fig. 5). 
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·1-2 134 ,q.i;s , 
Bure:i.u ,.f Reclam:.i ti,in 

LOG OF SOI_L-CEMENT DRILL HOLE Designation USBR 5835 _JL_ __ L 

Project __ Example _________ Feature _!_x_a_m __ p_le _____________ Location Outlet Works -- ------

Hole No . ____ _ c..16=-------- Station _______ l-"2'-1_+_8.c..6 ______ __ _ Offset 42 .00 Left _<t."-------

Ground Elevation ---~?..=6...:.. . ..::.5_' _____ Total Depth __ _}_,_i_Q'. _ _ . ______ ____ Core Diameter ____ _,3~•-• ___ _ 

Date Cored ___ _ 11 - 8 • 89 __ __ ___ Logged By CARVAJAL _ ___ __ Approved By __ C_R_A_t_G ___ __ _ 

NOTES 

J) Dtscr iption of drilling method 
b) Other pertinent information 

USE 3/4" ELECTRIC 
ROTARY DRILL WITH 
STAND ANCHORED TO 
SOIL - CEMENT. CORE 
BARREL DIAMOND TIPPED-
3" INSIDE DIAMETER. 

HOLE BACKFILLED WITH 
PREMIX CONCRETE . 

SPEC! MENS 16 - I AND 
16-3 SELECTED FOR 
DURABILITY TESTING . 

V) DESCRIPTION OF CORE 
2 Cl 
UJa:2 
~oi= 

DESCRIPTION OF BOND BETWEEN LIFTS 

uu. V) 
UJ UJ 
11. ~ 
V) 

16, I 

C. 

-
-

0.55-

-
-
-

-1-

a) Bonding agent used (if any) 
b) Condition of bond 
c) Description of break 

LIFT CONTACT - BONDED 

~--+--'1~·1..;:.0--l- - - - LIFT CONTACT - NO BOND 
.... \. '\ 

16 . 2 

I 16 . 3 

16 .4 

-
-
-

- \ '\. ( 
'\. '- -..:\, POOR COMPACTION - VOIDS 

- '\. \ \. 
'\. '\ \. 

1.60 --.\ "- "\ 

= -\-0.1' CLAYBALL 

-
-2- LIFT CONTACT- BONDED 

2.05-
~ 

2.45 

2 .65 
-
-

2 .90 

-3-
-
-

LIFT CONTACT- BONDED 

- -- FRACTURE WITHIN LIFT 

LIFT CONTACT - BONDED 

-
3.40 1---4--=-:~~-~-- EMBANKMENT CONTACT 

-
-

-
-4-

CEMENT 
BONDING 

SLURRY 
AGENT 

USED AS 
BETWEEN LIFTS 

G P O 84B - 59B 

Figure 3A. - Log of soil-cement drill hole (in-lb example). 
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LOG OF SOIL-CEMENT DRILL HOLE Designation USBR 5835 _8_ 9 

Project __ E_x_o_m_p_l_e _ ______ ____ Feature ~ -~e _ ______________ Location . 0_u_t_l e_t __ W_o_r_k_s ______ _ 

Hole No. ______ 16 __________ Station ______ l_2_1 +_8_\) _______ . Offset l3. 6 4 m Left i 

Ground Elevation __ 7_5_. 3_m _____ Total Depth _ __ _l..9_i_. l_cm _______ Core Diameter __ 7_6_-_m_m ___ ___ _ 

Date Cored ___ I I_-_8_-_8 __ 9 _______ Logged By __ C_A_R_V_A_J_A_L _______ Approved By _C_R_A_I G _____ _ _ _ 

NOTES 

a) Description of drilling method 
b) Other pertinent information 

USE 19mm ELECTRIC 
ROTARY DRILL WITH 
STAND ANCHORED TO SOIL­
CEMENT. CORE BARREL 
DIAMOND TIPPED-76-mm 
INSIDE DIAMETER. 

HOLE BACKFILLED WITH 
PREMIX CONCRETE. 

SPECIMENS 16-1 AND 
16-3 SELECTED FOR 
COMPRESSIVE STRENGTH 
TESTING. 

-

16-1 - 16 . 5 -

33.0-

~ 
(lJ 

U C 

---,-----1 - - - -

16-2 -

DESCRIPTION OF- CORE 

DESCRIPTION OF BOND BETWEEN LIFTS 

a) Bonding agent used ( if any) 
b) Condition of bond 
c) Description of break 

LIFT CONTACT; BONDED 

LI FT CONTACT; NO BOND 

POORLY COMPACTED LI FT, VOIDS 
' -49_5 - '- ' '-

,-. ou _ ---~ LIFT CONTACT; NO BOND 
_ .....___3.5 cm CLAYBALL 

62.2-

16-3 -
... 
74.9 

-
8 I. 3 _ 

88.9-
-

16-4 - -

,.. lP~ -I .I 
-

- -

- -

- -
-

- -
- -

- -

- -

- 150 -
.... -
.... -
- -

- -
.... -

----

LIFT CONTACT; BONDED 

LIFT CONTACT; BONDED 

FRACTURE WITHIN LIFT 

LIFT CONTACT; BONDED 

EMBANKMENT CONTACT 

CEMENT SLURRY USED AS 
BONDING AGENT BETWEEN LIFTS 

Figure 3B. - Log of soil-ceme11t ~ri l.! hole.(Sl-example}: 
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Project: E 1.omple 

Feature : E 1.cmple 

Drown Dy: R.G. 

Checked by :0.T. 

Porty Cn,ef: R Mellegord 

Dote surveyed: 2 • 2 6- 89 

Station : 48 •00 

To:, ot ref1nfon;emen; bor 

::1e ,_ 2239. 8 -~ 

PROJECT : Example 

FEAlURE : Example 
DRAWN BY : R.G. 

CHECKED BY: Q.T. 

PARH CHIEF: R. MELLEGARD 
DATE SURVEYED: 2 · 26-89 

SlAllON: 48•00 

USBR 5835 

Top of s.0tl - cemenl 

Contocr of ,;oil- cement ond emoon it. ment 

30 20 

OFFSET LEFT OF CENTERLINE OF DAM ( FEET l 

Figure 4A . - Soil-cement cross section (in-lb example). 

Top of soil· ctment 

Reinforcement bareitends 38mm. 
above ,oil- cement ,.,rfoc• 

Conloct ol soil - cemenl and embankment 

10 

48mm. 
aoo,e soil· 
cement surfo 

2 256 

2254 

2252 

2250 

~ 
2248 l&J 

l&J 
u. 

2245 z 
0 
I-

22 <1 4 
<[ 

> 
l&J 
...J 
l&J 

2242 

2240 

2238 

22 36 

2234 

74 

72 

vi 
a:: 
l&J 
I-

70 w 
::i; 

z 
0 

68 ~ 
> w 
...J 
w 

66 

64 

___ 2,.,s ___________ 2._o __________ ..._,s----------~,o~----------'----' 62 

OFFSET LEFT OF CENTERLINE OF DAM (METERS) 

Figure 48. - Soil-cement cross section (SI example). 
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STATION 2 5 + 00 47'from CL 
~ 

SOIL-CE.MENT CROSS SECTION 

PROJECT: Example FEATURE: Example DATE SURVEYED'. 11-12-89 

2, 4' 4 .3' 5.2' 

1346 

Elev,_1344.9 - r-----!.. 1345 
0.7' 2 .5' 1.1' 4 . 7' 1. 5 ' I. 4' 0 .8 

_..,.... 
- ~ 1344-

( __,.,.--- ,, 28' .... 
/ w 

1343~ 
Elev. 

'/ 
/ l,....- -~.----- ., 

1342. 2 -- t--

...-~ .. 
M- I 1

~einforcement bor-
..-- 13422 u 0 - ~ 

i,:::::;;--- ·- - - 13 41 ~ 

.r- --{ Loose .rubbl,~ this area 
I ,30" 
~ ~ ~ 

mo,: , size 5 1340W 

/~tev. ~ _f"l-1339.1 - 1339 
~r--.... I I 

~ reinforcement bar 
, , 31" -~ --- Contu c t o f ,;oil- cement ond embankment -----~ 

-·-~ 

i 
1, thickness of soil-cement al drill hole Drawing not to scale 

HORIZONTAL DISTANCE (FEET) 

PARTY CHIEF: D. JOHNSON DRAWNSY:J.KL DATE : 11-14-89 CHECKEDSY : MN.0. DATE : 11-15-89 

Figure 5. - Soil-cement cross-section detail - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5850-89 

PERFORMING LABORATORY COMP ACTION 
OF SOIL-LIME MIXTURES 

INTRODUCTION 

This procedure is under the jurisdiction of che Geocechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5850. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for per­
forming laboratory compaction of soil-lime mixtures. 

1.2 This procedure is performed to determine the 
relationship between the moisture content and the dry unit 
weight of soil-lime when compacted with a given 
compactive effort. A compaction curve is plotted from 
which the optimum moisture content and maximum dry 
unit weight can be determined. 

1.3 This procedure is typically performed using a 
mechanical compactor that has been calibrated to produce 
the same effect as a manual compactor using a 5.5-lbm 
rammer and an 18-inch drop. 

1.4 This procedure is limited to soil particles passing 
the No. 4 sieve. 

1.5 This procedure is identical to USBR 5500 except 
for requirements and information related to lime and soil-
lime mixtures. · 

1.6 USBR 5500 differs from method A of ASTM D 698. 
USBR 5500 uses a l/20-ft3 compaction mold and is based 
on a manual rammer drop of 18 inches. ASTM D 698 
uses a 1/30-ft3 compaction mold and is based on a manual 
rammer drop of 12 inches. Both methods, however, impart 
the same compactive effort of 12,375 fr-lbf/ft 3 to the soil 
specimen. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. 

2.2 The -moisture content muse be determined in 
accordance with USBR 5300 as pare of performing the 
procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1009 Calibrating Compaction Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1415 Calibrating Laboratory Mechanical Compactors 

USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5500 Performing Laboratory Compaction of Soils 
- 5.5-lbm Rammer and 18-in Drop 
USBR 5505 Determining Moisture Content-Penetration 
Resistance Relationships of Fine-Grained Soils 
USBR 5855 Preparing Soil-Lime Specimens for Com­
pression Testing 
USBR 5860 Performing Compressive Strength Testing 
of Compacted Soil-Lime Mix 

3.2 ASTM Standards: 
D 698 Moisture-Density Relations of Soils and Soil­
Aggregate Mixtures Using 5.5-Pound (2.49-kg) Rammer 
and 12-Inch (305-mm) Drop 
E 11 Specification for Wire Cloth Sieves 

. 4. Summary of Method 
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4.1 A minimum of five specimens from the same soil­
lime mixture are prepared, each at a different moisture 
content. Each specimen is compacted in a mold using the 
same compactive effort. The moisture content and resulting 
dry unit weight of each specimen are determined, plotted, 
and a compaction curve constructed. From the compaction 
curve, the optimum moisture content and the maximum 
dry unit weight are determined. 

5. Significance and Use 

5.1 Laboratory tests are conducted on soil-lime mix­
tures to determine the lime content to be specified for 
a lime stabilized soil. Laboratory compaction rests are 
performed on soil-lime mixtures to determine the optimum 
moisture content and maximum dry unit weight to be used 
for molding soil-lime specimens in accordance with the 
procedure described in USBR 5855. The specimens are 
tested for compressive strength in accordance with USBR 
5860. 
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6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Compaction Curve.-The curve showing the 
relationship between the dry unit weight and the moisture 
content of a soil for a given compactive effort (ASTM 
definition). 

6.1.2 Maximum Unit Weight (Ymax).-The dry unit 
weight defined by the peak of a compaction curve. 

6.1.3 Optimum Moisture Content (Wo, %).-The 
moisture content at which a soil can be compacted to the 
maximum dry unit weight by a given compactive effort 
(ASTM). 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2.1 Compactive Effort.-The theoretical energy 
used to compact soil into a known volume, expressed as 
ft·lbf/ft 3. Compactive effort is computed as the product 
of the drop height, rammer mass, blows per layer, and 
number of layers divided by the volume of the mold. 

6.2.2 Hydrated Lime.-The common name for 
calcium hydroxide [Ca(OH)2], a complex formed by the 
bond of water to calcium that initiates hydration. 

6.2.3 Lime Content.-Amount of lime added to a soil, 
specified by percent of dry soil mass. 

6.2.4 Quickliine.-The common name for calcium 
oxide (CaO). 

7. lnterf erences 

7. l Variations in ram mer drop height, ram mer mass, 
or number of blows per layer will result in erroneous test 
data because of nonstandard compactive effort. To ensure 
a given compactive effort, the mechanical compactor must 
be inspected and calibrated in accordance with USBR 1415. 

8. Apparatus 

8.1 General Apparatus: 
8.1.1 Balance or Scale.-A typical balance or scale used 

to determine moisture content must be readable to 0.1 g 
and have a capacity of about 1000 g. 

8.1.2 Balance or Scale.-A typical balance or scale used 
to measure the mass of the compaction specimen must be 
readable to 0.01 lbm and have a capacity of about 50 lbm. 

8.1.3 Desiccaror.-An- enclosed container, with a 
-moisture· absorbing chemical compound inside, used for 
cooling a heated soil sample while maintaining zero change 
in moisture content due to condensation. 

8.1.4 Dish, Evaporating.-A suitable dish resistant to 
corrosion or changes in mass when subjected to repeated 
heating, cooling, or cleaning. 

8.1.5 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

8.1.6 Graduated Cylinder.-1000-mL capacity, grad­
uated to 10 mL. 
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8.1.7 Sieve.-U.S.A . Standard series No. 4 (4.75 mm) 
sieve with stand, conforming to the requirements of ASTM 
E 11. 

8.1.8 Straightedge.-A stiff metal straightedge of 
convenient length. The scraping edge must be beveled if 
it is thicker than 1/8 inch. 

8.2 Equipment Unique to This Procedure (See USBR 
5500, figs. 1, 2, and 3.) 

8.2.1 Compaction Apparatus.-A mechanical com­
paction device with a rammer having an initial mass of 
5.5 lbm, an adjustable height of drop of about 12 to 18 
inches, and a counter for registering the number of blows. 
If a mechanical compactor is not available, a manual tamper 
may be used instead (see USBR 5500 app. X2). The device 
includes a l/20-ft3 mold with baseplate. The mold assembly 
must rest firmly on a uniform, rigid foundation, equivalent 
to a 200 lbm or larger block of concrete. 

NOTE 1.-There are several varietie~ of commercially available 
molds; the mold may be fabricated. Figure 3 in USBR 5500 is 
typical. Critical requirements are the tapered design, the inside 
diameter, and the height. 

8.2.2 Extruder for Compaction Specimen.-A 
mechanical device for removing a compacted soil-lime 
specimen from a compaction mold. 

8.2.3 Moisture-ProofContainers.-Cy1indrica1 plastic 
containers, about 6-inch diameter by 12 inches long, using 
a plastic inner bag for sealing and storing specimens to 
be tested. 

8.3 Miscellaneous Equipment.-Brushes, knife, mixing 
pan, scoop, etc., for mixing, placing, or trimming soil-lime 
specimens. 

9. Reagents and Materials 

9.1 Tapwater that is free of acids, alkalies, or oils and 
is suitable for drinking should be used for wetting the 
soil prior to compaction. 

9.2 Either hydrated lime, calcium hydroxide [Ca(OH)2] 
or quicklime, calcium oxide (CaO). · 

10. Precautions 

10.1 Safety Precautions: 
10.1.1 This procedure may involve hazardous 

materials, operations, and equipment. · 
10.1.2 Do not place hands near the top of the mold 

when the mechanical rammer is operating. 
10.1.3 Hydrated lime or quicklime btcomes very hot 

when it chemically combines with water. Appropriate safety 
equipment such as gloves, protective eyewear, respirator, 
and plastic apron should be worn when handling lime. 

10.2 Technical Precautions: 
10.2.1 The lime content is specified by percent of 

dry mass of soil. Two types of lime may be used (1) 
quicklime, which is in the dry state; and (2) hydrated lime 
(calcium hydroxide) , which is a combination of lime and 
approximately 32 percent water. Therefore, computations 
to determine the mass of quicklime or hydrated lime 
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(calcium hydroxide) are different. For providing an equal 
amount of lime chat will react with the soil, the percent 
of quicklime is equal co 1.32 times the percent of hydrated 
lime. 

10.2.2 The soil, lime, and water mixture is alkaline 
and reacts with metal and gla_ss; therefore, plastic containers 
muse be used. 

10.2.3 The reaction of lime with the soil will occur 
continously as long as there is free-lime available. The 
time effect on the properties of che soil-lime mixture is 
most pronounced during the first 72 hours. Therefore, the 
time of compaction after mixing the soil, lime, and water 
has a significant effect on the results. The time of 
companion needs co correlate with the anticipated use of 
the soil-lime and the conscruccion procedures. 

11. Sampling, Test Specimens, and Test Units 

11. l If the soil can be air dried, follow the steps in 
subparagraph 11.2. If the soil is to be reseed without air 
drying, follow the seeps in subparagraph 11.3. In either 
case, -if enough soil is not available, carefully plan the 
number of specimens and corresponding moisture contents 
co use the available soil. 

11.2 Air Dry Preparation: 
11.2. l For each lime content, prepare a test-sample 

of about 50 lbm of minus No. 4 soil in accordance with 
USBR 5205 . 

11.2.2 Air dry the test sample if the soil was not 
air-dried as pare of performing USBR 5205. 

11.2.3 Split the test sample into six specimens in 
accordance with USBR 5205 . Sec aside one of the specimens 
and keep it at the air-dried moisture content in case an 
additional specimen is requested. 

11.2.4 Add the specified amount of lime co each of 
the five remaining specimens. Mix the soil and lime 
thoroughly until uniform throughout. 

11.2.5 Prepare the five specimens for compaction 
by adding increasing amounts of water co each specimen 
so the moisture content of each succeeding specimen is 
about 2 percentage points higher than the previous 
specimen. The moisture contents selected muse bracket the 
optimum moisture content co ensure obtaining an 
appropriate compaction curve. Some soils with very high 
optimum moisture contents may require a larger moisture 
content increment between specimens in order co obtain 
a well defined compaction curve. 

NOI'E 2.-Judging the optimum moisture content requires 
practice and experience. Because the addition of lime may 
significantly affect the properties of the soil, some experimen­
tation may be required. 

11.2.5.1 Thoroughly mix the soil-lime while 
sprinkling the water onto it to ensure an even distribution 
of moisture throughout the material. ·Record the amount 
of water added co each specimen on the "Soil-Lime 
Laboratory Compaction Test" form as shown on figure 1. 

11.2.6 Place each specimen in a properly labeled 
moisture-proof plastic container and score for 24 hours. 
Depending on the specific use of che soil-lime, the storage 
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time may be increased or decreased. Proceed co paragraph 
12. 

11.3 Moist Preparation: 
l 1.3.1 For each lime content, prepare a test sample 

of about 50 lbm of minus No. 4 (4.75 mm) soil by passing 
the soil through a No. 4 sieve. If plus No. 4 particles 
are present, select enough material co obtain 50 lbm of 
minus No. 4 soil. 

l 1.3.2 Thoroughly mix the soil and separate into 
six specimens. Sec aside one of che specimens and keep 
it in a moisture-proof container in case an additional 
specimen is required. 

11.3.3 Add the specified amount of lime co each of 
the five remaining specimens. Mix the soil and lime 
thoroughly. 

l 1.3.4 Prepare the five specimens by adding or 
subtracting water to each specimen so the moisture content 
of each succeeding specimen is about 2 percentage points 
wetter or dryer than the previous specimen. The moisture 
contents selected must bracket the optimum moisture 
content co ensure obtaining an appropriate compaction 
curve. Some soil-lime mixtures having very high optimum 
moisture contents may require a larger moisture content 
increment between specimens in order co obtain a well 
defined compaction curve (see note 2). 

l 1.3.4. l When adding water, thoroughly mix the 
·soil-lime while sprinkling the water onto the surface to 
ensure an even distribution of moisture throughout the 
material. 

11.3.4.2 When subtracting water, thoroughly mix 
the soil -!ime while drying by using a fan or other device 
to blow dry air across the pan of soil-lime. Other drying 
methods may be used, provided the soil-lime temperature 
does not exceed 140 °F (60 °C). 

11.3.4.3 Record the amount of water added co, 
or subtracted from, each specimen on · the "Soil-Lime 
Laboratory Compaction Test" form as shown on figure 1. 
The mass loss on specimens chat have been dried must 
be determined on specimens after they have cooled to room 
temperature if heat was used during the drying. 

11.3.5 Score each specimen in accordance with 
subparagraph 11.2.6 

12. Calibration and Standardization 

12. l Verify that equipment is currently calibrated in 
accordance with the applicable· calibration procedure. If the 
calibration is not current, perform the -.~alibration before 
using the equipment for chis procedure. 
USBR 1009 Calibrating Compaction Molds · 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 1415 Calibrating Lalxmicory Mechanical Compactors 

13. Conditi6"ning 

13. l Place the material for each soil-lime specimen­
as prepared for testing-jn a moisture-proof plastic 
container and score in accordance with ch~ minimum time 
outlined in subparagraph 11.2.6. 
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14. Procedure 

14.1 All data are to be recorded on the "Soil-Lime 
Laboratory Compaction Test" form shown on figure 1. 

14.2 Determine the mass of the compaction mold to 
the nearest 0.01 lbm and record the value. 

14.3 Ensure that the compaction device rests firmly 
on a level concrete (or equivalent) base. 

14.4 Assemble the mold and collar and secure to the 
baseplate. 

14.5 Select the initial specimen for testing and 
immediately prior to compaction, pass the material to be 
compacted through a No. 4 (4.75 mm) sieve to break up 
any lumps of soil-lime resulting from the specimen 
preparation procedure. Thoroughly mix the soil-lime 
mixture. 

14.6 Place 2.0 to 2.5 lbm of soil-lime into the mold 
and spread into a layer of uniform thickness. 

14.7 Using a mechanical or manual compaction 
apparatus, compact the layer with 25 blows distributed 
equally over the surface of the layer. 

14.8 Repeat the compaction process ouclined in 
subparagraphs 14.6 and 14.7 until three layers have been 
compacted. The third layer, when compacted, should extend 
into the collar about 1/4 inch, but nor more than 1/2 
inch. If, after the last layer is compacted, the specimen 
is too shore or too long it should be discarded and a new 
specimen compacted. 

NOTE 3.- When compacting specimens wetter than optimum 
moisture content, uneven compacted surfaces may occur and some 
operator judgment is required as to the average height of the 
specimen. The last blow delivered by the rammer should not 
extend below the top of the compaction mold. 

14.9 Taking care nor co disturb the compacted soil­
lime within the mold, remove the collar from the mold 
and use a straightedge to trim the specimen flush with 
the top of the mold. A knife may be used co remove or 
loosen soil-lime sticking co the inside of the collar and 
for initial trimming of the compacted specimen. 

14.10 Remove the mold from the baseplate. 
14.11 Determine and record the mass of the mold and 

the compacted soil-lime to the nearest 0.01 lbm. 
14.12 Perform the penetration resistance rest in accord­

ance with USBR 5505. 
14.13 Extrude the specimen from the mold and cut 

about 1-1/2-inch-square by 6-inch-long moisture content 
specimen from the center of the compacted specimen."The 
moisture content specimen should have a mass of at lea.st 
200 grams. 

14.14 Place the moisture content specimen in a suitable 
container for drying and determination of moisture content. 

14.15 Calculate the wee density of the compacted 
specimen to the nearest 0.1 lbm/fc3. 

14.15.1 Convert wee density to wet unit weight by 
changing lbm/fc3 to lbf/fc3 (assume 1 lbm = 1 !bf) and 
record co the nearest 0.l lbf/fc3_ 

14.16 Repeat the procedure outlined in subparagraphs 
14.4 through 14.15 until at least five specimens have been 
compacted. 
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NOTE 4.-After determining the wet unit weight of the second 
and each successive compacted specimen, compare the wet unit 
weights to ensure that a desired pattern is developing so that 
points on each side of the optimum moisture content are 
compacted. 

14.17 Determine the moisture content of each com­
pacted specimen in accordance with USBR 5300. 

14.18 Calculate the dry unit weight for each compacted 
specimen and record to the nearest 0.1 lbf/fc3_ 

14.19 Plot the moisture contents (abscissa) and dry 
unit weights (ordinate) as shown on figure 2. 

14.20 Draw a smooth curve connecting the plotted 
points. 

14.21 The optimum moisture content is the moisture 
content corresponding to the peak of the curve. Determine 
the value and record co the nearest 0.1 percent. 

14.22 The maximum dry unit weight is the dry unit 
weight corresponding to the optimum moisture content. 
Determine the value and record to the nearest 0.1 lbf/ft3. 

14.23 If two or more plotted points do not fall on 
each side of the optimum moisture content, additional 
specimens must be prepared and compacted at appropriate 
moisture contents. 

15. Calculations 

15.1 Calculate the wet density of the compacted soil­
lime specimen to the nearest 0.l lbm/ft3_ 

D-E 
Pwet = ~ 

where: 
Pwet = wee density of compacted soil-lime, lbm/ft3 

V = volume of mold, ft3 
D = mass of mold + wet soil-lime, lbm 
E = mass of mold, lbm 

(1) 

15.1.1 In the procedure, wet density is converted to 
wee unit weight by changing from lbm/ft3 to lbf/ft3. 
(Assume 1 lbm = 1 lbf.) 

15.2 Calculate the dry unit weight of the soil-lime 
speomen. 

Ywet 

w 
l + 100 

(2) 

where: 
"/d = dry unit weight of compacted s6il-lime;-lbf/fr3' · 
w = moisture content, % 

"/wet wee unit weight, lbf/ft3 

16. Report 

16.1 The report is to consist of the following completed 
and checked forms: 

"Soil-Lime Laboratory Compaction Test" (fig. 1). 
"Soil-Lime Compaction-Penetration Resistance Curves" 
(fig. 2). 
16.2 All calculations are to show a checkmark and all 

plotting must be checked. 
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7 2333 (1 -86) SOIL-LIME LABORATORY COMPACTION TEST 
Uur~au of Reclamation D esignation USllR 58S0 - I!~ 

PROJECT Example FEATURE Example 

LOCATION Borrow Area DEPTH/ELEV. 0-3 ft SAMPLE NO . I 

TYPE OF LIME Quicklime PERCENT LIME 5 HEIGHT OF DROP 18 in 

BLOWS PER LAYER 25 NO . OF LAYERS 3 MASS OF RAMMER 5 .5 lbrn 

VOLUME OF CYLINDER 0 .0499 ft3 TESTED BY DATE 

COMPUTED BY DATE CHECKED BY DATE 

I SPECIMEN NO. I 1 I 2 I 3 I 4 I 5 I 6 I 
UNIT WEIGHT DETERMINATION 

DESIRED MOISTURE CONTENT (% ) 20.0 21.0 22.5 24.0 25 .0 

WATER ADDED (rnll 60 120 180 240 300 

1 MASS OF MOLD & WET SOIL-LIME (lbml 11.59 11 .68 11 .80 11.83 11.81 

2 MASS OF MOLD (lbrn) 5 .70 5 .70 5 .70 5.70 5 .70 

3 MASS OF WET SOIL-LIME (lbm) 5.89 5 .89 6.10 6.13 6 . 11 

4 WET UNIT WEIGHT (lbf/tt3 ) 118.0 119.8 122.2 122.8 122.4 

PENETRATION RESISTANCE DETERMINATION (USSR 5505) 

NEEDLE NO . 40 20 20 20 10 

5 ARE A OF NEEDLE (in2) 1/40 1/20 I /20 1/20 I /10 

38 62 48 36 58 
PENETROMETER RE A DING llbfl 36 66 52 34 62 

37 64 50 35 60 

6 AVERAGE READING (lbf) 37 64 50 35 60 

7 PENETRATION RESISTANCE (lbf/in2 t 1480 1280 1000 700 600 

MOISTURE CONTENT DETERMINATION IUSBR 53001 

DISH NO . 145 36 100 97 188 

8 MASS OF DISH & WET so : L -LIME lgl 350 . 6 352 . 1 319.9 376. 1 345.6 

9 MASS OF QISH & ORY SOIL-LIME (g) 319 .3 316 .5 284.7 330.7 309 .3 

10 M ASS O F DISH (gl 162 .6 146 .2 128.2 144 .6 166.0 

11 M ASS OF WATER lgl 31. 3 35 . 6 35 . 2 45 .4 36 .3 

12 MASS OF DRY SOIL-LIME (gl 156.7 170.3 156.5 186.1 143 .3 

13 MOISTURE CONTENT (%) 20.0 20. 9 22 .5 24.4 25.3 

DRY UNIT WEIGHT DETERMINATION 

14 ~RY UNIT WEIGHT (lbf/t1 3 ) 98.3 99 . 1 99.8 98.7 97.7 

REMARKS: 

CALCULATIONS 

(4) = (3) 161 I 13) = (81-191 • 100; (14) = (4) 
131 = (1) -(21 : 

Volume of Cyl inder 
(71 = Ts, (91 -(101 1.0 • (131 

100 
GPO 849-72d 

Figure I. - Soil-lime laborarory compaction cesc - example. 
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PROJECT __ E_x_o_m--'p_l_e ____________ _ FEATURE __ E_x_o_m_p_le _______ _ 

LOCATION __ B_o_r_r_o_w __ A_re_a _________ _ 0-3 DEPTH/ELEV _______ _ 18lit Om 
SAMPLE NO. -------- TYPE OF LIME __ Q_u_ic_k_l_i_m_e __ _ PERCENT LIME __ 5 __ 

99. 8 1811bt/tt
3 

□ kNim3 
OPTIMUM MOISTURE CONTENT __ 2_2_._5 __ % 

MAXIMUM DRY UNIT WEIGHT PENETRATION RESISTANCE _I_0_0_0 __ 181 lbf/in 2 

□ kPa 

FIGURE __ 2 __ 

GPO 849-732 

Figure 2. - Soil-lime compaction - penetration resistance curves - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

PREPARING SOIL-LIME SPECIMENS 
FOR COMPRESSION TESTING 

USBR 5855-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code 0-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5855. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. Corresponding forms in SI units are included. 
The SI forms have the letter "M" following the first digit in the form number. 

1. Scope 

1.1 This designation outlines the procedure for pre­
paring and curing compacted soil-lime specimens for un­
confined compressive strength resting. A 2-inch (51-mm) 
diameter by 5-inch ( 127-mm) high split mold is used. 

2. Auxiliary Tests 

2.1 A rest sample muse be obtained in accordance with 
USBR 5205 prior ro performing this procedure. 

2.2 The moisture content musr be determined in 
accordance with USBR 5300 as part of this procedure. 

2.3 The maximum laborarory dry unit weight and 
optimum moisture content must be determined in 
accordance with USBR 5850 in order to compact the test 
specimens at rhe prescribed percent of che maximum 
laborarory dry unit weight. 

3. Applicable {?ocuments 

3.1 USER Procedures: 
USBR 1012 Calil:>rating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating ro Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5720 Performing Unconfined Compressive 
Strength Testing of Soils 
USBR 5850 Performing Laboratory Compaction of Soil­
Lime Mixtures 
USBR 5875 Determining Soil-Lime pH 

4. Summary of Method 

4.1 Dependent on design criteria, a minimum of 10 
compacted 2-inch diameter by 5-inch high (51- by 127-
mm) soil-lime specimens are prepared for each specified 
lime percentage so unconfined compression resting can 
be performed at 3, 7, 28, 90, and 360 days after specimen 
preparation. 

4.2 The amount of soil, lime, and water required for 
placement in a 2-inch diameter by 5-inch high (51- by 
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127-mm) mold is determined. Soil specimens meeting 
design requirements for dry unit weight, moisture content, 
and percent lime added are compacted using a 3/4-inch­
diamerer (19-mm) tamper. The soil-lime mixture is placed 
in the mold in 10 layers and each layer is compacted 
uniformly to a required height. 

5. Significance and Use 

. 5.1 Careful preparation of compacted soil-lime 
specimens for laboratory use is important so, that accurate 
values may be obtained from the unconfined compression 
tests. 

5.2 Laboratory compacted soil-lime specimens having 
incorrect placement unit weights, moisture contents, and 
percentage lime added will not be representative of design 
requirements and may lead to erroneous conclusions based 
on the laboratory results obtained. 

5.3 Compression resting of soil-lime specimens is 
performed to determine the unconfined compressive 
strength of the cured soil-lime-water mixture. This is an 
index property of the strength of the soil-lime-water 
mixture that may be attained after curing. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Hydrated Lime.-The common name for 

calcium hydroxide [Ca(OH)2]. It is a complex formed by 
the bond of water to calcium which initiates hydration. 

6.2.2 Lime Contenr.-Specified as a percent of dry 
mass of soil. 

6.2.3 Quicklime.-The common name for calcium 
oxide (CaO). 

7. Apparatus 

7.1 General Apparatus: 
7.1. l Ba/anceorScale.-A typical balance or scale used 

for preparing che material required for the ~srspecimens 
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must be readable to 0.01 lbm and have a capacity of about 
50 lbm. 

7.1.2 BalanceorScale.-A typical balance or scale used 
for preparing each 2- by 5-inch (51- by 127-mm) test 
specimen must be readable to 0.01 g and have a capacity 
of about 1000 g. 

7 .1.3 Vernier Caliper.-A caliper, suitable for 
measuring the physical dimensions of the split mold and 
specimen to the nearest 0.01 inch (0.25 mm). 

7.1.4 Tamping Rod.-A 3/4-inch (19~mm) diameter, 
smooth steel rod about 12 inches (300 mm) long and having 
one semispherical end. 

7.1.5 Safety Equipment.-Protective eyewear, respi­
rator, gloves, plastic apron, etc. 

7.2 Sample and Specimen Scorage.-An environmen­
tally controlled humidity room for sample storage with 
temperature at about 70 ° F (21 ° C) and relative humidity 
at approximately 50 percent. 

8. Reagents and Materials 

8.1 Hydrated Lime.-Calcium hydroxide [Ca(OH)2]. 
8.2 Quicklime.-Calcium oxide (CaO). 
8.3 Tapwater that is free of acids, alkalies, or oils and is 

suitable for drinking should be used for wetting the soil. 

9. Precautions 

9.1 Safety Precautions: 
9 .1.1 This designation may involve hazardous 

materials, operations, and equipment. 
9.1.2 Hydrated lime or quicklime becomes very hot 

when it chemically combines with water. Appropriate safety 
equipment, such as gloves, protective eyewear, respirator, 
and plastic apron should be worn when handling lime. 

9.2 Technical Precautions: 
9.2. l Computations to determine the mass of quick­

lime or hydrated lime (calcium hydroxide) are different. 
See subparagraphs 14.3.1 and 14.3.2 for the applicable 
computation depending on the type of lime used. 

9 .2.2 To minimize the effect of lime hydration, 
perform the compaction as quickly as possible after the 
1-hour cure time to minimize additional hydration and 
unrecorded moisture loss. 

9.2.3 When compacting the specimens, tamping 
should be as uniform and consistent as possible so that 
each layer is uniformly compacted. 

10. Sampling, Test Specimens, and 'fest Units 

l 0.1 Sample Preparation: 
10.1.1 Prepare a test sample m accordance with 

USBR 5205. 
10. l.2 Air-dry a mass of minus U.S.A. Standard series 

No. 4 (4.75-mm) material sufficient for a minimum of 
10 compacted specimens for each specified lime content 
and each prescribed percent of laboratory maximum dry 
unit weight and moisture content. 
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10. l.3 After air-drying, thoroughly break up any soil 
aggregations in such a manner as to avoid reducing the 
natural size of the material. 

10.1.4 Pass the air-dried material through the No. 4 
(4.75-mm) sieve. 

10.1.5 Thoroughly mix the mati;rial passing the 
No. 4 (4.75-mm) sieve and place in an airtight, moisture­
proof container. 

10.1.6 This soil, with the addition of lime and water, 
is used to prepare compacted rest specimens as described 
in the procedure of paragraph 13. 

11. Calibration and Standardization 

11.1 Verify that equipment is currently calibrated in 
accord~nce with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

11.2 A remolding factor for each split mold is 
calculated. If this factor is not available, it must be 
determined before compaction of the soil specimen takes 
place (see app. Xl for the remolding factor computation) 
and record on the "Soil-Lime Compression Testing 
Specimen Placement" form as shown on figure lA (in­
lb) or figure 1B (SI). 

12. Conditioning 

12.1 Store the lime in a dry place. 
12.2 Store the soil in airtight, moisture-proof container 

(par. 10) until the procedure outlined in paragraph 13 
can be performed. 

12.3 Allow the soil-water-lime mixture to cure for 
1 hour before compacting as prescribed in subparagraph 
13.8. 

12 .4 Cure the test specimens in a humidity controlled 
environment [minimum 50 % relative humidity, 68 °F 
(20 ° C) temperature] for the times specified in 
subparagraph 4.1. 

13. Procedure 

13.l Use the soil as prepared in paragraph 10 to pre­
pare the test specimens. All data are to be recorded on the 
"Soil-Lime Compression Testing Specimen Placement" 
form as shown on figure lA (in-lb) or figure 1B (SI). 

13.2 Calculate total quantities of soil, lime, and water 
required to prepare two test specimens at each prescribed 
lime content, percent of maximum dry unit weight, and 
moisture content. The initial moisture content of the soil 
as determined in USBR 5 300 is used to calculate the 
additional water required to bring the soil-lime mixture 
to the desired moisture contents. Calculation of soil, lime, 
and water quantities is outlined in paragraph 14. 

13.3 Determine and record the total mass of soil-lime 
mixture required for one compression test specimen. 

13.4 Determine and record the mass of the plastic 
moisture-proof container into which the soil-lime mixture 
for each specimen will be placed. 
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13.5 Add the mass of soil-lime mixture for one 
compression test specimen (obtained in subpar. 13.3) to 
the mass of the container obtained in subparagraph 13.4 
and record. 

13.6 Divide the total mass of soil-lime required for 
one compression test specimen (from subpar. 13.3) by the 
number of layers, and record this value. The result yields 
the mass of soil-lime mixture to be removed from the 
container for each layer. 

13.7 Thoroughly mix the soil, water, and lime for 
the specimens to ensure homogeneity throughout the 
specimens. 

13.8 Place the soil-lime mixture for each specimen in 
a container and allow to cure for 1 hour. 

13.9 Remove the mass of soil-lime mixture required 
for one layer, and place it in the split mold. Calculate and 
record the total mass remaining in the container. 

13.10 Spread the material in the split mold into a layer 
of uniform thickness and compact using a 3/4-inch ( 19-
mm) diameter tamping rod. 

13.11 Compact each layer, with uniform tamping rod 
coverage, until the height of the soil-lime layer is such 
that the appropriate layer mark on the tamping tool 
coincides with the top of the split mold. 

13.12 Using a knife or similar instrument, scarify the 
compacted surface to a depth equal to about one-tenth 
the layer thickness. 

13.13 Remove the amount of soil-lime required for 
the next layer from the container and place it in the split 
mold. Calculate and record the total mass remaining in 
the container. 

13.14 Rotate the split mold 90 degrees before repeating 
subparagraphs 13.10 through 13.13. 

13.15 Repeat the procedures described in subpara­
graphs 13.9 through 13.14 until all layers have been 
compacted. 

13.16 Remove the split mold and place the specimen 
in an airtight container in the 50-percent humidity room 
for the prescribed cure time prior to compressive strength 
testing. 

13.17 Repeat the procedures described in subpara­
graphs 13.6 through 13.16 for the companion specimen. 

13.18 Repeat the procedures described in subpara­
graphs 13.2 through 13.17 for specimens required for 
additional cure days. 

14. Calculations 

14.1 The remolding factor for each mold is defined 
by the following equation; sample calculations are outlined 
in appendix X 1. 

14.1. l Inch-Pound Units: 

Remolding factor F = (1) 

(
453.6 g) ( 1 lbm) 

(specimen voluf11e, in3
) 1 lbm l lbf 

in3 
1,728 fc3 

961 

where: 
F = remolding factor, ft 3·g/lbf) 

453.6= change gram to pound mass 
1,728= change cubic inches to cubic feet 
1/ 1 = change pound mass to pound force 

NOfE l.-For chis equation, a I-pound mass is considered co 
be numerically equal to a I-pound force. 

14.1.2 SI Units: 

Remolding factor, F (specimen volume, mm3) 

X E 1 m3 c~) 1 kg (10
3 

N )] 
mm3 l kg 9.807 N l kN 1Q9--

m3 
where: 

F= 
1Q9 

remolding factor, m 3 • g/kN 
change cubic meter to cubic millimeter 

(2) 

103 = change kilogram to gram, and change kilonewton 
to newton 

9.807 = change kilogram to newton 

14.1.3 Specimen Volume.-The volume of the 
specimen is calculated as follows: 

rr D 2 h 
Specimen volume, V = 

4 (3) 

where: 
rr = 3.1416 
D = inside diameter of mold with a membrane liner, 

in or mm 
h = inside height of mold with a bottom liner, in or 

mm) 

14.2 Calculations to determine the quantity of soil 
required for preparation of the soil-lime-water mixture 
to meet requirements for dry unit weight and moisture 
content are outlined in the following paragraph. The initial 
moisture content determination of the soil is necessary 
to determine the mass of lime required which is by dry 
mass of soil. 

14.2. l Mass of soil: 

(4) 
where: 

ms = mass of soil, g 
'Yd = desired dry unit weight of soil, (lbf/ft3 or kN/m 3) 

F = remolding factor, ft 3 ·g/lbf or m 3·g/kN 
(subpar. 14. l) 

I = number of specimens to be prepared 
w1 = moisture content of sample in decimal form 

14.3 The lime content is specified by percent of dry 
mass of soil. Two types of lime may be used. (1) quicklime 
exists in the dry state; its mass is calculated using the 
equation in subparagraph 14.3.1; and (2) hydrated lime 
(calcium hydroxide) is a combination of lime and 
approximately 32 percent water; its mass is calculated using 
the equation in subparagraph 14.3.2. 
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14.3.1 Mass of Quicklime - Calcium Oxide (CaO): 

mqL = 'Yd PL FI (5) 

mass of quicklime, g 
where: 
mqL 

'Yd= 
PL= 
F= 

desired dry unit weight of soil, lbf/ft3 or kN/m3 

percent of quicklime in decimal form 
remolding factor (ft3·g/lbf or m3·g/kN) 

(subpar. 14.1) 
I= number of specimens to be prepared 

14.3.2 
[Ca(OH)2]: 

Mass of Hydrated Lime - Calcium Hydroxide 

(6) 
where: 
111hL mass of hydrated lime, g 

'Yd = desired dry unit weight of soil, lbf/ft3 or kN/m3 
PL = percent of lime in decimal form 

F = remolding factor ft 3·g/lbf or m3·g/kN 
(subpar. 14.1) 

I = number of specimens to be prepared 
1.32 = constant accounts for the amount of water in 

hydrated lime 

14.4 Determine the mass of water.: 
14.4.1 Mass of Water: 

mw = 'YdF I (w - w1) (7) 

962 

where: 
IDw = mass of water, g 
"(d = 
F= 

desired dry unit weight of soil, lbf/ft3 or kN/m3 

remolding factor ft3·g/lbf or m3•g/kN 

I= 
w= 

WJ = 

(subpar. 14.1) 
number of specimens to be prepared 
desired moisture content in decimal form 
moisture content of sample in decimal form 

14.5 
layer. 

Determine the material mass for each compacted 

111 = 
where: 

111s + G + mw 
NI 

m = mass of total material for one layer, g 
ms = mass of soil, g 
G = mass of lime, g (for quicklime use mqL from 

subpar. 14.3.1; for hydrated lime use mhL 
par. 14.3.2) 

mw mass of water, g 
N = number of layers to be compacted 
I = number of specimens to be prepared (use the 

same as in subpar. 14.2 through 14.5) 

15. Report 

(8) 

15.1 The report is to consist of the completed and 
checked "Soil-Lime Compression Testing Specimen 
Placement" form (fig. lA or fig. lB). 

15.2 All calculations are to show a checkmark. 
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7-.?.\40 f4 -Ht>> SOIL-LIME COMPRESSION TESTING SPECIMEN PLACEMENT 
Uuri:au of f(l'.',.'bm:i1i1111 ll~~ignati11n USBK SR55- ~9 

PROJECT Example FEATURE Exam11le 

LOCATION Borrow Area DEPTH/ELEV 0 -10.0 ft 

SAMPLE NO . I TESTED BY DATE 

COMPUTEO BY DATE CHECKED BY DATE 

INITIAL PLACEMENT REQUIREMENTS 

TYPE OF LIME Quicklime 

LIME CONVERSION FACTOR 

r8I QUIC'<LIME = 1.00 □ HYDRATED LIME= 1.32 

1. CONVERSION FACTOR TO BE USED 1.00 

2. PERCENT LIME % 5 .0 

3. SOIL -LIME LABORATORY MAXIMUM DRY UNIT WEIGHT lbf/ftJ 101.8 

4. REQUIRED PERCENT LABORATORY MAXIMUM DRY UNIT WEIGHT % 98 

5. SOIL -LIME PLACEMENT DRY UNIT WEIGHT= (3) X 
1
1
~~ tbf/ft 3 99.8 

6. SOIL-LIME OPTIMUM MOISTURE CONTENT % 24.5 

7. REQUIRED PERCENTAGE POINTS WET(+} OR DRY HOF OPTIMUM % -2.0 

8 . SOIL-LIME PL4CEMENT MOISTURE CONTENT= (6) + (7) % 22.5 

9. MOLD REMOLDING FACTOR gelt 3 llbf 4.146 

10. NUMBER OF PLACEMENT SPECIMENS 2 

INITIAL SD°IL MOISTURE CONTENT 

DISH NUMBER 146 

11. MASS OF DISH + WET SOIL g 344.2 

12. MASS OF DISH + ORY SOIL 9 324.7 

13. MASS OF DISH g 165.8 

14. MASS OF WATER 9 19.5 

15. MASS OF DRY SOIL 9 158.9 

16. MOISTURE CONTENT % 12.3 

MATERIAL QUANTITIES 

17 . SOIL. TOTAL MASS REQUIRED= (5) x (9) x (10i x ( 1.0+ 
1,1~ I 9 929. 3 

(2) 
41.4 18. LIME. TOTAL MASS REQUIRED= (1) x 100 , (5) • (9) x 110) 9 

19. WATER , TOTAL MASS REQUIRED= (5) ' i9) X (101 X ( ,igil - 1,1;6 I 9 84.4 

20. TOTAL SAMPLE MASSa 1171 + (18) + (19) 9 1055 . 1 

Figure IA. - Soil-lime compression resting specimen placement (in-lb example). 
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SPECIMEN COMPACTION DATA 

., 

10. NUMBER OF PLACEMENT SPECIMENS= (10) 2 

20. TOTAL SAMPLE MASS= (20) 9 1055.1 

21 . MASS PER SPECIMEN= (20)/(10) 9 527. 6 

22. MASS PER LAYER= (21)/10 9 52.76 

23. MASS OF CONTAINER 9 235.0 

24. HEIGHT OF MOLD in 5.007 

25. THICKNESS OF EACH LAYER = (24)/10 in 0.50 

LAYER REQUIREMENTS 

LAYER MASS RETAINED IN DEPTH FROM TOP OF 

r~ 

NUMBER CONTAINER MOLD 
(21) + (23) · (22) x LAYER NO. 

9 
(24) - (25) x LAYER NO. in 

1 709.8 4.5 

2 657 . 1 4 .0 

3 604.3 3.5 

4 551.6 3.0 

5 498.8 2.5 

6 446.0 2.0 

7 393.3 I. 5 

B 340.5 1.0 

9 287.8 0.5 

10 235.0 0.0 
GPO 85V - ~96 

Figure IA. - Soil-lime compression testing specimen placement (in-lb example) - Continued. 
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7m-2J40 (4 -66) SOIL -LIME COMPRESSION TESTING SPECIMEN PLACEMENT 
Bur~au of H.~clamation lh-,ip1ari,111 llSIJH ~s=--='· 89 

PROJECT Example FEATURE Example 

LOCATION Borrow Area DEPTH/ELEV 0.0 - 3.0 m 

SAMPLE NO. I TESTED 13Y DATE 

COMPUTED BY DATE CHECKED BY DATE 

INITIAL PLACEMENT REOUIREMENTS 

TYPE OF LIME Quicklime 

LIME CONVEflSION F/\CTOfl 

181 OUIC'<:LIME = 1.00 □ HYDRATED LIME =l.32 

1. CONVERSION FACTOR TO BE USED 1.00 

2. PERCENT LIME % 5.0 

3. SOIL-LIME LABORATORY MAXIMUM ORY UNIT IM:IGHT kN/m 
3 16.30 

4. REOUIRED PERCENT LA!'lORATORY MAXIMUM DRY UNIT WEIGHT 'tU 98 

5. 
(41 

SOIL -LIME PLACEMENT ORY--UNIT·IM:IGHT = (31 X lOO kNtm 3 · 15. 97 

6. SOIL -LIME OPTIMUM MOISTURE CONTENT % 24.5 

7. REQUIRED PERCENTAGE POINTS WET I •I OR DRY HOF OPTIMUM 
,, .. -2.0 

8. SOIL -LIME PLACEMENT MOISTURE CONTENT= (61 • 171 % 22 . 5 

9. MOLD REMOLDING FACTOR g•m
3 /kN 26.3 

10. NUMBER OF PLACEMENT SPECIMENS 2 

INITIAL SOIL MOISTURE CONTENT 

DISH NUMBER 146 

11. MASS OF DISH t WET SOIL 9 344. 2 

12. MASS OF DISH • ORY SOIL g 324 .7 

13. MASS OF DISH 9 165.8 

14. MASS OF WATER g 19.5 

15. MASS OF DRY SOIL 9 158.9 

16. MOISTURE CONTENT '" .. 12.3 

MATERIAL QUANTITIES 

17. SOIL. TOTAL MASS flEOUIRED =151 x 191 ., 1101 K ( IO .!2.§.!_) 
. ' 100 9 943.3 

(21 
42.0 18. LIME.TOTALMASSREOUIRED=lllxlOO x (5lx(9Ix(10I 9 

19. WATER . TOT AL MASS REQUIRED= 15) x (91 x 1101 x ( ...!l!!_ - .!..!.fil..) 
100 100 

g 85.7 

20. TOTAL SAMPLE MASS= (17) +(l8)+(19) 
9 1071.0 

Figure I B. - Soil-lime compression resting specimen placement (SI example). 
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SPECIMEN COMPACTION DATA 

10. NUMBER OF PLACEMENT SPECIMENS = (10) 2 

20. TOTAL SAMPLE MASS = (20) g 1071.0 

21. MASS PER SPECIMEN = (20)/( 10) g 535.5 

22. MASS PER LAYER = (21)/10 9 53 .55 

23. MASS OF CONTAINER g 235.1 

24. HEIGHT OF MOLD mm 126.7 .. 

25. THICKNESS OF EACH LAYER= (24)/10 mm 12.7 

LAYER REQUIREMENTS 

LAYER MASS RETAINED IN DEPTH FROM TOP OF 
CONTAINER MOLD NUMBER (21) + (23)-(22) x LAYER NO. (24)-(25) x LAYER NO. 

g mm 

1 717.1 114 

2 663.5 101 

3 610.0 89 

4 556 . 4 76 

5 502 . 9 63 

6 449. 3 51 

7 395 . 8 38 

8 342. 2 25 

9 288 .7 12 

10 235 . I 0 
GPO 850-597 

Figure lB. - Soil-lime compression testing specimen placement (SI example) - Continued. 
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APPENDIX 

XL REMOLDING FACTOR 

Xl.1 Scope 

Xl.1.1 This appendix outlines the procedure for 
calculati9g the remolding factor for determining the mass 
(in grams) of soil, lime, and water to prepare a compacted 
specimen of a given volume at a required dry unit weight. 
Material is compacted in a split mold containing a cylin­
drical membrane to ensure uniform specimen surface area 
and bottom liner to ensure a smooth surface area that is 
perpendicular to the longitudinal axis of the specimen. 
Volume determinations take into account the inside dia­
meter of the split mold, the annular volume of the mem­
brane liner, and the volume of the bottom liner. 

Xl.2 Remold Factor Example Computations 

Xl.2.1 Inch-Pound Units: 

Average inside diameter of mold ........ 2.014 in 
Average inside height of mold . ... . ..... 5.017 in 
Average thickness of membrane liner . . . . 0.005 in 
Average thickness of bottom liner ....... 0.010 in 

Specimen diameter = inside diameter of mold - membrane liner 

= 2.014 - 2 (0.005) = 2.004 inches 

Specimen height = inside height of mold - bottom liner 

= 5.0 I 7 - 0.0 lO = 5.007 inches 

Specimen volume = rr (diameter) 2 height 

4 

= 3.1416 (2.004) 2 5.007 = 
4 

15.793 in3 
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The remolding factor is calculated to determine the 
quantity of material to meet placement dry unit weight 
requirement. 

F= (specimen volume)(g/lbm conversion)(lbm co lbf conversion) 

cubic inches per cubic foot conversion 

F = 15.793 (453.6) I = 4_ 146 f!.:.:g 
1,728 lbf 

Xl.2.2 SI Units: 

Average inside diameter of mold .. . ..... . 
Average inside height of mold .......... . 
Average thickness of membrane liner .... . 
Average thickness of bottom liner . .... .. . 

51.2 mm 
127.0 mm 
0.127 mm 
0.254 mm 

Specimen diameter inside diameter of mold - membrane liner 

Specimen height 

Specimen volume 

51.2 - 2 (0.127) = 50.9 mm 

inside height of mold - bottom liner 

l 27.0 - 0.254 = 126.7 mm 

rr (diameter) 2 height 

4 

33. 1416 (50.9) 2 126.7 = 258 000 mml 
4 

The remolding factor is calculated to determine quantity 
of material to meet placement dry unit weight requirement. 

F·= 

F= 

specimen volume 
kN/m3 to g/mm3 conversion 

258 000 
9807 = 26.3 m 3·g/kN 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5860-89 
PROCEDURE FOR 

PERFORMING COMPRESSIVE STRENGTH TESTING 
OF COMPACTED SOIL-LIME MIX 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5860. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

This procedure is similar to USBR 5720 and ASTM D 2166, except that this procedure contains a rewritten and more derailed 
description and includes soi l-lime applications. Corresponding forms in SI units are included. The SI forms have the letter M 
following the first digit in the form number. 

1. Scope 

1.1 This designation outlines the procedure for per­
forming compressive strength testing of soil-lime mixes, 
using either compacted or cored cylinders as test specimens. 

2. Auxiliary Tests 

2.1 The compacted soil-lime cylinders must be pre­
pared in accordance with USBR 5855. The cored soil-lime 
cylinders must be obtained in accordance with .USBR 5870. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1007 Calibrating Dial Indicators 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR *1104 Load Verification of Testing Machines 
USBR 3000 Using Significant Digits in Calculating and 
Reporting Laboratory Data 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5370 Determining Unit Weight of Cylindrical Soil 
Specimens 
USBR 5720 Performing Unconfined Compressive 
Strength Testing of Soils 
USBR 5850 Performing Laboratory Compaction of Soil­
Lime Mixtures 
USBR 5855 Preparing . Soil-Lime Specimens for Com­
pression Testing 
USBR 5870 Performing Record Coring and Cross 
Sectioning of Compacted Soil-Lime 
USBR 5875 Determining Soil-Lime pH 

* Concrere Manual, Bureau of Reclamation, pan 2, in press. 
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3.2 ASTM Standard: 
D 2166 Unconfined Compressive Strength of Cohesive 
Soil 

4. Summary of Method 

4.1 Soil-lime cylinders are loaded in compression to 
failure, and maximum load is used to calculate the 
compressive strength. Compressive strength tests are 
conducted on laboratory-compacted specimens that have 
been cured for 3, 7, 28, 90, and 360 days. Tests are also 
conducted on field-cored specimens at 7, 28, 90, and 360 
days, and thereafter as appropriate. 

5. Significance and Use 

5.1 Soil-lime compression testing is performed to 
determine the compressive strength of compacted soil-lime 
mixtures. 

5.2 Laboratory-compacted soil-lime specimens are 
tested to determine the minimum lime content to be 
specified for a soil-lime structure. 

5.3 The unconfined compressive strength is the 
maximum compressive stress and is taken as the maximum 
load attained per unit area or the load per unit area at 
15 percent axial strain, whichever occurs first during 
performance of the test. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Compressive strength-The load per unit area 
at which an unconfined cylindrical specimen of soil or rock 
will fail in a simple compression test. Commonly, the failure 
load is the maximum that the specimen can withstand 
in the test (ASTM definition) . 

6.1.2 Strength (unconfined compressive strength).­
The maximum stress which a material can resist without 
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failing for any given type of loading (International Society 
for Rock Mechanics definition) . 

6.2 A term not included in USBR 3900 specific to this 
designation is: 

6.2. l Lime Contenr.-Lime content specified by per­
cent of dry mass of soil. 

7. Apparatus 

7.1 General Apparatus: 
7.1. l Balance or Scale: 

7 .1.1. l Balance or Scale.-A typical balance or scale 
used for testing 2- by 5-inch (51- by 127-mm) specimens 
must be readable to 0.1 g and have a capacity of lOQO g. 

7.1.1.2 Balance or Scale.-A typical balance or scale 
used for testing 4- by 8-inch ( 102- by 203-mm) specimens 
must be readable to l g and have a capacity of 4000 g. 

7 .1.2 Timer.-A timer, generally a stopwatch, 
indicating the elapsed rime co the nearest second, for 
establishing the rate of strain application. 

7.1.3 Vernier Caliper.-A caliper, suitable for 
measuring the physical dimensions of the specimen to the 
nearest 0.01 inch (0.25 mm) . 

7.2 Equipmenr Unique to This Procedure: 
7.2.l Compression Device.-The compression device 

(loading frame) may be any device with sufficient capacity 
to provide the rate of loading prescribed in paragraph 12. 
When the compression device is set to advance at a specified 
rate, the actual rate should not deviate by more than ±10 
percent from the required value. Vibration from the 
compression devic~ should be rriinimal. 

7.2.2 Deformation Indicai-or.-The deformation 
indicator may be either a dial indicator or an electronic 
device. It is to be graduated (readable) to 0.01 inch (0.3 
mm) and have a travel range of at least 20 percent of 
the length of the test specimen. 

7.2.3 Load /ndicator.-The load indicator may be 
either an electronic load cell or a proving ring, and may 
be part of the compression device. For soil-lime specimens 
with compressive strength less than 15 lbf/in2 (103 kPa), 
the load indicator should be of such sensitivity that the 
applied stress can be calculated to ±0.1 lbf/ in2 (0.7 kPa). 
For soil-lime specimens with compressive strength of 15 
!bf/ in2 (103 kPa) or greater, the load indicaror should be 
of such sensitivity that the applied stress can be calculated 
t0 ±0.7 lbf/in2 (5 kPa). 

8. Precautions 

8.1 Safety Precautions.-This standard may involve 
hazardous materials, operations, and equipment. 

8.2 Technical Precautions.-The soil-lime test speci­
mens are t0 be tested at the end of the cure times prescribed 
in paragraph 4. 

9. Sampling, Test Specimens, and Test Units 

9.1 Specimen Size: 
9.1. l The compacted soil-lime test specimen 1s to 

have a minimum diameter of 2.0 inches (50.8 mm). 
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9.1.2 The cored soil-lime rest specimen is to have 
a minimum diameter of 3.0 inches (76.2 mm). 

9.1.3 · The test specimen L/ D (length-to-diameter) 
ratio is tO be between 2 and 3. 

9.1.4 Measure the length and diameter of the 
specimen co the nearest 0.01 inch (0.3 mm) using a vernier 
caliper or other suitable device. 

9.1.5 In instances where test specimens do not meet 
the minimum requirements of subparagraphs 9.1.1, 9.1.2, 
and 9.1.3, a note indicating this information is to be included 
in the test data report. 

9.2 Compacted Specimens: 
9.2. l Prepare compaeted test specimens in accord­

ance with USBR 5855. 
9.2.2 Handle specimens carefully tO prevent disturb­

ance and changes in cross secrion or loss of moisture. 
9.3 Cored Specimens: 

9.3.1 Obtain cored test specimens in accordance with 
USBR 5870. 

9.3.2 Cut the test specimens to an ·L/ D ratio of 2: 1 
(note 1). Cut the ends of the specimen perpendicular co 
the longitudinal axis of the core. 

NOfE L.-lc is not critical chat the L/ D ratio be precisely 2: I. 
Ratios between 2: I and 3: 1 may be used with expected variance 
in compressive strength of less than 5 percent from the value 
of a 2: I specimen. 

10. Calibration and Standardization 

10.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is· not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1007 Calibrating Dial Indicacors 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1012 Calibrating Balances or Scales 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 

11. Conditioning 

11. l Equipmenr.-Warm up all electronic equipment 
a minimum of 30 minutes prior to use to ensure stability. 

11.2 Compacted Test Specimens.-Cure compacted test 
specimens in accordance wich che procedure described in 
USBR 5855 . 

11.3 Cored Test Specimens.-During che period from 
che time of coring to che time of preparing specimens 
for compressive strength resting, protect che specimens 
from moisture loss and from temperature variations of 
such magnitude as to be harmful to the specimen. 

12. Procedure 

12.1 All data are to be recorded on che "Soil-Lime 
Unconfined Compressive Screngch Test" form as shown 
on figure IA (in-lb units) or figure 18 (SI units). 

12.2 Place che specimen in che loading device so chat 
it is centered on the bottom platen. 
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12.3 Carefully adjust the loading device so that the 
upper platen just makes contact with the specimen. 

12.4 Record the initial reading of the load indicator 
and the deformation indicator. 

12.5 Strain the specimen at a rate of approximately 
0.25 in/min (6 mm/min). 

12.6 Record load readings every 0.01 inch (0.3 mm) 
for the first 3-percent strain and 0.02 inch (0.5 mm) for 
the balance of the test. Always attempt co record the 
maximum load carried by the specimen. 

12.7 Continue loading the test specimen until several 
readings have been taken beyond the point where the load 
begins co decrease with increasing strain, or until 15 percent 
strain is reached. 

12.8 Take a photo of the test specimen after failure 
showing the angle of the plane of failure when possible. 

12.9 Measure and record the diameter of the failed 
specimen at its central height. 

12.10 Compute the compressive stress and axial strain 
for all load readings. 

12.11 Make a plot showing the relationship between 
compressive stress and axial strain as shown on figure 
2A (inch-pound) or figure 2B (SI). 

13. Calculations 

13.1 Calculate the strain of the test specimen. 

e = ~~ (~H) (1) 

where: 
e = ax.ial strain, % 

~H = change in length of specimen during testing, 
m or mm 

Ho = initial length of specimen, in or mm 
100 converts from decimal co percent 

13.2 Calculate the average cross-sectional area of the 
test specimen: 

13.2.1 If radial deformation was not observed during 
testing, correction of cross-sectional area need not be made 
(fig. IA). 

13.2.2 If radial deformation increased during the test, 
but the specimen maintained a cylindrical shape (assuming 
that the volume of the specimen also did not change, fig. 
IA), the corrected average cross-sectional area of the 
specimen is calculated using the equation: 

~ 
1-e 

(2) 
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where: 
Ac = average corrected cross-sectional area of a 

specimen, in2 or cm2 

Ao = initial cross-sectional area of a specimen in units 
identical to those used with Ac 

e = axial strain expressed as a decimal 

13.2.3 If radial deformation increased during the test 
and the specimen assumed a barrel shape (fig. IA), the 
average corrected cross-sectional area is calculated using 
the equation: 

1 - 0.6 e 
(3) 

where 0.6 equals correction factor for barrel shape radial 
deformation. 

13.3 Calculate the compressive stress applied to the 
test specimen: 

where: 

p 
s = -

Ac 

s = compressive stress, lbf/in2 

P = axial load applied to a specimen, !bf 

(4) 

Ac = corrected cross-sectional area of a specimen, in2 

13.4 SI Units: 
p 

s= 
Ac 

where: 
s = compressive stress, kPa 
P = axial load applied to a specimen, kN 

Ac = corrected average cross-sectional area of a 
specimen, mm2 

14. Interpretation of Results 

(5) 

14.1 Compressive strength of the test specimen is 
reported as the maximum compressive stress or the com­
pressive stress at 15 percent strain, whichever occurs first. 

15. Report 

15.l The report is to consist of the following completed 
and checked form and plot: 

"Soil-Lime Unconfined Compressive Strength Test" (fig. 
lA or 2B). 
"Soil-Lime Unconfined Compressive Strength Test Ploc" 
(fig. 2A or 2B). 
15.2 All calculations are to show a checkmark and all 

plotting should be checked. 
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SOIL-LIME UNCONFINED COMPRESSIVE 
7-2392 (12-36) STRENGTH TEST 
Bureau of Reclamation Designation USBR 5860-§~ 

SAMPLE NO. PROJECT I FEATURE 
I Example Example 

SPECIMEN NO. LOCATION DEPTH/ELEV. 

I Borrow Area 0 - 10.0 (ft) 
TYPE OF LIME I PERCENT LIME I CURE TIME 

Quicklime 5 3 
(DAYS) 

SPECIMEN T.YPE: UNDISTURBED COMPACTED 

D 00 
TESTED BY DATE I COMPUTED BY DATE CHECKED BY. DATE 

(1) SPECIMEN LENGTH, Ho (In) 5.00 LOAD CELL NO. 208 

(2) SPECIMEN OIAMETER, Do (In) 2.00 (10) LOAD CONVERSION (lbf/V) i.O 

(3) SPECIMEN AREA• iJ lil!l 121
2

- Ao (ln2) 3.14 STRAIN RATE (In/min) 0.02 

(4) SPECIMEN VOLUME• (11" (3) (ln3) 15 .7 

(5) MASS OF SPECIMEN+ CONTAINER (g) 709.4 "AREA CALCULATION (from back side) 

(6) MASS OF CONTAINER (g) 181 .3 

(7) MASS OF SPECIMEN• (5) . (6) (g) 528.1 00 _. CYLINDRICAL SHAPE, Ac = ~a !3l 
1-E 1-(14)/10olln21 

(Bl UNIT WEIGHT ffi x 172B 453.6 (lbf/ft3) 128 

D Ao (3) 
LVOT NO. 158 BARREL SHAPE, Ac • ~= 

1-.6(14)/100lin2) 

(9) AXIAL MOVEMENT CONVERSION On/VI l 1.0 D NO CARRECTION, Ac ~ Ao 

CORRECTED 
AXIAL AXIAL AREA• 

READING MOVEMENT AXIAL ~H STRAIN (ln2) LOAD COMPRESSIVE 
NUMBER READING MOVEMENT (In) E. (%) R'ADING LOAD STRENGTH 

(volts) (In) (13)0 (12)-(12)1 (14)- ~x100 Ac volts) lbf lbf/in2 (11) (12)•(9)x(11) (1) (15) (16) (17)• (10)x(16) (1Bl=Ht{ 

1 (I) 0 . 32 0.32 0 .00 0 .00 3.14 0.0 0 . 0 0.0 

2 0 .33 0 .33 0 .0( 0 . 20 3 . 15 134 . 1 134 . 1 42 .6 

3 0 .34 0 . 34 0.02 0 .40 3 . 15 2 l 1.3 21 1.3 67. I 

4 0 . 35 0 .35 0 .03 0.60 3 . 16 279.4 279.4 88.4 

5 0.36 · 0.36 0 . 04 0.80 3.17 329.4 329.4 104 

6 0 . 37 0 .37 0.05 1.00 3.17 380 .8 380.8 120-

7 0 . 38 0 . 38 0 .06 I. 20 3. 18 418.4 418.4 132 

B 0 . 39 0 .39 0 .07 1.40 3. 18 453.7 453.7 143 

9 0 . 40 0 . 40 0 .08 1.60 3 . 19 484.0 484.0 152 

10 0.41 0.41 0.09 1.80 3.20 499.4 499.4 156 

11 0.42 0 .42 0. 10 2 . 00 3 . 20 512.9 512.9 160 

12 0 . 43 0 .43 0 . 11 2 . 20 3 . 21 533 .6 533.6 163 
13 0 .44 0 .44 0. 12 2 .40 3.22 527 .9 527.9 164 
14 0.45 0.45 0 . 13 2 .60 3 .22 528 .8 528. 8 164 
15 0.46 0.46 0. 14 2.80 3.23 523.6 523.6 162 

16 0.47 0 . 47 0 . 15 3 .00 3.24 518.2 518.2 160 

17 0.49 0.49 0 . 17 3.40 3.25 504.1 504.1 155 

1B 0 . 51 0 . 51 0. 19 3 .80 3.26 491 .2 491 .2 151 
19 0 .53 0 .53 0.21 4 . 20 3 .28 477.5 477.5 146 

20 0 . 55 0 . 55 0 . 23 4 .60 3.29 462. 7 462.7 141 

21 0 . 57 0.57 0.25 5 .00 3 . 31 443.1 443.1 134 
22 0.59 0 .59 0.27 5.40 3.32 427. I 427.1 129 
23 0.61 0 . 61 0 . 29 5 .80 3 . 33 406.9 406.9 122 
24 0 . 63 0 . 63 0 . 31 6.20 3 . 35 385.7 385 . 7 115 
25 

Figure IA. - Soil-lime unconfined compressive srreng,h rest (in-lb example). 
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SOIL-LIME UNCONFINED COMPRESSIVE 
7m-2392 (12-86) STRENGTH TEST 

Designation USBR S860-~~ Bureau of Reclamation 

SAMPLE NO. PROJECT I FEATURE 
I Example Example 

SPECIMEN NO . LOCATION DEPTH/ELEV . 

I Borrow Area 0 .0 - 3 .0 
(ml 

TYPE OF LIME I PERCENT LIME I CURE TIME 

3 Quicklime 5 (DAYS) 
SPECIMEN TYPE: UNDISTURBED COMPACTED 

□ IX! 
lc;:,1EDDT D,'\1 I: COMPUTl:U t,Y DATE CHECKED BY DATE 

(1) SPECIMEN LENGTH, Ho (mm) 127.0 LOAD CELL NO. 20M 
(2) SPECIMEN DIAMETER, Do (mm) 51 .0 (10) LOAD CONVERSION (KN/V) 1000000 

(3) SPECIMEN AREA=:;! 11l li 1.i:J 2
= Ao (mm2 ) 2042.8 STRAIN RATE (mm/min) 0.05 

(4) SPECIMEN VOLUME=~ (cm3) 259.4 

(5) MASS OF SPECIMEN+ CONTAINER (g) 709.4 "AREA CALCULATION (from back side) 

(6) MASS OF CONTAINER (g) 181.3 
Ao 

(3) 
(71 MASS OF SPECIMEN= (5) - (6) (g) 528 . I IX! CYLINDRICAL SHAPE, Ac = rr = 

1- (14)/10o(mm2 ) 

(8) UNIT WEIGHT ffi >< 9 .U07 (KN/m3) 20.0 (3) 

15 M □ BARREL SHAPE.Ac • ~= (mm2 
LVDT NO. • 1-.6(14)/100 ) 

(9) AXIAL MOVEMENT CONVERSION (rnm/V) 1.0 □ NO CORRECTION , Ac • Ao 

AXIAL AXIAL CORRECTED 
AREA• COMPRESSIVE 

READING MOVEMENT AXIAL AH STRAIN 
(mm2 ) 

LOAD STRENGTH 
NUMBER READING MOVEMENT (mm) t. (%) READING LOAD 

(volts) (mm) ( 13)=( 12)-( 12) I Ac KN 
(kPa) 

(14l=ffil><100 
(volts) 

(18) - 00 (11) (12) • (9)x(11) (15) 
(16) (17)= (10)x(16) 

1 (I) 8.0 8 .0 0.0 0 .0 2042 .8 0 .0 0.0 0.0 
2 8 .5 8 . 5 0 . 5 0 .39 2050.8 0 .60 600000 293 
3 9 .0 9 . 0 1.0 0 . 79 2059. 1 1.24 1240000 602 
4 9 .5 9 .5 1. 5 1.18 2067. 2 1.69 1690000 BIB 
5 10 . 0 10 .0 2 .0 1.57 2075. 4 2.02 2020000 973 
6 10 . 5 10 .5 2 .5 1.97 2083.9 2.22 2220000 1065 
7 11 . 0 11 .0 3 .0 2.36 2092.2 2.33 2330000 , I I 14 
8 I I . 5 11 .5 3 .5 2.76 2100.8 2.35 2350000 1119 
9 12.0 12 .0 4.0 3.1 5 2109. 2 2.31 2310000 1095 
10 12.5 12 .5 4.5 3.54 21 I 7. 8 2 .24 2440000 1058 
11 13 . 0 13 .0 5.0 3.94 2126.B 2.18 2180000 1025 
12 13 . 5 13 .5 5 .5 4 . 33 21 35.3 2 . 12 2120000 993 
13 14 . 0 14.0 6 .0 4 .72 21 44.0 2.06 2060000 961 
14 I 4.5 14.5 6 .5 5 . 12 2153.0 1.97 1970000 915 
15 15.0 15 .0 7 .0 5 . 51 2161 .9 1.90 1900000 879 
16 I 5 . 5 15 .5 7 .5 5 .91 21 71.1 1.81 1810000 834 
17 16.0 16 .0 8 .0 6.30 21 80. 1 1.72 1720000 789 
18 

19 

20 

21 

22 

23 

24 

25 .. 

Fig ure 1B. - Soil-lime unconfined compressive strength tes t (SI example). 
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7-2393 (12-86) SOIL-LIME UNCONFINED COMPRESSIVE STRENGTH TEST PLOT 
Bureau or Reclamallon Designation USBR 5860-~~ 

SAMPLE NO. PROJECT FEATURE 
I Example Example 

SPECIMEN NO. TYPE OF LIME PERCENT LIME 

I Quick lime 5 
CURE TIME (DAYS) SPECIMEN TYPE: UNDISTURBED COMPACTED 

6 D IX) 
TESTED BY CATE COMPUTED BY DATE CHECKED BY DATE 

300 

250 

200 

"' C: 
:::: .. 
E a. ... ,,.. i--
l8l D r .. I i"-.. 

IJ) 150 

J IJ) 
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> I • iii '-IJ) 
w 

j a: ~ a. 
::;; ,, 0 
u 
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I 
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J , 
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l 
I 2 3 4 5 6 7 8 9 10 

AXIAL STRAIN - % 

Figure 2A. - Soil-lime unconfined compressive strength test plot (in-lb example). 
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7-2393 (I 2-86i SOIL-LIME UNCONFINED COMPRESSIVE STRENGTH TEST PLOT 
Bureau of Rec matlon Designation USBR 5860-.8~ 

SAMPLE NO. PROJECT FEATURE 
I Example Example 

SPECIMEN NO. TYPE OF LIME PERCENT LIME 

I Quick lime 5 
CURE TIME (DAYS) SPECIMEN TYPE: UNDISTURBED COMPACTED 

3 D IXI 
TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

1200 

~ 
~ -.. 

' 1 -.. 
1000 l .... "-
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' ' ~ 
I "' 1 ' 800 ~ 
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Figure 2B. - Soil-lime u nconfined compressive strength test plot (SI example). 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5865-89 

PERFORMING CONSTRUCTION CONTROL 
OF COMPACTED SOIL-LIME MIXTURES 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code 0-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5865. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. Corresponding forms in SI units are included. 
The SI forms have the letter M following the first digit in the form number. 

1. Scope 

1.1 This designation outlines procedures for testing 
soil-lime for construction control and record purposes 
during construction activities. The testing includes 
gradation analysis and Atterberg limits for soil classifi­
cation, lime content, in-place unit weight determination, 
rapid method of construction control of soil-lime as 
compacted, record coring for compressive strength, and 
chemical determination for lime content. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5 325 Performing Gradation Analysis of Gravel 
Size Fraction of Soils 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 
USBR 5360 Determining Plastic Limit and Plasticity 
Index of Soils 
USBR 5365 Determining Shrinkage Limit and Shrinkage 
Ratio of Soils 
USBR 5500 Performing Laboratory Compaction of Soils 
- 5.50-lbm Rammer and 18.0-in Drop 
USBR 5870 Performing Record Coring and Cross 
Sectioning of Comp·acted Soil-Lime 
USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand-Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by the Rubber Balloon Method 
USBR 7240 Performing Rapid Method of Construction 
Control 
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2.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

3. Summary of Method 

3.1 The soil used for soil-lime is sampled and gradation 
analyses and Atterberg limits rests are performed to enable 
soil classification. The proper amount of lime additive is 
determined prior to mixing into the soil. The in-place dry 
unit weight of compacted soil-lime is determined a_nd is 
compared ro maximum unit weight to determine percent 
compaction. Hardened soil-lime is cored at designated time 
intervals after compaction, and the cores are tested for 
lime content and compressive strength. These cores are 
shipped to the Denver Office, Geotechnical Services Branch, 
D-3760, for laboratory resting. For future reference, cross 
sections of the compacted soil-lime are established at 
designated locations. 

4. Significance and Use 

4.1 The tests discussed in this procedure are used to 
determine the adequacy of soil-lime placed in Bureau 
structures. Thorough inspection and quality control testing 
are required during all stages of construction to ensure 
that design criteria are met. Results of early inspections 
and laboratory resting are used to establish placement 
conditions, procedures to be used for the remaining 
construction, and as a reference for the design and 
construction of future projects. 

4.1.1 Gradation analyses and Atterberg limits tests 
are performed to determine if initial design assumptions 
of the material are met for the specific percent lime additive. 

4.1.2 Compacted soil-lime is rested for percent 
compaction because placement dry unit weight is directly 
related to the final compressive strength of rhe structure. 
A higher percent compaction at a given lime content 
generally yields a higher compressive strength. 

4.1.3 Cored samples or hardened soil-lime are 
obtained from the structure and tested for compressive 



USBR 5865 

strength. These data are used to determine increase in 
strength of soil-lime with rime. 

4.1.4 The soil-lime mixture is reseed for percent 
lime-calcium oxide (CaO)-co confirm chat adequate 
mixing was performed and chat the specified percent lime 
additive was added. 

4.1.5 The rimes when ( l) field mixing is scarred, 
(2) field mixing is completed, and (3) field compaction 
is completed are observed, recorded, and compared with 
the specificarion requirements. 

4.2 This procedure outlines sampling methods and 
routine soil resting procedures involved with soil-lime 
placement. 

5. Terminology 

5. l Definitions are in accordance with USSR 3900. 
5.2 Terms not included in USSR 3900 specific to this 

designation are: 
5.2.1 Hydrated L1ine.-Common name for calcium 

hydroxide [Ca(OH)2], a complex formed by the bond of 
water to calcium which initiates hydration. 

5.2.2 L1ine Conrenr.-The ratio, expressed as a per­
cent, of the mass of added lime to the dry mass of soil. 

5.2.3 Quicklime.-Common name for calcium oxide 
(CaO). 

6. Apparatus 

6.1 General Apparaws: 
6. l. l Balance or Scale.-A typical balance or scale used 

for this designation must be readable to 0.01 lbm (0.01 kg) 
and have a capacity of about 50 lbm (23 kg). 

6. l.2. Sieve.-U.S.A. Standard series No. 4 ( 4.75-mm) 
sieve, conforming to the requirements of ASTM E 11. 

6. l.3 Sample Container.-Moisture-proof containers 
for transporting soil and fresh soil-lime. 

6. l.4 Shovel for obtaining soil and fresh soil-lime. 
6.1.5 Pan for obtaining lime having minimum 

dimensions of 12 by 12 inches by 6-inch depth (300 by 
300 by 150 mm) depth. 

7. Precautions 

7.1 Safety Precautions: 
7. l. l This designation may involve hazardous 

materials, operations, and equipment. 
7.1.2 Hydrated lime or quicklime becomes very hoc 

when it chemically combines with water. Appropriate safety 
equipment, such as gloves, protective eyewear, and a 
respirator, must be worn by personnel handling lime. 

7.2 Technical Precautions.-To minimize the effects of 
lime hydration and evaporation, perform all rests 
expeditiously and continuously to completion. Perform the 
soil-lime compaction control rests immediately after 
placement and compaction of the mixture. 

8. Calibration and Standardization 

8.1 Verify chat equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
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calibration is not current, perform the calibration before 
using the equipment for this procedure. 

9. Conditioning 

9. l Protect rhe soil and fresh soil-lime samples from 
moisture loss by transporting to the laboratory in moisrure­
proof containers. 

9.2 Retain the samples in moisture-proof containers 
in the laboratory prior co resting. 

10. Procedure 

10.l All data are to be recorded on the appropriate 
forms for each procedure referenced in chis procedure and 
on the "Soil-Lime Construction" form (fig. lA or 18). Data 
from the forms arc summarized on "Summary of 
Compacted Soil-Lime Tests" form (fig. 2A or 28) for 
monthly progress reports . Figures lA and 2A are in inch­
pound units and figures lB and 28 are in SI units. 

10.2 Mix Area Soil: 
l0.2.1 Sample the soil in the mix area and prepare 

the sampled soil in accordance with USSR 5205. 
10.2.2 Test the sampled soil for gradation (USSR 

5325), liquid limit (USSR 5350), plastic limit and plasticity 
index (USSR 5360), and when applicable, shrinkage limit 
(USSR 5365). 

10.2.3 Classify the soil in accordance with the Unified 
Soil Classification System using USBR 5000. 

10.2.4 Record soil classification on figure 2A or 28. 
10.2.5 Repeat steps in subparagraphs l0.2. l through 

10.2.4 for each change in material type (borrow area, ere.). 
10.2.6 For record purposes, the estimated volume 

of soil in the mix area may be recorded on the form (fig. 
lA or 1B). 

10.3 Percent Lime Determination : 
10.3.1 The percent lime added can be checked by 

comparing the mass of lime per square foot to the 
predetermined value as described in appendix Xl. 

10.3.2 Place a pan of known dimensions on the soil 
in the mix area at a location so when the lime spreader 
passes over it the amount of lime collected on the pan 
will represent the quantity of lime added to the mix area. 

10.3.3 Determine the mass (lbm or kg) of the lime 
in the pan. Record the data on the form (fig. lA or I B). 

10.3.4 Calculate and record the mass per square foot 
of lime in the pan (fig. lA or 18) . 

10.3.5 Repeat the steps in subparagraphs l0.3.2 
through 10.3.4 a sufficient number of times to obtain a 
representative value of lime additive being spread. 

l0.4 Using a 24-hour clock, record the mixing rime 
on rhe form (fig. lA or I B). 

10.4.1 Record the time when soil-lime mixing 
begins. 

10.4.2 Record che time when soil-lime mixing is 
complete. 

10.4.3 Record the rime when compaction of the soil­
lime is complete. 

10.4.4 Calculate and record the elapsed rime from 
start to completion of mixing, and from start of mixing 
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to completion of compaction. Check the elapsed time 
against the specification requirements. 

10.5 Soi/-lline Compaction Conrrol: 
10.5.1 Sample and test the compacted soil-lime 

mixture once for each 500 yd3 (400 m3
) placed, or a 

minimum of once per shift, or when the source soil for 
the soil-lime changes. 

10.5.1.1 Determine the in-place unit weight of the 
compacted soil-lime in accordance with USBR 7205 or 7206 
as soon as compaction is complete. 

10.5.1.2 Upon completion of in-place unit weight 
testing, backfill and compact the test hole with fresh soil­
lime. 

10.5.1.3 Perform Rapid Method of Construction 
Control (USBR 7240) testing on the in-place unit weight 
sample obtained in subparagraph 10.5.1.1. 

NOfE 1.-Since the properties of the soil-lime change as the 
lime hydrates, the Rapid Method may be performed at the same 
time as the soil in the field is being compacted. A sample of 
uncompacted soil may be obtained for the Rapid Method and 
then the in-place unit weight test performed at the sampling 
location. 

10.5.2 Repeat the steps in subparagraphs 10.5.1.1 
through 10.5.1.3 to meet the requirements in subparagraph 
10.5.1. 

10.6 Repeat the steps in subparagraphs 10.1 through 
10.5.2 of the procedure for each material in each mix area. 
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10.7 For the required period, summarize the data 
obtained from testing performed in accordance with 
subparagraphs 10.1 through 10.6 on the "Summary of 
Compacted Soil-Lime Tests" form (fig. 2A or 2B). 

l0.8 Obtain record cores from the soil-lime structure 
in accordance with USBR 5870. 

10.9 Ship the record cores obtained in subparagraph 
10.8 to the Geotechnical Services Branch, D-3761, Denver 
Office, Denver, Colorado. 

11. Calculations 

11.1 Calculate the mass of lime per square foot. 

1n 

A 
where: 

m1 = mass of lime per square foot, lbm/ ft2 or kg/ m2 

m = mass of lime in pan, lbm or kg 
A = area of pan, ft 2 or 1112 

12. Report 

12.1 The report is to consist of the following completed 
and checked forms: 

"Soil-Lime Construction" (fig. lA or lB). 
"Summary of Compacted Soil-Lime Tests" (fig. 2A or 
2B) . 
12.2 All calculations are to show a checkmark. 



USBR 5865 

7-234!", (8-89) SOIL-LIME CONSTRUCTION 
S88S -89 _ Bureau of Reclamation Des;gna1;on USBR .. 

PROJECT Example FEATURE Example . 
SPECIFICA T ICN Nl. SL-I TYPE OF LIME · Quicklime SPECIFICATICN LIME REQUIREMENT 5 ¾ 

VOLUME or SOIL IN MIX AREA 500 yd3 TESTED BY DATE -

COMPUTED BY DATE OiECKED BY □Alt . 

CONSTRUCTION MIX AND COMPACTION TMES 

24 H)UR ELAPSED 
CLOCK TIME (min) 

1 FIELD MIXlf\(, STARTED 1235 

2 FIELD MIXll'G COMPLETED 1255 -- --3 FIELD MIXIN:, ELAPSED TIME (2) - (1) (min) ~ ~ 20 

4 FIELD COMPACTICN COMPLETED 1330 

5 FIELD COMPACTICN ELAPSED TIME (4) - (2) (min) ----- 35 ~ ~ -- ---6 TOTAL ELAPSED TIME (3) • (5) (min) ~ ~ 55 

MASS OF LME PER SQUARE FOOT 
TEST 1 

7 INSIDE LEr,.(;TH OF PAN in 13 . 0 

8 INSIDE WIDTH OF PAN in 13 .0 

9 MASS OF PAN lbm 3 .00 

10 MASS OF LIME PLUS PAN lbm 3 . 88 

11 MASS OF LIME ( 10) - (9) lbm 0 .88 
rn lS !§> 

12 AREA OF PAN 144 ;n2 I 11 2 ft 2 I . 17 

13 MASS OF LIME PER SQUARE FOOT ( 11) / ( 12) lbmlfl 2 0 .75 

TEST 2 

14 INSIDE LEr,.(;TH OF PAN in 13 .0 

15 INSIDE WIDTH OF PAN in I 3 .0 

16 MASS OF PAN lbm 3 .00 

17 MASS OF LIME PLUS PAN lbm 3 .93 

18 MASS OF LIME ( 17l - ( 16) lbm 0.93 
!14! lS ! l~> 

19 AREA OF PAN 144 ;n2 I 11 2 11 2 I . 17 

20 MASS OF LIME PER SQUARE FOOT ( 18) / (19) lbm/fl 2 0 .79 

TEST 3 

21 INSIDE LEr,.(;TH OF PAN in 13.0 

22 INSIDE WIDTH OF PAN in 13 . 0 

23 MASS OF PAN lbm 3 .00 

24 MASS OF LIME PLUS PAN lbm 3 .82 

25 MASS OF LIME (24) - (23) lbm 0 . 82 
SZI! lS !ZZ! 

26 AREA OF PAN 144 ;n 2 , 11 2 11 2 I . 17 

27 MASS OF LIME PER SQUARE FOOT (25) I (26) ltm/fl 2 0 . 70 

Figure I A. - Soil-lime construction (in-lb example). 
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TEST 4 

28 INSIDE L EIIGTH OF PAN in 13.0 

29 INSIDE WIDTH OF PAN in 13.0 

30 MASS OF PAN lbm 3.00 . 

31 MASS OF LIME PLUS PAN lbm 3.88 

32 MASS OF LIME (31) • (30) lbm 0.88 

!W 2!: !Zi2 
33 AREA OF PAN 144 in2 / tt 2 ft 2 I. 17 

34 MASS OF LIME PER SO UARE FOOT (32) I (33) lbm/ft 2 0.75 

TEST 5 

35 INSIDE LEIIGTH OF PAN in 13.0 

36 INSIDE WIDTH OF PAN in 13.0 

37 MASS OF PAN lbm 3.00 

38 MASS OF LIME PLUS PAN lbm 3.90 

39 MASS OF LIME (38) • (37) lbm 0.90 
mi2l!:m2 

40 AREA OF PAN 144 in2 / 112 ft 2 I. 17 

41 MASS OF LIME PER SQUARE FOOT (39) I (40) lbm/ft 2 0.77 

42 AVERAGE MASS OF LIME PER SQUARE FOOT 
< 13) • (20) • (27) • (34) • (41) 

lbm/ft 2 
NUMBER OF TESTS 0. 75 

Figure lA. - Soil-lime construction (in-lb example) - Continued. 
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7M-234!'> (8-8Ql SOIL-LIME CONSTRUCTION 
Designation USBR 58&5 - 89 _ Bureau ot Rec lamation 

PROJECT Example FEATURE Example 

SPECIFICATICN NJ. SL-I TYPE OF LIME Quicklime SPECIFICATICN LIME REQUIREMENT 5 ¾ 

VOLUME or SOIL IN MIX AREA 400 m3 TESTED BY DATE 

COMPUTED BY DATE OiECKED BY DATE 

CONSTRUCTION MIX ANO COMPACTION TMES 

24 I-OUR ELAPSED 
CLOCK TIME (min) 

I FIELD MIXIII(; STARTED 1235 

2 FIELD MIXIII(; COMPLETED 1255 

3 FIELD MIXIII(; ELAPSED TIME (2) - (1) (min) ~ 20 

4 F IELO COMPACTICN COMPLETED 1330 -- ----5 FIELD COMPACTICN ELAPSED TIME (4) - (2) (min) ~ - 35 

6 TOT AL ELAPSED TIME (3) • (5) (min) ----- 55 - -
MASS OF LME PER SQUARE FOOT 

TEST I 

7 INSIDE LEll(;TH OF PAN mm 330 

8 INSIDE WIDTH OF PAN mm 330 

9 MASS OF PAN ka 1.36 

10 MASS OF LIME PLUS PAN kn I . 76 

II MASS OF LIME ( 10) - (9) ka 0.40 
(7) X (8) 

12 AREA OF PAN 1000 000 mm 2 I m2 m2 0 . 109 

13 MASS OF LIME PER SQUARE FOOT (l I) / ( 12) kg/m2 3 .67 

TEST 2 

14 INSIDE L EN:,TH Of PAN mm 330 

15 INSIDE WIDTH Of PAN mm 330 

16 MASS OF PAN kg 1.36 

17 MASS OF LIME PLUS PAN kc 1.78 

18 MASS OF LIME (17) - (16) kg 0.42 
(14) X (15> 

19 AREA OF PAN ,,,,,..,.. """" mm2 / m2 m2 0.109 

20 MASS OF LIME PER SQUARE FOOT ( 18) / ( 19) kg/m2 3 .85 

TEST 3 

21 INS IOE L EN:,TH OF PAN mm 330 

22 INSIDE WIDTH OF PAN mm 330 

23 MASS OF PAN ka 1.36 

24 MASS OF LIME PLUS PAN kc I. 73 

25 w · ; OF LIME (24) - (23) l<.a 0 . 37 
(21> X <22> 

26 AREA OF PAN 1"'""' ..,,.,,,.,, mm2 ' m2 m2 0 .109 

27 MASS OF LIME PER SQUARE FOOT (25) / (26) l<.a/m 2 3 .39 

Figure I B. - Soil-lime construction (SI example). 
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TEST 4 

28 INSIDE LEN3TH OF PAN rrm 330 . 

29 INSIDE WIDTH OF PAN rrm 330 

30 MASS OF PAN kn 1.36 
.. 

31 MASS OF LIME PLUS PAN Ka I. 76 

32 MASS OF LIME (31) - (30) Kn 0.40 
(28) X C20) 

33 AREA OF PAN 1000 000 mm 2 / m2 m2 0.109 

34 MASS OF LIME PER SQUARE FOOT (32) I (33) Kalm 2 3.67 

TEST 5 

35 INSIDE LEN3TH OF PAN rrm 330 

36 INSIDE WIDTH OF PAN rrm 330 

37 MASS OF PAN Ka 1.36 

38 MASS OF LIME PLUS PAN Kg 1.77 

39 MASS OF LIME (38) - (37) Ka 0.41 
(35) X (36) 

40 AREA OF PAN 1000 000 mm 2 / m 2 m2 0 . 109 

41 MASS OF LIME PER SQUARE FOOT (39) / (40) Kgtm 2 3 . 76 

( 131 • (20) • (27) • (341 • (41) 
Kglm 2 3.67 42 AVERAGE MASS OF LIME PER SQUARE FOOT · NUMBER OF TESTS . 

Figure lB. - Soil-lime consrrucrion (SI example) - Continued. 
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7-2346 (4-86) 
Bureau or Recl1ma1ion I 
PROJECT Example 

SPECIFICATION REQUIREMENTS 

MINIMUM D VALUE 

PERCENT LIME 

TYPE OF LIME USED Quicklime 

TEST IDENTIFICATION 

w 
NUMBER LOCATION 0 

8 
<( 
w 

rr: rr: 
~ ► t=: 

Ill z ... w w :, <( w 0 z <( -
Ill ._ >-

~ ~..: 
Ill , 

~ 0 ~ 
:: >- <( .._.: 
:, ...... <(- ... 
z Ill rr: ... 0 rr: Ill 

0 Ill 

01 15 A I R A I II 5+ 75 25L 

01 15 8 I 0 R 2 I +00 It. 

01 15 C I 0 A 2 1+00 It. 

01 15 C 2 R A I 3+15 105R 

01 15 C 3 R A 2 99+99 14R 

01 16 A I C A I 115+35 27L 

01 16 A 2 R A 2 I +15 35R 

01 16 8 I 0 A 2 3+45 19R 

01 16 8 2 R A I 6+00 147L 

01 16 B 3 R A I 21+16 17R 

FEATURE 

96.0 % 

5.0 I 
% 

z 
0 0 

6 
w zz le o -

<( <( -:: .. ~~ 
.... 

:: Uw 
0 ":: 

<t:; .__ 
u Z · ::>-z -W 

0 ... x:; Oo 
0 Uw 

i= it= 0 of 
<(,: 

> 0 0 ~5 :t ...J w ... w u.w ...J 
w w u:: :: 

7235 SR 30 25 

7205 SR 30 25 

7205 SR 30 40 

7199 SR 25 30 

7200 SR 30 20 

10950 SR 30 25 

10761 SR 20 25 

10804 SR 25 30 

10803 SR 25 25 

10910 SR 20 30 

SUMMARY OF COMPACTED soil-LIME TESTS I D••~nolion USBR 5865-~i 

Example SPECIFICATION NO. SL-I PERIOD OF REPORT I0- I - 8 9 TO 10-31-89 

FILL NAME RA-IA TOTAL MATERIAL PLACED 18 000 yd3 

BORROW AREA CODES __ I __ • Area Al NO. OF ACCEPTED TESTS 9 

_2_ . Area Bl NO. OF REJECTED TESTS I 

- - -. ---
FIRST SPECIMEN AND FILL UNIT WEIGHT STANDARD RAPID CONTROL 

z CORRELATION TESTS AT FILL MOISTURE LABORATORY VALUES 
0 -,. 

0 i= >-..: TOTAL MINUS NO. 4 w 
f~ <( Zw MATERIAL MATERIAL :: 

U...J wrr: rr: -,. 0 
:5::_ u::o ~<( w ::>-,_ ~~# "' -Ill Ill ~u>- :,w c > -,. w 

wl- ... =>Z:x:M :, rr: I ~;:o REMARKS Ww ~~ Ox ~-,. o->- 0 i5i 1-
:, 

...J:i: u- t:1- w,- z~> w>-,_ ,_:i: ~ :," ;;: ~~~ ~2~ 
...J :5., w:i: rr:z rr:,_ a:"'"' <(-,. <(-

~a~ =>w z • 
~~~ t;z:,::M ~ ~~ a i=i;: ·c ...... u :::: .,, .. =>z oW:: 1.:-W > ...... .,, ~~ ~ ":,":::. ::ttir 0 ...J J~ ~~ B ~z :, iv,c,:, ~~~ :e ...J~ '.E ::o 00~ !!o I 6 ... ...J ::8 8 u 0 ... ~8 .. oz ...J,- - ~ Ill 3: ::8 go ~z > :, 

55 CH 5 .0 116.2 21.1 0 .0 0 .00 21.1 96.1 96.0 96.8 21.9 0 .8 99.8 99.2 First test on fill 

55 CH 5.1 141.2 5.9 33.9 2 .65 9 .2 124.3 119.8 125.7 10.4 1.2 96.4 95.3 * Rejected D- ratio low 

70 CH 5 .1 139.6 8.2 26.8 2 .54 10.1 125 .2 121 .7 125.9 10.8 0 .7 97 .2 96.6 RE-01-15-8-1 

· 55 CH 5 .0 139.3 9.9 18.9 2 .71 12.0 120.7 121 . 3 120.7 12.1 0.1 100.4 100.4 

50 CH 5 .3 139.9 10. 2 19.9 2 .71 12.5 120.0 119.6 120.0 12.4 -0.1 99 .6 99.6 

55 CH 5.4 117.4 22 .0 0 .0 0 .00 22.0 97.5 96.2 98.5 22.9 0 .9 98 .7 97 .7 

45 CH 5 .0 111,4 16.8 0.0 0.00 16.8 96.6 95.4 98.6 19.5 2.7 98 .8 96.8 

55 CH 5 . 1 132.0 12.4 17 .6 2.68 14 .8 112.2 110.9 113.7 16 .2 1.4 98.8 97 .5 

50 CH 5.1 133. 1 12.8 17.4 2.70 15 .3 110.1 110.2 113.0 16.8 1.5 100.2 97.5 

50 CH 5.0 139.6 10.3 19.2 2 .58 12 .5 119.8 119.2 119.0 12.4 -0.1 99.7 99.7 

GPO no-e,u 

Figure 2A. - Summary o f compacted so il lime rests ( in-lb exa mple). 
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7m-2346 (4-86) 
Bureau of Reclamation I 
PROJECT EKample 

SPECIFICATION REOUI REM EN TS 

MINIMUM D VALUE 96.0 

PERCENT LIME 5.0 

TYPE OF LIME USED Quicklime 

TEST IDENTIFICATION 

NUMBER 
w 
Q LOCATION 
Q 
u 
< w 

a: a: 
~ > t "' < z I-w w ::, ., ...... 3: 0 w 
z < - :;; >- < ;:: E ~E 
~ a ~ ::, ........ 0 < u. a: z "' I- 0 a: "' 0 ., 

01 IS A I R A l 35+ 28 BL 

01 15 B I D R 2 30 l 

01 15 C I D A 2 30 l 

01 15 C 2 R A I 96 32R 

01 15 C 3 R A 2 30+ 48 4R 

01 16 A I C A I 35+ 16 BL 

01 16 A 2 R A 2 35 I IR 

01 16 B I 0 A 2 I+ 05 6R 

01 16 B 2 R A I I+ 83 45L 

01 16 B 3 R A I 6+ 45 SR 

FEATURE 

% 

% 

z Q Q 

;:: w zz "' u .. o-
< < -:;; .. -'z 

,- . 
:;; Uw w_ <:;; 
0 '-':;; .__ 
u ~w· :;;,-

z 
0 u. x:;; oa 

Q Uw ;:: ii= 0 oie <E 0 0 ~:s > r ...J w 
...J .... w u..w 

w .: w :;; 

2205 SR 30 25 

2196 SR 30 25 

2196 SR 30 40 

2194 SR 25 30 

2195 SR 30 20 

3338 SR 30 25 

3280 SR 20 25 

3293 SR 25 30 

3293 SR 25 25 

3325 SR 20 30 

SUMMARY OF COMPACTED SOIL-LIME TESTS I Designalion USBR 5865•§~ 

Example SPECIFICATION NO. SL-I PERIOD OF REPORT IO- l-89 TO 10-31-89 

FILL NAME RA-IA TOTAL MATERIAL PLACED 14000 m 3 

BORROW AREA CODES _I -- C 
Area Al NO. OF ACCEPTED TESTS 9 

2 . Area Bl NO. OF REJECTED TESTS I 

- - -. ---
FIRST SPECIMEN AND FILL UNIT WEIGHT STANDARD RAPID CONTROL 

z CORRELATION TESTS AT FILL MOISTURE LABORATORY VALUES 
0 * Q ;:: '"< TOTAL MINUS NO. 4 w 

f~ < Zw MATERIAL MATERIAL * ~ u..., 
~~ a: s:;; u::o w w ~ ti- ~~ ~o ~~;,I? -a, ., °":u> > * w ww· ::l:;; Ox w f- ,- =>zrM >=&:o REMARKS 

~* ou::~ a :;;=>>-- ~i f-
:::, 

...J:;; s~ u- t .... w .... Z-> wt:~ ,_r ~:::, '-' E ::r~ ...J 
<- w:;; a:z ~ .... a:!:?M X> W Z -~Z <* ZrM z · ~~~ ~~~1 f-_W .=f ·o ........ u :;;:;; ::,'-' E ::lw .,, .. t;;ffi* o w E ;~s: .:,/. .. 0 .... > 
0 ...J -o ~wen ........ .. :::, i"'CJ _J~ z o:;;z :!:of :::i:~a: 6 .... -'a: ~J .lt 

!!?z 
...J -f- O.>w Z 

-'f- ;< 8 a: 8 u 0 ~8 oz ~~~ ~ u.. .. u:z < "' :;;o 
u u :::, > 

55 CH 5.0 1861 21.1 0.0 0 .00 21.1 15 . 10 15.08 15 .21 21.9 0 .8 99.B 99 .2 First test on fill 

55 CH 5.1 2262 5.9 33.9 2.65 9.2 19.53 18.82 19.75 10.4 t.2 96.4 95.3 *Rejected 0- ratio low 

70 CH 5.1 2236 8.2 26.8 2.54 10.1 19.67 19.12 19. 78 10.8 0.7 97.2 96.6 RE-01-I5-B-I 

55 CH 5.0 2231 9 .9 18.9 2.7 1 12.0 18.96 19.05 18.96 12. 1 0 . 1 100.4 100.4 

50 CH 5.3 2241 10.2 19 .9 2.71 12 .5 18.85 18.79 18.85 12.4 -0. 1 99.6 99.6 

55 CH 5.4 1881 22.0 0 .0 0 .00 22.0 15.32 15.11 15.47 22 .9 0.9 98.7 97 .7 

45 CH 5.0 1784 16.8 0 .0 0 .00 16.8 15. 17 14.99 15.49 19.5 2.7 98.8 96.8 

55 CH 5.1 2214 12.4 17.6 2.68 14.8 17.63 17.42 17.86 16.2 1.4 98.8 97.5 

50 CH 5.2 2132 12 .8 17.4 2 .70 15.3 17 .30 17 .31 17 . 75 16.8 1.5 100.2 97 .5 

so CH 5.0 2236 10.3 19.2 2.58 12.5 18.82 18.77 18.69 12.4 -0 .1 99.7 99. 7 

GP011, o - o,o 

Figure 2B. - Summary o f compacted soil lime tests (S I example). 
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APPENDIX 

Xl. DETERMINING AMOUNT OF LIME TO ADD TO SOIL 

X 1.1 The percent lime ro be added to the soil is stated 
in the specifications as either percent hydrated lime or 
percent quicklime. Because two forms of lime can be used, 
the lime must always be referred to as hydrated lime or 
quicklime on all test forms , inspection reports, or other 
reports . 
X 1.2 The percent lime is convened to an amount of lime 
to be added to the mass of one square foot of loose untreated 
soil; it is expressed in terms of lbm/ft2. The amount of 
lime added can then be monitored during construction by 
measuring the mass of lime added per square foot. 
X 1.3 The calculation of mass of soil per square foot is 
required. The uncompacted soil that the lime is added to 
is either loosened in-place (discing, ecc.) or is excavated 
and then transported to a mixing area. In either case, the 
soil exists as a loose lift of constant thickness . The thickness 
depends on the equipment and procedures chat are used 
co mix che lime into the soil. 
X 1.4 The density of the compacted layer of soil-lime must 
be determined. Before construction, the maximum unit 
weight can be determined by performing either USBR 5500 
or 7240 on the soil that is to be used. The maximum 
unit weight must be converted to .. maximum density." The 
in-place dry density of the compacted soil-lime can be 
established by multiplying the ··maximum density" by che 
specified percent co1ilpaction (converted to decimal form) . 
X 1.5 During construction, the density of ·the compacted 
layer of soil -lime can be selected based on che in-place 
densities obtained from che construction control resting. 
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X 1.6 The thickness of the loose soil chat results in a 
6-inch compacted layer muse be predetermined. Before 
construction, assume a loose thickness of 9 inches. During 
conscruccion, measurements of loose thickness versus 
compacted lift thickness should be made ro establish a 
representative value. 
X 1.7 Mass of soil per square foot is determined. 

X 

where: 

6 
12 

X Pd (X 1) 

1112 mass of soil per square foot of loose soil, lbm/ ft 2 

d1 thickness of loose soil lift, in 
d2 thickness of loose soil chat results in a 6-inch 

compacced lift, in 
6 thickness of compacted lift, in 

12 changes inch co foot 
Pd dry density of compacted soil-lime, lbm/ft3 

X 1.8 The amount of lime co be added is determined. 

111 I 

where: 

Lm2 
lOO (X2) 

m1 mass of lime per square foot of loose soil, lbm/ft2 

L percent lime co be added, % 
100 convert from percent co decimal 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5870-89 

PERFORMING RECORD CORING AND 
CROSS SECTIONING OF COMPACTED SOIL-LIME 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5870. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. Corresponding forms in SI units are included. 
The SI forms have the letter M following the first digit in the form number. 

1. Scope 

1.1 This designation outlines the procedure for 
performing record coring and cross sectioning of compacted 
soil-lime. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5720 Performing Unconfined Compressive 
Strength Testing of Soils 
USBR 5860 Performing Compressive Strength Testing 
of Compacted Soil-Lime Mix 
USBR 5865 Performing Construction Control of 
Compacted Soil-Lime Mixtures 

3. Summary of Method 

3.1 Three- or four-inch (76- or 102-mm) diameter core 
samples of soil-lime are obtained through the entire thick­
ness of a soil-lime section using a rotary drill equipped with 
a masonry-type diamond drill bit. The coring is performed 
28, 90, and 360 days after soil-lime placement and samples 
are retrieved, labeled, and logged. Core samples are tested 
for percent lime as calcium oxide (CaO) and for compressive 
strength. 

3.2 Following the 28-day coring, a steel reinforcing bar 
is placed in each drill hole and grouted into place. The 
bar is placed so it extends 1 to 2 inches (25 to 50 mm) 
above the surface of the soil-lime. Record cross sections 
are taken then at these locations. Soil-lime cross sections 
are plotted referencing (1) the locations and elevations 
of the soil-lime surface and reinforcing bars, and (2) the 
thickness of the soil-lime determined from record coring. 

4. Significance and Use 

4.1 Soil-lime record coring is performed to evaluate 
construction control (USBR 5865) and for record purposes. 
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4.1.1 Record cores are obtained at 28, 90, and 360 
days after placement. 

4.1.2 Record coring is conducted to determine the 
quality and the total thickness of the soil-lime. 

4.1.3 Record core drill hole locations are based on 
the design of the soil-lime structure. Hole locations required 
for testing should be determined before beginning 
construction. Cores also should be obtained in any area 
of questionable soil-lime quality. 

4.2 Record cross sections are determined at locations 
where the 28-day core sampJes are obtained. 

4.3 Results from record e0ring, laboratory test results 
on record core samples, and the plotted cross sections ate 
used to assess soil-lime deterioration and erosion when 
inspected in future years. · 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 

6. Apparatus 

6.1 Equipment Unique to This Procedure: 
6.1.1 Drill and Drill Stand.-A rotary drill capable 

of drilling 4-inch (102-mm) diameter core samples up to 
4 feet (1.2 m) in length. The drill must be capable of 
drilling holes perpendicular to the placement lifts on soil­
lime slopes. The drill should be mounted and the drill 
stand anchored so that the drill and stand are stable during 
the drilling process. 

6.1.2 Rod.-Re!1}ovable extension adaptors and 
extension rods comp~tible with drill and fOre barrels. 

6.1.3 Water.-W:iter supply-.for dr1llin2 to remove 
cuttings and cool drill bits. 

6.1.4 Generator.-Portable electric generator suitable 
for supplying electric power to drill. 

6.1.5 Dri.11.-Rotary impact drill or other suitable 
device for drilling holes for anchor bolts. 

6.1.6 Anchors.-Anchors and bolts adequate for 
securing the drill stand to the soil-lime. 

6.1.7 Core Barrels.-Diamond surface set or diamond 
impregnated masonry drill bits, 3- or 4-inch (76- or 102-
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mm) inside diameter, preferably of sufficient length co 
penetrate the full vertical depth of the soil-lime. 

6.1.8 Core Retrieval Barrels .-Worn 3- or 4-inch (76-
or 102-mm) diameter masonry drill bits with cutting edge 
removed and slotted on the drilling end for retrieving core 
samples (fig. 1). 

6.1.9 Shipping Boxes.-Cardboard boxes with 
Styrofoam inserts and plywood bottoms for shipping 4-inch 
(102-mm) diameter core samples co the Bureau's Denver 
Office. 

6.1.10 Reinforcing Bars .-Secrions of No. 4 steel 
reinforcing bar cur co appropriate lengths. The reinforcing 
bar should be of sufficient length to penetrate the entire 
vertical depth of the soil-lime and ex rend 1 co. 2 inches 
(25 co 55 mm) above the surface of the soil-lime. 

6.2 Miscellaneous Equipment: 
6.2. l Assorted cools necessary for drilling operations, 

chain tangs and pipe wrenches for installing and removing 
core barrels, and waterproof markers for labeling core 
samples. 

6.2.2 Potable water, concrete premix or bagged 
cement or grout premix for backfilling drill holes. 

7. Precautions 

7.1 Safety Precautions: 
7.1.1 This designation may involve hazardous 

materials, operations, and equipment. 

... 
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3.o' or 4.0' I.D. • I 
( 76mm or 102mm ID) 

r-.--, , , , 
1' 
Ll 

, , 
lJ 

f.' ( 1.6mm) Wall thickness 

Three milled 1½ "(3emm)wide 
1 of (:;8 mm) high slots at 
IZO". bent slightly inword 

Figure I. - Core recrieval barrels made from worn diamond studded 
core·barrels. 
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7 .1.2 Safety hazards may be involved in use of the 
rotary drill. Refer to the manufacturer's handbook and the 
Bureau's safety manual [ l] 1 before operating the drill. 

7.1.3 Ensure that electrical supply lines are well 
insulated and connecrions kept dry co prevent elecrrical 
shock. 

7.1.4 Use caution when refilling gasoline ranks on 
electrical generacors. 

7.1.5 Drilling equipment and core samples are heavy 
and awkward co handle; use care when lifting and 
transporting equipment. 

7.1.6 Drilling operations often rake place on sloped 
surfaces. Adequate safety shoes or safety boors should be 
worn co prevent slipping.into machinery or down the slope. 

7.1.7 Wear gloves co protect che hands during coring 
operations. 

7. l.8 Wear safety glasses, respiracor, and hardhat. 
7.2 Technical Precautions : 

7.2.1 Core barrels should remain perpendicular co 
the placement lifts during drilling. The drill and stand 
should be stable while drilling co prevent core from binding 
in the barrel. 

7.2.2 Drilling should be performed at a slow rotation 
speed, with constant feed pressure so chat the core is not 
damaged during the drilling operation. 

7.2.3 Core retrieval barrels should be of sufficient 
length co remove the core ·in o·ne· piece throughout the 
entire depth of soil-lime. 

8. Sampling, Test Specimens; and Test Units 

8.1 Frequency and location of coring and cross 
sectioning of soil-lime structures are determined on· an 
individual basis by the Denver Office staff. 

9. Calibration and Standardization 

9.1 Nor applicable, refere~ce standards are not us·ed 
for this procedure. 

10. Conditioning 

10. l Place core samples in shipping boxes °ind cover 
immediately after retrieval ·co prevent moisture loss. 

11. Procedure 

l l.1. All data are recorded on the "Log of Soil-Lime 
Drill Hole" form as shown on figure 2A or 2B. Figure 
2A is in inch-pound units and figure 2B is in SI units. 

11.2 Anchor the drill stand .to the soil-lime in a manner 
chat effectively stabilizes the drill and drill stand during 
drilling and allows for coring and core retrieval co be 
perpendicular co the placement lifts. 

11.3 As required, install a 3- or 4-inch (76- or 102-mm) 
inside-diameter core barrel of sufficient length co penetrate 
the full depth of che soil-lime sections. 

1 Number in .brackets refers to the reference. 
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11.4 Drill perpendicular to the placement lifts through 
the entire depth of soil-lime to the embankment or 
foundation contact in one continuous operation. 

11.4.1 Drilling is to progress slowly and continuously 
to minimize damage to the core. 

11.4.2 If the core has broken and is binding in the 
core barrel, stop drilling, remove the core barrel, and 
retrieve the broken pieces of core with the core retrieval 
barrel before continuing. 

11.4.3 If the depth of soil-lime exceeds the maximum 
length of the core barrel, remove the core barrel and retrieve 
core with core retrieval barrel. Add an extension rod and 
continue drilling to embankment or foundation contact. 

11.5 Remove the core barrel, and install a core retrieval 
barrel of sufficient length to remove the core in one piece. 

11.6 Retrieve the core in one operation by inserting 
the core retrieval barrel over the full length of core and 
extracting both from the hole. As soon as the core retrieval 
barrel and core are out of the hole, place a cover over 
the hole to prevent the core from falling back into the 
hole. 

11. 7 Remove the core retrieval barrel from the drill, 
and carefully remove the core from the barrel by pushing 
the core out the top. Place core in a shipping box in the 
exact order that it was retrieved. 

11.8 Immediately label the core by hole number and 
its position in the hole from top to bottom. Indicate the 
direction of top on each piece of core. 

11.9 Log the hole as shown on figure 2A or 2B, note: 
• Drilling method 
• Depth at which breaks occur in core 
• Lift contacts where possible 
• Embankment or foundation contact 
• Other pertinent information (i.e., spun core, loose 
material, poor compaction, lime concentrations that did 
not hydrate, etc.). 

11.10 When possible, keep the shipping box lid closed 
to prevent moisture loss. 

11.11 Refill all core holes with grout or premix slurry. 
11.11.1 Following the 28-day coring, grout a No. 4 

steel reinforcing bar into each drill hole through the entire 
depth of soil-lime. Make sure that a portion of the bar 
which extends above the surface is vertical. Place grout 
around the reinforcing bar so the bar extends 1 to 2 inches 
(25 to 50 mm) above the surface of the soil-lime. 

11.11.2 Either place the bars or cut the tops so that 
all the bars are about the same height above the soil-lime 
surface. 

11.12 Pack the cores carefully to prevent damage in 
transit. 

11.13 Mark and address the outside of the shipping 
box as follows: 

Fragile 
Do not freeze or drop 
This side up (arrow pointing in right direction) 

Regardless of method of shipment, samples should be 
sent to the Denver Federal Center addressed as follows: 

Geotechnical Services Branch, D-3760 
Building 56, Entrance W-13 
Bureau of Reclamation 
PO Box 25007 
Denver CO 80225 

11.13.1 Ensure that the cores are completely labeled 
and securely packed before shipping to prevent damage 
during shipment. 

11.14 Following the 28-day coring operation, coordi­
nate cross sectioning of the soil-lime with a survey crew 
to obtain: 

• Stations 
• Elevations 
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• Offsets of reinforcing bars installed during record 
conng 
• Measure the distance that each reinforcing bar 
extends above the surface of the soil-lime. 

Plot cross sections and reference: 
• Reinforcing bars installed after record coring 
• Thickness of soil-lime determined during record 
coring 

See figure 3A or 3B for an example of a typical soil­
lime cross section. Figure 3A is in inch-pound units and 
figure 3B is in SI units. 

11.15 Ninety- and 360-day core samples are taken 
immediately adjacent to the locations of the 28-day core 
holes. 

12. Calculations 

12.1 Not applicable, calculations are not required for 
this procedure. 

13. Report 

13.1 The report is to consist of the following completed 
and checked form and plots: 

"Log of Soil-Lime Drill Hole" (fig. 2A or 2B). 
Plots of soil-lime cross sections (fig. 3A or 3B). 

14. Reference 

[l] Driller's Safety Manual, Bureau of Reclamation, 
Denver, CO, 1982. 



7-2 344 (4-86) 
Bure au of Reclamation 

PROJECT __ E_._M_. _______ _ 

HOLE NO. ___ D_H_-_I ______ _ 

GROUND ELEVATION 493 . 4 f t . 

DATECORED __ I0_-_2_4_-~8_9 ___ _ 

NOTES 

(a) DESCRIPTION OF DRILLING METHOD 
(b) OTHER PERTINENT INFORMATION 

Used 3/4 inch electric drill 
with stand anchored to' 
soil - lime, diamond tipped 
core barrel, 4 inch Inside 
diameter. 

Hole drilled perpendicular 
to lift placement. 

Drill hole backfilled with 
premix concrete. 

USBR 5870 

LOG OF SOIL-LIME DRILL HOLE 
Designation USBR 5870-.6~ 

FEATURE Example Canal 

STATION 32+ 89 

TOTAL DEPTH 4.0 

LOGGED BY 

w >-::;; a: 
:::; o<.:> u 
i-::;;1-z :z: 

:Z:<,:, I-zO<l:j:: ~-= 11.o 
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- -
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- 3.7-

- -
- -
>-- 4-
..... -
.... -
.... -

LOCATION Reach I 

ft. OFFSET 32 . 9 left <t_ 

ft . CORE DIAMETER 4 

APPROVED BY 

DESCRIPTION OF CORE 

Lime particles visible throughout 
spun core . 

Break 

Solid 

Break 

Top crumbly 

Solid 

Break 

Solid 

Break 

Crumbly uncompacted 

Break 

Solid 

Break 

Crumbly 

Break 

Lime particles visible 

Soil, Foundation 

ft. 

in . 

GPO850-5gg 

Figure 2A. - Log of soil-lime drill hole (in-II:> example). 
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7m-2 344 ( 4-86) 
Bureau.of Reclamation 

USBR 5870 

LOG OF SOIL-LIME DRILL HOLE 
Designation USBR 5870-.8~ 

PROJECT __ E_._M_. _______ FEATURE _E_x_a_m~p_le __ C_a_n_a_l ___ LOCATION __ R_e_a_c_h_l ______ _ 

HOLE NO. __ D_H_-_I _______ STATION ____ I_0_+_o_o ___ m OFFSET __ Io_. O_l_e_f_t_i _____ m 

GROUND ELEVATION _1_5_0_.Q ___ m TOTALDEPTH _____ l __ 2 ___ m CORE DIAMETER ___ 1_0_2 ____ mm 

DATE CORED __ I_0_-_2_4_-_8_9 ____ LOGGED BY ___________ APPROVED BY _________ _ 

NOTES 

(a) DESCRIPTION OF DRILLING METHOD 
(bl OTHER PERTINENT INFORMATION 

Used 19mm electric drill 
with stand anchored to 
soil - lime, diamond tipped 
core barrel, 102 mm 
inside diameter. 

Hole drilled perpendicular 
to lift placement. 

Drill hole backfilled with 
premix concrete. 

-
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---1.0-

,- -
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~g 
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DESCRIPTION OF CORE 

Lime particles visible throughout 
spun core. 

---+- Break, possible lift line. 

Solid 

---+-- Break 

Top crumbly 

Solid 

---+-- Break 

Solid 

---+- Break 

Soil, F.oundation 

GPO 8!50- 600 

Figure 2B. - Log of soil-lime drill hole (SI example). 
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Top of soil-lime 

USBR 5870 

Contact of s01l · hme 
and foundation 

ProJect . EM 
Feature : Example canal 
Locohon.Reach I 
Dote Surveyed : Io- Z4 -89 
Porty Chief :J.A.K 
Checked By: A BC. 

Elevation 
478.9 

~-------~-------~-------~-------~-------t.· 
50 40 30 20 10 

ID 

CANAL CROSS-SECTION, STATION 32+ 89 
LEFT OF CENTER LINE ( FEET) 

Figure 3A. - Typical soil-lime cross section (in-lb units). 

Top of re1nforc1no bar, El. 150. I 

~ 

Proiec I EM 
Feoture.Exomple canal 
Location :Reoch I 
Date Surveyed: 10- 2 4-89 
Party Chief: J A.C. 
Checked By: A.B.C . 

~ Top of reinfarcino bor,[I 141 o 

~ . ,-Elevation 
~ 146 9(Tapof S01l·hme) 

~ ; ~ El~;~t~~~-
...._________ ....._____ --.._:.:: ~: :'.-- -~~ 

-- ~ 

. I. __ - ·--··--· -- - · ··--- ----- -- - _.L ... 
I() 5 

CANAL CROSS-SECTION, STATION 10+00 
LEFT OF CENTER LINE (METERS) 

Figure 3B. - Typical soil-lime cross.section (SI units). 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING SOIL-LIME pH 

USBR 5875-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5875. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation ouclines the procedure for 
performing the soil-lime pH test. 

1.2 The procedure is used co determine the lowest 
percentage of lime required to stabilize a soil. The lime 
percentage which results in a soil-lime pH of 12.4 is 
optimum for use as a soil stabilizer. 

2. Auxiliary Tests 

2.1 A test sample must be obtained in accordance with 
USBR 5205 prior to performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5330 Performing Gradation Analysis of Fines and 
Sand Size Fraction of Soils, Including Hydrometer Analysis 
USBR 5350 Determining the Liquid Limit of Soils by 
the One-Point Method 

3.2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

3.3 Manufacturers' pH meter calibration procedure. 

4. Summary of Method 

4.1 Soil specimens are mixed with either hydrated lime 
or quicklime ranging from 0 co 12 percent (lime) by dry 
mass of soil. The combination of soil-lime is mixed with 
CO2-free distilled water for a prescribed time. Two pH 
readings are taken per specimen. The lime percentage that 

992 

results in a soil-lime pH of 12.4 is optimum for use as 
a soil stabilizer. 

5. Significance and Use 

5.1 The soil-lime pH test is performed as an indicator 
test to determine the lowest percent lime required to 
stabilize a soil. 

5.2 The lime percentage that results in a soil-lime pH 
of 12.4 is optimum. Additional lime is free lime and may 
not change the soil properties. 

5.3 The procedure describes a method to determine 
the percent lime for a feasible design to stabilize a soil. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.l Buffer Solution.-A solution of specific pH 

value used to calibrate the pH merer. 
6.2.2 Free Lime.-Lime in a soil-lime mixture that 

has not hydrated. 
6.2.3 Hydrated Lime.-The common name for 

calcium hydroxide [Ca(OH)2], a complex formed by the 
bond of water co calcium which initiates hydration. 

6.2.4 Lime Content.-Amoum of lime added co soil, 
specified by percent of dry mass of soil. 

6.2.5 pH.-The negative logarithm of the effective 
hydrogen-ion concentration or hydrogen-ion activity in 
gram equivalents per liter used in expressing both acidity 
and alkalinity on a scale whose values range from O to 

14; numbers less than 7 indicate increasing acidity, 7 
represents neutrality, and numbers greater than 7 indicate 
increasing alkalinity. 

6.2.6 Quicklime.-The common name for calcium 
oxide (CaO). 

7. Apparatus 

7.1 General Apparatus: 
7.1.1 BalanceorScale.-A typical balance or scale used 

for this designation must be readable to 0.01 gram and 
have a capacity of about 600 grams. 
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7.1.2 S1eve.-U.S.A. Standard series No. 40 (425 µm) 
conforming co requirements of ASTM E 11. 

7.1.3. Drying Oven.-An oven, chermoscacically 
controlled, preferably of che forced draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F ( 110± 
5 °C) chroughour che drying chamber. 

7.1.4 Plastic Borrles.-Thirceen 150-ml (or larger) 
plastic boccies with wacercight caps. 

7. 1.5 Plastic Beakers.-Twenty-six 50-ml (or larger) 
plastic beakers. 

7.1.6 Safety Equipmenr.-Proteccive eyewear, gloves, 
respiracor, plastic apron, etc. 

7.2 Equipment Unique to This Procedure: 
7.2.l A pH Merer.-Equipped with an electrode and 

having a pH range from l co 14. 

8. Reagents and Materials 

8.1 CO2-free fresh distilled water scored in a tightly 
capped container. 

8.2 Buffer solutions having a pH of 4, 7, 10, and 14. 
8.3 Quicklime, calcium oxide (CaO). 
8.4 Hydrated lime, calcium hydroxide [Ca(OH)2]. 

9. Precautions 

9.1 Safety Precautions: 
9.1.1 Hydrated lime or quicklime becomes very hoc 

when ic chemically combines with water. Appropriate safety 
equipment such as gloves, protective eyewear, respirator, 
and a plastic apron should be worn when handling lime. 

9.1.2 This procedure may involve hazardous 
materials, operations, and equipment. 

9.2 Technical Precautions: 
9.2.1 Computations to determine che mass of 

quicklime and hydrated lime (calcium hydroxide) are 
different. (See par. 14 for applicable computations 
depending on the type of lime used.) 

9.2.2 The soil-lime-water mixture is alkaline and will 
react with metal or glass; therefore, plastic bottles and 
beakers muse be used. 

10. Calibration and Standardization 

10.1 Verify chat equipment is currently calibrated in 
accordance wich the applicable calibration procedure. If the 
calibration is noc current, perform che calibration before 
using the equipment for the sample preparation. 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 

10.2 The pH Merer Calibranon.-Calibrace the pH 
meter with the buffer solution according co manufacturer's 
specifications. 

11. Sampling, Test Specimens, and Test Units 

11. l Sample Preparation: 
11.1.1 Prepare a representative soil sample in 

accordance wich USBR 5205. 
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11.1.2 Ovendry the sample at a constant temperature 
of 230 °F (110 °C) for a minimum of 16 hours or until 
a constant mass is obtained. 

11.1.3 Pass sufficient material through che No. 40 
sieve (425 µm) co obtain 550 grams of material smaller 
than No. 40. 

11.1.4 Thoroughly mix the material passing che 
No. 40 sieve. 

11.1.5 If the procedure in paragraph 13 cannot be 
performed immediately, see subparagraph 12.1. 

12. Conditioning 

12.1 To perform che procedure discussed in paragraph 
13, ic is necessary chat the material obtained (ouclined in 
subpar. 11.1) remain in an ovendried scare. If the procedure 
described in paragraph 13 cannot immediately follow 
sample preparation in subparagraph 11.1, score che material 
in an airtight and moisture-proof container. 

12.2 The mixture of soil, lime, and distilled water (pre­
pared according co subpars. 13.2 and 13.3) requires a 
minimum mixing time of 30 seconds every 10 minutes 
for l hour. 

13. Procedure 

13.1 All data are co be recorded on che "Soil-Lime pH 
Test" form as shown on figure 1. 

13.2 From the 550-gram ovendried soil sample 
prepared in paragraph 11, obtain thirteen 20.00-gram 
specimens weighed co che nearest 0.0 l gram. 

13.3 Pour each 20.00-gram specimen into a 150-ml 
(or larger) clean, dry plastic boccie having a watertight cap. 

13.4 Calculate and record che inass of lime required 
for each percentage of lime co be tested (usually O co 
12 percent by dry mass of soil.) 

13.5 Depending on type of lime used, the mass of 
lime is determined according co compucacions in 
subparagraph 14.2 or 14.3. Obtain the specified mass of 
lime co the nearest 0.01 gram for each specimen. Combine 
each soil specimen with the specified mass of lime. 

13.6 Thoroughly mix the soil and lime into a homo­
genous mixture by shaking the capped plastic bottle. 

13.7 Add 100 ml (±1.0 ml) of CO2-free distilled water 
co each specimen. 

13.8 Cap che boccie and shake the soil-lime-water 
mixture co form a slurry. Shake vigorously until there is 
either no evidence of dry material or a minimum of 30 
seconds has elapsed. 

13.9 Shake each slurried specimen for a 30-second 
period every 10 minutes for 1 hour. 

13.10 After l hour, transfer 25 ml(± 1.0 ml) of slurry 
co each of cwo clean, dry plastic beakers and measure che 
pH of the slurry in each beaker. Perform chis operation 
for each percentage of lime added co che soil. 

13.11 For each beaker, record che pH of the slurry 
co che nearest 0.1. 

13.12 Calculate and record the average pH value for 
each percentage of lime. 
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14. Calculations 

14.l Lime content is specified by percent of dry mass 
of soil. Two types of lime may be used in this procedure: 
(1) quicklime, which is in the dry state; and (2) hydrated 
lime (calcium hydroxide),- which is a combination of lime 
and approximately 32 percent water. 

14.2 Quicklime Mass Determination: 

where: 
qL = mass of quicklime, g 

AB 
100 

A = percent of lime for rest, % 
B = dry mass of soil (for this test 20.00 g) 

100 = converts percent lime A to decimal form 

(1) 
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14.3 Hydrated Lime Mass Determination: 

1.32 AB 
qL = 100 (2) 

where: 
qL = 
A= 
B= 

1.32 

100 

mass of hydrated lime, g 
percent of lime for cesr, % 
dry mass of soil (for chis test 20.00 g) 
constant to account for the amount of water in 

hydrated lime 
converts percent lime A to decimal form 

15. Report 

15.1 The report is to consist of the completed "Soil­
Lime pH Test" form (fig. 1) . 

15.2 All calculations are to show a checkmark. 
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SOIL-LIME pH TEST Designnl ion USBR 5875. !!~ 

PROJECT Example FEATURE Example 

LOCATION Borrow Area Q L DEPTH/ELEV. 1.0 - 10.0 Om 

SAMPLE NO. ________________ _ TYPE OF LIME Quicklime 18111 

pH METER CALIBRATED WITH 7 14 BUFFER SOLUTION _..;;S....:.t..;;accn:.::d:.::a:..:.r..::d:..._ ________ _ DATE CALIBRATED • Moy 89 

TESTED BY--------
DAT(; ____ _ COMPUTED BY ________ _ DATE ____ _ CHECKED BY _______ _ 

DATE-----

I Container Number 13 12 II 10 9 8 7 6 5 4 3 2 
MASS DETERMINf.TIONS 

Percent Lime (%) 0 I 2 3 4 5 6 7 8 9 10 II 12 
Mass of soil (g) 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20 .00 20.00 20.00 20.00 20.00 
Mass of Lim&· (g) 0 .0 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2 .20 2.40 

MIXING 

Siert time (24 hour clock) 1300 1304 1306 1310 1313 1318 1320 1323 1325 1328 1331 1335 1337 
Completion time 124-hour clock) 1400 1404 1406 1410 1413 1418 1420 1423 1425 1428 1431 1435 1437 

pH . 

Beaker Number 26 25 24 23 22 21 20 19 18 17 16 15 14 
pH readings 7.817.8 8.518 .6 9 .419.4 10.1 lio.2 11.0111.0 11.al 11.a 12.4lr2.4 12.4112.4 12.4lr2.4 12.4112.4 12.4112.4 12.4112.4 12.4112.4 
Average pH Reading 7.8 8.6 9 .4 10.2 11.0 11. 8 12.4 12.4 12.4 12 .4 12.4 12.4 12.4 

Quicklime Computation 

Percent lime x Mass of soil 
Mass of lime O IOO.O 

Hydrated Lime Computat ion 

1.32 X (Percent lime X Mass of Soil) 
Mass of lime• ,oo.O 

Remarks : -------------------------------------------------------------------------------

GPO 8~0•018 

Figure I. - Soil-li me pH test - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5890-89 

PREP ARING LABORATORY BENTONITIC SLURRY SAMPLE 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branc_h, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5890. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
preparing a bentonitic slurry sample of known proportions 
for testing and evaluation in the laboratory. 

2. Auxiliary Tests 

2.1 The slurry sample produced by this procedure is 
used in laboratory studies of bentonitic slurries. Properties 
of the bentonitic slurry may be evaluated by any or all 
of a series of tests including designations USBR *3105 , 
5891, 5892, 5893, 5894, and 5895. All or part of this test 
series may be required as part of a bentonitic slurry 
evaluation program. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1012 Calibrating Balances or Scales 
USBR *3105 Hydrogen Ion Activity (pH) of Water and 
Water-Based Fluids 
USBR 3900 Standard Definitions of Terms and 
Symbols Relating to Soil Mechanics 
USBR 5891 Determining Coarse-Grained Portion of a 
Slurry by the Sand Content Test Method 
USBR 5892 Determining Slurry Unit Weight by the Mud 
Balance Test Method 
USBR 5893 Determining Slurry Filtration Characteristics 
by the Filter Press Test Method 
USBR 5894 Determining Slurry Viscosity by the Marsh 
Funnel Test Method 
USBR 5895 Determining Slurry Viscosity by the 
Viscometer Test Method 

3.2 APJ Recommended Pracnce.-Standard Procedure 
for Testing Drilling Fluids, American Petroleum Institute, 
APIRP 13B, sec. 4, 1982. 

4. Summary of Method 

4.1 Bentonite, aggregate, chemical additives, and water 
are weighed and combined into various predetermined 
proportions in a mixer to form a bentonitic slurry sample. 

* Concrete Manual, Bureau of Reclamarion, parr 2, in press. 
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5. Significance and Use 

5.1 Bentonitic slurries of known properties are 
produced using this method. The properties of a slurry 
are studied for selection of the most desirable and economic 
combinations of bentonite, aggregates, and chemical 
additives to perform a specific function. Bentonitic slurries 
are commonly used to stabilize and seal soil during rotary 
drilling and sampling operations or slurry trench 
excavations. Bentonitic slurries produced-using this 
method-also may be used to model soil-slurry interaction 
and to compare properties of a bentonitic slurry of known 
proportions to one of unknown proportions. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Aggregate.-Any materials held in suspension 

by slurry shear strength such as silt, sand, organic material, 
etc. 

6.2.2 Bentonitic Slurry.-A mixture, primarily of 
water and bentonite, used in drilling or slurry trench 
construction that displays an initial shear strength and/ 
or gains shear strength with time. The bentonitic slurry 
may or may not contain aggregate. 

6.2.3 Hydrate.-To combine chemically with water. 

7. Apparatus 

7 .1 The exact apparatus required for this procedure 
depends on the volume of bentonitic slurry to be mixed. 

7 .1.1 Balance or Scale. -A typical balance or scale used 
for this designation must be readable to 0.01 Ibm and have 
a capacity of about 50 lbm. 

7.1.2 Mixer.-High speed mixers capable of 11,000 
to 17,000 r/ min under load are preferred; however, by 
exercising care and allowing the bentonite to hydrate for 
longer times, lower speed mixers may prove satisfactory. 

7.1.3 Mixing Bowl-Of sufficient size to mix the 
desired sample without splashing the sample out of the 
mixing bowl. 

7.1.4 Weighing Pans.-Used to contain bentonite, 
aggregate, and chemical additives while weighing. 
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7.1.5 Bucket.-Capable of being sealed when storing 
bentonitic slurry and large enough to contain water when 
weighing. 

7.1.6 Scoop.-Of appropriate size to add bentonite, 
aggregate, and chemical additives co water. 

8. Reagents and Materials 

8.1 When a study of bentonitic slurries is being 
performed to model a specific project application, all 
materials including water, bentonite (brand and grade), 
chemical additives, and aggregate must be identical co those 
used on the project. 

9. Precautions 

9.1 Safety Precautions.-This designation may involve 
hazardous materials, operations, and equipment. 

9.2 Technical Precautions: 
9.2. l When using low speed mixers, extra care is 

required to ensure that the bentonite and chemical additives 

12.3 Place the predetermined amounts of bentonite, 
chemical additives, and aggregate in separate, clean pans. 

12.4 Pour the water into the mixing bowl. 
12.5 Start the mixer on the lowest speed and gradually 

increase to the highest speed possible without splashing 
the water out of the bowl. 

12.6 Slowly add small amounts of bentonite into the 
water (while it is mixing) until all the bentonite has been 
added. The bentonite may form lumps if added too quickly. 

12.7 Continue mixing the bentonite-water mixture for 
a minimum of 20 minutes or until no lumps remain in 
the mixture. 

12.8 If chemical additives are to be used, they should 
be added to the bemonite-water mixture after the bentonite 
has been thoroughly dispersed and hydrated and while the 
mixer is running. 

NOTE 2.-If a low speed mixer is used, the bentonite-water 
mixture should be allowed to stand for 16 hours after mixing 
co allow complete dispersion and hydration before the chemical 
additives are added to the mixture. 

mix thoroughly without forming_ lumps. . . . 12.9 If aggregate is added to the bentonite-water or 
9.2.2 Source water, bentontte, chemical addtttves, and bentonite-water-chemical additive mixture, it may be added 

aggregate must be .f_rom._the same source as the san:iple. - - wnile·manua]ly agitating the folly hydrated bentonitic slurry 
of unk?own f>ropomons if samp!es of known proporttons or while mixing in an automatic mixer on low speed. 
are bemg mixed to compare with samples of unknown 12.10 Pour the .bentonitic slurry into a container of 
proportions. sufficient size. Seal the container to prevent evaporation 

10. Calibration and Standardization 

10. l The balance or scale used in this procedure 1s 
to be calibrated according to USBR 1012. 

11. Conditioning 

11.1 Slurry specimen temperature should not vary 
more than ±2 ° C from the temperature of the source slurry. 

11.2 Hydration time of bentonitic slurries depends on 
the method of mixing and the degree of dispersion of 
the bentonite. Generally, a hydration time of 16 hours is 
sufficient for laboratory samples produced using a low speed 
mixer. 

12. Procedure 

NOTE 1.-It is assumed-at chis point in the procedure-chat 
a bentonicic slurry mix has been specified and chat the required 
masses of all components of chat mix have been calculated in 
accordance with paragraph 13. 

12. l All data are to be recorded on the "Slurry 
Properties" form as shown on figure 1. 

12.2 Place the predetermined amount of water in a 
clean bucker. 
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of water. 
12.11 

each use. 
Thoroughly wash and dry all equipment after 

13. Calculations 

13. l Mixed proportions of a laboratory-produced 
bentonitic slurry are typically stated in terms of percent 
of water mass. 

Example: A 5-percent bentonice, 0.01-percent CMC [carboxy­
methyl cellulose (used· co thicken or stabilize benonitic slurries)], 
and 20-percent sand mixture would contain 0.5 lbm bentonite, 
0.001 lbm of CMC, and 2.0 lbm of sand for each 10 lbm of 
water. 

13.2 To convert pounds mass to grams, multiply by 
453.6 g/lbm. 

14. Report 

14.1 The report is to consist of a completed and checked 
"Slurry Properties" form (fig. 1 ). 

14.2 All calculations are to show a checkmark. 
14.3 Report the masses of materials actually used in 

m1xmg the sample and the actual mix proportions as a 
percent of the water mass used. 
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Example 
TESTED BY 

IDENTIFICATION 

2 
0 
;::: a: 

w z w <{ <D 0 
..J . w w a: - :a; a:;::: "-O I- :a; I-* ~oj ~2 

<{ z-I-0 w 
(/) u X 0 

..J 2 ~ 0 
u 

I 12-8 10=00 5 MIX #I 

REMARKS: Mix #I -10 lbm water 

SLURRY PROPERTIES Designation USBR589O. §~ 
FEATURE LOCATION 

DATE !COMPUTED BY DATE !CHECKED BY 

TESTING 

ui >-w ..J 
VISCOMETER TEST 

1-W 11 ~ I.ii AV 14 PV 5 y ~ 6 7 
a: a: a: rU w 

~ ..L 
>- ::) a:::) 

::?~,;;- I- - >- z I- -I- z c"' u. i,:• I- - ...J:rN a: I- ::) I- oZ...i .S~ ->- u >- 2 ";. ..Jc.:,~ 
a:<{ u ..J <r- w...J.::- zwo ~~~ i; I- I- ~t;= r E- -1- i5;; <rz-::) a: 0 (/) a: u s: <{ ::0 <{~> 2- u-

...Jw a... Q. ur- -o w"' - (/) 
_wo 

228 w- I- <D f! -0 -o "-o I- a: 0 --'o.. <{ 0.. cno?f!. (/) (/) a: 0 1-0 -w-
(/)~ -o- o- o-

<{g (/) u o::: - I- - ~a:-. -::;; 2::i u- - a: o::O o ::O <{ (/) .J- z U) :;::-
w t::w ::l::;; >,:r <O .0 M.O o..- ..J- w f! - ...J ,E 6 I- :0 
I- z I- :a; = = o..> o..> w- .-v,.:::. 

<{ >- (0 

21° 

0 . 5 lbm bentonite, 2.0 lbm sand(5% bentoni le, 20% sand) 

'FORMULAS: 
(31 AV= (11/2 
(41 PV = (11 -(21 
(5l VP = (2H4l .. 

SOFT = S FIRM = F 

Figure l. - Slurry properties - example. 

TABLE I 

SHEET I OF I 
DATE 

FILTER PRESS TEST >-W 
a: a: • >- a::, (/) • u w (/) ::) I-

I- w 2 
~~ fr, w <{ v,_ z-a:(/) ..J ~ E I-

(/) __,w-
1-0 E uE <r"-__,..J- vi -- z::;; 
u:: r z - w I- 0 u.. I-u 

21° 

'These formulas apply only to the 
Fann viscometer with R1, B1, and Fl 
combinat ions . 

HARD= H 
GPO B50-5 9B 

C 
VJ 
t:,j 
:,:l 
VI 
00 
\D 
0 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 5891-89 

DETERMINING COARSE-GRAINED PORTION 
OF A SLURRY BY THE SAND CONTENT TEST METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laborarory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5891. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the coarse-grained portion of a water-based, 
slurry mixture using the sand content test. 

1.2 The procedure is used to determine the volume 
(in percent) of sand in slurries and drilling fluids. This 
procedure is essentially the same as the API (American 
Petroleum Institute) Recommended Practice 13B, 1982, but 
it has been expanded to form a more complete procedure. 

2. Auxiliary Tests 

2.1 A representative slurry sample must be produced 
in the laboratory in accordance with USBR 5890 or acquired 
in the field using a sampler capable of collecting a sufficient 
volume of slurry from a desired location or depth. Field 
samplers vary according to application and construction 
requirements; therefore, prior approval of any field sampler 
must be obtained on a case-by-case basis. 

2.2 The sand content rest is usually one of a series 
of rests designed to evaluate the properties of a slurry. 
Included in this rest series are designations USBR *3105, 
5890, 5892, 5893, 5894, and 5895. All or part of this rest 
series may be required as a part of a slurry evaluation 
program. 

2.3 Temperature readings of the slurry are taken to 
the nearest 0.5 °C upon sampling and at the beginning 
and conclusion of the complete test series. Temperatures 
of individual test specimens are not required if tests are 
performed simultaneously or sequentially. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR *3105 Hydrogen Ion Activity (pH) of Water and 
Water-Based Fluids 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5890 Preparing Laboratory Bentonitic Slurry 
Sample 

*- Concrete Manual, Bureau of Reclamarion, pan 2, in press. 
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USBR 5892 Determining Slurry Unit Weight by the Mud 
Balance Test Method 
USBR 5893 Determining Slurry Filtration Characteristics 
by the Filter Press Test Method 
USBR 5894 Determining Slurry Viscosity by the Marsh 
Funnel Test Method 
USBR 5895 Determining Slurry Viscosity by the 
Viscometer Test Method 

3.2 AP! Recommended Pract1ce.-Standard Procedure 
for Testing Drilling Fluids, American Petroleum Institute, 
APIRP 13B, sec. 4, 1982. 

4. Summary of Method 

4.1 The measuring tube (fig. 1) is filled with slurry 
and water to the appropriate mark and is shaken. The 
mixture is poured onto a U.S.A. Standard series No. 200 
mesh (75 µm) sieve and the minus No. 200 material is 
washed gently through the sieve. The funnel is fitted over 
the cop of the sieve; the tip of the funnel is inserted into 
the measuring tube, and the assembly inverted. All material 
retained on the sieve is washed from the sieve into the 
graduated tube and is read directly as percent sand by 
volume. 

5. Significance and Use 

5.1 This procedure is used to determine the amount 
of coarse-grained material in a water-based bentonitic 
slurry. The range of measurement is roo limited for use 
in slurry-cement wall construction. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Slurry.-Any fluid used in drilling or slurry 

trench construcrion that displays an initial shear strength 
and/or gains shear strength with time. The slurry may 
or may not contain aggregate. 

6.2.2 Aggregace:-Any material held in suspension 
by slurry shear strength such as silt, sand, organic material, 
etc. 
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7. Apparatus 

7.1 SandContentSet(fig. l ) : 
7.1.1 Sieve.-U.S.A. Standard series No. 200 mesh 

(75 µm ), 2-1 / 2-ioch (63-mm) diameter. 
7 .1.2 Funnel.-Fuooel to fit the sieve and the 

measuring tube. 
7.1.3 Measuring Tube.-Traosparent tube (usually 

glass) marked from Oto 20 percent by volume in l percent 
graduations . 

NOfE 1.-The volume of coarse-grained material, including 
vo id spaces between grains, is measured and expressed as percent 
(by volume) of slurry. 

8. Precautions 

8.1 Safety Precautions: 
8.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
8.2 The measuring tube often is made of glass. Care 

must be taken when handling wet glass and storing it 
when ooc in use. 

9. Calibration and Standardization 

9.1 The apparatus is manufactured in such a manner 
that calibration is noc required. Any equipment that appears 
co be damaged should be replaced. 

10. Conditioning 

10.1 Slurry specimen temperature should not vary 
more than ±2 ° C from the temperature of the source slurry. 

10.2 Tapwater may be used as wash water. 

11. Procedure 

11.1 All data are to be recorded on the "Slurry 
Properties" form as shown on figure 2. 

........... ___ _ 
Sieve No. 200 mesh. Funnel. 

11.2 Fill the measuring tube with slurry, using the 
represencative sample obtained in subparagraph 2.1 , to the 
mark labeled mud to here. 

11.3 Add water to the next mark labeled water to here. 
11.4 Place thumb or finger over the mouth of the tube 

and shake the tube vigorously. 
11.5 Wet the No. 200-mesh (75 µm) sieve. 
11.6 Pour che water-slurry mixture from the measuring 

tube onto the clean, wee No. 200-mesh (75 µm) sieve. 
11.7 Discard the liquid that passes through the sieve. 
11.8 Add more water to the measuring tube, shake 

the tube, and again pour the water onto the sieve. Continue 
this seep until the measuring tube is clean. 

11.9 Wash che material retained on the sieve to remove 
any remaining fine-grained [minus No. 200 (4.75 mm) 
sieve size] material. 

11.10 Attach che funnel upside down over the top of 
the sieve. 

11.11 Insert the tip of the funnel ioco che mouth of 
the empty measuring tube and carefully invert the assembly. 

11.12 With a fine spray of water, wash the material 
retained on the sieve into the measuring tube. 

11.13 Allow the coarse-grained material co settle. 
11.14 Read che coarse-grained material volume directly 

from the graduations on che tube as the percent of slurry 
volume originally used in subparagraph 11.2. Record the 
percent of coarse-grained material to the nearest 1 percent 
in the column labeled Sand content ( % vol.) as shown 
on figure 2. 

11.15 Thoroughly wash and dry all equipmeoc after 
each use. 

12. Calculations 

12.1 Not applicable; calculations are not required for 
this procedure. 

13. Report 

13.1 The report is to consist of a completed and checked 
• "Slurry Properties·· form (fig. 2) . 

Measuring tube. 

Figure 1. - Sand content set. 
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SLURRY PROPERTIES Designation USBR5891 _ §~ 
PROJECT FEATURE LOCATION 

Example 
TESTED BY DATE rOMPUTED BY DATE rHECKED BY 

IDENTIFICATION TESTING 

z >-w 
v•~• METER TEST 

0 w I- w _J 1 7 '" AV '" ~v 5 y~ 6 I 

i'.= 
cc cc cc cc :i:U 

w ;;:: ..L w z >-::, cc::, 
~~,;;- I- - >- 2 

I- -u• i.:• I- -w <( C%l 0 cc~- ::, I- oZ_j i-2 .scS .:~ ->- u >- 2~ 
_J~ 

...JJ:N 
_J • w w cc - :::;; cc i'.= _J <t- w -'.::: zwo -::, I- I- -1- ~t;-= <>.o I- :::;; I- ae cc cc u Vl CCU s: <t ~ J: Vl LL - E- e- o; :!we 

~05 <t~> 8:i:~ z- u-
~z <( z- ::::lw.2.. -'w.2.. C. ~8 ~8 W Vl - Vl zz8 i'.= I- C%l f! <>.o 1- CC 0 0 w _JI>. <( I>. Vl0 "/)P. Vl Vl cc 0 1-0 -w-
Vl u X 0 Vl:::;; -o- o- o-

<t~ VlU o::: -1- - :::;; cc --:::;; u- -cc 0~ 0~ zv,:;:, 
~ 

_J 2:::, ><t <t Vl _J -z w !::w ::>::; "'.0 M .0 I>.- _J - w f! - ...J :Q 61-E 
0 I- z I- :::;; = = <>.> <>.> w- -- U)= u <( >- co 

I 12-9 12:30 5 MIX#t 19° 8 

REMARKS: 
Mix #I -I0tbm water, 0.5 lbm bentonite, 2.0 lbm sand ( 5% ben toni te, 20% sand) 

"FORMULAS: 
(3) AV=(l)/2 
(4) PV ~ ( 11-(2) 
(5) yp • (2)-(4) .. 

SOFT= S FIRM= F 

Figure 2. - Slurry properties - example. 

TABLE I 

SHEET I OF I 
DATE 

Fl L TER PRESS TEST >-W 
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'These formulas apply only to the 
Fann viscometer with RI, B1, and Fl 
combinations. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING SLURRY UNIT WEIGHT 
BY THE MUD BALANCE TEST METHOD 

USBR 5892-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5892. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1. 1 This designation outlines the procedure for 
determining the unit weight of a slurry by the mud balance 
test method. 

1.2 The procedure is used for determining the unit 
weight of slurry muds and drilling fluids, but it is applicable 
to most fluids. This procedure is essentially the same as 
the API (American Petroleum Institute) Recommended 
Practice 13B, 1982, but it has been expanded to form a 
more complete procedure. 

2. Auxiliary Tests 

2.1 A representative slurry sample must be produced 
in the laboratory in accordance with USBR 5890 or acquired 
in the field using a sampler capable of collecting a sufficient 
volume of slurry from a desired location or depth. Field 
samplers vary according to application and construction 
requirements; therefore, prior approval of any field sampler 
must be obtained on a case-by-case basis. 

2.2 The mud balance test is usually one of a series 
of tests designed to evaluate the properties of a slurry. 
Included in this test series are designations USBR *3105, 
5890, 5891, 5893, 5894, and 5895 . All or part of this test 
series may be required as part of a slurry evaluation 
program. 

2.3 Temperature readings of the slurry are taken to 

the nearest 0.5 °C upon sampling and at the beginning 
and conclusion of the complete test series. Temperatures 
of individual test specimens are not required if tests are 
performed simultaneously or sequentially. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR *3105 Hydrogen Ion Activity (pH) of Water and 
Water-Based Fluids 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 

* Concrete Manual, Bureau of Reclamacion, pare 2, in press. 

USBR 5890 Preparing Laboratory Bentonitic Slurry 
Sample 
USBR 5891 Determining Coarse-Grained Portion of a 
Slurry by the Sand Content Test Method 
USBR 5893 Determining Slurry F.iltration Character­
istics by the Filter Press Test Method 
USBR 5894 Determining Slurry Viscosity by the Marsh 
Funnel Test Method 
USBR 5895 Determining Slurry Viscosity by the 
Viscometer Test Method 

3.2 ASTM Standard: 
E 1 ASTM Thermometers 

3.3 AP/ Recommended Practice.-Standard Procedure 
for Testing Drilling Fluids, American Petroleum Institute, 
APIRP 13B, sec. 1, 198i 

4. Summary of Method 

4.1 The mass of a fixed volume of slurry is determined 
by balancing it against the mass of a fixed counterweight 
and a rider weight on a crossbeam. The rider weight is 
slid along the crossbeam until the point of balance is 
reached. The density of the slurry is read at the position 
on the graduated scale of the crossbeam at which the rider 
weight rests at the point of- balance. The dens icy is then 
converted to unit weight. 

5. Significance and Use 

5.1 This test method provides a means to determine 
the unit weight of a slurry. The unit weight of a slurry 
is an indicator of slurry mix proportions and is used to 

calculate hydraulic pressure applied to che side walls of 
a slurry trench or drill hole. In slurry trench construction, 
a maximum weight of slurry is often specified co ensure 
displacement of the slurry by selected backfill. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
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6.2. l Sluny.-Any fluid used in drilling or s lurry 
trench construction that displays an initi al shear strength 
and/or gains shear strength with rime. The s lurry may 
or may nor contain aggregate. 

6.2.2 Aggregace.- Any material held in suspensio n 
by slurry shear strength such as silt, sand, organic material, 
ere. 

7. Apparatus 

7. 1 Mud Balance. - The mud balance is the instrument 
most common ly used to determine the density of s lurries 
(fig. 1). The mud balance consists of a cup fixed to one 
end of a beam that has a counterweight on rhe other end 
and a rider we ight that can be slid a long the crossbeam. 
A graduated scale is etched into rhe beam. When the cup 
is filled with s lurry, balance is achieved by s liding the rider 
weight a lo ng rhe beam until a level bubble mounted on 
the beam is centered. Attachments for extending the range 
of the mud balance may be used for dense fluids. 

7.2 Thermometer. -0 to 50 °C, 0.5 °C divisions, 
conforming to requirements of ASTM E I. 

8. Precautions 

8.1 Safety Preawnons.- This designation may involve 
hazardous materials, operations, and equipment. 

9. Calibration and Standardization 

9. 1 The mud balance shou ld be ca lib rated week ly using 
clean, fresh distil led water. Disr illed water shou ld indicate 
a reading of 62.4 lbm/ fr 1 at 70 ° F ( 1.00 g/cm' at 21 °C). 
If it does nor, ad just the balancing screw or the amount 

of lead shot in the well (counterweight) as required to 

ob tain this reading. 

10. Conditioning 

10. l Slurry specimen temperature should nor vary by 
more than ±2 °C from the temperature of the s lurry source. 

11. Procedure 

11. All data are to be recorded on the "Slurry 
Properties" form as shown on figure 2. 

11.2 Ser the instrument support on a stab le, level 
surface. 

11.3 Fill rhe clean, dry cup with s lurry from the sample 
prepared in accordance with subparagraph 2.1. Place rhe 
cap on the cup and rotate rhe cap until firmly seared. Make 
sure some of the slurry is expelled through the hole in 
rhe cap so that air or gas is nor trapped. 

l l.4 Wash and wipe excess fluid from the outs ide of 
the cup and then dry. 

1 l.5 Place the beam on rhe support and balance it 
by mov ing the rider weight a long the crossbeam with 
graduated sca le. The beam is balanced when the leve ling 
bubble is even ly divided by the centerline. 

11.6 Read the density of the slurry on rhe beam ar 
rhe side of the rider weight nearest the cup. Convert the 
density to unit weight using the equations in subparagraph 
12.2 and record the unit weight to the nearest 0.5 lbf/ fr l 
(0.01 kN/ m 1) as shown on figure 2. Make appropriate 
correct ions if the range extender is used. 

l l .7 Measure and record the slurry temperature to the 
nearest 0.5 °C in acco rdance with subparagaph 2.3. 

11.8 Thoroughly wash and dry all instruments after 
each use. 

e 

Figure I. - Mud balance. ( a) retainer screw, (b) beam (with etched sca le), 
(c) level bubble, (d ) cup, (c ) cou nter weight, ( f) rider weight, (g ) support , and 
( h ) cap. 

1003 



USBR 5892 

12. Calculations 

12.1 To convert density from g/ cm3 to other density 
units of measure, use the expressions: 

_g_ 
specific gravity (numerically) 

cm3 

62.4 (~i) = ( lbm) 
ft l 

· 8.314 (~) ( lbm) 
gal 

12.2 To convert density tO unit weight, use the 
expressions: 

1.0 ( l~t~) 1.0 ( ~:) 

1.0 (
lbm) 
gal (

!bf) 
1.0 1 ga 

9.8067 (_g_ ) = 1.0 ( kN) 
cm3 m3 

NOfE 1.-ln the last conversion, three constants are combined 
into one. Density in g/ml is multiplied by 1000 to convert to 
kg/ml; chat number is multiplied by the acceleration of gravity, 
g (9.8067 m/s2) to convert density in kg/m3 to unit weight in 
N/ m3. The resulting value is then divided by 1000 to convert 
to kN/ml. 

13. Report 

13.1 The report is to consist of a completed and checked 
"Slurry Properties" form (fig. 2). 

13.2 All calculations are to show a checkmark. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 5893-89 
PROCEDURE FOR 

DETERMINING SLURRY FILTRATION CHARACTERISTICS 
BY THE FILTER PRESS TEST METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5893. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the filter cake characteristics (thickness and 
consistency) and fluid loss caused by forcing a slurry through 
a porous media. 

1.2 The procedure is used to evaluate the ability of 
a slurry mud or a drill fluid to form a seal on a standard 
filter paper while subjected to a predetermined pressure 
for a given time duration. This procedure is essentially 
the same as the API (American Petroleum Institute) 
Recommended Practice 13B, 1982, but it has been expanded 
to form a more complete procedure. 

2. Auxiliary Tests 

2.1 A representative slurry sample must be produced 
in the laboratory in accordance with USBR 5890 or acquired 
in the field using a sampler capable of collecting a sufficient 
volume of slurry from a desired location or depth. Field 
samplers vary according to application and construction 
requirements; therefore, prior approval of any field sampler 
must be obtained on a case-by-case basis. 

2.2 The filter press test is usually one of a series of 
tests designed to evaluate the properties of a slurry. Included 
in chis test series are designations USBR *3105, 5890, 5891, 
5892, 5894, and 5895. All or part of this test series may 
be required as part of a slurry evaluation program. 

2.3 Temperature readings of the slurry are taken to 
the nearest 0.5 °C upon sampling and at the beginning 
and conclusion of the complete test series. Temperatures 
of individual rest specimens are not required if rests are 
performed simultaneously or sequentially. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1040 Calibrating Pressure Gauges 
USBR *3105 Hydrogen Ion Activity (pH) of Water and 
Water-Based Fluids 

* Concrere Manual, Bureau of Reclamation, part 2, in press. 

USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5890 Preparing Laboratory Bentonitic Slurry 
Sample 
USBR 5891 Determining Coarse-Grained Portion of a 
Slurry by the Sand Content Test Method 
USBR 5892 Determining Slurry Unit Weight by the Mud 
Balance Test Method 
USBR 5894 Determining Slurry Viscosity by the Marsh 
Funnel Test Method 
USBR 5895 Determining Slurry Viscosity by the 
Viscometer Test Method 

3.2 ASTM Standard: 
E 1 ASTM Thermometers 

3.3 AP/ Recommended Practice.-Standard Procedure 
for Testing Drilling Fluids, American Petroleum Institute, 
APIRP 13B, sec. 1, 1982. 

4. Summary of Method 

4.1 The slurry to be tested is placed into a sealable 
chamber which has a porous filter paper covering an 
opening at the bottom and a pressure source connected 
co the cop. A specified pressure is applied to the top of 
the slurry which forces the slurry co flow through the porous 
filter and form a cake on the surface of the porous filter. 
The cake lowers the permeability of the porous filter and 
limits the amount of slurry that can be expelled from the 
chamber during a specified time interval. 

S. Significance and Use 

5.1 In the case of a bentoniric slurry, results from this 
test serve as indicators of the degree of hydration of the 
mixture and of sealing capabilities of different slurries. 

5.2 In the case of a cement-bentonite slurry, test results 
are indicative of potential change in cement-water ratio 
during the construction process. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
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6.2. l Slurry.-Any fluid used in drilling or slurry 
crench conscruction that displays an initial shear strength 
and/or gains shear strength with time. The slurry may 
or may not contain aggregate. 

6.2.2 Aggregate.-Any mate.rial held in suspension 
by slurry shear strength such as silt, sand, organic material, 
etc. 

7. Apparatus 

7.1 Filter Press (fig. 1): 
7.1.l Mud Chamber.-A metal cylinder having an 

inside diameter of 3.0 inches and a height of 2-1/2 inches 
(76 by 64 mm). This high-pressure chamber is manufac­
tured of materials resistant tO strongly alkaline solutions. 

7.1.2 Top Cap.-A circular metal cap designed tO fit 
on one end of the mud chamber. The top cap is fined 
in a manner co allow pressure to be applied into the 
chamber through the top cap and released from the pressure 
relief valve. A gasket between the top cap and mud chamber 
provides a right seal. 

7.1.3 Base Cap.-A circular metal cap designed co fie 
on one end of the mud chamber. Filter paper (90 mm 
in diameter) should be placed on a metal supporc screen 
which is placed in rhe base cap. The base cap should allow 
a filtration area of 7.1±0.1 in2 (45.8±0.6 cm2) and be fitted 
with a filtrate tube. A gasket between the base cap and 
the mud chamber provides a right seal. 

7.1.4 Stand.-A stand to supporc the mud chamber, 
base cap, and top cap, and which clamps the mud chamber 
and base caps togecher by means of a threaded T-screw. 

7.1.5 GraduatedCy!inder.-Glass, l0or25 mL,0.1 ml 
divisions. 

7.1.6 Pressure Source.-A nonhazardous gas used to 
pressurize the mud chamber. Compressed gas cylinders 
equipped with pressure regulators and fittings can be used 
as a pressure source. 

7.1.7 Filter Paper.-Whatman, No. 50, S&S No. 576, 
or eq~ivalent must be used. 

7.2 Timer.-A 30-minute clock, accurate within 1.0 
second. 

7.3 Thermometer.-0 co 50 °C, 0.5 °C divisions, 
conforming co requirements of ASTM E 1. 

7.4 Linear Scale.-A scale 100-mm long, 1.0 mm 
divisions. 

8. Precautions 

8.1 Safety Precautions: 
8.1. l This designation may involve hazardous 

materials, operations, and equipment. 
8.1.2 Cylinders of compressed gas should always be 

firmly secured and kept in a cool place to lessen che danger 
of explosion. 

8.1.3 Keep the lengths of all pressurized hoses to 
a minimum, and wear safety glasses when hoses are 
pressurized. 

8.1.4 Cylinders should have adequate, firm supporc 
to prevent chem from tipping or falling. 

9. Calibration and Standardization 

9.1 The apparatus is manufactured so chat calibration 
is not required. Any equipment that appears co be damaged 
should be replaced. 

9.2 The pressure gauge must be calibrated in accordance 
with USBR 1040. 

10. Conditioning 

10. l Slurry specimen temperature should not vary 
more than ±2 ° C from the temperature of the slurry source. 

11. Procedure 

11. l All data are co be recorded on the "Slurry 
Properc_ies" form as shown on figure 2. 

11.2 Be sure each part of the filter apparatus, 
particularly the screen, is clean and dry and the gaskets 
are not distorted or worn. 

11.3 Place gaskets on base cap and top cap. 
11.4 Place a clean, unused filcer paper on the support 

screen. Insert filter paper and support screen into base 
cap. Secure and tighten base cap to mud chamber making 
sure the gasket forms an even seal between the base cap 
and the mud chamber. 

11.5 Fill the mud chamber co within 1/4 inch (6 mm) 
of the top with slurry prepared in accordance with USBR 
5890. Secure and tighten the cop cap to the mud chamber 
making sure the gasket forms an even seal between the 
top cap and the mud chamber. 

11.6 Set the assembled chamber in the stand and secure 
it to the stand with the T-screw. 

11.7 Place a clean, dry, 10- or 250-mL graduated 
cylinder under the filtrate tube. 

11.8 Set the timer for 30 minutes. 
11.9 Close the pressure relief valve and adjust the 

pressure regulator so that a supply pressure of 
100±5 lbf/in2 (690±35 kPa) is applied in 30 seconds or 
less. Other supply pressures may be used depending on 
the requirements for a specific situation. The test period 
begins at the time the required pressure is achieved. 

11 .10 Start the timer and make sure pressure is applied 
for the entire 30 minutes. 

11.11 At the end of 30 minutes measure the volume of 
filtrate; record to the nearest 0.1 ml as shown on figure 2. 

11.12 Decrease the supply pressure to zero with the 
pressure regulator. 

11.13 Carefully open the pressure relief valve co 
depressurize the mud chamber. Unwind the T-screw and 
remove the mud chamber from the stand. Remove che 
top cap and measure and record rhe slurry temperature 
to the nearest 0.5 °C in accordance with subparagraph 
2.3. Discard che slurry. Disassemble the chamber using 
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extreme care to save the filter paper with a mm,mum 
of disturbance to the filter cake. 

11. l4 Was h excess s lurry from the filter cake with a 
gentle stream of water. Measure and record to the neares t 
0.5 mm the thickness of the filter cake (fig. 2). 

11.15 Evaluate and record the fi lter cake cons istency. 
Although standard descriptions are virtua lly impossible, 
such no tat ions as hard, firm, soft , etc. , may convey some 
idea of cake consistency. 

Figure J. - Filter press. (a) T-scrcw, (b) top cap, (c) supply pressure 
ga uge, (d ) pressure regulator, (e) pressure relief va lve, (f) mud 
chamber, (g) base cap, (h ) filtrate tube, ( i) graduated cyl inder, 
( j) compressed a ir tank , (k) stand , and ( I) cyl inde r pressure ga uge. 

12 . Calculations 

12. 1 Not applicab le; calculations are not required for 
this procedure. 

13 . Repo rt 

13. l The report is to cons ist of a completed and checked 
"Slu rry Properties" form (fig. 2) . 

k 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING SLURRY VISCOSITY 
BY THE MARSH FUNNEL TEST METHOD 

USBR 5894-89 

INTRODUCTION 

This procedure is under rhe jurisdiction of rhe Georechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 5894. The number immediately 
following the designation indicates rhe year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the viscosity of a slurry by•• the Marsh funnel 
test method. 

1.2 The procedure is used for determining the viscosity 
of slurry muds and drilling fluids, but it is applicable to 
most fluids. The procedure is essentially the same as the · 
API (American Petroleum Institute) Recommended 
Practice 13B, 1982, but it has been expanded to form a 
more complete procedure. 

2." Auxiliary Tests 

2.1 A representative slurry sample must be produced 
in the laboratory in accordance with USBR 5890 or acquired 
in the field using a sampler capable of collecting a sufficient 
volume of slurry from a desired location or depth. Field 
samplers vary according to application and construction 
requirements; therefore, prior approval of any field sampler 
must be obtained on a case-by-case basis. 

2.2 The Marsh funnel test is usually one of a series 
of tests designed to evaluate the properties of a slurry. 
Included in this test series are designations USBR *3105, 
5890, 5891, 5892, 5893, and 5895. All or part of this test 
series may be required ·as part of a slurry evaluation 
program. 

2.3 Temperature readings of the slurry are taken to 
the nearest 0.5 °C upon sampling and at the beginning 
and conclusion of the complete test series. Temperatures 
of individual test specimens are not required if tests are 
performed simultaneously or sequentially. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR *3105 Hydrogen Ion Activity (pH) of Water and 
Water-Based Fluids 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 

* Concrete Manual, Bureau of Reclamarion, pare 2, in pr~ss. 

'USBR 5890 Preparing Laboratory Bentonitic Slurry 
Sample 
USBR 5891 Determining Coarse-Grained Portion of a 
Slurry by the Sand Content Test Method 
USBR 5892 Determining Slurry Unit Weight by the Mud 
Balance Test Method 
USBR 5893 Determining Slurry Filtration Characteristics 
by the Filter Press Test Method 
USBR 5895 Determining Slurry Viscosity by the 
Viscometer Test Method 

3.2 ASTM Standard: 
E 1 ASTM Thermometers 

3.3 AP/ Recommended Practice.-Srandard Procedure 
for Testing Drilling Fluids, American Petroleum Institute, 
APIRP 13B, sec. 1, 1982. 

4. Summary of Method 

4.1 A funnel of standard dimensions, known as the 
Marsh funnel, is sealed at the bottom while being filled 
to a marked level. The bottom is then unsealed and the 
fluid allowed to drain into a graduated cup. The rime (in 
seconds) required for one U.S. liquid quart (946 ml) of 
fluid to drain from the funnel is known as the Marsh 
funnel viscosity. 

5. Significance and Use 

5.1 This rest method provides a means to determine 
the Marsh funnel viscosity of a slurry. The Marsh funnel 
viscosity is an indicator of the slurry shear strength and 
density. In slurries and drilling fluids, minimum and 
maximum viscosities are often specified so that proper 
suspension of solids is maintained while the slurries still 
retain the capacity to be pumped. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Slurry.-Any fluid used in drilling or slurry 

trench construction that displays an initial shear strength 
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and/or gains shear strength with time. The slurry may 
or may not contain aggregate. 

6.2.2 Aggregate-Any mater ial held in suspension by 
slurry shear strength such as si lt, sand, organic material, 
etc. 

7. Apparatus 

7.1 Marsh Funnel-A funnel, with attached screen, 
dimensioned so that when standard procedures are followed 
the outflow time of one U.S. liquid quart (946 mL) of 
fresh water is 26±0.5 seconds at 70±5 ° F (21±3 °C) (fig. 1). 

7.2 Graduated Cup.- A cup or bottle having a minimum 
capacity of one U.S. liquid quart (946 mL) and marked 
at that volume. 

7.3 Thermometer. - 0 to 50 °C, 0.5 °( divisions, 
conforming to requirements of ASTM E 1. 

7.4 Timer. - A 30- minute clock, accurate within 1.0 
second. 

I 

Figure I. - Marsh funnel and graduated cup. 

8. Precautions 

8.1 Safety Precautions.-This designation may involve 
hazardous materials, operati,-ns, and equipment. 

9. Calibration and Standardization 

9. l The Marsh funnel should be checked periodically 
using distilled water. If an outflow time of 26±0.5 seconds, 
for 1.0 U.S. liquid quart (946 mL), is not obtained for 
disti lled water Lat 70±5 °F (2 1±3 °C)] the Marsh funnel 
should be replaced. 

10. Conditioning 

10.1 The sample of slurry should be prepared and 
thoroughly mixed in accordance with USBR 5890 
immediately prior to performing the Marsh funnel 
procedure. 

10.2 Slurry spec imen temperawre shou ld not vary 
more than ±2 °C from the temperature of the slurry source. 

11. Procedure 

11.1 All data are to be recorded on the "Slurry 
Properties" form as shown on figure 2. 

11.2 Cover the orifice of the Marsh funnel with a finger 
and pour the slurry sample (prepared in accordance with 
USBR 5890) through the screen into the clean, dry, funnel 
until the fluid level reaches the bottom of the screen. 

11.3 H old the funnel over the graduated cup and quickly 
remove the finger from the orifire. Determine the time 
required for the fluid to fill the graduated cup to the 1.0-U.S. 
liquid quart mark (946-mL). 

11.4 Record the time to the nearest second. 
11.5 Measure and record the slurry temperature to the 

nearest 0.5 ° C in accordance with subparagraph 2.3. 
11.6 Wash all remaining fluid from the Marsh funnel 

and graduated cup, and dry each thoroughly. 

12. Calculations 

12.1 The measured time in this procedure is the Marsh 
funnel viscosity. 

13. Report 

13.1 The report is to consist of a completed and checked 
"Slurry Properties" form (fig . 2). 
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(31 AV= (1)/2 
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(5) YP = (2)-(4) .. 

SOFT = S FIRM = F 

Figure 2. - Slurry properties - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING SLURRY VISCOSITY 
BY THE VISCOMETER TEST METHOD 

USBR 5895-89 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Bra~ch, cod~ D-?760, Research and Laborat<:>ry Se~vices 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed des1gnat1on USBR 5895. The number 1mmed1ately 
following the designation indicates the year of acceprance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the viscosity of a slurry by the viscometer 
test method. 

1.2 The procedure is used to determine the flow 
properties of slurry muds and drilling fluids but it !s 
applicable to most noncorrosive fluids . The procedure 1s 
essentially the same as the API (American Petroleum 
Institute) Recommended Practice 13B, 1982, but it has been 
expanded to form a more complete procedure. 

1.3 This procedure includes the use of Fann Models 
35 and HC34A viscometers with an Rl rotating sleeve, 
Bl inner bob, and Fl· torsion spring; therefore, the 
designation is in the context of their operation. For tests 
performed using other configurations or with oth~r 
viscometers or rheometers, check the manufacturers 
literature for proper operating procedures and calculations 
required to determine proper readings and values to be 
recorded on the data form. 

2. Auxiliary Tests 

2.1 A representative-slurry sample must be produced 
in the laboratory in accordance with USBR 5890 or acquired 
in the field using a sampler capable of collecting a sufficient 
volume of slurry from a desired location or depth. Field 
samplers vary according to application and construction 
requirements; therefore, prior approval of any field sampler 
must be obtained on a case-by-case basis. 

2.2 The viscometer test is usually one of a series of 
tests designed to evaluate the properties of a slurry. Included 
in this test series are designations USBR *3105, 5890, 5891, 
5892, 5893, and 5894. All or part of this test series may 
be required as part of a slurry evaluation program. 

2.3 Temperature readings of the slurry are taken to 

the nearest 0.5 °C upon sampling and at the beginning 
and conclusion of the complete tesc series. Temperatures 
of individual test specimens are not required if tests are 
performed simultaneously or sequentially. 

* Concrete Manual, Bureau of Reclamarion, parr 2, in press. 
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3. Applicable Documents 

3.1 USER Procedures: 
USBR *3105 Hydrogen Ion Activity (pH) of Water and 
Water-Based Fluids 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics _ . 
USBR 5890 Preparing Laboratory Bentonmc Slurry 
Sample 
USBR 5891 Determining Coarse-Grained Portion of a 
Slurry by the Sand Content Test Method 
USBR 5892 Determining Slurry Unit Weight by the Mud 
Balance Test Method 
USBR 5893 Determining Slurry Filtration Characteristics 
by the Filter Press Test Method 
USBR 5894 Determing Slurry Viscosity by the Marsh 
Funnel Test Method 

3.2 ASTM Standard: 
E 1 ASTM Thermometers 

3.3 API Recommended Pract1ce.-Standard Procedure 
for Testing Drilling Fluids, American Petroleum Institute, 
APIRP 13B, sec. 2, 1982 

4. Summary of Method 

4.1 A slurry specimen is poured into a suitable 
container. The container is placed under the rotatable 
cylinder. The cylinder is lowered into the fluid co a specified 
(marked) depth. The outer sleeve is spun by handcrank 
or electric motor at a constant velocity. The fluid exerts 
a shear stress on an inner bob which causes a measurable 
rotational deflection of the bob. The instrument described 
in subparagraph 1.3 is calibrated such that the shear stress 
is read directly on the dial gauge in units of !bf/ 100 ft 2. 

5. Significance and Use 

5.1 This procedure is used to assess the viscosity of 
slurries. The initial shear stress and shear stress at different 
velocities are used to determine slurry viscosity, maximum 
particle size that will be held in suspension, and settlement 
races of solid particles. 
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5.2 Shear stress measurements of particular interest 
are chose taken at veloc ities of 300 and 600 r/ min with 
10-second stand rimes, and at 3 r/ min with stands time 
of 10 minutes. 

5. 3 The instrument described in subparagraph 1.3 is 
constructed such that the PV (p lastic viscosity ) in 
centipoises equa ls the 600-r/ min shear stress reading minus 
the 300-r/ min shear stress reading; the YP (yie ld point) 
in !bf/ 100 fr 2 equa ls the 300-r/ min shear stress reading 
minus the PV; and the AV (apparent viscosity ) in 
centipoises equals rhe 600-r/ min shear stress reading 
divided by 2. 

5.4 The 600- and 300-r/ min shear stress readings; the 
PV, YP, and AV calculations; and the ge l-strength 
measurements are used to (a) evaluate changes in slurry 
viscosity and degree of hydration of bentonitic slurries, 
(b) determine pump size requirements, and (c) determine 
slurry capabi lity to lift dri ll cuttings or to suspend solids 
in a s lurry trench excavation. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms not included in USBR 3900 spec ific to this 
designation are: 

6.1.1 Aggregate.-Any material held in suspension 
by slurry shear strength such as s ilt, sand, organic material, 
etc. 

6.1.2 Cencipoise.-A measure of fluid viscosity in 
which a stress of 1/ lOOth of a dyne per square centimeter 
is required to maintain a difference of velocity of 1 cm/s 
between 2 parallel planes lying in the direction of flow 
and separated by a distance of 1 centimeter. 

6.1.3 Viscometer.-Often referred to as a " rheo­
merer" or "rotary viscometer," an instrument for measuring 
the flow properties of fluids. 

g 9 

6.1.4 Slurry. - Any fluid used in drilling or slurry 
trench construction that disp lays an initial shear strength 
and/ or gains shear strength with rime. The slurry may 
or may not contain aggregate. 

7. Apparatus 

7.1 Viscometers are commercia ll y manufacrured 
devices having drive mechanisms powered by hand or 
e lectric motors (fig. 1) . With the exception of the drive 
mechanism, all are essentia ll y the same. 

7.2 Viscometer Test Set: 
7.2.1 Mud Cup.-Capable of holding a volume of 

slurry mud sufficient to allow the rotat ing cy linder to 
penetrate to the specified depth and nor touch the bottom 
or sides of the cup. 

7.2 .2 Viscometer.-Consists of a stand, drive mech­
anism, velocity control lever (s), gear box, dial gauge, torsion 
spring, inner bob, and outer sleeve. Some viscometers also 
may require a retaining spindle for the inner bob. 

7. 3 Thermometer. -0 to SO 0
(, 0.5 °( divisions , 

conforming to requirements of ASTM E 1. 
7.4 Timer.- A 30-m inute clock, accurate within 1.0 

second. 

8. Precautions 

8.1 Safety Precautions: 
8.1.1 This designation may involve hazardous 

materials, operat ions, and equipment. 
8.1.2 Most viscometers are designed to operate in 

unpressurized fluids with a maximum temperature of 
200 ° F (93 ° C). If fluids above 200 ° F are to be rested , 
the operator should e ither use a so lid metal bob or make 
sure that the hollow bob is completely dry inside and 

a 

Figure l. - Viscometers. A-C motor operated ( left-s ide) and manually 
generated. (a) dia l gauge, (b) low speed cra nk, (c) mud cup, 
(d) hig h speed crank, (e) stand, (f) outer s leeve, (g) speed control 
lever, and (h) inner bob. 
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outside. Liquid trapped inside a hollow bob may vaporize 
and cause the bob ro explode when immersed in high 
temperature fluid. 

8.2 Technical Precautions: 
8.2. l The clearance between the inner bob and outer 

sleeve is small. When testing aggregated slurries, it is 
possible to bind the bob and sleeve on large pieces of 
aggregate and ro scratch the bob and/or sleeve and alter 
calibration of the apparatus. 

8.2.2 Slurries tested with this apparatus should have 
a maximum particle size of 0.1 mm. Particles larger than 
0.1 mm may jam the mechanism and produce faulty 
readings. 

9. Calibration 

9.1 Procedures for calibrating a particular viscometer 
are contained in the manufacturer-supplied literature. The 
calibration procedures are used ro check for correct spring 
tension on the inner bob and for correct sleeve rotation 
velocities. Generally, a much simpler test of reliability may 
be made by comparing results of tests performed on distilled 
water, at a rotational velocity of 600 r/min and a constant 
temperature, ro those obtained when the viscometer was 
new or, immediately following a calibration. The apparatus 
should be calibrated (a) when it is new, (b). annually, or 
(c) any time a difference of ±3.0 lbf/100 ft2 is found when 
comparing ro tests performed on distilled water. 

9.2 Calibration may be affected by the roughness of 
the sleeve and inner bob or cylinder. When testing 
aggregated slurry muds, a visual inspection for scratches 
or pitting of all parts coming in contact with the slurry 
should be made each time the apparatus is cleaned. When 
scratches or pits on any piece have become deep enough 
to affect the results of a test performed on distilled water, 
the damaged parts should be replaced. 

10. Conditioning 

10.1 Slurry specimen temperature should not vary 
more than ±2 ° C from the temperature of the source slurry. 

11. Procedure 

11.1 All data are ro be recorded on the "Slurry 
Properties" form as shown on figure 2. 

11.2 Verify that all parts of rhe viscometer are clean 
and rhar moving parts do not bind. 

11.3 Check that the dial gauge reading is zero when 
the outer sleeve is not turning. 

11.4 Fill rhe mud cup to the scribed line with the slurry 
ro be resred and place the cup on the stand directly below 
the sleeve. 

11.5 Immerse the roror sleeve into the slurry exactly 
ro rhe line scribed on the roror sleeve. 

11.6 Set the velocity control co 600 r/ min and begin 
rotating the sleeve. While rotating the sleeve, wait for 
the dial reading to become stable. The dial reading should 
stabilize within 10 seconds. Read and record (as shown 
on fig. 2) the dial gauge reading and scop rotating the 
sleeve. 

NOfE l.-Velociry control levers for mechanical and electrical 
viscometers are different in design and location. For a particular 
model viscometer, check manufacrurer-supplied operating 
insrruccions for lever positions for all velocity serrings. 

11.7 Set rhe velocity control to 300 r/min and begin 
rotating the sleeve. Wait for the dial reading co become 
stable and record this reading as shown on figure 2. Stop 
rotating the sleeve. 

11.8 Stir the slurry specimen by rotating the rocor 
sleeve for an additional 10 seconds at 600 r/min. Scop 
rotating the sleeve. 

11.9 With rhe rotor sleeve in rhe specimen, allow the 
specimen co stand undisturbed for 10 seconds. Set rhe 
velocity control ro 3 r/min. Rotate the sleeve slowly and 
steadily. The maximum dial reading is ro be recorded as 
the initial gel strength. 

l 1.10 Restir rhe specimen by rotating the rotor sleeve 
ar 600 r/min for 10 seconds. Srop rotating rhe sleeve. 

11.11 With the roror sleeve in rhe specimen, allow 
rhe specimen to stand undisturbed for 10 minutes. Set the 
velocity control ro 3 r/min and rotate rhe sleeve slowly 
and steadily. Record rhe maximum dial reading as the 
10-minure gel srrengrh. 

11.12 Measure and record the slurry remperarure to 

rhe nearest 0.5 °C in accordance wirh subparagraph 2.3. 
11.13 . ·· Discard rhe fluid ; carefully dismantle and 

thoroughly clean and dry rhe apparatus. 
11.14 Reassemble and srore rhe apparatus in a secure 

place. 

12. Calculations 

12.1 Plastic Viscosity (PV) : 

PV, centipoises = 
600-r/min reading minus 300-r/min reading (1) 

NOfE 2.-The viscometers described in subparagraph 1.3 are 
internally calibrated so rhar conversion factors are nor required 
for calculating rhe plastic viscosity and apparent _viscosity in 
cenripoise. For other viscometers, refer ro rhe manufacturer's 
lirerarure for rhe correct conversion factors. 

12.2 Yield Point (YP) : 

YP, lbf/100 ft 2 = 300-r/min reading minus PV (2) 

12.3 Apparent Viscosity (AV) : 

AV, centipoises = ½ (600-r/min reading) (3) 

NOfE 3.-To convert from !bf/ 100 fr2 to Pa, multiply by 0.4788. 
The number 0.4788 is derived from combining rwo conversion 
factors . First lbf/ 100 fr2 is converted ro lbf/fr2 by dividing by 
100, and second, lbf/fr2 is convened to Pa (pascals) by multiplying 
by 47.88. 

13. Report 

l 3.1 The report is ro consist of a completed and checked 
"Slurry Properties" form (fig. 2). 

1"3.2 All calculations are ro show a checkmark. 

1015 



...... 
0 ...... 
0\ 

7-2341 (4-86) I 
Bureau of Reclamation SLURRY PROPERTIES 

Designation USBR 5895.. 89 
PROJECT FEATURE LOCATION 

Exarnple 
TESTED BY DATE rOMPUTED BY DATE rHECKED BY 

IDENTIFICATION TESTING 

z 
>-w ...J 

VISC{ MElER T8:T 
0 w f--w (1) 12} 131 AV 141 -i>v 15T YP <61- 17 

i= 
a: a: a: a: ::i:U w 

I w z >-::::, a:::::, >- 2 0.. . 
~~M f--- u• ;;:, e-- f-- -w <( CD 0 a: f-- ::::, f-- cZ_j f-- 2 .srS .SC'! ->- u >- 2~ l')N ..JIN ...J . w w a: - :ii a: i= ...J <(- w...J- -::::, 

...J z.: ~t;,!:'. o..o f-- :ii a:<( u ~<($ I zwo ~~-; E- E- f--f-- -e- 0;; f--* ~05 VI a: u <(~> 2- u- ~wo 
~2 

<( ::::, a: 0 0. _o -o 228 i= 2- w- -'wa.. f-- CD f! u::i:- ~o ~o w VI -VI a. 0 f-- a: 0 C w ...Jo.. <( 0.. VIO* VI VI a: 0 f--O -w-VI u X 0 VI :ii -a- o- o-
<(g VIU a- -e-- :ii a:-...J -:ii 2::::, u- -a: o;;:- o;;:- <( VI ...J - Zen~ 2 ~ w !::w > <( "'..Cl M ..C w f! - ...J :e 6 f-- :0 ::,:ii o..- ...J-0 f-- z f-- :ii = = o..> o..> w- ,.... cn= 

u - <( >- (0 

I 12-15 12,00 5 MIX :#1 17° 19° 46 26 23 20 6 4 10 

REMARKS: Mix # I - 10 lbm water 1 0. 5 lbm bentonite, 2.0 lbm sand ( 5% bentonite, 20% sand) 

'FORMULAS: 
(3) AV= (1)/2 
(4) PV = (1)-(2) 
(5) VP = (2)-(4) .. 

SOFT= S FIRM= F 

Figure 2. - Slurry properties - example. 
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'These formulas apply only to the 
Fann viscometer with R1, B1, and F1 
combinations. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7000-89 

PERFORMING DISTURBED SOIL SAMPLING IN TEST 
PITS, TRENCHES, ACCESSIBLE BORINGS, AND TUNNELS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7000. The nufnber immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
obtaining representative, disturbed samples from rest pits, 
trenches, accessible borings, and tunnels. 

1.2 Disturbed, representative samples of soil are 
satisfactory for laboratory resting when: 

1.2.1 A soil deposit is being investigated for use as 
borrow material for construction purposes. 

1.2.2 Visual classification, physical properties rests, 
and compaction rests are to be performed on the sample. 

1.2.3 Undisturbed samples of very soft soils or 
coarse, gravelly, and very dense soils are impossible to 
obtain, and the unit weight and moisture content of the 
soil in place are known so the sample can be compacted 
to its original unit weight and moisture content in the 
laboratory. 

1.3 Disturbed samples may be obtained from rest pits, 
trenches, accessible borings, and runnels. Each method of 
excavation is listed in table 1 including the procedure, 
limitations, advantages, and disadvantages. 

1.4 Depending on the nature of the soils and depth 
of excavation below ground-water level, dewai:ering may 
be required for stability of the walls of test pits, trenches, 
accessible borings, and tunnels. Dewatering may also be 
required to keep the excavation dry and to prevent the 
bottom of the excavation from heaving. 

1.5 Test pits and trenches are valuable because they 
permit a detailed examination of the entire soil profile 
column co the depth they are exposed. 

2. Auxiliary Tests 

2.1 Visual classification of soil materials in accordance 
with USBR 5005 is required as part of this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 

USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5320 Determining Specific Gravity of Soils 

3.2 USER Document: · 
Construction Safety Standards 

4. Summary of Method 

4.1 After a rest pit, trench, accessible boring, or tunnel 
is excavated and supported (as required), each stratum of 
soil exposed on the face of the excavation is sampled, 
visually classified, and its ~epth measured. Eicher a 
representative, disturbed sample of each stratum, or a 
composite sample of two or more strata is obtained, bagged, 
labeled, and shipped to the laboratory. 

5. Significance and Use 

5.1 During reconnaissance and feasibility stages of 
investigation, disturbed, representative soil samples are 
useful and appropriate for obtaini·ng material from natural 
deposits for proposed construction of embankment dams, 
canal linings, fills and backfills, roads, and other 
construction. 

5.2 When undisturbed tube samples of (a) very soft, 
(b) coarse, (c) gravelly, (d) very dense, or (e) cohesionless 
soils are impossible to obtain, representative, disturbed 
samples may be obtained so chat laboratory rests can be 
performed on compacted soil provided in-place unit weight, 
moisture content, and stress conditions are known. 

5.3 Generally, composite samples are required for 
investigation of stratified deposits being considered for use 
as construction materials. They are obtained by preserving 
all material excavated between appropriate depths from 
a narrow channel in the walls of a test pit or trench, or 
they may be prepared by mixing samples taken at various 
depths from a rest pit or trench. 

5.4 The process of advancing an excavation to gain 
access for disturbed sampling gives valuable information 
on the difficulties to be encountered in and probable costs 
of excavation for a proposed structure. 
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Table !.- Accessible methods of excavation. 

Method 

Trenching 

Test pits 

Accessible 
boring 

Tunnels and 
drifts 

Procedure 

Excavate a shallow trench 
[ usually 3 to 6 ft wide 
(1 to 2 m)] by hand or power 
equipment and extend in 
length as required. 

Excavate a rectangular or square 
pie [normally of 4 to 10 feet 
( 1 to 3 m)] by hand or power 
equipment. 

Special purpose drilling rigs such 
as large diameter bucket augers 
may be used to drill large 
diameter borings extending to 
a depth of about 100 feet 
(30 m). 

Excavate accessible holes 4 by 6 · 
feet (1 by 2 m), or 5 by 7 feet 
(1.5 by 2 m) by hand, and 6 by 
8 feet (2 by 2.5 m) minimum 
when power mucking and 
hauling equipment are used. 

6. Terminology 

Limitations 

Generally shallow depth. If 
deeper than 5 feet (1.5 m), 
support or slope backwalls of 
excavation except in stable 
material with no possibility of 
movement or cave-in. 

Economical limit of depth in the 
United States is considered to 
be 25 feet (7.5 m), although 
pits more than 50 feet (15 m) 
in depth have been excavated. 

If deeper than 5 feet (1.5 m), 
support or slope backwalls of 
excavation. 

Large diameter borings deeper 
than 5 feet (1.5 m) should be 
cased with steel pipe into 
which holes have been cut to 

permit inspection and 
sampling of the sidewalls of 
the excavation. 

· Expensive, and -used only under 
special conditions. Roof and 
walls of a tunnel require a sup­
port system. 

Comments 

Can provide a continuous two­
dimensional soil profile. A trenching 
or ditching machine can often be used 
to advantage. Is economical and best 
method for shallow explorations of 
borrow, foundation, and aggregate 
deposits. 

Usually test pits are more expensive than 
trenching methods. 

If power equipment is available and area 
is accessible, large diameter borings can 
be made in a fraction of the time and 
cost required for sinking test pits by 
hand methods. 

Underground '-lighting and ventilation 
must be provided. 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 

8.2 Power excavating equipment (as required) such as 
backhoes, trenching machines, bulldozers, scrapers, 
draglines, large diameter bucket augers, etc. 

8.3 Support systems to secure the walls of an excavation 
or walls and roof of a tunnel, such as sheeting, sheet piling, 
bracing, shoring, trench boxes, cribbing, large diameter steel 
casing, etc. 

6.2 .1 Support System.-Various methods co support 
the walls of an excavation, or walls and roof of a tunnel 
to prevent movement and cave-ins, including sheeting, 
sheet piling, bracing, shoring, trench boxes, cribbing, and 
ocher methods. 

6.2.2 Quarcering.-A method to reduce the size of 
a disturbed sample while preserving it as a representative 
sample. 

7. Interferences 

7.1 Exposure to air may cause oxidation and­
combined with contact with water-may cause disintegra­
tion of certain partially cemented soils. It is important 
that samples be taken and protected as soon as possible 
after final trimming and preparations for sampling. 

8. Apparatus 

8.1 Hand excavating tools as required, including pick, 
shovel, trowel, etc. 

8.4 Tape measure, data forms, camera, film, moiscure­
proof containers, sample bags, labels, rags, and ocher 
necessary supplies. 

8.5 Underground lighting and ventilating equipment 
as required. 

9. Precautions 

9.1 Safety Precautions: 
9.1. l This designation may involve hazardous 

material, operations, and equipment. 
9.1.2 Excavation operations, earthmoving equip­

ment, and blasting operations must comply with standards 
set forth in Construction Safety Standards. 

9.1.3 Personal protective equipment consisting of a 
hardhat, safety glasses, gloves, and safety shoes must be 
worn while obtaining samples from rest pits, trenches, 
and tunnels. 
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9.1.4 Prior to excavation, the location of under­
ground installations such as gas, telephone, electric lines, 
etc., must be determined and plainly staked. 

9.1.5 Only qualified, licensed employees are permit­
ted to operate backhoes, dozers, power shovels, or other 
heavy equipment. 

9.1.6 Deposit material excavated from a test pit or 
trench at least 2 feet and preferably 5 feet or more (0.5 
or 1.5 mm) from the edge of the excavation to prevent. 
hazardous loading at the top of the excavation. 

9.1. 7 Shallow test prts and trenches in firm ground 
can generally be excavated without support of the walls. 
A support system; i.e., piling, cribbing, shoring, etc., or 
sloping wall is required for excavations deeper than 5 feet 
(1.5 mm); the support system must be designed by a 
professional engineer experienced in that type of work. 

9.1.8 Before entering a test pit or trench, sidewalls 
should be inspected, and loose overhanging material or 
other material that could fall into the excavation should 
be removed. 

9.1.9 If the excavation is over 4 feet (1 m) in depth, 
ladders, stairs, or ramps should be provided. 

9.1.10 Ground water should be controlled; surface 
water should not be permitted to accumulate in excavations. 
After rainstorms, excavations should be inspected by a 
qualified person; protection from possible slides or cave­
ins should be assessed and shoring increased as necessary. 

9.1.11 Guardrails, fences, or barricades and warning 
lights or other illumination should be provided around 
excavations to protect pedestrians or vehicular traffic. All 
temporary excavations should be backfilled as soon as 
possible. _ 

9.1.12 The roof and walls of a tunnel excavated m 
soil require a support system designed by a professional 
engineer experienced in that type of ~ork. U ndergrou~d 
lighting and ventilation must be provided as set forth m 
Construction Safety Standards. 

10. Calibration and Standardization 

10.1 Not applicable, reference standards are not used 
for this procedure. 

11. Conditioning 

11.1 For fine-grained soil, it is desirable to maintain 
approximate in-place moisture conditions. Samples should 
be taken as soon as possible after final trimming and prep­
aration for sampling, and placed in plastic-lined bags. 

12. Procedure 

12.1 All data are to be recorded on the "Log of Test 
Pit or Auger Hole" form as shown on figure 1. 

12.2 Excavate a test pit, trench, accessible boring, or 
tunnel by hand or power equipment observing the 
precautions set forth in paragraph 9. 

12.3 Remove all weathered and mixed soil from the 
exposed face of the excavation being logged and sampled. 

NOfE 1.-If soil strata vary on different faces of an excava­
tion, logging and sampling on more than one face may be required. 

12.4 Determine and record the depth of each stratum 
of material encountered, from the ground surface to the 
entire depth of excavation. Photograph the exposed face 
of the excavation being logged and sampled. 

12.5 Visually classify each stratum in accordance with 
USBR 5005; describe the in-place condition of the soil 
as shown on figure 1. 

12.6 Obtain a representative, disturbed sample from 
the exposed face that was logged. Required sample size 
is given in USBR 5205, appendix Xl, and typically depends 
on the amount of material required for laboratory testing 
and the maximum particle size of material sampled. Two 
methods of sampling are possible (a) individual samples 
of each soil stratum, and (b) a composite sample of two 
or more soil strata. If samples from certain strata are 
omitted, note the reasons why they were not taken under 
Remarks on the log form ( fig. 1). 

12.6.1 Generally, individual samples are obtained for 
each soil stratum over 12 inches (305 mm) in thickness. 
Special care is required to prevent inclusion of material 
from other strata. 

12.6.2 A composite sample of two or more soil strata 
may be obtained as shown on figure 2. 

12.6.2.1 Place a_ canvas at the bottom of the 
excavated wall. 

12:6.2.2 Trench the trimmed wall surface with a 
vertical cut of uniform cross section. The width and depth 
of the cut should be at least four times the diameter of 
the largest soil particle sampled. 

12.6.2.3 Collect the soil on the canvas. When the 
collected sample is larger than needed for testing, the 
sample should be mixed thoroughly and the sample size 
reduced by quartering on the canvas. 

NOfE 2.-The sample can be mixed if two or more individuals 
hold opposite corners of the canvas and lift one side of the canvas 
at a rime ro roll the sample coward the opposite side. Then 
chis procedure is followed in reverse order and repeated a sufficient 
number of rimes ro ensure complete and uniform mixing of the 
sample. Care must be taken ro ensure chat material is not lose 
during the mixing operation. 

12.6.2.4 A sample is quartered by placing it in 
a uniform conical pile on the canvas. The pile is flattened 
to uniform thickness and marked into quarters by two lines 
intersecting at right angles at the center of the pile. Two 
diagonally opposite quarters are removed; the remaining 
material is mixed, quartered, and reduced until the desired 
sample size is obtained. 

12.7 Record the size of sample obtained and the 
maximum particle size of material sampled. Required 
sample sizes are given in _USBR 5205, appendix Xl. 
Percentage, by volume, of cobbles or boulders can be 
estimated or calculated (app. Xl). 

12.8 Place the collected sample in a sturdy, closely 
woven bag or plastic-lined bag for shipment. 

12.8. l For fine-grained soil, it is desirable to main­
tain in-place moisture conditions and plastic-lined bags are 
recommended for this purpose. 
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7-1336-A (1-86) I Bureau of Reclamation LOG OF TEST PIT OR AUGER HOLE I HOLE NO. 
1 

-----
FEATURE Exam~le PROJECT ExamQle 
AREA DESIGNATION Spillway GROUND ELEVATION 682.7 feet 
COORDINATES N 16,500 E 6,910 METHOD OF EXPLORATION Backhoe 
APPROXIMATE DIMENSIONS 4 by 8 feet LOGGED BY Smith, L. s. 
DEPTH WATER ENCOUNTERED 1} --- DATE DATE(Sl LOGGED A~ril 131 1989 -

CLASSIFICATION 
% PLUS 3 in 
(BY VOLUME) 

GROUP 
SYMBOL CLASSIFICATION AND DESCRIPTION OF MATERIAL 3. 5. PLUS 
(describe 

SEE USSR 5000, 5005 
5 12 12 

sample taken) in ,n in 

ML 0.0 - 2.0 ft SILT: About 95% nonplastic fines with rapid 

one di 1 atancy, low dry strength; about 5% fine sand; maximum size, 
sack 
sample fine sand; dry, brown; strong reaction with HCl. 

2.0 ft One 50-lbm sack sample taken from entire interval. 

SM 2.0 - 6.5 ft SILTY SAND: About 75% fine to coarse, hard, 

two subangular sand; about 25% nonplastic fines, no dry strength, 
sack 
samples slow dilatancy; maximum size, coarse sand; moist, tan; weak 

reaction with HCl. 

Two 50-lbm sack samples obtained by mixing and quartering 

6.5 ft entire interval. 

GP-GM 6.5 - 12.0 ft POORLY GRADED GRAVEL WITH SILT, SAND, COBBLES, 

five ANO BOULDERS: About 75% fine to coarse, hard, subrounded to 10 5 tr 
sack 
samples subangular gravel; about 15% fine sand; about 10% nonplastic 

fines; wet, brown; no reaction with HCl. 

TOTAL SAMPLE (BY VOLUME): About 10% 3- to 5-inch hard, 

subrounded cobbles; about 5% 5~ to 12-inch hard, sub rounded 

cobbles, trace of plus 12-inch hard, rounded boulders; 

remainder minus 3-inch; maximum size, 400 mm. 

Five 50-lbm sack samples taken from 30-inch-wide sampling . 
12.0 ft trench from entire interval on south side of test pit. 

REMARKS: 

STOPPEO BY HARO MATERIAL 

1J Report to nearest 0.1 foot 

Figure 1. - Log of test pit or auger hole - example. 
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Figure 2. - Disturbed sampling of soil. Individual samples are taken 
from each layer of soil. Composire samples are raken from two or 
more layers of soil. 

12.8.2 For moisture content determination, dis­
turbed samples can be placed in moistureproof containers 
such as p in t-sized g lass or plastic jars or small metal cans 
with airtight covers. The sample shou ld completely fill 
the container. 

12.9 Identify and mark the sample. 
12.9. l Required identification information includes: 

• Fie ld sample number 
• Test pit, trench, boring, or tunnel number 
• Location - coordinates, stat ion, offset, sect ion, top 
elevation, etc. 

• Area - name, letter, number, or other identification 
• Depth interva l sample represents 
• Purpose - lining, filter, backfill , embankment, 
record, or other 
• Sack (No.) of ( if the sample 1s placed in 

more than one sack or container) 
• Project 
• Feature 

12.9.2 Each sample should have dup licate identifi­
cation tags, one on the outside of the conta iner and one 
inside. When the so il is so wet as to cause paper tags 
to become illegible, the tag shou ld be enclosed in a sea led 
plastic bag (zip lock type) or an alum inu m tag shou ld be 
used inside the conta iner. For moisture content containers, 
the identification can be marked directly on the exterior 
or on labe ls fastened to the outside surface; do not mark 
the lids because lids may be inadvertently interchanged. 

12. L0 Ship the samples to the Bureau's Denver Office: 

Geotechnical Serv ices Branch, 0-3760 
Building 56, Entrance W-13 
Bureau of Reclamation 
PO Box 25007 
Denver CO 80225 

A copy of the letter of transmittal shou ld be included 
w ith each sh ipment of samples . 

13. Calculations 

13.1 Calculations are not required. 

14. Report 

l4. I The report is to cons ist of a completed "Log of 
Test Pit or Auger Hole" form (fig. l ). 

APPENDIX 

XL COBBLES OR BOULDERS CALCULATIONS 

Xl.1 For excavations, where cobbles and boulders are 
present, the percentages by volume of cobbles or boulders 
can be calculated using the following equation: 

Percent by vo lume of cobbles or boulders 

100 (mass of rock sampled, lbm) 
62.4 Cm (vo lume of hole sampled , ft ') 

1021 

where: 
Cm = 

62.4 
100 

bulk specific gravity of rock (Sta te how Cm was 
measured or estimated. See designation USBR 
5320.) 
density of water at 68 ° F (20 °C), lbm/ ft 1 

convert from decimal to percent 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7010-89 

PERFORMING DISTURBED SOIL SAMPLING 
USING AUGER BORING METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7010. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines procedures for obtaining 
disturbed soil samples using auger boring methods. 

1.2 These procedures focus on (a) basic description of 
an auger, and (b) procedures and techniques in the use 
of augers. 

1.3 Augers are classified in cwo major categories -
hand-operated augers and machine-operated augers. 

1.4 Hand-operated augers are generally used above the 
water table and to a maximum depth of 30 feet. 

1.5 Power augers (machine-operated) of the contin­
uous flight type may be used to depths of 100 feet and 
sometimes more. 

1.6 Augers, other than the hollow stem type in which 
the auger flight remains in the hole and serves as casing, 
are generally restricted to operations above ground-water 
level unless casing is used. 

1.7 Alternate methods of obtaining disturbed samples 
are percussion or churn drilling, wash borings, jetting, and 
drive tube sampling. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5320 Determining Specific Gravity of Soils 

2.2 ASTM Standard: 
D 1452 Standard Practice for Soil Investigation and 
Sampling by Auger Borings 

3. Summary of Method 

3.1 Disturbed soil samples are obtained by rotating and 
advancing an auger into the soil, then withdrawing the 
auger from the hole and removing the soil from the auger. 

4. Significance and Use 

4.1 Auger boring typically does not require the use 
of drilling fluid. Normally, it is the preferred method for 

drilling holes in existing dam embankments since the 
absence of drill fluid eliminates the potential of hydraulic 
fracturing. 

4.2 Augers are used to obtain disturbed samples 
representative of in-place soil. However, the samples are 
mixed, and exact changes in soil strata are difficult to locate. 

4.3 Auger sampling is generally used in soils where 
the borehole will remain open without drill fluid or casing, 
usually above the ground-water table. Below the ground­
water table, casing is generally required. 

5. Apparatus 

5.1 Hand-Operated Augers (fig. 1): 
5 .1.1 Helical Augers.-Small lightweight augers 

generally available in sizes from 1 through 3 inches in 
diameter. 

5.1.2 Open Tubular Augers.-Ranging in sizes from 
1.5 co 8 inches in diameter and having the common 
characteristic of appearing essentially tubular when viewed 
from the digging end. 

5.2 Machine-Operared Augers.-For machine-driven 
auger sampling (figs. 2 and 3), any drilling equipment 
capable of rotating the auger assembly and withdrawing 
the auger is acceptable. 

5.2.1 Helical Augers.-Generally 3 to 48 inches in 
diameter, consisting essentially of a center shaft fitted with 
a shank or socket for application of power and having 
spirals (continuous flights) for conveyance and storage of 
cut soil. Cutter bits and pilot bits are available for use 
in moderate and hard materials, and the bits are normally 
replaceable in the field. As the bore hole is advanced, 
rotation of the auger carries the soil cuttings up the 
continuous flights (spirals) to the ground surface. 

5.2.1.1 Hollow Srem Augers.-As the name 
implies, these helical augers are hollow; and by removing 
the center rod and pilot, the center of the auger is left 
open. The hollow seem auger may be left in the hole as 
a casing to hold the boring open for soil sampling, in-place 
testing, or core drilling operations through the stem into 
soil below the bottom of the auger. Some hollow seem 
augers may also be fitted with liners into which a relatively 
undisturbed sample is obtained as the auger is advanced 
into the soil. 
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(a) Helical auger. (b) Open tubular auger. 

Figure l. - Hand augers. 

5.2.1.2 Solid Stem Augers.-Helical augers which 
·have solid seems. The augers must be removed from the 
borehole for the sampling or in-place resting operation. 

5.2.2 Disk Augers.-Generally 10 to 42 inches in 
diameter, consisting essentially of a flat , low angle, helical 
steel disk having a shank or socket located centrally for 
application of power. Replaceable cutter bits, angled 
downward from the leading edges of a portion.of the disk, 
dig .-and load soil that is held on the disk by valves or 
shutters hinged to the upper part of the disk in order 
to close behind the removed soil segments. The disk auger 
is specifically designed to be operated by drill rigs having 
limited vertical clearance between the spindle on the driH 
rig and the ground surface. Disk augers are restricted to 
shallow depths, generally 10 to 20 feet. 

5.2.3 Bucket or Barrel Auger.-Generally 12 to 48 
inches in diameter (and sometimes up to 96 inches in 
diameter), consisting essentially of a disk auger, without 
shank or socket, hinge mounted to the bottom of a steel 
tube or bucket of approximately the same diameter as the 
disk auger. Basically, these buckets are an open top metal 
cylinder with sloes cut in the bottom to permit soil to 
enter as the bucket is rotated. A variety of cutting teeth 
are provided for the bucker to break up material being 
sampled. 

5.3 Alternative Disturbed H and-Operated Sampling 
Equipment: 

5.3.1 Posthofe Samplers (fig. 4).-Generally 2 
through 8 inches in diameter and having a common means 
of blocking the escaping soil from the device. 

5.3.1.1 Clamshell Type.-Consisting of rwo halves 
(blades), hinged to allow opening and closing for alternately 
digging and retrieving. The clamshell is operated by driving 
the blades into the ground in an open position, squeezing 
the blades together by opening the handles to hold the 
soil, then retracting the blades from the hole and releasing 
the soil by closing the handles and thereby opening the 
blades. Noc usable qe~per than about 3.5 feet. 

5.3.1.2 /wan Type.-Consiscing of cwo tubular steel 
segments, connected at the top co a common member to 

0 

_ (a) Hollow stem auger. (b) Solid stem auger. 

Figure 2. - Helical machine-operated augers. 

form a nearly complete rube, but with diametrically opposed 
openings. It is connected at the botcom by two radial blades 
pitched to serve as cutters which also block the escape 
of contained soil. 

6. Precautions 

6.1 Safety Precautions: 
6. l. l This designation may involve hazardous 

materials, operations, and equipment. 
6. l.2 When auger sampling involves the use of a 

drill rig, safety requirements outlined in references [ l and 
2) 1 muse be observed. 

6.1.3 A machine driven rotating auger poses a 
constant danger and personnel should stay clear when 
augers are in motion. 

6.1.4 Material should never be removed from a 
machine driven rotating auger with shovels, hands, feet, 
or any object while augers are turning. 

6.1.5 Hardhats and steel-coed safety shoes should be 
worn at all times when working near an auger boring 

1 Number in brackets refers co the reference. 
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(a) Disc auger. (b) Bucket or barrel auger. 

Figure 3. - Types of power augers. 

(a) Clamshell hand auger. (b) !wan hand auger. 

Figure 4. - Posthole samplers. 

operation. Other appropriate personal safety equipment 
should be used as needed. 

6.2 Technical Precautions: 
6.2.1 It is difficult to avoid contamination or mixing 

of soil samples obtained by small augers. If more than 
one type of soil is picked up in the sample, prepare a 
separate container for each type of soil. 

6.2.2 Rock fragments larger than about one-tenth 
the diameter of the hole may be difficult to remove by 
normal augering methods. 

7. Calibration and Standardization 

7.1 Not applicable, reference standards are not used 
for this procedure. 

8. Conditioning 

8.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

9. Procedure 

9.1 All data are to be recorded on the "Log of Test 
Pit or Auger Hole" form as shown on figure 5. 

9.2 Auger Operation: 
9.2.1 Hand augers are advanced in the hole by 

turning the crossarm at the top of the auger handle while 
at the same time the operator presses the auger into the 
ground. When the auger becomes filled with soil, it is 
withdrawn from the hole and the soil removed. The auger 
is reinserted into the hole, and the process is repeated 
until the desired depth is reached. 

9.2.2 Machine-operated auger borings are made by 
rotating and advancing the auger into the soil. The auger 
is withdrawn from the hole and the soil removed. The 
empty auger is returned t0 the hole and the procedure 
repeated. The sequence is continued until the required depth 
is reached. 

9.3 Augers can be used for boring a hole and for 
bringing up disturbed samples of the soil encountered. They 
operate best in somewhat loose, moderately cohesive, moist 
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7-IJJ6-,\ (1 -86) I 
Hureau ~1f Kcclamatiun LOG OF TEST PIT OR AUGER HOLE I HOLE NO. AH-222 ----
FEATURE ExamQle PROJECT E11;am'1l e 
AREA DESIGNATION Borrow Area 2B GROUND ELEVATION 682,Z feet 
COORDINATES N 16,500 E 6 910 METHOD OF EXPLORATION 81rnec !:IQ] e ----
APPROXIMATE DIMENSIONS 36-inch diameter LOGGED BY Jones, 8. s. 
DEPTH WATER ENCOUNTERED 1/ 9.3 ft DATE 6L6L89 DATE{S) LOGGED June 5-7, 1ga9 

CLASSIFICATION 
% PLUS 3 in 
(BY VOLUME) 

GROUP 
SYMBOL CLASSIFICATION AND DESCRIPTION OF MATERIAL 

3 - 5. PLUS 

!describe 
SEE USBR 5000. 5005 

5 12 12 
sa,npl e raken) in in in 

ML 0.0 - 2.0 ft SILT : About 95% nonplastic fines with rapid 

one di l atancy, low dry strength; about 5% fine sand; maximum 
sack 
sample size, fine sand; dry, brown; strong reaction with HCl. 

One 50-lbm sack sample obtained by mixing and quartering 

?..O ft entire interval. 
>--

SM 2.0 - 8.5 ft SILTY SAND: About 75% fine to coarse, hard, 

two subangular sand; about 25% nonplastic fines, no rlry strength, 
sack 
samples slow dilatancy; maximum size, coarse sand; moist, tan; weak 

reaction with HCl. 

Two 50-lbm sack samples obtained by mixing and quartering 

8.5 ft entire interval. 

GP-GM 8.5 - 17-.0 ft POORLY GRADED GRAVEL WITH SILT, SANO, COBBLES, 

five AND BOULDERS : About 75% medium to coarse, hard, sub rounded 10 5 tr 
sack 
samples to subangul ar gravel; about 15% fine to medium, hard, 

subrounded to subangular sand; about 10% nonplastic fines; 

wet, brown; no reaction with Hf.l. 

TOTAL SAMPLE ( RY VOLUME) : About 10% 3- to 5-inch hard, 

subrounded cobbles; about 5% 5- to 1?.-inch hard, sub rounded 

boulders; remainder minus 3-inch; maximum size, 400 mm. 

Five 50-lbm sack samples obtained oy mixing and quartering 

17. 0 ft entire interval. 

REMARKS : 

STOPPEO BY HARO MATERIAL 

GPO 849 366 -
lJ Report to nearest 0. 1 foot 

Figure 5. - Log of test pie or auger hole - example. 
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soils. The structure of the soil is completely destroyed, 
and the moisture content of individual soil layers 
encountered may be changed by the mixing action of the 
auger. 

9.4 Usually, holes are bored with augers without 
addition of water; but in hard, dry soils, or in cohesionless 
soils, the introduction of a small amount of water will 
aid in drilling and sample extraction. This should be noted 
on the log form. 

9 .5 Casing is required in unstable soil in which the 
borehole fails to stay open and especially where the boring 
is extended below the ground-water level. The inside 
diameter of the casing must be slightly larger than the 
diameter of the auger. The casing is driven to a depth 
not greater than the top of the next sample interval and 
is cleaned out by means of the auger. After the hole is 
cleaned, the auger is advanced until it is below the bottom 
of the casing and the sample can be retrieved. 

9.6 Table 1 provides information on nonaccessible 
methods of exploration for sampling from auger holes. 

9.6.1 Small auger holes cannot be sampled and 
logged as accurately as an open trench or test pit because 
the entire profile cannot be inspected and representative 
strata cannot be selected for sampling. 

9.6.2 When obtaining a sample with a hand auger, 
the soil removed from the hole should be deposited on 
canvas or other type drop cloth in individual piles in an 
orderly sequence by depth (see fig . 6) . New piles should 
be started when significantly different materials are 
encountered. In preparing an individual sample from a 
hand-auger hole, consecutive piles of similar material may 
be grouped to represent each stratum by combining all 
materials from each pile within the stratum or depth being 
represented to form the desired size of representative 
sample. 

9 .6.2.1 For a composite sample, all materials from 
each pile representing the strata to be composited are 
combined. The combined samples are then reduced by 
mixing and quartering. 

9 .6.2.2 Mixing of a sample can be achieved 
successfully by two or more parties holding opposite corners 
of a canvas and lifting on one side of the canvas at a 
time co roll the sample coward the opposite side. This 
procedure is followed then in reverse order and repeated 
a sufficient number of times to ensure complete and 
uniform mixing of the sample and a near uniform gradation 
throughout. 

9.6.2.3 In quartering a sample, the material is 
placed in a uniform conical pile. The pile is then flattened 
to uniform thickness and marked into quarters by two lines 
intersecting at right angles at the center of the pile. Two 
diagonally opposite quarters are removed and the 
remaining material is mixed, quartered, and reduced until 
the desired sample mass is obtained. 

9 .6.3 When a large diameter (8 inches or larger) 
,power flight auger is used in fine-grained soils, the flight 
1
auger should be lifted at regular 9- to 12-inch depth intervals 
(may vary with length of helical flights), the rotation 
stopped, and one or more shovels full of soil from each 
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materials are encountered. 

Figure 6. - Hand auger sampling. 

depth piled on a canvas in a depth sequence. These piles 
are sampled in the same manner as those from a hand 
auger. In soils containing large quantities of gravel, it may 
be necessary to pile all of the soil augered from each stratum 
separately and obtain a representative sample by quartering. 

9.6.4 When cobbles or boulders are encountered in 
explorations for sources of embankment materials, it is 
important to determine their percentage by volume. 
Paragraph 10 describes a method to obtain the percentage 
of cobbles or boulders by volume. 

9.6.5 Visually classify soils in accordance with USBR 
5005 . Emphasis should be placed on the natural state of 
soils being investigat~d. An illustration of a completed log 
is included on figure 5. 

9.7 Sample Sizes: 
9.7.1 The quantity of soil submitted for laboratory 

testing depends on the tests to be performed and on the 
maximum particle size of the material sampled. When the 
amount of soil needed is nor otherwise specified, the size 
of disturbed soil sample should conform to those given 
in USBR 5205. 

9.7.2 Sack samples should include minus 3-inch 
material only. The presence of plus 3-inch material should 
be noted on the log of auger hole. 

9.7.3 Sack samples should be limited to 50 pounds 
of material per sack for ease of handling. 

9.8 Preparation and Shipping: 
9.8.1 Sample Containers: 

9.8.1.1 Large samples of cohesive soils, sands, and 
gravels susceptible to breakdown should be placed in plastic­
lined moistureproof bags, limiting the sample mass to 50 
pounds per bag. Nonfriable sands and gravels may be placed 
in closely woven cloth bags. When samples are to be 
transported by public carrier, the samples should be double 
sacked to decrease the probability of bag breakage. For 
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fine-grained soil, it is ·generally desirable ro maintain 
moisture conditions as nearly in-place as possible; plastic­
lined bags are recommended for this purpose. 

9.8.1.2 Small disturbed samples for moisture 
content determination or inspection should be placed in 
moiscureproof containers such as glass fruit jars, plastic 
jars, or metal cans with airtight covers. The container 
should be completely filled with the soil sample. 

9.8.1.3 Disturbed record samples, taken during 
construction, should be ovendried and placed in 6- by 12-
inch cylindrical cans with lids. 

9.8.2 Sample identification: 
9.8.2. l All samples muse be plainly marked with 

the following pertinent information: 

• Field sample number 
• Test pie or hole number 
• Location : coordinates, station, offset, section, or ocher 
location identifcation 
• Area: name, letter or number, or ocher identification 
• Depth interval sample represents 
• Purpose: lining, filter, backfill, embankment, record, 
ere. 
• Sacks No. of __ (if sample is placed in more 
than one sack or container) 
• Project 
• Feature 

9 .8.2.2 Each sample should have duplicate 
identification rags, one on the outside of the container 
and one inside. If the soil is so wee as ro cause paper 
or cloth rags co become illegible, che rags should be placed 
either in a protective plastic bag or an aluminum rag should 
be used inside the container. 

9.8.2.3 Cans may be marked directly on the 
exterior or on labels securely fastened ro rhe outside surface. 
Markings should be on the cans and nor on the lids , as 
lids may be interchanged. 

9.8.3 Sample Shipping: 
9.8.3.1 Samples in small containers co be shipped 

by common carrier should be packed in strong boxes -
preferably wood. 

9.8.3.2 Glass jars should be protected with suitable 
packing materials ro prevent breakage. 

9.8.3.3 Bag samples may be shipped without 
further packing. 

9.8.3.4 A copy of the letter of transmittal should 
be included with each shipment of samples. Ir muse include: 

• Bill of lading number and method and dace of 
shipment 
• Listing and identification of che samples giving type 
of sample, field sample number, hole number, elevation, 
or depth 
• Purpose for which che samples were obtained 
• Log of exploration 

9.8.3.5 Regardless of che method of shipment, che 
samples should be sent ro che Denver Federal Center 
addressed as follows : 

Geocechnical Services Branch, D-3760 
Building 56, Entrance W-13 
Bureau of Reclamation 
PO Box 25007 
Denver CO 80225 

10. Calculations 

10. l Auger boreholes producing cobbles or boulders. 
require volume percentage calculations. 

10.2 For excavations where cobbles or boulders are 
present, the percentages by volume can be calculated using 
the following equation: 

Percent by volume of cobbles or boulders 

100 (mass of rock sampled, lbm) 
62.4 Gm (volume of hole sampled, fc3) 

where: 

62.4 
lOO 

bulk specific gravity of rock [Scace how Gm 
obtained (measured or estimated) . See 
des ignation USBR 5320.) 

density of water at 68 °F (20 °C), lbm/fc3 
convert from decimal co percent 

11. Report 

11. l The report is co consist of a completed "Log of 
Test Pit or Auger Hole'" form (fig. 5 ). A log is a written 
record of the data concerning materials and conditions 
encountered in individual test holes . Each log should be 
factual , accurate, clear, and complete. 

11.2 The field log must conta in the following 
information : 

• Date of stare and completion of boring. 
• Identifying number of boring. 
• Reference data including direction and distance of 
boring relative co reference line of project or ocher 
suitable reference points. 
• Type and size of auger used in boring. 
• Depth of changes in strata. 
• Description of soil in each major stratum. 
• Ground-water elevation. 
• Any adverse hole conditions; i.e., whether the hole 
remains open or the sides cave, hand drilling requiring 
addition of water, etc., when such events can be observed. 

12. References 

[ 1] Dnller 's Safety Manual, Bureau of Reclamation, 
Denver, Colorado, reprint 1982. 

[2] Construcrion Safety Standards, Bureau of Reclama­
tion, Denver, Colorado, 1987. 
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Method 

Auger boring 
(hand) 

Auger boring 
(power) 

Drive-tube 
boring 

Percussion 
(churn ) 
drilling 

Wash boring 

Procedure 

Rotate and force auger 
bit into soil, with­
draw and empty 
when full. Auger 
bits, 2 ro 8 inches, 
helical or post 
hole. 

Same as above, using 
powered drill rigs. 
Auger bits, 
4 10 24 inches 
helical, disc, or 
bucket. Over 28 
inches considerd to 
be accessible. 

Force open pipe or tube, 
with sha rpened 
edges, without rota ­
tion, into soil; with­
draw and remove 
soil. Thin- or thick­
wall tubing or pipe, 
2 to 8 inches 
diameter. 

Chopping and cutting 
action by impact oi­
heavy ch ise I edged 
bit. Water added and 
cuttings form slurry 
wh ich is removed 
intermittently by 
pump or bailer. For 
holes larger than 
4 inches. 

Chopping and cutting 
by impact and twist­
ing anion of light­
weight bit, and jet­
ting acrion of cir­
culating water to 
remove cuttings. For 
ho les from 2 ro over 
8 inches diameter. 

USBR 7010 

Table 1. - Nonaccessible methods of exploration. 

Type of soil and 
inplace condition 

Fine-grained cohesive, 
fairly hard to soft; 
or fine-grained, non­
cohesive, weakly 
cemented, dry or moist ; 
with particles ¼ ro 
I½ inches, depend-
ing upon size of auger. 

Fine-grained as above, 
and coarse-grained 
soils with particles 
as large as 3 inches 
depending upon auger. 

Fine-grai ned cohesive 
and slightly cohesive 
soils such as loess, 
firm to soft clays, 
and silts . 

Coarse-grained soil 
containing cobbles 
and boulders, and hard, 
dense, fine-grained 
soils and rock. 

Fine- or coarse-grained 
soils, with small 
amounts o f gra~el and 
few cobbles; fairly hard 
ro soft; weakly 
cemented ro loose; 
above or below 
water table. 
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Limitations 

About 20 feet , 80 feet with 
tripod ; unsatisfacrory 
in unstable cohes ionless 
soils below ground 
water; slow in hard 
soils. 

Economical depth about 
40 feet, over l 00 feet 
with special equipment; 
unsa tisfactory in 
unstable cohesion-
less soils below 
groundwater; slow in 
hard, dense soil. 

About 80 feet depending 
upon equipment. Nor 
sa1isfacrory in coarser 
fine-grained soils, 
clean sands ot cohesion­
less soils below water 
table. 

Unsatisfacrory in unsrable 
soil or fractured rock. 
No information for 
logging or samples for 
classification. 

No information for 
logging or samples for 
classification; slow 
in hard or cemented 
layers. 

(I) Advance hole. 
(2) Data for logging. 
(3) Representative disturbed 

samples for classification, 
index tests, and sta ndard 
property tests. 

(4) Access for field 
penetration and 
permeability tests. 

(5) Access fur undisturbed 
sampling. 

Same as above. 

Same as above. 

Used with orher methods 
ro advance hole through 
hard, cemented srrara, 
coarse gravel, boulders, 
o r ocher obstructions . 

(I) Used with other 
merhods to advance hole, 
particularly through 
unstable soils requir-
ing casing. 

(2) Penetrate fine-grained soils 
to establish deprh ro bedrock. 

(3) Drill holes for ground­
wa ter observation. 

(4) Provide access for 
sampling and penetration 
resring of impervious 
so ils above ground 
warer or pervious or 
impervious soils 
below groundwater. 



l\lethod 

Jetting 

Rorary drilling 
with drilling 
fluid 

Rotary drilling 
with air 

Continuous 
sampling 

USBR 7010 

Table I. - Nonaccessible methods of exploration - Continued. 

Procedure 

High-velocity water jet 
direcced downward 
from pipe raised and 
lowered in shore 
strokes; erodes soil, 
which is rnrrie<l up­
ward by water. For 
holes 2 to over 
IO inches diameter. 

Power rotation of bit; 
cuttings removed by 
circulation of drilling 
mud or water; holes 
1 ½ to over IO inches 
diameter. 

Power rotation of bit ; 
cuttings removed by 
circulation of a ir. 
Holes 2 to over 
IO inches diameter. 

Drive-tube or rotary 
drilling (core boring) 
which provides 
samples as a result 
of advancing the · 
hole. 

Type of soil and 
inplace condition 

Fine- or coarse-grained 
soils; weakly cemented 
noncohesive, or co­
hesive; above or below 
water table. 

Fine- or coarse-grained, 
compact or cemented 
soils and rock. 

Fine or coarse-grained, 
compan or cemented 
soils and rock. 
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Limitations 

No information for 
logging or samples for 
classification; slow in 
hard cohesive soils. 

No information for 
logging or samples 
for classification; 
difficult in loose, 
coarse-grained soil 
with cobbles and 
boulders. 

Information for logging 
and samples for classi­
fication; unsacisfonory 
in loose, coarse-grained 
soil with cobbles and 
boulders. 

Depends upon the 
method selected. 

Use 

Same as (1), (2), and (3) 
for wash boring (above). 

(I) Advance hole. 
(2) Access for field penetra­

tion test (not suitable for 
well permeameter test 
or ground-water observa­
tion if drilling mud used). 

(3) Access for dismrbed or 
undismrbed sampling. 

(I) Advance hole. 
(2) Access for field penetra­

tion rest. 
(.,) \Xlell permeameter test. 
('1) Ground-water observa­

tion. 
(5) Access for dismrbed and 

undisturbed sampling. 
(6) Advance hole to install 

c1sing for nuclear moismre­
density probes. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR USBR 7015-89 

PERFORMING PENETRATION RESISTANCE TESTING 
AND SAMPLING OF SOIL 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7015. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure to obtain 
a record of the resistance of in-place soil to the penetration 
of a standard sampler driven by a standard energy and 
to obtain representative disturbed samples of the soil for 
identification purposes. 

1.2 · Test results and identification information are used 
co estimate subsurface conditions for foundation design. 

1.3 Penetration resistance testing is typically per­
formed at 5-foot intervals or when a significant change 
of materials is observed during drilling, unless otherwise 
specified. 

1.4 This designation is limited to use in nonlithified 
soils and soils whose maximum particle size is approx­
imately less than one-half of the sampler diameter. 

2. Auxiliary Tests 

2.1 In some instances penetration resistance testing 
can be combined in a single borehole with undisturbed 
soil sampling, field vane shear testing, and borehole 
permeability testing performed in accordance with USBR 
7105, 7115, and 7310, respectively. 

2.2 When site specific correlations are to be developed, 
penetration resistance testing may be accompanied by cone 
penetration testing, undisturbed soil sampling, and vane 
shear testing performed in accordance with USBR 7020, 
7105, and 7115, respectively. 

2.3 The soil sample obtained is visually classified in 
accordance with USBR 5005 and a moisture content 
determined in accordance with USBR 5300. In some cases, 
the sample may be laboratory classified in accordance with 
USBR 5000. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and 
Symbols Relating ro Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 

USBR 5 300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 7020 Performing Cone Penetration Testing of 

· Soils :...._ Mechanical' Method · . . . . 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 
USBR 7115 Performing Field Vane Shear Testing 
USBR 7310 Constant Head Hydraulic Conductivity 
Tests in Single Drill Holes 

3.2 USER Documenc: 
Driller's Safety Manual 

4. Summary of Method 

4.1 After an initial seating of 0.5 foot, a standard 
penetration resistance sampler is driven 1.0 foot into soil 
below the bottom of a drill hole using a 140-lbm hammer, 
dropped 30 inches. Penetration resistance is expressed as 
the number of hammer blows required to drive the sampler 
the 1.0-foot distance. 

5. Significance and Use 

5.1 This test is used extensively for a great variety 
of geotechnical exploration programs. Many widely 
published correlations, as well as local correlations, are 
available which relate penetration resistance to the engi­
neering behavior of earthwork and foundations. 

5.2 This method provides a soil sample for identifica­
tion and for laboratory testing. The classification infor­
mation is used to develop site stratigraphy and to identify 
zones where further, more detailed investigations may be 
required. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. A 
term of particular significance is: 

6.1.1 Standard Penetration Resistance, N.-The 
number of blows of a 140-lbm hammer falling 30 inches 
required to produce 1 foot of penetration of a standard 
2-inch outside diameter, 1-3/8-inch inside diameter 
sampler into soil, after an initial 0.5-foot seating. 
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6.2 Terms nor included in USBR 3900 specific co chis 
designation are: 

6.2. l Anvi/.-Thac portion of che drive assembly 
which che hammer strikes and through which che hammer 
energy passes into che drill rods. 

6.2.2 Auromatic Hammer.-A hammer drop system 
which uses mechanical means co life and drop the hammer. 

6.2.3 Cathead.-A spinning sheave or rotating drum 
around which che operator wraps che rope used co life 
and drop che hammer by successively cighcening and 
loosening che rope cums around che drum. 

6.2.4 Cleanout Deprh.-Depch which che boccom of 
che cleanour tool (end of drill bic or curter ceech) reaches 
prior co termination of cleanout procedures. 

6.2.5 Cleanout lnterval.-lnterval between successive 
penetration resistance tests from which material must be 
removed using conventional drilling methods. The 
minimum cleanouc interval is 0.5 foot. 

6.2.6 Cylinder Hammer.-Drive weight assembly 
consisting of a guide pipe, jar coupling, and an open 
cylindrical hammer; also referred co as donut or casing 
hammer. 

6.2.7 Downhole Hammer.-A hammer which is 
lowered down che dril! hole and attached a short distance 
above the sampler. 

6.2.8 Donut Hammer.-See cylinder hammer. 
6.2.9 Drive lnterval.- Interval from 0.0 co 1.5 feet 

below the cleanour depth which consists of che seating 
and the test interval. 

6.2.10 Drive Length .-Tota1 length of the drive 
interval penetrated during resting. 

6.2.11 Drive Weight Assembly.-An assembly which 
consists of the hammer, anvil , hammer fall guide system, 
drill rod attachment system, and hoisting attachments. 

6.2.12 H ammer.-That portion of the drive weight 
assembly consisting of the 140-pound mass impact which 
is successively lifted and dropped co provide the energy 
that accomplishes the penetration and sampling. 

6.2.13 N V,1/ue.-The sum of the hammer blows 
required co drive the sampler over the test interval of 
0.5 co 1.5 feet below the cleanout depth . 

6.2.14 Number of Rope Turns.-The number of 
times a rope is wrapped completely around the carhead. 
Penetration resistance testing is performed using two 
nominal rope cums on the carhead. Depending on operator 
position, direction of carhead rotation, and che angle .at 
which che rope leaves che cachead, actual number of turns 
typically varies from 1-3/4 co 2-1/4 turns (fig. 1). 

6.2.15 Rope-Carhead Merhod.-Mechod of raising 
and dropping che hammer, which uses a rope strung 
through a center crown sheave or pulley on the drill masc 
and cums on a carhead co life che hammer. 

6.2.16 Safety Hammer.-Drive weight assembly 
consisting of a center guide rod , internal anvil, and hammer 
which encloses the hammer-anvil contact (fig. 2). 

6.2.17 Seating Jncerval.-lnterval from 0.0 to 0.5 foot 
below the cleanout depth. 

6.2.18 SPT-Abbreviarion for standard penetration 
rest or penetration resistance resting. 

TOP VIEW SIDE VIEW 

3 COUNTER CLOCKWISE ROTATION (14 Turns) 

TOP VIEW 

CRATOR HERE 

HERE 

SIDE VIEW 

CLOCKWISE ROTATION (2¼ Turns) 

Figure I. - Number of rope turns on ca thead. 

Driver weight 
140±2 lbm 

. - Jncernal anvil 

mark 

Guide cap 

- -- Center guide 
rod 

Vent 

- Driver weight 
140±2 lbm 

Internal anvil 

Guide rod 
mark 

Center guide 
rod 

- Guide cap 

Figure 2. - Internal anvil safety hammers - typical designs. 

6.2.19 Test lnterval.-interva1 from 0.5 to 1.5 feet 
below the cleanout depth. 

6.2.20 Trip Hammers.-Hammers which are hoisted 
by rope-carhead method and mechanically released for drop 
without rope attached. 

7. Apparatus 

7.1 Drilling Equipment.-Any drilling equipment is 
acceptable that (a) provides a reasonably clean hole prior 
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to insertion of the sampler, (b) ensures that the penetration 
test is performed in undisturbed soil, and (c) permits 
driving the sampler to obtain the sample and penetration 
record in accordance with the procedure described in 
subparagraph 14.6. The drilling equipment must provide 
power-operated cathead and a crown sheave-pulley centered 
over the borehole to perform penetration resistance testing 
using the rope-cathead method. 

7.1.1 Drag, chopping, and fishtail bits may be used 
in conjunction with open hole rotary drilling or casing 
advancement drilling methods. To avoid soil disturbance, 
only side discharge bits are permitted. 

7 .1.2 Roller cone bits may be used in conjunction 
with open hole rotary drilling or casing advancement 
drilling methods if fluid discharge is deflected. 

7. 1.3 Hollow stem continuous flight augers, with or 
without a center plug assembly, may be used to advance 
the boring. 

7 .1.4 Solid continuous flight, bucket, and hand augers 
may be used if the soil surrounding the boring does not 
cave onto the sampler or sampling rods during sampling. 

7.2 Drill Rod.-Flush joint steel NW drill rods having 
a mass of 5 to 6 lbm/ft are to be used for all penetration 
resistance testing. 

NOTE 1.-Flush joint BW or AW drill rods may be used in 
special cases. However, approval for their use must be obtained 
from the exploration team responsible for the investigation. 

7.3 Sampler.-The sampler is to conform ro the 
dimensions and materials shown on figure 3. Split barrel 
samplers or solid barrel-split liner samplers may be used. 
The solid barrel sampler is recommended for use in hard 
driving conditions. The sampler must be made from steel 
of a type and hardness suitable to resist wear. The driving 
shoe must be made of hardened steel. Samplers meeting 
these requirements may not always be available from all 
manufacturers of drilling equipment. Use of samplers 
differing from these requirements may be approved in 
special cases by the exploration team responsible for the 
investigation. 

7 .3.1 Basket traps or other devices, for retaining core.­
restrict the inside diameter of the sampler and may increase 
the penetration resistance. These devices are not 
recommended for use if reliable penetration resistance data 
are required. If soil retrieval and identification are required, 
they may be used and their effect on penetration resistance 
evaluated through sire specific comparisons. 

7.4 Drive Weight Assembly.-An internal anvil safety­
type hammer is to be used (fig. 2). The assembly consists 
of a 140-lbm (±2 lbm) hammer, an internal anvil, and 
a guide system which permits a low friction free-fall of 
30 inches. Total mass of the assembly must be less than 
250 lbm. The assembly· must allow for an upward stroke 
in excess of 30 inches to prevent backtapping of the 
sampler. A 30-inch drop-height mark (guide rod mark) 
should be maintained on the guide rod for accurate drop. 
The drive weight assembly must be made from steel of 
a type and hardness suitable to resist wear and deformation. 
The hammer-anvil contact must be steel on steel. 

7.4.1 Downhole hammer systems are not recom­
mended for use in penetration resistance testing. 

NOfE 2.-Cylinder weight (donut) type hammers are not 
recommended for use in penetration resistance testing due to 
poor efficiency and to safety aspects. These hammers may be 
approved for use in special cases by the exploration team 
responsible for the investigation. 

NOfE 3.-Trip and automatic hammer systems are preferred 
for use to eliminate operator influence and to provide increased 
safety. Prior to use of these systems, they must be calibrated 
and tested for reliable operation. Some hammer systems have 
already been tested and can be readily approved or disapproved. 
Calibration services can be obtained from the Geotechnical 
Services Branch, D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. 

7.5 Rope.-Hoisr rope should consist of a 3/ 4- to 
1-inch-diameter manila rope, sized to fit the crown sheaves. 
The rope should be stiff, dry, and clean. Replace rope when 
it becomes excessively frayed, oily, limp, or burned. 

7.6 Carhead.-The cathead should have a diameter 
ranging from 6 to 10 inches. The carhead should rotate 
in excess of 100 revolutions per minute and must be clean 
and free of paint, rust, oil, grease, or other contaminants. 

7.7 Miscellaneous.-Airtight sample containers, labels, 
data and log forms , and other necessary tools and supplies. 

8. Precautions 

8.1 Safety Precautions.- Performance of the rest usually 
involves use _ of a drill rig; therefore, safety requirements 
as outlined in the Driller's Safety Manual, or in other 
applicable safety standards, must be observed. 

8.2 Technical Precautions: 
8.2. l The rope-cathead method is both an operator 

and a mechanically dependent procedure. The measured 
penetration resistance of soil is dependent on the energy 
delivered to the sampler. Since both operator performance 
and equipment condition can affect the test, any deviation 
from standards should be noted. 

8.2.2 Special precautions shall be taken ro ensure 
that the energy of the falling mass is not significantly 
reduced by friction between the drive weight and guide 
system. Perform maintenance ro avoid friction buildup; 
periodically check the hammer mass and assembly mass. 

8.2.3 The sampler must be clean at the beginning 
of each rest and should be smooth and free of scars, 
indentations, and distortions. The driving shoe should be 
repaired or replaced when it becomes worn, dented or 
distorted. 

8.2.4 Soil deposits containing gravels, cobbles, or 
boulders typically result in penetration refusal and damage 
to the equipment. 

8.2.5 Plugging of the vent ports and ball check 
system of the sampler results in unreliable penetration 
resistance values. 

8.2.6 Drilling disturbance of the 1.5-foor drive 
interval results in unreliable penetration resistance values. 

8.2.7 Drilling fluids may be required for testing (see 
subpar. 13.2.1). 
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8.2.8 Under adverse weather conditions such as 
heavy rain or snow, the results of penetration resistance 
testing using the rope and cathead method may be affected 
due to a change in rope-cathead friction. This effect should 
be evaluated in the field, and testing should cease if 
significant changes are evident. 

9. Sampling, Test Specimens, and Test Units 

9.1 Moisture content samples and, in some cases, 
samples for laboratory soil classification are obtained from 
recovered mater ial. Care must be taken to minimize 
contamination. The mass of sample obtained for testing 
should be sufficient to ensure representative specimens 
(see USBR 5000 and 5300). 

10. Preparation of Apparatus 

10.l Drilling Eqwpmenc.-Lubricate crown sheave(s), 
and replace cathead rope as necessary to maintain low 
friction travel of rope. 

10.2 Penetration Resistance Apparacus: 
10.2.1 Check drive weight assembly for compliance 

with requirements in subparagraph 7.4. Lubricate and clean 
the guide cap area and the area between the internal anvil 
and hammer (fig. 2) as required to minimize friction. Mark 
guide rod at 30-inch drop height. 

10.2.2 Clean sampler ball check and vent ports 
(fig. 2) prior to each test. 

11. Calibration and Standardization 

11.l Tentative calibration procedures have been 
developed for penetration resistance testing. The method 
consists of measuring the force-time history of a hammer 
blow on the drill string during actual testing. Calibrations 
are only performed for special studies. It is anticipated 
that conformance to equipment and procedural details given 
here will result in an acceptable range of energy delivered 
to the sampler. 

12. Conditioning 

12.l Not applicable, special conditioning requirements 
are not needed for this procedure. 

13. Hole Preparation Procedures 

13. l Hole Preparation Procedures - General: 
13.1.1 Penetration resistance testing is typically 

performed at 5-foot intervals or when a significant change 
of materials is observed during drilling, unless otherwise 
specified. 

13.1.2 The cleanouc depth is measured to the nearest 
0.1 foot and recorded on the "Penetration Resistance Daily 
Data" form (fig. 4). 

13.1.3 Minimum penetration resistance interval is 
2.5 feet with a 1.5-foot drive interval and LO-foot cleanout 
interval. Special attention to drilling methods is required 
to avoid disturbance at such close intervals. 

13.1.4 The hole diameter should be restricted to 4 
inches. It is recommended that penetration resistance 
testing and large diameter sampling not be combined in 
the same drill hole. 

13.1.5 If an obstruction (such as coarse gravel, 
cobbles, boulders, debris, or a lithified layer) is encountered, 
it should be noted and can be removed by drilling through 
the interval of the obstruction. Do not use the sampler 
as a chopping bit. If disturbance below the obstructions 
is anticipated, it should be noted. In some cases, it may 
be necessary to abandon the boring. 

13.1.6 Any drilling procedure is acceptable that pro­
vides a suitably clean, stable hole before insertion of the 
sampler and ensures that the penetration test is performed 
in essentially undisturbed soil. Each of the following 
methods has proved acceptable for some subsurface con­
ditions. The subsurface conditions anticipated should be 
considered when selecting the drilling method to be used. 

13.1.6.1 Open hole rotary drilling methods. 
13.1.6.2 Hollow-stem continuous flight auger 

methods. 
13.1.6.3 Wash boring methods. 
13.1.6.4 Solid continuous flight auger methods. 

13.1.7 Several drilling methods produce unaccept­
able borings. The process of jetting through an open tube 
sampler and then sampling with the penetration sampler 
when the desired depth is reached is not permitted. Also, 
it is not permissible to advance the boring for subsequent 
insertion of the sampler solely by means of previous 
sampling with the penetration resistance sampler. 

13.2 Rotary Drilling With Drilling Flwds: 
13.2.1 The use of drilling mud is required for all 

penetration resistance testing when the investigation is 
performed to evaluate liquefaction potential. Use of water, 
air, and air-foams is unacceptable for these studies. In 
special cases, use of water can be approved by the Denver 
Office staff responsible for the investigation (e.g., when 
environmental conditions preclude use of polymer muds). 

The function of a drilling fluid is to aid in lifting 
the cuttings, to lubricate the bit, and to stabilize the walls 
of a drill hole. These functions are accomplished by mixing 
bentonite or synthetic polymers with water to form a fluid 
of higher density and viscosity than water. The bentonite 
or polymer is held in colloidal suspension within the water 
and interacts in such a manner as to increase the viscous 
drag on larger soil particles. This increase in viscous drag 
enables the fluid to lift large particles of cuttings that 
ordinarily would not be removed from the drill hole by 
water only. Wall stabilization is accomplished as the fluid 
penetrates the surrounding soil by the combination of the 
formation of an impervious filter cake and the increased 
density of the fluid acting on that cake. The lubricating 
effect is an added benefit due to introduction of a fluid 
at the cutting face of a drill hole. The fluid wets the cutting 
surface, cools the bit, and results in an increased advance 
rate and longer bit life. 

Because of a large number of suppliers, the varying 
grades of drill fluid products, and the varying requirements 
of each project, it is impossible to provide an exact 
procedure for the design and mixing of drill fluids within 
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7-240G < 12-ee> 
Bureau ot R:ecIamation 

PENETRATION RESISTANCE DAIL V DAT A 
Oes;gna,;on uSBR 70 ,s - 89 

PROJECT 
Example I FEATURE 

Example I HOLE NO. 
DH-5O2 

GROUND ELEVhTION 
6750.5 fl. 200' DIS Sia. 9•50 

FOREMAN I DRILLER LOGGED BY I DATE 

DRILLING METHOD 
Rotary, NX casing, 3-inch rockbit, Bentonite 

CLEANOUT OEP IH 

DEPTH TO SAMPLER TIP 

NO. OF BLOWS FOR 

ST ANO ARO 0.5 ft . 

SEATING PENETRATION 

(50 blows max.•> 

NO. OF BLOWS FOR 

STANDARD 1.0 ft. 

PENETRATION TEST 

(50 DIOWS max.•> 

DEPTH TO SAMPLER TIP 

DRIVE LENGTH (ft>/ 

RECOVERY LENGTH Cftl/ 

RECOVERY t RECOVERY } ('IC,l 
DRIVE J 

VISUAL CLASSIFICATION 

ANO DESCRIPTION OF 

SAMPLE 

(I) 

<2> 
(3) 

ROLL PHOTO NO. 

MOIST URE SAMPLE 

TEST t TEST 2 

40.3 fl. 43.3 fl. 

SEATING PENETRATION <O.S ft. max;mum> 

40.1 f I. 

NO. OF BLOWS PENETRATION• 

6 0.5 

TEST PENETRATION 

NO. OF BLOWS 
PENETRATION• 

0.5 • 1.0 -
1.0 ft 1.5 ft N 

8 II 19 1.0 

41 .8 fl. 
(I) (3) 

1.5 1.2 80% 

POORLY GRADED SAND• About 
90% fine sand; about I 0% 
nonplastlc fines, molst,grey, organic 
material; maximum size, medium 
sand, no reaction with HCL. 

<SPJ 

JAR #48 

43.2 II. 

NO. OF BLOW S PENETRATION• 

15 0.5 

<1.0 ft. maximum> 

NO. OF BLOW_S 
PENETRATION• 

0.5 • 1.0 -
1.0 ft t.5 ft N 

5 50 N/A 0.8 

44.5 fl. 
(t) 

1.3 

(2) / 

0.9 

(3) 

69% 

TOP• SP, Same as 40.3-41.8 
BOTTOM• SANDY SIL T•Aboul 
60% low plasticity fines; quick 
dilatoncy; about 35% fine sand; 
5% fine subangular gravel. 

JAR #4C ( from ML l 

• EMARK s, __ T_e_s_t_l -•-----'O-'.""2'--f_t ._s_lo_u__,10""',h _ _.__Drl"""'o_r_to_t"""'e--'-s"'"'t .--'O"""'n""lv'-'2=--b'-1--'-o-'-w'"'s'---'-f-"-o-'--r _O=--'-.4-'--'""'fl-'-. _.o'-e""'n"'"'e""'t-'--r a"""t'""lo=n"--'l-'-'-n----"'O..,_.5"'---1'--'.~O'--'-f"'"'t "'-----i 

intervals. 

TEST 2 • 0.3 fl. slough, drove on coarse aravels or cobbles. Gravels must have 

fell out. Had lo sloe lest al 0.5 fl. oenetration and remark rods. 

•IF SO BLOWS 00 NOT YIELD MAXIMUM PENETRATION. RECORD PENETRATION FOR 50 BLOWS ANO DISCONTINUE TEST. 

DRILLER FOREMAN _________________ _ 

<sianature) <siana1u,e> 

Figure 4. - Penetration resistance daily data - example. 
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the scope of the procedure. For more information on 
specific drill fluids, consult with local manufacturers or 
suppliers representatives. 

NOfE 4.-In some areas, certain types of drill fluid produces 
are not allowed by state and local environmental authorities. 
Before using any drill fluid produce, check with the local authorities 
co determine its acceptability. 

13.2.2 If ground water and/or saturated soil are 
encountered, use of drilling fluid is preferred rather than 
casing the drill hole. Stabilizing drilling mud is preferred. 

13.2.3 The drilling fluid level within the borehole 
must be maintained at or above the in-place piezometric 
water level at all times during drilling, removal of drill 
rods, and sampling. When drilling in unstable soils at close 
testing intervals, it is also necessary to maintain fluid levels 
during extraction of the sampler. Withdraw the drill bit 
or sampler and rods slowly and maintain fluid level in 
the borehole. Maintaining the fluid level at ground surface 
is recommended as this provides the maximum beneficial 
effect and provides a constant and easily observable fluid 
level. 

13.2.4 Record any loss of circulation of drilling fluid 
as an indication of voids in the soil or possibly very high 
permeability layers. Also, record any increases in circulation 
as an indication of possible layers with artesian pressure. 

13.2.5 Record fluid circulation rates and any 
occurrence of excessive bit pressures. 

13.2.6 Cleanout depth is to be determined to the 
nearest 0.1 foot. After removal of cuttings, slightly raise 
the drill bit and rods and cut off fluid circulation. After 
several minutes have elapsed, lower the drill bit and rods 
to check cleanout depth. If an excessive amount of cuttings 
(slough) is present in the drill hole (0.2 to 0.4 ft), continue 
circulation to remove this material and recheck the drill 
hole depth. Record the cleanout depth as the depth that 
the drilling bit initially reached and not when resting on 
the thickness of cuttings. 

13.2.7 Casing And Rotary Drilling.-If casing is 
required, care must be exercised when driving the casing 
to avoid disturbance to the test interval. Casing ,should 
be kept as far above the test interval as possible through 
proper use of drill fluids. Keep detailed casing records. 

13.3 Auger Methods : 
13.3.1 The solid continuous flight auger method shall 

not be used for advancing the boring below a water table 
or below the upper confining bed of a confined cohesionless 
stratum that is under artesian pressure. 

13.3.2 Do not advance augers into the test interval. 
13.3.3 Cleanout depth is recorded on figure 4 as the 

depth to the end of the cutter head fingers. 
13.3.4 Special precautions are required for use of 

auger systems in soft or loose deposits (less than 5 blows 
per foot for clays and less than 15 blows per foot for 
clean sands) and in soft or loose deposits below the water 
table. In soft or loose deposits below the water cable, rotary 
drilling methods using drilling fluids are recommended. 
If auger systems are used in these conditions, follow the 
precautions in subparagraph 13.3.5. 

13.3.5 In all cases, in soft or loose deposits, it is 
necessary to slow the feed rate of the augers as the test 
interval is approached. When using hollow stem augers 
in soft or loose deposits below the water table, the hollow 
stem must be filled with drilling fluid or water. Use 
procedures given in subparagraph 13.2.3 when using drill 
fluids . After the test interval is reached, it is necessary 
to remove solid augers from the hole or to raise slightly 
the hollow-stem augers and suspend the augers wich a 
fork to prevent downward pressure on the test interval. 
If disturbance is evident when testing under these 
conditions, it may be necessary to raise and suspend the 
hollow-stem augers from 4 to 6 inches above the cleanout 
depth and to use thin wall drive tubes or other methods 
for clearing the final 4 to 6 inches of the hole. 

14. Test Procedure 

14.1 All data are co be recorded on the "Penetration 
Resistance Daily Data" form as shown on figure 4 or on 
a similar form. 

14.2 The sampler is attached to the drill rods, with 
each rod joint securely tightened, and slowly lowered to 
the bottom of the hole. Do not drop · the· sampler· and 
rods onto the soil to be sampled. 

14.3 Determine and record the depth to the nearest 
0.1 foot at which the sampler tip rests. Compute and record 
the thickness of slough. If excessive slough or cave (about 
0.2 to 0.4 ft) is encountered at the bottom of the drill 
hole, remove the sampler and reclean the hole. The total 
amount of cuttings and slough should not exceed 0.4 foot 
(see subpar. 13.2.6 for cuttings) . 

14.4 Attach the safety hammer center guide rod 
assembly securely to the drill rods. Using light hammer 
blows, advance the sampler through slough, cave, or 
cuttings to the cleanouc depth which is the beginning of 
the 1.5-foot drive interval. 

14.5 Mark the drill rods in three successive 0.5-foot 
increments so the advance of the sampler under the impact 
of the hammer can be easily observed for each 0.5-foot 
increment. 

14.6 Drive the sampler through the drive interval with 
blows from the 140-lbm hammer falling 30 inches, using 
the rope-cathead method with two nominal rope turns 
on the cathead. The operator should use approximately 
1-3/4 to 2-1/4 rope turns on the cathead depending on 
whether the rope comes off the top or bottom of the cathead 
(fig. 1). The rope is thrown into, but not completely off 
of the cathead to minimize rope friction. Apply hammer 
blows at a rate of 20 to 40 blows per minute. The portion 
of drill rod above the hole collar should be held in a vertical 
position. Care must be exercised in obtaining an accurate 
30-inch drop during the test as variations directly affect 
penetration resistance. 

14.7 Count the number of blows applied in each of 
the 0.5-foot increments, and discontinue the test when one 
of the following occurs: 

14.7.1 A total of 50 blows is applied in a 1.5-ft drive 
interval at depths of less than 100 feet. For depths of 
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greater than 100 feet consult the exploration team 
responsible for the investigation. 

14.7.2 There is no observed advance of the sampler 
during application of 10 successive hammer blows. 

14.7.3 The sampler is advanced the complete 1.5 
feet without limiting blow counts as described in subpar­
agraphs 14.7.1 or 14.7.2. 

14.8 If the sampler penetrates part of the 1.5-foot drive 
interval under the sratic mass of the rods or the rods and 
hammer assembly, record the penetration distance on the 
data form (fig. 4) . Drive the sampler through the remainder 
of the 1.5-foot drive interval using the procedure in 
subparagraph 14.6. 

14.9 If the sampler penetrates the complete 1.5-foot 
drive interval under the static mass of the rods or the 
rods and hammer assembly, attempt to retrieve the sample. 

14.10 Record the number of hammer blows for each 
0.5 foot of penetration or fraction thereof. The first 0.5 
foot is the seating interval. The sum of the number of 
blows to penetrate the 0.5- to 1.5-foot test interval is termed 
the penetration resistance or N value. If the sampler is 
driven less than 1.5 feet (as permitted in subpar. 14.7.1 
and 14.7.2), the number of blows to penetrate each complete 
0.5-foot increment or each partial increment is to be 
recorded. Determine partial penetration to the nearest 0.1 
foot and record with the appropriate number of blows. 
Note any irregularities in penetration. (For example: If, 
within a 0.5-foot interval, only two blows result in 0.4-
foot penetration but six additional blows are required to 
drive the remaining 0.1 foot, the variation should be noted 
and recorded.) Record the drive length as the sum of the 
distances penetrated in the seating and test intervals. 

NOfE 5.-When performing penecration resistance testing for 
liquefaction potential evaluation in gravelly alluvium, the number 
of blows per 0.1 foot of penetration will be recorded. The purpose 
of this is to obtain extrapolated sand N values so che influence 
of gravel on the N value can be evaluated. 

14.11 To remove the sampler, apply two clockwise 
turns to the rods co shear the soil at the bottom of the 
sampler. The hammer can be used co backtap the drill 
string to free the sampler. Withdraw the drill string slowly 
and detach the sampler from the drill rods. 

14.12 Determine and record recovery length of the 
sample co the nearest 0.1 foot. Do not include slough and 
cuttings in the recovery length. Calculate and record the 
percent recovery. 

14.13 Calculate and record the N value. Calculate the 
N value only if penetration of the complete LO-foot test 
interval was achieved. 

14.14 Perform a visual classification and description of 
the soil(s) obtained from the sampler in accordance with 
USBR 5005 and record. If the sample mass is insufficient 
for a representative classification, the sample is still co 
be classified and chis fact noted on the data form. 

14.15 Determine and record the moisture content of 
the sample in accordance with USBR 5300. If the sample 
mass is insufficient for a reliable moisture content 
determination, this should be noted. If the sample is 

homogeneous, the moisture content sample can be obtained 
from the driving shoe. If more than one type of soil is 
encountered, perform separate moisture content determi­
nations for each soil. A void contamination by drilling fluids. 
Obtain samples as promptly as possible and seal in airtight 
containers. Record moisture content information. 

14.16 Laboratory Classifications.-If required, classifi­
cations will be performed in accordance with USBR 5000. 
If the sample mass is insufficient for representative 
classification, this fact should be noted on the data form 
and drill log. Indicate location of samples under the 
Remarks section on the data form. 

14.17 Preserve the remaining sample to retard mois­
ture loss, and mark the sample container with the following 
information: 

• Sample number • Location 
• Date • Project 
• Depth • Feature 
• Drill hole number 

Protect the core from breakage. Note the presence of slough 
or contamination in retained samples. 

14.18 Ground-water Jnformation.-For holes drilled 
with bentonite mud, ground-water information is of 
questionable reliability; however, it should be monitored. 
Monitor ground-water levels before and after removal of 
protective casings or augers. Obtain ground-water levels 
at time periods suitable for the material encountered during 
drilling and after hole completion. Ground-water elevations 
should be measured daily and recorded on data forms. 
Where possible, a sufficient number of holes should be 
left open and vented caps provided to allow observations 
co be made over a period of days. In clean coarse-grained 
soils, shorter monitoring times may yield stabilized ground­
water information; while in fine-grained soils longer time 
periods-24 hours or greater-may be required. If ground 
water is not encountered or if the level is of doubtful 
reliability, such information also should be reported. Nore 
if hole caving or closure occurs during observations. 

15. Calculations 

15.1 Calculate the N value (standard penetration 
resistance) using the following expression: 

N = (No. of blows from 0.5 to 1.0 ft) (1) 
+ (No. of blows from 1.0 to 1.5 ft) 

The Nvalue is calculated only if penetration was achieved 
for the complete LO-foot test interval. 

15.2 Calculate percent recovery. 

( 
recovered length, ft) 

Percent recovery = 100 d . 1 h f nve engt , t 
(2) 

where 100 is the conversion co percent. 

16. Report 

16. l The report is co consist of the following completed 
forms: 
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16.1.1 Penetration Resistance Daily Data (fig. 4).­
The daily data form is not submitted routinely as design 
data but should be available for review if more detailed 
examination of data is required. 

16.1.2 Log Forms.-For continuity of data presen­
tation, the log format should follow those shown in 
appendix Xl. The format is established with the 
"Subsurface Exploration - Penetration Resistance and 
Log" form as shown in appendix Xl. Penetration resistance 
value N should be plotted in graphical form in the center 
portion of the form. Notes from the daily data form (such 

as those which indicate reliability, irregularities, and 
equipment used) should be included on this form. 

16.1.3 Special Cases.-In special cases, penetration 
resistance testing is combined with other testing which 
must be included on the log form. In these cases, log forms 
may be modified to show pertinent data. 

1 7. Background Reference 
Annual Book of ASTM. Standards, Designation D-1586 
Standard Method for Penetration Test and Split Barrel 
Sampling of Soils. 

APPENDIX 

Xl. EXAMPLE FORMS 

The example log shown on figure Xl.1 was generated 
by computer using the program NGEOSUB. This program 
uses the Bureau of Reclamation CYBER computer and 
provides 35-mm microfilm using COMpS0 microfilm 
equipment. The program generates logs of other testing 
in addition to standard penetration tests. The program 
was developed and is maintained by the geology staff in 
the Bureau's Lower Colorado Region and the Geo technical 
Engineering and Geology Division (Denver Office). The 
primary benefit of using the computer-generated log is 
the ease of making editorial revisions as required during 
review. Logs can be constructed also on the "Subsurface 
Exploration - Penetration Resistance and Log" form as 
shown on figure Xl.2. 

When laboratory classification data are obtained on 
penetration resistance samples, these data should be shown 
separately on the log. The right column of the boring log 
is used to report visual classification and description of 
materials as observed in the field. Soil classification infor-

mation in this column should not be supplemented or 
revised to reflect laboratory test results except for obvious 
omissions or errors. Use of laboratory test data to improve 
visual classification skills is encouraged. It is recommended 
that laboratory data be shown in a tabular form within 
the center column portion of the log form after sample 
interval information similar to the example log figure Xl. 1. 
This table should provide information on sampling interval, 
laboratory soil classification symbol, percentages of gravel, 
sand and fines, and liquid limit and plastic limit. 

The example log on figure Xl.l exhibits several pene­
tration resistance testing situations which require notes 
and precautions concerning nonstandard test results or 
possibilities of unreliable data. This example log can be 
used as a guide on how to note such occurrences. It is 
important that the conditions, such as shown on the 
example log, are in~luded on the actual logs to caution 
users as to reliability of data. 
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STANDARD PENETRATION TEST HOLE NO. OH-400 SH£[ r .... .. . or 

PROJECI .. c.x~~ .... . . . . . . . . . . . ,EA !URE .. c.x.•"""~ AREA .. ~x~.r .......... . ... .. ....... . SIA!( . . ~X"'!Pl.r . ..... . . 

COORDS . N .. !q~s.1 ..... .. . . . . E ... •~9o~ ...... ..... ... . GROUND ELEV ........ 67~?,~. ANGL[ FROM HORIZ . ... ~q .. o .... ~ .. .... . 

BEGUN .. 9~-.•.6.-!I' .. , IN I SHED .. qs.-.1~: ~ . . . DEPTH 10 BEDROCK .~~·.'.... .101 AL DEPTH ........ .'\0 .. S .. BEARING ........ . 

DEPTH 10 WAl[R . . S:£~.~•~S. ........ . .... LOGGED BY .. .. ~ .ooc . . . .. .... . . ....... .. .. REVIEWED BY ... ~.U!f.~ . . .. .. .. . . ...... .... ... ... . . 
.., ST ANOARD PENETRATION TEST 
8 ► 1-----,•oc..--•_•=-.•~•-~_,_-_•_•_·_•_••-•-"_""_~_~_• ___ 1 
:.~ ~ ~ g~ I-__ B_L_O_I-I_S_P_E_R_r_o_o_r_--1 N()ICS 

PU!POS£ , 
rou,.,ou ION INVCSl IG­
A.I ION rOR P\JHPING 
Pl.A.NJ ·x-

uo a, ..J u-
~~ rm a:U'I 

:rcr ? ~ It'~ 
140 LB. HAMM[R-30 IN . DROP 

IO 20 30 40 

ORILL EOUll'MCNT, ~ I) 138, 1 • 
HOBIL ai.0-L TRUCK 
HOl.HTCO DRILL 1-11 JH 
B[A.N CO WA. l[R PlJt'P 

ORILLCR , ~ 10 128. 7 • 
JACl< 00( 

DRILLING 1'£fHOO: 0Jir~c~'~lrH~-7f81N ~ 3 34.3. 
TRICONE ROI..L[R ROCK 
BIT USING BENTONIT[ 
ANO WATER AS DRILLING 
HUIO WI TH 50 StC AVG ~ 

~~;-;•~~~J 'XPPRox ,-!!... 2 34. 3 • 
l!,F° I INT[RVA.LS USING 
A. 1-3/BIN 10 SPLIT 
BARREL SA.t'Pl..fR ON NW 

~a.'Nx;:OCJS.,.~(~HH:~~ ,--1.!... * 1 45.6ie 
I JOYAL MASS 235 l8M) 
ANO A. 301N OROP.NX 
CASING ADVANCED ON --r~ J~:~;v:~ ~~~~ii ~ * 0 46. 4 
OUT t.11 TH ROCK 81 r 

SAl'V'l..[ INl[RVAL NOICS : 

15.0-16 .Stl :DRILL 
SIRING SANK THROI.JC,l-4 

:::E: 11 27.7 

10 

t-- 30 -

t- -

CLASS Ir ICU ION 
Nll"RV:\ S 

"' z 
uu, 0 
-;x 
:x~ .... ..... .. ,j >w 
g;o d~ 

- 6737.5 

,__ 6706.0 

"' oo ~z 
CLASS Ir ICAr ION At<) .,,;: 
PMY)ICAL CQt.01 IION '""' -'w a.~ 

~ .,,.,,. 
0.0-36 .5 OUAl[RUARY LACUSJRIN( 5£0111ENIS IOI.. I 

0 . 0-5.0 : R0O< BIT lNIERVAL : L[AN T') ru CL\Y 
t.11 Ht 0HGANIC t1Al[RIAL. '/[GA.JU ION ANO ROOJS. 
0[SCRIPTION BASCO ON DRI LL ING C0UOITJQ." ANO 
CUTTINGS REIURtl 

5.0-6 . 5 : srr SAKPL( 
5 . 0 · 5 .B: LEAN CLA Y ICl 1: APPROX . 85': r IN[S 

WJfH 1'1C0IUH PLASIICITY . '1£DILR1 T0UGHN£SS , 
HIGH ORY STRENGIH; APPROX. 15-1: PR[OOHINANTLY 
rfN[ SANO: HAX IHUM SIZE. COi.RS[ SANO: !,,CAI( 
R[ACII0N t.lllH HCL . ·HOIST.TAN . r1Rt1,HQt10 • 
GCNEOUS . ROOIS ANO ORGANIC MAl[RIALS PR[S[,-•; 

'1.B • G , 5: F"AI CL AY 1011: APPROX. 95t flN[S WITH 
HIGH PLASTICITY. HIGH TOUGNESS, V[RY HIGH 
ORY STR(NG!H: APPROX. 5t PR[OQHINANTLY ffN[ 
SANO: MAXIMUM Sil[. r1Nf SANO; '-'[AK R[ACJION 
t.11rn HCL. MOIS( . TAN . flRH TO s orr . HOMO · 
G(NCOUS. SOt1£ ROOIS PR[S[NI 

6.5 - 10.0: ROC K 811 Jr,;J(RVAL: SlllS ANO CLAYS . 
OESCRIPI ION BASED ON [,r{lll IN(; CONDIT ION ANO 
CUT I INGS RE IURN 

10.0 ·11.5: SPT SAl1Pl[ 
CLAY['( SILi IMt - Cl l: APPROX. 90t rlNES WIJH 
toi-, PLASIICIT Y . lOt.l IOUGHNESS. LOW ORY 
STR[NCrH: APPROX. I0t PR[OOHINANTLY r IN[ SANO: 
HAX :HUH SIZE. r !N[ SANO: Wt:AK REACTION WITH 
HCL . - HOIST. GREY. sorr . LAMINATED 

11.5- 15 . 0 : ROCK 811 INIERVAL , t[AN 10 fAI CLAYS 
OASfO ON DRILLING CONDITION At«) CUTTINGS 
R[ IURN 

15 . 0 · l6.5: SPT 5Al1PL[ o.zrr or TH[ S[AI ING 
INTERVAL UNDER MC IGHT 
Of" HA'1'CR ANO ROOS 

,__ 
~ 21 18 . 4 

1- liO 1-- 6702'.5 L[AN ro rAT CLAY I CL ·C HI : APPROX. 951: f ! NES 

20.0-21 . Stl: DRILL 
STRING SANK 0.7rT 
IJ..ROI.Y...H DRIVE INIER­
VAL.0.c?rf l..NO£R ROOS 
ANO o.srr UNUl'R R©S 
At,() HAHMCR 

2'5.D-2'6 . Yf: DRILL 
STRING SANK 1.zrr 
T~OUGH DRIVE INTER­
VAL, O .~r r ·ROOS .o. er I · 
ROOS Af,,(J HAl'V1[R. 
CRILL ING OISl~ANC[ 
NOi APPAR[NI 

J0.0-31.7rt: DRILL 
STRING SANK I. 1rr 
snow CL[ANOUI OCPTH 
0 . 51"1-ROOS , 1 .Zf"I R005 
ANO HAl'1J<R. DRILL ING 
OISTR1.A3ANCC NOi APPA -
RENT 

35.0-36.Sf"l: UN£VEN 
POCTRAJION. ZBLOMS IN 
o.s-1.or, INT •• 9BLOIJS 
INI .0-1 . 5'1 INI ,P(t£­
lRAT ION OECFft:ASCO Al 
1.1r1 

l.f5,0-l.f6.51"1: UNtV[N 
PrNCTRAllON · BBl.OWS IN 
o.s-1.or• 1Nr. 20 
BLOWS IN 1.0-1 .5, T 
INT, P[N[TRU ION 0(-
CR[AStO Ai 1. 1rt 

~ 28 32.~ 

~ 17 28.~ 

;::K * 25 21.3 

~ 14 28.E 

~ *50/1. *23. 

~ *50/1 . ' *24. 

= *50/ . 4 

~~~.f~c8·~~~,or ~ *10/.1 
PORI PlUOGCO Ml TH 
SAt.O POSSIBl.t l.NU:L IA 
Bl[ N VAll.C 

65.0-66.Jrl, R!:ACHCO 
50Bl.OWS IN H€ ORIV£ 
INJ[RV.\l Al 1.J fl. 
5 BLOWS IN SEAT INC 
INTCRV\L, ?5 Bl.OMS 
IN o.s -1.or, .?o 
Bl.Ol,15 IN 1.0-1.Yf, 
DRIVING IN GRAVCL S 

70.0-11 . 2fl: SlOPPCO­
ttSI Af t(R 508LOWS . 
POSSIBlt J(lTIN(; OIS­
TURBANC[ , 10 BLOWS IN 

COH11CNTS : 

•-~XI 10 N VALL£, 5£[ N01[5 CCl.Uf'1N 
·-~lCT TO 110;5,~. st[ CL.t.55 OtSCRIPI ION COlLl1N 

INCLASS·otSCMIPJ ION CQ.UHN lt.OIC.t.1(5 OCSCRIP· 
I ION or .,.,,._ ... C( COMll 1 ION I-IILL rouow 

INI • INIP1VAL 
GRO•c.nc,u,«) 51.KAC( 

t-

t- 60 • 

t- 70 

t-

t- ao 

90 

[XPI..ANAI IONS : 

DI OMS,roo, 

WI IH MCOIUM 10 HIGH Pl.>.ST IC I IY , NCOIL.11 ro HIC,H 
IOUCHNESS. Vt RY HIGH OR Y ST[NGTH ; APPROX. 5t 
PRE00HINANILY flN( SANO: HAXIMUH SIZE, F"INE 
SANO: I-IEAK RfACIION WITH HCL. 1-£1. GREY - UN , 
sorr. LAHINAt [O 

16 .5-20 .0 ROC K 0lt INT[R VAL: LEAN 10 ru CLA YS . 
orsi:RIPI ION UAS[O ON ORILL ING CONDI I ION ANO 
CUlflNG5 RETURN 

2'0.0 • C:,1.5: SP! SAMPLf 
rAI CLAY IClll : APPROX . I00t r,N[S WITH HIGH 
f'LASt lCI rv. H!GH I0UGHN[SS. VfRY HIGH ORY 
5 1RfNGIU : h'£Ao< HIACIION WIIH HCL . WEI, GREY. 
V[qy sor I 10 sor I. LAHINAl[O 

i'l.5 · t'5.0: HOC K !Ill INIERVAL: rAt CIAYS. VERY 
sor I . 0[SCRIPI ION PASCO ON DRILL INC- CONDI I ION 
ANO CUIIHlGS R[ IUHN 

2'5.0 · C6.5: SP( SAl1Pl f 
rAT CLAY 1011 : APPROX . I00l rlNE S l-411H HI GH 
Pt A511CltY. IIIGH IOUGIINfSS. VERY H IGH ORY 
SIRl"NGIH: WfAI( 'U"ACIION W!Hi HCL. VERY wrr . 
GRfY . vr RY 50r I . l AMINAlfO . 

i'6 . 5- .m . o : ROCI( 8 1 T INILHVAl: fAI CLAYS. VERY 
sor r . l)AS,fO ON MILL ING CQt.()11 ION 4NO CUI l : NGS 
nr IUllN 

.50.0 • jl. "/: 51'1 SAMPL[ 
fAI Cl AY :on ; APPROX. IOOl r INtS WI TH HIGH 
Pl.ASIICITY. HIC',li IOUG~ss. V[RY Hlvh ORY 
5rRl'NCHl: t,tf:AI( R[ACI ION WI IH HCL . VlHY H( I. 
GRf Y ·Bl.ACK . Vf~Y sor r. HOHOG[N£OUS 

.u. ·t -~5.0: ROCK flll IUl[RVAL: rAT CLAYS. V[RY 
S0fl · fllGH PLASIICltY. BASl'O ON 0RllllNG 
CONDI I I~ ANU CUI I rn::;-:; R[IVRN . 

j'.J . 0 36 . 5: srr SAMPt.r 
3':>.0 • Jli . 0: r Al Cl AY 1c111 : APPH0X. I00't f rnr s 

t.11111 IIIGH Pl.ASI ICI IY. IIIGH TQUC,HNl55. Vil·ff 
HIC,Jt DUY Slll[NGIH: t.lf.\lo: RrACIIOU WIii! HC1. 
wrr. CRl"Y·TAN. ~;urr. lA..'11NAffO.· :-:orsr:;m .;d_·; 

.ifi . u -:m . ~: ctAYLY SANU IS(I; .\Pf'HOX . ·,o~ f INf 
10 Hl'DllR1 . IIARt>. 5UflANCll AH ~ANO ; APf"RO"< 3/Jt 
flNl'i WIIII IIIGH P'I.ASIICIIY, HIGlt 10l.JGtL'4S~,. 
HICH DRY srm NGiH: MAXll'1UH 5171. C0A:~~-~- S,\~l[); 
WI. A~ U[ACIION t.lllH HCL . '101~il , GPLY. DIUSI. 
HOH0VrNf0l_,"j, I" ll'1f5 C0NtlNI IS HICHi If ,'.J 
CUNIACl.•MOl !HUHf .. ,·,·.·n 

.{fi.!J·00.4: OU,\li RN,\HY ,U l \'\'ILR1 l(lAf I 

."ifi.5-ltO.O: J?O(~ Al I INll':?\'.U: li ,\YfY 10 s:1 :y 

RrC0RO Nl.EHBfR OJ D.l 0WS RfCU I Ht O l UP. 0NI'" I 00!' Of i't Nl :~~-\ ! IC~. 
,r ~o BLOWS RfSUL I IN ll"S'i IHAN ')NL I OOi Of 1-'1.t~· m.\! !C:';. 
R[CORO O[PIH PL.NI IRAilO; lil.lS, ~0 1 ,•t IN':)ICAlfS !J.4 ! 0--.1: 
F"lNtHl.\f[O Wint ~ 0 HLQl.lS . 

Figure X l. l. - Subsurface exploration - penetration resistance and log - example. 

1039 



USBR 7015 

STANDARD PENETRATION TEST HOLE NO. DH-490 SH[[I. i! . or 

PROJECT .. E.XA>Pl~ ................ FEATURE .. r.x.•HP~[ . 

COORDS. N .. I 065_3_ .. 

BEGUN . _gey-_,.6.- ~ .. FINISHED . _06_-_19 : ~• ... DEPTH TO BEDROCK _ao .. • . 

DEPTH TO WATER.-~~ - N<;JI~~ .. ..... ... ... LOGGED BY . .. ,'<J"":' _oar. 

STANDARD PENETRATION TEST 
IOCSJGNAIION [-21 . [AA;H HAM,JALI 

"' ~w BLOWS PER FOOT 0:" zo: ..,o w=> 
CD J u~ 

ARE A .. [XAMPL_[_ .................... . . ST A TE .. ~~AHPL.E. 

GROUND ELEV .... .. . _67~2 .. 5. ANGLE FROM HORIZ . _9q ._o_ .. _Dp!,IN_ 

.. TOTAL DEPTH ......... so .. ~ .. BEARING . 

... 
;;f 
u .,,_ 
r;:; 

. . . .... REVIEWEO BY .. . -!A_N_r_ DO~ . 

CL ASS lflCAflON ANO 
PHYSICAL CONDI flON 

~ ... ;,: CD o:"' 140 LB . HAMH£R-30 IN . DROP t~ ~5 ... -
SCAT ING INTERVAL , 10 
BLOWS IN rlRST 0.5 
·I .orr INTERVAL 30 
BLOWS IN 1.0-l .2f"T 
DRIVING ON COBBLE 
OR COARSE GRAVEL S 

75,0-75 . ltrr: 50 BLOl-15 
rOR 0 . 1trr IN SEATING 
INT[RVAL , ORIVING ON 
COBBLES. 

ao . o-eo . 1rr: StoPPro 
l(S T Ar ICR IO BL0\.15 
RESU. TEO IN LCSS THAN 
o. 1rr PCNETRATION 
DRIVING ON C08BLCS 

ORILL ING C()fl()I l IONS: 

0.0-45.0F"T: DRILL ING 
SMOOTH . CASING DRIVES 
[AS IL Y 

45.0-65 . orr: DRILLING 
SMOOTH , TO CHOPPY 
CASI NG DROVE r A I RL Y 
EASY. 

6!1 . 0-BO .I.tr T: DRILL ING 
HARO ANO CHOPP"1', 
CASING DROY[ HARO 

rLUID RETURN: 
o . o-35 . orr 95t 
35.0-45 . QrT ?Qt 
45.0-55 . 0FT 65t 
55.o-so.orT 75.t 
60.0-80 . 4F"T 40.t 

CASING RECORD : 
HOLE CASING 

OAT[ SZ OEPTH DEPTH 
6 1 16 NX 15.0 14 .0 
6 1 17 NX JJ.O J? .O 
6118 NX 70.0 10.0 
6119 NX 80.4 GRO 

W.A.TLR l[VELS DURING 
ORILLING , 

MOLE 
OAT[ OE"PTH 
6116 15.0 
6117 33.0 
6118 70 . 0 
6/19 80.4 

M.A.T[R 
DEPTH 

4 .0 
3.0 
CRD 
CRO 

1.1.A.T[R LEVELS .A.tlCR 
DRILL ING : 

HOLE WATER 
OAT[ ()(PIH L[V[L 
6 1 19 80.4 ORO 
6119 •15.0 ORO 
512~ •ss.o cRo 

•AFTER CA.SING PIA.LEO. 
HOl.£ CAVING.MUER 
rLOWING AT GRO. ~ SUR­
F AC£, CSTIHATC 3fT 
H[A.0. FLOW AT IOGAL/ 
MIN 

HOLE COt-Pl.E TI ON : 
PULLED ear T or NX 

CA.SING. GROUTED F"HOH 
65 . 0 JO SURrACC WITH 
CEMENf-B[NfONI It 
SL~YfZ8.A.G CEMENT ,2 
8.A.G BCNTONI TE TO 50 
GAL MA HR 1 

COMMENTS: 

•-f-CXI 10 N VALUE. srr NOIES COLUMN 

.. ~ 

· -N£X T IO HOJS,URt . Stl ClAS:; •OtSCRIPIJONCOLUHN 
- JNCLASS-'J(SCRIPTION COLUMN INDICAf(S O(SCRIP­

IION or INPLACE CONDI I ION MILL rouow 

INI • INlr'lVAL 
GRO • GQOI...NO ~f" ACC 

I 0 20 30 40 o · 

t- 110 -

120 

130 

150 

t-- 160 

t- 17 0 

180 

190 -

[ XPLANAT IONS: 

OU)l-151""001 

SANOS . MAXIMUM S IZE. COARSE SANO. DESCRIPTION 
BASE D ON CHILLING CONDIT IONS ANO CUTTINVS 
R[IURN 

1•0.0-41.5 : SPT SAHPL[ 
POORLY C~AOED SANO ISP- SHI: APPROX. 901: r INE 
TO COi.ASE . HARO . SUBANGUL AR ro SUBROUNDEO SANO 
• APPROX. IOt NONPLASTIC FINES : MAXIMUM Sil[. 
COARS( SAP-0: WE r. GREY . DENS(. f..lOHOGCNEOUS 

'•1.5-45 . 0: ROCK BIT INTERVAL: POORLY GRADED 
SANO. SILTY SANO ANO SC ATTERED C.RAVELS. DES­
CRIPTION BASED ()N DRIL LING CONDITION AND 
CUI I INGS P.C IUHN 

~5.0·'16 , 5: SPT SAMPLE 
45.0-46 . 0: SILTY SANO ISHI: APPROX. 701: F"INE 

TO COARSE. HARO. SUBANGlA..AR TO SUBROUNOEO 
SANO : APPROX. ?51 NONPLAST JC r INES : APPROX . 
51: PR[OOMltlANTI.. Y r I N[. HARO. SUBANGULAR 
GRA~LL : MAXIMUM SIZE . r1NE GRAVEL. VERY 1-i(T 
• GRE Y. DENSE. STRAT1r1co LA\"CRS.·MOISTURE 
CONTLN T• 21 . 71: 

lf6 .0·4 6 . 3: •SIL I Y GRAV(L tGt'!l: APPROX. 40t f"'RE­
OOHINA.NTLY FINE . HARO , SUBANGULAR GRAVEL: 
APPRO X. 35l COARSE TO r !NE. HARO. SU8ANGULAR 
TO SUBROUNDEO SANO: APPROX. 25t NCNPLAST IC 
FINfS : MA X IMUM SIZE . F"· INE GRAVEL. VERY WET. 
GREY . DENS£. HOMOGENEOUS. •MOISTURE CONTENT 
• 32 .'J t 

•NOTE : INSUF"F"ICIENT SPECIMEN MASS F"O? REPRE­
S(NTATIV[ VISUAL CLASSiflCAT ION Af-0 HOISTUR[ 
OCIERMINAII ON . OEICRMINA IIONS PERfORM[O ON 
AVA.ILA.BLE MATER I Al. 

46.5-50 . 0: ROCK BIT INl [RVAL: POORLY GRADED 
SANO WI TH SCAT TEAED LENSES Of' SIL TY SAND ANO 
SILIY GRAV[L, DESCRIPTI ON BASEO ON DRILLING 
COND IT IONS ANO r:ur r 1NGS R[fURN. 

50.0-~l . 5: SPT SAMPLE 
50.0-50.6: POORLY GRADED SANO ISP-SHI: APPROX. 

901: PREOOHINANILY flN[ SANO: APPROX 101: NON ­
PL AS TIC f lNCS : HAXIHUM SIZE, MEDIUM S ANO. 
VERY I-IET. BLACK. DENSE . HOHOG".:NEOUS 

50.6-51.0: SILTY SAND ISM-Hll: APPROX . SOl 
PRE00111NANTL Y F" INE SAND; APPROX. 5 0 t NON­
PLASI IC F IN[S Ml IH OU I CK 011..Af[NCY: llO 
Rf A.Cl ION WI TH HCL. WET. GREY. sorr . 
LAHINATEO. •MOI S TURE CONTENT ,.?8. 3l 

51 .0-51 .5: POORLY GRAD£□ SAND ISP-SHI: SAM( AS 
INl[RVAL 50 . 0 - 50.6 

51 .5-55.0 ROC K UI I INT ERVAL; POORLY GRAOfD SANO 
,SILTY SANO WI TH SCATTER[ □ GRAVfLS. O( SCRIP-
T ION BASLD ON OR Ill !NG CONDIT IONS AND cu r r INGS 
nr TUHN 

55.0·56.5: SPT SAHPL[ 
SIL IY SANO ISHI : APPROX . 60:t PRlDOH:NANTLY 
F"INE SANO: APPROX. 401: NON-PLA5TJC f!Nrs. 
Ov fCI( OILAIENCY : NO R[AC T ION WI TH HCL. V[RY 
Wfl. ~(Y. LOOS(. LAHl "-i\T EO LAYERS WITH 5tlGHf 
VARI At ION IN r INfS CONTENT 

56.~·f.0.0 : HOCK B IT IN f CRVAL; SILTY SANO, m::s­
CR IPI ION BASED ON CRIL L ING COND IT IONS ANO 
CUT f INGS Rt 11.JR"t. 

60.0-61 .5: SPT SAMPL[: S TRATIF"l(D LAYEHC. or 
SIL TY SAND ANO SILT. AVERAG[ LAYER THICKNESS 
IS 5MH S IL T ANO !OHM SIL TY SANO 

SIL tY SANO ISM · Ml I: SA.HE AS INr[RVAL !>0.6 !0 
51 .0 

SILi tHL.I: APPROX. 60.t FINES I-II THI.OW 
Pl.A.S I ICI I Y . NO IOUGHNESS. SLOW 10 VI RY ~J..OW 
OILAlf Nt:Y : APPROX. 40:t PREDOM I NANTLY rrNr 
SANO: l"-\XIMUH Silt. f lN[ SNAO: NO R(ACTIO:J 
WI ru HCL. - •wt r. GREY . sor r. Hl)MOG[Nl"OUS. 

•r-.OI[· MOISIURl CON T[ NI ON LOC IS AN AVE Rt.Gr 
VAi ll[ rROM aO IH MAlfRI At s. 

61.5·br!.5 : HOCK UJ I INllRVAt: S il IY S.\N(1. Dr$ · 
Cl-:IPI ION UASrO ON OHll l ING COND I I IONS ,\NO 
CUfflNCS R[IUH:N . 

6?.5-6':l. 0 : ROt'.:I( UI I ltH rtlVAI: SI LI Y ;"";HA\'f l~;. 
OESCRIPT ION HASL O ON OfHl I ING f'Jtm:: ION5 .\N:~ 
CUTTINGS F1[1UH:N. 

RfCORO NUt10F.R 01 Ol ows HfOUlfffO I un our I oo r 01 Pl NI !IM'. IC~L 
rr 50 RLOWS H[SUl I IN t[ 5t; IH.\N 'JNf roo , Of PlH! IH,\ I !L:N. 
R[CORD Q[~IH PlN[THAT lD: II/US. ~a •.;, iN!HC.:. 1rs IJ ... rco· 
f'fNf. tP.AT[U WIIH 50 HLOWS. 

Figure XL.I. - Subsurface exploration - penetration resistance and log - example-continued. 
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USBR 7015 

STANDARD PENETRATION TEST HOLE NO. SHCCl . . , ... . or .. ~ 

PRO,JEC I. _E_X_""""E .. . ..... . . . . rEA !URE. _E_X_•~~ ... AREA .. ~~~-r ......... . ... . . ..... STAIE .. p~_r .. .. 

COOROS. N. _ 1065_3_. _ • .... .. .. E . . -•~~0~ -- GROUNO ELEV . ... . .. _67~2 .. !?. ANGLE rROM HORI Z .•• -~~-.o ... -~-

BEGUN .. 9~·.1 _6_·!l':' .• rlNISH£0. _0_6_·_1~:~• .. . OEPIH 10 BEDROCK-~~--• ..... IOIAL OEPIH . . . . .... . f!D_.,_. BEARING . . ... . 

O[PIH 10 MAJER .• S:C.r . .. ,;nc_s_. . . . . . . . . .LOGGCO SY .. . -~ -~ - .. .. 

l;! SI t:~~?.,.;E,~~ '.~!:.' ~.%,J~S I 
s~f----,,---·r--------:::-:-:---; 

NOl[S -w Z> 
WO 
uu .. .., .., .. .. 

"' "',. 
_.., BLOWS . PER ,oor zOC 

wO u" a,~ u-r a, "'"' 140 LB, ~a u-..~ 

Cow<N I 5: 

•-N[XT 10 N VAll.K. 5£[ tlOICS COLUMN 
••N[XJ TO HOIS,I.RC. SH CLA55·0CSCRIPt ION COLU1N 
• ltCLASS · OCSCRIPI ION COLU1N IJ,IJICATCS OtSCRJP-

1 ION Of ltA...ACC COtC>I t ION Will rOLLCJ.l 

INI • INJP1VA1. 
GRD•GQ(U<I SLRr ACC 

10 

HAK'1(R-30 IN. DROP 

i'O 30 ,o 

aao 

2l0 

?.50 

260 

270 

"80 

. . . . REVIEWED BY . .. ~ANT._',)9~ ... . 
CLASSU-ICAllON 

1Nf£RVA ~ 1--,.-=--1 "' 
"' z 
0 

Oc, .. z 
.,, ;: ..,.,, 
t~ 
!i 
"'.;-

Cl4S51r IC.U ION .4.NO 
PHY31CAL CONOI T ION 

65.0·66.3: SPf SAMPL( 
•Sil. TY GRAVU I Gf1 .. SHI: APPROX. 4Qt PRCOOHINANT -
l y r INE. HARO . SUBA.NGU.AR ro SUB ROlN'.)['.) 
~AV(L: APPROX. ¼Ot COARS[ 10 flN( , HA..-:m, SU8-
ANCUI..A.R SAt-0 . APPROX. ?0.C NOt4•PLA.SllC F"INES: 
HAXlt'IJH 51ZL ?51'1M. • VERY 1-l(t. GREY , LOOS[. 
HE I (ROG[N(OIJS. 

·NOrC: INSUf"rlCl[Nl SPCClt'CN HASS roR A R[P­
R[S[NIATI V[ VISUAL CLASStrlCAflON ANO 
MOISTURE O(tCRHINArlON 

66.3-70.0: ROC'C BIT INTERVAL : F-OORLY GRADED 
GRAV[LS ANO SILTY GRI.VELS , OCSCRIPTJON BASEr 
ON DRILL ING COt-OI f IONS ANO CUf I INGS R[ IURN . 

70.0-71.C: SPr S4MPLE: 
•SILIY GRAV[L CGH-SMI: SAME AS ltH[RVAL 65.0· 
66 . 3 

•NQJC : INSUJ"f IC l[Nl SPECIMEN MASS JO AS~[ 
R[PR[S[NIAI IVf VISUAL CLA55JrlCATl0N ANO 

MOISIUR[ CONl[Nr OET[RHINATI0,..,5 

71.C-75.0: ROCK BIT !Nit.RV.AL: POORLY GRADED 
GRAV(LS WI JH COB81..CS ANO SIL l'1 GRAVELS. 0[5-
CRIPIION BASCO ON ORILLIMG CONOIIIONS ANO 
CUTTINGS R[TURN 

75.0-75.lf: SPT SAMPLE : 35MM PIECE or GRAVEL 
WEDGED IN SHOf. IN5UfflCIENT SAMPL(. 

75.lt-BO.fJ: ROCK 9ft INIERVAL: SILTY GRAVEL I-IITH 
C08BLES ANO BOULDERS. DESCRIPTION BASfD ON 
DRILLING CONOITJONS ANO CUTTINGS RCTURN. 

80.0-80. I: SPJ SAHPt[ : NO R[COVCRY 

fXPI..ANAI IONS: 

OLows,roo, RrCORO Nl.JMfifR m OlQW'j F~OUIHIO ,on~ fOOI Of PtNl tl-U.!!C~. 
If 50 BLOWS RfSU.. r IN l£!-i~ ll!AN 'lNI f"OOI 01 Pl 1':J: ' IUAI IO.'-: . 
ACCORD OCJ>rn Pl.Nf IRAtrO : HIJS. !,;O • . 't IN!11(All S Q. 4 I 'JO: 
F"f:t.CHlATCO 1-11111 50 Hl~; . 

Figure XI.I. - Subsurface exploration - penetration resistance and log - example-<:ominued. 
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7•l:J3<1A (9-71) 
Sureau of Reelamauon 

SUBSURFACE EXPLORATION - PENETRATION RESISTANCE AND LOG 

Feature _____________________ Froject ____________________ State ____________ _ 

Hole No. PR· ·---- Coordinates N. __________ E. _______ Ground Elevation--·----------- ---

~r"~~t;r'1.e~~I~· ---------· Location __________ ________ __ Total Depth ________________ _ 

•Date Measured Date Begun Finished Logged by Approved by 

NOTES .. ~ ~ "' PENETRATION RESISTANCE 
v,:!c >- , _ ~ Blows per Foot 

Water losses, type and size a: a:>- WI- ~--: "'>- wZ "'"' Ww 3"o --'"' Weight of Hammer lb. ' CLASSIFICATION AND of hole, drilling method 
and conditions, Caving 
and olher information 

. 
BLOWS/F'OOT 

PENETRATION 
RESISTANCE 

""> ......... Q_W 11.>- 11.0 
OQ Oo ...:>- :,;>- w"- ""--' Height of Drop in. DESCRIPTION OF MATERIAL <..>~ 

;;ju.. 31oz: """" c- a: 
0 

v,~ "' a: u 0 10 a ,o 0 1 

t---- - -- -- . -- - ·--

20-

30 - r--- r-- ·- --- ·--t----- -----

--- - -- -- -- ·· -- 50 - +-- -,----,.- - -

~- -- - ·-- --·-- --- 60 - ---- i------ - - -- -r---

f- -

- --·- -- --- - 80 -

f- -

-------- .. -- · f----- 90 - ,---,.-- -,----- ----~-

10 20 30 ~ 50 

EXPLANATION 
Record number of blows required for one Coot of penetration. 

If 50 blows result in less than one foot of penetration, record depth 
penetrated: thus, 50/.4 indicates 0.4 foot penetrated with 50 blows, 

~~ ~;j~-~.-'1ro __ ,20;__~30:;c..-.....;,~;....._-1 
/£1::.-

~ : • :!i:sj>_:·· 
I 

Plot, as shown at right. Actual values • . 

FEATURE ____________ PROJECT _________ STATE ________ HOLE NO . .,_P_.R,_· ______ _ 

Figure X 1.2. - Subsurface exploration - penetration res istance and log. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7020-89 

PERFORMING CONE PENETRATION TESTING OF SOILS 
MECHANICAL METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7020. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1. 1 This designation outlines the procedure for 
determining the resistance to penetration of a conical 
pointed penetrometer as it is advanced into subsurface soils 
at a slow, steady rate. 

1.2 This method can also be used to determine the 
frictional resistance of a cylindrical sleeve located behind 
the conical point as it is advanced through subsurface soils 
at a slow, steady rate. 

1.3 This method includes the use of both cone and 
friction cone penetrometers of the mechanical type. 

1.4 Cone penetration test data can be used to interpret 
subsurface stratigraphy, and through use of correlations, 
can provide data on engineering properties of soils intended 
for use in design and construction of earthworks and 
fouridations for structures. 

1.5 The test is limited to use in soils whose maximum 
particle size is less than approximately twice the cone 
diameter. 

1 •. ·' 

NOfE 1.--: This method does not include hydraulic pneumatic 
penetrometers. However, many of the requirements herein could 
apply to those penetrometers. 

2. Auxiliary Tests 

2.1 When site-specific correlations are to be developed, 
cone penetration testing may be accompanied by standard 
penetration tests, undisturbed soil sampling, and vane shear 
tests performed in accordance with USBR 7015, 7105, and 
7115, respectively. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 1050 Calibrating Pressure Transducers 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 

USBR 7015 Performing Penetration Resistance Testing 
and Sampling of Soil 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 
USBR 7115 Performing Field Vane Shear Testing 

3.2 ASTM Standard: 
E 4 Load Verification of Testing Machines 

3.3 American National Standard: 
ANSI B46.1-1978 Surface Texture, Surface Roughness, 
Waviness and Lay, American Society of Mechanical 
Engineers 

3.4 USER Document: 
Drillers's Safety Manual 

4. Summary of Method 

4.1 A penetrometer tip with a conical point having 
a 60-degree apex angle and a cone base area of 10 or 15 
cm2 is advanced through the soil at a constant rate of 
1 to 2 cm/s depending on the design of the penetrometer 
tip. The force on the conical point (cone) required to 
penetrate the soil is measured by mechanical methods every 
20 cm of penetration. Stress is calculated by dividing the 
measured force (total cone force) by the cone base area 
to obtain cone resistance, qc. 

4.2 If a friction sleeve is present on the penetrometer 
tips, the force exerted on the friction sleeve (located behind 
the cone) is measured, also by mechanical methods, every 
20 cm of penetration. The force (total side friction) is 
measured when the midpoint of the friction sleeve is at 
a location which approximately coincides with the location 
of the cone at the previous cone reading. Stress is calculated 
by dividing the measured force by the surface area of the 
friction sleeve to determine friction sleeve resistance, Is. 

5: Significance and Use 

5.1 This test provides a detailed record of cone 
resistance which is useful for evaluation of sire stratigraphy, 
homogeneity and depth to firm layers, voids or cavities, 
and ocher discontinuities. The addition of a friction sleeve 
can provide an estimate of soil classification, and additional 
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correlations with engineering properties of soils. When 
properly performed at suitable sites, the test provides a 
rapid means for determining subsurface conditions. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms not_ included in USBR 3900 specific to this 
designation are: 

6.1.1 CPT-Abbreviation for cone penetration test. 
6.1.2 Cone.-The conical point of a cone penetrom­

eter on which the end bearing component of penetration 
resistance is developed. The cone has a 60-degree apex 
angle, a projected (horizontal plane) surface area or cone 
base area of 10 or 15 cm 2, and a cyclindrical extension 
behind the cone base (fig. 1) . 

6.1.3 Cone Penerrometer.-A penetrometer in which 
the leading end of the penetrometer tip is a conical point 
designed for penetrating soil and for measuring the end­
bearing component of penetration resistance. 

6.1.4 Cone Resistance, qc.-The end-bearing com­
ponent of penetration resistance. The resistance to 

penetration developed on the cone is equal to the vertical 
force applied to the cone divided by the cone base area. 

6.1.5 ConeSounding.-An entire series of penetration 
tests performed at one location when using a cone 
penetrometer. 

6.1.6 Continuous Cone Penetration Test.-A penetra­
tion test, using a cone or friction cone penetrometer, in 
which the cone resistance is measured while all elements 
of the penetrometer tip have about the same rate of 
penetration. Typically associated with fixed cone peile­
trometer tips. 

6.1.7 Discontinuous Cone Penetration Test.-A 
penetration test, using a cone or friction cone penetrometer, 
in which the cone resistance is measured while other 
elements of the penetrometer tip remain stationary. When 
a friction sleeve is incorporated into the penetrometer tip, 
the sum of the cone resistance and the friction sleeve 
resistance are measured when both the cone and friction · 
sleeve are pushed, while the other elements of the 
penetrometer tip remain stationary. Typically associated 
with free cone penetrometer tips. 

6.1.8 Dutch Cone Test.-Same as continuous cone 
pentration test. 

6.1.9 End Bearing Resistance.-Same as cone 
resistance. 

6.1.10 Fixed Cone Penetrometer Tip.-A cone or 
friction cone penetrometer tip which can only be subjected 
to micro relative displacement with respect to other 
elements of the penetrometer tip. Typically associated with 
electric penetrometers and continuous penetration testing. 

6.1.11 Free Cone Penetromerer Tip.-A cone or 
friction cone penetrometer tip which is advanced while 
other elements of the penetrometer tip remain stationary. 
Typically associated with mechanical cone or friction-cone 
penetrometers and discontinuous penetration testing. 

6.1.12 Friction Cone Penetrometer.-A cone pene­
trometer with the additional capability of measuring the 
friction component of penetration resistance. 

E 
E 
0 

"" N 

E 
E 
!!:? 

E 
E 
.;:; 

E 
E 

"' "' 

i rm 

INNER ROD 

PUSH ROD COUPLING 

35.7mm 

Collapsed 

E 
E 

"' ... 

O.D.23mm 

I.D. 14mm 

Extended 

E 
E 

e 
e 
"' E a, 

E ,-. 
N 
C7> 

MANTLE 

Figure 1. - Mechanical mantle cone penetrometer rip (Durch mantle 
cone). 

6.1.13 Friction R atio, Rr.-The ratio of friction sleeve 
resistance, fs, to cone resistance, qc, measured at approx­
imately the same depth, expressed as a percentage. 

6.1.14 Friction Reducer.-A narrow local protuber­
ance on the outside of the push rod surface, placed at a 
certain distance above the penetrometer tip, which · is 
provided to reduce the total side friction on the push rods. 

6.1.15 Friction Sleeve.-An isolated cylindrical sleeve 
section on a penetrometer tip upon which the friction 
component of penetration resistance develops. The friction 
sleeve has a surface area of either 150 cm2 or 225 cm2, 

depending on the diameter of the penetrometer tip. 
6.1.16 Friction Sleeve Resistance, fs .-The friction 

component of penetration resistance developed on a friction 
sleeve, equal to the vertical shear force applied to the 
friction sleeve divided by its surface area. 

6.1.17 Hydraulic Pneumatic Penetrometer.-A cone 
or friction cone penetrometer which uses hydraulic or 
pneumatic devices built into the penetrometer tip to 
provide free cone penetration. 

6.1.18 Inner Rods.-Solid rods which slide inside the 
push rods to activate the cone and friction sleeve (if present) 
on the mechanical cone penetrometer. 

6.1.19 Local Side Friction.-Same as friction sleeve 
resistance. 

6.1.20 Mantle Cone Penetrometer.-A mechanical 
cone penetrometer in which the cone is extended with 
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a sleeve of smaller diameter than the cone and a length 
longer than the diameter of the cone. This sleeve is called 
the mantle and its purpose is to minimize possible soil 
contamination of the sliding mechanism. 

6.1.21 Mechanical Cone Penerrometer.-A cone or 
friction cone penetrometer that uses a set of inner rods 
to activate a telescoping penetrometer tip and co transmit 
the component(s) of penetration resistance to the surface 
for measurement (ASTM definition). 

6.1.22 Penetration Resistance Measuring System.­
A measuring system which provides the means for 
transmitting information from the penetrometer tip and 
displaying the data at the surface where it can be seen 
or recorded. Mechanical penetrometers use inner rods co 
transmit force and hydraulic load cells with pressure gauges 
for read our. 

6.1.23 Penetrometer.-An apparatus consisting of a 
series of cylindrical rods with a terminal body (end section), 
called rhe penetrometer rip, and measuring devices for 
determination of the components of penetration resistance. 

6.1.24 Peneuometer Tip.-The terminal body (end 
secrion) of rhe penerrometer, which contains rhe acrive 
elements that sense the components of penetration 
resistance. 

6.1.25 Push Rods.-The thick-walled rubes or rods 
used co advance the penerromerer tip and to guide and 
shield the measuring system. 

6.1.26 Sleeve Friction and/or Resistance.-Same as 
friction sleeve resistance. 

6.1.27 Total Force, Q, .-The force needed to push 
rhe penetrometer rip/push-rod assembly into rhe soil. 

6.1.28 Total Cone Force, Qc.- The total force acting 
on the cone. 

6.1.29 Total Side Friction, Qsi.-The total force minus 
the total cone force. 

7. Interferences 

7 .1 Refusal, deflection, or damage to the penerrometer 
may occur in coarse grained soil deposits with maximum 
particle sizes which approach or exceed rhe diameter of 
the cone. 

7.2 Partially lirhified and lithified deposits may cause 
refusal, deflection, or damage ro the penetromerer. 

7 .3 Srandard push rods can be damaged or broken under 
extreme loadings. The amount of force that push rods are 
able to sustain is a function of rhe unrestrained length 
of the rods and the weak links in the push rod-penerromerer 
tip string such as push rod joints and push rod­
penetrometer rip connections. Generally, if coral thrust 
exceeds 196 kN, standard push rods can be damaged. 

7.4 When soils having high cone resistance are tested 
by mechanical penetromerers at appreciable depth, 
compression of inner rods may preclude accurate gauge 
readings (see app. Xl). 

8. Apparatus 

8.1 Mechanical Penetrometers: 
8.1.1 Mechanical Mantle Cone Penerrometer.­

Figure l shows the design and action of a mechanical mantle 

cone penetromerer tip (Duch mantle cone) . The pene­
tromerer tip is a mantled free-cone penerromerer rip with 
the cone and mantle being advanced (extended) by means 
of force applied to the inner rods, while the outer push 
rods remain stationary. The coca! stroke of free-cone 
advance is about 71 mm. The penetrometer tip is collapsed 
by applying force to the outer push rods and the 
penetromerer tip is advanced to the next testing interval. 
A mantle of reduced diameter is atrached above the cone 
to minimize possible soil contamination of the sliding 
mechanism. 

8.1.2 Mechanical Frietion Mantle Cone Peneuom­
eter.-Figure 2 shows the design and action of a mechanical 
fricrion mantle cone penetrometer tip (Begemann friction­
cone ). The penetrometer tip is a mantled free-cone, friction 
sleeve penetromerer tip. Application of force to the inner 
rods first advances (extends) the cone and mantle for about 
one-half the stroke disrance of 71 mm and then engages 
the friction sleeve for advancement of the cone, mantle, 
and fricrion sleeve an additional 35.5 mm as the outer 
push rods remain stationary. The total stroke of free-cone 
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advance is about 71 mm. The penetrometer tip then is 
collapsed by applying force to the push rods and the 
penetrometer tip is advanced to the next interval. A mantle 
of reduced diameter is attached above the cone to minimize 
possible soil contamination of sliding mechanisms. 

8.1.3 Cone.-Nominal dimensions with manufactur­
ing and operating tolerances for the cone are given in 
figure 3. The cone has a base area of 10 cm2 with an 
apex angle of 60 degrees. In certain cases, it may be 
desireable to increase the cone diameter. Increasing the 
diameter requires more force and therefore higher 
resolution capability in soft soils. The standard increase 
is to a base diameter which provides a cone base area 
of 15 cm2 while maintaining a 60-degree apex angle. 
Nominal dimensions with manufacturing and operating 
tolerences for 15-cm2 cones are given on figure 3. The 
cone is made of steel of a type and hardness suitable co 
resist wear due to abrasion by soil. 

8.1.4 Friction Sleeve.-The outside diameter of the 
manufactured friction sleeve and the operating diameter 
are equal to the diameter of the base of the cone with 
a tolerance of +0.35 mm and -0.00 mm. The surface area 
of the friction sleeve is 150 cm2 ±2 percent. The surface 
of the friction sleeve is manufactured to a surface roughness 
of 0.5 µm ±50 percent in the direction of its longitudinal 
axis. No other part of the penetrometer tip will project 
'outside the friction sleeve diameter. The friction sleeve 
.is made from steel of a type and hardness to resist wear 
due to abrasion by soil. If the cone base diameter is increased, 
as provided for in subparagraph 8.1.3, the surface area 
of the friction sleeve should be adjusted proportionally 
co the cone base area. A 15-cm2 cone should have a sleeve 
area of 225 cm2. 

8.2 Measuring System.-Hydraulic load cells of various 
capacities which can measure and record the forces on both 
inner and outer push rods should be used. Typical systems 
measure inner rod force transmitted through an oil-filled 
reservoir with readout on pressure gauges or electric 
pressure transducers. For pressure gauge readout systems, 
a two-gauge system with a low range gauge and an auto­
matic cutoff to a high-pressure range gauge is 
recommended. 

8.3 Friction Reducer.-If a friction reducer is used, it 
should be located at least 50 cm behind the base of the 
cone in a collapsed position. Friction reducers, which 
increase push rod outside diameter by approximately 25 
percent, are typically used. Do not use friction reducers 
if coral side friction, Qst, on the push rods is to be used 
for friction pile capacity design. 

8.4 Push Rods.-Steel rods are required having a cross 
sectional area ~dequace to sustain, without buckling, the 
thrust required co advance the penetrometer tip. The push 
rods must have an outside diameter equal to the diameter 
of the penetrometer tip for a length of at least 50 cm 
behind the base of the cone in a collapsed position. Standard 
20-metric ton high tensile strength steel push rods are 
36-mm outside diameter, 16-mm inside diameter, and have 
a mass per unit length of 6.65 kg/ m. Push rods are supplied 
in 1-mecer lengths. Each push rod must have the same, 
constant inside diameter. Th~ push rods must be secured 

together to bear against each other at the joints and form 
a rigid-jointed string of push rods. The deviation of push 
rod alignment from a straight axis should be held co a 
minimum, especially in the push rods near the penetrom­
ecer tip to avoid excessive directional penetrometer drift. 
Generally, when a 1-meter long push rod is subjected to 
circular bending-resulting in 1 to 2 mm of center axis 
push rod shortening-the push rod should be discarded. 
This corresponds to a horizontal deflection of 2 to 3 cm 
at the center of bending. 

When using inner rods inside of the push rods for 
mechanical penetrometer soundings, each set of push rods 
must be joined such that there is not an additional degree 
of freedom, as this increases chances of rod deflection and 
increases friction between the inner rods and the push 
rods. When using inner rods, the push rod joints should 
be visually inspected for protruding edges at the interior 
of the joint connections. Joint connections can be visually 
inspected by using a light source or by sliding an inner 
rod section along the joint to feel for protruding edges. 
It is desirable to utilize push guides to restrain the push 
rods from buckling. When measuring the total side friction 
with push rods, variations in outside diameter along the 
total length of the push rod string must not exceed ±1 mm. 

8.5 Inner Rods.-Mechanical penetrometers require 
inner rods made of steel. Inner rods are nominally 15 mm 
in diameter, 1 meter in length, with a mass per unit length 
of 1.40 kg/ m. The inner rod length muse be equal to or 
slightly greater (0.0 to :S 0.1 mm) than the length of the 
push rods. The inner rod ends must be machined 
perpendicular to the rod axis. The outside diameter must 
be 15 mm +0.5 mm and -0.0 mm with a roughness less 
than 0.25 µm Ra (average roughness). (Refer to subpar. 
3.3 for roughness.) 

8.6 Thrust Ma.chine and Reaction.-The thrust machine 
must provide a continuous stroke, preferably over a distance 
greater than 1 meter. The machine must advance the 
penetrometer tip and push rods at a smooth, constant rate 
(see subpar. 13.2) while the magnitude of thrust can 
fluctuate. The thrust machine must be anchored and/or 
ballasted so that it provides the necessary reaction for the 
penetrometer and does not move relative to the soil surface 
during thrust. These requirements preclude use of drilling 
rigs with a chain pulldown system and rigs whose reaction 
is transmitted through tires or other suspension systems 
that allow movement during penetration. 

NOfE 2.-Cone penetration soundings usually require thrust 
capabilities ranging from 98 to 147 kN (10 to 15 metric tons). 
High mass ballasted vehicles can cause soil surface deformations 
which may affect penetrometer resisrance(s) measured in near­
surface layers. Anchored and/or ballasted vehicles also may induce 
changes in ground surface reference level. If these conditions 
are evident, they should be noted in reports. 

9. Reagents and Materials 

9.1 Oil-For filling mechanical measuring systems. 
Consult hydraulic load cell manufacturer literature for 
recommended fluids. 

1046 



USBR 7020 

C y I i n d r i ca I 
extension 

< < 
35-7mm=B=36.0mm j 1-- ·l V4.omm:5e:5 5.0mm 

B~ 34. 7mm 

Bose 1 ◄ 

31.0mm :5 H :5 31. 3mm 

(a) Manufacturing rolerences of LO cm' cones. (b) Operating rolerences of LO cm' cones. 

43. 7mm~ B-5 44.0mm IJ 
1◄ ► 

....--4.0m ~ e ~ 5.0 mm 

B ~ 42. 7 mm 

37.8mm .:SH~ 38. I mm 

(c) Manufacturing colerences of I 5 cm' cones. (<l ) Operating colerences of 15 cm' cones. 

0 10 20 30 40 50 

SCALE 1:100m 

NOMINAL TOLER AN CE 

H~24.0mm 

H>29mm 

CONE MANUFACTURED (OPERATIONS) 
BASE AREA BASE DIAMETER CONEHEIGHT EXTENSION 

cm 2 B H e B H e 
mm mm mm mm mm mm 

,o 35.7 31. 0 5.0 + 0. 3 - 0.0 + 0. 3 - 0. 0 +0.0 - I. 0 
( ~34. 7) (> 24. 0) (:::: 2.0) 

15 43. 7 37.8 5.0 + 0. 3 - 0.0 + 0.3 - 0. 0 +0.0-1.0 
(>42.7) ( ~29. 0) (>2.0) 

Figure 3. - Cone penetrometer rips. 

10. Precautions 

10.1 Safety Precautions.-Performance of the test 
usually involves use of a drill rig; therefore, safety require­
ments as outlined in the document cited in subparagraph 

3.4, or in other applicable safety standards should be 
observed. 

10.2 Technical Precautions: 
10.2.1 Use of penetrometer tip components that do 

not meet required tolerances or show visible signs of 
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nonsymmetric wear can result in erroneous penetration 
resistance data. 

10.2.2 The application of thrust in excess of rated 
capacity of the equipment can result in damage to 
equipment (see par. 7). 

10.2.3 A cone sounding must not be performed any 
closer than 25 borehole diameters from any existing 
unbackfilled or uncased bore hole. 

10.2.4 When performing cone penetration testing 
in prebored holes, an estimate of the depth below the 
prebored depth-which is disturbed by drilling-should 
be made, and penetration resistance data obtained in this 
zone should be noted. Usually, this depth of disturbance 
is assumed to be equal to at least three borehole diameters. 

10.2.5 Significant bending of the push rods can 
influence penetration resistance data. The use of a tubular 
rod guide is recommended at the base of the thrust machine 
and also in prebored holes to help prevent push rod 
bending. 

10.2.6 Push rods not meeting requirements of sub­
paragraph 8.4 may result in excessive directional pene­
trometer drift and possibly unreliable penetration resist­
ance data. 

10.2.7 Passing through or alongside obstructions 
may deflect the penetrometer and induce directional drift. 
Note any indications of encountering such obstructions, 
and be alert for possible subsequent improper penetrometer 
tip operation. 

10.2.8 If the proper rate of advance of the pene­
trometer is not maintained for the entire stroke through 
the measurement interval, penetration resistance data may 
be erroneous. 

10.2.9 Differences in penetrometer tip shape and 
method of advance (for example, between fixed-cone 
electric and free-cone mechanical operation) may result 
in significant differences in one or both of the components 
of penetration resistance. 

10.2.10 Friction between the inner rods and the push 
rods can result in erroneous penetration resistance data. 
Rod strings should be checked for smooth inner rod travel, 
and there should not be any protruding edges at the 
connections between push rods. 

10.2.11 Soil ingress into the sliding mechanisms of 
mechanical penetrometer tips can result in erroneous 
penetration resistance data. The telescoping operation of 
the mechanical penetrometer tip must be checked and 
components cleaned before use to ens1:1re smooth operation. 
The sliding mechanism also must be checked after each 
sounding for freedom of operation. 

10.2.12 If the oil level in the hydraulic load cell drops 
excessively, the measurem_ent system will not react properly 
during penetrometer tip advancement. This inhibits the 
operators' ability to obtain load cell readings. The oil level 
is to be checked periodically and maintained at the correct 
level. 

10.2.13 When materials having high cone resistance 
are tested at appreciable depths, elastic compression of 
inner rods may preclude accurate pressure gauge readings. 
Sections of inner rod are added to maintain inner rod contact 

with the hydraulic load cell plunger and, therefore, maintain 
ability to obtain pressure gauge readings during penetrom­
eter advance. Appendix Xl provides guidelines for con­
ditions when inner rod lengths are to be added. This 
appendix is applicable to standard steel inner rods and 
mechanical penetrometers specified in subparagraphs 8.1.1, 
8.1.2, and 8.5. · 

11. Calibration and Standardization 

11.1 Mechanical penetrometers which utilize Bourdon 
tube pressure gauges must have individual pressure gauges 
calibrated prior to attachment to the hydraulic load cell 
system. Pressure gauges should be calibrated in accordance 
with USBR 1040. 

11.2 Mechanical penetrometers which utilize electronic 
pressure transducers must have transducers calibrated prior 
to attachment to the hydraulic load cell system. Transducers 
should be calibrated in accordance with USBR 1050. 

11.3 The assembled hydraulic load cell system must 
be calibrated in a universal testing machine and loaded 
to 80 percent of FSO (full scale output). The testing machine 
must have been calibrated, within the last year, in 
accordance with ASTM E 4. The calibration should result 
in non-linearity ::; 1 percent of FSO, and calibration error 
(measured versus actual value) ::; 10 percent. Examples 
of calibration of hydraulic load cell systems which use 
Bourdon pressure gauges are given in annex Al. This 
calibradon is to be performed at the following intervals: 
after every 20 soundings; after parts replacement in the 
hydraulic load cell system; and after replacement of Bourdon 
gauges or pressure transducers. 

11.4 Zero Load Dnft.-The hydraulic load cell system 
is typically assembled with an internal fluid pressure of 
approximately 3 to 4 kgf/cm2. This zero load pressure 
(gauge zero) is subtracted from gauge readings taken during 
testing for calculation of cone and friction sleeve resistance. 
Temperature fluc_tuations cause a rise or fall in internal 
pressures with expansion or contraction of the closed 
system. Leakage in the system results in a drop in pressure 
and the gauge-zero reading may drop to zero. 

12. Conditioning 

12.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

13. Procedure 

13.1 General Requirements: 
13.1.1 Position the thrust machine over the location 

of the sounding, and lower leveling jacks to raise the 
machine mass off the suspension system. Set the hydraulic 
rams of the penetrometer thrust system as near vertical 
as possible. The maximum acceptable deviation of thrust 
direction is 2 degrees from vertical. The axis of the push 
rods must coincide with the thrust direction. 

13.1.2 Set the hydraulic ram feed rate to advance 
the penetrometer at a rate of 2.0±0.5 cm/s for mechanical 
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cone penerrometers. The feed rate for mechanical friction 
cone penerrometers is 1.0±0.5 cm/s to allow more rime 
to obtain the cone load and sleeve load reading. This rate 
must be maintained during the entire stroke, even if 
readings are only taken at intervals. 

13.1.3 Take readings at intervals of 20 cm or less. 
13.1.4 Measure the depth at which readings were 

taken with an accuracy of ±10 cm from the ground surface. 
13.1.5 Check push rods and/ or inner rods for 

straightness as required in subparagraph 8.4. Fq_r 
mechanical penerromerers, lightly lubricate inner rods to 
reduce friction. Push rods are assembled and tightened by 
hand; but care must be taken to ensure that the shoulders 
are rightly butted to prevent damage to the push rods. 
Add a friction reducer to the string of push rods, usually 
the first push rod behind the penetrometer tip. 

13.1.6 Inspect penerromerer rips before and after 
soundings for damage, soil ingress, and wear. Dismantle 
mechanical penerromerer rips after each sounding to clean 
and lubricate as required. If damage is found after a 
sounding, this information must be noted and recorded 
on the sounding data record. 

13.2 Mechanical Cone Penetrometer Procedures: 
13.2. l Record all pertinent data on the "Mechanical 

Cone Penetrometer Dara Sheet 1" as shown on figure 4. 
13.2.2 Mechanical cone penetrometers typically use 

hydraulic load cells which have two or more pressure 
gauges. Bypass systems and automatic shutoff valves 
transfer pressure from one gauge to another and protect 
low range gauges. The automatic shutoff valve protecting 
the low range gauge does not react instantaneously and 
will begin to restrict the pressure before it shuts off 
completely as pressure is bypassed to the high range gauge 
at the same time. The bypass pressure or "gauge break" 
pressure from the low to high range gauge must be 
determined during load cell calibration. For the reasons 
given above, readings on the low range gauge above the 
gauge break pressure should not be obtained as they are 
likely to be inaccurate. The gauge break pressure(s) should 
be recorded on the mechanical cone penetrometer data 
sheet (fig. 4). Record pressure gauge-zero readings, gauge 
break pressure, and the cone and friction sleeve factors 
(CF and SF) on the data sheet. The gauge break pressure, 
and cone (CF) and friction sleeve (SF) factors are obtained 
during calibrations as explained in annex Al. · 

13.2.3 Mechanical Cone Penetrometer-Discominu­
ous Sounding Procedure: 

13.2.3. l Advance the penetrometer rip to the 
required test depth by applying sufficient thrust on the 
push rods. Record starting depth. 

13.2.3.2 Apply sufficient thrust on the inner rods 
to extend the penetrometer tip. Obtain and record the 
cone pressure gauge reading after more than 25 mm of 
relative movement of the inner rods with respect to the 
top of stationary push rods, as the penetrometer rip is 
extended. Full extension is about 71 mm. 

13.2.3.3 Apply sufficient thrust to collapse the 
extended rip and advance the push rods an additional 20 cm. 

13.2.3.4 By continually repeating the two·-step 
process given in 13.2.3.2 and 13.2.3.3, obtain cone resistance 
data at 20-cm intervals. 

13.2.3.5 Begin to withdraw and extract the pene­
trometer rip as soon as possible after attaining complete 
sounding depth. 

13.2.3.6 Upon complete withdrawal of the pene­
rromerer, inspect the penerromerer rip for proper 
operation. 

13.2.4 Mechanical Cone Penerrometer-Continuous 
Sounding Procedure.-For continuous soundings, a 
continuous sounding ring plate is attached to the bottom 
of the load cell and a 75-mm extension is added to the 
inner rods. These modifications allow for continuous thrust 
on the push rods while the penerrometer tip remains 
extended with pressure gauge readings obtained for the 
inner rods only. Record the cone pressure gauge reading 
and depth at a minimum of 20-cm interva_ls. 

NITTE 3.-Continuous resting with a mechanical cone 
penerromerer rip is not recommended where a high degree of 
accuracy is required, as movement of the inner rods relative co 
che push rods changes with depth, increasing che error due co 
sliding friction. Elastic compression of the inner rods and 
deflection of the hydraulic load cell diaphragm is che cause for 
differential movement of che inner rods in rela~ion co the push 
rods. For each 1-m of soil reseed, check rhac the inner rods are 
still free co move relative co the push rods. 

13.2.5 Mechanical Friction Mamie Cone Penetrom­
eter - Discontinuous Sounding Procedure: 

13.2.5.1 Advance the penetromerer rip to the 
required test depth by applying sufficient thrust on the 
push rods. Record the depth. 

13.2.5.2 Apply sufficient thrust on the inner rods 
to extend the penetrometer tip to full extension of about 
71 mm. For each increment of sounding, two pressure 
gauge readings are obtained (fig. 4). The cone pressure 
gauge reading ( C, subpar. 14.5) is obtained during the initial 
phase of the extension (about 35 mm). When the mantled 
cone engages and pulls down the friction sleeve, obtain 
a cone plus friction sleeve pressure gauge reading ( C + S, 
subpar. 14.5 ). Obtain the cone plus friction sleeve pressure 
gauge reading as soon as possible after the temporary 
pressure jump shown on figure 5. Unless using a continuous 
X-Y recorder, the operator should not record cone plus 
friction sleeve pressure gauge readings if well defined data 
are not available or if the cone resistance is suspected of 
changing abruptly or erratically. 

NOfE 4.-In layered deposits, cone resistance may fluctuate 
as it "senses" softer or harder layers ahead of the cone. In chese 
cases, che ratio of cone resistance to friction sleeve resistance 
(friction ratio) will be erratic. It is important to note these 
fluctuations by writing such observations in che comments column 
of che data sheet. 

13.2.5.3 Apply sufficient thrust to collapse the 
extended penerromerer rip and advance the push rods an 
additional 20 cm. 

1049 



USBR 7020 

7-2362 (9-86) 
Bureau of Reclamation 

MECHANICAL CONE PENETROMETER DATA SHEET 1 
Designation USBR 7020 .§9 

PROJECT 
Example FEATURE Examele DATE 

not 

HOLE NO. DHC-I LOCATION Sta. I+ 00 I 00ft. D/S GROUND ELEV . 6750.5 WATER ELEV. measured 

CONE NO. 285 HIGH GAUGE NO. 2.64.521 .55 LOW GAUGE NO. 2.43 .512.36 

OPERATOR RECORDER CONE TYPE Friction Mantle 

LOW GAUGE HIGH GAUGE GAUGE GAUGE UNITS CALIBRATION 
COMMENTS 

ZERO ZERO BREAK l]I kgf/cm2 FACTORS Predrilled to 3 .8 m with 4 " Auoer 

□ MPa CF = 2.0 . backfilled with sand. -
(21)=~ (Z2) =~ 85 . 0 □ ton/ft2 SF - 7.5 - Gravel 0 .0 to 3.5 m 

11 ill/ FRICTION 
CONE+ FRICTION RATIO Weather - Hot and sunny 

CONE SLEEVE CONE RES. 
SLEEVE RES. Rf 1%) = 

DEPTH READING READING Qe,= 
fp l(C+S)-2) fs 

(Cl (C+S) (C-Z) X CF qcx 100 
-(C-2))/SF 

4 . o 70 • - 136 l/ I . 87 I . 4 Start of data recordino 

4 .2 68. 82. 132 / l/ 0.53 0.4 0.53= 
!64-2H60-21 

7-.,-

4 • 4 60. 64. 116 / I/ I . 2 0 I .0 

4 • 6 36. 45 • 68 / / 0. 5 3 0.8 Add rod 

4 • 8 42 . 46. 80 / / 2.00 2.5 

5 .o 28. 43. 52 / / 1.47 2.8 

5 • 2 21 • 32. 38 / / I . 87 4.9 

5 • 4 27. 41 • 50 / / I . 33 2 . 7 

5 • 6 25. 35. 46 / / I . 47 3 . 2 Add rod 

5 • 8 35 • 46. 66 / /' I . 20 I .8 

6.0 16. 25. 28 / /' I .60 5.7 

6.2 5. 17. 6 / / 0 . 4 6.7 

6.4 6· 9. 8 / I/ 0.4 5.0 

6.6 2• 5. 0 / I/ 0.4 -- Add rod R1 = 0.4/0 

6.8 12. 15 • 20 / I/ 0. 13 0.7 

7.0 8. 9. 12 / I/ 0 . 67 5 . 6 

7.2 7. 12. 10 / l/ 0 . 67 6.7 

7.4 22. 27. 40 / l/ I .33 3 . 3 

7.6 50. 60. 96 / I/ I . 33 I .4 Add rod 

7-8 I 10. 120. 212 / l/ 5.73 2.7 5 .73= 
(I 00- 4)-(55-2) 

7.S 

8.0 55. 100. 106 / l/ 5 . 33 5.0 (Cl on low gauge, (C+SJ on high 

8.2 180. 220. / /' 3_.o 10.67= 
0 90-4HI I 0-4) 

352 10 . 67 7.5 

8.4 110. 190. 212 / /' 2 . 67 I .3 Crunching 

8.6 140. 160. 272 / /' 5 . 33 2 . 0 Add rod ; crunching 

8 .8 140 • 180 • 272 / -- -- Terminate sounding 

1 / Z, use Z1 or Z2 depending on gauge used for reading Sheet _I _ot_l_ 
2/ / indicates f 5 for depth (n) calculated from (C) and(C+S) at depth In+ 0.2)m 

Figure 4. - Mechanical cone penerromerer data sheet 1 - example. 
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Temporary 
pressure Gauge read inq C + S 

jump. -----r 

... 
0::: 

~ Gouge reading C 

"' ... 
0::: 
Q. 

... 
Cl 
::, 
<I 
Cl 

0 

0 

Cone 
odvance 

20 

I 
I 
I 
I 

----

I Cone ond 
I• sleeve advance 

·1 

6 

Tl ME - SECONDS 

40 60 

FREE CONE MOVEMENT AT RATE= I cm/s 

Figure 5. - Variation in gauge pressure during discontinuous 
mechanical friction -- mantle cone penetration through a· 
homogeneous deposit. 

13.2.5.4 By continually repeating the two-step 
process given in subparagraphs 13.2.5.2 and 13.2.5.3, obtain 
cone and friction sleeve pressure gauge readings at 20-cm 
intervals. 

13.2.5.5 Begin to withdraw and extract the pene­
trometer tip as soon as possible after attaining complete 
sounding depth. 

13.2.5.6 Upon complete withdrawal of the pene­
rrometer, inspect the penetrometer tip for proper 
operation. 

13.3 Penetrometer Operation and Data Interpretation 
- Guidelines: 

13.3.1 When performing mechanical penetrometer 
soundings, it is often desirable to note the magnitude of 
coral force, Q,, required to advance the push rods and 
penetrometer tip. Intermittently record pressure gauge 
readings of total thrust in the comments column of the 
data sheets. 

13.3.2 Note and record the depths at which rods 
are added. 

13.3.3 Directional Drift of Penetromecer Tip: 
13.3.3.1 For penetration depths exceeding about 

12 meters, the penetrometer tip will drift directionally from 
vertical alignment. Large deviations in inclination can 
create nonuniform loading and result in unreliable 
penetration resistance data. Reduce drift by accurately 
setting thrust alignment and using push rods which meet 
rolerances given in subparagraph 8.4. 

13.3.3.2 Passing through or along side obstruc­
tions such as boulders, cobbles, coarse gravel, soil 
concretions, thin rock layers, or inclined dense layers will 

deflecr the penecrometer tip and induce drifting. Note and 
record any indication of encountering such obstructions, 
and be alert for possible subsequent improper penetrometer 
tip operations as a sign of serious directional drifting. 

13.3.3 .3 Penetrometer inclination cannot be easily 
monitored on' mechanical penetrometers. Inclination can 
cause increases in sliding friction between the inner rods 
and push rods. The magnitude of friction can sometimes 
be measured in homogeneous soils by obtaining the 
differences in resistance using continuous and discontinuous 
sounding methods. 

13.3.4 If obstructions are encountered and normal 
advance of the sounding is stopped to bore through the 
obstructions, obtain further penetration resistance data only 
after the penetrometer tip has passed through the estimated 
zone of disturbance due co drilling. As an alternative, 
readings may be continued without first making the 
additional penetration and the disturbed zone evaluated 
from these data. Nore and record the depth and thickness 
of obstructions and disturbed zones in areas where 
obstructions are drilled through. 

13.3.5 As data are recorded, it is important to note 
unusual occurrences in testing. When penetrating gravels, 
it is important to note "crunching" sounds which may occur 
when particle size and percentage of coarse particles begin 
ro influence penetration. In many cases, it is important 
to note the magnitude of thrust required · i:o advance the 
penetrometer to evaluate when thrust capacity may be 
exceeded. 

14. Calculations 

14.l Cone Resistance, qc : 

(1) 

where: 
qc cone·resistance, ton/ft2, kgf/cm2, or MPa 
Qc force on cone, ton, kgf, or kN 
Ac cone base area, typically 10 cm2, ft2, cm2 

14.2 Friction Sleeve Resistance, ls: 

ls= ~ 
As 

(2) 

where: 
ls friction sleeve resistance, ron/ft2, kgf/cm2, 

or kPa 
force on friction sleeve, ron, kgf, or kN 
friction sleeve area, typically 150 cm2, ft2, or cm2 

14.3 Friction Ratio: 

Rr = 100 &. 
where: 
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Rr = friction ratio, % 
ls = friction sleeve resistance, ron/fc2, kgf/cm2, 

or kPa 
qc_ = cone resistance, ton/fc2, kgf/cm2, or MPa 

100 = convert from decimal to percent 

(3) 
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Determination of the friction ratio requires obtaining 
a cone resistance and friction sleeve resistance at the same 
point in the soil mass. Typically, a previous cone resistance 
reading at friction sleeve midpoint depth is used for the 
calculations. The calculated value of friction sleeve 
resistance is divided by the tip resistance obtained at 
approximately 20 cm above the location where friction 
sleeve resistance is calculated (fig. 4) . 

NOTE 5.-In some cases, if readings are compared at che same 
point in a soil mass which has alternating layers of soft and 
hard materials, nonexistent layers will be falsely observed in the 
data because cone resistance is sensed, co varying degrees, ahead 
of the cone. To compensate, the sensing distance ahead of che 
cone can be varied such that che cone resistance is actually recorded 
above or below friction sleeve midheight. 

NOTE 6.-The friction sleeve resistance and friction ratio 
obtained from the mechanical friction cone penetromecer will 
differ considerably from values obtained from electric friction 
cone penetrometers. As shown on figure 2, the mechanical friction 
cone penetrometer has a '"shoulder" at the base of che friction 
sleeve which can carry normal forces. In coarse-grained soil, the 
difference in sleeve friction is more pronounced chan in fine­
grained soil. When using soil classification charts which use Rr 
and qc, it is important to use charts which are based on correlations 
for the type of penetromecer tip being used. 

14.4 Mechanical Cone Penetrometer Using Hydraulic 
Load Cells Equipped With Bourdon Tube Pressure Gauges: 

qc = CF(C-Z) (4) 
where: 

qc = cone resistance, ton/ft2, kgf/cm2, or MPa 
CF = cone factor, dimensionless (refer to annex Al) 

C = cone gauge reading, ton/ft2, kgf/cm2, or MPa 
Z = gauge-zero, equal to gauge reading at zero load, 

ton/ft2, kgf/cm2, or MPa (refer to annex Al) 

14.5 Mechanical Friction Cone Penetrometer Using 
Hydraulic Load Cells Equipped With Bourdon Tube 
Pressure Gauges: 

14.5.1 Cone Resistance.-Same as subparagraph 14.4. 
14.5.2 Friction Sleeve Resistance.-When cone and 

cone plus friction sleeve gauge readings are obtained on 
the same gauge: 

Is= 

where: 

(C+S)-C 
SF 

Is = friction sleeve resistance, ton/ft2, kgf/cm2, 

or kPa 

(5) 

C + S = cone plus friction sleeve gauge reading, ton/ft2, 

kgf/cm2, or kPa 
C = cone gauge reading, ton/ft2, kgf/cm2 or kPa 

SF = friction sleeve factor, dimensionless (refer to 
annex Al) 

14.5.3 Friction Sleeve Resistance.-When cone and 
cone plus friction sleeve gauge readings are obtained on 
different pressure gauges: 

Is = 
where: 

( C + S - Z1) - ( C - Z2) 
SF 

Is = friction sleeve resistance, ton/ft2, kgf/cm2, or 
kPa 

(6) 

C + S = cone plus friction sleeve gauge reading, ton/ ft2, 

kgf/cm2, or kPa 
C = cone gauge reading, ton/ft2, kgf/cm2, or kPa 

Z 1 gauge zero reading for gauge that C + S was 
obtained, ton/ft2, kgf/cm2, or kPa 

Z2 gauge zero reading for gauge that C was 
obtained, ton/ft2, kgf/cm2, or kPa 

SF friction sleeve factor, dimensionless (refer to 
annex Al) 

The friction sleeve resistance is actually obtained at 
approximately 20 cm above the depth at which the pressure 
gauge readings are obtained. Transfer the calculated friction 
sleeve resistance (subpars. 14.5 .2 or 14.5.3) up to the 
previous depth interval on the data sheet. An example 
of mechanical friction cone calculations showing this is 
given on figure 4. 

14.6 Inner Rod Corrections.-Mechanical cone pene­
trometer soundings which encounter deposits with low 
cone resistances ( qc < 30 kgf/ cm2 at depths greater than 
20 meters) should have resistance values corrected for the 
mass of the inner rods. 

qc = CF (C- Z) + 0.14 N 
where: 

qc = cone resistance, kgf/cm2 

CF = cone factor, dimensionless (refer to annex A 1) 
C = cone pressure gauge reading, kgf/cm2 

(7) 

Z = gauge-zero reading equal to gauge reading at zero 
load, kgf/ cm2 

0.14 = net increase in cone resistance due to mass of 1 
inner rod, equals 1.4 kgf/ rod divided by 10 
cm2, kgf/cm2• (This factor can be converted to 
use units of tons/ft2 or MPa.) 

N = number of inner rods 

15. Report 

15 .1 General: 
Each sounding log should provide as a minimum: 

Operator name Sounding No. 
Project information Sounding location 
Feature notes Water surface elevation 
Sounding date (if avilable) 

Reports should contain information concerning: 
Equipment used Tabular graph data 
Procedures followed Graphs 
Calibation information 

The report should contain a test that discusses items 
required in subparagraphs 15.2 and 15.3 

Each sounding should be documented with: 
A geologic log 
Sounding plot 
Accompanying tabular output 
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The comments should contain notes on equipment and 
procedures - particulai: to the individual sounding. 

15.2 Equipmem.-The report should include notes 
concerning: 

Penetrometer manufacturer 
Types of penetrometer tips used 

• Penetrometer details such as friction sleeve end areas 
Serial numbers of penetrometer tips 

• Pressure gauges 
• Type of thrust machine 
• Method used to provide reaction force - with notes 
as to possible surface deformations 
• Type of friction reduction system (if any) 

Metho~ of penetrometer tip advancement (free cone, 
discontinuous, continuous, fixed cone, etc.) 
• Method of recording data 

Condition of pushrods and penetrometer tip after 
withdrawal 

Any special difficulties or other observations 
concerning performance of the equipment 
15.3 Calibration-Certifications.-Calibrations of Bureau­

owned equipment should be retained in offices and main­
tained as outlined in paragraph 11. Soundings performed 
under contract by others require submittal of calibration 
records (in conformance with requirements given in para. 
11) prior to performance of the contract, for review by 
the contracting officer. After performance of the contract, 
the additional field calibration documents (as outlined in 

para. 11) will be submitted with the report. Field calibration 
data consisting of pre- and post sounding baseline. values 
are to be reported with each individual sounding. 

15.4 Graphs.-Every report of a cone or friction cone 
sounding is to include a cone resistance plot, qc (ton/ft2, 

kgf/cm2, or MPa) with depth below ground surface (fr 
or m) . (See fig. 6 for an example plot.) Friction cone 
soundings will include rhe friction sleeve resistance, Is 
(ton/ft2, kgf/cm2, kPa), and friction ratio, Rr (%), on the 
same plot. The plots should indicate locations of push rod 
changes and other interruptions as outlined in subpara­
graphs 13.3.2 through 13.3.5. If it is incapable to show 
locations of interruptions on the report plots, provide a 
secondary plot or notes of the occurrences of interruptions. 
As a minimum, the plot should provide information as 
outlined in subparagraph 15.1. For uniform presemarion 
of data, the vertical axis (ordinate) should display depth 
and the horizontal axis (abscissa) should display rhe test 
values. An example of a completed geologic log is shown 
on figure 7. 

15.5 Report Requirements for Specifications.-Each 
sounding to be displayed is to consist of two parts. First, 
a geologic log of the drill hole that contains report 
requirements given in subparagraphs 15.1 and 15.2 and 
any special interpretations or additional data obtained in 
conjunction with the sounding; second, plots meeting 
requirements given in subparagraph 15.4. 

MECHANICAL CONE PENETRATION TEST 

0 
-4.0 

(I) 5 .0 
er 
La.I 
t-

6.0 La.I 
2 
z 7.0 

J: 
t-
0.. 80 
La.I 
0 

9.0 

FRICTION SLEEVE CONE RESISTANCE 

( q c - kg f I c m2 
) 

FRICTION RATI 0 

(RF-%) 

9 

RESISTANCE 
(FS-kgf/cm2 ) 

8 7 6 5 4 3 200 300 

WATER TABLE ELEVATION NOT MEASURE 

Project USBR- 7020 
Elevation 6750.5 
Depth to start of Doto 
Diameter of Prebore 

Feature EXAMPLE Hole Number DHC- I 
Station I +oo Offset 100' D/S 

3 5 meters Water Tobie Elevation UNKNOWN 
N/A 

Figure 6. - Mechanical cone penerracion rest - example. 
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l•l3ST (IM'4l 
Bunea of Redamadoll GEOLOGIC LOG OF DRILL HOLE SHEET .• .I . ... OF ... 2 .. ... 

FEATURE . .Ja:~~~T) _'-,a,~~ _l)a.lJ! ................. ... .. PRDJ!CT.11.4'.if!Pl<lt , ... .. • ...•.••.• .... . . ....... . STATE •. _Wy.o.m.i.ng. ...... .. .. . 
DHC-l LOCATION. ,.,Qo.wns.r:.r.e.aJI\ .C. Dillll. Sl:il. l6H•5 6741 0 90 

HOL! NO.••.· .. ·.·•· CDORDS, N_l.,,1_6_3_ ._9_5_5 ...••. E •. 3f>f>,?_1?, .. GROUND EL!V . .. . T~T~· ... .. .. DIP(ANGLE FROMHORJZ.) •• • •, .... • • • . .. . .• 

BEGUN.?-:!?-:'.? ... FINISHED. -~--~Z.-J.6 .. .. DEPTH OF OVERBURDEN ..• ~-. • • . . . . . . DEPTt.f??. : ~ . .•. BEARING •• cc ... . . . ......... . . .. .. . 

DE~~~LA:~lkHe~E:tJiff0 .• _)!"t· .m.e_a_s_u_r_e_d_ . . ... ..... . LOGGED BY . • _I\ •.• c .... L.o.c.k.h.a_r_t_ . .... LOG REVIEWED BY •. !\ ... !{., -~~r:~i;r: ....... . . 

NOTES ON WAT!R 
LOSSES AND LEVELS, 
CASING, CEMENTING, 
CAVING, AND OTHER 

DRILLING CONl:'ITIONS 

Drill Equipment 
CME 75 

Oril ler 
Robert Hatcher 

Drill Setup 
Drill set up on 

TYPI 
AND 
SIZE 
OF 

HOLE 

RB 

10-

ori gi na 1 ground DC -

Drilling Methods 
o.o'-11 .o': 20 
Dutch penetromete 
equipment 
0. 0' -80.0': ** 
Orf 11 ed with 2-
15/16" rock bft 
with clear water JO­
and set 70' of Nx 
casiag. 
80.0'-152.0": 
Dutch cone pene­
trometer equipmen 
80.0'-130.0': ** .o-
2-15/16" rock bft 
with revert 
dri 11 ing mud. 
130.0'-152.8': 
Dutch cone pene­
trometer equfpmen ,so­
stop by rock. 
Orfllina condftfo s 
.u -111.0 Rougn 

and slow. 
18.0'-86.0": 
Smooth and fast, -~ 
hole squeezing at 
20.0'. 
86.0'-130.0': 
Smooth and fast, 
hole squeezing at 
95.0'-130.0'. 70-
130.0'-152.8': 
Smooth penetratfo 
equipment advance 
easily. 

Casing Record so 
Depth Depth 

Date Hole Casfn 
6/18 100.0' 20.0 RB 
6/21 100.0' 70.0 
6/22 152.8' 70 . 0 

90 

► 
"' "'"' G<> 

00 
uu 

w 

"' 

WS 

WS 

PE RC DLA TION TES TS 

D!PTH 
(FE!T) 

FROM 
(P , C1, TO 
o, Cm) 

LOSS 

(G.P.M.l 

.. .. s .. .. 
(P .S.1 . l 

No p, rcola1 ion tE s.t.s t, ken 6741.( 
6737. 

6723.0 

6665 .( 

. . , .. 
.,•.-
·-·· .. ··-

CLASSIFICATION AND 
PHYSICAL CONDITION 

0.0 '-3. 3': Si 1 t, ..Sand __ancLCobbles.* 
Material based on driller conments 
a.nd drill <:.uttinq. 

3.3'-18.0": Recent Gravels*: Material 
based on driller's collllll!nts and drill 
cuttings. Estimated inaterta1sfze as 
2" to 4". 

18.0"-152.8': Older Fluviolacustrfne 
Deposits 

18.0' - 76.0' : Sanciv Silt material is 
bas ed on data f rom Drill Hole 8, and 
d !':' i~l cuttings . 

76.0'-152.8': ffil. Material based on 
data from OrflTHole 8, and drill 
cuttings. 

LOSS i
CORE 

RB • Rock bit 
WS • Wash sample 
DC • Dutch Cone Penetrometer Equipment 

EXP LAM A TI o N ** 0.0' - 80.0' : Hole reamed with rock bit 
after penetrometer could penetrate n9 
deeper . 

CORE 
RECOVERY 

~:r: :!a~~• : : : : : : : : : : : : : : ~ : ~~:ke~d(;: : ~=~•:.1!:-~•c! : ~:~; of ~!.~':, 
A.ppro•. sia.e of hole (X-series) . • E• • 1- 1/ 2", A-. • 1- 7/ 8", Bx• 2-3/8", Mx • 3" 
Appro•. siae of core (X-seri••) •. Ea• 7/ 8'", A•• 1-1 / B", Bx• 1-S/I", Mx - 2-1/8"" 
Outside cUo. of co ■ in9 (X-HtiH) . E• • 1-13/ 16", Ax• 2-1 / •••, B• • 2-7/ 1", Hx • 3.1 / 2 .. 
Inside dio. of cHi"'J (X-a.,iea) . , Ex• 1,1 / 2", Ax• 1-29/ 32", B• • 2-3/8' 0

, Na• l'' 

80.0' - 130.0" : Same as above. 

Figure 7. - Geologic log of drill hole (sheet 1 of 2). 
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1.1sa, ,e.,., 
am.a of Redamadoa GEOLOGIC LOG OF DRIU HOLE SHEET .. 

2 2 
OF ...... . 

FEATURE .. ~il~ft~!l!I . l.~ltl! . l)~IJI ........ ...... ...... PROJECT .... Htni.<IQl\il. ...... . . ........ ...... ..... STATE . . . IJYQID1119 ..... ..... . 
DHC 1 Locn10N . ?~~'. .OCl!ffl$tr:e<1ru .C .Oa.111 .Sta.ti.on 16+45 6741 o• 90• 

HOLE NO .... . :-... . l '69 oc5 E 3cc 71c GROUND ELEY ...... • ..... . .... DIP (ANGLE FROMHORIZ.) • • • ••••••. • • • ••• . 
6-16-76 COORDS. "6~2~!]6''"' .... .. ""• .4-<.. TOTAL 5 ' 

BEGUN ... ....... . FINISHED ............ DEPTH OF OVERBURDEN .. ~~ .. .. ..... DEPTH .. J . .2,11 ... BEARING .. . CC ••...•••• •••••• • • •••• 

Df[~~LA:~DEkHi°.."E:tJlfD .. ~\l~ .~H~l."f/cj.. . . . . . . . . . . LOGGED BY . . A, .C, .LQc.l<J1a.r.t. . .. .. . LOG REVIEWED BY .. B •. U •. Carter ... ..... . 

► PERCOLATION TESTS ~z.; 
:c-

"' ...... 
NOTU ON WATER TYP ..... .. :,:,- wo'" .... 

L055ES AND LEVELS. AND 11<> DEPTH .. ...-'" .. .. 
00 CFE!TI 

~ 
... o!!, CASING. CEMENTING. SIZE .... "' ... !!:. 

CAVING. ANO OTHER OF 
uu z .. ... LOSS .... 

DRILLING COHt'ITIOHS HOLE "' FROM -'o ,,. c •• TO .. 
'") •• Cm) (G .P .M.) (P.S.I.) {MIN.) 

Water Return RB WS 

Interval Return 
0-80 .01 --r-

Mud Return Do 
Interval Return 
20.0·-so.o· --r-
80.0'-130.0' 60 DC 0 

Water Level 
After Ori 11 in!j" 120 

Not measured 

Hole Co!l!l!letion 
Pulled 70.0of Nx 
casing and back-
filled drill hold. !Jo 

Puri!ose of Hole 
Dutch cone penetra- DC 0 
meter tests. 

-H-+-------r--+--...--•6588. 

i
CORE 
LOSS 

CORE 
RECOVERY 

60 

70 

80 

90 

RB • Rock bit 
l/S • Wash sample 
DC Dutch Cone Penetration Equipment 

6 

70 

8 

EXPLANATION 

u 
i., 
o..o : ... .. 

"' ~ .. 
~! CLASSIFICATION ANO 

PHYSICAL CONDITION 
.... ... ~ .. ... ,. .. 
j 

76.0'-152.8' (Continued): .f.lu. 
Material based on data from Drill 
Hole 8, and drill cuttings. 

Bottom of hole. 

*INTERPRETATION: 0.0'-3. 3': Fill 
Material. Material placed f~ 
construction camp. 

3.3'-18.0': Recent Gravels. Alluvial 
fan material deposited by Pilgram 
Creek. 

Figure 7. - Geologic log of drill hole (sheer 2 of 2). 
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ANNEX 

Al. CALIBRATION OF HYDRAULIC LOAD CELL SYSTEM WITH BOURDON PRESSURE GAUGES 

A 1. 1 General 

A 1. l. 1 This annex describes procedures for calibrating 
hydraulic load cells and the derivation of actual pressure 
gauge factors and pressure gauge zero. The actual pressure 
gauge factors are compared to nominal gauge factors. So 
long as the actual gauge factors are within tolerences given 
within this annex, the hydraulic load cell is within 
calibration requirements and the nominal pressure gauge 
factors are used for calculating cone and friction sleeve 
resistances for mechanical cone penetrometers. 

Al.2 Derivation of Gauge Factors 

A 1.2.1 The force necessary co advance a mechanical 
cone penetrometer is measured by a fluid-filled reservoir 
with attached pressure gauges to indicate reservoir pressure. 
Pressure is transmitted co the reservoir by a plunger which 
is in contact with the inner push rods . To convert pressure 
gauge readings co cone and friction sleeve resistances, the 
constant multipliers CF (cone factor) and SF (friction sleeve 
factor) need to be determined (refer co subpars. 14.4, 14.5.2, 
14.5.3, and 14.6). The cone faccor, CF, is the plunger area 
divided by the cone base area. The friction sleeve faccor, 
SF, is inverted to avoid use of a fraction and is calculated 
as the friction sleeve area divided by the plunger area. 

A 1.2.2 A standard mechanical friction cone penetrom­
eter has a cone base area of 10 cm2 and a friction sleeve 
area of 150 cm2. For typical hydraulic load cell system, 
the plunger area is 20 cm2. (Plunger area may vary with 
load cell manufacturer and should be checked.) The nominal 
pressure gauge factors for a typical system would then 
be calculated as: CF = 20/10 = 2.0 and SF = 150/20 
= 7.5. If the plunger area, cone base area, or friction sleeve 
area differ from these nominal values the cone and friction 
sleeve factors must be computed using the actual values 
for the system being utilized. 

A 1.2.3 The reservoir is pressurized slightly when it 
is filled. As a result, the pressure gauges in a no-load 
condition usually read a pressure on the order of 3 to 4 
kgf/cm2. The value of pressure at no load is termed gauge 
zero, Z The gauge zero is subtracted from all readings 
obtained during testing to determine net pressure (refer 
to subpar. 14.4, 14.5.3, 14.6). The gauge zero can shift 
during testing due to temperature fluctuations or fluid 
leakage. Gauge zero is evaluated prior to each sounding 
and new values are us~d if change occurs. If the gauge 
reading drops to zero, leakage is indicated and the fluid 
level should be checked. 

Al.3 Calibration of Hydraulic Load Cells 

A 1.3.1 The hydraulic load cell is calibrated in a 
universal testing machine. The resting machine must be 
accompanied by a calibration certificate, current within the 

last year, in accordance with ASTM E 4. Bourdon tube 
pressure gauges should be calibrated in accordance with 
USBR 1040, prior co attachment co the hydraulic load cell. 
If electric pressure transducers are used, they should be 
calibrated in accordance with USBR 1050. The hydraulic 
load cell is loaded co approximately 80 percent of FSO 
(full scale output) in a minimum of six equal increments. 
If the system uses an automatic shucoff valve co divert 
pressure to higher capacity readout devices, the gauge break 
threshold pressure (gauge break) ·should be observed and 
noted during gauge calibration (refer to subpar. 13.2.2). 

Al.3.2 An example calibration is shown on the 
following figures and tables. This calibration was performed 
on a hydraulic load cell which uses two Bourdon tube 
pressure gauges which read in kgf/cm2. Table Al.l and 
figure A 1. 1 show results of calibration on the low-range 
gauge. Table Al.2 and figure Al.2 show results of 
calibrations on the high-range gauge. For discussions on 
determination of calibration error, refer co USBR 1050. 

Al.3.3 The low range gauge zero is recorded; and, in 
this case, the gauge is loaded in eight increments of 10-
kgf/cm2. As shown in table Al. 1, the force at these gauge 
readings is recorded. Corrected gauge readings are 
computed by subtracting gauge zero from each gauge 
reading. The actual pressure is computed by dividing the 
applied force by an assumed area of plunger (20 cm2). 
A best-fit line for the gauge readings is obtained by 
performing a linear regression analysis on applied force 
versus corrected pressure gauge reading and then using 
the linear equation from the regression analysis and the 
applied force co calculate best-fit gauge values. The non­
linearity in the example was a maximum of 0.4 percent 
FSO, and the maximum calibration error was 9.3 percent 
at a corrected gauge reading of 6 kgf/cm2. The slope of 
the best-fit line, m, would be equivalent co the inverse 
of the plunger area (1/20 = 0.050) if the load cell were 
in perfect calibration. The actual cone factor, CFa, is the 
reciprocal of the product of the cone base area and the 
slope, m, of the best-fit line as shown in table Al.1. The 
actual friction sleeve factor, SFa, is the product of the 
friction sleeve area and the slope of the best-fit line. The 
gauge break is observed co occur at 86 kgf/cm2. Results 
of the load range calibrations performed on the high range 
gauge are shown in table Al.2 and on figure Al.2. 

Al.4 Allowable Calibration Errors 

A 1.4.1 The acceptable range in cone and friction sleeve 
factors obtained by a linear regression of load range 
calibration compared to nominal values (CF and SF) is 
+0.1 and +0.4, respectively. Nonlinearity of the load cell 
should be ::; 1 percent FSO. Calibration error should be 
::; 10 percent of actual pressure. If calibration values fall 
outside the acceptable range, the load cell should be repaired 
or replaced. If calibration values fall within the acceptable 
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GAUGE APPLIED CORRECTED ACTUAL BEST FIT NONLINEAR!rt 

READING FORCE GAUGE PRESSURE LINE ¾FSO 
READING kg! /cm 2 kgf/cm2 ti 

kgf /cm 2 kgf kgf/cm 2 
PA=-•- y' FROM FSO • 100 

( R) ( xi ( y) Ap REGRESSION 
FS0=90~2 [R-Z] Ap = 20cm2 y'=mx+ b 

4. O• Z 0 0 0 0.5 (-)0.6 

10.0 107 6 5.4 5.9 0. I 

20.0 307 16 15.4 16.0 0 

30.0 498 26 24.9 25. 7 0. 3 

40.0 697 36 34.9 35 .8 0. 2 

50.0 899 46 45.0 46.0 0 

60.0 1093 56 54. 7 55.9 0. I 

70.0 1295 66 64.8 66.1 (-)0.1 

80.0 149 7 76 74.9 76.4 (-)0.4 

86.0 - 82 - - -

LINEAR REGRESSION FOR BEST FIT LINE OF APPLIED FORCE (x) 
VERSUS CORRECTED GAUGE ( y) , y = mx + b b = 0. 465 m = 0. 0507 

CALIBRATION 

ERROR 
PA-y 

---;,;;;- • 100 

"' 
-

(-) 9. 3 

(-) 3.9 

(-) 3 2 

(-) 2.6 

(-)2.2 

(-)22 

(-) 2 .0 

(-) 2.0 

-
b =0.465 kgf 

cm2 
m=0.0507 -

1
-

ACTUAL 

ACTUAL 

CONE FACTOR, CF0 = I/ ( 10cm2. m) =!.972 CONE BASE AREA=l0cm 2 cm' 
FRICTION SLEEVE AREA= 150cm

2 

SLEEVE FACTOR, SF0 _= 150 cm 2 • m = 7.605 GAUGE BREAK=86 ~ 

90 

BO 

70 

60 

50 

40 

,o 

20 

k f cmz 
Z=GAUGE ZERO= 4.0 ~ Ap=ASSUMEDPISTONAREA=20cm2 

cm Ap• CALCULATED PISTON AREA= 
1
/m=l9.72cm2 

Table A I. 1 - Hydraulic load cell calibration - low range gauge example. 

HYDRAULIC LOAD CELL CALIBRATION 
USBR 7020 

GAUGE NO. 2.43.512.36 LOW RANGE GAUGE 

LINEAR REGRESSION 
y=mx•b y=CORRECTED GAUGE 

r2 =0.996 , = FORCE 
mc0.0507 
b,Q.465 

ACTUAL CONE FACTOR, 1/(IOcm2 ·m) 0 1.972 
ACTUAL SLEEVE FACTOR 0 150cm2 ·m 0 7.605 

GAUGE ZERO= 4 kgf /cm2 

PISTON AREA= 
1
/m =19.72cm2 CCalculcled> 

OBSERVED GAUGE BREAK= 86 kgf/cm2 

300 400 500 600 700 800 900 

APPLIED FORCE -kgt 

1000 1100 1200 1300 1400 1500 1600 1700 

Figure A I. 1. - Hydraulic load cell calibration - low range gauge example. 
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GAUGE APPLIED CORRECTED ACTUAL BEST FIT ~NLINEARIT'i CALIBRATION 
READING FORCE GAUGE PRESSURE LINE ¾FSO ERROR 
kgf/cm2 kgf READING kgf/cm2 kgf/cm 2 y-y' 

kgf/cm 2 PA= x/Ap y' FROM Fso· 100 . I 
PA-y · 100 

[R-Z] Ap=20cm 2 REGRESSION FS0=350 PA 
!RI (,cl (YI (PA l v'°= mx•b kof/cm 2 

II .0 = Z 0 0 0 (-)0.2 0 . 1 -

100.0 18 51 89.0 92.6 90.0 (-)0.3 2.8 

150.0 2849 139.0 142 .5 138.6 0 .1 2 . 7 

200 .0 3868 189.0 193 .4 188.2 0 .2 2. 7 

250.0 4920 239.0 246.0 239.4 (-) 0.1 2. 7 

300.0 5943 289 .0 297 289.2 (-)0.1 2. 7 

LINEAR REGRESSION FOR BEST FIT LINE, y=mx+b m=0.0487 b= (-) 0.176 
ACTUAL CONE FACTOR CFo = I/ ( 10 cm 2 

• m) = 2 .05 
ACTUAL SLEEVE FACTOR SFa = 150cm2 • m = 7. 3 
Z = GAUGE ZERO = 11.0 kgf/cm 2 Ap= 20cm 2 (ASSUMED) 

Ap = 20. 53 cm
2 

(CALCULATED) 

Table Al.2 - H ydraulic load cell calibration - high range gauge example. 

(139,2849) 

(89,IS~I) 

( 100,1851) 

HYDRAULIC LOAD CELL CALIBRATION 
USBR 7020 

GAUGE NO. 2.64.521 .55 HIGH RANGE GAUGE 

(289,594 3) 

(239,4920) 

( 2~0,4920) 

(189, 3 868) 

(200,3868) 

(l~O , 2849) 

( 300, 5943) 

LINEAR REGRESSION 
y=m, •b y= CORRECTEO GAUGE 
r' = 1.0 , : FORCE 

m=0.0487 
b=-0.I76 

AREA OF CONE =10cm' 
ACTUAL CONE FACTOR= l/(IOcm2 · ml= 2 .05 

SLEEVE AREA =150 cm 2 

ACTUAL SLEEVE FACTOR=l50cm• ·m= 7.3 
GAUGE ZERO: II .0 kgf/cm2 

CALCULATED PISTON AR_EA = 'Im= 20 .~3 cm' 

3000 5 00 6000 7000 

APPLIED FORCE - kgf 

Figure AJ.2 . - Hydraulic load cell calibration - high range gauge example. 
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range, the nominal values of cone faccor and sleeve faccor 
are used for calculating cone and friction sleeve resistances, 
respectively. 

Al.5 Frequency and Documentation of Calibra­
tions 

Al.5 .1 Calibration documents cons1stmg of a short 
report and tables and figures similar co those in this annex 
are required for newly manufactured hydraulic load cells, 
repaired load cells, routine calibrations discussed below, 
and in instances when qualifications or proposals are 
required for contract negotations. 

Al.5.2 The report must be certified by a registered 
professional engineer or other responsible engineer with 

knowledge and experience in materials testing for quality 
assurance. Calibration documents must be retained on file 
by the offices responsible for performing penetration 
soundings and should be updated at required intervals. For 
contract soundings, calibration documents should be 
obtained prior co contract acceptance and after testing on 
unaltered equipment. 

A 1.5.3 Routine calibrations of the hydraulic load cell 
should be performed after fluid, parts, or readout device 
have been repaired or replaced; after every 20 soundings; 
or prior co use on a project or feature. If performance 
of the cell becomes suspect, it should be checked and 
calibrated. 
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APPENDIX 

XL COMPRESSION OF INNER RODS DURING MECHANICAL PENETROMETER SOUNDING 

X 1.1 General 

Xl.1.1 When materials having high cone resistance 
are tested using mechanical cone penetrometers at 
appreciable depths, elastic compression of the inner rods 
may preclude accurate gauge readings. Under conditions 
described below, it may be necessary to add sections of 
inner rod to maintain required stroke to obtain gauge 
readings. This appendix provides criteria for adding these 
sections of inner rod. 

X 1.2 Mechanical Cone Penetrometer 

Xl.2.1 The effective stroke of a mechanical cone 
penetrometer is 71 mm, as shown on figure 1 and discussed 
in subparagraph 8.1.1. At a penetration race of 20 mm/ s, 
about 3 to 4 seconds are available to obtain pressure gauge 
readings. Experience has shown that it takes 1 to 2 seconds 
to obtain gauge readings. A review of typical mechanical 
cone penetrometer configurations utilizing standard 
equipment as described in this procedure indicate that a 
maximum compression of approximately 35 mm may occur. 
This maximum compression occurs at maximum depths 
in deposits having high cone resistance (>500 kgf/cm2). 

Since the maximum compression under extreme conditions 
is approx imately 35 mm, there is sufficient time to obtain 
readings and no additional inner rod length is required. 

Xl.3 Mechanical Friction Cone Penetrometer 

Xl.3.1 A stroke of 71 mm is available for both the 
cone resistance and the cone plus friction sleeve resistance 
measurements of the mechanical friction cone penetrom­
eter (fig. 4, subpar. 8.1.2). For this penetrome.ter, 
approximately 35 mm of stroke is available for both the 
cone reading and for the cone plus friction sleeve reading. 
The recommended penetration rate of 10 mm/s for this 
penetrometer tip allows 3 to 4 seconds to obtain each 
reading. When compression of the inner rods occurs, the 
time co obtain the cone plus friction sleeve reading is 
reduced. A total stroke of at least 55 mm should be 
maintained to allow 1 to 2 seconds to obtain cone plus 
friction sleeve readings. 

Xl.3.2 Figure Xl.l is a plot of pressure gauge readings 
versus inner rod length (depths) and contains contour lines 
of 15- and 30-mm compression to evaluate the combi­
nations of pressure and depth at which unacceptable rod 

compression levels occur. The plot is only applicable to 
pressure gauge readings obtained on hydraulic load cells 
whose plunger area is equal to 20 cm2. Limits also are 
shown on the figure. Depths of penetration are typically 
limited to 40 meters . Gauge readings in excess of 
250 kgf/ cm2 are typically the limit of useful engineering 
correlations. Gauge readings in excess of 350 kgf/ cm2 

approach the yield stress of the inner rods and should 
be avoided. · 

Xl.3.3 If gauge readings are sufficiently high and rod 
lengths are sufficiently long to plot above the curved lines 
on figure Xl.l, it is difficult to obtain gauge readings· of 
the cone plus friction sleeve. If the condition plots within 
areas A or B on the figure, 15- or 30-mm long inner rod 
sections can be added. Addition of 1015- and 1030-mm 
long inner rods can replace a standard 1000-mm inner 
rod. If softer deposits are then encountered during 
soundings, inner rod stroke can be decreased by adding 
985- or 970-mm long inner rods. 

Xl.3.4 Soils having high cone resistances are usually 
not of concern during sub-surface investigations since they 
have high bearing capacities. If these materials are mixed 
with softer deposits, the extensions can be left out so that 
accurate information on weaker soils is obtained. In these 
cases, unreliable gauge readings of cone plus friction sleeve 
in the stiffer deposits should be omitted. 

ELASTI C COMPRESSION OF 
INNER ROOS FOR FRICTION 
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Figure Xl.l. - Elastic compression of inner rods for friction mantle cone. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7021-89 

PERFORMING CONE PENETRATION TESTING OF SOILS 
ELECTRICAL METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of rhe Georechnical Services Branch, code D-3 760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7021. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the resistance to penetration of a conical 
pointed penerrometer as it is advanced into subsurface soils 
at a slow, steady rate. 

1.2 This method can also be used to determine the 
frictional resistance of a cylindrical sleeve located behind 
the conical point as it is advanced through subsurface soils 
at c. slow, steady rate. 

1.3 This method includes the use of both cone and 
friction-cone penetrometers of the electrical type. 

1.4 This method can be used to determine pore pressure 
development during push of a piezocone penetrometer. 
Pore pressure dissipation, after a push, can also be moni­
rored for correlation co soil compressibility and 
permeability. 

1.5 Cone penetration rest data can be used co interpret 
subsurface stratigraphy, and through use of correlations 
it can provide data on engineering properties of soils 
intended for use in design and construction of earthworks 
and foundations for structures. 

1.6 The test is limited co use in soils whose maximum 
particle size is less than approximately twice the cone 
diameter. 

NOfE 1.-This method does not include hydraulic pneumatic 
penetrometers. However, many of the requirements herein could 
apply co those penetrometers. 

2. Auxiliary Tests 

2.1 When site-specific correlations are co be developed, 
cone penetration testing may be accompanied by standard 
penetration rests, undisturbed soil sampling, and vane shear 
tests performed in accordance with USBR 7015, 7105, and 
7115, respectively. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1040 Calibrating Pressure Gauges 
Ui,BR 1045 Calibrating Force Transducers (Load Cells) 
USBR 1050 Calibrating Pressure Transducers 

USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 7015 Performing Penetration Resistance Testing 
and Sampling of Soil 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 
USBR 7115 Performing Field Vane Shear Testing 

3.2 ASTM Standard: 
E 4 Load Verfication of Testing Machines 

3.3 American National Standard: 
ANSI B46.1-1978 Surface Texture, Surface Roughness, 
Waviness and Lay, American Society of Mechanical 
Engineers 

3.4 USBR Document: 
Driller's Safety Manual 

4. Summary of Method 

4.1 A penerrometer rip with a conical point having 
a 60-degree apex angle and a cone base area of 10 or 15 cm2 

is advanced through the soil at a constant rate of 2 cm/s. 
The force on the conical point (cone) required to penetrate 
the soil is measured by electrical methods, a minimum 
of every 20 cm of penetratio11. Stress is calculated by dividing 
the measured force (rota! cone force) by the cone base 
area co obtain cone resistance, qc. 

4.2 If a friction sleeve is present on the penetrometer 
tip, the force exerted on the friction sleeve (located behind 
the cone) is measured by electrical methods and calculated 
at a minimum of every 20 cm of penetration. The force 
(total side friction) is measured when the midpoint of the 
friction sleeve is at a location which approximately coincides 
with the location of the cone at the previous cone reading. 
Stress is calculated by dividing the measured force by the 
surface area of the friction sleeve to determine friction 
sleeve resistance, fs. 

4.3 Some penetrometers are capable of registering pore 
water pressure induced during advancement of the pene­
tromerer tip using an electric pore pressure transducer. 
These penetrometers are called "piezocones." The 
piezocone is advanced at a rare of 2 cm/s, and readings 
are taken at a minimum of every 20 cm of penetration. 
The dissipation of excess pore water pressure can be 
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monitored by stopping penetration and observing the time 
required for pore pressure equalization. 

5. Significance and Use 

5.1 This test provides a detailed record of cone resis­
tance which is useful for evaluation of site stratigraphy, 
homogeneity and depth to firm layers, voids or cavities, 
and other discontinuities. The addition of friction sleeves 
and pore pressure elements can provide an estimate of 
soil classification, and additional correlations with 
engineering properties of soils. When properly performed 
at suitable sites, the test provides a rapid means for deter­
mining subsurface conditions. 

5.2 Electric cone penetrometers are capable of per­
forming measurements at much closer intervals than 20 cm 
of penetration. Smaller measurement intervals provide a 
more detailed stratographic profile. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.l Apparent Load Transfer.-Apparent resistance 

measured on either the cone or friction sleeve of an electric 
cone penetrometer while that element is in a no-load 
condition but the other element is loaded. Apparent load 
transfer is the sum of crosstalk, subtraction error, and 
mechanical load transfer. 

6.2.2 Baseline.-A set of zero load readings, expressed 
in terms of apparent resistance, that are used as reference 
values during performance of testing and calibration. 

6.2.3 Cone.- The conical point of a cone penetrom­
eter on which the end bearing component of penetration 
resistance is developed. The cone has a 60-degree apex 
angle, a projected (horizontal plane) surface area or cone 
base area of 10 or 15 cm2 , and a cylindrical extension behind 
the cone base. 

6.2.4 Cone Penecrometer.-A penetrometer in which 
the leading end of the penetrometer tip is a conical point 
designed for penetrating soil and for measuring the end­
bearing component of penetration resistance. 

6.2 .5 Cone Resistance, qc .-The end-bearing com­
ponent of penetration resistance. The resistance to 
penetration developed on the cone is equal to the vertical 
force applied to the cone divided by the cone base area. 

6.2.6 ConeSounding.-An entire series of penetration 
tests performed at one location when using a cone 
penetrometer. 

6.2.7 Crosstalk-An apparent load transfer between 
the cone and the friction sleeve caused by interference 
between the seperate electronic channels. 

6.2.8 ECPT-Abbreviation for electric cone penetra­
tion test. 

6.2.9 Electric Cone Penetrometer.-A cone or fric­
tion cone penetrometer that uses electric-force transducers, 
such as strain gauge load cells, built into a nontelescoping 

penetrometer tip for measuring, within the penetrometer 
tip, the component(s) of penetration resistance. 

6.2.10 End Bearing Resistance.-Same as cone 
resistance. 

6.2.11 Friction Cone Penetrometer.-A cone pene­
trometer with the additional capability of measuring the 
friction component of penetration resistance. 

6.2.12 Friction Ratio, Rr.-The ratio of friction sleeve 
resistance, ls, to cone resistance, qc, measured at approx­
imately the same depth, expressed as a percentage. 

6.2.13 Friction Reducer.-A narrow local protuber­
ance on the outside of the push rod surface, placed at a 
certain distance above the penetrometer tip, which is 
.provided to reduce the total side friction on the push rods. 

6.2.14 Friction Sleeve Resistance, fs.-The friction 
component of penetration resistance developed on a friction 
sleeve, equal to the vertical shear force applied to the 
friction sleeve divided by its surface area. 

6.2.15 Friction Sleeve.-An isolated cylindrical sleeve 
section on a penetrometer tip upon which the friction 
component of penetration resistance develops. The friction 
sleeve has a surface area of either 150 cm2 or 225 cm2, 

depending on the diameter of the penetrometer tip. 
6.2. 16 FSO.-Abbreviation for full-scale output. The 

output of an electronic force transducer when loaded to 
100-percent rated capacity. 

6.2.17 Local Side Friction.-Same as friction sleeve 
resistance. 

6.2.18 Penetration Resistance Measuring System.­
A measuring system that provides the means for trans­
mitting information from the penetrometer tip and 
displaying the data _at the surface where it can be seen 
or recorded. Typical electrical systems use strain gauges 
and a cable to sense and transmit forces while appropriate 
signal conditioning and analog or digital data are displayed 
at the surface. 

6.2.19 Penetrometer.-An apparatus consisting of a 
series of cylindrical push rods with a terminal body (end 
section), called the penetrometer tip, and measuring devices 
for determination of the components of penetration 
resistance. 

6.2.20 Penetrometer T.tp.-The terminal body (end 
section) of the penetrometer which contains the active 
elements that sense the components of penetration 
resistance. The penetrometer tip may include additional 
electronic instrumentation for signal conditioning and 
amplification. 

6.2.21 Electric Piezocone Penetrometer.-An electric 
penetrometer equipped with a low volume fluid chamber, 
porous element, and pressure transducer for determination 
of pore pressure at the porous element soil interface. 

6.2.22 Pore Pressure Ratio.-The ratio of pore 
pressure in excess of hydrostatic pore pressure, ~u, (excess 
pore pressure) to cone resistance, qc, expressed as a 
percentage. (Other definitions have been proposed and may 
be suitable for specific applications.) 

6.2.23 Push Rods.-The thick-walled tubes or rods 
used to advance the penetrometer tip and to guide and 
shield the measuring system. 
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6.2.24 Sleeve Friction and/or Resistance.-Same as 
friction sleeve resistance. 

6.2.25 Subtraction Error.-An apparent load transfer 
from the cone co the friction sleeve of a subtraction type 
electric cone penetrometer caused by minor voltage dif­
ferences in response to load between the two strain element 
cells. 

6.2.26 Total Force, Qt.-The force needed co push 
the penetrometer tip/push-rod assembly into the soil. 

6.2.27 Total Cone Force, Qc.-Total force acting on 
the cone. 

6.2.28 Total Side Friction, Qst.-Total force minus 
cotal cone force . 

7. Interferences 

7.1 Refusal, deflection, or damage to the penetrometer 
may occur in coarse grained soil deposits with maximum 
particle sizes which approach or exceed the diameter of 
the cone. 

7.2 Partially lithified and lithified deposits may cause 
refusal, deflection, or damage to the penecromecer. 

7 .3 Standard push rods can be damaged or broken under 
extreme loadings. The amount of force chat push rods are 
able co sustain is a function of the unrestrained length 
of the rods and the weak links in the push rod-penecromecer 
tip sering such as push rod joints and push rod-penetrome­
cer tip connections. Generally, if total thrust exceeds 196 
kN, standard push rods can be damaged. 

8. Apparatus 

8.1 Electric Cone Penetrometer Iip.-The _p~netrom­
ecer tip should meet requirements as given bel6w and in 
subparagraph 11. 1. In a typical electric cone penetrometer 
tip (as shown on fig. 1), the force produced by cone 
resistance during penetration is measured by a single load 
cell in the penecrometer tip. In a typical electric friction 
cone penetromecer tip (as shown on fig. 2), rhe forces 
produced by friction sleeve resistance and cone resistance 

8 

6 

5 3 2 

4 7 5 

t. Conical point (t0cm 2 ) (cone) 
2. Load cell 
3. Protective mantle 
4. Waterproof bushing 
5. o- Rings - soil seo I - gop 
6.Coble 
7. Strain gauges 
8. Connection with rods 

5 

Figure I. - Typical eleccric cone penerromecer cip (Robenson and 
Campanella, 1984 [2]). 

Soi t seol 
ond go p 

(a) lndependem cension-rype eleccric friction - cone penecromerer. 

Soi I seo I ond gop 

(b) Subrracrion-rype eleccric friccion - cone penecromerer. 

Figure 2. - Typical eleccric friccion - cone penecromecer rip 
configurations (Schaap and Zuidberg, 1982 [l 1). 

during penetration are measured by two load cells within 
the electric friction cone penecrometer tip. When friction 
sleeve elements are included, either independent or 
subtraction-type electric friction cone penetrometer tips 
are acceptable for use. In the subtraction-type electric 
friction cone penetromecer; the cone and sleeve both 
produce compressive forces on che load cells. The load 
cells are joined together in such a manner chat the cell 
nearest the cone (the "C" cell on fig. 26) measures the 
compressive force on the cone while the second cell (the 
"C+S" cell on fig. 26) measures the sum of the compressive 
forces on both the cone and friction sleeve. The compressive 
force from just the friction sleeve is computed then by 
subtraction. Since friction sleeve forces are usually on the 
order of 1/10 to 1 / 100 of cone forces, the subtraction 
process is subject co a higher level of error than an 
independent measurement process. In the independent 
tension-type electric cone penetromerer rip, the cone 
produces a compression force on the cone load cell (the 
"C" cell on fig . 2a) while the friction sleeve produces a 
tensile force on the independent friction sleeve load cell 
(the "S" cell on fig. 2a). Since rhe friction sleeve cell strain 
gauges are designed co respond co a lower level of loading, 
subtraction errors are alleviated. This penecomecer tip 
design resulcs in a higher degree of accuracy in friction 
sleeve measurement. Equal end area friction sleeves are 
preferred for use. If these are not available, the end areas 
-must be documented and che friction sleeve resistance 
compensated for differences in end areas. The friction 
sleeve load cell system must operate in such a way that 
the system is sensitive co only shear stresses applied co 
the friction sleeve and not co normal stresses. 

8.1.1 Cone.-Nominal dimensions, with manufactur­
ing and operating colerances, for che cone are shown on 
figure 3. The cone has a base area of 10 cm2 with an 
apex angle of 60 degrees. A cylinderical extension of 5 mm 

1063 



USBR 7021 

Cy Ii ndricol 
extension 

< < 
35-7mm=B=36.0mm j 

,... .., v4.0mm ~ e ~ 5.0mm 

s:::: 34. 7mm 

Bose 
, .. 

H~24.0mm 

31.0mm~H~ 31.3mm 

(a) Manufacturing tolerances o f 10 cm' cones. (b) Operating colerances of 10 cm 2 cones. 

43. 7mm~ B~ 44.0mm IJ 1~ ► 
____ 4.0m :Se~ 5.0 mm 

B~ 42. 7mm 

H>29mm 

37.8mm ~ H~ 38.1 mm 

(c) Manufacturing tolerances o f 15 cm' cones. (cl) Operating tolerances of 15 cm2 cones. 

0 10 20 30 40 50 

SCALE I:100m 

NOMINAL TOLERANCE 
CONE 

BASE AREA BASE DIAMETER CONEHEIGHT EXTENSION MANUFACTURED (OPERATIONS) 

cm 2 B H e B H e 
mm mm mm mm mm mm 

10 35.7 31. 0 5.0 + 0. 3 - 0.0 + 0. 3 - 0. 0 +0.0 - I. 0 
(>34.7) (~24. O) ( ?:: 2.0) 

15 43. 7 37.8 5.0 + 0. 3 - 0.0 + 0.3 - 0. 0 +0.0-1.0 
(>42.7) (~29.0) (~2.0) 

Figure 3. - Manufacturing and operating tolerances of cones. 

or less should be located behind the base of the cone to 
protect the outer edges of the cone base from excessive 
wear. In certain cases, it may be desirable to increase the 
cone diameter. Increasing the diameter, while maintaining 
a constant force transducer accuracy, requires more force 
and thereforeJ,igher resolution capability in soft soils. The 
standard increase is to a base diameter which provides 
a cone base area of 15 cm2 while maintaining a 60-degree 

apex angle. Nominal dimensions, with manufacturing and 
operating tolerences, for 15-cm2 cones are shown on 
figure 3. The cone is made of steel of a type and hardness 
suitable to resist wear due co abrasion by soil. 

8.1.2 Friction Sleeve.-The outside diameter of the 
manufactured friction sleeve and the operating diameter 
are equal to the diameter of the base of the cone with 
a colerance of +0.35mm and -0.00 mm. The surface area 
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of the fricrion sleeve is 150 cm2 ±2 percent and is manu­
facrured to a surface roughness of 0.5 µm ±50 percent 
in the direction of its longitudinal axis. No other part 
of the penetrometer tip will project outside the fricrion 
sleeve diameter. The friction sleeve is made from steel 
of a type and hardness to resist wear due co abrasion by 
soil. If the cone base diameter is increased, as provided 
for in subparagraph 8.1. l., the surface area of the fricrion 
sleeve should be adjusted proportionally co the cone base 
area. A 15-cm2 cone tip should have a sleeve area of 225 
cm2. 

8.1.3 Gap-The gap (annular space) between the 
cylindrical extension of the cone base and the ocher ele­
ments of the penecrometer tip should be kept to the 
minimum necessary for operation of the sensing devices 
and should be designed and constructed in such a way to 
prevent the entry of soil particles. Gap requirements_ apply 
to the gaps at either end of the fricrion sleeve, if one is 
included, and co ocher elements of the penetromecer tip. 

8.1.3.1 The gap between the cylindrical extension 
of the cone base and other elements of the penecrometer 
tip must not be larger than 5 mm. 

8.1.3.2 The seal placed in the gap should be 
properly designed and manufacrured co prevent entry of 
soil particles into the penecromecer tip. le muse have a 
deformability many rimes larger than the sensing devices. 

8.1.3.3 The decrease in penetrometer tip diameter 
within the gap muse be smaller than 4 mm. The outer 
limits of the gap are co be shaped in such a way that 
the measurements are not affected. by the possible entry 

· of.soil particles. 
8.1.4 Diameter Requirements.-The penetromecer 

tip must have the same diameter as the base of the cone, 
within the following colerances, over a length of 50 cm 
behind the cone base. The parts of the penetrometer tip 
behind the cone must have the same diameter as the cone 
base with a colerance of +LO mm and -0.3 mm (fig. 2). 
When a friction sleeve is included, the friction sleeve should 
be located within 10 cm behind the base of the cone. The 
friction sleeve diameter tolerance is given in subparagraph 
8.1.2. The annular spaces and seals between the friction 
sleeve and ocher portions of the penecrometer rip must 
conform co the same specifications as described in 
subparagraph 8.1.3. The portion of the penetrometer tip 
located behind the fricrion sleeve, over a length equivalent 
to 12 cone base diameters, muse have the same diameter 
as the friction sleeve with a colerance of +0.0 mm and 
-0.3 mm. 

8. 1.5 The axis of the cone, the friction sleeve (if 
included), and the body of the penetrometer tip must be 
coincident. 

8.1.6 Sensing Devices.-The typical load sensing 
device is a strain gauge load cell which contains temperature 
compensated bonded strain gauges. The configuration and 
location of strain gauges should be such that measurements 
are not influenced by possible eccentricity of loading. 

8.1.7 Electric Piezocone Penetrometer.-Various 
electric cone penetrometer tips can contain low volume 
fluid chambers, porous elements, and pressure transducers 

co measure pore water pressure. The location of th~ porous 
element is limited to the face of the cone or directly behind 
the cylindrical extension of the base of the cone. A 
minimum 2-mm cylindrical extension should be maintained 
for protection of the cone. As these cones are currently 
being developed and evaluated, care should be taken in 
selecting chis apparatus. The pore pressure transducer must 
meet requirements given in subparagraph 11.2. 

8.2 Measuring System.-The electronic signals co and 
from the sensing devices are to be conditioned and amplified 
by suitable methods and transmitted to a data recording 
system. Data scorage which permits direcr access co the 
data while performing soundings is recommended. The 
data recording system and sensing devices must be able 
co satisfy calibration requirements of subparagraph 11.1 
and those shown in the annex. A digitally based data 
acquisition system is desirable for improved accuracy of 
measurement. Analog systems provide lower system 
accuracy, but are acceptable for use. 

8.3 Friction Reducer.-If a friction reducer is used, it 
should be located at least 50 cm behind the base of the 
cone. Friction reducers, which increase push rod outside 
diameter by approximately 25 percent, are typically used. 
Do not use friction reducers if total side friction, Qst, on 
the push rods is co be used for friction pile capacity design. 

8.4. Push Rods.-Steel rods are required having a cross 
secrional area adequate to sustain, without buckling, the 
thrust required co advance the penetrometer tip. The push 
rods must have an outside diameter equal co the diameter 
of the penetrometer tip for a length of at least 50 cm 
bebind the base·-of the cone. Standard 20-mecric con high 
tensile strength steel push rods are 36-mm·- outside 
diameter, 16-mm inside diameter, and have a mass per 
unit length of 6.65 kg/m. Push rods are supplied in 1-meter 
lengths. The push rods must be secured together co bear 
against each ocher at the joints and form a rigid-jointed 
string of push rods. The deviation of push rod alignment 
from a straight axis should be held co a minimum, especially 
in the push rods near the pentrometer tip, co avoid excessive 
directional penecrometer drift. Generally, when a I-meter 
long push rod is subjected to circular bending-resulting 
in l to 2 mm of center axis rod shortening-the push 
rod should be discarded. This corresponds to a horizontal 
deflecrion of 2 to 3 cm at the center of bending. When 
using push rods with prestrung electrical cable, the locations 
of push rods in the sering should be varied periodically 
to avoid permanent curvature. 

8.5 Thrust Machine and Reaction.-The thrust machine 
will provide a continuous stroke, preferably over a distance 
greater than 1 meter. The machine must advance the 
penec~omecer tip and push rods at a smooch, constant race 
(see subpar. 13.1.2) while the magnitude of thrust can 
fluctuate. The thrust machine muse be anchored and/or 
ballasted so that it provides the necessary reaction for the 
penetrometer and does not move relative to the soil surface 
during thrust . These requirements preclude use of drilling 
rigs with a chain pulldown system and rigs whose reaction 
is transmitted through tires or ocher suspension systems 
which allow movement during sounding. 

1065 



USBR 7021 

NOfE 2.-Cone penetration soundings usually require thrust 
capabilities ranging from 98 to 147 kN (10 to 15 metric tons). 
High mass ballasted vehicles can cause soil surface deformations 
which may affect penetrometer resistance(s) measured in near­
surface layers. Anchored and/or ballasted vehicles may induce 
changes in ground surface reference level. If these conditions 
are evident, they should be noted in reports. 

9. Reagents and Materials 

9 .1 O-Ring Compound.-A silicon compound for 
facilitating seals with O-rings. 

9.2 Glycerin (HOCH2CH(OH)CH2OH).-For use m 
pore pressure measurement system. 

10. Precautions 

10.1 Safety Precautions.-Performance of the test 
usually involves use of a drill rig; therefore, safety require­
ments as outlined in the document cited under subpara­
graph 3.4, or in other applicable safety standards, should 
be observed. 

10.2 Technical Precautions - General: 
10.2.1 Use of penetrometer tip components that do 

not meet required tolerances or show visible signs of 
nonsymmetric wear can result in erroneous penetration 
resistance data. 

10.2.2 The application of thrust in excess of rated 
capacity of the equipment can result in damage to 
equipment (see par. 7). 

10.2.3 A cone sounding must not be performed any 
closer than•· 25 borehole diameters from any existing 
unbackfilled or uncased bore hole. 

10.2.4 When performing cone penetration testing 
in prebored holes, an estimate of the depth below the 
prebored depth-which is disturbed by drilling-should 
be made and penetration resistance data obtained in this 
zone should be noted. Usually, this depth of disturbance 
is assumed to be equal to at least three borehole diameters. 

10.2.5 Significant bending of the push rods can influ­
ence penetration resistance data. The use of a tabular rod 
guide is recommended at the base of the thrust machine 
and also in prebored holes to help prevent push rod 
bending. 

10.2.6 Push rods not meeting requirements of sub­
paragraph 8.4 may result in excessive directional pene­
trometer drift and possibly unreliable penetration 
resistance values. 

10.2.7 Passing through or alongside obstructions 
may deflect the penetrometer and induce directional drift. 
Note any indications of encountering such obstructions, 
and be alert for possible subsequent improper penetrometer 
tip operation. 

10.2.8 If the proper rate of advance of the pene­
trometer is not maintained for the entire stroke through 
the measurement interval, penetration resistance data may 
be erroneous. 

10.2.9 Differences in penetrometer tip shape and 
method of advance (for example, between fixed-cone 
electric and free-cone mechanical operation) may result 

in significant differences in one or both of the components 
of penetration resistance. 

10.3 Technical Precautions-Electric Cone Pene­
trometer: 

10.3.1 Failure of O-ring seals can result in damage 
to or inaccurate readings from electronic force transducers 
(load cell). The O-ring seals should be inspected regularly 
for overall condition and watertightness. 

10.3.2 Soil ingress between different elements of a 
penetrometer tip can result in unreliable data. Seals should 
be inspected after each sounding, maintained regularly, and 
replaced when necessary. 

10.3.3 Electric cone penetrometer tips should be 
temperature compensated. If the shift in baseline reading 
after extracting the penetrometer tip from the soil is so 
large that the conditions of accuracy as defined in 
subparagraph 11.1.2.1 are no longer met, penetration 
resistance data should be noted as unreliable. 

10.3.4 If baseline readings do not conform to 
allowable limits established by accuracy requirements in 
subparagraph 11.1.2.1, the penetrometer tip must be 
repaired and recalibrated or replaced. 

10.3.5 Electric friction cone penetrometer tips 
having a friction sleeve end area ratio or a net area ratio 
not equal to 1.0 will yield cone and friction sleeve resistance 
data that are erroneous because of unequal dynamic pore 
pressures encountered during penetrometer tip 
advancement. The friction sleeve end area. ratio is the ratio 
of the projected areas of top and bottom edges of the 
friction sleeve on which water pressure can act in the 
vertical direction. The net area ratio is the ratio of nominal 
base area of the cone to the area behind the base of the 
cone on which water pressure can act in a vertical direction. 
If penetrometer tips of this type are used, these effects 
should be noted in the report. 

10.3.6 The ·electric piezocone penetrometer tip 
measures pore water pressures on the exterior of the 
penetrometer tip by transferring the pressure through a 
de-aired fluid system co a pressure transducer in the interior 
of the tip. The measurement system (consisting of 
transducer port, ports, and porous elements) must be 
completely saturated prior co testing. Entrained air must 
be removed from the fluid-filled system or pore pressure 
fluctuation during penetrometer tip advancement will be 
incorrect due to response lag from compression of air 
bubbles. 

11. Calibration and Standardization 

11 . l Electric Cone Penetrometers: 
11.1.1 The requirements for newly manufactured or 

repaired electric cone penetrometers are of importance. 
Newly manufactured or repaired electric cone penetrometer 
tips are to be supplied with calibration records as described 
in the annex. Calibration procedures and requirements 
given in the annex are for subtraction-type electric cone 
penetrometers. Calibration requirements for independent­
type electric cone penetrometers should equal or exceed 
those requirements. The calibration records must be 
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certified as correct by a registered professional engineer 
or ocher responsible engineer with knowledge and 
experience in materials testing for quality assurance. 
Applied forces or masses must be traceable to calibration 
standard forces or masses retained by the National Institute 
of Standards and Technology (National Bureau of 
Standards). Procedures for calibration of newly manufac­
tured and repaired penetrometer tips are beyond the scope 
of normal field operating procedures. 

11. l.2 Field calibration of electric cone penetrome­
ters is required. Field calibration requires use of a loading 
device, calibrated co traceable calibration standards that 
can independently apply forces up to 80 percent of' rated 
capacity on the cone and friction sleeve load cells. 

11.1.2.1 Baseline Readings.-Baseline or zero-load 
readings for both cone and friction sleeve load cells must 
be taken before and after each sounding. The initial baseline 
reading should be taken after warming electrical circuits 
for 15 co 30 minutes and in a temperature environment 
as close as possible to that of the material to be sounded. 
The penetrometer tip can be inserted in the ground while 
electrically warmif)g circuits co_ stabilize its temperature 
and ·then extracted for determination of initial baseline. 
The baseline reading is a reliable indicator of output 
stability, temperature-induced apparent load, soil ingress, 
internal friction, threshold sensitivity, and unknown 
loading during zero setting. The change in field baseline 
versus initial reference baseline for both cone and friction 
sleeve load cells should nor exceed 2 percent of FSO of 
the cone or friction sleeve. If the baseline shift exceeds 
2 percent FSO, perform maintenance and cleaning, and 
perform a load range calibration as described in 
subp_aragraph 11.1.2.2. Prior co the load range calibration, 
obtain a new reference baseline for use as future comparison 
of field baseline, assuming the penetrometer meets load 
range requirements given in subparagraph 11.1.2.2. If the 
cone load cell baseline shift exceeds 2 percent FSO, rhe 
cone is likely damaged and will nor meet load range criteria 
in subparagraph 11.1.2.2. Sleeve load cell baseline shift 
for subtraction-type penerrometers usually can exceed 
2 percent FSO and still meet load range criteria. As a 
result new reference baselines are obtained prior co load 
range calibration. 

11.1.2.2 Working and Farria/ Load Range Cali­
b.rations.-At the intervals specified below, working or 
partial load range calibrations are required co ensure proper 
linearity of the instrument over the working range of the 
load cell. Calibrations should be performed with all O-rings 
and seals in place. Working load range calibrations are 
to consist of a minimum of 7 points at 0 2 5 10 25 
50, and 75 percent of full-scale loading for co~e ;nd fri~rio~ 
sleeve load cells independently. Partial load range 
calibration checks can be reduced to a minimum of 3 points 
at 2, 25 , and 50 percent of full-scale loading. During load 
range calibrations, the amount of apparent load transfer 
during cone or friction sleeve loading muse also be 
monicored. If, in the sounding process, soil ingress or other 
factors appear co have changed subtraction or baseline error 
through load transfer, rhe penerrometer tip should be 
subjected to a partial load range calibration after removal 

from the ground but prior to cleaning. Penetromerer tips, 
with data acquisition systems using fixed reference base 
lines, that do nor meet the requirements given below or 
in subparagraph 11.1.2.1 must be discarded, recalibrated, 
or sent to the factory for repair. 

Calibration parameter 
Zero load shift 
Calibration error 
Calibration error 
Apparent load transfer 
Apparent load transfer 

Element 
Cone and sleeve 
Cone 
Sleeve 
Cone 
Sleeve 

Requirement 
:S:2% FSO 
±l.5% FSO band 
±2.5% FSO band 
±l.0% FSO 
±0.2% FSO 

For data acquisition systems using the actual best­
fit calibration line obtained prior ro sounding, linearity 
of the cone ·and friction sleeve must be within 1 and 
2 percent of FSO, respectively. 

11.1.2.2. l Prior to performing a sounding on 
a new feature or project, all penetrometer tips must be 
subjected to full load range calibration. 

11.1.2.2.2 During· standard production testing, 
penetrometer tips used for soundings must be subjected 
co working load range calibration at intervals of once every 
40 soundings (approximately every week). 

11. 1.2.2.3 During heavy production testing, 
penerrometer tips used for soundings must be subjected 
to partial load range calibrations daily. 

11.2 Pore Pressure Transducer.-After the pressure 
transducer is installed in the penerrometer tip, it is to 
be calibrated in a water filled pressure chamber large 
enough to house the active sensing elements of the 
penetrometer tip. The pressure transducer baseline and 
apparent pressure at atmospheric pressure are obtained 
at room temperature. Baseline values are further checked 
at 0 to 30 °C. Thermal stability of the baseline value must 
be :51 percent FSO. The pressure transducer then is 
internally zeroed at atmospheric pressure and subjected 
to a load range calibration consisting of a minimum of 
five points of both loading and unloading co 80 percent 
of rared transducer capacity or 0.7 MPa (100 lbf/in2), 

whichever is least. The calibration error must be 
:50.2 percent of the applied pressure. During hydrostatic 
loading, cone and friction sleeve load cell output also should 
be monitored and recorded co evaluate effects of pressure 
change on these elements. 

12. Conditioning 

12. l Electric cone penetrometer and data acquisition 
systems should be powered for 15 co 30 minutes to stabilize 
electric circuits before performing soundings. 

12.2 Electric piezocone penetrometer soundings 
require special preparation of the transmitting fluid and 
porous elements such that entrained air is removed from 
the system (see subpar. 13.3 ). 

13. Procedure 

13.1 General Requirements: 
13.1.1 Position the thrust machine over the location 

of the sounding, and lower leveling jacks to raise the 
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machine mass off the suspension system. Set the hydraulic 
rams of the penetrometer thrust system to as near vertical 
as possible. The maximum acceptable deviation of thrust 
direction is 2 degrees from vertical. The axis of the push 
rods must coincide with the thrust direction. 

13.1.2 Set the hydraulic ram feed rate to advance 
the penetrometer at a rate of 2.0±0.5 cm/ s for all electric 
cone penetrometers. This rate must be maintained during 
the entire stroke - even if readings are only taken at 
intervals. 

13.1.3 Check push rods for straightness as required 
in subparagraph 8.4. Push rods are assembled and tightened 
by hand, but care must be taken to ensure that the shoulders 
are tightly butted to prevent damage to the push rods. 
With electric cone penetrometers, the cable is prestrung 
through the push rods. Add a friction reducer to the string 
of push rods - usually the first push rod behind the 
penetrometer tip. 

13.1.4 Inspect penetrometer tips before and after 
soundings for damage, soil ingress, and wear. In very soft 
and sensitive soils, dismantle electrical cone penetrometer 
tips after each sounding to clean and lubricate as required. 
If damage is found after a sounding, this information must 
be noted and recorded on the sounding data record. 

13.2 Electric Cone and Friction Cone Penetrometers: 
13.2. l Power the penetrometer tip and data 

acquisition system for 15 to 30 minutes. 
13.2.2 Perform an initial short penetration test hole; 

stop penetration and allow the penetrometer tip to reach 
soil temperature. Withdraw the penetrometer tip, and 
record baseline readings with the penetrometer tip hanging 
freely in air or in water, out of direct sunlight. Compare 
baseline readings with the reference baseiine readings for 
the requirements given in subparagraph 11.1.2.1. 

13.2.3 Measure the depth at which readings were 
taken with an accuracy of ±10 cm from the ground surface. 

13.2.4 Determine the cone resistance, or cone resist­
ance and friction sleeve resistance, continuously with depth 
and record the data at intervals of depth not exceeding 
20 cm. With electric cone and friction cone penetrometers, 
it is desirable to obtain data at increments of 5 cm or 
less. 

13.2.5 At the end of a sounding, extract the pene­
trometer tip, obtain a final set of baseline readings with 
the penetrometer tip hanging freely in air or in water, 
and check them against the initial and reference baselines. 
Record initial and final baselines on all documents related 
to the sounding. 

13.3 Electric Piezocone Penetrometers: 
13.3.1 Prepare porous elements using one of the 

following techniques: 
• A pure glycerin bath under a vacuum of at least one 
atmosphere 
• An ultrasonic bath with low heat for 3 hours 
• Using de-aired water with the porous elements 
immersed in boiling water for 4 to 5 hours 
• Other suitable means 

Porous elements may be prepared and stored in 
containers of the de-aired fluid medium as long as the 
containers are evacuated and sealed from air entry. 

13.3.2 Assemble the piezoelements with all fluid 
chambers submerged in the de-aired medium used to 
prepare the elements. Flush all confined areas with fluid 
to remove air bubbles. Tighten the cone to effectively seal 
the flat surfaces. Protect the assembled system from 
cavitation by enclosing the p orous element inside a fluid­
filled plastic bag or cap sealed to the penetrometer tip. 
When sealing, do not pressurize the sealed cap as this 
will affect initial baseline readings. In order to check that 
air has been effectively removed from the system and tO 

evaluate response time, subject the assembled penetrometer 
tip enclosed in a fluid-filled pressure chamber to pressure 
testing. Response time should be practically instantaneous 
to pressure application . 

13.3.3 When using de-aired water as the fluid 
medium, it will be necessary to prebore or sound with a 
pilot penetrometer tip to the water table. The protective 
cap must be removed during penetration into the soil. 
When using glycerin, which is more resistant to cavitation 
than farer, it may be possible co penetrate unsaturated 
layers without ca vita ting the system and alleviate preboring 
and element protection requirements. 

13.3.4 Record baseline readings with the penetrom­
eter tip hanging freely in air, out of direct sunlight .. Compare 
baseline readings with reference baseline readings for 
requirements given in subparagraphs 11.1.2.1 and 11.2. 

13.3.5 Follow procedures in subparagraphs 13.3.4 
and 13.2.5 with the addition of recording pore pressure. 

13.4 Penetrometer Operation and Data Interpreta ­
tion - Guidelines: 

13.4.1 Direaional Dnft of Penetrometer: 
13.4.1. l For penetration depths exceeding about 

12 meters, the penetrometer will ·drift directionally from 
vertical alignment. Large deviations in inclination can 
create nonuniform loading and result in unreliable 
penetration resistance data. Reduce drift by accurately 
setting thrust alignmeot and using push rods which meet 
tolerances given in subparagraph 8.4. 

13.4.1.2 Passing through or along side obstruc­
tions such as boulders, cobbles, coarse gravel, soil 
concretions, thin rock layers, or inclined dense layers will 
deflect the penetrometer tip and induce drifting. Note and 
record any indication of encountering such obstructions, 
and be alert for possible subsequent improper penetrometer 
tip operations as a sign of serious directional drift. 

13.4. 1.3 Penetrometer inclination is typically 
monitored in electric cone penetrometers. Limitations on 
inclination should be imposed in the system to prevent 
damage to push rods and nonsymmetric loading of the 
penetrometer tip. Generally, a 2-degree change in 
inclination over 1 meter of penetration can impose 
detrimental push rod bending, and soundings should be 
terminated. Total drift of over 12 degrees in 10 meters 
of penetration imposes nonsymmetric loading and, if this 
should occur, the sounding should be terminated. 

13.4.2 Push Rod Addition fnterruptions.-Shon 
duration interruptions in the penetration rate during 
addition of each new push rod, can affect initial cone and 
friction sleeve readings at the beginning of the next push. 
Note and record the depths at which push rods are added. 
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13.4.3 Piezocone Pore Pressure Dissipation fnter­
ruptions.-Pore pressure dissipation studies, for which 
soundings are stopped for varying time durations, can affect 
the initial cone, friction sleeve, and dynamic pore pressure 
readings at resumption of cone penetration. If dissipation 
tests are performed, be aware of ·possible rebound effects 
on initial excess pore pressures. Note and record the depth 
and duration for which dissipation values are taken. 

13.4.4 lnterruptions Due ro Obstrucrions.-If obstruc­
tions are encountered and normal advance of the sounding 
is stopped to bore through the obstructions, obtain further 
penetration resistance data only after the penetrometer 
tip has passed through the estimated zone of disturbance 
due to drilling. As an alternative, readings may be continued 
without first making the additional penetration and the 
disturbed zone evaluated from these data. Note and record 
the depth and thickness of obstructions and disturbed zones 
in areas where obstructions are drilled through. 

13.4.5 Unusual Occurrences.-As data are recorded, 
it is important to note unusual occurrences in testing. When 
penetrating gravels, it is important co note "crunching" 
sounds which may occur when particle size and percentage 
of coarse particles begin co influence penetration. In many 
cases, it is important to note the magnitude of thrust 
required co advance the penetrometer to evaluate when 
thrust capacity may be exceeded. 

13.5 Withdrawal: 
13.5. l Withdraw the push rods and penetrometer 

tip as soon as possible after attaining complete sounding 
depth. 

13.5.2 Upon complete withdrawal of the penetrom­
eter, inspect the penetrometer tip for proper operation. 

14. Calculations 

14.1 Cone Resisrance, qc: 

where: 
qc cone resistance, ton/ft2, kgf/cm2, or MPa 
Qc force on cone, con, kgf, or kN 
Ac cone base area, typically 10 cm2, ft 2 or cm2 

14.2 Fricrion Sleeve Resistance, fs : 

where: 
Is = friction sleeve resistance, ton/ft2, kgf/cm2, or 

kPa 
Qs = force on friction sleeve, ton, kgf, or kN 
As area of friction sleeve, typically 150 cm2, ft 2, or 

cm2 

14.3 Fricrion Ratio, Rr: 

Rr = 100 ( ~) 
qc 

(l) 

(2) 

(3) 

where: 
Rr = friction ratio, % 
Is = friction sleeve resistance, ron/ft 2, kgf/cm2, or 

kPa 
qc = cone resistance, ton/ft2, kgf/cm2, or kPa 

100 convert from decimal to percent 

Determination of the friction ratio requires obtaining 
a cone resistance and friction sleeve resistance at the same 
point in the soil mass. Typically, a previous cone resistance 
reading at friction sleeve midpoint depth is used for the 
calculations. 

NOfE 3.-In some cases, if readings are compared at the same 
poinr in a soil mass which has alternating layers of sofr and 
hard materials, nonexistenr layers will be falsely observed in the 
data because cone resistance is sensed, to varying degrees, ahead 
of the cone. To compensate, the sensing distance ahead of .the 
cone can be varied such that the cone resistance is actually recorded 
above or below friction sleeve midheight. 

NOfE 4.-The friction sleeve resistance and friction ratio 
obtained from the mechanical friction cone penetrometer will 
differ considerably from values obtained from electric friction 
cone penetrometers. When using soil classification charrs which 
use Rr and qc, it is imporranr to use charrs based on correlations 
for the type of pene.tromecer being used. 

14.4 Elecrric Cone Penetromerers.-Most electric cone 
penetrometers in use at the present time measure a change 
in voltage across a strain gauge element co determine 
change in length of the strain element. Using known 
constitutive relationships between stress and strain for the 
strain element, the applied load may be determined for 
the cone or friction sleeve. The applied loads then may 
be convened co stress using the basic equations given in 
subparagraphs 14.1 and 14.2. Since there are a wide variety 
of additional, optional measurements currently being 
obtained with electric cone penetrometers and new ones 
being continually developed, it is beyond the scope of this 
procedure to detail the makeup, adjustments, and 
calculations for these optional measurements. Questions 
regarding current systems in use or acquisition of new 
data reduction systems can be directed co the Bureau's 
Denver Office, Research and Laboratory Services Division, 
0-3760, Denver, Colorado 80225. 

15. Report 

15 .1 General: 
Each sounding log should provide as a minimum: 

Operator name Sounding No. 
Project information Sounding location 
Feature notes Water surface elevation 
Sounding date (if available) 

Reports should contain information concerning: 
Equipment used Tabular graph data 
Procedures followed Graphs 
Calibration information 
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The report should contain a text that discusses items 
required in subparagraphs 15.2 and 15.3. 

Each sounding should be documented with: 
A geologic log 
Sounding plot 
Accompanying tabular output 

The comments should contain notes on equipment and 
procedures - particular co the individual sounding. 

15.2 Equipment.-The report should include notes 
concerning: 
• Penecrometer manufacturer 
• Types of penecromecer rips used 
• Penecrometer details such as friction sleeve end areas 
• Serial numbers of penetrometer tips 
• Pressure gauges 
• Type of thrust machine 
• Method used co provide reaction force - with notes 
as co possible surface deformations 
• Type of friction reduction system (if any) 
• Method of recording data 
• Condition of pushrods and penecromecer rip after 
withdrawal 
• Any special difficulcies or ocher observations concerning 
performance of the equipment 

15.3 Calibration Certificanons.-Calibrations of Bureau­
owned equipment should be retained in offices and 
maintained as outlined in paragraph 11. Soundings 
performed under contract by others require submittal of 
calibration records (in conformance with requirements 
given in para. 11) prior co performance of the contract, 
for review by the contracting officer. After performance 
of the contract, the addit ional field calibration documents 

(as outlined in par. 11) will be submitted with the report. 
Field calibration data consisting of pre- and pose-sounding 
baseline values are co be reported with each individual 
sounding. 

15.4 Graphs.-Every report of electric cone penetration 
sounding is co include a cone resistance plot, qc (con/ft2, 

kgf/cm2, or kPa) with depth below ground surface (ft or 
m). (See fig. 4 for an example plot.) Friction cone soundings 
will include che friction sleeve resistance, Is (ton/ft2, 

kgf/cm2, or kPa) , and friction ratio, Rr (% ), on the same 
plot. The plots should indicate locations of push rod changes 
and other interruptions as outlined in subparagraphs 13.4.2 
through 13.4.5. If it is impossible co show locations of 
interruptions on the report plots, provide a secondary plot 
such as an analog strip chart or notes of the occurrences 
of interruptions. As a minimum, the plot should provide 
information as outlined in subparagraph 15.1. Electric 
piezocone penetrometer soundings should provide an 
additional plot of pore pressure versus depth. If pore 
pressure ratios using a different definition than that given 
in subparagraph 6.1.22 are to be reported, the definition 
should be given on the plots. For uniform presentation 
of data, the vertical axis (ordinate) should display depth 
and the horizontal axis (abscissa) should display the test 
values. An example plot is shown on figure 4. An example 
of a completed geologic log is shown on figure 5. 

15.5 Report Requirements for Specificat1ons.-Each 
sounding to be displayed is co consist of two pares. First, 
a geologic log of the drill hole which contains report 
requirements given in subparagraphs 15.1 and 15.2 and 
any special interpretations or additional data obtained in 
conjunction with che · sounding; second, plots meeting 
requirements given in subparagraph 15.4. 
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CONE PENETROMETER TESTS 
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Project: MINIDOKA 
Feature: JACKSON LAKE DAM 
Dates 9-13-84 
Initial baseline 
Final baseline 

Tip 
134.9 tsf 
132. 3 tsf 

Cone Hole1 
Station: 

Sleeve Offset: 
-2.33 tsf 
-2.45 tsf 

DH-659C 
30+87 FT 
77.2' D/S 

Elevation: 6756.0 FT. 
Opera.tor: STELMA/LIN 
Cone ID1 15 TON 108 

_____ _________ _ ___________________ ....J 

Figure 4. - Cone penerromerer resrs - example. 
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7-1 3a1 ( 8 . 74) 
eunau of Reclamadoa GEOLOGIC LOG OF DRILL HOLE SHEET .. . .I. . OF ... ? . . . . 

FEATURE . .... .. .. JAC.~ lAKE ~ ........... . .... PROJ£CT .•.. ·"'~1-~ . . .. .. . •.. . .. . . . . ..... . . . .. . STATE •.. 1ff.~~ . . ....... . . . 
DH-659 LOCATION. Pl?. T9!".. 9f . tl9\l.Tl:I. one: .. . . .. GROUND ELEV 6756.0 90• DOIII 

HOLE MO . ...... • . . COORDS. N. J,l6.S,l(iS .. . .... E •.• JliS.J.S6. .. . ... . . ..... .. . .. DIP (ANGLE FROM HORIZ .) .... ... . .. • . . . ..• 

BEG.UH .. 9~~8.4 ... . . FINISHED .. 9:-J:J--.8, .... . DEPTH OF OVERBURDEN .Ut:IKNQWt:I ..... ;w~~~- .l~,~ . ... BEARING . .. . ... . ~- ... ·.· • · •· ... •. · 

0
E~~~LA~~l~HE

0
.rE:tJUo . . r .3_; _'!-.13:1!4 .. ... .... . ..... LOGGED BY .. . R,~ .. im .. .. . . ...... LOG REVIEWED BY . . u . . UX:IIWl1. · · · · · · · · · · 

NOTES ON WA T£R 
LOSSES AHO LEVELS, 
CASING , CEMENTING, 
CAVING, AHO OTHER 

DRILLING COHPITIOHS 

DRILL EOUIPIENT 

0.0-1.5' : >OBILE 
8-80 TR\JOC->OUNTED 
DRILL. 

I . 5-13. 1': Ec,>T TRUCK 

13. 1-30.0': >OBILE 
8-80 TRUCK->OUNTED 
DRILL WITH BEAN 50 
WATER PUlf'. 

.l0.0-U4.9': ECPT 
TRUCK. 

ORI LLERS 

0 . 0-30.0', ALBERT 
COULTER 

30 . 0-1 44 . 9': 010( 
ANO DAN HUBBS 

DRILL SETUP 

Ll>I< 

SET UP ON ACCESS ROAD 
AT 0/S TOE OF NORTH 
DIKE NEAR STA. 30+90. 

OR I LLI NG IETHODS 

0.0-1.5' : DRILLED 
Wt TH 7" HOLLOW-STEM 
FLIGHT AUGERS. SET 
2 01 1. 0. PVC TO 1.5" 
ANO PULLED AUGERS, 
BAOCFI LLING AROUlll 
PVC. 

I. 5- 13. I': SOUi() ING 
WI TH Ec,>T ON APPROX 
5-CENTIIETER 10.16-
FOOT> INTERVALS 
USING 15-TON CONE 
I 108) EQUIPPED WITH 
•ON'IEZOIETER TIP. 

1).1-15.8': DRILLED 
w I TH 7" HOLLOW-STEM 
FLIGHT AUGERS. SIT 
BX CS TO 15.8'. 
A TTElf'TED Ec,>T 
SOUi() I NG• BUT CONE 
LCDGED IN FLOW I NG 

TYPE 
AHO 
SIZE 
OF 

HOLE 

10 

20 

30 

.co-

50 

60 

SAND INSIDE BX CS 70 
AT AEl)UT 10 1 : 

SOUNllNG FORCED CS 
DOWN WI TH CONE 
UNTIL BX CS REFUSED 
AT 30. 1 1 ANO 
TQP 3 ONE-O'ETER 
RCDS IN DRILL 
STRING SHEARED OFF . 80 
>OVED EC,,T TRUCK 
0 FF HOLE AND EXCA­
v-. TED TRENOt TO 12 1 

TO RECOVER CONE • 
SOUNl ING CABLE ANO 
ORILL STRING, USING 
BAOCHOE Al() FRONT-
END LOADER; TRENCH 90 
BAOCFI LLED WITH 
SOIL AND ROAD FILL. 

► 
"' .,., 

IE ► 
00 
uu ., 

"' 

PERCOLATION TESTS 

'" DEPTH .. 
(FEET) 

E LOSS 
FROM .. 

(P, C,, TO .. 
•• CM) (G.P.M. ) (P .S.1 . ) 

Ec,>T • ELECTRON IC CONE PENETROIETER TEST 

,,.. 
,-M 

"'" z ... .... 
-'o 

(MIH.) 

~'.Z.: 
w2tt: ., ..... ., -

6754. 5 

6751. lo 

6748.8 

6738 . 7 

6728 . 5 

67)7.5 

6714 . 4 
6713. 3 

6703 . 3 
6702.0 

6697 . 5 

6694 . 9 
6693. 6 

6667 . 8 

6663 . 3 

6661.1 

j 

:c-.... ...... u ..... i:., o!!, "-o 
:.J .. 
~ V / ,.., 

~e.: 
!~~-~~t 

~ 
, :· ··, 

30 :. ~.·:~ 
·/o·--: .. . , 
f O: 
- ·, 

'° (/: 
~ 
"· -;°· ::- :· 
. ·. : ·.· 

;:=•.-"r 
50 :~-?: 

·.• ... ,:· 
.. -.•. •:. 

# •• , 

- . . -.. . 

EXPLANATION 

"' :r .. 
..! .... 
.J"' ...... ,. .. 
◄ ........ 

CLASSIFICATION AHO 
PHYSICAL CDHDITIOH 

15,11-30.0': DRILLED 
WITH 2-7 / 8 " TRI CONE 
ROLLER RB US I NG 
CLEAR WATER AS 
CIRlllLATING FLUIO. 
NX CS ADVANCED 
BEHINl ORI LLING TO 
30.0 1 • INSERTED 2" 
1.0. PVC WI TH TN>E­
SEALED SDTTO" TO 
30.0'. 

30. 0-144 . 9" : SOUllDDIC 111TB ECP'I . AS 
DESCRIBED AJIOVE 

GEOLOGIC INTERPR!!:rATION: 

0.0-1.5': ROAD FILL (Fl 

1.5-IU.9' : FlUVIOLAlllSTRINE SEDIMENTS (OFI. 

,.5-4.6': OF'C; PREDOMINANTLY SILT Afr«) Q.AY 
WITH A VARIABLE CONTENT OF SANO. 

4.6-7.2' : OF'S : PREDOMINANTLY SAJtl WITH A 
VARIABlE CONTENT OF SILT AHO CLAY. 

7.2-17.5' : OFll : PREDOMINANTLY GRAVEL WITH 
A VARIAII.E CONTENT OF SAHD ANO SILT. 

17.5-27.5': OFS ; SAO'E AS ASDVE. 

27.5-38.5 ': ORl : SAO'E AS ABOVE. 

}8.~-• 1.6' : OFS : SAO'E AS ASDVE. 

41.6-•2. 7' : ORl : SAO'E AS A8DVE. 

,2. 7-52. 7' : OFS; SAO'E AS A8DVE. 

52.7-54.0 1 : OFG : SAO'E AS ABOVE. 

5•.0-58.5' : OFS: SAO'E AS ABOVE. 

58.5-59.l' : OFG ; SAO'E AS ABOVE. 

59 • .3-61. 1 1 : OFS : SAO'E AS ASDVE. 

61. 1-62. 4' : OFG ; SAO'E AS A8DVE. 

62.4-88.2' : OFS ; SAO'E AS ASDVE. 

88.2-89.0': OFC ; SAO'E AS ABOVE. 

89.0-92. 7' : OFS/OFC : ALTERNATING LAYERS OF 
SILTY SAND WITH SILT AND CLAY RANGING 
FROM 0.05-0. 25 O'ETERS 10.16-0.82 FEETI 
THICK. 

92. 7-9•.9': OFC ; SAO'E AS ABOVE. 

9•.9-95. 7' : OFS: SAK AS A8DVE. 

95. 7-100.5' : OFC ; SAO'E AS ASDVE. 

100.5-101.6' : OFS; SAO'E AS ABOVE. 

101.6-120. 6' : OFC; SAi€ AS ABOVE, 

120.6-123.• ' : OFS/OFC ; SAO'E AS ASDYE. 

143.1-144.9' : OFC ; SAO'E AS ABOVE. 

IU.9': SDTTOM OF HOLE. 
NOTES: 
-r;-l;'EOLOGIC INTERPRETATION FROM 13.1-30.0' 
BASED ON DRILLING CONllTIONS. lllTTINGS RETURN 
ANO DRILLER ' S NOTES ; FROM 0.0-13. 1' ANO 30.0-
1,,.9, INTERPRETATION BASED ON Ec,>T DATA 

i
CDRE RS • ROCK Bl T cs • CASING Uncorrected fi e ld ECPT data we re us ed in 

~~E,"A~tGR.i~:ic DEPTHS ci~;R~~ETg\~~:~ the interpreta t i on of the geologic units LOSS 

CORE 
RECOVERY 

SYSTEM USING CONVERSION FACTOR OF 3.28 FEET PER IIETf/ · e n c ountered in t hi s sounding . 
i:r: :!a~· :: : : : : : : : : : : : : ~ : ~~~h~c:: ~=·:,1!:.:·c. : ~';:.:;.;of~!:,-;, 12-85 : Re v ised station. added coordinates 
Appro■ • •ii• of hol• (X-Hri••> .. E■ • 1.1 / 2", A■• 1-7/ 8", a.• 2-l/ 8". "· • 3•• 
App,oa. •i•• af ca, e (X. s.,i••) .. Ea• 7/ 8" , A■• 1. 1/ 8", B ■ • 1-5/ 1", Nx - 2. 1/ 8 .. 
Out■ld• dla. of cas in9 (X ... ,i••>· E ■ a J.1J/ 16", A■• 2-1/ •"• 8■ • 2- 7/8' ". N• • J-1 / 2" 
Inside dia. of casinv (X·••i••l •. E ■ • 1•1 / 2", A■• 1•29/ 32 .. , Bx• 2-3/ 8 ... tb • 3" 

Figure 5. - Geologic log of drill ho le (sheer 1 of 2) - example. 
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7 -1337 CIS •Hl 
BU1W11 of Rectam.atloa GEOLOGIC LOG OF DRILL HOLE SHEET .• t . ... OF . . l ..... 

FEATURE.-~~-""-~ -~- ..• . ........• . ..... •. .• PROJECT ••. !1!~1_09~ .......•..... ....... • .. •..... STATE . . !ir~!li!l . .... ....... . 
DH-659 LOCATION . .D./.5 .. T.0.E . .0.f. /'1.0.R:rll. PJJ<J::...... , 7., O 90 O" DOWN · 

HOLE HO. · • · .. · • · · COORD$. N • . l.l6~,J65 ...... E. 365.7.56 .... GROUND ELEV .• • ...,~T •...•.•.. DIP (ANGLE! FRO/II HORJZ.> •• • : .•..•••••.• • . 

BEGUN . • ~ -6;-~ .... FINISHED .. ?~1.:J:-~ .... DEPTH OF OVERBURDEN . !Jl"/J<r:0\/N • . •. . JEP;~ .. \4:4.-? .... BEARING ••.. • . . ••. - ...• : ••••••••••• 

Df~~~LA:~DE~HE~E:tJlfo .. J .• ~; .9:-1}-~ ............... LOGGED BY .•. U •. U"'· .. ......... LOG REVIEWED BY .•• A.L • . U£IIIIAIIJ ......... . 

NOTES OH WATER 
LOSSES AHO LEVELS. 
CASING, CEMENTING, 
CAVING, AHO OTHER 

DRILLING COM['ITIOMS 

DRI Llll(, COt()ITIONS 

0.0-1.5 1 : ROUGH. ElJT 
EA.SY. 

1.5•7,2' : SIOOTH AND 
STEADY PUSH. 

7. 2• 1). 1': VERY ROUGH 
C01f'UT£R OU IT FOR 
INCt.lNATION AT 8.1' 
El(;AGED MANUAL OVER 
R 1 DE AHll CONTI HUED 
SOl.flllll(;. SOUND II(; 
WAS STCl'PED AT 13. 1 
OU£ TO HIGH TIP 
~ESISTANCE A>() 
l>C\.INATION 
REAOll(;S. 

n.1-15.e': FAST AHll 
EASY. 

,~.a--20.0 1 : EASY• 

20.0·}0.0' : SLOW. 

}0.0-}8.5': ROUGH 
PUSH, 

}8. 5· ". 6' : SM:>OTH AN 
STEAOY PUSH, 

• t .6 -•2. 71
: ROUGH 

PUSH. COlf'UTER QUI 
FOR INC\.INATION AT 
41,6'; ENGAGED MANU 
OVERA IDE AHO OONTIN 
SOUNllNG. 

•2. 7-1••.9' : Sli()()TH 
AND STEAOY PUSH, 
IPC\.INATION AT HOLE 
BOTTOM WAS I I. 7 DEC 

CASta: IEOOID 

OAT? ,., 
9-12 

sz 
ax 

"" 

DUTIi 
HOLE 

15.8 
)0.0 

\IAT!I. UTUKN 

0 .(r )O .O': 1001 

J0 . 0-1.u. ,9•: NO 
VA.TD usm. 

""" cs 
15.8 
)0.0 

WATD. Oll.01 

0 ,0-)0,0': IICIWN AHD 
CUT , 

J0.0-IU . 9 ': NO 
v.t.TD usm. 

WA.TD LtvEL DUI.DJC 
DULLDIC 

DE7111 
DAff HOU 
9-IJ )0.0 

MOU IDO"UT!IOlf 

PVUD ALL NI CS AND 
PYC: HOLE UFf OP!lf. 

P\l'UOSI: OF BOU 

TO OETDfflft STUTI­
CIN'lll' OP romrDATIOlf 
roa !IOaTB oru. 

► PERCOLATIOH TESTS a: 
TYPE "'"' .. 
AHO a:> DEPTH .. 

00 SIZE (FE!TI 5 OF 
uu 

"' LOU 
HOLE a: FROM .. 

(P, C•, TO .. 
(~I Of C•) (G.P.M.) (P .S . I.) 

10-

. 

20· 

0 

. 

30-

. 

.a--

- -

ll 50-
ED 

60 

70 

80 

90-

~CPT • ELECTRON IC CONE PENETROOETER TEST 

~%~ 
:c- a: .... ~ .. 

~~: 
...... !:! :z: .. ... ... :c.., ~!!: .. ~ o!: CLA$$1FICATION AHO ., .. "' - "-o ..... ,. .. : ... ... ~ PHYSICAL CONDITION .... ...... 

.Jo .., ,. .. 
◄ OUN.) ~/ 

66H .5 ~ .//// 
'l" / 
//, 
/ / / 

"//,. 
/// 

110- /// 
/// 
/// 
[// / 
/ / , ,./, 
/ /, 
/ /_,. 

6635. 4 120 

~'"t-S i I/;,;,· 
6632 . 6 I / /,. 

/,. , 
/ /,. 
/// 
, / / 

130- ./// 

/ /,. 
/ // 
/// ,. / / /,.,. 
/ /, v. ~-

6616 . 3 

'"° ~s;, . ,, .. _. _/., 

6612 .9 ~ 
6611. 1 

150-

160-

170 

180-

. 

190-

EXPLANATION 

i
CORE RB " R00( BIT CS • CASIICl Uncorrected field ECPT data were used in 

~giTE, ■•~~~~IG DEPTHS ~;J~\~\~~:;';; the interpretation of the geologic units LOSS 

CORE 
RECOVERY 

SYSTe USING CONVERSION FAfjT2'1,P~ f!~P[R W;Tfsl encountered in this sounding. 
~i.•:'_.,.,!.•:: : : : : : : : : : : : : p : Pocll•r. c!: c.!:.':.

1!..:•c.: ~~ .; ~:=, 12-85: Revised stat ion, added coordinates 
A.pproa . 1iae of hol• (X-Hri .. ) •. E• • 1-1/2... A.,r • 1-7/1"', Ba• 2-)/8", Na • l'" 
App,oa. siae of CCN'e ex ....... ) .. Ex• 7/8' ", •• • 1-1/8"", a.• I-S/1 ... Na - 2-1/1" 
Outalcl• cllo. of cosing (X-1eri ■ 1) . Ea• 1-ll/16"", A.a• 2-lt•••, Ba• 2-7/1'", H• • ~1/2" 
lnaicle cllo. of CDlirNJ (X·•-·••>·. E· • 1-1/ 2'", .... • 1-29/32"". a.• 2-3/1 ... th -1·· 

Figure 5. - Geologic log of drill hole (sheet 2 of 2) - example. 
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ANNEX 

Al. CALIBRATION REQUIREMENTS ON NEWLY MANUFACTURED 
OR REPAIRED ELECTRIC CONE PENETROMETERS 

A 1. Introduction 

A 1. 1 This annex describes procedures and require­
ments for calibrating electric cone penetrometers. The 
evaluation of electric cone penetrometer calibration as 
described in this annex is a quality assurance standard for 
newly manufactured and repaired penetrometer tips. Many 
of the standards may be impractical to evaluate under field 
operating conditions. Therefore, determination of these 
calibration errors for any individual penetrometer tip 
should be performed in a laboratory environment under 
ideal conditions by the manufacturer or other qualified 
personnel with necessary knowledge, experience, and 
facilities. 

Al.2 The electric cone penetrometer is a delicate 
electrical instrument subjected to severe field conditions. 
Proper use of such an instrument requires detailed 
calibration after manufacture and continuous field 
calibrations. Years of electric cone penetrometer design 
and performance experience have resulted in refined cone 
designs and calibration procedures which make the electric 
cone penetrometer a highly reliable instrument. Reports 
of these experiences form the basis for requirements in 
this annex [l, 2). 

A 1.3 The required calibration tolerances developed in 
this annex are based on subtraction type electric cone 
penetrometers. These penetrometers are more robust than 
electric cone penetrometers with independent strain 
elements and are the most widely used design. The 
subtraction type penetrometer, however, has less precision 
due to the electrical subtraction process [l, 2). As a result, 
calibration tolerances given here are considered maximum 
values and requirements for more sensitive electric cone 
penetrometer tips imply smaller tolerances having greater 
precision. The calibration process consists of loading the 
penetrometer tip with reference forces and comparing 
measured output to the reference. 

A 1.4 Simple analog systems use a signal conditioning 
unit above ground chat supplies excitation voltages to the 
strain elements in the penetrometer tip, then amplifies 
the return signal to usable levels for the data recording 
and data analysis system. Calibration of these systems 
requires evaluation of input force versus voltage output 
relationships. With analog systems, errors may occur when 
integrating voltage data into cone and friction sleeve 
resistances. As a result, it is required that calibrations 
discussed in this annex be chat of input force versus cone 
or friction sleeve resistance obtained through the data 
recording system used. 

Al.5 With the advent of improved electronic systems, 
system precision has increased but the same input force 
versus voltage output calibrations are required to "tune" 
the penetrometer tip. Microprocessors reduce the data co 
obtain the cone and friction sleeve resistances, but the 

microprocessors are not immune from system drift. So, 
with these systems, calibrations of applied force (input 
force) versus cone or friction sleeve resistance output from 
the microprocessor are required also. 

A2. Terms Related to Calibrations 

A2.l Figure Al. l is a graphical depiction of terms 
related to transducer calibrations as set forth by the 
Instrument Society of America [l]. The example calibration 
that follows, deals with zero-load error, nonlinearity, 
hysteresis, and calibration error. 

A2.2 To evaluate several of these values, the FSO (full­
scale output) of the penetrometer tip is needed. Electrical 
cone penetrometer tips usually are available in nominal 
capacities of 5, 10, and 15 metric tons. Typical full-scale 
outputs for these penetromecer tips follow. 

Nominal Full-scale output Full-scale output of 
capacity, of cone, <J.c friction sleeve, fs 

metric tons ron/fr2 MPa ton/ft2 kPa 

5 500 50 5 500 
10 1000 100 10 1000 
15 1000 100 10 1000 

It is important to check with the manufacturer on the 
full scale output of electric cone penetrometer tips co avoid 
overloading and damaging penetrometer tips. 

A3. Zero Load Baseline Values 

A3.l Zero-load output variation of the electric cone 
penetrometer tips during calibration is a reliable indicator 
of output stability, internal O-ring friction, and 

REFERENCE LINE 

100¾ 
FULL SCALE OUTPUT 

RATEO OUTPUT 

1074 

,. 
:::, 
Q. .. 
:::, 
0 

'A~~-t-- REPEATA81LITY % FSO 

NON LINEARITY %FSO 

J..!7'.==========::t::::!:_z ERO LOAD ERROR 
LOAD 100¾ 

----RANGE----1 

(NON RETURN TO ZERO 
PER TEST l 

% FSO PERCENTAGE OF FULL SCALE OUTPUT 

%M PERCENTAGE OF MEASURED OUTPUT 

Figure Al.l. - Definition of terms related ta calibration (Schaap and 
Zuidberg, [ l] 1982). 
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temperature-induced apparent load. The variation in zero­
load output is affected by temperature fluccuacion because 
temperature compensated strain gauges do nor compensate 
for modulus of elasticity and K-factor changes with 
temperature [l]. Also, penetrometer rips chat contain 
amplifiers can be hindered by temperature shifts if the 
amplifiers are not temperature compensated [2]. As a 
result, the zero-load output is to be evaluated at temper­
atures of O and 30 °C for evaluation of thermal stability. 

A3.2 Typically, there are two methods to adjust for 
zero-load variations. With older analog systems, a zero­
load output voltage under sec amplification and signal 
conditioning requirements is obtained (method 1). To sec 
this voltage output to zero, simple scrip chart adjustments 
are made co locate the pen at zero load on che chart. The 
offset of the pen from original zero-load voltage is 
converted co equivalent drift in terms of cone and friction 
sleeve resistance by knowing the linear behavior of voltage 
versus load or by knowing the chart scaling factors. In 
any case, the drift in zero-load voltage output is converted 
co changes in apparent cone or friction sleeve resistance. 

A3 .3 Some newer systems with microprocessors 
provide "reference baseline" values for cone or friction 
sleeve resistance which are not equal to zero but are assigned 
positive or negative values depending on the electronics 
of the system. The zero-load error is evaluated by caking 
the difference _between new and initial reference baseline 
values (method 2). For discussions of zero-load error, the 
term baseline is used for both methods. The term "reference 
baseline" for older analog systems refer to the "initial 
voltage at zero load", but zero-load error is expressed as 
a change in apparent resistance divided by FSO resistance 
of the cone or friction sleeve. 

A3.4 Newly manufactured or repaired penetrometer 
tips are first cycled co a minimum of 80 percent of FSO -
five rimes ac room tempei•ature - co remove any residual 
nonlinearity. After cycling,, an initial reference baseline 
value is established at room temperature after the cone 
has been electrically powered for about 30 minutes. To 
evaluate thermal stability, the penecromecer tip is stabilized 
at temperatures of O and 30 °C and new baseline values 
are obtained. The change in baseline values must be '.'Sl.O 
percent FSO of either cone or friction sleeve resistances. 

A4. Load Range Calibration 

A4. l The electric cone penecromecer system is load 
reseed in a universal resting machine or specially designed 
cone penetromecer calibration device capable of independ­
ently loading the cone and friction sleeve. If used, che uni­
versal resting machine muse be accompanied by a calibration 
certificate (current within the lase year) in accordance with 
ASTM E 4. If a cone calibration apparatus is used, ic should 
also be accompanied by a calibration document current 
within che last year. The calibration document shows that 
applied forces or masses are traceable co standard forces 
or masses retained by the National Institute of Standards 
and Technology (National Bureau of Standards). When 
calibrating subcraccion-cype_penetrometer rips, ic is possible 

co waive the independent sleeve measurement requirement. 
For requirements on calibrations without independent 
sleeve loadings, contact the Bureau's Research and 
Laboratory Services Division, Denver Office, Code D-3760, 
Denver, Colorado 80225. The universal resting machine 
or cone calibration devices muse be capable of loading che 
penecromecer tip co 100-percent FSO. 

A4.2 Example calibrations of an electric cone pene­
cromecer are shown in tables A 1.1 and A 1.2 and on figures 
A 1.2 and A 1.3. The calibrations were performed on a 10-ton 
subcraccion-type electric cone penetrometer. The measured 
output was a readout of cone and friction sleeve resistance 
obtained through a microprocessor based data anyalsis 
system. An initial baseline was taken and then subtracted 
to obtain zero resistance ac zero load. 

A4.3 As shown in table A 1. 1, the cone is first loaded. 
This loading is to' be performed after che cone is subjected 
to five cycles of compressive loading and reference 
baselines, or internal zeroing, have been obtained at room 
temperature. The cone is loaded in a minimum of seven 
increments at forces equivalent co 0, 2, 20, 40, 60, 80, 
and 100 percent FSO for the cone. At each increment of 
force, both cone and sleeve resistance are recorded. The 
actual cone resistance is computed by dividing the applied 
force by the cone base area. The "best straight line" (see 
fig. Al.l) is determined by drawing a straight line between 
the origin and the force transducer output of 100-percent 
rated capacity. The linearity is the difference between 
mea·sured cone resistance and best-straight line cone 
resistance divided by the cone FSO. Hysteresis is evaluated 
by comparing the difference between cone resistance at 
the same level of applied force in loading and unloading 
and dividing by cone FSO. Calibration error is calculated 
by taking the difference between the best-straight line cone 
resistance and actual cone resistance and dividing by the 
actual cone resistance. Calibration error becomes larger with 
smaller measured outputs and; therefore, it is not evaluated 
at loadings equivalent to less than 20 percent of cone FSO. 
When penetrometers require greater precision, more 
sensitive, lower capacity penetrometer tips can be specified 
by requiring tighter specification of calibration error at 
lower levels of applied force. 

A4.4 When calibrating the cone, the friction sleeve 
resistance is monitored to evaluate apparent load transfer. 
With a subtraction-type electric cone penetromecer tip, the 
apparent friction sleeve resistance is caused by electrical 
subcraccion error, crosstalk, and any load transferred 
mechanically to the sleeve. With a cone, which provides 
for independent cone and sleeve measurements; apparent 
friction sleeve resistances are caused by electrical crosstalk 
and mechanical load transfer. Apparent load transfer must 
be less than 1 percent of FSO of the friction sleeve ( 1000 
kPa) . 

A4.5 As shown in table AU and on figure Al.2, 
maximum nonlinearity is 0 .07 percent, maximum 
hysteresis is 0.06 percent, maximum calibration error is 
0.12 percent, and maximum apparant load transfer is 0.04 
percent. For this calibration, the zero load or nonreturn 
to zew was 0.08 MPa or 0.08-percent FSO. 

1075 



USBR 7021 

APPLIED MEASURED MEASURED ~TUAL COi£ BEST LINEARITY HYSTERESIS 
FORCE CONE FRICTION RESISTANCE STRAIGHT l¾FSOl l¾FSOl 

kN RESISTANCE SLEEVE IMN/m2 ) 
LINE y-y' 

qc(MN/m2 ) RESISTANCE 
(MN/m2) FSO • 100 

l y Is (kN/m2 ) 
QA= 10~m z 

~PPROXIMATION CONE FSO 
v'=mx+b =IOOMPa 

0 17.51 -130.9 { BASELINI R EAOING ) 

0 0 I 0 

2 1.99 4 2.00 2.00 -o. 01 0. 06 

20 19.99 3 20.00 19.98 0.01 0.06 

40 39.96 0 40.00 39.95 0.01 0.05 

60 59.93 -I 60.00 59.93 0 0. 02 

80 79.92 I 80.00 79.90 0. 02 0.02 
100 99.88 2 100.00 99 .88 0 
80 79.90 · ·-1 80.00 79.90 0 
60 59.91 -I 60.00 59. 93 -0.02 

40 39.91 0 40.00 39.95 -0.04 

20 19.93 3 20.00 19.98 -o. 05 

2 I. 93 3 2. 00 2.00 -0.07 

0 -0. 08 3 0 

0 17.59 -130.7 (BASELINE READING) 

BEST STRAIGHT LINE APPROXIMATION= y=mx+b, m= 99.88/100= 0.9988 b=O 
ZERO LOAD ERROR: 0.08MPo-,.IOOMPo ,I00=0.08% 
MAXIMUM APPARENT LOAD TRANSFER ERROR: 4 kN/m 2+1000 kN/m 2 X 100 = 0.4 % 
M.O.: MEASURED OUTPUT 

Table A I. I. - Electric cone penetrometer cone calibration - example. 

CALIBRATKlN 
ERROR 

(% M.0.) 
QA-y I 

QA •100 

N/A 

0.10 

0.12 

~ ·~ . .. 
0.12 

0.12 

0.12 

0. 12 

0.10 

N/A 

APPLIED MEASURED MEASURED ACTUAL BEST LINEARITY HYSTERESIS CALIBRATION 
FORCE CONE FRICTION FRICTION STRAIGHT 

lkNl RESISTANCE SLEEVE SLEEVE LINE 
RESISTANCE kN/m 2 

qt (MN/m2) RESISTANCE (MN/m2
) 

Is (kN/m2
) 

FA= l5~cm 2 l y y 1 =mx+b 

0 1751 -130.9 

0 0 3 

0.3 0 19. 79 20.0 19,94 

3.0 0 196.0 200.0 199.4 

6.0 0 396.0 400.0 398. 8 

9.0 0 597.0 600.0 598. 2 

12.0 0 799.0 800.0 797. 6 
15.0 0 m8 1i88:8 997.0 
12.0 0 797. 6 
9.0 0 594.0 600.0 598.2 

6.0 0 393.0 400.0 398. 8 

3.0 0 194.0 200.0 199.4 

0.3 0 19.81 20.0 19. 94 

0 0 -I 

0 17. 45 -12 6.9 

BEST STRAIGHT LINE: y =mx+b m= 997.0/ 15.0 = 66.47 b=0.00 

APPARENT LOAD TRANSFER= 0 
ZERO LOAD ERROR = 0.1 % FSO 
M.O.: MEASURED OUTPUT 

{%FSO} l¾FSO) ,-,· 
FSO' 100 

FSO=IOOO 
kN 

-;;,z-

-0.02 0.11 

-0.34 0.20 

-0.28 0.30 

-0.12 0.30 

o.14 0.30 
0.00 

-0.16 
-0.42 

-0.58 

-0.54 

-0.13 

Table Al.2. - Electric cone penetrometer sleeve calibration - example. 
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ERROR 
(¾M.0.) 

FA~l'•IOO 

N/A 

0. 30 

0. 30 

0.30 

0.30 

0.30 

0.30 

0.30 

N/A 
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ELECTRIC CONE PENETROMETER CALIBRATION 
USBR 7021-

CONE CALIBRATION 

N 

E 

' z 
~ 

0 
er 
I 

1-u.l 
::::,<..> 
a..Z 
I-<( 
::>I-
Q(/) 

in 
uJ 
a:: 

uJ 
z 
0 
<..> 
C 
uJ 
a:: 
::::, 
(/) 
<( 

uJ 
~ 

100 

80 

60 

40 

20 

• 

BEST STRAIGHT LINE 

REFERENCE LI NE 
DATA POINTS 

0ll!r-----.,__ ____ _.__ ____ _._ ____ _,__ ____ _._ ___________________ ~ 
40 60 80 100 

APPLIED CONE FORCE (kN) 

Figure Al.2. - Electric cone penetrometer cone calibration - example plot. 

A4.6 Table Al.2 and figure Al.3 show the calibration 
of the friction sleeve element, independent of cone loading. 
This is accomplished by removing the cone and loading 
the bottom edge of the friction sleeve. Again, the forces 
are applied in seven increments at 0, 2, 20, 40, 60, 80 
and 100 percent of FSO, which is approximately 1000 kPa. 
Nonlinearity, hysteresis, and calibration error are evaluated 
in the same manner as calibrations for the cone. During 
friction sleeve calibration, cone resistance is monitored to 
evaluate apparant load transfer which was not apparent 
in this calibration. Zero-load error was 0.1 percent FSO 
on unloading. 

A5. Calibration Requirements 

A5.l Calibration requirements developed for electric 
cone penetrometers are based on past experience with 
subtraction-type electric cone penetrometers and; as a result 
of this experience, represent the minimum precision 
requirement of electric cone penetrometers. In cases where 
a higher level of precision is required, stricter calibration 
requirements would be required. Newly manufactured or 
repaired electric cone penetrometers are required to meet 
the following requirements: 
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Calibration parameter Element Requiremenfl' 
Zero-load error Cone and sleeve :'S0.5% FSO 
Zero-load thermal stability Cone and sleeve :'Sl.0% FSO 
Nonlinearity Cone and sleeve :'Sl.0% FSO 
Hysteresis Cone and sleeve :'Sl.0% FSO 
Calibration error Cone :5:0.5% MO at 

~20% FSO 
Sleeve :'Sl.0% MO at 

~20% FSO 
Apparant load transfer Cone :5:0.5% FSO 

Cone and sleeve :5:0.05 % FSO 
* Repaired electric cone penerromerers are required t0 meet 

these standards in the lower 50 percent of FSO, only. 

A6. Documentation of Calibrations 

A6. l Laboratory calibration documents consisting of 
a short report on the equipment and methods of testing, 
along with tables and figures similar to those in this annex, 
are required for the following occurrences: 
• When new penetrometer tips are received 
• When damaged penetrometer tips are repaired 
• In instances when qualifications or proposals are 
required for contract negotiations 
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ELECTRIC CONE PENETROMET-ER CALIBRATION 
USBR 7021 

SLEE VE CALIBRATION 
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Figure Al.3. - Electric cone penetrometer sleeve calibration - example plot. 

A6.2 The report must be certified by a registered pro­
fessional engineer or other responsible engineer with 
knowledge and experience in materials testing for quality 
assurance. Calibration documents are retained on file by 
the offices responsible for performing soundings and should 
be updated at required intervals. For contract soundings, 
calibration documents should be obtained prior to contract 
acceptance and after testing on unaltered equipment. 

A6.3 If the electric cone penetrometer meets the field 
calibration requirements given in paragraph 11.1.2, it is 
only necessary to adjust the penetrometer tip to the 
laboratory requirements on a yearly basis. Electric cone 
penetrometers should be calibrated using laboratory 
procedures prior to use on each new project, but they do 

not need to meet calibration tolerances as required for 
newly manufactured cones. 

A. 7 References 

[l] Schaap, L.H.J., and H. M. Zuidberg, Mechanical and 
Electrical Aspects of the Electric Cone Penetrometer Tip, 
Proceedings of the Second European Symposium on 
Penetration Testing, Amsterdam, May 24-27, 1982. 

[2] Robertson, P. K., and R. G. Campanella, Guidelines 
for Use and Interpretation of the Electronic Cone 
Penetration Test, Soil Mechanics Series No. 69, Department 
of Civil Engineering, University of British Columbia, 
Vancouver, Canada, February 1984. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7100-89 

OBTAINING UNDISTURBED BLOCK SAMPLES 
BY THE HAND AND CHAIN SAW METHODS 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. This procedure is issued under the fixed designation USBR 7100. The number immediately 
following the designation indicates the year of acceptance or the year of last revision . 

1. Scope 

1.1 This designation outlines the procedure for 
obtaining undisturbed block samples by the hand and the 
chain saw methods. The chain saw uses a special carbide­
tipped chain. 

1.2 Undisturbed block samples are obtained for special 
laboratary tests to determine the strength, consolidation, 
permeability, and other engineering or physical properties 
of the undisturbed soil. 

1.3 This method usually involves test pit excavation 
and is limited to relatively shallow depths. For depths 
greater than about 20 to 30 feet (6 co 9 m) or depths 
below the water table, the cost and difficulties of excavating, 
cribbing, and pumping generally make block sampling 
impractical and uneconomical. For these conditions, use 
of a thin wall push tube soil sampler, a piston-type soil 
sampler, or Denison or Pitcher-type soil samplers may 
be required. 

1.4 Successful sampling of granular materials requires 
sufficient cohesion, cementation, or apparent cohesion ( due 
to capillarity) of the soil for it to be isolated in a column 
shape without undergoing excessive deformations. Addi­
tionally, care must be exercised in the excavation, preser­
vation, and transportation of undisturbed granular samples. 

2. Auxiliary Tests 

2.1 Visual classification of soil materials in the block 
sample is required in accordance with USBR 5005 as part 
of performing this procedure. 

2.2 The in-place dry unit weight of the soil adjacent 
to the block sample may be required; whereupon, it should 
be obtained in accordance with USBR 7205 or 7206. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 7205 Determining Unit Weight of Soils In-Place · 
by the Sand Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by the Rubber Balloon Method 

. 4. Summary of Method 

4.1 The bottom or the side of a test pit is tr immed, 
using care not to disturb the soil to be sampled. A column 
of soil, generally square in cross section, is isolated by 
excavating by hand or in combination with a chain saw. 
After trimming to the desired size, the sample is encased 
in at least three layers of cheesecloth and covered with 
melced wax. Then the sample is cut from the original soil, 
and any uncovered soil is covered with layers of cheesecloth 
and wax. After the sample is carefully placed and packed 
in a sturdy box, the box is labeled and prepared for shipment 
to the laboratory. 

5. Significance and Use 

5.1 Undisturbed block · samples are suitable for 
laboratory tests where large-sized samples of undisturbed 
material are required. 

5.2 This method of sampling is advantageous where 
the soil to be sampled is near ground surface. It is the 
best available method for obtaining large undisturbed 
samples of very stiff and brittle soils, partially cemented 
soils, and some soils containing coarse gravel and cobbles. 

5.3 Excavating a column of soil may relieve stresses 
in the soil and may result in some expansion of the soil 
and a corresponding decrease in its unit weight. Usually 
_the expansion is small in magnitude because of the shallow 
depth. 

5.4 The chain saw has proved advantageous in 
sampling difficulc soils which are blocky, slickensided, or 
gravelly, or materials containing alternating layers of hard 
and soft material [ 1 ]. 1 

6. Apparatus 

6.1 Excavating and trimming tools as required, 
jncluding backhoe, pick, shovel, chain saw, trowel, large 
and small knives, hacksaw blades, and thin piano wire or 
multiwrap wire. 

6.2 The chain for the chain saw is of standard design 
except that carbide tips are brazed to the cutting teeth 
(fig. 1). 

1 Number in brackets refers co rhe reference. 
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Figure I. - Carbide-tipped curring tooth on chain. 

6.3 Cheesecloth or similar cloth wrapping material. 
6.4 Sealing wax, paintbrush, and melting stove or 

heater. Use a sealing wax that does not shrink appreciably, 
does nor permit evaporation from the sample, and which 
does not exh ibit brittle characteristics. Microcrystalline 
waxes are preferable to paraffin. 

6.5 Shipping containers, packing materials, labels, data 
forms, and other necessary supplies. Packing material may 
be Styrofoam, sawdust, or similar material. 

6.6 Fuel for the wax-melting stove or hearer, fuel, and 
lubricating oil for the chain saw. 

7. Precautions 

7. l Safety Precautions: 
7.1.1 This designation may involve hazardous 

material, operations, and equipment. 
7. l.2 Before using the backhoe, inspect it for 

compli ance with standards set forth in the Construction 
Safety Standards[ 2]. Predetermine locations for spoi l piles, 
and always dump in the same direction and away from 
the edge of the excavation. Operate the backhoe in a careful, 
smooch manner. 

7.1.3 Before entering a test pit or trench, inspect 
sidewalls and lay back the slope or install cribbing, if 
necessary. Remove loose overhanging material or other 
material chat could fal l into the excavation. 

7.1.4 Only qualif ied employees are permitted to 
operate the chain saw, backhoe, or other heavy equipment. 

7.1.5 When carried in a vehicle, the chain saw should 
be placed so that it cannot shift position in transit. A 
guard should be placed on the saw blade when not in use. 

7. l.6 When hand-carrying the chain saw, the saw 
motor should be turned off, the blade should be pointed 
downward and to the rear of the person carrying the saw. 

7.1.7 Inspect the cha in for worn links and slack. Keep 
the chain well oiled. When wear becomes excessive and 
hinders operat ion of the sa w, the chain should be discarded 
and replaced with a new one. 

7.1.8 When start ing the chain saw motor, the 
manufacturer 's sta rting ins tructions should be followed. In 
addition, the saw shou ld be placed on level ground and 

the chain taken out of gear, if the chain saw is equipped 
with chis feature. The operator should be on so lid footing 
and well braced, as one hand is used co hold the saw and 
the ocher hand to pull the s tarting cord. 

7.1.9 Do not let the chain bind, as kickback could 
result. 

7.1.10 Be aware that chain saw exhaust fumes can 
build up, even in an open test pit. 

7.1.11 Before refueling the chain saw, shut the 
engine off and let it cool for about 5 minutes. Use only 
approved fuel containers. The saw should be started at 
least 10 feet away from the fueling area. 

7.1.12 After using the chain saw, drain fuel and run 
engine until all fuel in tank has been used. 

7.1.13 Those assist ing in the sampling or observing 
should stand far away enough to avoid injury from flying 
debris during sawing operation. 

7.1.14 Personal protective equipment consisting of 
a hard hat, face shield, safety glasses, hearing protection, 
gloves, chaps, longsleeved shirt or jacket, and safety boots 
must be worn by the chain saw operator. 

7.1.15 Inspect wax-melting srove prior to use, and 
position it close to the sampling area. Do not overhear 
or boil the wax. 

7.1.16 Hot wax may cause burns if handled improp­
erly or careless ly. Wear gloves that will not absorb wax. 

7.1.17 Use care when app lying wax to the 
cheesecloth-wrapped sample. 

7.l.18 Block samples are heavy 1125 to 200 lb, (55 
to 90 kg)] and awkward to handle. Two or more people 
should be used for lifting and handling block samples. Use 
proper lifting techniques to avoid back injury. 

7.1.19 Keep the work area uncluttered and free of 
items that can cause one to stumble. 

7.2 Technical Precautions: 
7.2 .1 When a face of the block sa mple is exposed 

during cutting and trimming operations , provisions must 
be made to prevent moisture loss from the sample. This 
can be accomplished by covering the face of the block 
sample with moist rowels , plastic, or cheesecloth and wax. 
The latter is preferred as it not o nly prevents moisture 
loss, but a lso provides support for the soil sample. 

7.2.2 Undisturbed block samples are taken to 
preserve as closely as possible the in-place density and 
fabric characteristics of the soil. Therefore, when handling 
and shipping the sample, it is important to minimize a ll 
sources of disturbance such as vibration ( i.e. , dropping of 
the soil sample); excessive temperature changes (i.e ., 
freezing temperatures); and moisture loss. 

8. Calibration and Standardization 

Nor applicable, reference standards are not used for this 
procedure. 

9. Conditioning 

9.1 Prevent moisture loss from the sample during 
sampling operations and shipment using techniques 
described in subparagraph 7.2.1 and 10.7. 
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10. Procedure 

10.1 All data are to be recorded on the "Undisturbed 
Block Sample" form as shown on figure 2. 

10.2 At the location where the block sample is to be 
obtained, smooth the ground surf;ce and mark the outline 
of a face of the block. Samples may be obtained from the 
bottom or the side of a test pit as shown on figure 3. 

NITTE 1.-The size of the sample depends upon its intended 
use. For most investigations, a cube about 1 foot (0.3 m) per 
side provides sufficient material and can be handled easily. 

10.3 Determine and record the elevation (or depth 
below the ground surface) to the top of the sample. 

10.4 Carefully excavate a trench around the sample to 
the required depth, removing a sufficient amount of 
material to provide space in which to work. If a backhoe 
is used to excavate the trench, first rough out an oversized 
column (pedestal) large enough such that the soil to be 
sampled is not disturbed by the backhoe operation. 

NITTE 2.-Generally, a pedestal 3 to 4 feet on a side and 3 
to 4 feet high (0.9 to 1.2 m) is adequate. 

If the soil is fragile and easily broken, backhoe usage 
may be limited to excavation of only two or three sides 
of the pedestal, with the remaining side or sides excavated 
by chain saw and/or by hand methods. 

10.5 Gradually remove excess soil on the sides of the 
block using the chain saw and/or hand methods until a 
pedestal of the desired size is obtained. 

10.6 Visually classify soils in the sample in accordance 
with USBR 5005, and describe the in-place condition of 
the soil as shown on figure 2. 

10.7 Cover the freshly exposed faces of the sample 
(pedestal) with cheesecloth and paint with melted wax. 
Apply additional layers of cheesecloth and wax to form 
a total of three (minimum) layers. Hot wax should not. 
be poured over the sample. If the soil is fragile, apply 
cheesecloth and wax to individual sides as they are exposed. 

10.8 Identify the sample (number, location, elevation, 
etc.), and mark the top of sample and the north orientation. 
A piece of heavy paper showing this information should 
be waxed to the top of the sample. 

10.9 Cut or shear the base of the sample from the 
original (parent) soil, using a thin piano wire or multiwrap 
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wire in clayey soils, or the chain saw, shovels, and knives 
in other types of soil. 

If the soil is disturbed easily, a sturdy wooden box with 
both ends removed should be placed over the sample. Fill 
the space between the sample and the box with packing 
material and attach the top to the box prior to cutting 
the base of the sample. 

10.10 Carefully tilt the sample on one side and cover 
the exposed bottom face with at least three layers of 
cheesecloth and wax as described in subparagraph 10.7. 

10.11 Build a sturdy, wooden shipping box around the 
sample, if not already done in subparagraph 10.9. Fill the 
space between the sample and the box with packing 
material. Enclose a copy of the "Undisturbed Block Sample" 
form (fig. 2) with the sample. 

10.12 Mark and address the outside of the shipping 
box as follows: 

Fragile 
Do not freeze or drop 
This side up (arrow pointing in right direction) 

Regardless of the method of shipment, samples should 
be sent to the Denver Federal Center addressed: 

_Geotechnical Services Branch, D-3760 
Building 56, Entrance W-13 
Bureau of Reclamation 
PO Box 25007 
Denver CO 80225 

11. Calculations 

Calculations are not required. 

12. Report 

12.1 The report is to consist of a completed "U ndis­
turbed Block Sample" form (fig. 2). 

13. References 

[l] Tiedemann, D. A., "Undisturbed Block Sampling 
Using a Chain Saw," Bureau of Reclamation Report No. 
GR-83-8, 19 pp., Denver, Colorado, December 1983. 

[2] Construction Safety Standards, Bureau of Reclama­
tion, Denver, Colorado, 510 pp., reprint 1987. 
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7-2408 ( 12-86) UNDISTURBED BLOCK SAMPLE 
Bureau of Rec1ama1;on 

_ 89 Des;onat;on USBR 7100 

SAMPLE NO. PROJECT FEATURE 

Block No. I downstream Example Example 
TEST PIT 

81-5 
LOCATION DEPTH/ELEV A TION m@ 
Sta. 145•13, 606" RI. (D/Sl 333 

SAMPLED BY DATE I CHECKED BY DATE 

LOCATION DRAWING SAMPLE DRAWING 

Downstream Toe Designations Sample Dimensions 
ocaooooonoo 

SC - Sand cone -~7 +1~v density 
in 

B.S.- Block 
4' 3' I'-

I.. •l~,_.!I_ sample 
(B.S. • 
r{jlD/S ¢ 

lsc-5A 
tf) -

\ 
--- -----/ (\J -

12' 

lsc-ss 

Sample visual classification FAT CLAY I About 95% fines with high plasticity, high dry strength, 

high toughness; about 5% fine sand; maximum size, 

fine sand. 

IN-PLACE CONDITION• Firm, fissured and slickensided; moist; reddish; mottled brown. 

Remarks Two sand cone densilv tests • SC-5A and SC-5B were taken as shown on location 

drawing above. Two sack samples, labeled TP-81-5, were taken in the lest pit. 

Figure 2. - Undisturbed block sample - example. 
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:~-- ·. ·, 
<?::: •. ·, 
~ .... 

(J:· 
::~~:~.. .. -::~ 

itxt,:::-:,:✓:,:::~~;;;;,,,::s::✓-;;;;:,:::Imt 
I. Smooch ground surface and mark 

outline of sample. 
2. Carefully excavate trench around 

sample. 

~~-~::-~-.... _.__._ . -.~ . --- ---L .:-~ _-: . . '"t< -~: 
.;,, . ~-

!/ijj)J~; ;;;, ,, ,,,,;;;/ ,, , ; '//, ,,;,,;; ;;;;{!{{{& 
3. Deepen excavation and trim sides 

of sample ro desired size with knife.· 

4. Cur sample from parent stratum, or 
encase sample in box before curring 
if sample is easily disturbed. 

(a) 

I. Carefully smooth face surface and 
mark outline of sample. 

2. Carefully excavate around and in 
back of sample. Shape sample roughly 
with knife. 

3. Cut sample and carefully remove 
from hole, or encase sample in box 
before curring if sample is easily 
disturbed. 

(b) 

Figure 3. - Initial steps to obtain a hand-cut, undisturbed block sample from (a) bottom of test pit 
or level surface and from (b) cutbank or side of test pit. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7105-89 

PERFORMING UNDISTURBED SOIL SAMPLING 
BY MECHANICAL DRILLING METHODS 

INTRODUCTION 

These practices are under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. These practices are issued under the fixed designation USBR 7105. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines practices and equipment 
for performing undisturbed soil sampling by mechanical 
drilling methods. 

1.2 Undisturbed samplers are divided into categories: 

• Thinwall open-drive or push tube soil samplers, 
• Fixed-piston soil samplers, and 
• Double-tube soil samplers. 

1.3 These practices focus on: 

a. Operation of the samplers. 
b. Procedures and techniques used for in-place moisture 

content and unit weight determinations. 
c. Handling and shipping of undisturbed soil samples. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1012 Calibrating Balances or Scales 
USBR 3900 Standard Definitions of Terms and 
Symbols Relating to Soil Mechanics 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5891 Determining Coarse-Grained Portion of a 
Slurry by the Sand Content Test Method 
USBR 5892 Determining Slurry Unit Weight by the 
Mud Balance Test Method 
USBR 5893 Determining Slurry Filtration Character­
istics by the Filter Press Test Method 
USBR 5894 Determining Slurry Viscosity by the Marsh 
Funnel Test Method 
USBR 5895 Determining Slurry Viscosity by the Vis­
cometer Test Method 

2.2 ASTM Standard: 
Dl587 Standard Practice for Thin-Walled Tube Sampling 
of Soils. 

3. Summary of Method 

3.1 A relatively undisturbed soil sample can be obtained 
by mechanical drilling methods. A variety of samplers and 
sampling equipment is available. Sampling practices, 
procedures, and samplers are outlined in detail in 
paragraph 11. 

4. Significance and Use 

4.1 These practices and procedures are used when it 
is necessary to obtain a relatively undisturbed sample 
suitable for laboratory tests where the results might be 
affected by soil disturbance. 

4.2 Undisturbed soil samples for in-place moisture­
unit weight determinations and laboratory testing are a 
vital part of most subsurface investigation programs. Infor­
mation gathered from field and laboratory testing of 
undisturbed soil samples provides the basis for many 
engineering design considerations. 

4.3 Field procedures currently used to obtain in-place 
data have generally provided reliable soil samples and 
supporting data. However, variations in procedures among 
persons performing them have occasionally presented 
problems due to lack of uniformity and standardization. 

4.4 To standardize field practices and procedures and 
to enhance reliability of data obtained, procedures for 
various types of undisturbed sampling are outlined in this 
practice. These procedures should be used when in-place 
moisture content and dry unit weight determinations and 
field or laboratory testing are required on undisturbed 
samples. 

5. Terminology 

5.1 Definitions are in accordance with USBR 3900. 
5.2 Terms not included in USBR 3900 specific to this 

designation are: 
5.2. l Bit Clearance Ratio.-A ratio, expressed as a 

percentage, of the difference between the inside diameter 
of the sampling tube and the inside diameter of the cutting 
bit divided by the inside diameter of the sampling tube. 

5.2.2 Dnlling Mud-Drilling/circulating fluid, the 
viscosity of which aids lifting of cuttings and the density 
of which aids hole stability. 
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5.2.3 Percent R ecove1y. - A percentage which indi­
cates rhe success of sample retrieval , calcul ated by dividing 
the sample recovery length by the length o f advance of 
the sa mple r. 

5.2.4 Recovery Length.-The leng th of sample 
actually retrieved during the sampling operat ion . 

5.2.5 5/ough.-Disrurbed mate ri a l left in the bottom 
of a boreho le, usually from falling o ff the side of the 
borehole or falling our o f the sa mpler or off rhe auge r. 

5.2.6 Viscosiry.-The prope rty of a fluid or semifluid 
that e nables it ro deve lop and maintain an amount o f 
shear ing stress dependent upon velocity of fl ow and then 
to offer cont inued resistance to fl ow. 

6. Apparatus 

6. l Any drilling equipment may be used that provides 
a reasonab ly clean ho le of adequate s ize to permit insert io n 
o f the particular sampler des ired. This equipment must 
be such that disturbance does nor occur ro the inte rva l 
to be sampled. A dr ill rig prov ides for mechanical preboring 
as well as opera ting the samplers. Rigs may be mounted 
on trucks, trailers , o r skids, as required. For some o f rhe 
sa mplers, a rotat io n mechanism is necessary. 

It is desirable to rotate a ll samplers to break off the 
soi l core at the bottom end of the sa mpler. The drill rig 
requires contro lled rotation, feed pressure, and feed rate. 

6.2 Typical samplers used for undisturbed so il sa mp ling 
are show n o n figure l. Sampler se lecr io n depends on type 
o f sam ple required, subsur face cond itions, and type o f soi l 
to be sampled. Sampler types and operat io n are discussed 
in paragraph 11. 

Double-rube soil samplers 

6.3 Drill rods to fit , and sa fely support, the sa mpler 
and o f sufficient qua ntity to reach des ired depths. 

6.4 Misce ll aneous excavating and trimming coo ls are 
required a lo ng with sealing supplies such as cheesecloth 
a nd wax when applicable. Circular wooden blocks 
(prewaxed) o r expanding packers which fir into the ends 
of sampling rnbes a re used ro support the sa mples in the 
containers during sh ipme nt. An expanding packer consists 
o f two d isks, metal or plast ic, separated by a thick rubber 
washer or O-ring and fastened together with a bo lt and 
wingnut. Tightening the wingnut compresses the rubber 
and forces it aga inst rhe wall o f rhe sampling rube to seal 
the sample and provide a mois ru reproo f sea l without 
wax mg. 

6.5 H eating stove or torch for melting wax and brush 
to app ly wax. 

6.6 A truck or trailer-mounted water tank with pump, 
ro haul drilling fluid ; a ir compressor if a ir drilling is to 
be performed. 

6.7 Bento nite or o ther su itab le stabi li z ing materials to 
add ro drilling fluid, when required. 

6.8 Cas ing when required. 
6.9 Balances or scales of sufficient capac ity and 

sensitiv ity if unit we ight determ inations are required in 
the fi e ld . Balance or sca le shou ld meet the requirements 
of USB R 101 2 and be placed o n a steady base. 

6. L0 Meas uring tapes or rulers meeting the require­
ments of USBR 1000 for measur ing samples , sample tubes , 
and fo r determining sampling depth and le ngth of drive. 

6. l l Assorted coo ls, such as pipe wre nches of various 
s izes and typical serv ice rools required for a dr ill rig 
operation. 

Thin-wa ll 
push samplers Fixed-piston samplers 

Figu re: I . - Exa mples of und isturbed so il sct mple rs. 
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6.12 Sample tubes as required for specific sampler used. 
6.13 Shipping containers sized to hold sample tubes. 

7. Reagents and Materials 

7 .1 Use of drilling fluid, commonly called drilling mud, 
is an important technique in mechanical sampling. This 
material is used to assist cutting operation of the sampler, 
lift cuttings from the hole by circulation, support the 
sidewalls of the hole to prevent caving and eliminate casing, 
and to assist in holding the sample in the sampler as it 
is being removed. The basic features which govern 
suitability of drilling mud for these various uses are 
viscosity, and specific gravity or unit weight. 

7.2 Material normally used as drilling mud is a high­
swelling bentonite (sodium montmorillonite) and water 
mixture. 

7.2.1 There are available on the market, chemical 
products (additives) for adjusting the viscosity, either by 
thinning or thickening the fluid, to provide a stabilized 
filter cake on the walls of the drill hole and to provide 
support and prevent loss of fluid. Relatively small 
quantities, a few ounces per barrel of water, of the additives 
often result in advantageous changes in the properties of 
drilling mud. Use of drilling mud or chemical additives 
has been successful in most applications. 

7.2.2 There may be occasions when a heavy unit 
weight mud is needed to support the hole. This is some­
times obtained by adding a barium compound, usually barite 
(barium sulphate), which is a heavy inert chemical that 
increases unit weight without affecting consistency or 
serviceability of the mud. 

7.3 The bentonite-water-additive mixture should be 
sufficiently thick so that it does not penetrate into the 
soil sample during the cutting operation. This consistency 
is dependent on the material being sampled and varies 
from slightly thicker than water to a very thick, creamlike 
consistency. Thick muds of high viscosity are required in 
coarser, granular soils. For supporting the wall of the drill 
hole, thick and heavy unit weight muds are sometimes 
needed. Additional information on drilling mud is provided 
in the slurry test procedures listed in subparagraph 2.1. 

7.4 Table 1 summarizes some drilling mud require­
ments. As a general rule, the thinnest mud mixture meeting 
the job requirement is most practical and efficient to use. 

NOfE 1.-Table 1 is presented only as a guide and is subject 
co change depending on local conditions and quality of bentonice. 
Experimental trial finally governs the mixture required. Use of 
commercial chemical additives can be advantageous and is 
recommended for making quick changes in consistency and 
viscosity and improving usability of mud. These additives are 
available as thickeners, chinners, and wall builders. However, 
considerations of soil and water conditions are important since 
some additives are not effective in che presence of sale or lime, 
and ocher additives may be required. 

8. Precautions 

Precautions specific to each sampler are discussed m 
paragraph 11. 

8. l Safety Procedures: 
8.1.1 Undisturbed sampling usually involves use of 

a drill rig; therefore, safety requirements as outlined in 
the Bureau's Driller's Safety Manual [1] 1 and Construction 
Safety Standards [2] must be observed. 

8.1.2 Hard hats and steel-toed safety shoes should 
be worn at all times near an undisturbed sampling operatioh 
and other personal protective equipment such as leather 
gloves, goggles, hearing protection, etc. should be utilized 
as appropriate. 

9. Calibration and Standardization 

9.1 Standard operational procedures for specific 
samplers are detailed in paragraph 11. 

10. Conditioning 

10.1 Not applicable, special conditioning requirements 
are not needed for this designation. 

11. Procedure 

In this designation, undisturbed sampling of soil is divided 
into three main categories by sampler type (1) thin-wall 
push tube samplers , (2) fixed-piston samplers, and (3) 
double-tube samplers. 

11.1 Thin- Wall Push Tube Samplers: 
11.1.1 General Requirements: 

11.1.1.1 A typical thin-wall push tube sampler is 
shown on figure 2. Details of this sampler and principles 
of operation are shown on figures 2 and 3, respectively. 

11.1.1.2 Normally, these samplers are 3- or 5-inch 
o.d. (outside diameter) and are suitable for sampling so ils 
having some cohesion. So ils which cannot be sampled with 
this device include soils which are hard, cemented, or coo 
gravelly for sampler penetration, or so soft or wet the 
sample will not stay in the tube. 

11.1.1.3 The basic principle of operation is co force 
a thin-wall cylindrical tube into the undisturbed soil in 
one continuous push without rotation. 

11.1.2 Sampler.-The sampler consists of a sampler 
head to which the sampling tube is connected. 

11.1.2.1 The sampling tube is cold-drawn steel 
tubing and may be of variable length, but is commonly 
stainless steel furnished in 36-inch lengths for USBR work. 
Quality of the sample depends mainly on wall thickness, 
with the thinnest wall possible providing the best samples. 
Wall thickness of the tube should generally be 14 gauge 
(0.083 in) for 3-inch o.d. tubes and 11 gauge (0.120 in) 
for 5-inch o.d. tubes. The cutting edge of the tube is 
sharpened so the bevel is on the outside; the cutting edge 
is referred to as the bit. The i.d. (inside diameter) of the 
bit is equal to or slightly less than the i.d. of the tube, 
resulting in an inside clearance (bit clearance) to facilitate 
entry of the sample into the tube. Sampling tubes with 
bit clearance ratios of 0, 1/2, 1, and 1-1/2 percent of the 
tube i.d. are commonly used; and the bit clearance ratio 

1 Number in brackets refers to the reference. 
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Table I. - Approximate proportions of drilling mud mixtures. 

Purpose of 
drilling mud 

Approximate proportions of 
material per barrel of water 

Viscosity* Descriptive 
consistency 

Assisting cutting 
operation by sampler 

10 to 30 lbm of bentonite Variable as needed Variable as needed 

For lifting cuttings 
from hole 

10 to 15 lbm of bentonite for 
for fine-grained soils 

Slightly higher 
than water 

Thin cream 

30 lbm of bentonite for coarse­
grained soils 

About *1.3 times 
the viscosity of 
water 

Very thick cream 

For supporting the 
drill hole 

30 lbm of bentonite and 
chemical additives as wall 
stabilizers, used as directed 
by the manufacturer. When 
barite is used about 5 lbm is 
recommended 

About *1.3 times 
the viscosity of 
water 

Very thick cream 

For assisting to hold 
the sample in 
the sampler 

10 to 30 lbm of bentonite 
Chemical additives as used 
above maybe advantageous 
for this purpose. When 
barite is used, the amount 
required may vary from 

Slightly higher 
than water to 
*1.3 times the 
viscosity of water 

Thin cream to very 
thick cream 

0 to 10 lbm 

* Viscosity was measured by a Marsh funnel which· is calibrated with water at· 72 ° F. The time required for a given 
amount of water to flow through the funnel is considered as 1.0. The value listed above is the relative time for 
the same amount of mud mixture to flow through the funnel. 

selected is that necessary to minimize drag on the inside 
of the tube and still retain the sample in the tube (see 
fig. 4). Cohesive soils and soils which are slightly expansive 
require larger bit clearance ratios while soils with little 
or no cohesion require little or no bit clearance. It is 
important that each tube inventory include tubes of various 
bit clearance ratios so a tube with proper bit clearance 
is available for each of the soil types encountered. 

11.1.2.2 Sampling tubes should be clean and free 
of all surface irregularities including projecting weld seams. 

11.1.2.3 Sampling tubes must have-a protective 
coating as corrosion can quickly damage or destroy both 
the uncoated thin-walled tube and the sample. Severity 
of damage is a function of time as well as interaction 
between the sample and the tube. The type of coating 
may vary depending on the material to be sampled. Coatings 
may vary from a light coat of oil, lacquer, epoxy, Teflon, 
and other coatings to plating of the tubes. Alternate base 
metals for the tubes may be considered for special cases. 

11.1.2.4 The sampler head couples the thin-walled 
tube to the insertion equipment and, together with the 
thin-walled tube, comprises the thin-wall push tube 
sampler. The sampler head fits the 3-inch o.d. sampling 
tube, and by use of an adapter ring also fits the 5-inch 
o.d. tube (5-inch sampler heads are available also). The 
sampler head muse have vents to allow air or drilling fluid 
to escape as rhe sampler is advanced .. The vents should 
be equipped with a ball check valve to prevent entrance· 

of drilling fluid during withdrawal and to creat_ a partial 
vacuum that aids in sample recovery. Attachment of the 
sampler head to the tube must be concentric and coaxial 
to ensure uniform application of force to the rube by the 
sampler insertion equipment. 

11.1.2.5 The 3-inch push tube is attached to the 
sampler head with four 5/16-inch diameter by 3/8-inch 
long socket-head cap screws. 

11.1.2.6 The 5-inch-diamerer push rube is attached 
to the sampler adaptor ring or 5-inch head with four 1/2-
by 1/2-inch socket head cap screws. . 

11.1.3 Basic Operation of the Thin- Wall Push Tube 
Sampler: 

11.1.3.1 An adequate quantity of rubes, packers, 
moisture content sample containers, data forms, and 
shipping boxes should be available at the sire. The rube 
number, ··mass,· length;· inside diameter; and bit diameter 
of each chin wall push rube should be determined and 
recorded prior to use. Length and diameter measurements 
should be the average of three readings equally spaced 
around the tube. The bit clearance ratio should be computed 
and recorded for each rube prior to use. Determine and 
record the mass of each expanding packer or plug prior 
to use. All mass measurement should be performed on 
the same balance or scale. 

11.1.3.2 The sampling rube and sampler head 
must be smooth and thoroughly clean inside and our before 
sampling and must be in proper workii:ig condition. The 
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Threaded as required to 
attach to drill string 

Four ;\'socket­
heod cop screws---~-,..,,., 

Sponc;:e rubber QOSket 
cemented to brass rinQ 

, 

21' 1.0. 1 2I° 0_0. '0' rlnQ 

Bross rino to be sealed to head 
with epoxy cement and held in place 
by three r 120 Allen screws 

i---- -- -Thin wall 
sampling tube 

Figure 2. - Thin-wa ll push tube sampler. 

cube bit edge must be sharp and have the proper bit 
clearance ratio for the soil being sampled. The sampler 
head should be inspected after each push to make sure 
the ball check is clean, free moving, and functioning 
properly. 

11.1.3.3 The borehole must be thoroughly cleaned 
co the proper depth prior to sampling as loose material 
in the bottom of the hole will be picked up by the sampler. 

11. 1.3.4 If ground water is encountered in the 
borehole, maintain rhe level of drilling fluid in the borehole 
at or above ground-water level during the sampling 
operation. 

11.1.3.5 Bottom discharge rotary bits are nor 
acceptable for advancing the borehole. Side discharge bits 
may be used with caution. Jetting through an open cube 
sampler to clean out rhe borehole co sampling depth is 
not permitted. Remove loose material from the hole as 
carefully as possible to avoid disturbing the material to 
be sampled. 

11.1.3.6 Assemble the sampler, attach the sampler 
to the drill rod and lower the sampler to the bottom of 
the clean borehole. Record the depth to the bottom of 
the hole. The desired length of push should be marked 
on the drill rod and a reference point established. The 
length of push should always be a few inches shorter than 
the length of push tube available for the sample to ensure 
that the sample is not compressed in rhe push tube. Table 2 
provides general recommendations for length of push and 
bit clearance ratios for various soil types. 

11. 1.3.7 When advancing the sampler, note maxi­
mum hydraulic feed pressure or any variation in pressure 
which would indicate soft, firm, or gravelly zones. 

Ground surface 

Reamed and cleaned 
drill hole 

,....-,~-r--r--Thin-wall 
sampling tube 

~¾ 
BEFORE PUSH 

At the left the sampler is shown in position to 
start sampling and at the right the sampler 
ha s been pushed and is ready to be withdrawn. 

II the soil being sampled is unstable the hole 
above the sample interval must be cosed. 

AFTER PUSH 

Figure 3. - Sampling with thin-wall push tube sampler. 

11.1.3.8 After advancing the sampler the desired 
length, rotate the sampler at least two revolutions to shear 
off the soil at rhe bottom of the tube. 

11.1.3.9 Withdraw the sampler from the borehole 
as carefully as possible to minimize disturbance of the 
sample. 

11.1.3.10 After the sampler is removed from the 
borehole, remove the sample tube from the sampler head 
and measure the recovered length of sample. Compare the 
recovered sample length to the length of push to determine 
the amount of slough or if consolidation occurred during 
sampling. Calculate percent recovery and record as shown 
on figure 5, "Undisturbed Soil Sampling Data" form .. 

NOfE 2.-Recovery length does not include slough material 
from the bottom of the hole (top of sample). Recovery length 
is based on the depth of cleanout compared co the depth 
penetrated. 

11.1.3.11 Trim approximately 2-inches of material 
from the bottom end of the sample. (Trimming tools can 
be used to obtain a smooth even trim.) Retain the 
trimmings as a moisture content specimen and place in 
a moistureproof container while being careful not to let 
the soil dry out or become contaminated with drilling fluid 
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Sampler head 

Machine approx. 30•~ 

'\ 

I 

I 
-,__--, /1' r-­' - --:---f-+ ~- I 

J.... _ _j ' I / L-1.. 
T 

AISO 

Di 

I 

Roll end, bore bit, and shorpe:_::n~f~~~~~~~~~~~~~~~~~~J/._----.-~ cutting edge as specified. _-
I 

i------ De •I Di:: Inside diameter of lube 
De,. Inside diameter of bit 

SAMPLING TUBE DIM ENS IONS 

OUTSIDE WALL Di - De 
DIAMETER THICKNESS Di De -D-i-1-100 

INCHES BWG IN. INCHES SIT CLEARANCE RATIO% 

3 14 0 .083 2.834 2.834 0.0 
2.820 0.5 
2.806 1.0 
2 .79 I 1.5 

5 II 0.120 4.760 4. 760 0.0 
4-736 0.5 
4. 71 2 1.0 
4 .689 1. 5 

Normot teno1h 36 inches unless otherwise specified . 

Figure 4. - Thin-wall open push rube sampling rubes. 101-D-!87 

or orher contaminants that could affecr the in-place 
moisture content. 

11.1.3.12 Visually classify che trimmed soil in 
accordance with USBR 5005. 

11.1.3.13 Measure and record the distance from 
the bottom of the push tube to the bottom of the trimmed 
sample. 

11.1.3.14 Insert an expandable packer or plug of 
predetermined mass in the bottom end of che push cube 
if the sample is to be shipped or transported. Packers or 
plugs may be omitted if material is extruded onsire. 

l l.1.3 .15 Trim all loose slough and disturbed 
material from the top end of the rube. Trim approximately 
2 inches into the undisturbed sample, and retain trimmings 
as a moisture content specimen as in subparagraph 
11.l.3.ll. 

NOfE 3.-lt is important to remove all disturbed material from 
the top end of the tube because in-place unit weight is based 
on mass and volume of the undisturbed rrimmed sample. 

l 1.1.3.16 Visually classify rhe trimmed soil from 
the top of the sample in accordance with USBR 5005. 

11.1.3.17 Measure and record the distance from 
the top of the push rube to rhe top of rhe trimmed sample. 

11.1.3.18 Insert an expandable packer or plug of 
predetermined mass in the top end of the push cube unless 
che sample is to be extruded onsice. 

11.1.3.19 Sum up rhe top and bonom trimmed 
in lengths determined in subparagraphs 11. l.3.13 and 
11.1.3.17, and subrracc chis sum from rhe total cube length 
to determine the trimmed sample length. 

11.1.3.20 Determine che mass of the sample rube 
with soil and packers or plugs if used. The sample mass 
is determined by subtracting the mass of the cube and 
packers from the total sample mass. 

11.1.3.21 Undisturbed soil sampling data should 
be recorded as shown on figure 5. A completed copy of 
this form should always accompany samples sent to the 
Bureau's Geotechnical Services Laboratory. 

l l. 1.4 Precautions and Recommendations for Thin­
Wall Push Tube Sampling.-Possible causes of che 
conditions described in paragraphs 11. l.4. l through 11.1.4.3 
may be due co one or more of chose listed. 

11.l.4.l "Poor recovery" or a "loose sample": 

• Gravelly or cemented soil. 
• Improper bit clearance ratio. 
• Sample not completely sheared at bottom of tube. 
A 5-minute wait after completing push and before 
shearing may help. 
• Ball check valve plugged. 
• Soil is too soft or wet co be sampled with this type 
sampler. 
• Drilling fluid not maintained at or above ground­
water level. 
• Proper care not taken when removing sampler from 
che borehole. 
• Sufficient vacuum nor developed before or during 
retrieval. 

11.1.4.2 A sample recovery length longer than the 
push length: 

• Borehole shavings are picked up in the tube when 
lowering the sampler co the bottom of the hole. 
• Slough in botcom of hole (hole not properly cleaned 
prior co sampling). 
• Expansive soils. 

11.1.4.3 A sample recovery length shorter than 
the push length: 

• Compressing the soil by exceeding the recommended 
push length. 
• Excessive surface friction caused by push cubes that 
are nor clean and smooth inside and outside. 
• Push cubes that are too small in diameter for rhe 
material sampled. 
• Improper bit clearance ratio. 
• Collapsible soils or soils of low unit weight, possibly 
not suitable for sampling with a push tube sampler. 

11. l.4.4 Sample quality may be improved by: 

• Maintain sampler head in proper working condition. 
• Be thoroughly familiar with sampler and drilling 
equipment. 
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7- 1656 < 12-86) UNDISTURBED SOIL SAMPLING DATA 
Designat ion USBR 7 t05 - __ I!_ 9 Bureau o f A ec lam at ion ··· ··-

- -

I I HOLE 
-- ---·----···- - ·· . 

PR OJE C T FEATURE NO. 

EXAMPLE EXAMPLE DH· 423 
~ 

GR OUND ELEV A TION WATER TABL E ELE VATION 

6743.5 DRY HOLE ·-- - -
L OCATION DALLER 

25
1 U/5 OF CENTERLINE J. DARNELL 

L OGGED BY DATE I COMPUTED BY DATE i CHECKED BY D AT E 

Sample No. 4 

Sample depth int e rva l 20 .0 TO 22 .0 

Samoler type DENISON 

Sample tub e No . 3 

Shoe lenqth ,n 4 . 0 

(1) 1.0. of b it or sho e in 5 . 875 

(2) Insid e area of bit or shoe [TT(1) 2 / 4) I 144 ft 2 0 . 188 

D ep th to botlom o f ho le be f o r e push f t 20.0 

Depth to bottom of hole after push ft 22 . 0 

(3) Le ngth of tub e f t 2 . 3 

(4) Length of push ft 2 . 0 

(5) Length of re covered samp le to to p of tub e ft 0.3 

(6) Sample re cove ry length (3) - (5) ft 2 . 0 

(7) Sam ple rec ove ry [ (6) / (4 )) X 100 % 100 

(8) Bottom trrnme d -in length ft 0 . 1 

(9) Top trimmed-in lenqth ft 0.3 

( 10) Tr rnmed sample lenqth (6) - [ (8) + ( 9 )) ft I . 6 

( 1 1) Vo hJne of sample ( 10) x (2) ft 3 0 . 30 

( 1 2 ) M ass of tube + plugs + wet so il lbm 41 . 34 

(13) Mas s of tube + plug s lbm 3 . 10 
·-- .. ·-

( 14) Mas s of we t so il ( 1 2) - ( 13 ) lbm 38 . 24 
-- -- · -- -

d ens,ty ( 14) / (11) lbm/ft 
3 

12 7 . 5 ( 15) Fie ld wet --
3 

12 7 . 5 ( 16 ) F ie ld w et unit we ioht (15) x 111 lbf/ft 

( 17) L aboratory Moisture Content % 12.0 

( ( 16) / ( 1 + ( 17)) / 100) 
3 113 . 8 ( 18 ) Dry unit w e ight lb !/ ft --- - - --

I So il C lass ificatio n 

I I 
Remarks --· 

~convert from lbm to lbf 

Fig ure 5. - Undisrurbed so il sa mpling data - example. 
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Table 2. - General recommendacions for chin-wall, open push-rube sampling. 

Soil cype Moisrure Consiscency Lengch of Bir clearance Push rube sampler Recommendacion for 
condition push, inches racio, percem recovery beuer recovery 

Gravel Thin-wall, open push rube samplers not suicable 

Sand Moise Dense 18 0 to 1/2 Fair co poor 
Sand Moist Loose 12 1/2 Poor Recommend piston sampler 
Sand Sarurated Dense 18 co 24 0 Poor Recommend piston sampler 
Sand Sacuraced Loose 12 co LS 0 Poor Recommend piscon sampler 

Sile Moist Firm 18 1/2 Fair to good 
Silt Moist Soft 12 co 18 1/2 Fair 
Silt Sarurated Firm 18 to 24 0 Fair to poor Recommend piston sampler 
Sile Sarurated Soft 12 co 18 0 to 1/2 Poor Recommend piston sampler 

Clay and shale Dry co saruraced Hard Thin wall, open push cube sampler not suitable Recommend double-cube sampler 

Clay Moist Firm 18 
Clay Moist Soft 12 to 18 
Clay Saturated Firm 18 co 24 
Clay Sarurated Soft 18 to 24 
Clay Wet to 

saturated Expansive 18 co 44 

• Do not force the sampler through hard or gravelly 
soils. 
• Adjusting push rate co improve sample recovery in 
various material types 
• Use care when removing the sampler from hole and 
when removing sample cube from sampler head. 
• Refer co geologic logs of nearby drill holes or any 
ocher geologic data chat would familiarize the 
investigator with any unusual in-place conditions. 
• Completely and carefully record all data as shown 
on figure 5, "Undisturbed Soil Sampling Data" form . 
Record the condition and quality of each sample and 
any unusual conditions encountered. 

11.2 Fixed Piston Samplers.-There are two basic types 
of fixed pistons samplers, the mechanically activated types 
(Hvorslev and Butters) and the hydraulically activated type 
(Osterberg and modified Osterberg) . · 

The basic principle of operation of fixed-piston samplers 
is the same as for chin-wall push cube samplers; chat is, 
to force a chin-wall, cylindrical cube into undisturbed soil 
in one continuous push without rotation. Sample cubes 
with little or no bit clearance are generally most desirable 
for use with fixed-piston samplers. 

The principal use of these samplers is for caking soil 
samples below the ground-water cable. They are particularly 
adapted co sampling cohesionless sands and soft, wee soils 
chat cannot be recovered using the chin-wall push cube 
sampler. Although these samplers can be used for many 
soil conditions, they are recommended only for soils which 
cannot be sampled using che chin-wall push cube sampler 
since the fixed-piston samplers involve many working pares 
which complicate the sampling operation. As in the case 
of the thin-wall push tube sampler, the fixed-piston sampler 
will not successfully sample gravel, cemented soil, or soils 
coo hard co penetrate. 

The functions of the fixed piscon are (a) to prevent 
cuttings, shavings, or slough material from entering the 

1/2 to I Good 
I Fair to good 
0 to I Good 
1/2 10 I Fair to poor Recommend piston sampler 

l/2tol-1/2 Good 

tube when lowered to the bottom of the borehole; and 
(b) co develop a vacuum that holds the sample in the 
tube during recovery. 

Since the soil being sampled is generally below the water 
table, water or drilling fluid may be used during the drilling 
and sampling operation. When sampling cohesionless 
sands, suitable drilling fluid and proper mud techniques 
are necessary for satisfactory sample recovery. 

11.2.1 Hvorslev Fixed-Piston Sampler.-The Hvor­
slev fixed-piston sampler is mechanically acrivated. Figure 6 
shows a cutaway view of the sampler. Operation of the 
sampler is shown on figure 7. 

11.2.1.l The Hvorslev sampler is assembled with 
the piston locked flush ~ith the bottom of the sampling 
tube. The sampler, attached to drill rod is lowered co the 
bottom of a cleaned drill hole. When the sampler contacts 
the bottom of rhe hole, piston rods are lowered through 
the drill rods and screwed on co the piston rod extension 
at rhe top of the sampler. 

l l.2.1.2 After this connection is made, continued 
clockwise rotation of the piston rod for five revolutions 
unlocks the piscon. The piston rods are then secured co 
the drill rig mast or co a frame independent of the drill 
rtg. 

11.2.1.3 The sampler is advanced into the 
undisturbed soil in the same manner as described for the 
thin-wall push rube sampler. 

11.2.1.4 At the end of the push, rotate the sampler 
approximately 1-1/2 rotations co shear the sample off at 
the bottom of the sampling tube. The piston rods are then 
disconnected from the sampler by further rotation in the 
clockwise direction, thereby unscrewing the left-hand 
thread just below the piston rod screw clamp. This allows 
the piston rods co be removed before the sampler is 
withdrawn. 

11.2.1.5 Remove the sampler from the borehole. 
During withdrawal, the piston is held stationary at the 
cop of its stroke by the split cone clamp. Extreme care 
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..==a=:-- Sampling tube 

BEFORE PUSH 

This method of sampling uses drilling mud 
in on uncased hole . At the left lhe sompler is 
shown in position lo start sampling and ot 
the right the sampler hos been pushed and is 
ready to be withdrawn . 

... . -~ :·-· : · .. ·' 
--~ -·.r 

AFTER PUSH 

Figure 7. - Sampling with fixed -piston sampler (Hvorslev type). 

must be exercised when removing the sampler from the 
drill hole to avoid jarring or losing the sample. 

11.2.1.6 Remove the sam pie tube from the 
sampler, take in-place moisture content specimens, 
determine wet and dry unit weights, and record all data 
on the data form. 

11.2.1.7 The undisturbed soil sample should be 
handled and shipped in the sample tube using expandable 
packers or waxed plugs to seal the ends, unless the soil 
sample is extruded onsite. 

11.2.1.8 Basic rules of operation for the Hvorslev 
fixed-pisron sampler: 

11.2.1.8.1 The sampler shown on figure 6 
contains many parts and screw connections which require 
accurately controlled counting of rotations for proper 
operation and locking and releasing the piston. It is good 
practice ro assemble the sampler and check ease of rotation 
before lowering down the drill hole. As a general rule, 
the parts of the piston locking and releasing mechanism 
are snugly screwed together but not tightened excessively. 

11.2.1.8.2 Before attempting ro sample, the 
mechanics of rhe sampler-particularly the pisron locking 
and release mechanism and split cone clamp and spring­
must be thoroughly undersrood by the operator because 
the precision parts are easily damaged by misuse or incorrect 

assembly. It is s·uggesred that this sampler be used only 
by or under the direction of an experienced operator. 

11.2.1.8.3 Drilling mud plays an important part 
in helping to hold the sample in the sampler by hydrostatic 
pressure at the bottom of the sample. Also, the suction 
effect of the piston pulls drilling mud into the end of 
the sample for about 1/4 inch which rends to seal the 
end, thus making the pisron more effective in helping to 
hold che sample in che sample cube. Therefore, che drilling 
mud consistency and unit weight muse be carefully 
controlled based on the type of soil encountered. Drill mud 
should be maintained at che collar of the hole. 

11.2 .1.8.4 The Hvorslev sampler head is 
designed for 3-inch o.d. thin-wall push tubes; but, with 
an adapter ring assembly, the sampler is easily convened 
to use 5-inch o.d. thin-wall push cubes. 

11.2.1.8.5 If the material sampled is susceptible 
to falling our of the cube, a block should be held on the 
bottom of the sampling cube before the cube is withdrawn 
clear of the mud column. 

11.2.1.8.6 Usually, the soil sample is handled 
and shipped in the sampling tube using expanding packers 
to seal the ends. 

11.2.-1-.8.7 This sampler is not prone ro cutting 
into the side of the hole as it is lowered because the pisron 
is locked in the down position at che borrom of the push 
tube as the sampler is lowered downhole. Because the pisron 
is locked in position, it can be placed firmly against the 
bottom of the hole wichouc picking up slough from the 
bottom of the hole. 

11.2.1.9 Specific assembly and operation proce­
dures for the Hvorslev fixed-pisron sampler muse be 
performed in the sequence listed below ro ensure proper 
operation. 

11.2.1.9.1 Disassemble the sampler and lay out 
the component pares. Inspect each part for wear and 
condition (see fig. 6 for pans indentification). The sampler 
may be broken down into five major components or 
assemblies as follows: (1) che Acme pin. assembly, (2) che 
Acme box coupling assembly, (3) the sampler head 
assembly, (4) the sampling cube assembly, and (5) the 
piston assembly. 

l 1.2.1.9.2 To reassemble, tighten the vacuum 
breaker rod inside the pisron rod until it is flush with 
the bottom surface of the pisron. 

11.2.1.9.3 Place the sampler head assembly 
(with 5-inch o.d. tube sampler head adapter ring if used) 
over the pisron rod. 

11.2.1.9.4 Slip the sampling tube over the piston 
and attach the sampling cube ro the sampler head, or to 
the 5-inch o.d. tube adapter ring if used. 

NillE 4.-Ensure that che leather cup packing on che piscon 
has a good friction fit inside the sampling cube. If the sample 
cube slides over che piston coo freely, the leather cups should 
be forced out by wrapping tape around the piscon head co ensure 
a snug fit. 

11.2 . 1.9.5 Screw the Acme box coupling 
assembly to the sampler head making sure the short end 
to the clamp release rib is up. Tighten with a wrench. 
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11.2.1.9.6 Slide the split cone clamp and spring 
over the piston rod and into the Acme box coupling 
assembly. 

11.2.1.9.7 Attach the Acme pin assembly to the 
Acme box coupling assembly making sure the left-hand 
thread section is up. Leave this co_nnection loose, about 
1 inch, so that the split cone clamp will, allow the piston 
to be moved freely . 

11.2.1.9.8 Assemble the piston rod extension 
to the Acme pin assembly and tighten with a wrench. 
Left-hand threads should be up. 

11.2.1.9.9 Slide the left-hand threaded keyed nut 
(fig. 6) over the left-hand threaded pin (fig. 6) and assemble 
the pin into the piston rod extension. Thread this in 
counterclockwise about 2 inches. 

11.2.1.9.10 Push the piston down to within 
approximately 1/2 inch of the bottom of the sample tube. 
Leave approximately 1/ 4-inch clearance between the top 
of the nut and the square shoulder of the left-hand threaded 
pin. Turn both the pin and nut counterclockwise into the 
Acme pin assembly while simultaneously turning the pin, 
to shoulder into the Acme box coupling. During this 
operation, the split cone clamp will have clamped onto 
the piston rod and should have extended the piston flush 
with the bottom of the tube. 

11.2.1.9.11 Tighten the Acme pin assembly 
with a wrench. 

11.2.1.9.12 Tighten the left-hand pin and nut 
with a small wrench. 

NOTE 5.-Do not overcighten the pin and nut - only tighten 
to the point that you can feel the break when it is turned clockwise. 

11.2.1.9.13 Assemble the adapror coupling to 
the Acme pin and tighten with a wrench. 

11.2.1.9.14 The sampler is now assembled and 
ready to be lowered to the bottom of a cleaned out borehole. 

11.2.1.9.15 Add enough drill rod to set the 
sampler on the bottom of the hole. Bring the last length 
of drill rod through the drill rig chuck assembly. 

11.2.1.9.16 Add the piston rods in 10-foot 
sections through the drill rods. 

NOTE 6.-Subparagraphs l l.2. l.9.16 through l 1.2.1.9.23 must 
be followed very carefully; otherwise, the sampler will not function 
properly and serious damage could result. 

NOTE 7.-The first pis con rod must be the box-co-box extension 
that has coarse female threads on one end and fine female threads 
on the other end. Coarse thread end goes down first. Wrench 
tighten each piston rod section. 

11.2.1.9.17 When the coarse threaded piston 
rod adapror s4b comes in contact with the pisron rod 
extension at the top of the sampler, the pisron rods should 
be raised and lowered carefully until the box end slides 
over the stub pin of the piston rod extension at the top 
of the sampler. 

11.2.1.9.18 Turn the piston rod string in the 
clockwise direction until tight. 

11.2. 1.9.19 Place a chalkmark on the piston rods 
at a fixed elevation for a reference mark (a chalkmark 
parallel to the top of the drill rod string is usually used). 

11.2.1.9.20 Turn the piston rod string farther 
in the clockwise direction until a definite snap is felt, 
indicating that the left-hand nut connection has been 
disengaged. 

11.2.1.9.21 After the snap is felt, continue to 
turn the piston rods exactly five revolutions in the clockwise 
direction. The chalkmark will rise as the piston rods are 
rotated, indicating that the left-hand threaded piston rod 
screw clamp is being unthreaded. . _ 

11.2.l.9.22 Attach a hoisting plug to the top 
piston rod and chain directly over the plug to the drill 
rig mast with a turnbuckle used between the chain and 
the hoisting plug. 

l l.2. l.9.23 Tighten the turnbuckle until the 
pisron rod moves slightly upward, indicating that the piston 

.. is. free, while still solidly attached to the drill rig-mast. 
11.2. l.9 24 Tighten the chuck on the drill rods, 

and advance (push) the sampler into the undisturbed soil. 
The sampler is advanced in the same manner as described 
for the chin-wall push tube sampler. 

l l.2 .l.9.25 After advancing the sampler, clamp 
a vise grip plier on rhe piston rod at the top of the drill 
rod stfing to prevent the piston rod from sliding down. 

l l.2.1.9.26 Measure and record the distance 
between the original reference mark and the vise grip. 
This distance is the push length. 

l l.2 .1.9.27 Release tension on turnbuckle. Split 
cone clamp should prevent the piston rod from slipping 
down with the vise grip serving as a backup. 

l l.2. l.9.28 If the material is cohesive, it is 
advisable to rotate the sampler to shear the sample off 
at the borrom of the sampling cube. 

l l.2 .l.9.29 Under most conditions, it is advis­
able co reinove the piston rods before lifting the sampler 
out of the sampled zone. This should allow sufficient time 
for friction and adhesion to develop between the sample 
and sampling tube which will aid in retaining the sample 
in the sampling tube. 

l l.2. l.9.30 Remove the pisron rods by con­
tinued turning in the clockwise direction until the left­
hand threaded pin is separated from the top of the sampler. 
Remove pisron rods in LO-foot sections to avoid bending 
the rods. 

NOfE 8.-The last shore section of piscon rod will have rhe 
left-hand threaded pin. Remove the pin for assembly on the 
next sampling attempt. 

11.2.1.9.31 Carefully remove the drill rods and 
sampler making sure to maintain the drill hole full of 
drilling mud. 

NOfE 9.-The special coupling (three-thread Acme box to four­
thread N box) will contain the loosened left-hand threaded nut. 
This assembly should nor be removed until the sampler is 
completely removed from rhe hole because it is easy to forger 
1r or lose ir down hole. 
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11.2.1.9.32 Refer to in-place dry unit weight 
procedures for further derails on removing and handling 
the undisrurbed sample. 

11.2.1.9.33 After each sampling attempt, the 
sampler should be disassembled and thoroughly washed, 
cleaned, and lubricated. 

11.2.1.10 The following are precautions and 
recommendations for the Hvorslev fixed-piscon sampler. 

11.2.1.10. l The condition of poor recovery or 
a loose sample may occasionally occur. Possible causes may 
be one or more of the following: 

• Improper bit clearance ratio (0.0-percenc bit 
clearance ratio should generally be used). 
• Sample not sheared completely at bottom. 
• Piston malfunction (split cone clamp may not be 
working properly). 
• Insufficient vacuum developed during the push 
(piston leather cup packing should be forced our and 
cleaned or replaced). 
• Proper care was not used when i;emoving sampler 
from hole. 

11.2.2 Butters Fixed-Pisron Sampler.-The Butters 
sampler is a mechanically activated Hvorslev-cype fixed­
piscon sampler. Figure 8 shows a cutaway view of the 
sampler. 

11.2.2.1 Basic operation of the Butter's sampler 
is the same as the Hvorslev sampler with the exception 
of (a) che sampler has all right-hand threads, and (b) the 
sampler has a simplified piscon rod locking and unlocking 
mechanism. These cwo fearures make the Butters sampler 
much easier tO operate. 

11.2.2.2 The sampler is assembled with the piston . 
locked flush with the bottom of the sampling cube and 
lowered co the bottom of a cleaned borehole. 

11.2.2.3 When the sampler contacts che bocrom 
of the hole, piston rods are lowered through the drill rods 
and screwed onto the pisron rod extension locking unit 
assembly at the top of the sampler. When chis connection 
is made, continued clockwise turning of the piscon rod 
unlocks the piscon. The piscon rod is secured to the drill 
rig mast or co a frame independent of the drill rig . 

11.2.2.4 The sampler is advanced into the undis­
turbed soil in the same manner as that described for the 
thin-wall push tube sampler. 

11.2.2.5 At the end of the push, the sampler is 
rotated approximately 1-1/2 revolutions co shear the 
sample off at the bottom of the sampling tube. The piston 
rods are disconnected from the sampler by turning in the 
counterclockwise direction until the piston rods are free. 
The piston rods are removed before the sampler is 
withdrawn. 

11.2.2.6 The sampler is removed from the drill 
hole. During withdrawal, the piston is held stationary at 
the cop of its stroke by the tension spring and lock washers. 
Extreme care must be exercised when removing the 
sampler from the drill hole to avoid jarring or losing the 
sample. 

11.2.2 .7 Remove the sample cube from the 
sampler, take in-place moisture content specimens, and 
determine wet and dry unit weights (fig. 5). 

11.2.2.8 Usually, the undisturbed soil sample is 
handled and shipped in the sample cube using expandable 
packers or waxed plugs to seal the ends, unless the soil 
sample is extruded onsite. 

11.2.2.9 Basic rules of operation for the Butters 
fixed-piston sampler follow. 

11.2.2.9.1 The sampler shown on figure 8 is 
a simplified version of the Hvorslev sampler and contains 
fewer parts and screw connections. It is good practice co 
assemble the sampler and check its operation before 
lowering down the drill hole. The sampler contains several 
parts which require careful assembly for proper operation 
of locking and releasing the piston. As a general rule, the 
parts of the piston rod locking and releasing mechanism 
are snugly screwed cogether, but not tightened excessively. 

11.2.2.9.2 Before attempting to sample, the 
mechanics of the sampler-particularly the piscon rod 
locking and release mechanism-must be thoroughly 
underscood by the operator because the precision parts 
are easily damaged by misuse or incorrect assembly. It is 
suggested that this sampler be used only by or under the 
direction of an experienced operator. 

11.2.2.9.3 Drilling mud plays an important part 
in helping to hold the sample in the sampler by hydrostatic 
pressure at the bottom of the sample. Also, the suction 
effect of the piston pulls drilling fluid into the end of 
the sampler for about 1/4 inch which tends to seal the 
end, thus making the piston more effective in helping co 
hold the sample in the sample tube. Therefore, the drilling 
mud consistency and unit weight muse be carefully 
controlled based on the particular type of soil encountered. 

11.2.2.9.4 The Butters sampler head is designed 
for 3-inch o.d. push cubes; but with an adapter ring and 
an enlarged piscon assembly, the sampler is easily converted 
to use 5-inch o.d. cubes. 

11.2.2.9.5 Drill fluid levels should be main­
tained at the hole collar; and if the material sampled is 
susceptible to falling out of the rube, a block should be 
held on the bottom of the sampling tube before the tube 
is withdrawn clear of the mud column. 

11.2.2.9.6 The soil sample is usually handled 
and shipped in the sampling cube using expanding packers 
co seal the ends. 

11.2.2.9.7 This sampler is not prone to cutting 
imo the sides of the hole as it is lowered because the 
piston is locked in the down position at the botcom of 
the thin-wall push tube as the sampler is lowered downhole. 
Because the piscon is locked in position, it can be placed 
firmly against the bottom of the hole without picking up 
slough from the bottom of the hole. 

11.2.2.10 Specific assembly and operation proce­
dures for the Butters fixed-piston sampler follows. 

11.2.2.10.l Before assembly, note the following 
identification marks and features of the Butters sampler: 

a. "UP" stamped on sampler head and square piston 
rod. 
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I-Ulll-l,l,4---- Piston rod 
extension 

API box 
extension sub - --~1 r //IL---Piston rod 

Lock washers 

Vacuum release 
pin-------

Sampling tube 

locking unit 

Pin NW coupling 

Sampler head 

~~~~;;;;;;~~,L --Rubber piston rod 
cleaner 

-Sampling tube 

-1+---...Q..--Piston rod 

Leather cup 
pocking 

Figure 8. - Butters thin-wall fi xed-piston sampler (Hvors lev type) . 
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b. A filed mark on the square piston rod located about 
8-1/4 inches down from che top. 

c. A small filed mark on one end of the NW pin 
coupling. 

d. "O" and "L" stamped on piston rod locking unit 
indicating '"open" and ··1ock" positions, respeccively. 

e. Always place sampler head in a vise with '"UP" scamp 
on top when assembling or disassembling. 

f. Always slide square piston rod with "UP" scamp 
on top through the sampler head when assembling. 

g. Always have. rhe locking washer with grabber knob 
facing up on the square piston rod when assembling. 

11.2.2.10.2 Place sampler head (with 5-inch 
ring adapter if 5-inch o.d. sample tube is used) in vise 
in "UP" position. 

11.2.2.10.3 Slide square pisron rod (with pisron 
removed) including small sub, locking unit, flat washer, 
spring, flat washer, and locking washer with grabber knob 
through the sampler head. Parts should be assembled in 
sequence I isted. 

11.2.2.10.4 Extend square pisron rod with 
attachments through head until the filed mark [described 
in subpar. 11.2.2.10.l(b)] is flush with the two pisron 
cleaner rod bolt heads at the base of the sampler head. 

11.2.2.10.5 With set screw turned out of pin, 
slide pin coupling over square piston rod and tighten with 
a wrench. 

11.2.2.10.6 ln this position, the NW pin 
coupling set screw hole should be directly over the locking 
unit slot: -The set screw can now be turned in . until it 
fits into the slot on the locking unit. D~ --~ot turri in set 
screw coo tight. 

11.2.2.10.7 Check if the set screw is positioned 
properly: 

a. The piston rod locking unit should turn freely from 
··o .. to 'T' position. 

b. In "L'' position, piston rod cannot be pulled or pushed 
through sampler head. 

c. In '"O" position, piston rod can be pulled back through 
the sampler head but not pushed through. If piston rod 
can be pushed th rough, check orientation of locking washers 
or spring tension because the locking washers are not 
gripping the square piston rod properly. 

11.2.2.10.8 Turn pisron rod locking unit to the 
"L" position. (Line up '"L'' with small file mark on the 
NW pin coupling.) Make sure locking unit is in '"L'' position 
because, if it is not in the '"L'' position, the piston will 
slide up into the tube when the sampler is lowered into 
the borehole and will require the sampler to be removed 
and reset. 

11.2.2.10.9 With piston rod locking unit in the 
"L'' position, assemble the 4-foor-long extension sub with 
the API box thread. 

l l.2.2.10.10 . Thread on piscon with leather cup 
packing making sure the leather is well oiled. 

NOfE 10.-Because the piston is heavy, make sure to support 
the square piston rod ro avoid bending the rod. 

l l.2.2.10. l l Make adjustments for varying tube 
lengths by turning piston up or down on pisron rod. The 
botrom of the pisron should be flush with the bottom of 
the sampling tube. 

11.2.2.10.12 Slide the sampling tube over the 
pisron, and attach the rube to the sampler head. 

NOfE 11.-Ensure chat the leather cup packing on the piston 
has a good friction fir inside rhe sampling ~ube. If the sample 
rube slides over che piston too freely, the leather cups should 
be forced out by wrapping rape around rhe inside of the piston 
rim to ensure a snug fie. 

l l.2.2.10.13 Attach 4-foot extension sub co the 
sampler, and measure entire sampler length, including the 
extension sub. 

11.2.2.10.14 The sampler is now complete and 
ready co be lowered to the bocrom of a cleaned out borehole. 

11.2.2. 10.15 Add enough drill rod to set che 
sampler on the botrom of the hole. Bring the last length 
of drill rod through the drill rig chuck assembly. 

11.2.2 .10.16 Add the pisron rods in 10-foot 
sections through the drill rods. 

NOfE 12.-Lower the shore piston extension rod chat has a 
standard pipe thread box connection in first. This section has 
to thread onto the small sub with a standard pipe thread pin 
char is attached to the top of the sampler. Always make sure 
this piston rod goes in first. 

11.2.2. 10.17 Make sure each seccion of pisron 
rod is wrench tightened co adjacent sections. If these 
sections are not_ tight : 

a. It will be difficult to "feel" the pisron rod locking 
unit turn co the '"O" position. 

b. After the push when the pisron rods are being 
removed, they may separate at a rod joint rather than 

· at the top of the sampler making removal of both drill 
and piston rods difficult and time consuming. 

11.2.2.10.18 When the leading pipe thread 
piston rod extension comes in contact with the sample~ 
head, the piston rods should be raised and lowered carefully 
until the pipe threaded box end slides over the stub pin 
at the cop of the sampler. 

11.2.2.10.19 Turn the piscon rods in the 
clockwise direction until you "feel" the pisron rod locking 
unit turn co the "0" position. Do not overturn - a definite 
resistance should be felt when the pisron rod locking unit 
has been turned co the "0" position. 

NOfE 13.-lt is fairly easy to "feel" the piston rod locking 
unit turn to the '"O" position in shallow borings (less than 30 feet) ; 
but in deeper boreholes, it may become difficult to "feel" the 
turning. 

11.2.2.10.20 Attach a hoisting plug to the top 
pisron rod and chain direccly over the plug to the drill 
rig mast with a turnbuckle used between the chain and 
hoisting plug. 

11.2.2.10.21 Place a chalkmark or clamp a vise 
gnp plier on the piston rods at a fixed elevation for a 
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reference point. (Usually, a location parallel to the top 
of the drill rod string is used.) 

11.2.2.10.22 Tighten the turnbuckle until the 
aforementioned reference point rises about 1/2 inch. 

11.2.2.10.23 Release tension on turnbuckle; this 
is a check to see if the piston rod locking unit is turned 
to "0" and if the locking washers are functioning properly. 
If the piston rcid does not fall back to its original position, 
the unit is working properly. 

11.2.2.10.24 Retighten turnbuckle to take up 
slack in chain. 

11.2.2.10.25 Tighten the chuck on the drill rods, 
and advance (push) the sampler into the undisturbed soil. 

11.2.2.10.26 The sampler is advanced and the 
sample retrieved and handled in the same manner as that 
described for the Hvorslev fixed-piston sampler. After 
advancing the sampler, the length of push should be 
recorded and the sampler rotated 1-1/2 to 2 revolutions 
to shear the sample at the bottom of the sampling tube. 

11.2.2.10.27 After each sampling attempt, the 
sampler should be disassembled and thoroughly washed, 
cleaned and lubricated. 

11.2.2.11 The following are precautions and 
recommendations for the Butters. fixed-piston sampler. 

11.2.2.11. 1 The condition of poor recovery or 
a loose sample may occasionally occur. Possible causes of 
these conditions may be one or more of the following: 

• Improper bit clearance ratio (a 0.0-percent bit 
clearance ratio should generally be used). 
• Sample was not sheared completely at bottom of 
sampling tube. 
• Piston malfunction (locking washers .not working 
properly). 
• Insufficient vacuum developed during the push 
(piston leathers should be forced out) . 
• Proper care was not used when removing sampler 
from ho le. 

11.2.3 Performance Suggescions (fixed-piston 
samplers) .-The following suggestions improve sample 
quality and operation when using the Hvorslev and Butters 
fixed-piston samplers. 

• Be thoroughly familiar with the operation and 
internal mechanism of the sampler. 
• Always keep the sampler clean and lubricated. 
Sampler should be dismantled, thoroughly cleaned, and 
lubricated with light weight oil after each shift. 
• Do not force the sampler through hard or gravelly 
soils. 
• Refer to geologic logs of adjacent or nearby drill 
holes or any other geologic data that would familiarize 
the investigator with any unusual in-place conditions. 
• Use care when removing the s~mpler from rhe 
borehole. 
• Nore and record all data (including hydraulic 
pressure, etc.) on the "Undisturbed Soil Sampling Dara" 
form (see fig. 5 ). 

11.2.4 Piswn Sampler Procedures.- The following 
general procedures are for using the mechanically activated 
piston samplers (Butters or Hvorslev). 

11.2.4. l Determine and record rhe tube number, 
mass, length, bit diameter, and tube diameter of each push 
tube prior ro use. Length and diameter measurements 
should be the average of three readings at locations equally 
spaced around the rube. All mass measurements (with or 
without wet soil) should be performed on the same scale 
and recorded to the nearest· 0.01 lbm. Under some 
conditions, ir also may be necessary to determine the mass 
of each expanding packer or plug used to seal the sample 
rube ends. Determine and record the depth to the bottom 
of rhe cleaned out borehole. 

11.2.4.2 Carefully lower the sampler, with piston 
flush with bottom of push tube, to rhe bottom of a cleaned 
out borehole. The sampler can be adva nced through some 
slough as the piston prevents slough material from entering 
the tube. The sampler should be advanced until the bottom 
of the sampler is atthe depth of rhe bottom of rhe cleaned 
out borehole. 

NITTE 14.-lf gravel-sized mate rial or an excessive amount of 
slough is encountered at the bottom of the hole, the borehole 
should be cleaned out aga in, depending on amount of slough 
or size of gravel encountered. General guidelines would be 
penetration of 6 inches or more of slough or an amount and 
size of gravel that may cause damage to the sampling rube. Record 
slough or gravelly conditions on the form (fig. 5). 

11.2.4.3 Piston rods are lowered, attached to the 
sampler piston rod, the pisron unlocked, and the piston 
rod secured to the drill rig mast as described in the assembly 
and operation procedures. 

11.2.4.4 The sampler then is advanced into the 
undisturbed soil at a steady, continuous rate for a maxin-ium 
push of 30 inches. The total push should be as long as 
possible without exceeding 30 inches. The downward thrust 
should be stopped if the sampler comes in contact with 
hard material, and at no rime should the drill rig raise 
off the ground as this will · cause damage to the sampler 
and possible injury to drill personnel. 

11.2.4. 5 After advancing the sampler, rhe length 
of push should be recorded and the sampler rotated one 
and one-half to two revolutions to shear the sample ar 
the bottom of the sampling rube. 

NITTE 15.-Under some conditions, it may be advisable to wait 
10 ro 15 minutes before shearing the sample in order for sufficient 
friction and adhesion to develop between the sample and rhe 
sampling rube. 

11.2.4.6 After rotation, remove the piston rods. 
Withdraw the sampler slowly and ar uniform speed; fast 
withdrawal, sudden srops, and vibration should be avoided. 
The mud level should be maintained at the top of rhe 
hole at all rimes during sampler removal. 

NITTE 16.-It is very important that proper sample trimming 
and handling procedures be followed hecause of the sensitive 
nature of the material sa mpled with a fixed-piston type sa mpler. 
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11.2.4.7 Immediately after the bottom of the sam­
pler clears che top of the hole, inspect the sample and 
make a determination if the material will sray in the tube 
or if it is loose and might be susceptible to falling out. 

If sample will sray in cube: 

a. Remove sampler from drill rods, and lay sampler 
in the horizontal position. 

b. Trim out approximately 2 inches of material from 
the bottom using the correct diameter trimming tool. 

c. Rerain the trimmings for a moisture content 
· specimen and place in a moisrureproof container. Be careful 
not to lee the material dry out or be contaminated with 
drilling fluid or other contaminants char could affect the 
natural moisture content. 

d. Measure and record the bottom trimmed-in length 
on figure 5, and insert an expandable packer or waxed 
end plug whose mass has been determined. 

e. Visually classify the m aterial from the trimmings. 

If rhe sample is loose or susceptible to falling out: 

a. Maintain the sampler ·in the vertical position. 
b. · Perform procedures b, c; and d as described above. 

NOfE 17.-Be sure to properly secure sampler to the drill rig 
whenever the sampler is hanging in the vertical position. Do 
not secure the sampler by the cathead-rope method Also, if free 
water is draining out of the sampler when obtaining a moisture 
content sample, make note of this condition on the data form. 
This will help to avoid unreliable moisture content data. 

11.2.4.8 With the bo ttom of the sample properly 
trimmed, measured, and plugged, remove the bolts o r 
capscrews attaching the sample tube to the sampler head. 

11.2.4.9 Release the vacuum developed during the 
push in order to remove the tube from the sampler head. 
If the sampler does not have a vacuum breaker mechanism, 
it is necessary to release the vacuum by either (a) drilling 
a hole through the cube just below the piston, or (b) pulling 
and slowly rotating the sample tube until the piston leathers 
are exposed and then carefully tilting the tube allowing 
air to enter and thereby releasing the vacuum. 

11.2.4.10 Once the vacuum has been released, 
remove che sample cube and measure and record the length 
to the top of the sampler prior to trimming. Calculate 
and record the recovery length on figure 5. 

11.2.4.11 Compare the recovery length to the 
length of push to determine amount of slough material 
or amount of compaction or compression that occurred. 

NOfE 18.-Actual sample recovery length does not include any 
slough material which may be on the bottom of the hole. Recovery 
length is based on the depth previously sampled or drilled 
compared to the length of push. Under most fixed-piston 
sampling conditions, che amount of slough material can be 
minimized because the piston in its initial position is ac the 
bottom of the tube preventing slough material from entering, 
which allows the operator to advance the sampler through the 
slough to the bottom of che hole. However, care muse be taken 
not to force the sampler through coarse-grained cuttings or slough 
material that may cend to densify the underlying sample interval. 

11.2.4.12 Slough or disturbed material must be 
trimmed out of the top end of the sample tube. When 
using the 5-inch o.d. sample cube, it is advisable to hand 
muck the disturbed_ material our and then do the final 
trimming with the trimming tool. Measure and record the 
top trimmed-in length on figure 5. Visually classify the 
material from the trimmings in accordance with USBR 
5005 . 

NOfE 19.-When using any of the fixed-piston samplers, the 
material on the top end of the cube may not look like slough 
or disturbed material because of the wee consistency of the material 
and the face chat the piston in its initial position has flattened 
the material making it visually appear to be undisturbed. For 
this reason, it is important to compare length of push to recovery 
length to determine the amount of slough at the top of the 
sample tube. 

11.2.4.13 If the sampler was maintained in the 
vertical position during bottom trimming, it also should 
be maintained in that position for top end trimming. If 
this is the case, be careful not to compress the top end 
during trimming. Depending on degree of saturation and 
consistency, it may be necessary to tilt the sample cube 
somewhat to aid. in removing the disturbed material. 

11.2.4.14 A moisture content specimen should be 
obtained from che trimmings after all disturbed material 
has been removed. Care muse be taken nor co let the 
moisture content specimen dry out or to become 
contaminated with drilling fluid or other contaminants. 

11.2.4.15 Calculate and record the trimmed sample 
length by adding trimmed-in lengths from both ends and 
subtracting the total trimmed-in length from the length 
of cube. 

11.2.4. 16 Visually classify the material from the 
top end in accordance with USBR 5005. 

11.2.4.17 Insert an expandable packer or plug, 
whose mass has l:ieen determined, to seal the top end of 
the cube. 

11.2.4.18 Determine and record the mass of rhe 
sample tube with wet soil to the nearest 0 .01 lbm as shown 
on figure 5. 

NOfE 20.-Decermine the mass in the vertical position if 
vertical procedures were performed previously. 

11.2.4.19 All pertinent data such as sample 
number, depth interval, length of push, recovery length , 
trimmed sample length, tube and soil mass, soil 
classification, sample condition, bit and cube area, and any 
other information that may be forgotten or misplaced if 
not recorded immediately is recorded as shown on figure 5. 

11.2.4.20 If the undisturbed material is not to be 
extruded onsite, clearly label the sample cube with 
(a) feacure or project, (b) drill hole number, (c) sample 
number, (d) hole elevation and location, (e) depth interval, 
(f) rop and bottom ends, and (g) mass of tube and soil 
(optional). 

11.2.5 Mechanical Sampler Caution.-The following 
are sampling precautions using mechanically activated 
fixed-piston samplers. 
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11.2.5.1 Possible causes of sampler malfunction: 

a. Sampler assembled improperly. 
b. Worn parts or burrs on metal parts. 
c. Sampler not properly cleaned and lubricated (sand 

in mechanism). · 

11.2.5.2 Possible reasons for no recovery (material 
falls out of tube): 

a. Piston rod locking unit is not functioning properly, 
allowing the piston to slide down and push the sample 
out during withdrawal. 

b. Not enough vacuum developed because of (1) worn 
piston leathers, (2) leathers not properly lubricated (soak 
in neatsfooc oil), and (3) improper clearance between 
leathers and inside diameter of sampling tube. (It may 
be necessary to build up the leathers by wrapping friction 
cape between the piston and the leathers to force the 
leathers out.) 

The friction developed between the piston leathers and 
the tube determines the amount of vacuum chat is 
developed. The piston should not slide over the piston 
with too much nor coo little resistance. 

11.2.5.3 Possible causes of not being able to 
remove tube from sampler head: 

a. Vacuum has not been released. (It may be necessary 
to drill a hole through the cube just below the piston.) 

b. Too much vacuum has developed, caused by too eight 
a fit between leathers and cube. 

11.2.6 Osterberg Fixed-Piston Sampler.-The Oster­
berg sampler is a hydraulically activated fixed-piston sam­
pler. Figure 9 shows the sampler and sampling procedure. 

11.2.6.1 The Osterberg sampler is significantly 
different in design and operation from the mechanically 
activated Hvorslev and Butters samplers. This sampler is 
faster and easier co use than either of the mechanically 
activated samplers because it does not require use of piston 
rods and is easier co assemble, operate, and disassemble. 

11.2.6.2 The sampler is assembled with the piston 
flush with the bottom of the sampling cube and lowered 
co the bottom of a cleaned out drill hole. The connecting 
drill rods are secured co the drill rig, and fluid under pressure 
is applied through the drill rod to advance the sample 
tube into the undisturbed soil. As the fluid pressure (most 
commonly water) is applied, the inner sampler head­
with sampling tube attached-is forced out of the pressure 
cylinder. When che inner sampler head has reached its 
full stroke and the sampling cube has penetrated its full 
depth into the soil, the pressure is relieved through bypass 
pores in the hollow piston rod. 

11.2.6.3 The sampler is then rotated co shear the 
sample off at the bottom of the sampling tube. The shearing 
is accomplished by a friction clutch mechanism chat allows 
the inside sampler head to grasp the inside of the pressure 
cylinder when the drill rods are rotated at ground surface. 
This action also locks the sample cube in position for 
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Figure 9. - Thin-wall fixed -piston sampler (Osterberg type) . 

withdrawal from the hole. Extreme care must be taken 
when removing the sampler from the drill hole co avoid 
jarring or losing the sample. 

11.2.6.4 Basic rules of operation for the Osterberg 
sampler: 

11.2.6.4.1 The Osterberg sampler is relatively 
simple co operate. The sampler does contain some moving 
pares and O-ring seals which require careful assembly and 
muse be kept clean and lubricated for proper operation. 

11.2.6.4.2 Before attempting to sample, the 
mechanics of the sampler muse be thoroughly understood 
by che operator. 

11.2.6.4.3 As a general rule, the threaded 
components are snugly screwed together, but not tightened 
excessively. The fixed-piston (lower or stationary piston) 
should be securely pinned co the hollow piston rod, and 
the inner sampler head (floating piston) should be checked 
co make sure it slides freely on the hollow piston rod. 

11.2.6.4.4 Drilling mud plays an important part 
in sampling with the Osterberg sampler. The drilling mud 
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consistency and unit weight must be carefully controlled 
for application to the particular type of soil encountered. 
The drilling mud helps co hold the sample in the sample 
tube by hydrostatic pressure at the sample bottom. The 
suction effect of the piston pulls drilling mud into the 
bottom end of the sample for approximately 1/4 inch which 
tends to seal the end, thus making the piston more effective 
in helping to hold the sample. Drill mud levels should 
be maintained at the collar of the hole. 

11.2.6.4.5 A supply of clear water should be 
available to advance the sampler. Use of drilling mud ro 
advance the sampler is not recommended because sand 
particles suspended in the drill mud act as an abrasive, 
damaging the O-ring seals. Clear water also should be used 
to flush the sampler after each sampling attempt. 

11.2.6.4.6 The Osterberg sampler is commer­
cially available in che 3- and 5-inch-diameter size with 
outside diameters of the outer barrel ac 3-3/4 and 5-3/4 
inches, respectively. Thin-wall sampling cubes are especially 
designed to fie the Osterberg sampler. Conventional chin­
wall tubes used for the chin-wall push tube sampler, 
H vorslev and Butters fixed-piston samplers, will not adapt 
to the Osterberg sampler. 

11.2.6.4.7 The sampler is advanced by fluid 
pressure, and an air bubble will be observed at the rop 
of the mud column indicating che sampler has been 
advanced its full distance. 

11.2.6.4.8 After pushing, che sampler should be 
rotated approximately cwo to three revolutions co shear 
the sample off at the botrom of che sampling tube. The 
sampler should be withdrawn slowly and very carefully 
from che hole to avoid jarring. 

11.2.6.4.9 If the material sampled is susceptible 
co falling out of the tube, a block should be held on che 
botrom of the sampling tube before the cube is withdrawn 
clear of the mud column. 

11.2.6.4.10 Usually, che undisturbed sample is 
shipped in the thin-wall sampling cube using expandable 
packers or prewaxed wooden plugs ro seal che ends. 

11.2.6.4.11 The Osterberg sampler is not prone 
to cutting into che sides of che borehole as it is lowered 
because the piston is in the down position at the bottom 
of the push cube as the sampler is lowered downhole. 
Because che pisron is locked in position, it can be placed 
firmly against the bottom of che hole without picking up 
slough from che bottom of the hole. 

11.2.6.5 Specific assembly and operation proce­
dures for the Osterberg fixed-pisron sampler are as follows: 

11.2.6.5.1 The Osterberg sampler contains 
component pares chat require careful assembly and 
operation. Assembly and operation muse be performed in 
the sequence listed below co ensure proper operation. 

11.2.6.5.2 Inspect each component part for wear 
and condition. The exterior of che piston rod should be 
smooch and free of burrs or rust. The interior of the piston 
rod should be free of obstructions. Inspect the O-rings 
on (a) che outside of che fixed pisron, (b) che outside of 
the inner sampler head, and (c) che inside of the inner 
sampler head. Inspect the ball check valve. 

11.2.6.5.3 Slide che hollow pisron rod through 
the inner sampler head being careful nor ro tear rhe O­
rings with rhe threaded end of the pisron rod. 

11.2.6.5.4 Attach rhe fixed-pisron co the hollow 
pisron rod. 

11.2.6.5.5 Attach che hollow pisron rod wich 
fixed-pisron and inner sampler head onro the outer sampler 
head. Make minor adjustments for che length of rhe chin­
wall sample cube by threading the hollow pisron rod m 
or out of the outer sampler head. 

11.2.6.5.6 Attach che thin-wall sample rube co 
the inner sampler head. 

NOfE 2 l.-(a) Make sure the inside of che sample cube is 
clean and smooth. le may be necessary to file down and smooch 
out the prebored capscrew holes. 

(b) Make sure rhere is a good friction fie between che 0-
rings on the fixed piston and che sample tube. If the fixed piston 
is loose or slides coo freely, force the 0-ring out by wrapping 
cape around the inside of the 0-ring seat. 

(c) Turn capscrews until flush with the outside of che sample 
cube. If capscrews are left sticking out, they will hang up on 
the rib at the boccom of the pressure cylinder and prevent the 
sample cube from extending co full stroke during the advance. 

11.2.6.5.7 Slide che assembled unit into the 
pressure cylinder until che inner sampler head roller sloes 
are still fully exposed. 

11.2.6.5.8 Install che friction clutch rollers, or 
"'pawls", and springs in the inner sampler head roller sloes. 

11.2.6.5 .9 Hold rollers in flush with outside of 
inner sampler head by depressing the springs and carefully 
push che assembly inro the pressure cylinder. 

NOfE 22.-Be careful not co pinch fingers between the rollers 
and pressure cylinder when doing chis. Also, it will be necessary 
co lift the sample cube up over the pressure cylinder ribs in 
order co center it in che cylinder. 

l l.2 .6.5 .10 Attach pressure cylinder co the other 
sampler head. This connection should be snug but not 
tightened excessively. 

11.2.6.5.11 Manually unlock the friction clutch. 
This can be checked by rotating the sample cube. It should 
rotate in only one direction. 

NOfE 23.-The friction clutch is for che purpose of locking 
che inner sampler head co che pressure cylinder when it is 
necessary co shear the sample off at the bottom of the cube. 
Ac all other times, che clutch should be unlocked. 

11.2.6.5.12 The assembled sampler is now ready 
co be lowered into a cleaned borehole making drill rod 
connections as required co rest the sampler on the bottom 
of rhe hole. 

NOfE 24.-All drill rods and conneccion couplings should be 
inspected to ensure chat they are noc plugged. Fluid must be 
pumped through che rods and couplings co advance che sampler. 
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11.2.6.5.13 The connecting drill rods should be 
chucked into the drill head or otherwise securely fastened 
co the drill rig. 

11.2.6.5.14 Make the necessary circulatory 
connections from · a pump to the connecting drill rods, 
including a bypass circulation system. Generally, pressure 
up to 275 lbf/ in 2 will be required to push the sample tube 
into the undisturbed soil. 

11.2.6.5.15 Pump the fluid (preferably clear 
water) into the sampler-while watching the pressure 
increase-until a pressure drop is observed and a return 
flow (air bubbles) is observed at the top of the hole. Bypass 
fluid circulation, and disengage pump. 

NOfE 25.-When the fluid pressure does nor decrease and 
a return flow is nor observed, it usually indicates that a full stroke 
(push) has nor been achieved. If chis occurs, it will be necessary 
to measure the distance it did actually push once the sampler 
has been lifted our of the ho le. 

11.2.6.5.16 Shear the soil at the bottom of the 
sampling tube as follows: 

Rotate the sampler two or three revolutions in 
the clockwise direction. On rotating the sampler, the 
friction clutch is locked; and consequently, the inner 
sampler head and the sample tube rotate within the 
pressure cylinder which allows the soil to be sheared at 
the bottom of the tube. 

11.2.6.5.17 Carefully remove the sampler from 
the hole. 

11.2.6.5 .18 After each sampling attempt, the 
sampler should be washed, cleaned, and lubricated. 

11.2.6.6 General procedures for using the hydraul­
ically activated Osterberg fixed -pisron sampler are as 
follows: 

11.2.6.6.1 Determine and record the tube 
number, mass, length, bit diameter, and tube diameter of 
each push tube prior to use. Length and diameter 
measurements should be the average of three readings 
equally spaced around the tube. All mass measurements 
(with or without wet soil) should be performed on the 
same scale and recorded to the neares t 0.0 l lbm. Under 
some conditions, it also may be necessary to decermine 
the mass of the expanding packers or plugs to seal the 
sample tube ends. 

11.2.6.6.2 Carefully lower che sampler, with 
piston flush with bottom of push tube, to the. bottom of 
a cleaned out borehole. The sampler can be advanced 
through some slough as the piston prevents slough macerial 
from entering the tube. 

NOfE 26.-If gravel-sized material or an excessive amount of 
slough is encountered at the bottom of rhe hole, the borehole 
should be cleaned out again, depending on amount of slough 
or size of gravel encountered. General guidelines would be 
penetration of 6 inches or more of slough or an amount and 
size of gravel chat may cause damage co the sampler tube. Record 
slough or gravelly conditions on the data form (fig. 5). 

11.2.6.6.3 The connecting drill rods should be 
securely actached to the drill rig to provide a reaccionary 
force. 

11.2.6.6.4 After making the necessary water 
pressure connections, the sampler tube should be forced 
into the undisturbeq soil by fluid pressure. The sampler 
tube cannot be overpushed because the fluid pressure is 
automatically relieved by circulation bypass through ports 
in the hollow piston rod and out the ball check valve once 
the sample tube has advanced its full length. 

11.2.6.6.5 After advancing the sampler, the 
length of push should be recorded and the sampler rotated 
two or three revolutions to shear the sample at the bottom 
of the sampling tube. 

NOfE 27.-Under some conditions, it may be advisable to wait 
lO to 15 minutes before shearing the sample in order for sufficient 
friction and adhesion ro develop between the sample and the 
sampling tube. 

11.2.6.6.6 After rotation, the sampler should be 
withdrawn slowly and at uniform speed; fast withdrawal, 
sudden scops, and vibration should be av_oided. The mud 
level should be maintained at the top of the hole at all 
times during sampler removal. 

NOfE 28. -I t is very important that proper sample trimming 
and handling procedures be followed because of the sensitive 
nature of the material sampled with a fixed-piston type sampler. 

l l.2 .6.6.7 Immediately after the bocco·m of the 
sample clears the top of the hole, inspect the sample and 
make a determination if the material will stay in che tube 
or if it is loose and might be susceptible to falling out. 

If the sample will stay in tube: 

a. Remove sampler from drill rods, and lay sampler 
in the horizontal position. 

b. Trim out approximately 2 inches of material from 
the bottom of the tube using the correct diameter trimming 
tool. 

c. Retain the trimmings for a moisture content 
specimen and place in a moiscureproof container. Be careful 
not to let the material dry out or be contaminaced with 
drilling fluid or ocher contaminants that could affect the 
natural moisture content. 

d. Measure and record the bottom trimmed-in length, 
and insert an expandable packer or waxed end plug whose 
mass has been determined. 

e. Visually classify rhe material from the trimmings 
in accordance with USBR 5005. 

If the sample is loose or susceptible to falling our: 

a. Maintain the sampler in rhe vertical position. 
b. Perform procedures b, c, and d as described above. 

NOTE 29.-Be sure to properly secure sampler to drill rig 
whenever the sampler is hanging in the vertical position. Do 
not secure the sampler using the cathe;1d - rope method Also, 
if free water is draining our of the sampler when obtaining a 
moisture content sample, make note of chis condition on the 
data form. This helps ro avoid unreliable moisture content data. 
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11.2 .6.6.8 Remove bolts/screw arraching 
sample cube ro rhe sampler head. 

11.2.6.6.9 Release vacuum developed during rhe 
push in order ro remove rube from sampler head. If rhe 
sampler does nor have a vacuum breaker mechanism, ir 
is necessary to release the vacuum by either (a) drilling 
a hole through rhe rube just below rhe piston, or (b) pulling 
and slowly rotating the sample rube until rhe O-rings are 
exposed and then carefully tilting rhe rube to allow air 
to escape and thereby releasing the vacuum. 

11.2.6.6.10 Once the vacuum has been released, 
remove rhe sample rube and measure and record the length 
ro the top of rhe untrimmed sample. Calculate and record 
the sample recovery length as shown on figure 5. 

11.2.6.6.11 Compare the sample recovery 
length co the length of push to determine amount of slough 
material or amount of compacrion or compression chat 
occurred. 

NOfE 30.-Acrual sample recovery length does nor include 
any slough material which may be on the bottom of the hole. 
Recovery length is based on the depth previously sampled or 
drilled co compare co the length of push. 

Under most fixed-piston sampling conditions, the amount of 
slough material can be minimized because the piston in irs initial 
position is at the boccom of rhe rube preventing slough material 
from entering, which allows the operacor co advance the sampler 
through the slough co the bottom of the hole. However, care 
must be taken not co force the sampler through coarse-grained 
cuttings or slough material chat may tend co densify rhe underlying 
sample interval. 

11.2.6.6.12 Slough or disturbed material must 
be trimmed our of the top end of the sample tube. When 
using che 5-inch o.d. sample cube, it is advisable to hand 
muck the discurbed material out and then do the final 
trimming with the trimming cool. Measure and record the 
cop trimmed-in length on figure 5. Visually classify the 
material from the trimmings in accordance with USBR 
5005. 

NOfE 31.-When using any of the fixed-piscon samplers, the 
material on the cop end of the cube may not look like slough 
or disturbed material because of rhe wet consistency of the material 
and the fact char the piston in its initial position has flattened 
the material making it visually appear co be undisturbed. For 
chis reason, it is important co compare length of push co recovery 
length co determine the amount of slough at the cop of the 
sample cube. 

11.2.6.6.13 If the sampler was maintained in 
the vertical position during bottom trimming, it also should 
be maintained in chat position for cop end trimming. If 
chis is the case, be careful nor co compress che cop end 
during trimming. Depending on degree of saturation and 
consistency, it may be necessary co cilt rhe sample rube 
somewhat co aid in removing the disturbed material. 

11.2.6.6.14 A moisture content specimen should 
be obtained from the trimmings after all discurbed material 
has been removed. Care must be raken nor ro ler rhe 

moisture concenr specimen dry our or co become 
contaminated with drilling fluid or ocher contaminants. 

11.2.6.6.15 Calculate and record trimmed 
sample length by adding trimmed-in lengths from borh 
ends and subtracting che coral trimmed-in length from the 
length of the rube. 

11.2.6.6.16 Visually classify rhe soil from the 
cop end in accordance with USBR 5005. 

l l.2.6.6.17 Inserc an expandable packer or 
waxed plug whose mass has been determined co seal the 
cop end of rhe cube. 

l l.2.6.6. l8 Determine and record the mass of 
the sample cube with wet soil co 0.01 lbm as shown on 
figure 5. 

NOfE 32.-Derermine the mass in the vertical position if 
vertical procedures were previously used. 

11.2.6.6.19 Clearly label the sample rube with 
the following information: (a) feature or project, (b) drill 
hole number, (c) sample number, (d) hole elevation and 
location, (e) depth interval, and (f) cop and bottom end. 

11.2.6.6.20 Record all pertinent data, such as 
(a) sample number, (b) bir and rube diameters, (c) depth 
interval, (d) recovery length, (e) trimmed sample length, 
(f) rube and soil masses, (g) soil classification, (h) sample 
condition, and any other information that may be forgotton 
or misplaced if not recorded immediately. 

If the undisturbed material is not co be extruded 
onsite, clearly label the sample rube with (a) feature or 
project, (b) drill hole number, (c) sample number, (d) hole 
elevation and location, (e) depth interval, (f) cop and 
boccom ends, and (g) mass of cube and soil (optional). 

11.2.7 Modified Osterberg Fixed-Piston Sampler.­
The modified Osterberg sampler, like the Osterberg, is 
a hydraulically activated fixed-piston sampler. It uses the 
same basic design ·and principles of operation as the 
conventional Osterberg sampler. All of rhe general 
procedures described for the Osterberg sampler also apply 
to the modified Osterberg sampler. 

11.2.7.1 Major differences and improvements in 
the modified Osterberg sampler as compared to the 
conventional Osterberg are as follows: 

a. The thin-wall push cube was replaced with thicker 
wall steel tubing machined to accept an aluminum irrigation 
pipe inner liner and is equipped with a case hardened, 
replaceable drive shoe. · 

b. The aluminum inner liners are economical and 
readily available from commercial sources. The aluminum 
liners should be precut to be compatible with the drive 
shoe and sample rube used. 

c. The case-hardened drive shoes can be fabricated with 
various bir clearances for sampling a variety of soils wirh 
fine gravels. The drive shoes can be used and replaced 
as soil or sampling conditions warrant. 

d. The modified sampler has considerably more rigidity 
and applicability to soils containing fine gravels. 
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e. The modified sampler design eliminates problems 
associated with removing the sampling cube from che inner 
sampler head caused by the vacuum developed during the 
sampling operation. This problem is eliminated because 
the thick-wall steel tubing has a vent hole through which 
the inner aluminum liner can be penetrated ro break the 
vacuum seal and ro allow easy removal of the inner liner. 

f. The undisturbed sample contained in the aluminum 
liner is easily removed from the sampler by simply 
removing the drive shoe and pulling the liner out. 
Reloading is accomplished by sliding a new liner into the 
sceel cubing, attaching the drive shoe, and pushing the 
steel tubing back up into che pressure cylinder. 

g. The modified Osterberg sampler is not commercially 
available, but can be manufactured in the 3- and 5-inch­
diamecer sizes with outside diameters of the pressure 
cylinder ac 3-3/4 and 5-3/4 inches, respectively. 

11.2.8 Performance Suggesrions.-The following 
suggestions improve sample quality and operation when 
using the Osterberg and modified Osterberg samplers. 

• Be thoroughly familiar wich the operation and 
internal mechanism of che samplers. 
• Always keep the sampler cleaned and lubricated. 
Sampler should be dismantled, thoroughly cleaned, and 
lubricated after each shift. 
• Do not force che sampler through hard or gravelly 
material. 
• Refer to geologic logs of adj acent or nea rby drill 
holes or any ocher geologic daca char would familiarize 
the investigaror with any unusual in-place conditions. 
• Use care when removing che sampler from the 
borehole. 
• Note and record all data (including water pressure, 
ere.) on the "Undiscurbed Soil Sampling Dara" form 
(see fig. 5 ). 

11.2.9 Hydraulic Sampler Caution.-The following 
are sampling precautions using hydraulically activated 
fixed-piston samplers. 

11.2.9.1 Possible causes of sampler malfunction: 

a. Sampler assembled improperly. 
b. Worn pares or burrs on metal pares. 
c. Sampler not properly cleaned and lubricated (sand 

in mechanism) 
d. Split O-rings. 

11.2.9.2 Possible reasons for no recovery (material 
falls our of cube): 

a. Friction clutch nor working properly. 
b. Noc enough vacuum developed; caused by ( 1) worn 

O-rings, (2) O-rings not lubricated properly, and (3) 
improper clearance between O-rings and inside diameter 
of sampling cube. (le may be necessary ro build up the 
O-rings by wrapping friction tape between the piscon and 
O-ring co force O-ring out.) 

The friction developed between the piscon O-ring and 
the tube or liner determines che amount of vacuum chat 
is developed. The liner or tube should not slide over the 
piston with roo much or coo little resistance. 

11.2.9.3 Possible causes of not being able ro 
remove tube from sampler head (Osterberg sampler): 

a. Vacuum has not been released. (It may be necessary 
co drill a hole through the tube just below the pisron.) 

6. Too much vacuum has been developed, caused by 
roo tight of fit between O-ring and tube. 

11.3 Double-Tube Core Barrel Samplers.-There are 
basically four types of double-cube core barrel samplers: 

The Denison, Denver, Pitcher, and continuous auger 
samplers. Figure l illustrates these samplers. 

The Denison, Denver, and Pitcher samplers are similar 
in design and have disposable liners for handling and 
shipping the soil cores. The same general setup of operation 
apply for each of the three samplers (see fig . 10) . 

The Denison, Denver, and Pitcher samplers are well 
suited for sampling fine-grained, uncemented, or lightly 
cemented soils and will recover reasonably undisturbed 
samples if the so il is slightly cohesive and the drilling 
is done carefully. 

NOfE 33.-Firm or dense cohes io nless sands can often be 
sampled if performed and handled carefully. Loose sands may 
be densified during sampling opera tio ns, thus, permitting samples 
to be obtained, but with erroneous conclusions regarding in-place 
unit weight. When it is not known whether a sand is dense 
o r loose, ocher samplers, such as fixed-piston samplers, are 
recommended. If a double-rube core barrel sa mpler is used, che 
recove ry ratio ( length of sample retrieved divided by distance 
the sampler was advanced) and results of field penetration tests 
will aid in reliability of calculated in -place unit weights. 

The samplers also may be used in fairly firm ro hard, 
brittle soils, partially cemented soils, and some soft rock 
which require a cutting action rather than a simple drive 
penetration. They are not suitable however for gravelly 
soils, low-unit weight cohesionless sands and loose silts 
below the ground-water table, very soft and plastic cohesive 
soils, or severely fissured or fraccured materials. The Denver 
sampler was developed as experimental sampler and has -
in most instances - been replaced by the Denison and 
Pitcher samplers. 

The continuous auger sampler does not require drilling 
fluid co remove drill cuttings and is well suited for sampling 
soils that would be adversely affected by drilling fluids. 

11.3.1 The Denison Sampler: 
11.3.1.1 The Denison sampler consists of a 

rotating outer barrel with cutting teeth on the botcom, 
a nonrotating inner barrel with a smooth cutting shoe, 
a spring core catcher (used only in special cases), and a 
liner ro receive che sample and facilitate sample handling. 
The basic principle of operation is for the inner barrel 
to remain stationary and the outer barrel co rotate around 

1104 



USBR 7105 

, . -.., 0 

~ 
"O 
0 ... 
... 
0 

-Water swivel 

,.u,......":-,1:.J.., 

_ t--Hydroulic cylinder 

__ J __ Rotory 

-a: •. .... ·-·. _, C 
a--
~:l 
~a 
O'-' c• 

•;; I 

o: 
o: 

'•··--Mud tonk 

---Check \'Olve 

_, 

HOU 

Trove: of drilling mud is 
Indicated by arrows 

Figure 10. - Sampling with double-tube core barrel sampler. 

the inner barrel and advance the sampler. Figure 11 shows 
a cutaway view of the sampler. 

11.3.1.2 The Denison sampler has a 5-7 /8-inch 
inside diameter liner char is 24 inches long. The liner is 
typically made of 28-gauge sheer meral although ocher liner 
materials may be used. The recommended sample length 
is 20 inches. 

11.3.1.3 The sampler is used with an ourer cuccing 
bit, inset wich carbide reech. 

11.3.1.4 The sampler is advanced in the borehole 
using standard drill rod. 

11.3. 1.5 Four 1/2-inch diameter fluid passages are 
used for drill fluid c_irculacion and four 1/2-inch diameter 
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vents are used co drain the inner barrel and stabilize 
hydrostatic pressure within the sampler. 

11.3.1.6 The Denison liner head contains a self 
adjustment used co align the liner co the inner barrel shoe. 

11.3.1.7 The Denison outer barrel head contains 
an upper and lower bearing which allows rhe outer barrel 
co rum while the inner barrel remains stationary. This 
provides for an undisturbed sample. 

11.3.1.8 The inner barrel can be extended 6 inches 
pasc the cutting bit; however, a maximum of 3 inches is 
recommended. This is done when sampling soft materials 
and co isolate rhe material being sampled from drilling 
mud when sampling soft materials. 
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Figure 11. - Denison sampler (double-tube core barrel). 
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l 1.3.1.9 A core catcher can be used ro retain the 
soil in rhe sampler if necessary. Normally, this is done 
if rhe sample is ro be used for soil classification only and 
nor for any type of resting. 

11.3.1.10 The Denison sampler is rotated at a 
speed which allows the sample to move into rhe sampler 
without disturbance. Sampler rotation should vary with 
the type of soil being sampled. 

11.3.2 The Pitcher Sampler: 
l 1.3.2. l The Pitcher sampler is a double-rube core 

barrel sampler equipped with a spring loaded inner barrel 
which permits the barrel ro protrude or retract with changes 
in soil stiffness. 

l 1.3.2.2 The Pitcher sampler, illustrated on figure 
12, is recommended for sampling highly cemented, very 
dense, or varved material or where stratigraphy is such 
that there are alternating hard and soft layers of soil; the 
sampler was modified by the Bureau of Reclamation and 
is not the standard Pitcher sampler. The sampler was 
modified ro accept standard size aluminum irrigation pipe. 

11.3.2.3 The sampler generally ranges in size from 
4-inch ro 6-inch inside diameter. 

l 1.3.2.4 The Pitcher sampler consists of an outer 
barrel head assembly and an inner barrel head assembly. 
The outer barrel head assembly is vented by use of check 
valves. 

l 1.3.2.5 The Pitcher sampler contains a high 
tension spring used inside the outer barrel assembly ro 

· apply force to the inner barrel assembly which retracts 
if the material being sampled is roo hard ro penetrate 
by a hydraulic push. 

11.3.2.6 In extremely firm soils, the spring 
compresses until the cutting edge of the inner barrel shoe 
is flush with the crest of the cutting teeth of the outer 
barrel bit. 

11.3.2.7 In soft soils the spring extends so the 
inner barrel shoe protrudes below the outer barrel bit and 
prevents damage to the sample by the drilling fluid and 
drilling action. · 

NOfE 34.-Do not use air drilling with the Pitcher sampler. 

l 1.3.2.8 The Pitcher sampler is rotary driven and 
is used with NW drill rods. 

l 1.3.2.9 The Pitcher sampler has a modified inner 
barrel designed to accept standard size aluminum irrigation 
pipe having a 0.51-inch wall thickness. The purpose of 
the modification is ro allow use of readily available pipe 
rather than crimped or soldered seam sheet metal liners. 

l 1.3.2.10 Seals are placed around the inside stem 
ro prevent disturbance of the sample from drill fluid. These 
seals should be inspected regularly. 

11.3.2.11 The Pitcher sampler should have 
appropriate clearance between the inner barrel assembly 
and the outer barrel assembly to prevent rotation of the 
sample rube while sampling. 

l 1.3.2.12 The carbide bit of the Pitcher sampler 
contains replaceable carbide inserts on each cutting tooth. 
If rhe parent material is very hard or cemented, rhe cutting 
bit can be replaced with a diamond cutting bit. 

Drill fluid port 

Boll bearing hanger 

Outer borrel 

Inner barrel 
guide tube -,J~~"Ul 

* Note: A modified inner barrel assembly 
may be used to accept sample liners 
in lieu of thin-woll sample tubes. 

Air release port 

Socket-head cop screw 

Outer barrel cutting bit 

* Thin-wall sample tube 

Figure 12. - Pitcher sampler (double-tube core barrel ). 

11.3 .3 The Continuous Hollow-Stem Auger 
Sampler: 

11.3.3. l The continuous hollow-stem auger 
system, illustrated on figure 13, consists of a rotating outer 
auger barrel with cutting bits at the bottom and a 
nonrotating inner barrel with a smooth cutting shoe. The 
principle of operation is for the inner barrel to remain 
stationary and slide over the sample which is cut by the 
outer rotating bit. Cuttings are lifted from the hole by 
the auger on the outer barrel. 

11.3 .3.2 The continuous hollow-stem auger 
system consists of an outer auger barrel, which can range 
in size from 2-1/4-inch to 8-1/4-inch inside diameter, and 
an inner barrel assembly. 

11.3.3.3 The continuous hollow-stem auger 
system is advanced by rotation in a drill hole. Additional 
sections of auger are added as the hole progresses. The 
auger acts as casing in the borehole. 

11.3 .3.4 The continuous hollow-seem auger 
system is operated with an inner barrel (sampler) . The 
soil is collected in the inner barrel as the borehole is 
advanced. Continuous sampling is possible as the auger 
advances the borehole. 

11.3.3.5 The inner barrel assembly contains a head 
and a liner. 
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Figure 13. - Continuous hollow stem auger (not t0 scale). 

11.3.3.6 The auger is defined by pitch, flight , 
outside diameter, and inside diameter. 

11.3.3.7 The continuous hollow-stem auger is 
advanced in the drill hole by carbide cutting bits which 
accept replaceable carbide inserts. The bits have an inside 
diameter ro allow for inner barrel sampler clearance. 

11.3.3.8 The inner barrel is advanced inside and 
along with the hollow stem augers by solid hexagonal rods 
that are pinned together as the drill hole progresses. 

11.3.3.9 The inner barrel assembly can be 
positioned with an adjustment rod ro be advanced in from 
of the auger cutting bits or it can be kept even with the 
auger cutting bits. Minimal disturbance occurs when the 
inner barrel is advanced in from of the auger cutting bits 
by 3 inches. When the inner barrel assembly is even with 
or less than 3 inches past the cutting head, disturbance 
may occur due ro the length of the auger bit cutting teeth. 

11.3.3.10 The inner barrel assembly is fitted with 
5 feet of liner. (It can be one 5-foot section or two 2-1/2-foot 
sections.) The liners can be metal or acrylic. Acrylic tubing 
has proven to be very beneficial as it is economical and 
provides for visual inspection of the material sampled. 
Liners should be checked for roundness and wall thickness . 
Acrylic tubing is reusable but should be checked for cracks 
before reuse. Metal liners tend co have higher wall friction 
chan acrylic liners. 

11.3.3.11 The liners are held in place in the inner 
barrel assembly by the cutting shoe which threads onto 
the end of the inner barrel assembly. Cutting shoes are 
machined with different bit clearance ratios. (See fig. 4 
for bit clearance ratio calculation procedure.) Cutting shoe 
bit clearance ratios should be checked prior ro use. 
Guidelines for bit clearance ratios for different soil types 
are: 

Bit deacarit:e ratio, % 

0 to 1/2 
1/2 to l 

1 to 1-1/2 

Material 

Sands 
Silty sand, clay, silt 
Expansive clay, shale 

11.3.3.12 When sampling is not required, a center 
bit or a small center auger can be used to keep the hollow­
stem open. The center auger is a left-handed auger rotating 
in the opposite direction of the main auger. It forces the 
parent material down and ro the outside of the main auger 
ro be carried ro the surface by the hollow stem augers. 
The center auger can be replaced at any time with the 
inner barrel assembly and samples taken at desired depths. 

11.3.3.13 If the continuous hollow-stem auger 
system is robe used below the groundwater level, the augers 
should be used with standard O-rings ro prevent leakage. 
When augering below the water level, hydrostatic pressure 
should be maintained ··inside the hollow-stem at all times 
at a level ro prevent heaving. 

11.3.3.14 As the augers are rotating, downfeed 
pressure is applied ro the system to clean the hole and 
bring cuttings co the surface. Excessive downfeed pressure 
causes the augers to corkscrew into the ground and could 
result in the augers binding in the hole. 

11.3.3.15 The auger flights should be inspected 
for wear and if they do ,tiot meet hole diameter require­
ments, the flights can be built up by welding buildup rods 
on each flight. 

11.3.3.16 The cutting bit carries from 4 to 12 
carbide teeth. These teeth should be frequently inspected 
for wear and replaced as required. 

11.3.3.17 All of the inner rods for the continuous 
hollow-stem auger system should be periodically checked 
for cracks. 

11.3.3.18 The rod pins should be checked for wear, 
and a supply of spare pins should be available. 

11.3.3.19 The main advantage of the continuous 
hollow-stem auger system is being able to advance che 
drill hole in dry materials without use of drill fluid or 
casing in the hole. 

11.3.4 Basic Operating Procedures for Double-Tube 
Core Barrel Samplers: 

· 11.3.4.1 The rate of penetration should be no 
greater than the speed at which the outer barrel is able 
to cut; that is, the downward force on the sampler should 
be a minimum. 

11.3.4.2 The speed of rotation should be limited 
to that which will noc rear or break the soil (generally 
chis varies from 40 to 125 revolutions per minute) . 

11.3.4.3 Extension of the inner barrel shoe beyond 
the outer barrel cutting teeth depends on soil type and 
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should be rhe least amount which will resulr in a fully 
filled inner barrel and which will nor cause undercutting 
or contamination of rhe sample by drilling fluid . 

11.3.4.4 A core catcher should nor be used unless 
absolurely necessary to retain the soil. The following 
procedure is recommended to effect sample recovery 
without use of a core catcher. Using che standard procedure, 
the sample is cored co within about 1-1/2 to 2 inches 
of the final desired depth; drilling fluid circulation is shut 
off and the coring operation completed to rhe required 
depth. This wedges cunings between the inner barrel shoe 
and rhe outer barrel shoe and causes rhe inner barrel co 
rotate with rhe outer barrel, thus shearing the sample from 
the parent materia l. This procedure results in some 
compaction of rhe soil in rhe inner barrel shoe co form 
a plug and assist in sample recovery. Use of chis procedure 
should be noted on the data form. 

11.3.4.5 Consistency of the drilling fluid should 
be governed by the purpose for which it is intended. 

11.3.4.6 Pump pressure should be the minimum 
necessary co circulate the fluid freely and carry rhe cuttings 
from the hole and stabilize the borehole walls. 

11.3.4.7 The total length of sampler advancement 
should always be a few inches short of the length available 
for the sample to ensure that the sample is not compacred 
in the sampler. A 20-inch sample length plus the shoe 
length is considered the proper total length. 

11.3.5 Sampling Precautions Using the Double-
Tube Auger Sampler: 

11.3.5.1 After completion of the sampling run, 
withdraw the sampler from che hollow-seem auger using 
extreme care at all rimes to avoid sample disturbance. 

11.3.5.2 Remove the inner barrel curring shoe 
(and core catcher if used) without jarring the sample. 

11.3.5.3 If any unusual conditions or sampling 
problems are encountered, they should be recorded on the 
data form as shown on figure 5. 

11.3.6 General Procedures for Using the Double­
Tube Auger Sampler. 

11.3.6.1 Determine the mass of sample liners 
prior co use. All mass measurements (with or without wee 
soil) should be performed on the same scale. Under some 
conditions, it also may be necessary co predetermine the 
mass of the expanding packers or plugs used co seal the 
sample liner ends. 

11.3.6.2 After advancing che auger and obtaining 
che sample, che length of interval augered should be 
recorded. 

11.3.6.3 When che sampler is withdrawn and the 
inner barrel curring shoe removed, remove the liner and 
soil core. 

11.3.6.4 The soil at the ends is removed for a 
length of about 2 inches to a flat smooch surface. 

11.3.6.5 The soil retained in the inner barrel 
cutting shoe and rhe soil from che top of the core may 
be used for field inspection and classification. 

11.3.6.6 A moisture content specimen should be 
obtained from che trimmings after all disturbed material 
has been removed. Care muse be taken nor co let the 

moisture content specimen dry our or co become 
contaminated with drilling fluid or ocher contaminants. 

11.3.6 .7 Measure and record top and bottom 
trimmed-in lengths (fig. 5), and insert expandable packers 
or prewaxed wooden end plugs whose masses have been 
determined. 

11.3.6.8 Visually classify che material from the 
trimmings in accordance with USBR 5005. 

11.3.6.9 Calculate and record che final trimmed 
sample length by adding the bottom and cop trimmed­
in length and subtracting the coral trimmed-in length from 
the coral liner length. 

11.3.6.10 Determine and record the mass of the 
sample liner with wet sample ro 0.01 lbm. 

11.3.6.11 Record all pertinent data such as (a) 
sample number (b) depth interval (c) recovery length (d) 
trimmed sample length (e) liner and soil mass (f) soil 
classification (g) sample condition, and any ocher 
information char may be forgotten or misplaced if nor 
recorded immediately as shown on figure 5. 

11.3.6.12 If che undisturbed material is not ro be 
extruded onsice, clearly label che sample cube with (a) 
feature or project (b) drill hole number (c) sample number, 
(d) hole elevation and location, (e) depth interval, (f) rop 
and bottom ends and, (g) mass of tube and soil (optional) . 

11.4 Preparation and Shipment of Undisturbed 
Samples: 

11.4.1 Before undisturbed samples are moved from 
che sire, the liners or cubes should be clearly labeled with 
the information listed above. 

NffiE 35.-lt is very important to label the rop and borrom 
of the tube immediately so orientation is correct. 

11.4.2 Undisturbed sample tubes should be packed 
in premolded Styrofoam shipping containers or packed in 
moist sawdust or similar packing materials to reduce 
disturbance during handling and shipping. 

11.4. 3 Styrofoam containers are available to hold 
three 3-, 5-, or 6-inch-diamerer samples of 24- or 36-inch 
length, and containers can be facricared for other sample 
sizes and lengths. 

11.4.4 Heavy duty cardboard or plywood shipping 
boxes are required for additional support of che Styrofoam 
containers. Waxed double-wall cardboard shipping boxes 
are available to accommodate the Styrofoam containers. 

NffiE 36.-Styrofoam inserts and waxed cardboard shipping 
boxes are inventory items srocked at rhe Bureau of Reclamation 
Central Warehouse, Denver Federal Center, Denver, Colorado. 

11.4.5 The following paperwork should be included 
with each shipment of samples. 

11.4.5.1 The Jeerer of rransmircal should include: 

a. Bill of lading number and method and dace of 
shipment. 

b. Listing and identification of che samples giving type 
of sample, field sample number, drill hole number, and 
elevation or depth. 
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c. Purpose for which the samples were obtained. 

11.4.5.2 A completed "Undisturbed Soil Sampling 
Data" form (fig. 5) for the corresponding samples. 

11.4.5.3 A geologic log of the drill hole. 
11.4.6 The shipping boxes should be clearly labeled 

with the following information : 

a. Feature or project 
b. Drill hole number 
c. Hole elevation and location 
d. Sample numbers 
e. Depth intervals 
f. Box of 
g. "This side up" on appropriate side 
h. "Do not drop" 
1. "Protect from freezing or overheating" 

11.4.7 Regardless of the shipment method, samples 
should be sent to the Denver Federal Center addressed: 

Bureau of Reclamation 
Geotechnical Services Branch, D-3760 
Building 56, Entrance W-13 
PO Box 25007 
Denver CO 80225 

12. Calculations 

12 .1 Soil Sampling Record-Completion of the 
undisturbed soil sampling data form requires rhe following 
calculations. 

12.1.1 Inside area of the bit or shoe: 

where: 

d = diameter of bit or shoe, in 
Ab = inside area of bit, ft2 

7T" = 3.14 
144 = convert from in2 to ft 2 

12.1.2 Sample recovery: 

Rs = 100 ( length of recovered sample, ft ) 
push length, ft 

where: 
Rs = sample recovery,% 

100 = convert from decimal to percent 

(1) 

(2) 

12.1.3 Trimmed sample length: 

Lt = length of recovered sample 
- (bottom trimmed-in length 
+ top trimmed-in length) 

where Lt equals trimmed sample length, ft. 

12.1.4 Volume of sample: 

where Vs equals sample volume, ft ;_ 

12.1.5 Field wet density: 

where: 

mw 
Pwf = Vs 

mw mass of wet soil, lbm 
Vs sample volume, ft 3 

12.1.5.1 Field wet unit weight: 

where: 
'Y wf = field wet unit weight, lbf/fr3 

l = convert from lbm to lbf 

12.1.6 Field dry unit weight: 

where: 

Ywr 
Ydr= -----

1 + ( l; ) 
'Ydr = field dry unit weight, lbf/ft3 

w = moisture content from USBR 5300 

13. Report 

.(3) 

(4) 

(5) 

(6) 

(7) 

13.1 The report for undisturbed soil sampling is to 
consist of a completed and checked "Undisturbed Soil 
Sampling Data" form (fig. 5) . Each form should be filled 
out with factual, accurate, clear, and complete information. 

13.2 All calculations are to show a checkmark. 

14. Reference 

1.11 Drillers Silfety Miinual, Bureau of Reclamation, 
reprint 1982. 
1.21 Cunstruaion Safety St;1ndards, Bureau of Reclama­
tion, 510 pp., reprint 1987. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7115-89 

PERFORMING FIELD VANE SHEAR TESTING 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laborat?ry Se~vices 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7115. The number 1mmed1ately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines a procedure for deter­
mining the in-place undrained shear strength of soft, 
saturated, fine-grained soils. 

1.2 The procedure is used to determine subsurface 
conditions with respect to undrained shear strength for 
the design or analysis of foundations, and natural or 
excavated slopes. 

1.3 This designation was written for the Bureau 
designed and fabricated vane shear apparatus. While much 
of the procedure is applicable when using other vane shear 
devices, specific instructions, as furnished by the 
manufacturer, ·concerning operation and data reduction 
should be observed. 

2. Auxiliary Tests 

2.1 Knowledge of the nature of the soil in which each 
vane shear test is made is necessary for assessment of 
the applicability and interpretation of the test results. 
Sampling should be performed in companion drill holes. 
Since the samples obtained muse be representative of the 
material within the vane shear test interval, for most 
applications, they can be of a disturbed nature. 

2.2 When site-specific correlations are to be developed, 
vane shear testing may be supplemented by penetration 
resistance tests, cone penetration tests, or undisturbed soil 
sampling yielding samples suitable for laboratory shear 
strength determinations conducted in accordance with 
USBR 7015, 7020 or 7021, and 7105, respectively. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial Indicacors 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 3000 Using Significant Digits in Calculating and 
Reporting Laboracory Data 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 7010 Performing Disturbed Soil Sampling Using 
Auger Boring Method 
USBR 7015 Performing Penetration Resistance Testing 
and Sampling of Soil 

USBR 7020 Performing Cone Penetration Testing of 
Soils - Mechanical Method 
USBR 7021 Performing Cone Penetration Testing of 
Soils - Electrical Method 
USBR 7105 Performing Undisturbed Sampling by 
Mechanical Drilling Methods 

3.2 ASTM Standard: 
D 2573 Standard Method for Field Vane Shear Test in 
Cohesive Soil 
Other applicable ASTM Standards as related to above cited 
USBR designations 

3.3 USER Document: 
Driller's Safety Manual 

4. Summary of Method 

4.1 The vane shear test consists of pushing a four­
bladed rectangular vane into undisturbed soil at depth and 
rotating it from the surface to determine the torsional 
force required to fail the soil along a cylindrical surface 
sheared by the vane. This force is then converted co an 
undrained shear strength. 

S; Significance and Use 

5.1 · The vane shear test provides a measure of the un­
drained shear strength of soft, saturated, fine-grained soils. 

5.2 The test can be used in soil that cannot be easily 
sampled in an undisturbed co.ndition. \X'.'hen performed 
correctly, disturbance is minimal. 

5.3 Soil can be tested under existing stress conditions 
by chis method. 

5.4 Some methods of advancing the test hole do not 
provide the opportunity co obtain samples of the material 
tested. Since the applicability and interpretation of the test 
results are related co the material type, companion holes 
must be drilled and sampled. 

6. Apparatus 

6.1 The vane shear test apparatus, illustrated on figure 
1, consists of several principal assemblies which are 
described in the following subparagraphs: 

6.1.1 The corque applicator is used to apply and 
measure the torsional force transmitted to the vane through 
the vane rod stem. 
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Torque ring-

8·inch Cosing with side fins 
for anchoring torque assembly 

Torque rod 

A- rod tor applying torque to vane. 
Mode up in 5-foof lengths----....... 

Vane-varying sizes: 
2-inch dio. by 4-inch 
2½·inch dio. by 5-inch 
3-inch dio. by 6-inch 
4-inch dio by 8-inch---1-_ 

! 0 I 2 3 

SCA LE Of INCHES 

ent opened 
while greosin 

( 

SCALE or INC14[5 

Rubber "o" ring seal 

Grease chamber 

ring seal 

Figure I. - Vane shear test apparatus. 

6.1.1.1 The torque ring, 5 inches outside diameter, 
1 inch high, and 0.57 inch thick (127 by 25 by 14.5 mm, 
respectively), is used to apply a balanced moment that 
does not result in a side thrust to the vane rod. No thrust 
bearing is required. The ring has a section cut from it 
and will deform as torque is applied. 

6.1.1.2 The deformation of the torque ring is 
measured by a dial indicator and the assembly is calibrated 
in foot-pounds of torque. The dial indicator gauge reads 
directly to 0.0001 inch (0.003 mm). 

6.1.1.3. A 10-inch (250-mm) diameter gearwheel, 
to which the torque ring is secured, is geared to a crank 
handle which is operated at a controlled speed. The 

gearwheel is marked in degrees and has a pointer for 
indicating rotation. 

6.1.1.4 An 8-inch (200-mm) pipe casing, 2 feet 
(600 mm) in length with side fins for embedding 1 foot 
(300 mm) into the surface of the ground, is used to anchor 
the rorque applicator and provide the reaction force. 
Extensions of casing can be used to raise the level of the 
instrument and vary the depth of vane placement, or to 
raise the instrument above the level of surface water when 
necessary. 

6.1.2 Torque is transmitted from the applicaror to 
the vane through. the vane rod stem which is composed 
of three sections. 
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6.1.2.1 The upper section of the stem is a square 
bar which passes through the corque applicacor. The center 
section consists of standard 5-foot (1.5-m) lengths of A­
size drill rod. The lower seccion is a 1-inch. (25-mm) 
diameter stainless steel rod co which the vanes are attached. 

6.1.2.2 The vane rod stem is enclosed in flush­
coupled, 5-foot lengths of BX casing which are fitted with 
a watertight bearing at the lower end incorporating O-ring 
seals and a grease chamber. 

6.1.2.3 When adequately tightened, the A-rod will 
not slip during corque application. Special short pieces of 
A-rod_ and BX casing can be used co vary the 5-foot testing 
depth interval. 

6.1.3 Reccangular vanes are available in four sizes: 
4 inches in diameter by 8 inches long (102 by 203 mm), 
3 inches by 6 inches (76 by 152 mm), 2-1/2 inches by 
5 inches (64 by 127 mm), and 2 inches by 4 inches (51 
by 102 mm). 

6.1.3.1 The modified vane, illustrated on figure 2, 
is construeted co allow a definite amount of free rotation 
to determine the rod/soil and equipment friccion correction 
for each test prior co applying force co the vane. 

6.1.3.2 A rigid vane rod stem coupling is available 
for special uses, but requires separate determinations of 
friction using a blank stem or assumed friccion corrections 
in order co interpret results. 

7. Reagents and Materials 

7 .1 If performance of the test necessitates the use of 
drilling additives for advancing the test boring, appropriate 
local, State, and Federal guidelines and regulations should 
be consulted. 

8. Precautions 

8.1. Safety Precautions.-Performance of the test_ usually 
involves use of a drill rig; therefore, safety requirements 
as outlined in the document cited under subparagraph 3.3, 
or in other applicable safety standards, should be observed. 

8.2 Technical Precautions-. 
8.2.1 The instrument is a precision testing apparatus 

and must be checked, protected, and handled with care 
during use, transportation, and scorage to ensure pro_eer 
calibration and operation. 

8.2.2 The corque applicacor will permit observations 
from 0 co 200 ft-lbf (0 co 270 N·m). This limitation must 
not be exceeded. 

8.2.3 The water seals in the lower bearing should 
be greased periodically and at least once for every test 
hole. 

8.2.4 The distance that the vane is pushed into 
undisturbed soil is 30 inches (760 mm), which allows about 
a 3-inch (76-mm) clearance on the lower A-rod reducer 
above the BX bearing point. This reducer must not be 
allowed co ride on the bearing during testing. 

8.2.5 The swivel of the modified vane is fully 
enclosed when assembled; however, the internal parts 
should be clean and well greased. Presence of the 3/16-

Washer and nut 
for holding vane 

_ - - -Boll support 

-----Swivel stem 

,--Vane rod 

,-Vone coupling with 
to coupling,----,~--

;ffl~G,I 
- swivel and contact 

lugs. 

80° Free movement 
before contact is 
mode with vanes--

Figure ·2. -· Modified-vane for friction-determination. 

inch (4.8-mm) ball support of the modified vane swivel, 
which is fitted in the hole in the vane rod (fig. 2), should 
be checked and care taken not to lose the ball during 
disassembly. A cap should be used to cover the rod end 
when a vane is not attached. 

8.2.6 Vanes and the vane rod stem should be checked 
for straightness. When using the modified vanes, rod 
friction observations of more than 25 fc-lbf (34 N·m) are 
indicacors of off-center movement and possible binding 
of the vane rod stem. 

8.2.7 The size of vane selected should be the largest 
suitable for the anticipated soil conditions. 

• The 4-inch (102-mm) diameter vane is limited co 
obtaining undrained shear strength values from 0 co 
10 lbf/in2 (0 co 69 kPa), and is recommended for very 
soft saturated soils. 
• The 3-inch (76-mm) diameter vane is limited co 
obtaining undrained shear strength values from 0 co 
24 lbf/in2 (0 co 165 kPa) and is recommended for soft 
co moderately firm saturated soils. 
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• The 2-1/2-inch (64-mm) diameter vane is limited 
to obtaining undrained shear values from 0 to 40 !bf/ in2 

(0 to 275 kPa) and is recommended for moderately firm 
saturated soils. 
• The 2-inch (51-mm) diameter vane, although used 
infrequently, is intended for firm saturated soils. 

9. Calibration and Standardization 

9.1 For each vane shear testing apparatus, a calibration 
curve of foot-pounds of torque versus dial indicator gauge 
difference, in 0.0001 of an inch (0.003 mm), is established. 
An example of such a calibration curve is shown on figure 3. 

9.2 Vane shear instruments are individually calibrated 
in the Research and Laboratory Services Division 
laboratories and should be checked prior to and following 
a specific testing program. Also, the calibration should be 
checked periodically if the program is extensive or if damage 
to the instrument is suspected. 

10. Conditioning 

10.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

220 

200 

180 

160 

11. Procedure 

11.1 Installation Procedure.-The equipment is 
installed as illustrated on figure 4 and according to the 
following steps: 

11.1.1 Drive or press the 8-inch (200-mm) anchor 
casing approximately 1 foot (300 mm) into the soil. If 
necessary, the casing can be installed in a prepared hole 
of lesser diameter than its outside diameter. Remove soil 
from within the casing. The level of the top of the casing 
may be varied by a few inches, or extension lengths may 
be added to permit the vanes to be located at the desired 
depth. 

11.1.2 Assemble the vane rod stem with the vane 
on the lower end, the lower watertight bearing on the 
1-1/8-inch (29-mm) diameter rod, and first sections of 
A-rod and BX casing. Tighten all vane rod and A-rod 
couplings in excess of 200 ft-lbf (270 N·m), which is the 
capacity of the equipment, to prevent slippage during the 
test. 

l l.1.3 With the vane held firmly in the "up" position 
(vane coupling touching the BX casing bearing point), 
install the assembled vane rod stem to a depth of 30 inches 
(760 mm) above the depth at which the undrained shear 
strength is desired. 

/ 
~/ 
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,/"'" 
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/ CONVERSION CURVE--STRAIN GAUGE 
V 

,__ ,__ 
MOVEMENT TO TORQUE IN FOOT- POUNDS 

/ -,__ 
(Each apparatus must be separately calibrated. 

V This is only on example calibration.) --
~ 

,/7 .. 1-- . --
-~ "* 

/ -

/ 
/ 

/ 

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 

STRAIN GAUGE MOVEMENT FROM INITIAL READING - 0.0001 INCHES 

Figure 3. - Typical calibration curve for a vane shear test apparatus. 
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(a) Insta ll 8-inch anchor cas ing and 
press vane stem to pos ition. 

(c) Insta ll rorque assembly. 

(b) Install upper square vane rod and 
press vanes 30 inches inro undisturbed 
soil. 

(d) Test is ready to begin. 

Figure 4. - Method of installation of the vane test ing appara tus . 

11.1.4 In soft soil, the vane rod stem can be pressed 
for short distances into the ground without boring a hole; 
however, when overlying strata are relatively firm or 
substantial testing depths are involved, a predrilled hole 
is necessary. Drilling fluids or a 4- to 6-inch (100- to 150-
mm) cas ing may be needed to support the hole above the 
placement depth. 

11. 1.5 Testing ca n be expedited by using the adapter 
shown on figure 5, which permits the vane rod stem to 
be used as a rotary drilling tool during placement. Drilling 
fluid is circulated through the BX casing, a ported lower 
bear ing, and discharged from a hard-faced cutting bit. 
During operation, the vane is retracted and held inside 
the bit. The coupling device for securing the vane is attached 
to the top of the BX casing and contains screws which 
are tightened aga inst the A-rod. It also serves as a 
connection to standard fittings for the drilling fluid hose 
and hoisting plug. The entire vane assembly, functioning 

as a rotary drilling tool, can be used to advance the hole 
to within about 3 to 9 inches (76 to 230 mm) of the 
required final depth of the bit. In very soft so il , the stem 
can be used as a wash boring tool, without rotary action, 
which can be useful when a drill rig is unavailable. To 
prevent excessive washing, care must be taken to stop the 
flow of fluid prior co reaching the desired dr illing depth. 
Final placement of the bit is achieved by pressing it into 
the bottom of the hole. 

11.1.6 The vane is advanced to the desired testing 
depth using a steady moderate rate of penetration from 
the drill rig. H ammering or excessive up and down forces 
should not be applied since disturbance and/ or damage 
to the vane will usually occur. When lowering the vane 
into a predrilled test hole, or pressing to a grea ter depth , 
it is important to maintain the vane in the "up" position 
so as to minimize the possibility of deviation from the 
vertical. 
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(a) Disassembled 

(b) Assembled and vane rerracred 

t 
(c) Assembled and vane extended 

Figure 5. - Rotary cutting bit for use w ith the va ne shear test a pparatus 

11. 1.7 The BX casing is placed with its top 1-3/ 8 
to 2 inches (35 to 50 mm) above the 8-inch (200-mm) 
casing with the first section of A-rod of such length that 
it extends a similar dis ta nce above the BX cas ing. These 
extensions allow space for the use of wrenches for installing 
the instrument and for adding additional standard lengths 
of BX casing and A-rod for subsequent testing depths. 

l l. l.8 Attach and tighten the upper square section 
of the vane rod stem. If the modified vane is used, set 
it to permit free rotation for the friction determination 
which is accomplished by turning the square bar and the 
rod counterclockwise with a wrench until touch ing of the 
vane lugs is felt. Only about 10 to 20 ft·lbf (15 to 30 N·m) 
are required. 

11.1.9 Press the vane rod stem 30 inches (760 mm) 
to place the vane into undisturbed soi l and at the desired 
tes ting depth . The minimum acceptable pressing depth 
is 18 inches (460 mm) if the above recommended distance 
is not applicable. 

11.1.10 Place the torque applicator over the square 
bar, res t it on the BX casing, and tighten the BX clamp. 
The bar must be free in the square hole for the zero reading 
and can be checked by rattling the rod. Clamp the baseplate 
securely to the 8-inch (200-mm) anchor casing so that 
it is sufficiently right to resist the max imum torsional force 
app lied by the instrument. 

11.2 Test Procedure: 
11 .2.1 All data are to be recorded on the "Field Vane 

Shear Test Data" form and "Field Vane Shear Tes t Plot" 
as shown on figures 6 and 7, respectively. 

l l.2.2 Obtain the initial readi ngs of the dial indicato r 
and rotation indicator after checking the rod for looseness 
(zero torque) and taking up the slack within the system. 

l l.2. 3 Throughout the rest, when readings are 
obtai ned, the vane rod stem is rotated at a rare of 0.1 
deg ree per second (hereafter referred to as the standard 

rare) and dial indicato r readings taken at intervals of every 
5° of rotation. The standard rare is obtained by turning the 
crank at a uniform rare of 12 turns per minute (1 revo lution 
of the crank per 5 seconds) . 

11.2.4 Using the standard rare, determine the 
friction correction by obtaining six dial indicator readings 
during the initial 30° of rotation prior to engaging the 
vane. A more rapid rotation, without readings, can be used 
to complete the remaining free movement of the vane 
rod seem. Care shou ld be taken by the operator, through 
observation of the dial indicator, to ensure that the standard 
rate is resumed upon engaging the vane. 

11.2.5 D etermine the undisturbed undrained shear 
strength of the soil by maintaining the standard rare of 
rotation and read ing the dial indicator at 5° intervals and 
at the ang le when the max imum dial indicator reading 
is observed. After the maximum value is reached , take 
five additional read ings at 5° intervals. 

11.2.6 Fo llow ing the readings for determination of 
the undisturbed undrained shea r strength, rotate the vane 
rapidly through an ang le of 360° without taking dial 
indicato r readings. 

l 1.2.7 Determine the remolded undrained shear 
strength by obtaining five readings at 5° intervals using 
the sta ndard rate. Additional remolded undrained shear 
strength determinations can be made if required. 

11.2 .8 Upon completion of re molded readings, 
reverse rhe direction of rotation of the crank and obtain 
a no-load reading to check rhe initi al zero. 

12. Calculations 

l2. I For vanes whose diameters are one-half their 
length , rhe equat ion rel ating shear stress (which is equal 
to the undrained shear strength) to measured torque, 
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assuming a uniform shear stress distribution across the 
ends and around the perimeter of the failure cylinders, is: 

s = __l_I.__ = _§_L 
28rrR3 71rD 3 

where: 
S = shear stress = undrained shear strength, !bf/ in2 

T = torque at failure (undisturbed or remolded), 
in-lbf 

R = radius of the failure cylinder sheared by the vane 
(radius of vane), in 

D = diameter of the failure cylinder sheared by the 
vane (diameter of vane), in 

See appendix Xl for derivation of above equation. 

Example: Undisturbed test (figs. 6 and 7) 

Maximum dial gauge reading, 0.0001 in 
Friction gauge reading, 0.0001 in 
Difference, 0.0001 in 

= 3164 
= 1373 
= 1791 

Calibration (fig. 3) torque, T= 1872 in·lbf = 156 ft·lbf 
Radius of vane (3-in diameter vane) = 1.5 inches 

Shear stress, S 

13. Report 

_lL 
28rrR 3 

3 (lSn) = 18.9 lbf/in2 

28rr (1.5)3 

13.1 The report is to consist of the completed and 
checked: 

"Field Vane Shear Test Data" form (fig. 6). 
"Field Vane Shear Test Plot" (fig. 7). 
13.2 All calculations are to show a checkmark and all 

plotting must be checked. 

1117 



USBR 7115 

"".- : .1:2 (5-8 9) I FIELD VANE SHEAR TEST DATA I Des ><,na1,on US:'R 7 ; 15 _ 89 Sur ~~d lJ 0 1 ~ec 1~1m J t1lH1 

PROJEC; 
Example I fE Al tJRt Example I LCC:. i lCN N - 381,152 

E - 1.825,984 
G;:;ouNO ELEVATICN I H-JLE NUMS[~ j uEPTH 

DH-202 6 0 II. 

w :.rrn T:.BLE EL!: '.'.'.I ICN J ''ANE 01 AME,rn 
3-inch 

I TEST[u SY DATE 
4 199.6 

II 
I 

RQ, MICN :N:J1c:.;c;:; DIAL INC IC-'< TOR ROT:. T!O.' I l~!OICA TCR 

I 
J l.:.L N )ICA ro;:; 

(QEG;:;E: Sl GAUGE RE ADINGS (CC:C:,OE:S> G-"UG: " EACIN:;S 

Initial : 80 1216 II Remolded 3 6 0 I 
I 

I II I 
85 1360 205 I 2220 

90 I 1360 II 210 ! 2245 
~ 

I 95 1363 I 215 2244 

I 
,, I 

100 1367 I! 220 I 2235 I 

105 1369 II 225 I 2225 

110 I 1373 ii No load 1287 

I I 
START I I 145 ! 

150 1690 I I 
I I 

155 2040 I 

160 2370 II I 
I 

165 2650 I 
170 2900 I 
175 3110 I 
178 3164 I 
180 I 3100 I 
185 2970 I 
190 I 2860 

195 2758 

200 2685 

REMARKS Dial indi cator guage r e a dings shown or e 0 .0 001 inc he s. 

Figure 6. - Field vane shear test data - example. 
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:--,.::; ,~-~g} I FIELD VANE SHEAR TEST PLOT I - 89_ 5 •;reau -,: =.e-:1or.::::: ~ I I Ces,gnat,on uS::"::l 
7 "' 

=~OJE•:: 
Example l'tAiURE Example 

I LOCATION N-381.152 
E-1 ,825,984 

'/ANE SiZ: 
3x6 inch I HOLE NU::eER DH-202 I DEPTH 60 II. 

I I I 
I I I 131 )4 I 

I I I ~ 
3000 

I I I I I II \ I 
I I I I /I '~ 
I I I I "" 

.... 
I i ---~ I 

ll' I 
2500 I I I I I 

I I I I 
·,:, I I Rernolded' 360° 
~ 

I I ~ 
~ I I 
<i 
<.:l . I 
2000 

I j 
I 

I I I 
4 

1500 I 
1373 ... 

I T Final No Load 

I u 

I 1287 

1000 
80 105 150 170 190 210 230 

DEGREE S OF VANE ROTATICN 

LN)ISTRLBEO REt-,,OLDED 

360" 
G.:.LGE READlr-.G 3164 2225 
FRICTION GAU'.:iE READING 1373 1373 
DIFFERENCE 1791 852 
TORQUE 156 ft•lbl 77 tt•lbl 

Sr.EAR STRESS 18.9 lbflin' 9.3 lbl/in2 

Figure 7. - Field vane shear resr plor - example. 
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APPENDIX 

XL TORQUE EQUATION 

Xl.l Torque 

The derivation of the equation relating undrained shear 
strength to measured torque is shown below. 

Assume a uniform shear stress distribution across the 
ends and around the perimeter of the failure cylinder. 

where: 
T1 

Total torque, T = Ti + 2 T2 

torque resistance on the vertical cylindrical 
surface 

torque resistance on the horizontal top and 
bottom, assuming constant unit shear 
resistance 

Ti = S (area) (moment arm) = S (2rrRH)R 
T1 2rr R 2 HS 

where: R = 

H= 
S= 

radius of the cylindrical shear surface 
formed by rotation of the vane 

height of the vane 
undrained shear strength 

n = s (area) (moment arm) 

Consider an element of area dr (r d8), with undrained 
shear strength, 5, and moment arm, r: 

1120 

and 

n = foR fo 2

" Sr2 d8 dr 

n 21T s lo R r 2 dr 

'I'?, = 2rr S ( R;) 

T = 2 rr R 2 HS + 2 ( 2 rr S ~ 
3 

) 

T = 2rrS ( R 2 H + 2f 3 
) 

S= T 

( 2 
3
R 3 ) 2rr R 2 H + 

For the special case when the height, H, 1s twice the 
diameter, D: 

3T 
S = 281r R 3 

6T 
7rr D 3 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 7205-89 
PROCEDURE FOR 

DETERMINING UNIT WEIGHT 
OF SOILS IN-PLACE BY THE SAND-CONE METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laborarory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7205. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the in-place unit weight of soils using sand 
poured with a cone apparatus tO determine the volume 
of a test hole. 

1.2 Two procedures are provided. 
1.2. l Method A - In-place unit weight. of rota! 

material. 
1.2.2 Method B - In-place unit weight of control 

fraction. 
1.2.2. l If the in-place soil contains particles larger 

than the maximum particle size permitted in the laborarory 
unit weight test(s), the soil is considered to consist of two 
fractions, or portions. The soil from the in-place unit weight 
test is physically divided into a. control fraction and an 
oversize fraction based on a designated sieve size. The 
unit weight of the control fraction is calculated and 
compared with the unit weight(s) established by the 
standard laborarory cest(s) . 

1.2.2.2 Normally, the control fraction is the minus 
U.S.A. Standard series No. 4 (4.75-mm) sieve size material 
for cohesive soils and the minus 3-inch (75-mm) sieve 
size material for cohesionless soils. 

1.2 .3 Method A is used when the in-place unit weight 
of rota! material is to be determined regardless of particle 
sizes. If there is no oversize present, the in-place unit weight 
of the coral material can be compared tO the laboratory 
unit weight(s) directly. 

1.2.4 Method B is used when the _soil being reseed 
contains 3 percent or more oversize. 

1.3 USBR 7205 is only applicable for soils containing 
20 percent or less particles retained on the 1-1/2-inch (3 7.5-
mm) sieve. 

1.4 Any soil or ocher material char can be excavated 
wich handcools can be reseed provided the void or pore 
openings in che mass are small enough co prevent the 
calibrated sand used in che cesc from entering che natural 
voids. The soil or ocher material being reseed should have 
sufficient cohesion or particle accraccion co maintain stable 
sides on a small hole or excavation. It also should be firm 
enough nor tO deform or slough due t0 che minor pressures 
exerted in digging che hole and placing che sand-cone 
apparatus over ic. 

1.5 Generally, this method is limited co soil in an 
unsaturated condition and is not recommended for soils 
that are soft or friable (crumble easily) or in a moisture 
condition such chat water seeps into the hand-excavated 
hole. The accuracy of the rest may be affected for soils 
tha~ deform easily or chat may undergo a volume change 
in the excavated hole from standing or walking near the 
hole during the test. 

2. Auxiliary Tests 

. 2.1 The moisture content of the soil must be 
determined in accordance with USBR 5300 in order co 
calculate dry unit weight values. The bulk specific gravity 
of any oversize material muse be determined in accordance 
with USBR 5320 in order to calculate the volume of the 
oversize removed from the test hole. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1435 Calibrating Sand-Cone Equipment and Sand 
USBR 3900 Standard Definit.ions of Terms and Symbols 
Relating co Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 
USBR 7220 Determining Unit Weight of Soils In-Place 
by che Sand Replacement Mechod in a Test Pie 
USBR 7221 Determining Unit Weight of Soils In-Place 
by che Water Replacement Mechod in a Test Pie 
USBR 7240 Performing Rapid Method of Construction 
Control 
USBR 7250 Decerminacion of Percent Relative Density 
USBR 7255 Determining the Percent Compaction of 
Earthwork for Construction Control. 
.3.2 ASTM Standard: 
E 11 Specification for Wire-Cloch Sieves for Testing 
Purposes 
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4. Summary of Method 

4.1 Soil is excavated from a test hole in a designated 
area and collected. Calibrated sand is poured into the test 
hole using sand-cone equipment to determine the volume 
of the test hole. The wet unit weight of the in-place soil 
is calculated using the mass of soil removed and the 
measured volume of the test hole. The moisture content 
is determined; and, subsequently, the dry unit weight of 
rhe sample is cakulared. 

4.2 The unit weight of a fraction of the soil can be 
determined by subtracting the mass and volume of any 
oversize from the initial values and recalculating the unit 
weight. 

5. Significance and Use 

5.1 This method is widely used to determine ·rhe unit 
weight of compacted soils in construction of earth 
embankments, road fill, and structure backfill. For 
construction control, it is often used as the basis for 
acceptance of soil compacted to a specified unit weight 
or to a percentage of a maximum unit weight determined 
by a standard laboratory rest method. 

5.2 This method can be used to determine in-place 
unit weight of natural soil deposits, aggregates, soil 
mixtures, or other similar material. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms nor included in USBR 3900 of particular 

significance are: 
6.2.1 Control Fraction.-The portion of a soil sample 

consisting of particles smaller than a designated sieve size. 
This fraction is used to compare in-place unit weights with 
standard laboratory unit weights . The control sieve size 
depends on the laboratory test used. 

6.2.2 Oversize.-The portion of a soil sample con­
sisting of the particles larger than a designated sieve size. 

7. Apparatus 

7.1 General Apparatus: 
7 .1.1 Balance or Scale.-A typical balance or scale used 

for this designation must be readable to 0.01 lbm and have 
a capacity of about 100 lbm. 

7.1.2 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(100±5 °C) throughout the drying chamber. 

7.1.3 Sieves.-U.S.A. Standard series No. 4 (4 .75-
mm) and 3-inch (75-mm) sieves, conforming to the require­
ments of ASTM E 11. 

7.2 Equipment Unique to This Procedure: 
7.2.1 Sand-Cone Equipment.-The sand-cone equip­

ment consists of a sand-cone pouring device and template. 
The sand-cone pouring device consists of a reservoir, a 
1-1/2-inch (3 7 .5-mm) brass gas service cock (valve) with 
lever handle, and a conical funnel (cone) designed and 

machined to fir the template. The valve must have stops 
ro prevent rotation past the completely open or completely 
closed positions; and the handle shall rotate from 
horizontal, downward to vertical to close. The equipment 
should generally conform to the requirements shown on 
figure 1. Standard type sand-cone pouring devices with 
varying cone di•ameters, valve sizes, and reservoir sizes 
are presently in use and are acceptable provided they will 
calibrate in accordance with USBR 1435. Variable cone 
designs such as the slope cone (fig. 2) and the haunch 
cone (fig. 3) are acceptable also for specialized use provided 
they are calibrated in accordance with USBR 1435. Cone 
designs - varying from those shown on figures 1, 2, and 
3 - must be tested thoroughly by performing USBR 1435 
and by actual in-place testing on soils of known unit weights . 
Design and testing must be documented and any new cone 
design must be approved by the Bureau's Denver Office 
before being used on USBR projects. 

7 .2.2 C1librated Sand-The sand must meet the 
requirements specified in USBR 1435. 

7.3 Miscellaneous Equipment-Shovel for preparing 
surface at rest site; nails and hammer for anchoring 
template; assorted hand augers, small brush, picks, chisels, 
knife, and spoons for digging test hole; buckets with lids, 
seamless cans with lids, or other suitable containers for 
retaining the rest sample and sand without moisture 
change; and assorted pans and porcelain dishes suitable 
for drying moisture content specimens. · 

8. Precautions 

8.1 Safety Precautions.-This designation may involve . 
hazardous materials, operations, and equipment. 

8.2 Technical Precautions: 
8.2. 1 Soils that may flow or deform during the test 

must be identified and appropriate precautions taken. 
8.2.2 Movement of heavy equipment in the imme­

diate rest area should not be permitted during the volume 
de term i na rion. 

8.2.3 Errors may arise in the computed unit weight 
of soil due to the influence of excessive moisture in the 
soil. These errors may be significant in soils having high 
permeability such as sands and gravels where the bottom 
of the rest hole is close to or below the water table. Errors 
may arise due to change in density of the calibrated sand 
as it becomes wetted from capillary or freestanding water 
while performing the rest. This problem becomes evident 
when removing the calibrated sand from the rest hole and 
wet sand is observed on the bottom or sides of the rest 
hole. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

9.2 The sand-cone equipment and calibrated sand shall 
be calibrated in accordance with USBR 1435. 
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10. Procedure: Method A - In-Place Unit 
Weight of Total Material 

10.1 All data are to be recorded on either the "In­
Place l_-!nit ~eight Test Record" .form as shown on figure 
4, the Rapid Method Test Record In-Place Unit Weight" 
form as shown on figure 5, or the "Relative Density Test 
Record" form as shown on figure 6. 

10.2 Select the appropriate size sand-cone equipment, 
and determine the appropriate depth of rest hole to be 
excavated based on information in appendix XL 

10.2.1 Prepare and record the initial mass of 
calibrated sand and comainer(s) to the nearest 0.01 lbm. 
Record the container number(s). 

10.3 Prepare the surface of the area to be rested so 
that it is a firm, level plane. For the slope cone (see subpar. 
7.2.1) , the rest area should be a firm, plane surface prepared 
at an angle so that the slope-cone device is vertical when 
placed in position for the rest. 

10.4 Personnel should nor step on the area selected 
for testing. A working platform should be provided when 
testing soils which may flow or deform. 

10.5. Seat the template on the prepared surface and 
secure with nails. Make sure there are no voids between 
the soil and the template. 

10.6 Excavate the test hole. 
10.6.1 Using handtools (chisel, knife, ere.) or a hand 

auger, excavate the center portion of the test hole using 
the template as a guide. The auger diameter must not 
exceed three-fourths of the template center hole diameter. 
Final trimming of the rest hole must be done with handtools 
being careful to avoid disturbing the soil that bounds the 
test hole. An auger is not to be used for soils containing 
more than 20 percent of gravel-size particles. 

10.6.2 Carefully trim the sides of the rest hole so 
the diameter is the same as the diameter of the template 
hole at the soil-template contact. 

. 10.6.3 The sides of the test hole should slope inward 
slightly from top to bottom. Soils with low cohesion may 
require a more conically shaped test hole. 

10.6.4 The profile of the finished rest hole must 
be such that the sand will completely fill the excavation 
when poured. The sides of the test hole should be as smooth 
as possible and free of pockets or overhangs or anything 
that might interfere with free flow of the sand. 

10.6.5 The bottom of the test hole should be cleaned 
of all loosened soil. 

10.7 Place all soil removed from the rest hole in a 
container, being careful to avoid losing any soil. 

NOfE 1.-A cloth with a hole slightly larger than the template 
center hole may be placed over the template to help locate and 
collect any loose soil. 

10.7.1 Avoid soil moisture loss by keeping the 
container covered while soil is nor being placed in it. A 
sealable plastic bag may be used inside the container to 
hold the soil. 

10.8 Determine the volume of the test hole. 

10.8.1 Seat the sand-cone pouring device on the 
template, carefully marching the marks established on both 
during the calibration procedure. · 

10.8.2 With the valve closed, pour a predetermined 
quantity of calibrated sand into the reservoir of the sand­
cone pouring device. The mass of sand required is 
dependent on the size of test hole. 

10.8.3 Open the valve with a single smooth motion, 
allowing the calibrated sand to flow into and fill the test 
hole, template, and cone. After the sand has stopped 
flowing, close the valve. Closure must be done quickly and 
smoothly t~ avoid jarring the equipment; 

10.8.3.1 While the sand is flowing, any vibrations 
in the test area must be avoided. The movement of heavy 
equipment in the immediate rest area should not be 
permitted. Vibration during the volume determination may 
increase the density of the poured sand and decrease the 
accuracy of the rest. 

10.8.4 Remove the sand-cone pouring device. Pour 
the unused portion of calibrated sand {residue) into the 
original sand container(s) . Open the valve to allow sand 
trapped in the valve to flow into the sand container. 

10.8.5 If the calibrated sand is to be reclaimed 
remove the used sand from the rest hole and place it int~ 
a specially marked container. 

10.8.6 Remove the template. 
10.9 Determine the dry unit weight. 

10.9.l Determine and record to the nearest 0.01 lbm 
the mass of sand residue and container(s). 

10.9.2 Calculate and record to the nearest 0.01 lbm 
the mass of sand used to fill the test hole, template, and 
cone. 

10.9.3 Record the mass of calibrated sand contained 
in the template and cone (determined in USBR 1435) to 
the nearest 0.01 lbm. Record the template and sand-cone 
pouring device number. 

10.9.4 Calculate and record to the nearest 0.01 lbm 
the mass of calibrated sand used to fill the test hole. 

10.9.5 Record to the nearest 0.1 lbm/ft' the density 
of calibrated sand (determined in USBR 1435). 

10.9.6 Calculate and record to the nearest 0.0001 ft, 
the volume of the test hole. 

10.9.7 Determine and record to the nearest 0.01 lbm 
the mass of the excavated soil and container(s). 

10.9.8 Record to the nearest 0.01 lbm the mass of 
the container(s) used to hold the excavated soil [usually 
predetermined and marked on container(s)]. Record the 
container number(s). 

10.9.9 Calculate and record to the nearest 0.01 lbm 
the mass of the excavated soil. 

10.9.10 Calculate the wet density of the excavated 
soil to the nearest 0.1 lbm/ ft' . 

10.9.11 Convert wet density to wet unit weight by 
changing lbm/ft3 to lbf/ft3 (assume 1 lbf = 1 lbm) and 
record to the nearest 0.1 lbf/ft '. 

10.9.12 If the excavated soil contains oversize 
[normally larger than the No. 4 (4.75-mm) sieve for 
cohesive soils and 3-in (75-mm) sieve for cohesionless 
soils], separate the material using the appropriate size sieve. 
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7-1425 {12-85) I IN PLACE UNIT WEIGHT TEST RECORD I l>esignalion USl!R 72O5-_8jl Bureau of Reclamation 

SAMPLE NO. FEATURE I PROJECT 
Example 

TEST NO. SOURCE OF MATERIAL 

LOCATION OFFSET ELEV. I ZONE 

TESTED 0Y I DATE COMPUTED BY DATE I CHECKED BY I DATE 

( 1) Mass-Sand & Can(s) , No(sl. I. ....... 40.00 lbm {22) Moisture Content, Oversize. w
05 

m Mass-Sand Residue & Can(s) 9.4) lbm 
(15) · (21) 

X 100 1.0 % .. . . . . .. (21) . . . . . . . . . . . . . . . . . 

(3) Mass-Sand used , I 11 · (21 . . .... ~Q-.5~. lbm (231 Mass-Wet Soil, (101 · (151 . . . . . . . . . . ~~-.1 ;2 lbm 

Mass-Sand in Template(al & Cone, No.~ .1 .. Q3. 
(231 !3~._3_ lbf /lt3 14) lbm (241 Wet Unit Weight of Soil, --- .. .. . 

(71-(171 

(51 Mass-Sand in Hole, (31 · (4) . ?~--~6. lbm 1251 Mass-Dry Soil, 
(231 -~7._98 . . . . . . 

1 + ( w
1

/100) · · .. . lbm 

(61 Density of Calibrated Sand . ..... . .. . ~~-.6 lbm/ft3 (261 Mass-Dry Soil & Oversize (25) + (21) 32.99 lbm . . . . . .. 
(51 0.2694 tt3 

(21) 
. 1.~-.2. (7) Vol. of Hole, (61 . . .... . . . . . (27) Percentage of Oversiz e. 

(261 
X 100 . .... % 

128} Moisture Content, Soil & Oversize, w 

(8) Mass-Wet Soil, Oversize & Can(s) . .. . . 3~ .. 1_8_ lbm 
(10) · (26) 

X 100 12.7 % 
~ 

. . ........ . . . . . . . . . . . 
(9) Mass-Canis). No(s) . 2- . . . . .. ?,QQ 11,m 

(291 Dry Unit Weight. Control Fraction 

110) Mass-Wet Soil & Oversize (81 - (91 . .. ;57. 1.8 lbm 
(241 

117.'0 lbf/ft3 
(10) 1 + (w

1
/100) . . . . . . . . . . . . .... 

( 11 I Wet Unit Weigh1 Soil & Oversize m· _1;3~,Q. lbf/ft3 

lbf/ft3 
X 0 .1571 18.4 kN/m3 . . . . . . . . .. . .. .. . 

(121 Orv Unit Weight Soil & Oversize , 
Moisture Content Determination CONTROL FRACTION 

1111 
lbf/tt3 (11 Mass -Wet Soil & Dish 

1 + 112011100I ..... .... . ... . ... . . 
433.0 9 

lbf/tt3 x 0 .1571 . . . . ' .. ..... . . . . . .. kN/m3 (2) Mass-Dry Soil & Dish 
396.0 q 

(31 Mass -Dish No. .10 

(13) Mass-Wet Oversize(b) & Pan . . 7. •. 2.0. lbm 
146 . 0 g ... . . . . 

(4) Mass-Wa1er (1 I • (21 

(141 Mass-Pan, No.4 . ....... -~-.1 .4. lbm 
37.0 9 . . . . .. 

(5) Mass-Dry Soil (21 • (3) 

(15) Mass Wet Oversize lb) (13) - (14). -~•-qs_ lbm 
250.0 9 ...... 

16) Moisture Content ¥st X 100 

- ~ -. 1.7_ wf 14.8 % 
(16) Mass -Oversize in Water .. . .. . . lbm 

Volume of Oversize lb) 
(15) · (161· 

.Q •. O_39~ tt3 (17) 
62.4 

.... Soil Classification 

Sp. G. of Oversize(b) 
115) -~--~-(18) 

1(15) · (161) . . . . .. REM/\RKS 

(19) Mass-Ory Oversize & Pan .. . ...... . e ._q2_ lbm 

AUXILIARY TESTS : USBR 1435. -.!11!l 
(20) Mass-Pan , No.5 . ....• . . . . ... . . . . . 3.QI. lbm 1436 

5300 . ~a 
5320 · .Ba 

(211 Mass-Oven Ory Oversize (19) · (201 .. . . 5,QI . I1,m 5505 --
(al Template Calibration USBR i220 

50 . 50 . Or 117) A by measuring 1he water displaced from a siphon can, then; 
( 1) Mass-Sand & Can(sl No. . .. :~.:4.1: lbm 
(2) Mass-Sand Residue & Can(,> .. . . lbm 

(15) (31 Mass-Sand in Template (1) • (2) .. . . 4-.0:3. lbm 
(18)A = (17) • 62.4 

(b) Surface dried condition 

Figure 4. - In-place unit weight test record - example. 
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7-2092A (12-86) 
Bureau of Reclamation 

USBR 7205 

RAPID METHOD TEST RECORD 
IN-PLACE UNIT WEIGHT Designatio n USBR 7240 - __ 

PROJECT -~E~x-"a=m"'p"'l~e ______ FEATUR~ __ U_S_B~R_7_2_0_5_-_8_9 __ NO . __ FILL __________ NO. __ 

TESTED BY _______ DATE ___ COMPUTED BY ______ DATE ___ CHECKED BY _______ DATE __ _ 

(!_) 

MO. ' DAY ' SHIFT ' TEST ·---· ·--- ·---
TYPE STATUS BORR . STD. SOIL STATION OFFSET ELEV, 

A -DAY NO. R- REG . A -ACC. AREA COMP. CLASS 
B -SWING C• CONG . R-REJ . NO . METHOD 
C-GRAVE □• DOUBT 

IN-PLACE UNIT WEIGHT DATA @ RAPID METHOD CONTROL DATA 

MASS-SAND & CAN No,_!_, 
40.00 FIRST SECONO (1) lbm SPE CIMEN SPECIMEN 

(2) MASS-SAND RESIDUE & CAN 
9.41 

lbm PO'INT NO. 

(3) MASS-SAND USED, (1).(2) 30.59 lbm ADDED WATER (%) 0.0 + 2.0 

(4) MASS-SAND IN TEMPLATE & MASS-MOLD& WET SOIL (ibm 

CONE, N0.2...... 4.03 lbm MASS-MOLD(lbm) NO. __ 
SEE BACK SIDE FOR FIELD 

DETERMINATION - USBR 7220 MASS-WET SOIL (lbm) 

(5) MASS-SAND IN HOLE, (3)- (4) 26.56 lbm VOL . OF MOLD (tt 3 I 

DENSITY OF CALIBRATED SAND 98.6 lbm/ft3 •WET UNIT WEIGHT (lbf!ft3 ) 
(26) 

(6) 

CONVERTED UNIT WEIGHT -1//,1///////2 

(7) fil VOL. OF HOLE, (6 ) 0.2694 ft3 (lbf/11 3 ) ~ ,,0:;01 

(8) TOTAL MASS WET Y 1/Y 
2 

CHART (ONE PERCENT) Y 
2

/ Y 4 CHART (TWO PERCENT) 

MATERIAL & CAN 39.18 lbm 

2 .00 
PT. 1 PT . 1 PT. B PT. C 

(9) MASS-CAN, NO.~. lbm 

CV PT . 3 PT. 2 PT.A PT. A 

(10) TOTAL MASS WET 
Y

1
(1-3) Y 2(1 -2) Y

2
(B -A) Y

4
(C·A) 

MATERIAL (8)-(9) 37.18 lbm 
z 
m _vm xm Ym -• (11) WET UNIT WEIGHT, 

138.0 lbf/ft3 z =x + 
TOTAL MATERIAL (10)/(71 RLC PT . 1 

m m 
ADDED 

WO • Wf = (29) MAX. WET (27) WATER@ 

5.06 
PTA 

(14) 1.1/\SS-WET + NO . 4 lbm z + RLC UNIT V..T . m 
PLU:, NO. 4 IUVERSIZEI 

RLC PT. A 

(17) SP.G ., + N0.4 2 .68 (12) MASS- WET wo-wf • 
(29) MAX. (271 

7.20 WET + NO. 4 & PAN tbm 'm + RLC UNITWf 
(21) MOISTURE CONTENT, + NO. 4 1.0 % 

(13) MASS-PAN , NO.~ . ~l'>m FILL MOISTURE CONTENT 
(24) FILL UNIT WEIGHT, 

(14) MASS-WET + NO. 4 5.06 lbm 10 
1343 117.0 lbf/113 DISH NO . 

wEr DRY (12) -(13) 

(15) MASS+ NO . 4 MASS.WET SOIL+ DISH 433.0g 
(25) FILL MOISTURE CONTENT, w 1 

14.8 % IN Wo.TER 3.J7 lbm 

0 . 0303 ft3 
MASS-DRY SOIL+ DISH 396.0g 

(26) FIRST SPECIMEN UNIT WEIGHT, (16) VOL.OF + NO . 4 

WET DRY lbf/ft
3 [(14)-(15)) /62.4 MASS-DISH I46.0g 

(17) SP. G OF+ N0.4 2.68 

(27) MAX . UNIT WT. AT FILL MOISTURE CONTENT (14)/1(14)-(15)) MASS-WATER 37.0g 
WET DRY lbf/ftJ (18) MASS- DRY 

8 . 02 + NO. 4 & PAN lbm MASS-DRY SOIL 250.0g 

(28) OPT. MOISTURE CONTENT, w
0 

% (10) MASS-PAN. NO __ S_,~lbm MOISTURE CONTENT (25 14.8% 
w

0 
=w

1 
+ (zm x (1 +w

1
/100l) 

5 . 01 
(20) MASS-DR Y + NO. 4 lbm , 29) WO-Wf % 

(181-(19) AUXILIARY TESTS 

(21) MOISTURE CONTENT USBR 5300 - 89 
(JO) C VALUE 

1241 
% + N0. 4 1.0 % 

(26) I( 14).(20) I /(20) x 100 IN PLACE UNIT WEIGHT 

(24) 
PERFORMED IN ACCORDANCE 

o, 0.2391 ftJ WITH USBR.ZZ2Q. - .89. (31) D VALUE 
1271 

, o (22) VOL. OF -NO. 4 

© COMMENTS · 18 SPACES AVAILABLE 
(7)-(16) 

(23) MASS-WET.-NO, 4 32 . 12 lbm +#4 SPECIFIC GRAVITY 
(10)-(14) PERFORMED IN ACCORDANCE 

•(24) WET UNIT WT. 134. 31bi/ft3 WITH USBR ~g_~-- -~ 
(23)/(22) 

• ASSUME 1 lbf • 1 lbm 
) STORED 

Figure 5. - Rapid method rest record in place unit weight - example. 
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USBR 7220. FIELD DETERMINATION 

MASS-SAND & CANIS). NO. _6 ____ 5_0.;._. 5_0 ______ lbm 

M.ASS-SAND RESIDUE & CANIS) 46 . 47 lbm 

MASS-SAND IN TEMPLATE ___ 4_._0_3 _____ lbm (TRANSFER TO LINE (4) ON FRONT SIDE) 

Figure 5. - Rapid method test record in place unit weight - example - continued. 
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7-1709 (9-86) 
Bureau of Reclamation 

RELATIVE DENSITY TEST RECORD 
Designation US BR 7_gQ~~_8l! 

PROJECT FEATURE Fl LL 

Example 
TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

MONTH DAY SHIFT 1/ TEST NO. TYPE 2/ STATUS_;¥ BORROW STANDARD SOIL STATION OFFSET ELEV . 
AREA COMPACTION CLASSIFICA- . 
CODE CODE TION 

MAX. OVERSIZE GRAVEL SAND FINES SpG MOISTURE MOISTURE TwET TORY YoMIN 'YoMAX 
SIZE (%) (%) (%) (%) bVERSIZE OVERSIZE CONTROL TOTAL MATL CONTROL 

(%) FRACTION FRACTION 
(%) 

~ ~ 
IN-PLACE UNIT WEIGHT ~RADATION 

(1) Ma11 of sand & can(1) 
_I_ 40.00 Maximum size 

No(1). _-__ -__ -__ lbm 

(2) Mau of sand residue & can(1) 9,41 lbm 
(1) Ory mass of oversize 

(12A) 
(3) Mass of sand used 30.59 1 + [ (w05 )/100) I lbm 

(1) · (2) lbm 

"(4) Mau of sand In template/cone 4.QJ lbm 
(5) Mau of sand In hole 

26.56 
MINUS 3-IN SPLIT SAMPLE 

(3) - (4) lbm 

(6) Density of calibrated sand 9§,§ lbm/ft3 
(2) Mass of dry plus No. 4 lbm 

(7) Volume of hole (3) Mass of dry minus No. 4 lbm 
(5)/(6) 0,2694 ft3 (4) Mass of total split sample 

(8) Total ma11 of wet material 39 . 18 
(2) + (3) lbm 

and c,n(s) lbm (5) Mass of dry mlnu 1 3 -ln total sample 
(9) Total ma11 of can(a) 2.00 !l!illl 

No(1) . - - - _2_ lbm 1 + [(wf)/100] lbm 
(10) Mall of wet ~rla-,-- --- 37.18 (6) Total dry mass 

(8) · (9) lbm (1) + (5) lbm 
• •(11) Wat unit weight total material 138.0 

(7) Percent oversize 
(10)/(7) lbf/ft3 [(1)/(6)] X 100 % 

(8) Percent gravel 
OVERSIZE [(2) / (4)) X [100-(7)) % 

(9) Percent plus No . 4 
( 12) Wet mass of ovenlze 

5 . 06 
(7) + (8) % 

(surface drlQd condition) lbm (10) Percent min us No. 4 

J IZ 
100 - (9l % 

(13) Mass of oversize in water lbm (11) Mass ot dry minus No. 4 washed 
(14) Volume of oversize on No. 200 g 

<12L~13) 0.0303 tt3 
(121 Mass of dry minus No. 4 retained 

on No. 200 g 
( 15) SpG of ovarolze (13) Mass of dry minus NO. 4 

(1~) 2.68 pauing No . 200 
(12) - 13] (11) - (12) g 

( 16) Wet mau of control fraction 32.12 (14) Percent Tines, total sample 
(10) • (12) lbm 1(13111101 "(10) % 

••(17) Wet unit weight. control (15) Percent sand 
fraction (10) - (14) % 

~ 134 . 3 lbf /ft3 4 
(18) Dry unit weight, control 

fraction 117 . 0 llZl lbf/ft3 j/ A Q day y · R = regular ~ A • accepted 
1 + [(wf)/100] 8 = swing C = congested R • rejected 

C - graveyard D = doubtful 

f!J • Calibration value (USBR 1435) or 
field determination (USBR 7220) 

F!l,1, MOISTURE CONTENT Mass of template sand & ca'G,(s), 
No(1). _-__ -___ 50.50 lbm 

Mass of template sand residue 
46 . 47 & can(s) lbm 

CONTROL Mau of sand In template• (4) 1,QJ lbm 
OVERSIZE FRACTION ••Implies 1 lbm = 1 lbf 

(1) Mall of pan & w<rt 10II 8.07 433.0 Comments for PAVO I RT program (18 spaces available): 

(2) Mall of pan & dry 10II 8.02 -..QF: .0 
_5_ t..!..Q._ ----- -------------

(3) Mau of pan No(•). 3.01 146.0 
(4) Man of water (1) - (2) 0 05 37.0 Testing observations : 

(5) Man of dry 10II (2) • (3) 5 01 ?'in.o 
(6) Moisture content (w01) (Wf) 

[(4)/(5)] X 100 

I .0 % 14.8 % Stored ( ) 

Figure 6. - Relative density test record - example. 
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If the soil contains 3 percent (wet basis) or more oversize, 
method B. must be used. 

l0.9.13 If less than 3 percent oversize is present, 
obtain a moisture content specimen representative of the 
excavated soil and determine the moisture content in 
accordance with USBR 5300 and record. 

10.9.14 Calculate and record the dry unit weight of 
the soil to the nearest 0.1 lbf/ft3. If required, convert and 
record the dry unit weight to the nearest 0.02 kN/m' (SI 
units) . 

-11. Procedure: Method B - In-Place Unit 
Weight of Control Fraction 

11.1 All data are to be recorded on the "In-Place Unit 
Weight Test Record" form as shown on figure 4, the "Rapid 
Method Test Record In-Place Unit Weight" form as shown 
on figure 5, or the "Relative Density Test Record" form 
as shown on figure 6. 

11.2 Obtain the in-place unit weight of total material 
by following the procedure for method A, as scared in 
paragraph 10. 
. 11.3 To obtain the wet unit weight of the -control 

fraction, the mass and volume of the oversize are 
determined and subtracted from the total mass and total 
volume to obtain the mass and volume of the control 
fraction. From the mass and volume of the control fraction , 
the unit weight can be calculated. 

11.3. l Normally, the wet unit weight of the control 
fraction is determined and the dry unit weight calculated 
using the moisture content of the control fraction. 

l 1.3.2 In addition, the moisture content of the 
oversize, the moisture content of the total material, and 
the percentage of oversize are determined. 

11.4 After obtaining the wet mass of total soil removed 
from the test hole, separate the soil into the control fraction 
and the oversize using the designated sieve. This should 
be done rapidly co minimize loss of moisture. If the test 
is for construction control, place the control fraction in , 
an airtight container for further tests. 

11.5 Wash the oversize using a minimum of water 
and blot co a surface-dry condition. 

11 .6 Determine the wee mass of oversize plus container 
of predetermined mass, and record co the nearest 0.01 lbm. 

11. 7 Calculate the wet mass of the oversize and record 
to the nearest 0.01 lbm. 

11.8 Calculate the wet mass of the control fraction and 
record co the nearest 0.01 lbm. 

11.9 Determine the volume of oversize material to the 
nearest 0.0001 ft3 by one of the following methods: 

11.9. l Calcu'late the volume basea on wet mass of 
all oversize in air and in water according to procedures 
in USBR 5320 with the exception that the 24-hour soaking 
period may be waived. 

11.9.1.l Calculate the bulk specific gravity of the 
oversize and record co the nearest 0.01. 

11.9.2 Determine the bulk specific gravity in 
accordance with USBR 5320 (with the exception chat the 
24-hour soaking period may be waived) and calculate the 

volume using the bulk specific gravity of the oversize. If 
previous tests for bulk specific gravity have been performed 
and the value is relatively constant, a bulk specific gravity 
may be assumed. Record rhe bulk specific gravity co the 
nearest 0.01. 

11.10 Calculate the volume of the control fraction and 
record to the nearest 0.0001 ft,_ 

11.11 Calculate the wet density of the control fraction 
and record to the nearest 0.1 lbm/ft3. 

11.12 Convert wet density to wet unit weight by 
changing lbm/ft3 to lbf/ft3 (assume 1 lbf = 1 lbm) and 
record to the nearest 0.l lbf/ft3. 

11.13 Determine and record the moisture content of 
the control fraction in accordance with USBR 5300. . 

11.14 Calculate and record to the nearest 0.1 lbf/ft3 
the dry unit weight of the control fraction. If required, 
convert and record the dry unit weight to SI units (within 
0.02 kN/m3) . 

11.15 Determine and record the moisture content of 
all oversize in accordance with USBR 5300. If previous 
tests for moisture content of the oversize from a particle 
source have been performed and the value is relatively 
constant, a moisture content may be assumed . 

11.16 Determine the percentage of oversize. 
11 . 16.1 Calculate the dry mass of the control fraction 

and record to the nearest 0.01 lbm. 
11.16.2 Calculate the dry mass of the oversize and 

record to the nearest 0.01 lbm. 
11.16.3 Calculate the dry mass of the total sample 

and record to the nearest 0.01 lbm. 
11.16.4 Calculate the percentage of oversize and 

record to the nearest 0.1 percent. 
11.17 Calculate the moisture content of the coral 

material and record co the nearest 0.1 percent. 
11.18 Calculate and record co the nearest 0.1 lbf/ ft 3 

the dry unit weight of the total material. If required, convert 
and record the di-y unit weight co SI units (within 0.02 
kN/m3). 

12. Calculations - Method A 

12. l The following symbols are used in calculations 
for method A of this procedure where: 

m1 

m2 

ma 
m4 

ms 
mg = 
m9 = 

m10 

Vr = 
Ps = 

mass of sand and container(s) (before test), 
lbm 

mass of sand residue and container(s) 
(after test), lbm 

mass of sand used, lbm 
mass of sand in template and cone 

(determined from USBR 1435), lbm 
mass of sand in test hole, lbm 
mass of wet material removed from rest hole 

plus mass of container(s), lbm 
mass of container(s) for ms, lbm 
mass of wet material removed from rest hole, 

lbm 
volume of test hole, ft3 
density of calibrated sand, lbm/ft3 
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Pwet wet density of soil from test hole, lbm/ft3 

)'wet wet unit weight of soil from test hole, lbf/ft3 

'Yd dry unit weight of soil from test hole, lbf/ft3 
(kN/m3) 

w = moisture content of soil from test hole, % 

12.2 Calculate the mass of sand used to fill the test 
hole, the template, and the cone. 

ma = m1 - m2 (1) 

12.3 Calculate the mass of sand used to fill the test 
hole. 

· m5 = ma - m4 (2) 

12.4 Calculate the volume of the test hole. 

Vr = m 5 (3) 
Ps 

12.5 Calculate the mass of wet material removed from 
test hole. 

m10 = ms - m9 (4) 

Pwet(C) 
'Ywet(C) 

')ld(C) 

Gm 
w= 

Wf = 
Wos = 

wet density of control fraction, lbm/ft3 

wet unit weight of control fraction, lbf/ft3 

dry unit weight of control fraction, !bf/ ft3 

(kN/m3) 
dry unit weight of total material, lbf/ft3 

(kN/m3) 
bulk specific gravity of oversize 
moisture content of excavated soil, % 
moisture content of control fraction, % 
moisture content of oversize, % 

13.2 Calculate the wet mass of the oversize. 

m15 = m13 - m14 (8) 

13.3 Calculate the wet mass of the control fraction. 

m23 = m10 - m15 (9) 

13.4 Calculate the volume of the oversize based on the 
mass in air and mass in water method. 

m15 - ml6 

12.6 Calculate the wet den;i-ty ~t the· material removed __ . Vos = 62.4 
from the test hole. where 62:4'equals density,0fwater, lbm/ft~-

m10 
Pwet = Vr (5) 

12.6.1 In the procedure, wet density is converted to 
wet unit weight by changing lbm/ft3 to lbf/ft3_ (Assume 
1 lbm = 1 !bf.) 

12.7 Calculate the dry unit weight of the material 
removed from the test hole. 

_ Ywet 
')Id -

l + ( l~O) 

(6) 

12.7.1 Convert dry unit weight in inch-pound units 
to SI units if required. 

Unit weight, kN/m3 
0.1571 kN/m3 

lbf/ft3 
X (unit weight, lbf/ft3) 

13. Calculations - Method B 

(7) 

13.1 In addition to the symbols used in method A (par. 
12), the following symbols are used in calculations for 
method B of this procedure where: 

m13 wet mass of oversize and container, lbm 
m14 mass of container, lbm 
m15 wet mass of oversize, lbm 
ml6 mass of oversize suspended in water, lbm 
mrn dry mass of oversize and container, lbm 
m20 mass of container, lbm 
m21 dry mass of oversize, lbm 
m23 wet mass of control fraction, lbm 
m25 dry mass of control fraction, lbm 
m2s dry mass of total sample (control fraction 

plus oversize), lbm 
Vos volume of oversize, ft3 
Ve volume of control fraction, ft3 

13.5 Calculate the bulk specific gravity of the oversize. 

m15 

m15 - ml6 
(11) 

13.6 Calculate the volume of the oversize based on a 
known bulk specific gravity. 

m15 

62.4 Gm 
(12) 

13.7 Calculate the volume of the control fraction. 

Ve = Vr- Vos (13) 
13.8 Calculate the wet density of the control fraction. 

m2a 
Pwet(C) = Ve (14) 

13.8.1 In the procedure, wet density is converted to 
wet unit weight by changing lbm/ft3 to lbf/ft3. (Assume 
l lbm = l !bf). 

13.9 Calculate the dry unit weight of the control 
fraction. · 

( ) 
_ Ywet(C) 

')Id C -

1 + c~~) (15) 

13.9.l Convert dry unit weight in inch-pound units 
to SI units, if required. 

Unit weight, kN/m3 

O.l 571 kN/m
3 

X (unit weight, lbf/ft3) (16) 
lbf/ft3 

13.10 Calculate the dry mass of the control fraction. 

m23 
m25 = --~~-

1 + ( ~o) 
(17) 

13.11 Calculate the dry mass of the oversize using one 
of the following equations as appropriate: 

m21 = mrn - m20 (18) 
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1 + ( ~;) 
13.12 Calculate the dry mass of the total sample. 

13.13 Calculate the percentage of oversize. 

Percentage of oversize = 100 ( m
21 

) 
m25 

(19) 

(20) 

(21) 

13.14 
material. 

Calculate the moisture content of che total 

13.15 

w = 100 ( m10 - mis ) 
ill26 

(22) 

Calculate the dry unit weight of cotal material. 

(23) 

13.15.1 Convert dry unit weight in inch-pound units 
to SI units, if required. 

Unit weight, kN/m3 
0.1571 kN/m3 X 

lbf/ft3 (unit weight, lbf/ft3) 

14. Report 

(24) 

14.1 Report the results on the applicable form (figs. 
4, 5, or 6) for investigation and/or construction control 
testing. 

14.2 All calculations are co show a checkmark. 
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APPENDIX 

XL GUIDELINES FOR SAND-CONE POURING DEVICE SIZE AND HOLE DIMENSIONS 

Xl. l Guidelines for establishing test hole diameters, 
depths, and volumes according to maximum particle size 
are difficult because the possible combinations of soil 
maximum particle sizes and gradations that may be 
encountered are limitless. General guidelines (table Xl. l) 
have been prepared; judgment is required in their 
application. 

Xl.2 The two main factors involved in determination 
of the size of the test hole are (1) the sample should be 
representative of the fill, and (2) whenever possible, control 
tests should be performed on soil actually removed from 
the test hole. Recommendations for minimum sample sizes 
for various tests are discussed in USBR 5205 . 

Xl.3 Conditions may exist which make it difficult or 
impossible to obtain all the soil necessary for laboratory 
testing from the test hole. Foundation tests, 4- and 6-inch­
thick road bases, and other one-lift areas (such as soil­
cement) prohibit obtaining large samples, and additional 
soil must be taken from near the test hole. When this 
occurs, it is imperative to note any observable differences 
between the soil excavated from the i:est hole and the 
adjacent soil, such as changes in moisture content or 
gradation. Note that the 6-inch-diameter cone is not 
included in the table. The 8-inch cone is preferred as the 
larger hole provides a bigger sample, requires only a 
minimal amount of extra excavation, and eliminates the 
need for an additional set of laboratory equipment. 

Xl.4 Table Xl.l provides recommended guidelines for 
cone diameter and minimum test hole volumes. The typical 
8-inch cone is shown as having a test hole depth of 12 
inches in order to test two 6-inch compacted lifts of soil 
(volume = 0.35 ft 3). In cases where no visible difference 

Table Xl.1. - Recommended guidelines for selection of 
cone diamerer and minimum resr hole volume. 

Cone 
di ameter 

m 

8 
12 

Minimum test 
hole volume 

ft3 

0.25* 
0.50 

Test hole 
de_pth 

m 

12 
14 

* Minimum volume for embankment dams. 

Significant 
parti~le size 

m 

3/4 
1-1/ 2 

is present in the lifts, the hole may be terminated at a 
shorter depth resulting in a minimum volume of 0.25 ft 3. 
The minimum volume is based on the minimum amount 
of minus No. 4 material required for rapid compaction 
testing. If plus No. 4 material is present, additional soil 
must be obtained. 

XLS Particle sizes, in excess of the size given in table 
XU, may begin to interfere with the ability tO obtain 
in-place unit weight with accepted precision of the test. 
In general, if more than 20 percent of the sizes present 
exceed the significant particle size, consideration should 
be given to increasing the hole size. This guideline is based 
on (1) amount of minus No. 4 material required for rapid 
compaction, (2) amount of soil required to provide a 
representative specimen, and (3) particle size interference 
with excavation of the test hole. 

Xl.6 The rapid method of construction control (USBR 
7240) testing requires approximately 22.5 lbm of minus 
No. 4 material. If the soil being tested is very dry or very · 
wet and a fourth point may be necessary, 30 lbm of minus 
No. 4 material is required. When soils containing plus 
No. 4 material are encountered, the operator performing 
the test_ must visually determine_ the _amount of soil 
necessary tO provide a sufficient quantity of minus No. 
4 material for control testing. 

Xl.7 Sample requirements for minimum (USBR 5525) 
and maximum (USBR 5530) index unit weight testing for 
various maximum particle size materials are discussed in 
USBR 5205 . Since gradation testing usually accompanies 
relative density testing, additional soil may be required. 
When 3/4 inch or larger material and percent relative 
density are specified, a test pit method (USBR 722q or 
7221) should be used to obtain sufficient soil to perform 
control testing. When dry sands or predominantly coarse, 
nonplastic soils are encountered, test pit methods are more 
applicable. The hand-excavated test pit enables excavation 
of a conical or rounded hole, thus minimizing problems 
associated with sidewall stability. When coarse-grained soils 
with voids that may be penetrated by the calibrated sand 
are encountered, a test pit method should be used. Those 
procedures allow use of a thin plastic liner in the test 
hole to prevent sand or water used in the volume 
determination from entering the natural voids. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7206-89 

DETERMINING UNIT WEIGHT OF SOILS IN-PLACE 
BY THE RUBBER BALLOON METHOD 

INTRODUCTION 

This procedure is under rhe jurisdicrion of rhe Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7206. The number immediately 
following the designation indicares rhe year of acceptance or the year of last revision. 

This method is similar to ASTM D 2167, Standard Test Merhod for Density and Unit Weighr of Soil In-Place by the Rubber 
Balloon Method. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the wet and dry unit weight of soils in-place, 
expressed in units of pound force per cubic foot or 
kilonewcon per cubic meter, using a rubber balloon 
apparatus co determine the volume of the rest hole. 

1.2 Using a small rubber balloon apparatus, this 
procedure is suitable for soils having a maximum particle 
size between U.S.A. Standard series No. 4 (4.75-mm) sieve 
and 3/4 inch (19.0 mm), with rest hole volumes of 0.05 
co 0.15 ftj. Soils containing larger particle sizes will require 
the use of a large rubber balloon apparatus (see table 1) . 

1.3 This procedure can be used to determine the in­
place wet and dry unit weight of nonsaturaced natural or 
in-place soils, compacted fills or embankments constructed 
of fine-grained soils, or granular soils without appreciable 
coar_se, angular gravel. 

1.4 This procedure is not suitable for : (1) cohesionless 
soils which ravel, or (2) very soft compressible soils which 
deform under slight pressure, with the result that the 
volume of the rest hole cannot be maintained at a constant 
value. Also, the procedure is not suitable for use on slopes 
unless the slope is excavated co allow the apparatus co 
be used in a vertical position. 

2. Auxiliary Tests 

2.1 A moisture content sample must be obtained 
according co cable 1 and the moisture content determined 
in accordance with USBR 5300 as pare of chis procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1009 Calibrating Compaccion Molds 
USBR 1012 Calibrating Balances or Scales 
USBR 1020 Calibrating Ovens 
USBR 1025 Checking Sieves 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mech_anics 

USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5305 Determining Moisture Content of Soils 
Using the Moisture Teller Device 
USBR 5310 Determining Moisture Content of Soils 
Using the Calcium Carbide Reaction Device 
USBR 5315 Determining Moisture Content of Soils by 
the Microwave Oven Method 
USBR 5500 Performing Laboratory Compaction of Soils 
- 5.5-lbm Rammer and 18-in Drop 
USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand-Cone Method 

4. Summary of Method 

4.1 This method is used co determine in-place wee and 
dry unit weight of soils ·by removing soil from a test hole, 
determining the mass of the excavated material, and 
measuring the volume of the hole with a liquid-filled 
balloon under constant pressure. The rubber balloon 
apparatus consists of a calibrated vessel connected co an 
elastic membrane (rubber balloon) which is inflated with 
water under pres~ure in the rest hole. The pressure screeches 
the rubbt:r "b~_lloon around irregularities in the test hole, 
thereby pro~iaing an accurate volume determination. 
Depending upon the oper·acing pressure selected, surcharge 
masses may be necessary -~O prevent the apparatus from 
lifting during performance-of the test. 

5. Significance and Use 

5.1 This method can be used to determine che in-place 
wet and dry unit weight of natural, inorganic soil deposits , 
soil-aggregate mixtures, or ocher similar firm materials. 

5.2 This method also can be used co determine che 
wee and dry unit weight of compacted soils in compacted 
fills or embankments, road fills, and structural backfill. It 
is often used as che basis of acceptance for soils compacted 
co a specified unit weight or a percentage of maximum 
unit weight determined by a standard laboratory test 
method. 
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5.3 Generally, this method is limited to soils in an 
unsaturated condition, and is not recommended for 
cohesionless soils or very soft compressible soils which 
undergo volume change during application of pressure 
during resting. 

5.4 This method may not be suitable for soils con­
taining crushed rock fragments or sharp angular particles 
due to possible puncturing of the rubber membrane. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Dry Unit Weight (-yd) .-The weight of solid 
particles per unit of total volume. 

6.1.2 Wet Unit Weight ('Ywet) .-The unit weight of 
solids plus water per unit volume, irrespective of the degree 
of saturation. 

6.1.3 Moisture Content ( w).-The ratio expressed as 
a percentage of: (1) the mass of water in a given soil 
mass, to (2) the mass of solid particles (ASTM definition) . 

7. Apparatus 

7.1 General Apparatus: 
7.1. l Drying Oven.-An oven, thermostatically 

controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. Other 
acceptable drying methods and equipment may be used 
for rapid determination of the moisture content, if specified. 

NOfE 1.-Accepcable rapid drying methods (for fine-grained 
soils) include the Moisture Teller Method (USBR 5305 ), Carbide 
Reaction Method (USBR 5310), and the Microwave Oven Method 
(USBR 5 315 ). These methods should be used only as a quick 
estimate of the moisture content, and if they are used, the oven 
method moisture content (USBR 5300) also should be obtained. 

7.1.2 Balance or Scale.-Typical balances or scales 
used for this designation are: 

Application 
Moisture content 
Unit weight determination 

R eadable to Approximate capacity 
0.1 g 1000 g 
0.01 lbm 100 lbm 

· 7 .2 Rubber Balloon Apparatus: 
7.2.l The rubber balloon apparatus consists of a 

calibrated water-filled vessel which is connected to a thin, 
flexible membrane (rubber balloon) for measuring the 
volume of a test hole under the specified conditions of 
this procedure (see fig. 1) . The vessel is usually calibrated 
by the manufacturer to measure the discharge (volume) 
of water in ft3. 

NOfE 2.-While water generally is used as the fluid in chis 
procedure, ocher fluids, such as antifreeze mixtures, can be substi­
tuted in below freezing temperatures provided appropriate cali­
bration procedures are followed and the apparatus is flushed with 
clean water following its use. Use only che purest, cleanest water 
available and score the vessel empty and dry when used 
infrequently. 

Cal ibroted vessel Provision tor 
opplyin 9 and 
ho t ding consta n t 
on eit er nol 
pressure or voc uutn 

- - Volume i ndico1or 

.,_ ___ F i eld t ut hol, 
OS dug 

Flu i b I e membr one 
f rubber bol loonl 

- ~ -?'<-'~- --Void lo be filled 
when er.terna I 
pressure is opp I ied 

Figure I. - Rubber balloon apparatus (drawing not co scale) . 

· 7.2.2 The apparatus shall be equipped with a 
combination air pressure-vacuum pump so that an 
externally controlled pressure or partial vacuum can be 
applied to the fluid in the vessel. The apparatus also shall 
incorporate an integral pressure gauge or other means for 
controlling and holding the applied pressure constant 
during calibration and resting. 

7.2.3 The apparatus shall be of such size and mass 
that it will not cause any deformation of the excavated 
rest hole and adjacent rest area during performance of the 
test. Provisions shall be made for placing additional loads 
(surcharge masses) on the apparatus up to a maximum 
pressure of 5 lbf/in2 (35 kPa). 

The effect of the surcharge is to allow greater pressure 
to be applied ro the water in the vessel to increase the 
accuracy of rhe volume determination. The applied 
pressure, however, should nor be so high as to lift the 
apparatus or cause deformation of the test hole or adjacent 
ground surface. 

7 .2.4 The vessel is either calibrated directly or an 
indicator -is provided ro measure the volume of fluid 
discharged from the vessel in ft3 (or m3) which is considered 
ro be equal to the volume of the rest hole. 

7.2.5 The rubber balloon is to be of such size and 
shape as to fill the rest hole completely without wrinkles 
or folds when expanded into the rest hole. The balloon 
should not be so stiff that it cannot conform to the sides 
of the test hole, bur should have sufficient strength to 
withstand such pressures as necessary to ensure complete 
filling of the rest hole without loss of fluid. The length 
of the balloon should be adjusted during assembly of the 
apparatus to conform to the anticipated size of the rest 
hole with minimum stretching. This will minimize the 

1136 



USBR 7206 

bridging effect of a prestressed membrane, reserve most 
of the potential stretch for conforming co irregularities 
created during digging of che cesc hole, and reduce the 
potential for rupture of the membrane due to protruding 
sharp, angular particles. Provision should be ·made for 
withdrawal of che water-filled balloon from the test hole 
by the application of a partial vacuum co the fluid in the 
vessel, or by ocher means. 

NOfE 3.-The applied vacuum should be limited to 1 inch 
of water to prevent damage co the rubber balloon during its 
retrieval from the rest hole. 

7.2.6 Baseplate.-A rigid metal plate fabricated co fit 
the base of the balloon apparatus. The baseplate should 
have a minimum outside dimension of twice the test hole 
diameter to prevent deformation of the test hole while 
supporting the apparatus and any surcharge masses used. 

7.2.7 The description and requirements of chis pro­
cedure are intended co be nonrestrictive. Any apparatus 
using a flexible membrane (or rubber balloon) and fluid 
chat can be used to measure the volume of a test hole 
under the specified conditions of this procedure to an 
accuracy within 0.1 percent is satisfactory. 

7 .3 Miscellaneous Equipment.-Shovels and straight­
edges for leveling and preparing the test location; soil auger, 
butcher knives, small hand pick, large (1-inch) chisels, 
rubber mallet, and sampling spoons for digging the test 
hole; small hand scoops to retrieve material from the cesc 
hole; brushes for sweeping loosened material from the 
sides of test hole for retrieval; field cans (moisture proof 
containers with eight fitting lids); surcharge masses if 
required for the apparatus; calibration forms and data 
sheets; calculacor for calculations. 

7.4 Calibration Eqwpment.-Thermometer accurate co 
0.5 °F (0.1 °C); glass plate 1/4 inch or thicker co cover top 
of calibration molds(s) or container(s); heavy cup grease. 

8. Reagents and Materials 

8.1 Tapwater that is free of acids, alkalies, or oils, and 
is suitable for drinking should be used to fill the rubber 
ballon (see note 2) . 

8.2 Glycol-type antifreeze solutions may be substituted 
in freezing temperatures. 

9. Precautions 

9.1 Safety Precautions: 
9.1. l This designation may involve hazardous 

materials, operations, and equipment. 
9.1.2 Normal precautions taken for fieldwork. 

9 .2 Technical Precautions.-A working platform 
supported at least 3 feet away from the edge of the test 
hole should be provided when digging test holes in soft 
or compressible soils chat deform due to the operacor's 
weight near the edge of the hole. 

10. Calibration and Standardization 

10.l The calibration of the rubber balloon apparatus 
is checked using a calibration mold or container of known 

volume that is dimensionally similar to the test holes that 
will be dug in the field . The apparatus and procedures 
are such that the calibration containers will be measured 
co within l percent of the actual volumes. Containers of 
different volumes should be used so that che calibration 
of the volume containers covers the range of anticipated 
test hole sizes. 

NOfE 4.-Compaction molds having a diameter of 4.0 inches 
and volume of 1/30 fr3, and a diameter of 6 inches and volume 
of 1/ 13 fc3, are suitable calibration containers. 

10.2 Volume of Containers: 
10.2.1 Determine the mass of water (in grams) 

required co fill one of the calibration containers by the 
water filling method described in USBR 1009. 

Repeat this procedure until three values are obtained 
for the volume of the calibration container having a 
maximum range of variation of 0.0001 fc 3. 

10.2.2 Repeat subparagraph 10.2.1 for each of the 
molds and calibration containers to be used in the 
calibration check. 

10.3 Calibration Check Tests.-Place che rubber balloon 
apparatus and baseplate on a smooth horizontal surface. 
Apply an operating pressure between 2 co 5 lbf/in2 (14 
co 35 kPa), adding sufficient surcharge mass to the cop 
of the calibration vessel as required co prevent the apparatus 
from lifting, and obtain an initial reading on che volume 
indicator. After releasing the pressure, apply a vacuum 
co the vessel retracting the balloon into the vessel. 

Transfer the apparatus co a previously calibrated mold 
or calibration container placed on a level surface. Distend 
the balloon and remove any wrinkles present. Since che 
balloon will create an airtight seal with the calibration 
container, vents should be provided which may consist of 
a number of small diameter strings draped over the edge 
of the calibration mold prior to placing the apparatus over 
the mold. 

NOfE 5.-Prefabricaced rest holes of vari9us sizes and surface 
irregularities may be used to simulate actual test holes for 
comparison with calibration molds or containers. 

Using the same operating pressure and surcharge mass 
used to obtain the initial reading, allow the balloon co 
fill with water and extend into the calibration container 
until there is no change on the volume indicator. 

NOfE 6.-lt is recommended chat operating pressure be kept 
as low as possible while maintaining che 1-percent volume 
accuracy. The use of higher pressures than necessary may require 
che use of additional load or surcharge mass to prevent uplift 
of the apparatus. The combined pressure and surcharge loads 
may result in stressing the unsupported soil surrounding che 
cesc hole causing it co deform. 

Record the volume readings, operating pressure, and 
surcharge mass used. The difference between the initial 
and final volume readings is the volume of the calibration 
container. Depending on che type of apparatus, the readings 
should be made co the nearest 0.001 fcl . A satisfactory 
calibration check of an apparatus has been achieved when 
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che difference between the calibrated volume of rhe 
calibration container and the volume measured by the 
rubber balloon apparatus is 1.0 percent, or less, for all 
volumes measured. 

10.4 Calibration check tests should be performed 
periodically, such as annually, or whenever the apparatus 
has been damaged, undergone repairs, or the balloon has 
been replaced. 

11. Conditioning 

11.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

12. Procedure 

12.1 All test data are recorded on the "In-Place Unit 
Weight of Soil - Rubber Balloon Method" (fig. 2). Prepare 
the ground surface at the test location so that it is reasonably 
smooch and level. Depending on che soil moisture content 
and structure (degree of compaction and gravel content), 
che surface may be leveled using a blade of a bulldozer 
or o ther heavy equipment provided the test area is not 
deformed or disturbed. 

12.2 Assemble the baseplate and rubber balloon 
apparatus on the test location using the same operating 
pressure and surcharge mass used during the equipment 
calibration. Obtain an initial reading on the volume 
indicator and record it on t_he test data form (see fig. 2) . 
The initial reading takes into account slight irregularities 
in the ground surface. The baseplate is to remain in place 
during digging of the test hole and throughout the test. 

12.3 Remove the rubber balloon apparatus from the 
test hole sire, leaving che baseplate in place. Using knives, 
chisels, spoons, hand scoops, ere., as necessary, dig a test 
hole within che confines of che hole in the baseplate. Care 
should be exercised to avoid disturbing the soil around 
che edge of che hole. 

NOTE 7.-A working platform should be used around the test 
ho le while digging in sofr, compressible soil ro prevent 
deformation of the ground surface which will cause squeezing 
of the test hole. 

The volume of the test hole should conform to che 
minimum volume requirements shown in cable 1, based 
on the maximum particle size being tested. Larger rest 
hole volumes will provide increased accuracy and should 
be used where practicable. In general, the dimensions of 
the test hole should approximate the dimensions of the 
calibration containers used in che calibration check 
procedure. The rest hole should be kept as free as possible 
of ii:regularities or sharp protrusions, since they may affect 
rest accuracy or resulc in puncturing the rubber balloon, 
causing leakage. Place all soil removed from che test hole 
in a moiscureproof container for subsequent soil mass and 
moisture content determinations. 

12.4 After the rest hole has been dug, place the rubber 
balloon apparatus over the baseplate, oriented in the same 
way as for the initial volume reading. Apply the same 

Table 1. - Minimum test hole volumes and minimum moisture 

content sample mass based on maximum particle size. 

Maximum Maximum rest Minimum 
particle size hole volume moisture conrenr 

m mm fr l ml sample, g 
No. 4 sieve 4.75 0.05 0.0014 200 

3/8 9.5 .10 .0028 1000 
3/ 4 19.0 15 .0042 2000 

*l-1 / 2 37.5 .25 .0071 3000 
*3 75.0 .50 .0142 3000 + 

( represent-

tati ve sa mple) 

* Limited to large rubber balloon apparatus. 

operating pressure and any surcharge mass used in the 
calibration check and initial volume reading. Obtain and 
record the reading on the volume indicator after the balloon 
has expanded to fill the rest hole. The difference between 
the initial and final volume readings is the volume of the 
rest hole. 

NOfE 8.-Arrenrion is called ro instances in weak soils where 
pressure applied ro the liquid in the vessel can deform the test 
hole roan extent as to give an erroneous volume. In such instances, 
the apparatus must be modified and recalibrated using less sur­
charge mass and pressure on the liquid in the vessel, or it may 
be necessary ro resort ro another method such as USBR 7205. 

12.5 Determine the mass of the soil removed from 
che test hole to the nearest 0.01 lbm. Mix the soil thor­
oughly and obtain a moisture content sample in accordance 
with table 1. Determine che moisture content in accordance 
with USBR 5300. 

12.6 Calculate and record the in-place wet and dry unit 
weights. 

13. Calculations 

13.1 Calculate the in-place moisture content. 

( A- B) 
w = 100 B- C (1) 

where: 
w moisture content of sample, % 
A = mass of dish and wet soil, g 
B = mass of dish and dry soil, g 
C = mass of dish, g 

100 = convert from decimal to percent 

13.2 The in-place wet unit weight of the soil is 
determined by dividing the wet mass of soil by the volume 
of the test hole and is reported in pound force per cubic 
foot or kilonewcon per cubic meter. 

13.2.1 Calculate the in-place wet unit weight of che 
soil removed from the test hole, in pound force per cubic 
foot . 

')/wet = mw ( _l_fuf__ ) 
V l lbm 

(2) 
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where: 
)'wet in-place wet unit weight, lbf/ft3 
mw = mass of moist soil removed from test hole, 

lbm 
V = volume of test hole, ft3 

1 lbf 
1 lbm 

change pound mass to pound force 

13.2.2 Calculate the in-place wet unit weight of the 
soil removed from the test hole, in kilonewtons per cubic 
meter. 

)'wet = 9.8067 X 10-3 ( n;;) (3) 

where: 
)'wet in-place wet unit weight, kN/m3 

mw mass of moist soil removed from the 
test hole, kg 

V = volume of test hole, m3 
9.8067 X 10-3 = change kg/m3 to kN/m3 (see note 9) 

NOfE 9.-Density of soil in kg/m3 is multiplied by acceleration 
of gravity, g (g = 9.8067 m/s2), to convert to unit weight in 
N/m3. Resulting value is divided by 1000 to convert to kN/m3. 

13.3 Calculate the in-place dry unit weight of the soil 
removed from the test hole, in pound force per cubic foot 
or kilonewton per cubic meter. 

Ywet 

where: 
'}'d = in-place dry unit weight, lbf/ft3 or kN/m3 
w = in-place moisture content, % 

(4) 

NOfE 10.-It may be desirable to express the in-place dry unit 
weight as a percentage of some reference dry unit weight such 
as the laboratory maximum dry unit weight, as determined in 
accordance with USBR 5500. This relationship can be determined 
by dividing the in-place dry unit weight by the reference dry 
unit weight and multiplying by 100. 

14. Report 

14.1 The report is to consist of a completed and checked 
"In-Place Unit Weight Of Soil - Rubber Balloon Method" 
form (fig. 2). 

14.2 All calculations are to show a checkmark. 
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IN-PLACE UNIT WEIGHT OF SOIL 
7-2407 ( 12-86) 
Bureau of Reclamal ion RUBBER BALLON METHOD 

Desianat ion USSR 7206 - ..flS. 
Project 

Example 
Feature 

Example 

Surcharge Mass Operating Pressure -
100 lbm 2 .0 lbt/in 2 

Tested By Date I Checked By 

Test Hole No. I 

Station 5+00 

Reference to Centerline 10' Rt 

Reference to Grade 

UNIT WEIGHT DETERMINATION 

Final Volllne Reading - R 2 crt3l 0 .302 

Initial Volllne Reading - R 1 (tt 3 ) 0.154 

Volllne of Test Hole = R 2 - R 1 (tt 3 ) 0.148 

Container No. 7 

Mass of Moist Soil from Hole Pius 

Container (lbm) 20.54 

Mass of Container (lbm) I .82 

Mass of Moist Soil From Hole (lbm) 18.72 

Wet Unit Weight (lbf/ft 3 ) 126.5 

Ory Unit Weight (lbf/ft 3 ) 112.9 

MOISTURE CONTENT DETERMINATION 

Dish No. 285 

Mass of dish + wet soil (g) 565. 1 

Mass or dish + dry soil (g) 520.2 

Mass of dish (g) 145.3 

Mass of water (g) 44 .9 

Mass or dry soil (g) 374. 9 

Moisture content (% or dry weight) 12.0 

SOIL CLASSIFICATION 

Classification Symbol CL 

% Gravel 5 

% Sand 20 

% Fines 75 

Figure 2. - In-place unit weight of soil - rubber balloon method - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

DETERMINING THE UNIT WEIGHT 

USBR 7215-89 

OF SOILS IN-PLACE BY THE SLEEVE METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geocechnical Services Branch, code 0-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 72 l 5. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the unit weight of soil in place by the sleeve 
method. Two procedures are provided as follows: 

1.1. l Method A, uses routine moisture content 
testing procedures noted in paragraph 11. 

1.1.2 Method B, outlined in paragraph 12, is used 
when routine moisture content testing procedures are not 
applicable. This method shall be used when the test hole 
contains free water or free water enters the test hole during 
the test. 

1.2 The method used will be determined at the test 
site. When conditions allow, method A should be used. 

1.3 The sleeve method of determining the unit weight 
of soil in place is used for cohesionless, granular soils for 
which other methods of determining the unit weight (sand 
cone, test pit, etc.) may not be practical. Typically, the 
sleeve method is applicable for soils that are predominantly 
fine gravel size with a maximum of 5 percent fines and 
a maximum particle size of 19 mm. 

l.4 A calibration equation is necessary in the 
application of this procedure to obtain a reliable value of 
the in-place unit weight of the soil (see USBR 7216). The 
calibration equation is predetermined for the particular 
soil being reseed and is used to calculate the unit weight 
of the soil in place from the mass of dry soil per inch 
of test hole measured by the sleeve method. 

1.5 There may be certain soils meeting the general 
description in subparagraph. 1.3 for which a calibration 
equation is not appropriate due to unsatisfactory correlation 
of the data. The sleeve method would nor be applicable 
for these soils. 

1.6 there are certain soils having characteristics 
described in subparagraph 1.3 for which the calibration 
equation is applicable for only a certain range of unit weight. 
The sleeve method will give reliable values of the unit 
weight in place only within that range of unit weights. 

1.7 The calibration equation is predetermined for a 
particular soil type that is co be reseed. A new calibration 
equation must be determined whenever there is a significant 
change in the gradation or particle angularity of the soil. 

2. Auxiliary Tests 

2.1 A calibration equation must be predetermined in 
accordance with USBR 7216 for the soil being reseed. The 
moisture content must be determined in accordance with 
USBR 5300 as part of performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5300 Determining Moisture Content of Soil and 
Rock by rhe Oven Method 
USBR 7216 Determining the Calibration Equation for 
rhe Unit Weight of Soils In-Place by the Sleeve Method 

4. Summary of Method 

4.1 In chis procedure, rhe unit weight is determined 
by working a metal sleeve into the soil to be rested, 
removing the soil within rhe sleeve, and calculating rhe 
dry mass of soil removed per linear inch of the depth 
of the excavation within the sleeve. The mass per inch 
is related to the dry unit weight of rhe soil in place using 
a calibration equation chat has been predetermined for the 
particular soil being tested. 

5. Significance and Use 

5.1 This method is used to determine the unit weight 
of cohesionless soil used in the construction of earth 
embankments and roadfills, or used for structure backfill, 
bedding, backfill for pipe, or filters. It is used as the basis 
for acceptance of soils .compacted ro a specified relative 
density. 

5.2 This method may be useful in determining rhe unit 
weight of cohesionless soils in confined or limited space 
since it requires less working area than ocher methods. 

5.3 It is assumed there is a linear relationship between 
the unit weight in place and the mass of dry ·soil per inch 
of hole depth measured by the sleeve method. For certain 
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soils, this may not be true, or the linear relationship may 
exist for only a particular range of unit weights . 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 A term not included in USBR 3900 specific to this 

designation is: 
6.2. 1 Calibration Equation-The calibration equation 

defines the relationship between the unit weight of a soil 
in place and the mass of dry soil per inch of hole depth 
measured by the sleeve method. A linear relationship is 
assumed to exist between the two values. 

7. Apparatus 

7.1 General Apparatus: 
. 7.1. l Balance orScale.-A typical balance or scale used 

for this designation must be readable to 0.01 lbm and have 
a capacity of about 50 lbm. 

7.1.2 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.2 Equipment Unique to This Procedure (s1;;e fig. 1): 
7.2. l Sleeve Apparatus.-Sleeve baseplate, sleeve, 

measurement plate, and driver. 
7.3 Miscellaneous Equipment.-Shovel for preparing 

test surface, nails and hammer · for securing sleeve base­
plate; scoops and spoons for digging test hole, buckets 
with lids or other suitable containers for retaining the 
sample without moisture loss; and a trisquare or machinist's 
square for measuring the depth of the test hole. 

8. Precautions 

8.1 Safety Precautions.-This designation may involve 
hazardous materials, operations, and equipment. 

8.2 Technical Precautions: 
8.2.1 Consistency in the gradation and p article 

angularity of the soil being tested is critical to the test. 
A new calibration equation is required if significant changes 
in soil gradation and/ or particle angularity occur. The 
operator performing the test must be aware of the 
characteristics of the soil used to determine the calibration 
equation and evaluate whether the soil being tested is 
significantly different. 

8.2.2 Test ls Operator Sensitive.-Strict adherence to 
the procedures set forth in paragraphs 11 and 12 of this 
procedure is crucial to achieve accurate test results . In 
particular, the following techniques must be adhered to: 

8.2.2.1 The sleeve is rotated into the soil in a 
clockwise direction only. 

8.2.2.2 Advancement of the sleeve into the soil 
must follow the penetration sequence (one-half length of 
sleeve, three-fourths length of sleeve, etc.) determined in 
the calibration procedure. 

8.2.2.3 ·The sleeve penetration into the soil should 
be perpendicular to the baseplate with as little variation 
as possible. 

8.2.2.4 Soil should never be excavated from below 
the leading edge of the sleeve. 

N0fE 1.-Because chis test is sensitive to procedural techniques, 
an operator experienced in preforming in-place unit weight tests 
is recommended. Trial determinations should be performed before 
using the procedure as a basis of acceptance for- construction 
control. 

8.2.3 Resulcs Are Not Direct.-A calibration equation 
must be applied to the mass of dry soil per inch of hole 
depth to arrive at the in-place unit weight. 

9. Calibration and Standardization 

9. l Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. A calibration 
equation must be predetermined in accordance with USBR 
7216 for the soil being tested. 

10. Conditioning 

10.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

. 11. . Procedure - Method A 

11. l All data are to· be recorded on che "SJeeve Unit 
Weight Record" form as shown on figure 2. 

N0fE 2.-Notice chat on this form l lbm = l lbf so that 
the numerical value of density and . unit weight are the same. 
This form is valid only when working in the inch-pound system. 

11.2 Prepare a smooth, level working area at sufficient 
depth to avoid soils possibly disturbed by surface traffic. 
Place the baseplate on the designated area making sure 
it is in full contact with the soil surface and nail into place 
at each corner of the baseplate. Take care throughout the 
procedure not to apply pressure on the soil surface adjacent 
to the baseplate, as this could disturb the in-place condition 
of the soil. Construction or other activity in the vicinity 
of the test should be stopped to avoid disturbance of the 
soil by either pressure or vibration. 

11.3 Place the beveled edge of the sleeve on the soil 
surface inside the hole in the baseplate. Place the driver 
on the sleeve. Slowly rotate the sleeve in a clockwise 
direction while pushing the sleeve into the soil in the exact 
penetration sequence determined in the ca libration 
procedure. Penetrate the sleeve into the soil perpendicular 
to the baseplate with as little variation as possible. 

11.4 Remove the driver and extract soil from inside 
the sleeve being careful not to disturb soil below the leading 
edge of the sleeve. A mark placed on the inside of the 
sleeve approximately 1 inch above the leading edge· can 
be a very useful reference. Place the extracted soil in a 
moistureproof container. Continue rotating and advancing 
the sleeve and extracting soil in the sequence determined 
in the calibration procedure until the driver rests evenly 
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on the baseplate. Never extract soil below the leading edge 
of the sleeve. 

11.5 As the full depth of extraction of soil is 
approached, flatten the bottom of the test hole as nearly 
as possible while extracting the soil. 

11.6 Seal the container into which soil extracted from 
the sleeve has been placed to preserve the in-place moisture 
content. 

11.7 Place the measurement plate on the soil at the 
bottom of the test hole and rotate gently to seat the plate. 
Lift the measurement plate and inspect the bottom of the 
test hole for surface irregularities. Inspect and smooth the 
surface if necessary, and then gently reseat the plate. 
Measure and record the depth of the test hole from the 
top of the measurement plate co the top of the baseplate 
using a trisquare or machinist's square. Perform the 
measurement four times, once at each keyscock on the 
sleeve. Two measurements, 180° apart, are all that are 
necessary to determine the average depth of the test hole. 
However, since the depth measurement is critical, the two 
other measurements provide a useful check. 

11.8 Calculate the average depth of the test hole using 
the measurements at two opposite keystocks . Calculate the 
average depth measured at the other two keystocks. If the 
two average depth values are not within 0.05 inch of each 
other, remeasure the depths. If the values are within 
0.05 inch, use the first set. of. measurements to calculate 

· che mass of dry soil per inch of test hole. It may be useful 
to place identifying marks at each keyscock. 

11.9 Determine and record, to the nearest 0.01 lbm, 
the mass of the soil removed from the test hole. 

11.10 Determine and record the moisture content of 
the soil removed from the test hole in accordance with 
USBR 5300. 

11.11 Calculate and record the dry mass of the soil 
removed from the test hole. 

11.12 Calculate and record the dry mass of soil per 
inch of hole depth. 

11.13 Using the calibration equation (USBR 7216), 
calculate the in-place dry unit weight and record. 

12. Procedure - Method B 

12.1 Follow the procedure as described for Method A 
through subparagraph 11.9. 

12.2 Upon completion of subparagraph 11.9, ovendry 
the entire sample in accordance with USBR 5300 to 
determine the dry mass of soil removed from the rest hole. 
Record the mass to the nearest 0.01 lbm. 

NOfE 3.-The entire sample is ovendried because accurate 
moisture content determinations in the presence of free water 
in free draining soils are nor practical. Since there is no specified 
control moisture concent for placement of these soils, 
determination of a moisture contenr is not critical. 

12.3 Calculate and record che dry mass of soil per inch 
of hole depth. 

13. Calculations 

13. l Depth measurements are to be made co che nearest 
0.01 inch or the nearest 1/64 inch converted to the nearest 
0.01 inch. Calculate the average depth. 

(1) 

where: 

Da average depth of hole, in 
D 1 initial depth measurement, in 
D-i measurement at opposite keystock, in 

13.2 Calculate the moisture content and the dry mass 
of soil removed from the rest hole. 

where: 

Wf = 100 ( WI - W2 ) 
w2 

W3 

wr = moisture content in soil from rest hole; % 
w1 wet mass of moisture sample, lbm 
w2 dry mass of moisture sample, lbm 
w3 - wet mass of the soil from the cesc hole, lbm 
w4 dry mass of the soil from the cesc hole, lbm 

(2) 

(3) 

13.3 Calculate the mass of dry soil per inch of rest 
hole. 

(4) 

where: 
m mass of dry soil per inch of rest hole, lbm/ in 

w4 dry mass of the soil from rest hole, lbm 
Da average depth of rest hole, in 

l 3.4 Calculate the in-place dry unit weight using the 
calibration equation as in the following example. (Assume 
l lbm = 1 lbf.) 

In-place dry unit weight = 47.769 m - 38.8 
= 47.769 (2 .85) - 38.8 
= 97.3 lbf/fc3 (5) 

where 47.769 and 38.8 are constants from a calibration 
equation (USBR 7216) and m = mass of dry soil per inch 
of rest hole, lbm/in. 

14. Report 

14. l The report is ro consist of a com pieced and checked 
"Sleeve Unit Weight Record" form (fig. 2) . 

14.2 All calculations are co show a checkmark. 
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7-2400 (I 2-86) 
SLEEVE UNIT WEIGHT RECORD Bureau of Reclamation Designtation USBR 721 S - 89 

PROJECT FEATURE TEST NO. 

Example 
LOCATION I OFFSET 'ELEV 'ZONE 

SOIL IDENTIFICATION SLEEVE IDENTIFICATION SLEEVE INSERTION SEQUENCE 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

FIELD MEASUREMENTS: 

1. DEPTH MEASUREMENTS __________________________________ (a) 7.57 (bl 7.68 in 

(c) 7.53 (d) 7.42 in 

2. AVERAGE DEPTH {(a +c)/2), ((b+d)/2) ____________________________ 7.55 7.55 in 

3. MASS OF WET SOIL+ CAN ____________________________________________ 24.06 
lbm 

4. MASS OF CAN NO. 3 2. 16 lbrr. ----------------------------------------

5. MASS OF WET SOIL (3) - (4) 21 .90 lbm -------------------------------------------

6. MASS OF WET SOIL PER INCH OF HOLE DEPTH (5)/(2) 2.90 lbm ----------------------------

7. MASS OF DRY SOIL PER INCH OF HOLE DEPTH (M) 

(6) 2.'0s lbm/in - ------------------------------------------------
1 + (13)/100 

MOISTURE DETERMINATION: USBR 5300 - !3~ 

8. MASS OF WET SOIL+ PAN 12.61 lbm -------------------------------------------

9. MASS OF DRY SOIL+ PAN 12.42 lbm -------------------------------------------
10. MASS OF PAN NO. 13 2. 18 lbm ---------------------------------------

11 MASS OF WATER (8) - (9) ------------------------------------------- 0.19 lbm 

12. MASS OF DRY SOIL (9). (10) ---------------------------------------- 10.24 lbm 

13. MOISTURE CONTENT ((11) / (12)) X 100 ----------------------------------- 1.9 % 

IN-PLACE UNIT WEIGHT DETERMINATION: 

1'\. CALIBRATION EQUATION 

IN-PLACE DRY UNIT WEIGHT+ (47. 769) (M)+orQ 38.8 

15. IN-PLACE DRY UNIT WEIGHT (INSERT (7) INTO CALIBRATION EQUATION) - 97.3 I bf/ft
3 

= (47.769)(2.85)-38.8 

Figure 2. - Sleeve unit weight record - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 7216-89 
PROCEDURE FOR 

DETERMINING THE CALIBRATION EQUATION FOR THE 
UNIT WEIGHT OF SOILS IN-PLACE 

BY THE SLEEVE METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7216. The number immediately 
following the designation indicates rhe year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the calibration equation for the unit weight 
of soil in place by the sleeve method. 

1.2 The sleeve method of determining the unit weight 
of soil in place is used for cohesionless, granular soils for 
which other methods of measuring the unit weight (sand 
cone, etc.) may not be practical. Typically, these soils are 
predominantly fine gravel size having a maximum of 5 
percent fines and a ·maximum particle size of 3/4-i·nch. 

1.3 There may be certain soils meeting the general 
description in subparagraph 1.2 for which the calibration 
equation is not applicable or may be applicable for only 
a certain range of unit weights. 

1.4 The calibration equation must be determined for 
a particular soil prior to using the sleeve method for 
determining the unit weight of that soil in place. A new 
calibration equation must be determined whenever there 
is a significant change in the gradation or particle angularity 
of the soil. 

2. Auxiliary Tests 

2.1 A representative field sample must be obtained in 
accordance with USBR *4075 or ASTM D 75 and prepared 
for laboratory use in accordance with USBR 5205. A 
gradation analysis must be performed on the sample in 
accordance with USBR 5325 to establish that it meets the 
criteria for sleeve testing. The minimum and maximum 
index unit weights of the soil sample must be determined 
in accordance with USBR 5525 and 5530, respectively, to 
establish the range of control unit weights to use in this 
procedure. The moisture content must be determined in 
accordance with USBR 5300 as part of performing this 
procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 

* Concrete Manual, Bureau of Reclamation, parr 2, in press. 

USBR *4075 Sampling Aggregates 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5325 Performing Gradation Analysis of Gravel Size 
Fraction of Soils 
USBR 5525 Determining the Minimum Index Unit Weight 
of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit Weight 
of Cohesionless Soils 
USBR 7215 Determining the Unit Weight of Soils In­
Place by the Sleeve Method 

3.2 ASTM Standard: 
D 75 Standard Practice for Sampling Aggregates 

4. Summary of Method 

4.1 Soil specimens are compacted to a control: unit 
weight in a rigid container. Ten control unit weights 
ranging from near minimum index unit weight to near 
maximum index unit weight are used. At each control unit 
weight, five individual mass of dry soil per inch of hole 
depth determinations are performed. These data are used 
to determine an equation that defines the relationship 
between the sleeve Mass of dry soil per inch of hole depth 
and the Control dry unit weight. 

5. Significance and Use 

5.1 The calibration equation is used t'o ·determine the 
unit weight of soil in place measured by the sleeve method 
(USBR 7215). 

5.2 The calibration equation is used to calculate the 
unit weight of soil in place from the mass of dry soil 
per inch of test hole depth measured by the sleeve method. 

5.3 The unit weight of the soil in place calculated using 
the calibration equation has been determined tO be a reliable 
value for use in the construction control of soils meeting 
the requirements as described in subparagraph 1.2. 

5.4 It is assumed there is a linear relationship between 
the unit weight in place and the mass of dry soil per inch 
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of hole depth measured by the sleeve method. For certain 
soils this may not be true, or the linear relationship may 
exist for only a particular range of unit weights. After 
performing this procedure, the results must be analyzed 
and evaluated as to the applicability of the calibration 
equation. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.l Baseplate.-Template as shown on figure 1. 
6.2.2 Sleeve.-An 8.0-inch-outside diameter, 8.0-

inch-long cylinder constructed of steel 0.1 ± 0.01 inch thick 
(see fig. 1). 

6.2.3 Measurement Plate.-A circular steel plate with 
a 7.2-inch diameter and constructed from the same stock 
as the baseplate (see fig. 1). 

6.2.4 Keystock.-Piece of metal welded to sleeve and 
to the driver (see fig. 1). 

6.2.5 Driver.-A circular steel plate which fits on the 
top of the sleeve and is an aid in pushing the sleeve into 
the soil (see fig. 1). 

6.2.6 Calibration Container.-Large rigid container 
for performing the control unit weight tests used in 
determining the calibration equation. 

6.2.7 Calibration Equation.-The calibration equation 
defines the relationship between the unit weight of a soil 
in place and the mass of dry soil per inch of test hole 
depth measured by the sleeve method. A linear relationship 
is assumed to exist between the two values. 

6.2.8 Control Unit We1ght.-The known unit weight 
of soil as placed in the calibration container. 

7. Apparatus 

7.1 General Apparatus: 
7.1.l Drying Oven.-An oven, thermostatically 

controlled, preferably of the forced-draft type, and capable 
of maintaining ·a uniform temperature of 230±9 °F 
(110±5 °C) throughout the drying chamber 

7 .1.2 Balance or Scale. -A typical balance or scale used 
for this designation must be readable to 0.01 lbm and have 
a capacity of about 100 lbm. 

7.1.3 Vernier or Inside Micrometer Calper.-Caliper 
of sufficient length to measure the inside diam~ter of a 
sleeve and readable in increments of 0.01 inch. 

7.2 Equipment Unique to This Test Procedure: 
7.2.1 Sleeve Apparatus.-Sleeve baseplate, sleeve, 

measurement plate, and driver (see fig 1). 
7.2.2 Calibration Container.-Container constructed 

wi~h smooth walls and floor and rigid enough so that its 
shape and volume do not change during· performance of 
calibration testing. The inside depth should be about l foot 
and have an inside area of 12 to 14 ft 2• A suitable method 
for draining excess water should be provided. 

7.2.3 Screed-Straight, rigid length of wood or metal 
used to strike off a level surface on the soil specimen in 
the calibration container. 

7.3 Miscellaneous Equipment.-A measuring tape 
readable to 1/16 inch and of sufficient length to measure 
the inside dimensions of the calibration container; a 
vibrator for densifying the soil specimen; shovel for 
preparing test surface; nai.Js and hammer for securing sleeve 
baseplate; scoops and spoons for digging test hole; buckets 
with lids or other suitable containers for retaining the 
sample without moisture loss; and a trisquare or machinist's 
square for measuring the depth of the test hole. 

8. Reagents and Materials 

8.1 Tapwater that is free of acids, alkalies, or oils, and 
is suitable for drinking should be used, as required, when 
compacting the soil specimen. 

9. Precautions 

9.1 Safety Precaut1ons.-This designation may involve 
hazardous materials, operations, and equipment. 

9.2 Technical Precautions: 
9.2.l The sleeve should be perpendicular to the 

baseplate when pushed into the soil. Care should be taken 
to rotate the sleeve consistently in a clockwise direction 
while performing the test. 

9.2.2 The soil .sample used to determine the 
calibration equation must be representative of the soil that 
will be tested using the sleeve method. If the soil will 
range significantly in gradation, the calibration equation 
should be determined on samples of the soil representing 
the coarsest, average, and finest gradations. 

9.2.3 The control unit weight must be uniform 
throughout the calibration container. The container should 
have smooth walls and floor and be rigid enough so that 
its shape or volume do not change during performance 
of calibration testing. A surface area of 12 to 14 ft2 is 
sufficient. A larger size may create difficulty in maintaining 
a uniform unit weight throughout the container. 

9.2.4 The sleeve(s) should be checked periodically 
for wear (see subpar. 11.2). if the beveled edge has become 
dull or damaged, it may be repaired if the original angle 
and length of-the bevel is maintained. 

9.2.5 The pattern of sleeve advancement established 
in the trial run must be followed for each sleeve mass 
of dry soil per inch of hole depth determination. 

10. Sampling, Te~t Specimens,_ and Test Units 

10.1 Prepare a 1,000- to 3,000-lbm test sample of the 
soil in accordance with USBR 5205. 

10.2 Five tests are required for each control unit weight 
condition tested in the ·calibration container, and a 
minimum of 10 control unit weights are required. 

11. Calibration and Standardization 

11.1 Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current; perform the calibration before 
using the equipment for this procedure. 
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11.2 Sleeve: 
11.2.1 Permanently mark each steel sleeve for 

identification. 
11.2.2 Using either a vernier caliper or an inside 

micrometer caliper, determine the inside diameter of the 
beveled end of the sleeve. Make three measurements, just 
above the bevel, equally spaced around the circumference 
of the sleeve. Record these measurements to the nearest 
0.01 inch as shown on figure 2, '"Sleeve Calibration" form. 

11.2.3 If any two measurements differ by 0.10 inch 
or more, the sleeve is out of round and should be discarded. 

11.2.4 Check the sleeve for wear after every 100 tests. 
If the average of the three measurements varies more than 
0.05 inch from the initial average obtained during the 
sleeve-soil calibration, a new calibration equation 
determination is required. 

11.3 Sleeve Baseplate and Measurement Plate.-Mark 
the sleeve baseplate and measurement plate permanently 
for identification. These are mating items and must be 
used together. 

11.4 Calibration Container: 
11.4.1 Measure and record the width, length, and 

height of the container at four different locations each; 
obtain average dimensions as shown on figure 3, "Sleeve-: 
Soil Calibration Container Record" form. Measurements' 
are to be made in inches to the nearest 1/16 inch. 

11.4.2 Compute and record the volume of the 
container (subpar. 14.1.1 and fig. 3). 

12. Conditioning 

12.1 Conduct the calibration inside the laboratory under 
conditions that allow preservation of a uniform soil 
moisture content. 

12.2 Precondition the soil sample to a uniform 
moisture content. 

13. Procedure 

13.1 Determine the maximum and mm1mum index 
unit weights of the soil specimen in accordance with USBR 
5525 and 5530. Record the data on the "Summary of Sleeve­
Soil Calibration Test Results" form (fig. 4). 

13.2 Select 10 control unit weights ranging from near 
minimum index unit weight to near maximum index unit 
weight. 

NOfE 1.-ln cases where the vanat10n from minimum ro . 
maximum index unit weight is small, it may be necessary ro 
use two series of five control unit weights each, repeating some 
of the unit weights. 

13.3 Determine the moisture content of the condi­
tioned sample in accordance with USBR 5300. 

13.4 Perform a trial run at a high unit weight (95% 
relative density or higher) to establish a sequence of depths 
used for advancing the sleeve into the soil (i.e., one-half, 
three-fourths, and full depth). A pattern of sleeve 
advancement is required for each sleeve-soil calibration 
to ensure that the disturbance caused by insertion of the 

sleeve is constant and, therefore, correctly accounted for 
in the calibration equation. It may be useful to record the 
data on the appropriate form as part of the trial run, but 
these data are not necessary as a permanent record except 
that the pattern of sleeve advancement should be recorded 
and posted for reference. 

13.4.1 Multiply the unit weight corresponding to 95 
percent relative density by the volume of the calibration 
container to arrive at the mass of dry soil necessary for 
the trial run. Compute the wet mass by multiplying the 
dry mass by 1 plus the moisture content expressed as a 
decimal. 

13.4.2 Conduct the trial run by performing subpar­
agraphs 13.5.4 through 13.5.15. 

13.5 Conduct a control unit weight testing sequence. 
13.5.1 All data are to be recorded on the "Sleeve­

Soil Calibration" form as shown on figure 5. This form 
is valid only when working in the inch-pound system of 
units. 

NOfE 2.-For this application, a 1-pound mass is considered 
robe numerically equal ro a 1-pound force. 

13.5.2 To minimize emptying and refilling the 
calibration container, begin at a low control unit weight 
and increase the unit weight for each succeeding trial. 
Adding soil into the calibration container and compacting 
to attain a new control unit weight may be repeated twice 
without removing the soil. After the second addition of 
soil and the following testing sequence, the soil must be 
thoroughly mixed within the container or be removed from 
the container and mixed before recompaction. This 
minimizes variations in unit weight within the container. 

13.5.3 Calculate and record the mass of dry soil 
necessary for the initial control unit weight by multiplying 
the unit weight by the volume of the container. Compute 
and record the wet mass by multiplying the dry mass by 
1 plus the moisture content expressed as a decimal. The 
moisture obtained in subparagraph 13.3 may be used if 
appropriate. If not, determine and record the moisture 
content. 

13.5.4 Select enough soil to fill the container and 
place uniformly in the calibration container. Using a screed, 
_level the soil with· the top edge of the container. Collect 
the excess soil, and determine and record its mass. Subtract 
and record the mass of the excess soil from the total mass. 
Compute and record the dry unit weight of the soil in 
the calibration container (control dry unit weight) "(subpar. 
14.1.2) as shown on figure 5. 

13.5.5 Keeping in mind that five tests are required 
for each control unit weight, select an area in the calibration 
container to begin testing. Place the baseplate on the 
designated area making sure it is in full contact wii:h the 
soil surface, and carefully nail into place at each corner 
of the baseplate. Take care throughout the procedure not 
to apply pressure on the soil surface adjacent to the 
baseplate as ~his could disturb the in-place condition of 
the soil. 

13.5.6 Place the beveled edge of the sleeve on the 
soil surface inside the hole in the baseplate. Place the driver 
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7-240 I (12-86) 
SLEEVE CALIBRATION Bureau of Reclamation 

PROJECT FEATURE 

Example 
SLEEVE IDENTIFICATION SOIL IDENTIFICATION 

CALIBRATION PERFORMED BY DATE CALIBRATION CHECKED BY 

INSIDE DIAMETER OF SLEEVE ABOVE BEVEL: -------

AVERAGE INSIDE DIAMETER: (ll + i2 ) + (3 ) 
3 

IF ANY TWO OF THE ABOVE MEASUREMENTS DIFFER BY 0.10 INCH OR MORE. 

THE SLEEVE JS OUT OF ROUND AND SHOULD BE DISCARDED. REPEAT THE 

CALIBRATION FOR EVERY 100 TESTS PERFORMED. IF THE AVERAGE OF THE 

MEASUREMENTS VARIES MORE THAN 0.05 INCH FROM THE INITIAL AVERAGE 

OBTAINED DURING THE SLEEVE-SOIL CALIBRATION. A NEW CALIBRATION EQUATION 

DETERMINATION IS REQUIRED. 

100 TEST CALIBRATION: 

INSIDE DIAMETER OF SLEEVE ABOVE BEVEL: 

AVERAGE INSIDE DIAMETER: (l) + 12 ) + 13 ) 
3 

200 TEST CALIBRATION: 

INSIDE DIAMETER OF SLEEVE ABOVE BEVEL: 

AVERAGE INSIDE DIAMETER: (l) + 12 ) + (3 ) 
3 

Figure 2. - Sleeve calibration - e~ample. 
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, .2403 <•2-s6l SLEEVE-SOIL CALIBRATION CONTAINER RECORD 
Oesi~nation USBK 7216 • .89-Bureau of Rec amation 

PROJECT FEATURE 

Example 
MEASUREMENTS BY DATE CHECKED BY DATE 

·-

1 . AVERAGE CONTAINER WIDTH (FOUR MEASUREMENTS REOUIRED) 

( 26 10116 + 2 6 11116 + 26 12116 + 26 15116 ) /4 = 26 . 75 
in 

2 . AVERAGE CONTAINER LENGTH (FOUR MEASUREMENTS REQUIRED) 

( 
74 12116 

+ 
74 12116 

+ 74 13116 . 74 11116 
) /4 = 74. 75 

;n 

3. AVERAGE CONTAINER HEIGHT (FOUR MEASUREMENTS REQUIRED) 

( 
10 14116 10 15/16 11 10 15116 10.94 

+ + + ) /4 = ;n 

4 . CONTAINER VOLUME : 

LENGTH X WIDTH X HEIGHT 12 .66 lt3 : --------- ----
1728 

I 

Figure 3. - Sleeve-soil calibration container record - example. 
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7-2404 (12-86) 
Bureau of Reclamation SUMMARY OF SLEEVE-SOIL CALIBRATION TEST RESULTS 

PROJECT I FEATURE SLEEVE IDENTIFICATION 

Example 
ASSEMBLED BY DATE CHECKED BY 

CALIBRATION CONTAINER 
MASS OF DRY SOIL PER INCH OF HOLE DEPTH ( lbm/;n) 

CONTROL UNIT WEIGHT 

(lbf/ft3) 1 2 3 4 5 

91.8 2.62 2.69 2.77 2.70 2.69 

92.8 2.73 2.76 2.77 2.80 2.79 

93.8 2.85 2.78 2.83 2.70 2.73 

94.8 2.81 2.81 2.74 2.80 2.80 

95.9 2.86 2.87 2.80 2.83 2.84 

96.9 2.83 2.87 2.85 2.88 2.86 

97.9 2.82 2.85 2.93 2.92 2.83 

100.0 2.89 2.88 2 .96 2.92 2.89 

102.1 2.97 2.88 2.95 2.95 2.91 

102.1 2.91 2.96 2.96 2.97 2.95 

104.1 2.92 2.97 3.01 3.01 3.01 

MAIL TO THE E&R CENTER (D -1540) FOR ANALYSIS. 

MINIMUM INDEX UNIT WEIGHT • 
90.7 

lbf/tt3 

MAXIMUM INDEX UNIT WEIGHT• 104.9 lbf/tt3 

Figure 4. - Summary of sleeve-soil calibration test results - example. 

Designation USBR 7216 • .§11 

I SOIL IDENTIFICATION 

DATE 

AUXILIARY TESTS 

USBR 4075 · ~~ 

USBR 5205 - e~ 

USBR 5300 . . S~ 

USBR 5325 · §~ 

USBR 5525 - si~ 

USBR 5530. si~ c:: 
Vl 
t:x, 
:;d 
....... 
N .... 
°' 
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7-24{,2 (12-86) 
SLEEVE-SOIL CALIBRATION Designation USBR 7216. fl~ Bureau of Reclamation 

PROJECT FEATU _RE I SLEEVE IOENTIFICATION 

EXAMPLE 
SOIL IDENTIFICATION % GRAVEL 1%SAND I"' FINES 

CALIBRATION PERFORMED BY DATE !CALIBRATION CHECKED BY DATE 

CONTROL DRY UNIT WEIGHT DETERMINATION : 

1. DESIRED CONTROL DRY UNIT WEIGHT (ORY DENSITY) ____________________ 91. 8 ., 3 
lbf/ft~ ( lbm/ft ) 

2. VOLUME OF CALIBRATION CONTAINER ---------------------------- 12 .66 1.3 

3. DRY MASS OF SOIL REQUIRED : DRY DENSITY(1) X VOLUME(2) --------------- 1162.2 lbm 

4. MOISTURE CONTENT OF SOIL, w -------------------------------- 0.3 % 

5. WET MASS OF SOIL REQUIRED : DRY MASS(3) X ( 1 + w/100) ----------------- 1165. 7 lbm 

-
6. WET MASS OF SOIL NOT USED --------------------------------- :bm 

7. WET MASS OF SOIL USED : (5) · (6) -- - ---------------------------- IT65.7 lbm 

8. DRY MASS OF SOIL USED : WET MASS(7) / (1 + w/100) ----- - ----------- ---- 1162.2 lbm 

9. CONTROL ORY UNIT WEIGHT (.DRY DENSITY): 

DRY MASS(B ) / V OLUME (2) --------------------------------- 91 . 8 :hiitr
3 

I fbmitt
3

) 

TEST SERIES: FIVE TRI A LS REQUIRED PER CO"lTROL UN)T WEIGHT 

TRIAL : 1 2 3 4 5 

10. DEPTH MEASUREMENTS (a) 7. 06 Q. 9Q 6. 98 6 . 88 6. 63 in 

(b) 7. Q8 6 . 91 7. 13 6 . 79 . 6. 70 - ;n 

(c l 7. 10 6. 98 7. 28 6 . 74 6 . 77 in 

(d) -7.08 . Q. 95 7. 13 6 . 83 : 6 .1..0 j:, 

11. AVERAGE DEPTH : 

I A = ( 11 Oa) + ! 1 Oc) I /2 7. 08 6 . 94 7 .13 6 . 81 6 . 70 in 

B = [(10b) + (10d)] /2 7. 08 6.93 7 .13 6 . 81 6 . 70 in ! 

12. MASS OF WET SOIL+ CAN 21 .1 6 21. 2 8 22 .36 21 . 00 ,_20.63 lbrrt 

13. MASS OF CAN NO. 2 2. 55 2 . 55 2. 55 2 . 55 2.55 l!Jm 

14. MASS OF WET SOIL : 

(12) · (13) 18. 61 18 . 7 3 19 . 81 18 . 45 18. 08 lbm 

15. MASS OF DRY SOIL: 

( 14) / ( l+w/100I 18 . 55 18 . 67 19. 75 18 . 39 18 . 03 lbm 

16. MASS OF DRY SOIL PER INCH OF HOLE DEPTH: 

(15) / (11 A) 2.62 2 . 69 2 .77 2 . 7Q 2 . 69 lbm/in 

AUXILIARY TESTS: USBR 5300-~~ 

Figure 5. - Sleeve-soil calibra1ion - example. 
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on the sleeve. Slowly rotate the sleeve in a clockwise 
direction while pushing the sleeve into rhe soil to the initial 
depth as determined in the trial run. The sleeve penetration 
into the soil should be perpendicular to the baseplate with 
as little variation as possible. 

13.5.7 Remove the driver and extract soil from inside 
the sleeve, being careful not to disturb soil below rhe leading 
edge of the sleeve. A mark placed on rhe inside of the 
sleeve, about 1 inch above rhe leading edge, can be a useful 
reference. Place the extracred soil in a moisture-proof 
container. Continue rotating and advancing the sleeve and 
extracting soil in the sequence established in the trial run 
until the driver rests evenly on the baseplate. Soil below 
rhe leading edge of rhe sleeve should never be exrracred. 

13.5.8 As rhe full depth of extraction of soil is 
approached, flatten the botrom of the test hole as much 
as possible while extracting rhe soil. Place the measurement 
plate on rhe soil ar rhe bottom of the rest hole and gently 
rotate to seat the plate. 

13.5.9 Lift the measurement plate, and inspect the 
bottom of the test hole for surface irregularities. After 
inspecting and smoothing the surface, if necessary, gently 
reseat the plate. 

13.5 .10 Measure and record the depth of the test 
hole from the rap outside edge of the measurement plate 
to the top of the baseplate ro the nearest 1/64 or 0.01 
inch using a trisquare or machinist's square. Perform the 
measurement four rimes, once at each keystock on the 
sleeve. Only two measurements-180 degrees apart-are 
necessary to determine the average depth of the test hole. 
However, since the depth measurement is critical, the two 
other measurements provide a useful check. 

13.5.11 Calculate the average depth of the test hole 
using the measurements at two opposite keystocks. 
Calculate the average depth measured at the other two 
keysrocks. If the two average depth values are not within 
0.05 inch of each other, remeasure the depths. If rhe values 
are within 0.05 inch, use rhe first set of measurements 
to calculate the mass of dry soil per inch of test hole.·' 

13.5.12 Determine the wer mass of rhe soil removed 
from the rest hole and record co· the nearest 0.01 lbm. 

13.5.13 Remove the measurement plate, replace the 
soil in the test hole, remove the baseplate, and slowly 
remove the sleeve. Do not disturb rhe soil remaining in 
rhe calibration container. 

13.5.14 Determine the dry mass of rhe sample 
(fig. 5 ). Divide rhe dry mass by the average depth of rhe 
test hole to determine the mass of dry soil per inch of 
hole depth (lbm/in) as shown on figure 5. 

13.5 .15 Repeat subparagraphs 13.5.5 through 
13.5 .14 four times each at different locations for a total 
of five Mass of dry soil per inch of hole depth 
determinations per control unit weight. Always advance 
the sleeve to the depths as determined in the initial high 
unit weight trial run. 

13.6 Add soil and compact to the next control unit 
weight. 

13.6.1 Calculate the amount of soil needed for the 
next control unit weight as in subparagraph 13.5.3. 

13.6.2 Subtract the mass of the soil in the container 
from the mass calculated in subparagraph 13·.6.l to 
determine.the amount of additional soil necessary. 

13.6.3 Evenly distribute rhe added soil over the 
surface area of rhe container, and compact it with a concrete 
vibraror at well spaced locations. This process may be aided 
by uniformly tapping the sides of the container at even 
intervals. 

13.6.4 If the addition of water is necessary to achieve 
the desired unit weight, adequate rime for drainage must 
be allowed before beginning the next sequence of tests 
and a new moisture content determined. Extreme care 
should be taken to maintain a uniform unit weight 
throughout the calibration container. 

13.7 Repeat subparagraphs 13.5.l through 13.6.4 for 
each control unit weight selected in subparagraph 13.2. 

13.8 Tabulate all data on the "Summary of Sleeve-Soil 
Calibration Test Results" form as shown on figure 4. Label 
the computed dry unit weight-of the soil in the calibration 
container-as rhe Calibration conrniner control dry unit 
weight (see fig. 4). 

13.9 Determine the calibration equation using appen­
dix X 1. (This will be done at the Bureau's Denver Office.) 

14. Calculations 

14.1 Determine the in-place (control) unit weight. 
14.1.1 Calculate rhe volume of the calibration 

container (see fig. 3 ). 

where: 

V= 
l= 
w= 
h 

1,728 = 

lwh V= 
1,728 

volume of container, ftl 
average length, in 
average width, in 
average height, iri. 
change cubic inch to cubic foot 

14.1.2 Calculate the control dry unit weight (see fig. 
5, line 9) by dividing the Dry mass of soil used by the 
volume of calibration container. Dry unit weight values 
should be rounded to 0.1 lbf/ft3• 

14.2 Compute the Mass of dry soil per mch of hole 
depth. 

14.2.1 Divide the sum of the initial Depth measure­
ments by 2 to find the Average depth (see fig . 5, line 11). 

14.2.2 Divide Mass of dry soil removed from the 
test hole by the Average depth to find the Mass of dry 
so,1 per inch of hole depth (see fig. 5, line 16). 

14.3 Transmit all data to the Bureau's Denver Office 
for dererminarion of the calibration equation (see app. Xl). 

15. Report 

15.l Officially transmit all related information and 
tabulations to: 
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Bureau of Reclamation 
Arm: Code D-3760 
PO Box 25007 
Denver CO 80225 

The following information is required: 

• Written description and photograph of calibration 
container. 
• Gradation analysis of material. 
• Written description of angularity of material with 
photograph. 

• Completed form: "Summary of Sleeve-Soil Calibra­
tion Test Results" (fig. 4). 
• Copies of data forms from the performance of tests 
in USBR 5525 and 5530. 

15.2 The calibration equation and _related information 
will be officially transmitted co the project. Examples of 
such information are: 

• An official memorandum detailing the soil identi­
fication, the calibration equation, and instructions for 
use of the equation. 
• A graphic plot of the calibration equation (see 
fig. Xl.l). 

APPENDIX 

XL CALIBRATION EQUATION DOCUMENTATION 

XI.I Test Data.-The descriptive information and test 
data received at the Denver Office are studied for 
acceptability. Items of particular concern are: 

1. Calibration container construction to ensure that 
a constant volume is main.tained throughout tlie procedure. 

2. Possible eccentricities in the angularity of the soil 
particles that may cause difficulty in uniform sleeve 
penetration. 

3. Establishment of a reliable calibration equation 
for the material tested. 

4. Existence of a reliable and representative linear 
relationship for the entire range of unit weights listed 
or for only part of the range. 

Xl.2 Computer Program.-An analysis program 
"SLEEVE" processes the data. The program is on disk 
for use with the Tektronix 4051 minicomputer and 
Tektronix 4662 interactive digital plotter. It is available 
at the Denver Office (Research and Laboratory Services 
Division, Geotechnical Services Branch,.Geomechanics and 
Research Section, code D-3762). The program computes 
the constants of the equation for the linear relationship 
of the calibration data points. The technique used is linear 
regression by the method of least squares. Control unit 
weight (unit weight of soil in the calibration container) 
is the dependent variable plotted on the X-axis, and the 
mass of dry soil per inch of test hole (series of tests at 

1 Young, Hugh D., Srarisrical Trearmenr of Experimenr Dara, McGraw­
Hill Book Company Inc., New York, pp. 121-123, 1962. 

each control unit weight) is the independent variable 
plotted on the Y-axis. The least squares best-fit equation 1 

is calculated, and the data points and best-fit line are 
graphically plotted as shown on figure XL 1. The calibration 
equation used co solve for in-place dry unit weight, X, 
derived from the best-fit line equation also is included on 
the plot. 

The plot, with any special instruction for using the 
calibration equation, is transmitted to the field by official 
memorandum. 

0. 

SLEEVE - SOIL CALIBRATION 
(QU,1,TION 

OR'f' UNIT WEIGHT • (47 . 769 •SOIL/IHCHl-18.I 

0. 

, .. ~-----~-------'---------' .. 
INfi>L&CE ORY UNIT 'M[IGHT ILIF'/FT'I 

Figure X l. l - Calibration equation for unit weight of soil in-place 
by the sleeve _mechod - example. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR USBR 7220-89 

DETERMINING UNIT WEIGHT OF SOILS IN-PLACE 
BY THE SAND REPLACEMENT METHOD IN A TEST PIT 

INTRODUCTION 

This procedure is under che jurisdiction of che Geocechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7220. The number immediately 
following the designation indicates the year of acceptance or the year of lase revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the in-place unit weight of soils using a 
pouring device and calibrated sand to determine the volume 
of a cesc pie. 

1.2 This procedure is applicable for soils containing 
more than 20-percent particles chat would be retained on 
the 1-1/2-inch (37 .5-mm) sieve and, therefore, can be used 
when USBR 7205 (sand-cone method) is inappropriate. 

1.2.1 Use of this procedure is appropriate to 
determine the volume of test pit.s up to about 6 ft 3. It 
may be used for larger sized excavations if desirable. 
However, for larger sized excavations, USBR 7221 (water 
replacement method) is preferred. 

1.2.2 USBR 7205 and/ or USBR 7206 are usually used 
to determine the volume of test holes smaller than 1-1 /2 ft3. 

1.3 Two methods are provided. 
1.3.1 Method A - In-place unit weigl-it of cotal 

material. 
1.3.2 Method B - In-place unit weight of coricrol 

fraction. 
1.3.2.1 If the in-place soil contains particles larger 

than the maximum particle size permitted in the laboracory 
unit weight test(s) , the soil is considered to consist of two 
fractions, or portions. The soil from the in-place unit weight 
test is physically divided into a control fraction and an 
oversize fraction based on a designated sieve size. The 
unit weight of the control fraction is calculated and 
compared with the unit weight(s) established by the 
standard laboracory tesc(s). 

1.3.2.2 Normally, the control fraction is che minus 
No. 4 (4.75-mm) sieve size material for cohesive soils and 
the -minus 3-in (75-mm) sieve size material for cohesionless 
soils. 

1.3.3 Method A is used when che in-place unit weight 
of cotal material is co be determined regardless of particle 
sizes. If there is no oversize present, the in-place unit weight 
of the total material can be compared directly to che 
laboracory unit weight(s). 

1.3.4 Method B is used when che in-place soil being 
tested contains 3 percent or more oversize. 

1.4 Any soil or other material chat can be excavated 
with handcools can be tested provided the void or pore 

openings in the mass are small enough (or a liner used) 
co prevent che calibrated sand used in che rest from entering 
the natural voids. The soil or ocher material being tested 
should have sufficient cohesion or particle accraccion co 
maintain stable sides during excavation of the test pit and 
through completion of this test. It also should be firm 
enough not to deform or slough due to the minor pressures 
exerted in digging the hole and pouring the sand. 

1.5 This procedure is limited generally to soil in an 
unsaturated condition and is not recommended for soils 
that are soft or friable (crumble easily) or in a moisture 
condition such chat water seeps into the hand-excavated 
hole. The accuracy of the test may be affected for soils 
that deform easily or that may undergo volume change 
in the excavated hole from standing or walking near the 
hole during the test. 

2. Auxiliary Tests 

2.1 The moisture content of the soil must · be 
determined in accordance with USBR 5300 in order to 
calculate dry unit weight values. The bulk specific gravity 
of any oversize material muse be determined in accordance 
with USBR 5320 in order to calculate the volume of the 
oversize removed from the test pie. The density of the 
calibrated sand must be determined in accordance with 
USBR 1436 prior to performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1436 Calibrating Sand Pouring Equipment and 
Sand 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5205 Preparing Soil Samples by Splitting or 
Quartering 
USBR 5 300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 
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USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand-Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by the Rubber Balloon Method 
USBR 7215 Determining the Unit Weight of Soils In­
Place by the Sleeve Method 
USBR 7221 Determining Unit Weight of Soils In-Place 
by the Water Replacement Method in a Test Pit 
USBR 7240 Performing Rapid Method of Construction 
Control 
USBR 7250 Determination of Percent Relative Density 
USBR 7255 Determining the Percent Compaction of 
Earthwork for Construction Control 

3.2 ASTM Srandard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method, 

4.1 The ground surface at the test location is prepared 
and a template (metal frame) is placed and fixed into 
position. The volume of the space between the cop of the 
template and the ground surface is determined by pouring 
calibrated sand into the space using a pouring device. The 
mass of the sand required co fill the template in place 
is determined and the sand removed. Soil from within 
the boundaries of the template is excavated forming a pit. 
Then, calibrated sand is poured into the pit and template; 
the mass of sand within the pit and the volume of t~e 
hole are determined. The wet unit weight of the in-place 
soil is calculated from the mass of soil removed and the 
measured volume of the test pit. The moisture content 
is determined and then the dry unit weight of the in­
place soil is calculated. 

4.2 The unit weight of a control fraction. of the soil 
can be determined by subtracting the mass and volume 
of any oversize from the initial values and recalculating 
the unit weight. 

5. Significance and Use 

5.1 This procedure is used co determine the in-place 
unit weight of compacted soils in construction of earth 
embankments, road fill, and structure backfill. For 
construction control, it is often used as the basis for 
acceptance of soil compacted tO a specified unit weight 
or tO a percentage of a maximum unit weight determined 
by a standard laboracory test method. 

5.2 This procedure can be used co determine in-place 
unit weight of natural soil deposits, aggregates, soil 
mixtures, or other similar material. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific co this 

designation are: 
6.2. l Control Fra·crion.-The portion of a soil sample 

consisting of particle's smaller than a designated sieve size. 
This fraction is used co compare in-place unit weights with 

standard laboracory unit weights. The control sieve size 
depends on the laboracory test used. -

6.2 .2 Oversize.-The portion of a soil sample 
consisting of the particles larger than a designated sieve 
size. 

7. Apparatus 

7.1 General Appararus: 
7 .1.1 Balance or Scale.-A typical balance or scale used 

co determine moisture content must be readable co 0.1 g 
and have a capacity of about 1000 g. 

7.1.2 Balance or Scale.-A typical balance or scale used 
co determine the mass of the calibrated sand and the 
excavated soil must be readable co 0.01 lbm and have a 
capacity of about 50 lbm. 

7.1.3 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft type, and capable 
of maintaining a uniform temperature of 230±9 °F 
(110±5 °C) throughout the drying chamber. 

7.1.4 Sieves.-U.S.A. Standard series No. 4 sieve 
(4.75-mm) and 3-inch (75-mm) sieve, conforming co the 
requirements of ASTM E 11. 

7.2 Equipment Unique ro This Procedure: 
7.2.l Mera} Templare (see fig. 1). 

NOTE 1.-The template shown on figure 1 represents a design 
chat has proved satisfactory. Square or circular templates of other 
dimensions may be used as long as che template is rigid enough 
co serve as a paccern for the excavation. 

I 27 

'-.. / 

~ Weld corners and grind smooth 

1// 
I/ '-.. 

----1 ½ • Angle iron 

iCa,_ __________ ---!'r 
I 24• 

Figure l. - Square cemplace.-The template represents a design chat has 
proved satisfactory. Template dimensions will vary according co the 
size of the test pit co be excavated. Ocher sizes may be used as long 
as the template is rigid enough co serve as a pattern for the excavation. 
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7.2.2 Plastic Sheet-Plastic sheeting, about 1/2-mil 
(0.0005-inch) thick and large enough to line the test pit 
with about 1 foot extending beyond the outside of the 
template. 

7.2.3 Pouring Equipmenr.-Sand pouring devices (see 
fig. 2 for typical devices). 

7.2.4 Straightedge.-Metal straightedge about 2 
inches high, at least 1/8-inch thick, and having a length 

SIDE VIEW 

1.5 times the side length (or diameter) of the metal 
template. 

7.2.5 Calibrated Sand-The sand must meet the 
requirements specified in USBR 1436. 

7.3 Miscellaneous Equipment.-Shovels for preparing 
test surface; hammer for seating template; assorted small 
brushes, picks, chisels, bars, knives, and spoons for digging 
test pit; buckets with lids, seamless cans with lids, or ocher 

~ i" 1.o Hose ,a·· long 

Solder 

TOP VIEW 

RADIATOR FILLER CAN 
(1 2 Qt capacity l 

1f Std. brass steam coc k .I 

20 Gage galv 
shttt metal 

2-6· Drawer pulls 
riveted to con 

Th,s end open 

~ ,rsross .... 
pil)! 

1-----,i---­
SIDE VIEW 

LARGE POURING CAN 

Figure 2. - Sand pouring devices. 101-0-341 
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suitable containers for retaining the test sample and sand 
without moisture change; bags or ocher suitable containers 
for waste sand; cloth for collecting excess sand or soil; 
and assorted pans and porcelain dishes suitable for drying 
moisture content specimens. 

8. Precautions 

8.1 Safety Precautions.- This designation may involve 
hazardous materials, operations, and equipment, and may 
require handling heavy loads. 

8.2 Technical Precautions: 
8.2. l Soils that may flow or deform during the test 

must be identified and appropriate precautions taken. 
8.2.2 Movement of heavy equipment in the imme­

diate test area should not be permitted during the volume 
determination. 

8.2.3 Errors may arise in the computed unit weight 
of soil due to the influence of excessive moisture in the 
soil. These errors may be significant in soils having high 
permeability such as sands and gravels where the bottom 
of the test hole is close to or below the water table. Errors 
also may arise due to change in density of the calibrated 
sand as it becomes wetted from capillary or freestanding 
water while performing the test. This problem becomes 
evident when removing the calibrated sand from the test 
hole and wee sand is observed on the bottom or sides 
of the test hole. If a liner is used, the buoyant forces of 
free water beneath or behind the liner may adversely affect 
the volume determination. 

8.2.4 The test area and equipment must be suitably 
protected during periods of inclement weather such as rain, 
snowfall, or high wind. 

8.2.5 Numerous containers may be required during 
performance of this procedure. All containers must be 
properly labeled to avoid a possible mixup. 

8.2.6 The total mass of the density sand and/or soil 
sample may exceed the capacity of the scale used, requiring 
cumulative determinations of mass. Care must be taken 
to ensure that the total mass is properly determined. 

8.2 .7 Pouring devices with valves provide consistent 
sand flow from test to test only if the valve is opened 
completely each time. A valve that is only partially open 
can significantly alter the flow characteristics of the device. 
Each individual pouring device has unique characteristics 
which may cause the sand co flow from it differently. The 
final calibration values are affected by changes in these 
flow characteristics. Consequently, calibration values are· 
not interchangeable, even for devices which may appear 
.co be identical. 

8.2.8 Pouring devices must not be allowed co run 
out of sand during the pouring operation. The size of the 
stream of poured sand from the pouring device should 
be constant. If the reservoir capacity of the pouring device 
is coo small to fill the test pit with one pour, use cwo 
or more pours co fill the test pit. Stop the stream of sand 
when the reservoir is about three-fourths empty and before 
the size of the scream diminishes. Refill the reservoir and 
resume pouring. 

8.2.9. Pouring devices permit a varied sand drop 
distance that must be carefully controlled if consistent 
results are to be achieved. A distance of 2 inches from 
che end of the spout· co ·the surface being poured is 
recommended. Variations in the drop distance can 
significantly affect results. The drop distance is directly 
affected by the operator's ability to control the pouring 
device and by che operator's judgment of the drop distance 
while doing so. This involves scooping while holding a 
pouring device with an initial mass of 50 lbm or more 
that is constantly changing in mass as the sand flows into 
the test pit. Calibration values are not interchangeable from 
device co device and are not necessarily interchangeable 
from operator to operator. Individual operators muse 
demonstrate that they can duplicate the calibration values 
for a device before they may use chem. Otherwise, separate 
calibrations for the various operators are required. 

9. Calibration and Standardization 

9.1 Verify chat equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibration before 
using the equipment for this procedure. 

9.2 The sand pouring equipment and calibrated sand 
shall be calibrated in accordance with USBR 1436. 

10. Procedure: Method A - In-Place Unit 
Weight of Tot~l Material 

10.1 All data are co be recorded on either the "In­
Place Unit Weight Test Record" form as shown on figure 
3, the "Rap.id Method Test Record In-Place Unit Weight" 
form as shown on figure 4, or the "Relative Density Test 
Record" form as shown on figure 5. 

10.2 Determine the recommended sample volume and 
select the appropriate template for the anticipated soil 
gradation in accordance with information in appendix Xl. 
Assemble the remainder of che required equipment. 

10.3 Determine to the nearest 0.01 lbm che mass of 
each combination of empty container, li_d, and container 
liner (if used) that will contain the excavated soil. Number 
the containers and mark as to use. The mass may be written 
on the-container or a separate prepared list. 

10.4 Prepare the quantity of calibrated sand to be used. 
10.4.1 Two sets of calibrated sand are necessary. 

Determining the volume of che test pit requires two 
separate sand pours (1) to measure the mass of sand used 
co fill the space between the soil surface and the cop of 
the template, and (2) to measure the mass of sand used 
to fill the test pit up co the cop of the template. The 
difference between the two is the mass of sand in the 
test pit. 

10.4.2 Estimate the mass of calibrated sand and the 
number of containers required co fill the space between 
the soil surface and the top of che template. The estimated 
mass may be calculated by multiplying the template volume 
by the density of the calibrated sand. Number the containers 
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7 - 1425 (12 -85) I IN PLACE UNIT WEIGHT TEST RECORD I lh•si~11:iti11n USIJR 7220-_89 Bureau of fh•damation 

S/\MPLE NO. FEATURE. I PROJECT 
Example 

- . 
TEST NO . SOURCE OF MATERIAL 

LOCATION OFFSET ELEV. I ZONE 

TESTED OY I DATE COMPUTED BY DATE I CHECKED BY I DATE 

Cans 6,7,819 110, 11 1 12 

(1) Mass-Sand & Can(s), No(sl. _3_5o,qq 
50. 00 lbm each 

lbm (22) Moisture Content , Oversiz e. was 

(2) Mass-Sand Residue & Can(s) !37,5_ I_ lbm 
(15) · (21) 

X 100 
(21) 

2.6 % 

(3) Mass-Sand used. (1) · (2) . . . . . _26_2 .49 . lbm 123) Mass-Wet $oi l. (10) (15) . ' 
164. 19 !bm 

Mass-Sand in Temptare1• 1 73,?3 123) 143.9 lbf/tt3 (4) & Cone, No. lbm (24) W ~t Unit Weight of Soil, ---
17) · ( 17) 

(5) Mass-Sand in Hole , (3) · (4) 188.96 (25) 
(231 146.34 lbm Mass-Dry Soil , 

1 + ( w
1

/100) · l!Jni 

(6) Den si ty of Calibrated Sand 98 . 1 lbm/ft3 (26) Mass-Dry Soi l & Oversize 125) + (211 
270.97 

lbm . .. .. . . 

(5) 
I .9262 1,3 

(21) 46.0 (7) Vol. of Hole. (6J . . (27) Percentage of Oversize. 
126 ) 

X 100 'X, 

(281 Moisture Content , Soil DI Oversize . w 

(8) Mass-Wet Soil, Oversize & Can(s) 307.74 lbm 
110) · 126) 

X 100 7.8 
% ~) . . .. . . . . 

Mass-Canis) . No (s) . I_ ,_2_, 3 . 15.68 (9) ... 11, m 

5.23,5.20,5.25 129) Dry Unit Weight . Control Fraction 

110) Mass-Wet SOi l & Oversize 18) . (9) . 292.06 lbm 
(24) 128.3 

lbf /ft 3 
110) 1 + (w1/100) . . . . .. . . . 

(11) Wet Unit Weight Soil & Ov ers iLe m· . 15_1_.6 _ lbf /t.3 

lbl/ ft3 x-0 .1571 20.2 kNtm3 

(12) Dry Unit Weight Soil & Ov ersize . 
Moisture Co nten t OetP.1 mi nation CONTRO L FRACTION 

!111 140.6 lbf/ft 3 11) Mass-Wei Soil & Di sh 1 + [(28) / 100) . . . . . ... . . 
371 . 3 q 

lbf/tt3 x 0.1571 . . . . . . . . . 22_._1 _ k N/m3 (2) Mass -Dry Soil & Dish 
346.2 9 

13) Mass-Oish No . 23 

(1 31 Mass-Wet Oversize (b) & Pan . 151 .90 lb,n 140.2 II . . . . . 
141 Mass-Water (1) . (2) 

114) Mass-Pan , No. 13 . 24 . 03 , lbm 25.1 g . . . . . . 

(5) Mass-Dry Soil 12) • (3) 

(15) Mass Wet Oversize(b) (13) . (14) . . 12_7 . 87 Ihm 206 . 0 g 

(6) Moisture Content W, X 100 w, 12.2 % 
(16) Mass-Overs ize in Wate r . . . . . . . . . tum 

( 17) 
(bl (15l -( Wl' 

V olu meofOversiz e 
2

_6111162 _4 
_o_.78!?1. 113 Soil Classification Ge 

Sp. G. of Oversize (b ) 
(15) 2. 6 lassumed 5• max. size (18) 

[( 151 • 116)1 .... . ... . REM/\RKS 

(1 9) Mass-Dry Over size & Pan . . _148.66 lbm 

AUXILIARY TESTS: USBR 143 5- --
(20) Mass-Pan . No . 13 . . . . . . . ... _24,Q3_ lbm 1436. ..69 

5300 · 89 

_12<1.~:3 
5320 · -89 

(21) Mass-Oven Drx Oversi.le 119) · (20) . . !Um 5505 · __ 

(al Template Calibration USBR 7220 
100.00 (1) Mass-Sand & Can(s) No. 4,~ lbm 

Or (17)A by measuring t he wat er displaced from a si phon ca n, then; (2) Mass -Sand Residue & Can(s) .. ·2s:41 · lbm 
(15) (3) Mass-Sand in Template (1) • (2) )~:5~: lbm 

(18)A = I17) x62.4 
(b) Surface dried condition 

G PO 850 • 6-47 

Figure 3. - In-place unit weight test record - example. 
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USBR 7220 

RAPID METHOD TEST RECORD 
IN-PLACE UNIT WEIGHT Jles ig nalion USIH< 7240 · __ 

PROJECT __ Ex_a_m_,p'-l_e ______ FEATURE __ U_S_B_R_?_2_2_0_-_8_9 __ No. __ FILL __________ NO. __ 

TESTEDBY _______ DATE ___ COMPUTEDBY ______ DATE ___ CHECKEDBY _______ DATE __ _ 

(.!_) 
------- ·--- ·--- -------- ·---· ·--- · ·--- ----MO. DAY SHIFT TEST TYPE STATUS BORR . STD. SOIL STATION OFFSET ELEV-

A -DAY NO. R• REG. A-ACC. AREA COMP. CLASS 
8 -$WING C• CONG . R -REJ. NO. METHOD 
C-GRAVE O• OOUBT 

IN-PLACE UNIT WEIGHT DATA @ 
Cans 6, 7, 8, 9, IO, I I , 12 

RAPID METHOD CONTROL DATA 

350.00 f' IRST SECO N D 
(1) MASS-SANO & CAN NO,_, lbm :,P£ C •-.e £ N S Pf CH,il EN 

50 . 00 lbm each 
87.51 (2) MASS-SANO RESIDUE & CAN lbm POINT NO. 

(3) MASS-SAND USED, (1)-(2) 262.49 lbm ADDED WATER (%1 0.0 + 2.0 

(4) MASS-SANO IN TEMPLATE & MASS ·MOLD & WET SOIL Obm 

CONE, NO, __ 73.53 lbm 
M A SS-MOLD (lbm) NO. --SEE BACK SIDE FOR F IELO 

DETERMINATION - USBR 7220 MASS-WET SOIL (lbm) 

(5) MASS-SANO IN HOLE, 13)- (4) 188.96 lbm VOL . O F MOLD (lt 3 1 

DENSITY OF CALIBRATED SANO~lbm/ft3 "WET UNIT WEIGHT (lbf /113 ) 
(261 

(6) 

CONVERTED UNIT WEIGHT *~ (7) VOL. OF HOLE , ::: I . 9262 1, 3 (lbf/ft 3 ) .//% 1/'. 

(8) TOTAL MASS WET Y 1 /Y 
2 

CHART (ONE PERCENT) Y 2tY 4 CHART (TWO PERCENT I 

MATERIAL & CAN 307 . 74 lbm 
PT . 1 PT. 1 PT. B PT. C 

(9) MASS-CAN, No,_!, 2, 3 15.68 lbm 

w 5.23,5.20,5.25 PT . 3 PT. 2 PT . A PT . A 

(10) TOTAL MASS WET 
y ,!1 -3) Y 2(1 -2) Y

2
(B -A) Y4 (C-A) 

MATERIAL (Bl -(9) 292,Q6 lbm 
z m Ym xm Ym 

• (11) WET UNIT WEIGHT, 
151.6 lbti1t3 ... Z • X + 

TOTAL MATERIAL (10)/(7) PT . 1 .. m m 
RLC ·ADDED .. 
w 0 · Wf = 1291 MAX. WET 271 WATER@ 

127 . 87 PT A 
(141 :.11\SS-WE T + NO. 4 lbm 'm + RLC UNIT VvT . 

f LUS NU. 4 UVERSIZEI 
RLC PT . A 

(171 SP . G . . + N0. 4 2.61 (121 MASS-WET Wo · Wf • (291 MAX . (27) 
151.90 WET + NO. 4 & PAN lbm 'm + RLC UNIT wr 

(21) MOISTURE CONTENT. + N O . 4 2.6 % MASS-PAN . No . ...J.L. 24.03 l'>m (13) FILL MOISTURE CONTENT 
(24) FILL UNIT WEIGHT , 

(141 MASS-WET + NO . 127 . 87 lbm 
143 . 9 128.3 lbf/tt3 

4 DISH NO. 23 
WET DRY (121 -(13) 

12.2 
(15) MASS+ NO. 4 MASS-WET SOIL + DISH 371 . 3 g 

(25) FILL MOISTUR E CONTENT , w 1 % IN WA.TEA lbm 

0. 78511,3 
MASS-DRY SOIL+ DISH 346.2 g 

(26) FIRST SPECIMEN UNIT WEIGHT. (16) VOL.OF + NO . 4 

WET DRY lbt/tt3 [(14) -Ullll /62 .4•2.61 MASS-DISH 140.2 g 
(17) SP. G OF + NO. 4 2 . 61 assumed 

(27) MAX . UNIT WT. AT FILL MOISTURE CONTENT (14)/1(14) -115)1 MASS-WATER 25.19 

WET DRY lbf/ft 3 (181 MASS- DRY 
148.66 + NO. 4& PAN lbm MASS-DRY SOIL 206.0 9 

(28) OPT. MOISTURE CONTENT, w
0 

% (l!ll MASS-PAN , NO .~ . M.QL lbm MOISTURE CONTENT (251 12.2% w
0 

• w1 + I ,m x (1 + w1/1001I 
124.63 

'.291 % (20) MASS-DRY+ NO. 4 lbm w 0 - w
1 (181 -(191 AUXILIARY TESTS 

121) MOISTURE CONTENT USSR 5300 - _89 
130) C VI\LUE 

1241 
% + N0. 4 2.6 % 

(26) [(14) -(20)] /(20) X 100 IN PLACE UNIT WEIGHT 

E (24) 
PERFORMED IN ACCORDANCE 

(31) D % (22) VOL. OF -NO. 4 
I. 1411 lt 3 WITH USBR.1220.. - _11S, VALU 

1271 

© COMMENTS · 18 SPACES AVAILABLE 
171-(16) 

164.19 (23) MASS-WET -NO. 4 lbm + # 4 SPECIFIC GRAVITY 

GC - max. size s· (10)-(14) PERFORMED IN ACCORDANCE 

"(24) WET UNIT WT. 143 . 9 lbf/tt 3 WITH USBR .5.J.20..- ..89.. 
(23)/122) 

• ASSUME 1 lbf = 1 lbm 
J STORED 

Figure 4. - Rapid method rest record in-place unit weight - example. 
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USBR 7220 . FIELD DETERMINATION 

MASS -SAND & CAN(S) . NO . ~ ______ 1_0_0_. 00 ___ lbm 

MASS-S AND RESIDUE & CANIS) 26.47 lb m 

MAS S -SAND IN TEMPLATE _______ 7_3_. 5_3 __ lbm (TR A NSFER TO LI N E 14) ON FRONT Si DE ) 

Figure 4. - Rapid method tes t record in-place unit weight (backside) - exa mple - cominued. 

1162 



USBR 7220 

7-1709 (9-86) 
Bureau of Reclamation 

RELATIVE DENSITY TEST RECORD 
Designation USBR .?.~~Q·.~ 

PROJECT FEATURE Fl LL 

Example 
TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

MONTH DAY SHIFT 1/ TEST NO. TYPE 2/ STATUS~ BORROW STANOARO SOIL STATION OFFSET ELEV. 
AREA COMPACTION CLASS IF I CA-
CODE CODE TION 

MAX. OVERSIZE GRAVEL SANO FINES SpG MOISTURE MOISTURE YwET YORY YoMIN 'YoMAX 
SIZE (%) (%) (%) (%) K)VERSIZE OVERSIZE CONTROL TQTAL MATL CONTROL 

(%) FRACTION FRACTION 
(%) 

~ El 
IN-PLACE UNIT WEIGHT GRADATION 

(1) Man of sand & can~ 350.00 Ma,dmum size 
No(1) . ...Ji.1, Q....lL l..Z_ lbm 

(2) Man of sand residue ~ can(s) az !i I lbm 
( 1) Dry mass of oversize 

{12Al 
(3) Man of ,and used 

262 . 49 1 + I (w01 >11 ool I lbm (1). (2) lbm 

•(4) Mau of aand In template/cone 73.53 lbm 
(5) Man of aand In hole 188.96 MINUS 3-IN SPLIT SAMPLE 

(3) • (4) lbm 

(6) ·Dens Jty of calibr"ateci Und 98.1 lbm/ft3 
(2) Mass of dry plus No. 4 lbm 

(7) Volume of hole 1 ·.9262 · 
(3) Mass of dry minus No. 4 lbm 

(5)/(6) . . tt3 (4) Mais of total split sample ,. 
(8) Total man of wet material 307.74 (2) + (3) lbm 

and can(1) lbm (5) Mass of dry minus 3 - in total sample 
(9) Total mau of can(1) I 

2 15 . 68 !lMl 
No(1). ____ , __ ,_L lbm 1 + ((wf)/100] lbm 

(.10) Mau of wet material 292 . 06 (6) Total dry mass 
(8) · (9) ibm (1) + (5) ibm 

••(11) Wet unit weight total material 151 .6 (7) Percent oversize 
(10)/(7) lbf/ft3 ((1)/(6)] X 100 % 

(8) Pere ant gravel 
OVERSIZE ((2)/(4)] X (100 · (7)] % 

(9) Percent plus No. 4 
(12) Wet maa of oversize 

127 . 87 
(7) + (8) % 

(1urface drltd condition) lbm (10) Percent min us No. 4 

Zfl flfl 
100 · 191 " (13) Mau of ovenlze In water lbm (11) Mass ot dry minua No. 4 washed 

(14) Volume of oversize on No. 200 g 
(l2~2-~13) 0.7851 (12) Mass of dry minus No. 4 retained 

ft3 on No. 200 g 
( 15) SpG of oversize (13) Mass of dry minus NO. 4 

11~1 2.61 pauing No. 200 
(12) -13) (11) - (12) ~ 

(16) Wet maa of control fraction 164. 19 (14) Percent Tines, total sample 
(10) · (12) lbm ((131/111)1 X (10) " ••(17) Wet unit weight, control (15) Percent sand 
fraction (10) - (14) % 

~ 143.9 . lbf/ft3 
(18) Dry unit weight, control 

fraction 128.3 !J7l lbf/ft3 .Y A n day 2/ R • regular y A • accepted 
1 + ((wf)/100] B • swing C • congested R • rejected 

C - graveyard 0 "" doubtful 

~ •calibration value (USBA 1435) or 
field determination (USBR 7220) 

FILL MOISTURE CONTENT Mau ~~(:tpla~ •~~ c~, 100 . 00 ibm 
Mass of template sand residue 

26.47 & can(1) lbm 
CONTROL Mass of sand In template• (4) ZJ 5J lbm 

OVERSIZE FRACTION • • 1mplles 1 lbm • 1 lbf 

(1) Mau of pan & wet soil 151.90 371 .3 Com menu for PAYDI RT program (18 spaces available) : 

(2) Mau of pan & dry soll 148.66 346.2 
~.n_ ------------------(3) Men of pan Noh). 24.03 lhn 140.2a 

(4) Man of water ( 1) - (2) 3.24 25 I Testing observations : GC - 5• max. size 
(5) Mm of dry soil (2) - (3) 124.63 206.0 
(6) Mo l11:u re content (wo,l (Wf) 

( (4)/(5) I x 100 

2 .6 % 12.2 % Stored ( ) 

GPO B!'.i2- 1B2 

Figure 5. - Relative density test record - example. 
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to be used and mark as to use. Fill the containers with 
sand. Determine and record (on a separate list) the mass 
of the containers and sand co the nearest 0.01 lbm. 

10.4.3 From the anticipated volume of the rest pie, 
estimate the mass of calibrated sand required to fill the 
rest pie. Increase this amount by about 25 percent to ensure 
char a sufficient sand supply is available at the sire, and 
then add to it the mass of sand calculated in subpargraph 
L0.4.2. The estimated mass to be used for the rest pit may 
be calculated by multiplying the anticipated volume of the 
rest pit by the density of the calibrated sand. Determine 
the number of containers required, number them, and mark 
as to use. Fill the containers with sand. Determine and 
record (on a separate list) the mass of the containers and 
sand co the nearest 0.0 I lbm. 

L0.5 Select a representative area for the rest, avoiding 
locations where removal of large particles would undermine 
the template. 

10.6 Prepare the surface of the area to be rested. 
10.6. l Remove all loose soil from an area large 

enough on which to place the rem place. Prepare the exposed 
surface so that it is a firm, level plane. 

L0.6.2 Personnel should nor seep on the area selected 
for resting. A working platform should be provided when 
resting soils which may flow or deform. 

L0.7 Place and seat the template on the prepared 
surface. 

10.7. l Use a hammer to firmly seat the template 
co avoid movement of the template while the rest is 
performed. The use of nails, weights, or other means may 
be necessary to maintain the position. 

10.7.2 Remove any soil loosened while placing and 
seating the template; cake care to avoid leaving any void 
sp::ice under the template. If necessary, voids under the 
template may be filled using plastic soil, modeling clay, 
or other suitable material, provided that these materials 
are not subsequently excavated as part of the soil removed 
from the rest pit. 

10.8 Determine the mass of sand used to fill the space 
between the soil surface and the top of the template. 

10.8.1 Irregularities of the soil surface within the 
template must be taken in to account. To do this, the mass 
of sand required to fill the space between the soi l surface 
and the top of the template must be determined. 

10.8.2 It is recommended that a cloth, with a hole 
slightly larger than the template center hole, be placed 
over the template co facilitate locating and collecting any 
excess sand and/ or loose soil. 

10.8.3 Place a plastic liner (approximately 1/2 mil 
thick) over the template and shape it by hand to conform 
to the irregular soi l surface and the template. The liner 
should extend about 1 foot outside the template. The liner 
shou ld not be stretched too taut or contain excessive folds 
or wrinkles (see fig. 6). 

10.8.4 Pour the calibrated sand onto the plastic liner 
inside the template using a sand pouring device (see fig. 
7) . Slightly overfill the template (see subpars. 8.2 .7 through 
8.2.9). Return any sand remaining in the pouring device 
to the original container. 
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Figure 6. - Plastic liner placed over the template. 

Figure 7. - Sand being poured inco the template. 

10.8.5 Carefully level the calibrated sand by screeding 
with the steel straightedge across the top edges of the 
template. Return all screeded excess sand to the original 
container. Care must be taken to avoid the loss of any 
excess sand. 

10.8.6 Remove the calibrated sand in the template 
and, if the sand is to be reclaimed, place it in a specially 
marked container. Remove the plastic liner. 

10.9 Excavate the test pit. 
10.9.1 Using handtools (chise l, knife, bar, etc.), 

excavate the center portion of the test pit. 
10.9.1.1 Movement of heavy equipment in the 

area of the test pit should not be permitted if deformation 
of the soil within the test pit may occur. 

10.9.2 Place all soi l removed from the test pit in 
the container(s) (see fig. 8); be careful co avoid losing 
any soil (see subpar. 10.8.2). 

10.9.3 Avoid soil moisture loss by keeping the 
container covered while soil is not being placed in it. A 
sealable plastic bag may be used inside the container co 
hold the soil. 

10.9.4 Carefully trim the sides of the excavation so 
the dimensions of the test pit at the soil-template contact 
are as close as possible co that of the template hole. Avoid 
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figure 8. - Excavation of rhe rest pie. 

disturbing the template or the soi l beneath or outs ide the 
template. 

l0.9.5 Continue the excavation to the required depth; 
carefully remove any material that has been compacted 
or loosened in the process. 

l0.9.5.1 If- during excavation of soi l from within 
the rest pit-a particle (or particles ) is found that is about 
1.-1 /2 times or more larger than the maximum particle 
s ize used to estab lish the dimensions and minimum vo lume 
of the rest pit (see app. XI), set the particle (s) as ide and 
mark appropriately. The mass and vo lume of the particle (s) 
must be determined and then subtracted from the mass 
and volume of the material removed from the test pit. 
Consider the larger particle (s) as "oversize" and follow 
the procedure outlined in paragraph I l except that the 
"total" unit weight, which would include the larger 
particle (s), need not be calculated. The "control fraction " 
values determined then become the values for the total 
material from the rest pit. 

If enough of these particles are found so that their 
mass is determined to be 5 percent or more of the mass 
of the excavated soi l, the test should be repeated with 
a larger test pit in accordance with the guide lines in 
append ix XI. 

10.9.6 The sides of the pit should slope inward 
s lightly. Soils that do not ex hibit much cohesion may require 
a more conica l-shaped excavat ion. 

10.9.7 The profile of the finished pit must be such 
char poured sa nd will comple te ly fill the excavat ion. The 
sides of the rest pit shou ld be as smooth as possible and 
free of pockets or overhangs or anything that might 
interfere with the free flow of the sa nd . 

1.0.9.8 The bottom of the test pit must be cleaned 
of all loosened so il. 

10. 10 Determine the volume of the test pit. 

NOfE 2.-A plastic liner may be required co prevent migration 
of the ca librated sand into the natural voids of the soil mass. 
The liner, about 1/2- mil thick, shou ld be large enough tO extend 
about I foot outside of the template after having been carefu ll y 
placed and shaped t0 the soi l surface within the pit. Allowances 
must be made for slack. The liner shou ld nor be stretched roo 

raur nor contain excessive folds or wrinkles. lmpecr rhe liner 
for punctures before use. 

10. 10.1 Pour the ca li brated sa nd using the sand 
pouring device. Use the same pouring techn ique as used 
in the ca libration procedure (USBR lli36) . S lightly overfi ll 
the template. Rernrn any sand remaining in the pouring 
device to the origina l container. 

10.10.l.L While the sand is being poured, any 
vibrations in the rest area must be avoided. The movement 
of heavy equipment in the test area should not be permitted. 
Vibratio n during the volume determination may increase 
the density of the poured sand and decrease the accuracy 
of the test. 

I 0.10.2 Carefully level rhe calibrated sand by 
screeding with the stee l st raightedge across the rop edges 
of the template. Return a ll screeded excess sand to rhe 
origina l container. Care must be taken to avoid the loss 
of any excess sand. 

I 0.10. 3 If the ca librated sand is co be reclaimed , 
remove the used sand and place it inrn a specially marked 
container. 

I 0.10./i Remove the liner and template. 
10.11 Determine the dry unit weight. 

10.11.1 Determine the mass of cal ib rated sand in 
the template (sa nd used to fill the space between the soi l 
surface and the top of the template) as follows: 

I 0.11.1. l Calculate and record to the nearest 
0.0 I lbm the coral mass of the sand and containers prepared 
in subparagraph 10.4.2 . Record the container numbers. 

I 0.1 1.1.2 Determine and record to the nearest 0.0 I 
lbm the total mass of the empty containers plus the sand 
residue (sa nd not used ) and conta iners. 

10.11.l.3 Calcu late and record to the nearest 0.01 
lbm the mass of sand in the template. 

I 0.11.2 Determine the mass of ca lib rated sand in 
the rest pit and template (sa nd used to fill the test pit 
to the cop of the template) as follows: 

10. 11.2. 1 Calculate and record to the nearest 0.01 
lbm the total mass of the sand and conta iners prepared 
in subparagraph 10.4.3. Record the container numbers. 

I 0.1 l.2.2 Derer mine and record co the nearest 0.0 I 
lbm the tota l mass of the empty containers plus the sand 
residue a nd containers. 

I 0.1 1.2 .3 Calculate and record to the nearest 0.0 l 
lbm the mass of sa nd in the rest pit and template (mass 
of sand used ). 

I 0.1 1.3 Calcul ate and record to the nearest 0.0 l lbm 
the mass of the ca librated sand used to fill the test pit. 

I 0. I 1.4 Record to the nearest 0. I lbm/ ft l the density 
of the calibrated sand (determined in ca libration procedure­
USBR lli36). 

10.11.5 Calculate and record to the nearest 0.0001 ft 1 

the volume of the test pit. 
10.11.6 Determine to the nearest 0.01 lbm the total 

mass of the excavated soi l and containers. 
I 0. 1 1.7 Calculate and record tO the nearest 0.0 l lbm 

the total mass of the containers used to hold the excavated 
soi l. R ecord the container numbers. 
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I 0. I 1.8 Ca lculare and record to the nearest 0.0 l lbm 
the mass of the excavated soil. 
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10.11.9 Calculate the wet density of the excavated 
soil to rhe nearest 0.1 lbm/ ft 3. 

10.11.9.1 Convert wet density ro wet unit weight 
by changing lbm/ft3 to lbf/ft3 (Assume l !bf = 1 lbm.) 
and record to the nearest 0.1 lbf/ ft 3. 

10.11.10 If the excavated soil contains oversize 
[normally larger than the No. 4 (4.75-mm) sieve for 
cohesive soils and 3-inch (75-mm) sieve for cohesionless 
soils], separate rhe material using the appropriate size sieve. 
If rhe soil contains 3 percent (wet basis) or more oversize 
method B must be used. 

10.11.11 If 3 percent or less oversize is present, 
obtain a moisture content specimen representative of the 
excavated soil and determine rhe moisture content in 
accordance with USBR 5300 and record. 

NOTE 3.-For rapid moisture content dererminarion of soils 
containing less than 15-percent fines [minus No. 200 (75 µm)], 
a suitable source of hear such as an electric or gas hotplate may 
be used. If a source of hear ocher than the controlled temperature 
oven is used, stir the sample to accelerate drying and avoid 
localized overhearing. The soil may be considered dry when further 
hearing causes, or would cause, less than 0.1 percent additional 
loss of mass. 

10.11.12 Calculate and record to the nearest 0.1 
!bf/ ftl the dry unit weight of the soil. If required, convert 
and record rhe dry unit weight to the nearest 0.02 kN/m 3 

for SI units . 

11. Procedure: Method B - In-Place Unit 
Weight of Control Fraction 

11.1 All data are to be recorded on rhe "In-Place Unit 
Weight Test Record" form (fig. 3), the "Rapid Method 
Test Record In-Place Unit Weight" form (fig. 4), or the 
"Relative Density Test Record" form (fig. 5 ). 

11.2 Obtain the in-place wet unit weight of coral 
material by following the procedure for method A as stared 
in paragraph 10. 

11.3 To obtain the wet unit weight of the control 
fraction , rhe mass and volume of the oversize are 
determined and subtracted from rhe coral mass and coral 
volume ro obtain the mass and volume of rhe control 
fraction. The unit weight of rhe control fraction can be 
calculated from the mass and volume of the control fraction. 

11.3.l Normally, the wet unit weight of the control 
fraction is determined and the dry unit weight calculated 
using the moisture content of the control fraction. 

11.3.2 In addition, the moisture content of the 
oversize, the moisture content of the rota! material, and 
the percentage of oversize are determined. 

11.4 After obtaining the wee mass of total soil removed 
from the test pit, separate the soil into rhe control fraction 
and the oversize using the designated sieve. This should 
be done rapidly ro minimize loss of moisture. If the rest 
is for construction control, place the control fraction in 
an airtight container for further tests. 

11.5 Wash the oversize using a minimum of water 
and bloc co a wet, surface-dry condition. 
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11.6 Determine the w~t mass of the oversize plus 
container of predetermined mass and record ro the nearest 
0.01 lbm. 

11.7 Calculate the wet mass of the oversize and record 
to the nearest 0.01 lbm. 

11.8 · Calculate rhe wet mass of rhe control fraction and 
record ro the nearest 0.0 l lbm. 

11.9 Determine the volume of the oversize material 
ro the nearest 0.000 l ft 3 by one of the following methods: 

11.9. l Determine and record to the nearest 0.01 lbm 
the mass of all oversize suspended in water using the 
methods and principles of method C in USBR 5320 except 
that the 24-hour soaking period is not used. Calculate and 
record the volume of rhe oversize. 

11.9.1.1 Calculate rhe bulk specific gravity of the 
oversize and record ro the nearest 0.01. 

NOTE 4.-For this designation rhe bulk specific gravity is 
determined on a wet surface-dry basis (see subpar. 11.5). This 
is not the same as bulk specific gravity (saturated surface dry) 
although the bulk specific gravity (saturated surface dry) may 
be used instead. However, do nor use a bulk specific gravity (oven 
dry) value for this designation. Refer to USBR 5320 for definitions 
and explanations of these terms. 

11.9.2 Determine and record the volume of all 
oversize (equal to the volume of displaced water) in 
accordance with the methods and principles of method B 
in USBR 5320 except that the 24-hour soaking period may 
be waived. 

11.9.2.1 Calculate the bulk specific gravity (see 
note 4) of the oversize in accordance with USBR 5320 
and record to rhe ndaresr 0.0 I. 

11.9.3 Calculate the volume of the oversize using 
a known bulk specific gravity value (see note 4). If previous 
tests for bulk specific gravity of similar oversize material 
from a particular source have been performed--in 
accordance with subparagraph l 1.9. l or 11.9.2-and the 
value is relatively constant, a bulk specific gravity may 
be assumed. Record the bulk specific gravity to the nearest 
0.01 and note that it is assumed 

l 1.10 Calculate the volume of the control fraction and 
record to the nearest 0.0001 ft 3. 

11.11 Calculate the wer density of the control fraction 
to the nearest 0.1 lbm/ftl. 

11.11. l Convert wet density to wet unit weight by 
changing lbm/ft3 co lbf/ft3 (Assume l lbf = l lbm.) and 
record ro the nearest 0.1 lbf/ft3. · 

11.12 Determine and record the moisture content of 
the control fraction in accordance with USBR 5300. 

11.13 Calculate and record ro the nearest O.l lbf/ft3 

the dry unit weight of the control fraction. If required, 
convert and record the dry unit weight ro rhe nearest 0.02 
kN/m3 for SI units. 

11 .14 Determine and record the moisture content of 
all oversize in accordance with USBR 5300. If previous 
tests for moisture content of the oversize from a particular 
source have been performed and rhe value is relatively 
constant, a moisture content may be assumed. 
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11.15 Determine the percentage of oversize. 
11.15. l Calculate che dry mass of the control fraction 

and record to the nearest 0.01 lbm. 
11.15.2 Calculate the dry mass of the oversize and 

record co the nearest 0.01 lbm. 
11.15.3 Calculate the dry mass of the cocal sample 

and record co the nearest 0.01 lbm. 
11.15.4 Calculate the percentage of oversize and 

record co the nearest 0.1 percent. 
11.16 Calculate the moisture content of the coca) 

material and record to the nearest 0.1 percent. 
11.17 Calculate and record co the nearest 0.1 lbf/ft3 

the dry unit weight of the total material. If required, convert 
and record the dry unit weight co the nearest 0.02 kN/m3 

for SI units. 

12. Calculations - Method A 

12.l The following symbols are used in calculations 
for method A of this designation. 

m1 mass ofsand and container(s) (before test), 
lbm 

m c1 mass of template sand and container(s) 
(before test), lbm 

m2 mass of sand residue and container(s) (after 
test), lbm 

mc2 mass of template sand residue and 
container(s) (after test), lbm 

ma mass of sand used, lbm 
m4 mass of sand in template, lbm 
m5 mass of sand in test pit, lbm 
ms mass of wet material removed from test pit 

plus mass of container(s), lbm 
m9 mass of container(s) for ms, lbm 

m10 mass of wet material removed from test pit, 
lbm 

½ volume of test pit, ft 3 

Ps density of calibrated sand, lbm/ft3 

Pwet wet density of soil from test pit, lbm/ft3 

)'wet wet unit weight of soil from test pit, lbf/ft3 

)'d dry unit weight of soil from test pit, lbf/ft3 

or kN/m3 

w moisture content of soil from test pit, % 

12.2 Calculate the mass of the sand contained in the 
template. 

(1) 

12.3 Calculate the mass of the sand used co fill the 
test pit and template. 

(2) 

12.4 Calculate the mass of the sand used co fill che 
test pit. 

(3) 

12.5 Calculate the volume of the test pit. 

V. _ m5 
' - Ps (4) 

12.6 Calculate the mass of wet material removed from 
the test pie. 

m10 = ms- mg (5) 

12.7 Calculate the wee density of the material removed 
from test pit. 

Pwet (6) 

12.7. l In the procedure, wet density is converted co 
wet unit weight by changing lbm/ft3 to lbf/ft3. (Assume 
1 lbm = l !bf.) 

12.8 Calculate the dry unit weight of the material 
removed from the test pit. 

(7) 

where 100 converts from percent to decimal. 

12.8.1 Convert dry unit weight in inch-pound units co 
SI units if required. 

Unit weight, kN/m3 

O.l 57l kN/m' X (unit weight, lbf/ft3) 
!bf/ft' 

13. Calculations - Method B 

13.1 In addition to the symbols used in method A (par. 
12) , the following symbols are used in calculations for 
method B of this designation: 
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m1a wee mass of oversize and container, lbm 
m14 = mass of container, lbm 
m15 wet mass of oversize, lbm 
m16 = mass of oversize suspended in water, lbm 
m19 dry mass of oversize and container, lbm 
m20 = mass of container, lbm 
m21 dry mass of oversize, lbm 
m23 = wet mass of control fraction, lbm 
m25 = dry mass of control fraction, lbm 
m26 = dry mass of total sample (control fraction 

Vos 
Ve 

P wet (c) 
,'wet (c) 

)'d (c) 

plus oversize), lbm 
volume of oversize, ft 3 

= volume of control fraction, ft 3 

wet density of control fraction, lbm/ft3 
= wet unit weight of control fraction, lbf/ft3 

dry unit weight of control fraction, lbf/ft3 or 
kN/m3 

)'d = dry unit weight of cotal material, lbf/ft3 or 
kN/m3 

Gm = bulk specific gravity of oversize 
w = moisture content of excavated soil, % 

wr = moisture content of control fraction, % 
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Wos = moisture content of oversize, % 

13.2 Calculate the wet mass of the oversize. 

m15 = m13 - m14 (8) 

13.3 Calculate the wet mass of the control fraction. 

m23 = m10 - m15 (9) 

13.4 Calculate the volume of the oversize based on the 
mass in air and mass in water method. 

V, = m15 - m1s 
OS 62.4 (10) 

where 62.4 equals density of water, lbm/ ft3. 

13.5 Calculate the bulk specific gravity of the oversize.· 

n115 

ill15 - illl6 
(11) 

13.6 Calculate the volume of the oversize based on a 
known bulk specific gravity. 

Vos = 62.4 Gm (12) 

13.7 Calculate the volume of the control fraction. 

(13) 

13.8 Calculate the wet density of the control fraction . 

m23 
Pwet (c) = Ve (14) 

13.8.1 In the procedure, wet density is converted to 
wet unit weight by changing lbm/ft3 ro lbf/ft3. (Assume 
1 lbm = l !bf.) 

13.9 Calculate the dry unit weight of the control 
fraction. 

Ywet (c) 
'Yd (c) = 

1 + (l~~) 
where 100 converts from percent to decimal. 

(15) 

13.9.1 Convert dry unit weight in inch-pound units 
ro SI units if required. 

Unit weight, kN/m3 
0.1571 kN/m3 

lbf/ft3 
X (unit weight, lbf/ft3) 

13.10 Calculate the dry mass of the control fraction. 

rn25 = m 23 

1 + (l~~) 
(16) 

where 100 converts from percent ro decimal. 

13.11 Calculate the dry mass of the oversize using one 
of the following equations as appropriate: 

rn21 = m19 - m20 

or 
m15 

1 + (~~) 
where 100 converts from percent to decimal. 

13.12 Calculate the dry mass of the rota! sample. 

13.13 Calculate the percent oversize. 

Percent oversize = 100 ( m 21
) 

m 2s 

where 100 converts from decimal to percent. 

(17) 

(18) 

(19) 

(20) 

13.14 Calculate the moisture content of the rota! 
material. 

W = lQO (fljlO - ill26) 
rn2s 

where 100 converts from decimal ro percent. 

(21) 

13.15 Calculate the dry urlit weight of the rota! material. 

Ywet 

l + (l~O) 
(22) 

where 100 converts from percent ro decimal. 

13.15.1 Convert dry unit weight in inch-pound units 
ro SI units if required. 

Unit weight, kN/ m3 
0.1571 kN/m3 

lbf/ft3 

14. Report 

X (unit weight, lbf/ft3) 

14. l The report is ro consist of the completed and 
checked forms (as applicable): 

"In place Unit Weight Test Record" (fig.3). 
"Rapid Method Test Record In-Place Unit Weight" 
(fig. 4). 
"Relative Density Test Record" (fig. 5). 
14.2 All calculations are ro show a checkmark. 
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APPENDIX 

XL GUIDELINES FOR TEST HOLE OR TEST DIMENSIONS AND SELECTION OF EQUIPMENT 

Xl. l Guidelines 

Xl.1.1 Guidelines for selecting the appropriate sand­
cone diameter and the minimum rest hole volume are given 
in USBR 7205 and are shown in cable XL l for reference. 

Table XI. I. - Recommended guidelines for selecrion of cone 
diamerer and minimum tesr hole volume (from USBR 7205). 

Cone Minimum rest Test hole Significant 
diameter hole volume depth particle size 

In fc} In In 

8 *0.25 12 3/4 
12 0.50 14 1-1/2 

* Minimum volume for embankment dams. See USBR 7205 for 
explanation of hole dimensions and significant particle size. 

Xl.1.2 For rest pits, the guidelines for selecting the 
size of the equipment and the excavation dimensions co 
obtain the minimum volume of soil required are shown 
in table Xl.2. These guidelines are based on providing 
a representative sample of the soil being reseed and on 
practical working conditions. 

Table X 1.2. - Recommended guidelines for selection of test 
apparatus and minimum excavation volume (cohesive soils and 
certain cohesionless soils). 

Maximum Minimum Apparatus Required 
particle required and minimum 

size volume template depth* 
In fc3 opening In 

3 1.0 20-in sand cone 12 
24-in-sguare frame 18 

5 2 30-in-square frame l2 
8 8 4-fr-diameter ring 24 
l2 27 6-fc-diamerer ring 24 
LS 90 9-fc-dianierer ring 36 

More than l8 Should be determined on a case-by-case basis 
* This depth must be attained so chat the minimum required 
volume of material is obtained. See discussion in "Minimum 
Volume of Test'" for explanation of shape and dimensions of test 
pit. 

X l. l.3 The guidelines shown in table X 1.2 are for 
cohesive soils and for cohesionless soils ..yhose gradation 
and particle angularity will allow vertical or near-vertical 
side walls to be excavated. 

Xl.1.4 For some cohesionless soils with relatively 
uniform gradation, the slope of the side walls will be much 
flatter, approximating the angle of repose of the soil. For 
these materials, the "worst case" is assumed with a conically 
shaped excavation resulting. Table Xl.3 gives guidelines 
for the equipment, the approximate dimensions of the 
excavation, and the minimum volumes chat would result. 

Xl.2 Required Excavation Volume 
X 1.2. l The minimum excavation volumes shown in 

rabies X 1.2 and X 1.3 are required to provide a represen­
tative sample of the soil being reseed. 

Xl.2.3 For chis designation, a representative sa·mple 
is based on the mass required to provide a gradation analysis 
of the soil within certain limits of accuracy. 

X 1.2.4 For soils having a maximum particle size of 
3 inches (75 mm), the required mass (and volume) is based 
on a sample 100 times the mass of the maximum particle 
size. This results in gradation percentages with an accuracy 
of ± 1.0 percent. 

Xl.2.5 For soils having a maximum particle size 
larger than 3 inches, the required mass is based on a sample 
40 times the mass of the maximum particle size. This 
results in gradation percentages with an accuracy of ±2.5 
percent. 

Xl.3 Type and Size of Equipment 

Xl.3.1 The basic types of apparatus used to determine 
in-place unit weight are the sand-cone device, the square 
metal frame, and the metal ring. Each type is practical 
only for specific excavation sizes. 

Xl.3.2 The sand-cone device is practical only up to 

about a 20-inch test hole diameter because of the physical 
difficulty in hand ling anything larger. The square frame 
is practical from about 20 inches square to about 36 inches 
square. Square frames are easier to fabricate than circular 
templates. Rings are preferred as templates for excavating 
rest pits about 3 feet in diameter and larger because square 
frames need co be stiffened and can be heavier and more 
awkward to handle th an circular templates. In addition, 
it is difficult to trim the excavation having corners because 
of the larger particle sizes ,present in the soil when a square 
frame larger than 33 inches is required. The plastic liner 
for the sand replacement method should be about 1/2-
mil chick while the liner for the water replacement method 
should be about 4 to 6 mils thick. Bunching of a plastic 
liner 4 to 6 mils thick in the corners of a square frame 
may result in errors in the volume measurement. 

X 1.3.3 The apparatus and rem plate sizes (shown in 
tables Xl.2 and Xl.3) were selected to provide a volume 
about equal to the required volume. Where there was a 
choice between methods, the order of preference was sand 
cone, square frame, and then the ring. Ocher sizes may 
be used (e.g., 27-inch-square frame) as long as the minimum 
volume of excavated soil can be obtained. 

Xl.4 Minimum Volume of Test 

Xl.4.1 In table Xl.2, the minimum volume obtained 
from excavating a test pit using the template shown and 
the required minimum depth is based on _ the following 
assumptions: 

a. The soil being excavated contains a significant 
amount of the maximum particle size material. 

b. No matter whether rhe template is square or 
round, the excavation will be basically circular in plan view 
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Table X 1.3. - Recommended guidelines for test equipment for cohes ionless soils ··worst case." 

Maximum 
particle 

size 

Minimum Apparatus Minimum Approximate 
required and required diameter of 
volume template depth* excavated hole 

lO ft l opening Ill lO 

3/4 
1-1/2 
3 

0.25 20-in sand cone** 6 19 
0.5 24-in-square frame 7 22 
LO 33- in-square frame 10 30 

5 2 40-in-<liamecer ring 12 35 
8 8 62-in-<liameter ring 18 54 

More than 8 Should be determined on a case-by-case basis 

• This depth must be attained so that the minimum requ ired volume of material is obrnined. 
See discussion in "Minimum Volume of Tesc" for explanation of shape and dime·nsions of 
test pits. 
** For "pea gravel" (No. 4 rn 3/4-inch), USBR 7215 (sleeve method) may be used. 

because the presence of the maximum particle size will 
probably prevent excavating corners. 

c. The side walls will be sloped. Encountering the 
maximum particle in the side wall while excavating will 
require reducing the excavation diameter. For a maximum 
particle size of 3 inches, most soils can be excavated co 
a slope of 1 horizontal co 3 vertical or steeper; while for 
the 5- and 8-inch maximum particle sizes, the side walls 
can be excavated co a slope of 1 horizontal co 2 vertical 
or steeper. 

d. The diameter of the excavation will be smaller 
than the template opening because a large particle may 
be just beneath the template. To prevent an overhang in 
the excavation, these particles should not be removed unless 
they are protruding into the excavation more than about 
two-thirds of their diam·eter. 

e. For excavation of soils having maximum parti\:le 
size up to 8 inches, the volume of the excavation is assumed 
to be a frustrum of a cone as shown on figure X 1.1. The 
diameter of the excavation is assumed to be the template 
diameter minus the maximum particle size. 

f. For excavation of soils having maximum particle 
sizes of 12 inches and larger, the volume of the excavation 
is assumed to be a spherical segment. The diameter of 
the excavation is assumed co be the template diameter 
minus two-thirds of the maximum particle size. 

Xl.4.2 In table Xl.3 , the minimum volume is assumed 
co be conical as shown on figure Xl.l, with the depth 
of the excavation equal to about one-third of the hole 
diameter. For cohesionless soils-with relatively uniform · 
gradation-the "worst case" is assumed where the slope 
of the side walls could not exceed the angle of repose 
of the soil. 

Xl.4.3 Based on these assumptions, the mm1mum 
volume of excavations shown in rabies Xl.2 and Xl.3 is 
conservative. Steeper side walls or larger test hole diameters 
will result in larger volumes. In some cases, smaller 
apparatus than that indicated in rabies Xl.2 and Xl.3 may 
be used if a trial test pit is excavated and it can be shown . 
that the smaller apparatus can provide the minimum 
required volume. However: 

• The depth of excavation should never be less than 
one-third of the hole diameter. 

• The volume of the excavation must be 50 times larger 
than the volume of the maximum particle size. 
• The hole diameter must be at least four times larger 
than the maximum particle diameter. 

Xl.5 Replacement Medium 
XL.5.1 For the templates shown in tables Xl.2 and 

Xl.3 , sa nd replacement using a sand-pouring device is felt 
co be practical for the square frames up to 33 inches, and 
water replacement for 40-inch and larger diameter rings. 

X 1.5.2 If other sizes are used, the sand replacement 
method is probably practical up through 36-inch-square 
frames, while water replacement is more practical for 36-
inch-diameter rings and larger. A 36-inch opening is about 
the size limit whe-re sand can be poured into the excavation 
uniformly and consistently while standing outside the 
template. 

X 1.6 Depth of Excavation 

Xl.6.1 For soils having a maximum particle size of 
5 inches or less, the depth of excavation in table Xl.2 
is shown in 6-inch increments since cohesive soils are 
normally compacted in layers of 6 inches maximum 
thickness. The minimum depth is 12 inches so that at 
least two compaction lifts are included in the determination. 
If the in-place unit weight determination is for in-place 
soils, the minimum depth shown is that required co obtain 
the minimum volume. Greater depths-nor necessarily in· 
6-inch increments-may be used. 

Xl.6.2 Shallower depths may be used for inaplace soils 
bur only if the diameter of the excavation is larger so 
that the minimum volume of soil is obtained. This may 
be necessary to test deposits of material of limited thickness. 

Xl.6.3 For the soils in table Xl.2 having maximum 
particle sizes of 8 and 12 inches, the desired minimum 
excavation depth is shown as 24 inches since these soils 
would normally be placed in 12-inch lifts. For soils having 
an 18-inch maximum particle size, a 36-inch minimum 
depth is necessary to obtain the required volume. 

Xl.6.4 In table Xl.3, the minimum depths of 
excavation are equal to about one-third of the hole diameter 
as discussed previously. The elevation of the cop of the 
excavation should be such that the test will be represen­
tative of the lift being tested. 
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Figure XL 1. - Test pit configurations. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR USBR 7221-89 

DETERMINING UNIT WEIGHT OF SOILS IN-PLACE 
BY THE WATER REPLACEMENT METHOD IN A TEST PIT 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 722 l. The number immediately 
following the designation indicates the year of acceptance or the year of las t revision. 

1. Scope 

1.1 This designation outlines a procedure for deter­
mining the in-place unit weight of soils using water to 
fill a test pit lined with plastic sheeting to determine the 
volume of the test pit. 

1.2 This procedure is applicable to determine the 
volume of test pits between approximately 3 and 100 ft 3. 

Generally, the soils tested have max imum particle sizes· 
over 5 inches. This procedure may be used for larger sized 
excavations if desirable. 

1.2.1 Usually, this procedure is performed using a 
circular metal template with an inside diameter of 3 feet 
or more. Other shapes or materials may be used providing 
they meet the requirements of chis designation and rhe 
guidelines given in appendix Xl for the minimum volume 
of the test pit. 

1.2.2 USBR 7220 may be used as an alternative 
method. However, irs use is usually only practical for 
volume determination of test pits between approximately 
1-1/2 and 6 ft3. 

1.2.3 USBR 7205 and/ or USBR 7206 are usually used 
to determine rhe volume of rest holes smaller than 1-1/2 fr 3. 

1.3 Two methods are provided. 
1.3. l Method A - In-place unit weight of total 

material. 
1.3.2 Method B - In-place unit weight of control 

fraction . 
1.3.2.1 If the in-place soil contains particles larger 

than the maximum particle size permitted in the laboratory 
unit weight tesr(s) , the soil is considered to consist of two 
fractions, or portions. The soil from the in-place unit weight 
rest is physically divided into a control fraction and an 
oversize fraction based on a designated sieve size. The 
_unit weight of rhe control fraction is calculated and 
compared with the unit weight(s) established by the 
standard laboratory rest(s) . 

l.3.2.2 Normally, the control fraction is rhe minus 
U.S.A. Standard series No. 4 (4.75-mm) sieve size material 
for cohesive soils and rhe minus 3-inch (75-mm) sieve 
size material for cohesionless soils. 

1.3.3 Method A is used when rhe in-place unit weight 
of total material is to be determined regardless of particle 
sizes. 

l.3 .4 Method B is used when percent compaction 
(USBR 7255) or percent relative density (USBR 7250) 
is to be determined. 

1.4 Any soil or other material can be rested, provided 
the soil or other material being tested has sufficient 
cohesion or particle attraction co maintain stable sides 
during excavation of the test pit and through completion 
of this test. It also should be firm enough not ro deform 
or slough due to the minor pressures exerted in digging 
the hole and filling with water. 

1.5 This procedure is limited generally to soil in an 
unsatura·ted condition and is not recommended for soils 
that are soft or friable (crumble easily). The accuracy of 
the test may be affected for soils that deform easily or 
that may undergo volume change in the excavated hole 
from standing or walking near rhe hole during the rest. 

2. Auxiliary Tests 

2. l The moisture content of the soil must be 
determined in accordance with USBR 5300 in order to 
calculate dry unit weight values. In order to calculate the 
volume of the oversize removed from the test hole, rhe 
bulk specific gravity of any oversize material must be 
determined in accordance with USBR 5320. If mortar is 
used in preparing the test pit, rhe volume of the mortar 
is determined in accordance with USBR *4138. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR *4138 Density, Yield, Clean Separation, and Air 
Content (Gravimetric) of Concrete 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method _ 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 

* Concrete Manual, Bureau of Reclamation, part 2, in press . 
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USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand-Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by rhe Rubber Balloon Method. 
USBR 7215 Determining the Unit Weight of Soils In­
Place by the Sleeve Method 
USBR 7220 Determining Unit Weight of Soils In-Place 
by the Sand Replacement Method in a Test Pit 
USBR 7240 Performing Rapid Method of Construction 
Control 
USBR 7250 Determination of Percent Relative Density 
USBR 7255 Determining the Percent Compaction of 
Earthwork for Construction Control 

3.2 ASTM Standards: 
E 1 Standard Specification for ASTM Thermometers 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 The ground surface at the rest location· is prepared 
and a template (meta_! ring) is placed and fixed into position. 
A plastic liner is laid in the template and the volume of 
the space between a selected level within the template 
and the ground surface is determined by pouring water 
into the space. The mass or volume of the water required 
to fill che template to the selected level is determined and 
the water and liner removed. Soil from within the 
boundaries of rhe template is excavated forming a pit. A 
liner is placed in che test pit and template, water is poured 
into the pit and template up to the selected level; the 
mass or volume of the water within che pit and template 
and, subsequently, the volume of the hole is determined. 
The wee unit weight of the in-place soil is calculated from 
the mass of soil removed and the measured volume of 
the rest pit. The moisture content is determined and, thus, 
the dry unit weight of the in-place soil is calculated. 

4.2 The unit weight of a fraction of the soil can be 
determined by subtracting the mass and volume of any 
oversize from the initial values and recalculating the unit . 
weight. 

5. Significance and Use 

5.1 This procedure is used to determine the in-place 
unit weight of soils compacted in construction of earth 
embankments, road fills, and scruccure backfill. For 
construction control, it is used as the basis for acceptance 
of soil coinpacted i:o a specified unit weight or to a 
percentage of a maximum unit weight determined by a 
standard laboratory test method. 

5.2 This procedure can be used to determine in-place 
unit weight of natural soil deposits, aggregates, soil 
mixtures, or other similar material. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms nor included in USBR 3900 specific to this 

designation are: 

6.2. l Control Fraction.- The portion of a soil sample 
consisting of particles smaller than a designated sieve size. 
This fraction is used to compare in-place unit weights with 
standard laboratory unit weights. The control sieve size 
depends on the laboratory test used. 

6.2 .2 Oversize.-The portion of a soil sample 
consisting of the particles larger chan a designated sieve 
size. 

7. Apparatus 

7.1 General Apparatus: 
7.1.l Balance or Scale.-A balance or scale having 

a capacity appropriate co rhe mass and procedural 
techniques for the specific test pit dimensions within the 
range of 3 to 100 ft 3 volume. The accuracy of the balance 
or scale must be sufficient to determine the mass to the 
nearest 0.1 percent at any point within the range of use. 

7.1.2 Balance or Scale.-A typical balance or scale used 
to determine moisture content of minus No. 4 material 
muse be readable to 0.1 gram and have a capacity of about 
1000 grams. . 

7.1.3 Drying Oven.-An oven, thermostatically 
controlled, preferably of the forced-draft cype, and capable 
of maintaining a uniform temperature of 230±9 ° F 
(110±5 °C) throughout the drying chamber. 

7.1.4 S1eves.-U.S.A. Standard series No. 4 (4.75-
mm) and 3-inch (75-mm) sieves, conforming to the 
requirements of ASTM E 11. 

7.1.5 Thermometer.-0 to 50 °C range, 0.5 °C 
gradations, conforming to the requirements of ASTM E 1. 

7.2 Equipment Unique to This Procedure: 
7.2.1 Metal Template .-The ring illustrated on figure 

1 is typical. Templates of various materials or shapes may 
be used as long as the template is rigid enough to serve 
as a pattern for rhe excavation and co avoid deformations 
that would affect the test result. The size must be such 
that the minimum volume of the excavated pit is obtained 
(table Xl.2 and/or table Xl.3, app. Xl). 

Since it may be difficult to place the template exactly 
level, particularly with 6 foot and larger diameter rings, 
the height of the template should accommodate a slope 
of approximately 5 percent. Because the water level has 
to be below the top of the template, it is not necessary 
chat the template be level. The larger rings should be high 
enough to prevent any loss of water due to wave action 
caused by wind. 

7.2.2 Plastic Sheet.-Plastic sheering, 4 to 6 mils thick. 
Two pieces, each large enough co line the test pit with 
about 3 feet, extending bey9nd the outside of the template. 

7.2.3 Water Measuring Dev1ce.-Equipment includ­
ing a storage container, delivery hoses or piping, and a 
water meter, scale, or other suitable measurement device. 
Water may be measured by mass or by volume. The 
equipment muse be capable of controlling the delivery of 
the water so that any inaccuracies in filling and measuring 
do nor exceed ± l percent of che total mass or volume 
delivered. 

7.2.4 Water-Level Reference lnd1cator.-A reference 
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Figure I. - A 6-foot-d iameter metal ring for determining in-place unit weight. 

water level must be established so that the water level 
in the template is the same for the two determinations. 
A hook gauge, a rod with a pointed end that can be fastened 
to the template, a carpenter's level and sca le, a carpenter 
scale on a beam across the template, or other similar 
ar rangement may be used - provided the water level is 
determined at the exact same location for both 
dete rminations. 

7.2.5 Siphon hose, pump, buckets, hoses , or other 
suitable equipment tO move water tO and from the template 
and/ or pit and any srnrage container or reservoir. 

7 .3 Miscellaneous Equi_pment.-Sandbags used co 
prevent movement of the template during the rest ; shove ls, 
picks, chisels, bars, knives, and spoons for digging rest 
pit; buckets or seam less cans with lids, drums, barrels, or 
other suitab le containers for retaining the test specimen 
without moisture change; cloth for collecting excess so il ; 
asso rted pans and porce lain dishes suitab le for dry ing 
moisture content specimens; boards, planks, etc., tO serve 
as a work platform when resting soils char may flow or 
deform; hoists, s lings, chains, and other suitable equipment 
that may be required to handle heavy loads; surveyor's 
leve l and rod or other suitable equipment for checking 
the s lope on the template in place; duct tape and/or mortar 
used to prevent tearing of the plastic sheeting by sharp 
rock fragments. 

8. Precautions 

8.1 Safety Precautions. - This designation may involve 
hazardous materi als, operations, and equipment, and 
handling heavy loads . 

8.2 Technicill Precautions: 
8.2.1 Soils that may flow or deform during rhe rest 

must be identified and appropriate precautions taken. 
8.2.2 Errors may arise in the computed unit weight 

of so il due t0 the influence of excessive moisture in the 
soi l. These errors may be significant in soils having hig h 
permeability such as sands and gravels where rhe borrom 
of the test hole is close co or below the water table. The 
buoyant forces of free water beneat h or behind the line r 
may adversely affect the volume determination. 

8.2.3 The rest area and equipment must be suitably 
protected during periods of inclement weather such as rain, 
snowfall, or high wind. 

8.2.lt Numerous containers may be required during 
performance of this procedure. All conta iners must be 
properly labeled to avoid a possible mixup. 

8.2.5 The total mass of the water and/ or soi l sample 
may exceed the capacity of the sca le used, requiring 
cumu lat ive determinations of mass. Care must be taken 
ro ensure that the coral mass is properly determined. 

9. Calibration and Standardization 

9. l Verify that equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the ca lib ration before 
using the equipment for th is procedure. 

10. Procedure: Method A- In-Place Unit Weight 
of Total Material 

LO.I The calculated volume of the rest pit and all 
subsequent data are t0 be recorded on the "In-Place Unit 
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Weight Test Record" form as shown on figure 2. Method 
A is used to determine a total unit weight. If percent 
compaction or percent relative density is required method 
B is used. Data used to calculate the volume of the test 
pit are to be recorded on a form developed for the 
circumstances for each specific test and similar to the forms 
of figure 3 "Test Pit Volume - Measured Mass of Water," 
and figure 4 "Test Pit Volume - Measured Volume of 
Water." 

10.1.1 Since this procedure covers a wide range of 
potential values of mass, it is not practical to specify the 
resolution of the value to be recorded. The mass should 
be recorded to the smallest subdivision readable on the 
balance or scale used ( see subpar. 7 .1.1). 

10.2 Determine the recommended sample volume and 
select the appropriate template for the anticipated soil 
gradation in accordance with information in appendix Xl. 
Assemble the remainder of the required equipment. 

10.3 Determine the mass of each combination of empty 
container, lid, and container liner (if used) that will contain 
the excavated soil. Number the containers and mark as 
to use. The mass may be written on the container or a 
separate prepared list. 

10.4 Prepare the quantity of water to be used. The 
volume of the excavated test pit is determined by filling 
the test pit with water and either the mass or volume 
of the water measured. Measuring the mass of water used 
is usually only practical for 3- to 4-foot-diameter rings. 

· Ifthe mass of water is measured follow subparagraph 10.4.1. 
If the volume of water is measured follow subparagraph 
10.4.2. 

10.4.1 If the mass of water used is measured,. 
containers of water must be prepared with the mass of 
water determined before and after the test. For test pits 
having volumes of 3 to 6 ft3, 5-gallon buckets of water 
can be used and the mass determined on a balance or scale· 
normally found in a laboratory. Larger test pit volumes. 
can be measured using water contained in tanks or 55-gallon 
drums if equipment, such as a hoist and a suitable scale,. 
is available to determine the mass. 

10.4.1.1 A separate form must be developed to 
record the mass of water used and to calculate the volume 
of the test pit. Because of the variability of the volumes. 
and the equipment used, a standard form is not practical.. 
An example form is shown on figure 3. 

10.4.1.2 Two sets of water and containers are 
necessary. Determining the volume of the test pit requires· 
two separate determinations of the mass of water (1) to_ 
measure the mass of-water used to fill the space between 
the soil surface (before the test pit is excavated) and a 
reference water level in the template, and (2) to measure 
the mass of water used to fill the test pit up to the same 
reference water level. The difference between the two 
masses is the mass of water in the test pit. 

10.4.1.3 Estimate the mass of water (and the 
number of containers) required to fill the template. The 
estimated mass may be calculated by multiplying the 
template volume by the density of water, 62.3 lbm/ft3. 

This assumes the water temperature is between 18 to 24 °C. 

Number the containers to be used and mark as to use. 
Fill the containers with water, and determine and record 
the mass of the containers and water. 

10.4.1.4 From the an_ricipared volume of the test 
pit, estimate the mass of water required to fill the rest 
pit. The estimated mass of water to be used for the test 
pit may be calculated by multiplying the anticipated volume 
of the test pit by the density of water, 62.3 lbm/ft3. Increase 
this amount by about 25 percent to ensure that a sufficient 
supply of water is available at the site, and then add to 
it the mass of water calculated in subparagraph 10.4.1.3. 
Determine the number of containers required, number 
them, and mark as to use. Fill the containers with water, 
and determine and record the mass of the containers and 
water. Proceed to subparagraph 10.5. 

10.4.2 If the volume of water used is measured, a 
water measuring device is used to measure the gallons 
of water used from either a water truck, a large water 
reservoir, or large containers of water such as 55-gallon 
drums. The water measuring device must meet the 
requirements of subparagraph 7.2.3. 

10.4.2.1 A separate form must be developed and 
used to record the volume of water used and to calculate 
the volume of the test pit. Because of the variability of 
equipment used, a standard form is not practical. An 
example form is shown on figure 4. 

10.4.2.2 Two separate determinations of volume 
are necessary (1) to measure the volume of water to fill 
the space between the soil surface (before the test pit is 
excavated) and a reference water_ level in the template, 
and (2) to measure the volume of water used to fill the 
test pit up to the same reference water level in the template. 
The difference between the two volumes is che volume 
of water in the test pit. 

10.4.2.3 The approximate volume of water 
required equals the anticipated volume of the test pit plus 
twice the calculated volume of the template. If appropriate, 
multiply the required volume (in cubic feet) by 7.4806 to 
determine the volume in gallons. Add some excess to ensure 
chat a sufficient supply of water is available at the site. 
If containers are used, determine the number required and 
fill the containers with water; otherwise, fill the water 
truck or water reservoir with sufficient water. 

10.5 Select a representative area for the test and avoid 
locations where removal of large particles would undermine 
the template. 

10.6 Prepare the surface of the area to be rested. 
10.6.1 Remove all loose soil from an area large 

enough on which to place the template. Prepare the exposed 
surface so that it is a firm, reasonably level plane. 

10.6.2 Personnel should not step on or around the 
area selected for testing. A working platform should be 
provided when resting soils which may flow or deform. 

10.7 Place and seat the template on the prepared 
surface. 

10.7.1 Firmly seat the template to avoid movement 
of the template while the rest is performed. The use of 
nails, weights, or other means may be necessary to maintain 
the position. Check the elevation at several locations on 
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7-1425 (12-85) I IN PLACE UNIT WEIGHT TEST RECORD I llesi~nation IJSllR 7221 -_99 Bureau of Reclamation 

SAMPLE NO. FEATURE I PROJECT 

Example 
TEST NO. SOURCE OF MATERIAL 

LOCATION OFFSET ELEV. I ZONE 

TESTEO 13Y I DATE COMPUTED BY DATE 

I 
CHECKED l3Y 

I 
DATE 

11) Mass-Sand & Canis), Nolsl. .. lbm (22) Moisture Content, Oversize, wos 

12) Mass-Sand Residue & Canis) lbm 
115) · 121) 

X 100 % . . . . . ....... 
121) 

. .. 

13) Mass-Sand used, ( 1) . 12) lbm (23) Mass-Wet Soil, 110) · 115) .. lbm 

Mass-Sand in Template(a) 
123) 

lbf/ft 3 14) & Cone, No. .. lbm 124) Wet Unit Weight of Soil, --- . . . . . . . 
(7) · (17) 

15) Mass-Sand in Hole, 13) · (4) lbm (25) Mass-Dry Soil, 
(23) 

. . . .. .. 
1 + I w

1
/100) · 

lbm 

16) Density of Calibrated Sand . . .. . . . lbm/tt3 126) Mass-Dry Soil & Oversize 125) + 121) . . lbm 

15) 27. 167 113 
(21) 

rn Vol. of Hole, 161 (27) Percentage of Oversize. - X 100 . . % (26) 

128) Moisture Content. Soil & Oversize, w 

(8) Mass-Wet Soil, Oversize & Can(s) 4089.0 lbm .. 
110) · (26) 

X 100 % 
~ 

. . . . . 
279.0 19) Mass-Canis), Nols). . . . ... lbm 

129) Dry Unit Weight, Control Fraction 

110) Mass-Wet Soil & Oversize 18) · 19) 3810.0 lbm .. 
124) 

(10) 1 + lw111oci) . . . . lbf/ft3 

111) Wet Unit Weight Soil & Oversize m 110.2. lbf/ft
3 

lbf/t13 
X 0.1571 kN/m 3 

112) Dry Unit Weight Soil & Oversize, 
Moisture Content Determination TOTALe8Pd'fA8tc FRACTION 

llll 127.2 lbf/ft 3 (1) Mass-Wet Soil & Dish 1 + [(261/100] ... - .. 
wf 664.4 lbm/,1 

lbf/tt3 x 0.1571 .. 20.0 kN/m 3 12) Mass-Dry Soil & Dish 
613.2 lbm ~ 

13) Mass-Dish No. 10 
113) 

. · lb) 
Mass-Wet Oversize & Pan . lbm 111 .2 lbmO 

14) Mass-Water 11) - 12) 
.. 

114) Mass-Pan. No. ll,m ::-~ 51 .2 lbm, . . . . . . -
15) Mass-Dry Soil 12) . 13) 

115) Mass Wet Oversize lb) 113) - 114) lbm 502.0 lbm 6 

16) Moisture Content fgt X 100 
wf 10.2 % 

1161 Mass-Oversize in Water lbm 

Volume of Oversize(b) 
115) · 116)· 

tt3 I 17l 
62.4 

..... Soil Classification 

Sp. G. of Oversize lb) 
115) Maximum size 12 inch 118) 1115) · (16)] . . . .. REMARKS 

119) Mass-Dry Overs1ze & Pan . . . . . . lbm 6 fl. diameter rin9 

AUXILIARY TESTS: USSR 1435- --
120) Mass-Pan. No. ... . .. lbm 1436 · --

5300 . _89_ 
5320 · - -

121) Mass-Oven Dry Oversize (19) · 120) . - ... ll,m 5505 - __ 

(a) Template Calibration USSR 7220 

,,. Or (17) A by measuring the water displaced from a siphon can. then; 
11) Mass-Sand & Canis) No. .. lbm 
12) Mass-Sand Residue & Can(s} . lbm 

115) 13) Mass-Sand in Template 11) - 12) lbm 
118) AC (17lx62.4 

(b) Surface dried condition 

GPO 850-647 

Figure 2. - In-place unit weight test record - example. 
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7-2406 (12-86) TEST PIT VOLUME 
Bureau of Reclamation MEASURED MASS OF WATER Design11ion USBR 7221 · 89 

PROJECT FEATURE TEST NO. 
Example 

SOURCE OF MATERIAL I LOCATION 

OFFSET ELEV ZONE 

TESTEO BY - DATE COMPUTED BY DATE CHECl<:ED BY DATE 

MASS OF WATER IN TEMPLATE 

MASS CONTAINER(S) ANO WATER 

MASS OF 
CONTAINER INITIAL FINAL WATER USED 

NO. (lbm) (lbm) (lbm) 

3 448.4 174. I 274 . 3 

(1) TOTAL MASS OF WATER IN TEMPLATE•--- - ----------------------------
274.3 lbm 

MASS OF WATER IN TEST PIT ANO TEMPLATE 

MASS CONTAINER(S) ANO WATER 

MASS OF 
CONTAINER INITIAL FINAL WATER USED 

NO. (lbm) (lbm) (lbm) 

4 449.0 30.9 418 . 1 
5 449.8 31. I 418 . 7 
6 448 . 8 448.8 0 

TEMPERATURE 
OF WATER 

21 .o oc 

(2) TOTAL MASS OF WATER USED•- - - - - -- -- -- -- - ___ - _______________ _ ___ 836.8 lbm 

MASS OF WATER IN TEST PIT 

(3) MASS OF WATER IN TEST PIT• (2) · (1) •---------------------------------
562.5 lbm 

DENSITY OF WATER 

(4) DENSITY OF WATER AT TEST TEMPERATURE (TABLE 1) • ----------------------- 0 . 997992 g/cm 
3 

(5) DENSITY OF WATER (INCH -POUND UNITS)• (4) X 62.428 • ----------------------- 62. 303 lbm/ft3 

VOLUME OF TEST PIT 

VOLUME OF TEST PIT• (3)/(5) 9.028 ft3 ----------------------------------------

Figure 3. - Test pit volume - measured mass of water - example. 
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7-2405 (I 2-86) TEST PIT VOLUME 
Bureau of Reclamation MEASURED VOLUME OF WATER Designation USBR 7221 • 89 

PROJECT FEATURE TEST NO. 

Example 

SOURCE OF MATERIAL I LOCATION 

OFFSET ELEV ZONE 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

VOLUME OF WATER IN TEMPLATE (gallons) 

(I) FINAL READING OF WATER METER •---------------------------------- 105.7 

(2) INITIAL READING OF WATER METER • -------------------------------- ---=-0 __ _ 

(3) VOL a (1l - (2). ------------------------------------------ _l..c.0_5_. 7 __ _ 

. VOLUME OF WATER IN TEST PIT AND TEMPLATE (gallons) 

(4) FINAL READING OF WATER METER = --------------------------------- 413.5 

(5) INITIAL READING OF WATER METER • -------------------------------- ~1~0~5~. 7~--

(6) VOL a (4). (5) • --------------------------------------- ______ 307 .8 

VOLUME OF WATER IN TEST PIT (gallons) 

(7) VOL• (6) · (3) a---------------------------------------------

VOLUME OF WATER IN TEST PIT (ft3 ) 

(8) VOL= (7) X 0.13368 • - --- - - - ----- - - - - - - - - - -- - ---- - -- - · - - - - - - - --

VOLUME OF MORTAR (f.3) 

__ 2_2-'-._2_9 __ lbm (9) MASS USED 

(10) DENSITY --~1_4~8~-~6 ___ lbm/f.3 

(11) VOL= (9)/(10) = 

VOLUME OF TEST PIT (t.3) 

202.1 

27.017 

0.150 

VOL-(8) + (11) • --------------------------------------------- __ 2_7~._1_6_7 __ 

Figure 4. - Test pit volume - measured volume of water - example. 
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the template. Since the reference water level is kept be low 
the top of the template, it is not necessa ry that the template 
be exactly level, but the slope o f the template should no t 
exceed 5 percent. 

L0. 7.2 Re move any so il loose ned while placing and 
seat ing the template; ta ke care to avoid leavi ng any vo id 
space under the template. If necessary, voids under the 
template may be fill ed using plastic so il , mode ling clay, 
mortar, or other suitab le material , provided tha t these 
materials are not subsequently excavated as part of the 
so il removed from the rest p it. 

10.7.3 Inspect the surface of the soi l w ithin the 
template. If necessary, cover any sharp edges with duct 
tape or o ther su itab le material to prevent tearing or 
pu nctur ing of the plastic lining. 

10.8 Determine the volume of the space between the 
so il surface and the reference water level. 

L0.8. L Irregularities of the soi l surface with in the 
rem plate must be ta ken into account. To do this, rhe vo lume 
of water required to fill the space between the soi l surface 
and the refere nce water leve l must be determined. 

10.8.2 Place a plastic liner (4 to 6 mils thick) over 
the template, and shape it by hand to conform to the 
irregular so il surface and the template. The liner shou ld 
extend about 3 feet outs ide the template. The liner shou ld 
nor be stretched too taut or contain excessive fo lds or 
wr inkles (see fig. 5 ). 

10.8.3 Assemble the equipment for the reference 
water leve l indicator. Normally, the reference water leve l 
is set after the water in the template reaches a practica l 
level. 

L0.8.4 If the volume of water is being measured, 
set the water-measuring device indicator to zero or record 
the initi a l read ing of the indicator. Pour the water from 
the containers or discharge the water from the water 
reservo ir into the template until rhe water leve l reaches 
a practical level. The s lope of the template and any possible 
wave action must be considered to prevent losi ng any water. 
Set the water- leve l reference indicator (see fig . 6). If the 
volume of water is being measured, record the final read ing 
of the water-measuring device. If rhe mass of water is 
being measured, save the rema ining water for a subsequent 
determ ination of mass. 

I 0.8.5 Make m ark ings as appropriate so the water 
leve l indicator can be placed in the ident ica l pos ition and 
at the sa me e levation fo llow ing excava tion of the test pit. 
Disasse mble rhe reference water leve l indicator. 

10.8.6 Remove the water in the temp late and remove 
the liner. 

10.9 Excavate the test pit. 
I 0.9. 1 Us ing hand too ls (s hove l, chise l, knife, bar, 

etc. ) , excavate the center portion of the test pit. Removal 
of large particles may require use of heavy equipme nt such 
as a backhoe or a mechanical or hydraulic ho ist. 

L0 .9.1.1 Movement of heavy eq ui pment in the 
area of the test shou ld not be permitted if deformation 
of rhe so il within rhe rest pit may occur. 

10.9.2 Place all so il removed from the rest pit in 
rhe container(s); be carefu l to avo id los ing any soi l. 

NITTE l. - For the sma ller size templates where the conta iners 
for the soil may be ou tside the temp late, a cloth or plastic sheet 

Figure 5. - Plastic liner placed in preparation for the initial volume determination. 
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Figure 6. - Measuring the reference water level with carpenter's square. 

may be placed under the containers co fac ili tate locating and 
collecting any loose soil. 

10.9.3 Avoid soil moisture loss by keeping the 
container(s) covered while soil is nor being placed in it. 
A sealable plastic bag may be used inside the container 
to hold the soil. 

10.9.4 Careful ly trim the sides of the excavation so 
the dimensions of the rest pit at the soil-template contact 
are as close as possible to that of the template hole. Avoid 
dis turbing the template or the soi l beneath or outside the 
rem plate. 

I 0.9.S Continue the excavation to the required depth, 
carefully remove any material that has been compacted 
or loosened in the process. 

l0.9.5. l If - during excavat ion of soil from within 
the rest pit - a particle (o r particles) is found that is 
about 1- l /2 times, or more, larger than the maximum 
particle size used to establish the dimensions and minimum 
volume of the test pit (see app. Xl ), set the particle(s) 
aside and mark appropriately. The mass and volume of 
the particle(s ) must be determined and subtracted from 
the mass and volume of the material removed from the 
test pit. Consider the larger particles (s) as "oversize" and 
follow the procedure outl ined in paragraph 11 except that 
the "tota l" unit weight, which would include the larger 
particle(s), need nor be calcu lated. The "control fraction" 
values determined then become the values for the total 
material from the test pit. 

If enough of these particles are found so their mass 
is determined to be S percent or mo re of the mass of 

the excavated soi l, the rest should be repeated with a larger 
rest pit in acco rdance with the guidelines in appendix Xl. 

10.9.G The sides of rhe pit should be as close ro 
vertical as possible bur will of necessity slope inward (see 
fig. 7). Soils that do nor exh ibit much cohesion will result 
in a more con ica lly shaped rest pit. 

10.9.7 The profile of rhe finished pit must be such 
that the water will complete ly fill the excavation. The sides 
of the rest pit shou ld be as smooth as possible and free 
of pockets or overhangs. 

10.9.8 The bottom of the test pit must be cleaned 
of al l loosened soi l. 

10.9.9 Inspect the surface of the soil within the 
template. Cover any sharp edges with duct tape or other 
su itable material to prevent tearing or puncture of the 
plastic lining. Mortar may be used to fill recesses to 
e liminate sharp edges, overhangs, or pockets that cannot 
be smoothed or e liminated. 

10.9.9. l If mortar is required, the mass of mortar 
used must be measured and recorded. Calculate the vo lu me 
in cubic feet in accordance with USBR 4138. 

10.10 Determine the volume of the test pit. 
10.10.1 Place the plastic liner into the test pit. The 

liner (4 to G mils thick) should be large enough to extend 
about 3 feet outs ide the template bo undaries after having 
been carefully placed and shaped within the pit. Allowances 
must be made for slack. The liner should not be stretched 
too taut nor contain excessive folds or wrinkles. Inspect 
the liner for punctures before use. 

10.10.2 If the volume of water is being measured , 
set the water measuring device indicator to zero or record 
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Figure 7. - Test pit during excavation. 

the initial reading of the indicator. Pour the water from 
the containers or discharge the water from the water 
reservoir into the rest pit until the water reaches the 
reference water leve l indicator. When the filling is 
complete, record the final reading of the water-measuring 
device indicator. If the mass of water is being measured, 
set aside the remaining water for a subsequent determi­
nation of mass. If necessary, calculate the gallons of water 
used. 

I 0.10.3 If the mass of the water is being measured, 
determine and record the temperature of the water in the 
rest pit to the nearest 0.5 ° C. 

10.10.4 Remove the water from the rest pit and 
remove the liner. Inspect the liner for any holes that may 
have a llowed water to escape during the test. Loss of water 
will require another determination of the volume. 

I 0.1 l Calculate the volume of the test pit. 
IO. ll. l If the mass of water is being measured, 

determ ine the mass as follows ( fig. 3) : 
10. l l. l. l Determine and record the mass of the 

container (s) and remaining water after filling the template 
(space between the soi l surface and the reference water 
level). 

10. l l. l.2 Calculate and record the tota l mass of 
water used to fill the template to the reference water level. 

LO. l 1.1 .3 Determine and record the mass of the 
concainer (s) and remaining water after filling the rest pit 
and template to the reference water level. 

LO. l l.1.4 Calculate and record the total mass of 
water used to fill the test pit and template to the reference 
water level. 
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I 0.1 l. l.5 Calculate and record the mass of water 
used co fill the test pit. 

IO. l l.1.6 Calculate and record the density of water 
at the test temperature in lbm/ ft 3_ 

IO. l l.1.7 Calculate and record the volume of water 
used to fill the test pit co the nearest 0.00 l ft 3_ If mortar 
was not used, this value is the volume of the test pit. 
If mortar was used, acid the calculated volume of mortar 
to the volume of water used to determine the volume of 
the test pit. Record the volume of the rest pit on the 
"In-P lace Unit Weight Test Record" form (fig. 2). 

LO. I 1.2 If the volume of the water is being measured , 
determine the vo lume as follows (fig. 4 ) : 

10.ll.2.l Calculate and record to the nearest O.l 
gallon the vo lume of water used to fill the template (space 
between the soi l surface and the reference water level). 

I 0. I 1.2.2 Calculate and record the volume of water 
used to fill the test pit and template to the nearest 0.1 
ga ll on. 

I 0. I 1.2.3 Calculate and record to the nearest 0.1 
ga llon the vo lume of water used to fill the test pit. 

I 0.11.2.4 Calculate and record to the nearest 0.00 I 
ft ' the volume of water used to fill the test pit. If mortar 
was not used , this value is the volume of the test pit. 
If mortar was used, add the calculated volume of mortar 
(see subpar. 10.9.9.1 ) to the volume of water used co 
determine the volume of the rest pit. Record the volume 
of the test pit on the " In-Place Unit Weight Test Record" 
form (fig. 2) . 

10.12 Determine the dry unit weight. Use the "In-Place 
Unit Weight Test Record" form (fig. 2) . 
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10.12.1 Determine rhe total mass of the excavated 
soil and containers. 

10.12.2 Calculate and record rhe total mass of rhe 
containers used to hold rhe excavated soil. Record rhe 
container numbers. 

10.12.3 Calculate and record rhe mass of excavated 
soil. 

10.12.4 Calculate rhe wer density of excavated soil 
to rhe nearest 0.1 lbm/ ft ,. 

10.12.4.1 Convert wer density to wer unit weight 
by changing lbm/ ft 3 to lbf/fr3 (assume 1 !bf = 1 lbm) 
and record to rhe nearest 0.1 lbf/ft>. 

10.12.S If percent compaction or percent relative 
density is required, separate rhe material using the 
appropriate size sieve and follow the procedures in 
method B. 

10.12.6 If method B is not used obtain a moisture 
conrent specimen represenrarive of the excavated soil; 
determine the moisture content in accordance with USBR 
S 300 and record to rhe nearest 0.1 percent. 

NOTE 2.-For rapid moisture content determination of soils 
containing less rhan 15-percenr fines Lminus No. 200 (75 µm)] , 
a suitable source of heat such as an electric or gas hotplate may 
be used. If a source of heat other than the controlled temperature 
oven is used, stir the sample ro accelerate drying and avoid 
localized overhearing. The soil may be considered dry when further 
heating causes, or would cause, less than 0.1-percent additional 
loss of mass. 

10.12.7 Calculate and record to the nearest 0. l lbf/ft3 
the dry unit weight of the soil. If required, convert and 
record rhe dry unit weight to the nearest 0.02 kN/ m 3 for 
sr units. 

11. Procedure: Method B - In-Place Unit 
Weight of Control Fraction 

11. l This method is used when percent compaction 
or percent relative density is required. Applicable forms 
as explained in USBR 7205, 7220, or 7240 may be used. 

11.2 Obtain rhe in-place wet unit weight of total 
material by following rhe procedure for method A as stared 
in paragraph 10. 

11.3 To obtain the wet unit weight of rhe control 
fraction, the mass and volume of the oversize are 
determined and subtracted from the total mass and total 
volume to obtain the mass and volume of rhe control 
fraction. The unit weight of che control fraction can be 
calculated from the mass and volume of the control fraction. 

11.3.1 Normally, che wet unit weight of the control 
fraction is determined and the dry unit weight calculated 
using the moisture content of the control fraction. 

11.3.2 In addition, the moisture content of che 
oversize, the moisture content of the coral material, and 
the percentage of oversize are determined. 

11.4 After obtaining the wer mass of total soil removed 
from che rest pie, separate the soil into che control fraction 
and che oversize using the designated sieve. This should 
.be done rapidly to minimize loss of moisture. If the rest 
is for construction control, place the control fraction in 

an airtight container for further tests. 
11.5 Wash the oversize using a minimum of water 

and blot to a surface-dry condition. 
11.6 Determine and record the wet mass of the oversize 

plus container of predetermined mass. 
11.7 Calculate and record che wet mass of che oversize. 
11.8 Calculate and record che wet mass of the .-:or,crol 

fraction. 
l 1.9 Calculate che volume of the oversize material to 

the nearest 0.001 ft3 by using che bulk specific gravity 
of rhe oversize. If previous rests for bulk specific gravity 
of the oversize from a particular source have been 
performed and the value is relatively constant, a specific 
gravity may be assumed. The bulk specific gravity used 
in this designation is determined on a wet surface dry 
basis (see sub par. 11.5 ). This is not the same as bulk specific 
gravity (saturated surface dry) although the bulk specific 
gravity (sarurared surface dry) may be used instead. 
However, do not use a bulk specific gravity (oven dry) 
value for this designation. Refer to USBR 5320 for 
definition and explanation of these terms. If the bulk 
specific gravity is nor known, determine the bulk specific 
gravity. 

11.9.l Obtain a representative sample and determine 
the bulk specific gravity in accordance with method B or 
C of USBR 5320 except that the 24-hour soaking period 
may be waived. If method B (siphon displacement method) 
of USBR 5320 is used, ro accommodate the larger sample 
and larger particles a container (such as a bucker, trash 
can, or SO-gallon drum) may be adapted for use as rhe 
siphon can. Record the bulk specific gravity to rhe nearest 
O.Ol. 

I 1. 10 Calculate rhe volume of the control fraction and 
record to rhe nearest 0.00 l ft 3. 

11.11 Calculate the wer density of the control fraction 
to the nearest 0.1 lbm/ ftl. 

11.11.1 Convert density to wet unit weight by 
changing lbm/ft3 to lbf/ft3 (assume l lbf = l lbm) and 
record to the nearest 0.1 lbf/ft3. 

11.12 Determine and record the moisture content of 
rhe control fraction in accordance with USBR 5300. 

11.13 Calculate and record to the nearest 0.l lbf/ft3. 
rhe dry unit weight of the control fraction. If required,_ 
convert and record the dry unit weight ro rhe nearest 0.02 
kN/m3 for SI units. 

11.14 Determine and record the moisture content of 
rhe oversize in accordance with USBR 5300. If previous 
tests for moisture content of the oversize from a particular 
source have been performed and the value is relatively 
constant, a moisture content may be assumed. 

11.15 Determine the percentage of oversize. 
11.15.1 Calculate and record the dry mass of rhe 

control fraction . 
11.15.2 Calculate and record the dry mass of rhe 

oversize. 
11.15.3 Calculate and record the dry mass of rhe coral 

sample. 
11.15.4 Calculate the percentage of oversize and 

record to the nearest 0.1 percent. 
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11.16 Calculate the moisture content of the total 
material and record to the nearest 0.1 percent. 

11.17 Calculate and record to the nearest 0.1 !bf/ ft3 
the dry unit weight of the total material. If required, convert 
and record the dry unit weight to the nearest 0.02 kN/m3 

for SI units. 

12. Calculations - Method A 

12.1 The following symbols are used m calculations 
for method A of this designation. 

mass of water and containers for template 
and test pit volume (before test), lbm 

mass of wai:er and containers for template 
volume (before test), lbm 

mass of water and containers for template 
and test pit volume (after test), lbm 

mass of water and containers for template 
volume (after test), lbm 

ma mass of water used for template and test pit 

1n5 

ms 

1n10 

volume, lbm 
mass of water for template volume, lbm 
mass of water in test pit, lbm 
mass of wet material removed from hole 

plus mass of containers, lbm 
mass of containers, lbm 
mass of wet material removed from hole, 

lbm 
mm mass of mortar in test pit, lbm 

Vi volume of water used to fill test pit and 
template, gallons 

Vi volume of water used to fill template, 
gallons 

Vg volume of water in test pit, gallons 
Vwt volume of water in test pit, ft3 
Vm volume of mortar in test pit, ft 3 
Vi volume of test pit, ft3 

Pw density of water, lbm/ft3 
Pwet wet density of excavated soil, lbm/ft3 

Pm density of mortar, lbm/ft3 
,'wet wet unit weight of excavated soil, lbf/ft3 

)'d dry unit weight of excavated soil, lbf/ft3 
(or kN/m3) 

w moisture content of excavated soil, % 

12.2 Calculate the mass of the water used to fill the 
test pit and template. 

(1) 

. 12.3 Calculate the mass of the water used to fill the 
template. 

(2) 

12.4 Calculate the mass of the water used co fill the 
test pit. 

(3) 

12.5 Calculate the density" of water at test temperatu~e 
in lbm/ft3. 

Pw, lbm/ft3 = 62.428 (pw, g/cm3 at test temperature) (4) 

where Pw, g/cm3 at test temperature is from table 1. 

12.6 Calculate the volume of water used co fill the test 
pit in ft3. 

or 

12.6.1 Measured mass of water. 

Il15 
Vwt = 

Pw, lbm/ft3 

12.6.2 Measured volume of water. 

Vwt = 0.13368 Vg 

(5) 

(6) 

where Vg equals Vi - V2, and 0.13368 equals constant co 
convert from gallon to cubic foot 

12.7 Calculate the volume of mortar. 

~ - mm 
(7) m -

Pm 

Table 1. - Absolute density of water in grams per cubic cemimer:t· 

Degrees 0 1 2 3 4 5 6 7 8 9 
C 

0 0.999841 847 854 860 866 872 878 884 889 895 
1 900 905 909 914 918 923 927 930 934 938 
2 941 944 947 950 953 · 955 ·958 960 962 964 
3 965 967 968 969 970 971 972 972 973 973 
4 973 973 973 972 972 972 970 969 968 966 

5 965 963 961 959 957 955 952 950 947 944 
6 941 938 935 931 927 924 920 916 911 907 
7 902 898 893 888 883 877 872 866 861 855 
8 849 843 837 830 824 817 810 803 796 789 
9 781 774 766 758 751 742 734 726 717 709 

10 700 691 682 673 664 654 645 635 625 615 
11 605 595 585 574 564 553 542 531 520 509 
12 498 486 475 463 451 439 427 415 402 390 
13 377 364 352 339 326 312 299 285 272 258 
14 244 230 216 202 188 173 159 144 129 114 

15 099 084 069 054 038 023 007 •991 •975 •959 
16 0.998943 926 910 893 877 860 843 826 809 792 
17 774 757 739 722 704 686 668 650 632 613 
18 595 576 558 539 520 501 482 463 444 424 
19 405 385 365 345 325 305 285 265 244 224 

20 203 183 162 141 120 099 078 056 035 013 
21 0.997992 970 948 926 904 882 860 837 815 792 
22 770 747 724· 701 678 655 -· 632 · 608" -58r·· ·s61' -
23 538 514 490 466 442 418 394 369 345 320 
24 296 271 246 221 196 171 146 120 095 069 

25 044 018 •992 *967 •941 •914 *888 *862 *836 *809 
26 0.996783 756 729 703 676 649 621 594 567 540 
27 512 485 457 429 401 373 345 317 289 261 
28 232 204 175 147 118 089 060 031 002 •973 
29 0.995944 914 885 855 826 796 766 736 706 676 
30 646 616 586 555 525 494 464 433 402 371 

t For inch-pound applications, multiply the values in this table by 62.4280 10 convert 

to lbm/ftl. 
• First three significant figures shown in line below. 
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12.8 Calculate the volume of the test pit. 

Vi= Vwt + Vm (8) 

or, if mortar has not been used: 

Vi = Vwt 

12.9 Calculate the mass of wet material removed from 
the test pit. 

m10 = ms - m9 (9) 

12.10 Calculate the wet density of the material removed 
from test pit. 

Pwet (10) 

12.10.1 In the procedure, wet d,:nsity is converted 
tO wet unit weight by changing lbm/ ft: to lbf/ ft3. (Assume 
1 lbm = 1 lbf.) 

12.11 Calculate the dry unit weight of the material 
removed from the test pit. 

Ywet 
(11) 

12.11.1 Convert dry unit weight in inch-pound units 
tO SI units, if required. 

Unit weight in kN/m3 = 
0.1571 kN/ml 

lbf/ft) 
X (unir weight, lbf/ftl) 

13. Calculations - Method B 

13.1 In addition tO the symbols used in method A (par. 
12), rhe following symbols are used in calculations for 
method B of this designation. 

m13 = 
rn14 

rn15 

m19 
rn20 

rn21 
m23 

m2s 
m26 

Vos 

Ve 
Pwet (c) 
-Ywet (c) 

'Yd (c) 

Gm 
w= 

wet mass of oversize and container, lbm 
mass of container, lbm 
wet mass of oversize, lbm 
dry mass of oversize and container, lbm 
mass of container, lbm 
dry mass of oversize, lbm 
wet mass of control fracrion, lbm 
dry mass of control fraction, lbm 
dry mass of weal sample (control fraction 

plus oversize), lbm 
volume of oversize, ft 3 

volume of control fraction, ft 3 

wet density of control fraction, lbm/ft 3 

wet unit weight of control fraction, lbf/ft3 

dry unir weight of control fraction, lbf/ft3 or 
kN/ml 

dry unit weight of rota! material, lbf/ft3 or 
kN/ml 

bulk specific gravity of oversize 
moisture content of excavated soil, % 

wr = moisture content of control fraction, % 
Wos = moisture content of oversize, % 

13.2 Calculate the wet mass of the oversize. 

m1s = m13 - m14 (12) 

13.3 Calculate the wet mass of the control fraction. 

m23 = m10 - rn1s (13) 

13.4 Calculate the volume of the oversize based on a 
known bulk specific gravity. 

Vos= 
62.4 Gm 

(14) 

where 62.4 equals density of water, lbm/ft3. 

13.5 Calculate the volume of the control fraction. 

(15) 

13.6 Calculate the wet density of the control fraction . 

m23 
Pwet (c) = Ve (16) 

13.6.1 In the procedure, wet density is converted to 
wet unit weight by changing lbm/ft3 to lbf/ft3. (Assume 
l lbm = l !bf.) 

13.7 Calculate the dry unit weight of the control 
fraction. 

Ywet (c) 

l + cl;~) 
(17) 

where 100 converts from percent to decimal. 

13.7.1 Convert dry unit weight in inch-pound units 
to SI units, if required. 

Unit weight in kN/ml 
0.1571 kN/ml 

lbf/ftl 
X (unit weight in lbf/ft3) 

13.8 Calculate the dry mass of the control fraction . 

m2s = m23 

l + cl;~) (18) 

where 100 converts from percent to decimal. 

13.9 Calculate the dry mass of the oversize using one 
of the following equations as appropriate: 

m21 = mm - m20 (19) 
or: 

m21 = m1s 

1 + C~;~) 
(20) 

where 100 converts from percent tO decimal. 
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13.10 Calculate the dry mass of the coral sample. 

17126 = IT12f, + 17120 

13.11 Calculate the percent oversize. 

Percent oversize = 100 ( 11121 
) 

m25 

where 100 converts from decimal co percent. 

(21) 

(22) 

13.12 Calculate che moisture content of che coral 
material. 

w = lO0 ( m10 - 11126 ) 
m26 

where lO0 converts from decimal co percent. 

(23) 

13.13 Calculate che dry unit weight of che total material. 

(24) 

where l00 converts from percent co decimal. 

13.13.1 Convert dry unit weight in inch-pound units 
co SI units, if required. 

Unit weight in kN/m3 = 
0.l571 kN/m3 

lbf/fc3 
X (unit weight, lbf/fc3) 

14. Report 

14. l The report is co consist of che co mpleted and 
checked forms (as applicable) : 

""In-Place Unit Weight Test Record" form (fig. 2) . 
Any form(s) used co calculate the volume of water used. 
Any form(s) used co determine che bulk specific gravity. 
14.2 All calculations are co show a checkmark. 

APPENDIX 

XL GUIDELINES FOR TEST HOLE OR TEST DIMENSIONS AND SELECTION OF EQUIPMENT 

X l. 1 Guidelines 

Xl.1.1 Guidelines for selecting che appropriate sand­
cone diameter and the minimum cesc hole volume are given 
in USBR 7205 and are shown in cable X 1. l for reference. 

X 1.1.2 For cesc pies, che guidelines for selecting the 
size of che equipment and the excavation dimensions co 
obtain che minimum volume of soil required are shown 
in cable X l.2. These guidelines are based on providing 
a representative sample o f the soil being reseed and on 
practical working conditions. 

Table X 1.1. - Recommended guidelines for selection of cone 
diameter and minimum rest hole volume (from 
USBR 7205). 

Cone Minimum rest Test hole Significant 
diameter hole volume depth particle size 

m ft l in in 

s *0.25 12 3/4 
12 0.50 14 l-1/2 

* Minimum volume for embankment dams. See 
USBR 7205 for explanation of hole dimensions and 
significant particle size. 

Xl.1.3 The guidelines shown in cable Xl.2 are for 
cohesive soils and for cohesionless soils whose gradation 
and particle angularity will allow vertical or near-vertical 
side walls co be excavated. 

Xl. 1.4 For some cohesionless soils with relatively 
uniform gradation, the slope of che side walls will be much 
flaccer, approximating the angle of repose of che soil. For 
these materials, che "worse case·· is assumed with a conically 
shaped excavation resulting. Table X l.3 gives guidelines 
for che equipment, che approximate dimensions of the 
excavation , and che minimum volumes chat would result. 

Table X 1.2. - Recommended gu idelines ior seieccion o f test apparatus 
and minimum excavation volume (co hesive so ils and certain 
cohesionless soils) . 

Maximum Minimum Apparatus Required 
particle required and minimum 

size volume template depth* 
m ft l opening m 

3 1.0 20-in sand cone 12 
24-in-square frame LS 

5 2 30-in-square frame 12 
S S 4-ft-diameter ring 24 
12 27 6-ft-diameter ring 24 
LS 90 9-ft-diameter ring 36 

More than LS Should be determined on a case-by-case basis 

* This depth muse be attained so that the minimum required volume 
of material is obtained. See discussion in ""Minimum Volume of Test"' 
for explanation of shape and dimensions of cesc pie. 

Xl.2 Required Excavation Volume 

X 1.2. l The minimum excavation volumes shown in 
cables Xl.2 and Xl.3 are required co provide a represen­
tative sample of che soil being reseed. 

X l.2 .2 For chis designatio n, a representative sample 
is based on the mass required co provide a gradation analysis 
of che soil within certain limits of accuracy. 

X 1.2 .3 For soils having a maximum particle size of 
3 inches (75 mm), che required mass (and volume) is based 
on a sample 100 times the mass of che maximum particle 
size. This results in gradation percentages with an accuracy 
of ± l.0 percent. 

X l.2.4 For soils having a maximum particle size larger 
than 3 inches, the required mass is based on a sample 
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Table XI.:',. - Recommended guidelines for rest equipment for cohesionless soils "worst case". 

Maximum Minimum Appara tus Minimum Approximate 
particle required and required diameter of 

size volume template depth* excavated hole 
In fr l opening In In 

3/4 025 20-in sand cone** 6 19 
1-1/2 05 24-in-square frame 7 22 
3 l.O 33-in-square frame LO 30 
5 2 40-in-diameter ring 12 35 
8 8 62-in-diamerer ring 18 54 

More than 8 Should be determined on a case-by-case basis 

'' This depth must be attaii1ed so that the minimum required volume of material is obtained. 
See discussion in "Mi nimum Volume of Test" for explanation of shape and dime nsio ns of rest 
pits. 
** For "pea gravel" (No. 4 to 3/4-inch), USBR 7215 (sleeve method) may be used . 

40 times the mass of the maximum particle _size. This 
results in gradation percentages with an accuracy of ±2.5 
percent. 

Xl.3 Type and Size of Equipment 

Xl.3.1 The basic types of apparatus used to determine 
in-place unit weight are the sand-cone device, the square 
metal frame, and the metal ring. Each type is practical 
only for specific excavation sizes. 

Xl.3 .2 The sand-cone device is practical only up to 

about a 20-inch test hole diameter because of the physical 
difficulty in handling anything larger. The square frame 
is practical from about 20 inches square to about 36 inches 
square. Square frames are easier to fabricate than circular 
templates . Rings are preferred as templates for excavating 
rest pits about 3 feet in diameter and larger because square 
frames need co be stiffened and can be heavier and more 
awkward to handle than circular templates. In addition, 
it is difficulc to trim the excavation having corners because 
of the larger particle sizes present in che soil when a square 
frame larger than 33 inches is required. The plastic liner 
for the sand replacement method should be about 1/ 2-
mil thick while che liner for the wacer replacement method 
should be about 4 co 6 mils chick. Bunching of a plastic 
liner 4 to 6 mils thick in che corners of a square frame 
may result in errors in che volume measurement. 

Xl.3.3 The apparatus and template sizes (shown in 
tables Xl.2 and Xl.3) were selected to provide a volume 
about equal to the required volume. Where there was a 
choice between methods, the order of preference was sand 
cone, square frame, and then che ring. Other sizes may 
be used (e.g., 27-inch-square frame) as long as the minimum 
volume of excavated soil can be obtained. 

Xl.4 Minimum Volume of Test 

Xl.4.1 In table Xl.2, che minimum volume obtained 
from excavating a cesc pit using che template shown and 
che required minimum depth is based on che following 
assumptions: 

a. The soil being excavated contains a significant 
amount of the maximum particle size material. 

b. No maccer whether the template is square or 
round, the excavation will be basically circular in plan view 
because the presence of the maximum particle size will 
probably prevent excavating corners. 

c. The side walls will be sloped. Encountering the 
maximum particle in the side wall while excavating will 
require reducing the excavation diameter. For a maximum 
particle size of 3 inches, most soils can be excavated to 

a slope of 1 horizontal to 3 vertical or steeper; while for 
the 5- and 8-inch maximum particle sizes, che side walls 
can be excavated to a slope of l horizontal co 2 vertical 
or steeper. 

d. The diameter of the excavation will be smaller 
than the template opening because a large particle may 
be just beneath the template. To prevent an overhang in 
the excavation, these particles should not be removed unless 
they are protruding into the excavation more than about 
two-thirds of their diameter. 

e. For excavation of soils having maximum particle 
size up to 8 inches, the volume of the excavation is assumed 
to be a frustrum of a cone as shown on figure Xl. l. ·The 
diameter of the excavation is assumed to be the template 
diameter minus the maximum particle size. 

f. For excavation of soils having maximum particle 
sizes of 12 inches and larger, the volume of the excavation 
is assumed to be a spherical segment. The diameter of 
the excavation is assumed to be the template diameter 
minus two-thirds of the maximum particle size. 

Xl.4.2 In table Xl.3, the minimum volume is assumed 
to be conical as shown on figure Xl. 1, with the depth 
of the excavation equal to about one-third of the hole 
diameter. For cohesionless soils-with relatively uniform 
gradation-the "worst case" is assumed where the slope 
of the side walls could not exceed the angle of repose 
of the soil. 

Xl.4.3 Based on these assumptions, the minimum 
volume of excavations shown in rabies Xl.2 and Xl.3 is 
conservative. Steeper side walls or larger test hole diameters 
will result in larger volumes. In some cases, smaller 
apparatus than that indicated in tables Xl.2 and Xl.3 may 
be used if a trial test pit is excavated and it can be shown 
that the smaller apparatus can provide the minimum 
required volume. However: 
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• The depth of excavation should never be less than 
one-third of the hole diameter. 
• The volume of the excavation must be 50 times larger 
than the volume of the maximum particle size. 
• The hole diameter must be at least four times larger 
than the maximum particle diameter. 

Xl.5 Replacement Medium 

Xl.5.1 For the templates shown in tables Xl.2 and 
Xl.3, sand replacement using a sand-pouring device is felt 
to be practical for the square frames up to 33 inches, arid 
water replacement for 40-inch and larger diameter rings. 

X l.5.2 If other sizes are used, the sand replacement 
method is probably practical up through 36-inch-square 
frames, while water replacement is more practical for 36-
inch-diameter rings and larger. A 36-inch opening is about 
the size limit where sand can be poured into the excavation 
uniformly and consistently while standing outside the 
template. 

X 1.6 Depth of Excavation 

5 inches or less, the depth of excavation in table Xl.2 
is shown in 6-inch increments since cohesive soils are 
normally compacted in layers of 6 inches maximum 
thickness. The minimum depth is 12 inches so that at 
least two compaction lifts a.re included in the determination. 
If the in-place unit weight determination is for in-place 
soils, the minimum depth shown is that required to obtain 
the minimum volume. Greater depths-not necessarily in 
6-inch increments - may be used. 

Xl.6.2 .Shallower depths may be used for in-place soils 
but only if the diameter of the excavation is larger so 
that the minimum volume of soil is obtained. This may 
be necessary to rest deposits of material of limited thickness. 

Xl.6.3 For the soils in table Xl.2 having ll)aximum 
particle sizes of 8 and 12 inches, the desired minimum 
excavation depth is shown as 24 inches since these soils 
would normally be placed in 12-inch lifts. For soils having 
an 18-inch maximum particle size, a 36-inch minimum 
depth is necessary to obtain the required volume. 

Xl.6.1 For soils having a - maximum particle size of 

Xl.6.4 In table Xl.3 , the minimum depths of 
excavation are equal to about one-third of the hole diameter 
as discussed previously. The elevation of the top of the 
excavation should be such tha t the test will be represen­
tative of the lift being rested. 

TYPICAL FOR: 
20 inch Send cone 
24 end 30 inch Square frame 

4ft. Diameter ring 
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Figure XI. I. - Test pit configurations. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7230-89 

DETERMINING UNIT WEIGHT AND MOISTURE CONTENT 
OF SOIL IN-PLACE - NUCLEAR MOISTURE-DENSITY GAUGE 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7230. The number immediately 
following the designation indicates the year of acceptance or the year of las t revision. 

This procedure is similar to ASTM D 2922 and D 3017 except for the following: (a) the determination of moisture and wet 
density have been combined into one designation since both determinations are made by one instrument and are performed 
during the same operation, (b) detailed procedures and requirements for system specifications and establishing the calibration 
curves covered in ASTM D 2922 and D 3017 are omitted but referenced, and (c) the addition of a procedure for determining . 
the unit weight of a control fraction-usually minus No. 4 (4.75-mm) or minus 3/4-inch (19-mm) sieve material-when material 
larger than the control size is present. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the in-place wet unit weight and moisture 
content of soil by nuclear methods using a surface gauge. 

NOfE 1.-The surface nuclear gauge measures wet density of 
soil and the mass of moisture present per unit volume of soil. 
The wee and dry unit weights must be calculated from these 
values. For chis reason, and because of common usage, the nuclear 
equipment for this test will be referred co in this designation 
as the "nuclear moisture-density gauge." For brevity, in some 
cases, "gauge" will be used. 

1.2 The unit weight methods cover determination of 
total or wet unit weight of soil and soil-aggregate in-place. 
Total or wet density is measured by attenuation of gamma 
rays through moist soil where the gamma source and/ 
or gamma detector remain at or near the surface. The 
total or wet unit weight is computed from the density. 
The methods described are normally suitable to test depths 
of approximately 2 to 12 inches (50 to 300 mm), depending 
on test geometry used. 

1.3 Test methods: 
1.3. l Two methods of measuring the in-place unit 

weight of total material are provided : (1) method A 
backscatter and (2) method B - direct transmission. 

1.3.2 In addition, method C describes how to 
determine the unit weight of a control fraction. If the in­
place soil contains particles larger than the maximum 
particle size permitted in the laboratory unit weight tests, 
the soil is considered to consist of two fractions, or portions. 
The soil from the in-place unit weight test is physically 
divided into a control fraction and an oversize fraction 
based on a designated sieve size. The unit weight of the 
control fraction is calculated and compared with the unit 
weight established by standard laboratory test. Normally, 

the control fraction is the minus No. 4 (4.75-mm) or minus 
3/4-inch (19-mm) sieve size material. 

1.3.3 Method A or B is used when the in-place unit 
weight of total material is to be determined regardless 
of particle sizes. If oversize is not present, the in-place 
unit weight of total material-as determined using a nuclear 
gauge-can be directly compared co the laboratory unit 
weight. 

1.3.4 Method C is used when the soil being tested 
contains 3 percent or more oversize. 

1.4 The moisture method covers determination of the 
mass of water present in a unit volume of soil and soil­
aggregate in-place, by moderating or slowing fast neutrons 
where the neutron source and the neutron detector both 
remain at the surface. The mass of water is used to compute 
the moisture content. The moisture method is included 
in each of the unit weight methods. 

1.5 The gauge may be operated only by, or under the 
direction of someone who has been trained and certified 
to operate the gauge. 

1.6 Do not use this procedure to determine the density 
of organic soils; i.e., classification OL, OH, and Pt. 

1.7 The relationship between density (or moisture in 
terms of mass of water) and the nuclear count rate is 
determined by correlation tests on materials at known 
average values of density and moisture content and 
furnished as calibration curves by the manufacturer for 
each individual gauge. These curves may not be applicable 
for all soils because of differences in chemical composition. 

1.8 Test results also may be influenced by surrounding 
objects. For this reason, tests performed in test pits, 
trenches, or within 10 feet (3 m) of buildings or other 
objects of densities substantially different than the soil 
being tested should be adjusted in accordance with pro­
cedures specified in the manufacturer's operation manual. 
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1.9 Limitation on Surface Irregularities: 
1.9.1 Backscatter Method-The maximum void or 

gap in the surface to be tested shall nor exceed 1/8-inch 
(3-mm) deep. When gaps are filled (see sub par. 12.4.3 ), 
the total area filled shall not exceed 10 percent of the 
bottom area of the gauge. 

1.9.2 Direct Transmission Method-The maximum 
void or gap in the surface to be tested shall not exceed 
1/8-inch (3-mm) deep. 

2. Auxiliary Tests 
2.1 Depending on the accuracy required, the moisture 

content of the soil may need to be determined in accordance 
with USBR 5300 to calculate dry unit weight. For method 
C, the bulk specific gravity of any oversize material must 
be determined in accordance with USBR 5320 to calculate 
the volume of oversize material removed from the test 
hole. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics · 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5320 Determining Specific Gravity of Soils 
USBR 5500 Performing Laboratory Compaction of 
Soils - 5.5 lbm Rammer and 18-in Drop 
USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand-Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by the Rubber Balloon Method 
USBR 7240 Performing Rapid Method of Construction 
Control 

3.2 ASTM Standards: 
D 2922 Test Methods for Density of Soil and Soil­
Aggregate In-Place by Nuclear Methods (Shallow Depth) 
D 3017 Test Method for Moisture Content of Soil and 
Soil-Aggregate In-Place by Nuclear Methods (Shallow 
Depth) 

4. Summary of Method 

4.1 Prior to obtaining test counts, the nuclear moisture­
density gauge is standardized for the effects of surrounding 
natural radiation by obtaining standard counts on a 
reference standard for density and moisture. All future test 
counts in a testing session are divided by the standard 
count co produce a count ratio. The gauge is calibrated 
to relate the density or moisture count ratio to wee density 
of soil or mass of water as appropriate. 

4.2 The nuclear moisture-density gauge is placed on 
che surface of the soil or material to be tested. The gauge 
may be used in either the backscatter mode or direct 
transmission mode. In the backscatter mode, the radioactive 
source is situated at the ground surface; in the direct 
transmission mode, the radioactive source is lowered to 
a selected depth in a predriven hole in the soil. Radiation 
counters in che meter measure radiation passing through 
the soil. 

4.2.1 The wee density is determined using a gamma 
radiation source and detector. The intensity of gamma 
radiation detected is dependent on che wet density of the 
soil. A test count for density is obtained and divided by 
the standard count co produce a density count ratio. The 
wet density is determined by che relationship of che density 
count ratio to wee mass of soil per unit volume of soil 
from a predetermined calibration curve. 

4.2.2 The mass of water in the soil is determined 
using a fast neutron source and a thermal neutron detector. 
The intensity of slow or moderated neutrons detected is 
dependent upon the mass of water present in the soil. 
A test count for moisture is obtained and divided by the 
moisture standard count to yield a moisture count ratio. 
The mass of water is determined by the relationship of 
the moisture count ratio to mass of water per unit volume 
of soil from a predetermined calibration curve. 

4.2 .3 The moisture content is calculated from the 
mass of water and the mass of dry soil per unit volume. 
The dry unit weight is calculated from the wet density 
and moisture content. 

5. Significance and Use 

5.1 The procedures described are useful as rapid, 
nondestructive techniques for determining in-place wet unit 
weight and moisture content of soil (and soil-aggregate) . 
The fundamental assumptions inherent in the nuclear 
density methods are that Compton scattering of gamma 
particles, in the material being tested, is the dominant 
interaction and that the material within the zone of 
influence for each test is homogeneous. The fundamental 
assumption inherent in the nuclear moisture method is 
that the hydrogen present in the material being tested 
is in the form of water. 

5.2 This procedure may be used as the basis of 
acceptance for soils compacted co a specified unit weight 
or to a percentage of a maximum unit weight determined 
by a standard laboratory test method. 

5.3 This procedure can be used to determine the in­
place unit weight of natural inorganic soil deposits. 

5.4 This procedure can be used to determine the unit 
weight of asphaltic concrete. 

5.5 The moisture content determination is normally 
performed in conjunction with determination of wet unit 
weight. The unit weight determination can be performed 
separately if desired. For greater accuracy in determining 
the dry unit weight, the wet unit weight can be determined 
using one of the density methods and the moisture content 
determined by the oven-drying method in accordance with 
USBR 5300. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
6.2 Terms not included in USBR 3900 specific to this 

designation are: 
6.2.1 Control Fraction-The portion of a soil sample 

consisting of particles smaller than a designated sieve size. 
This fraction is used ro compare in-place unit weight with 
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the standard laboratory unit weight. The control sieve size 
depends on the laboratory test used. 

6.2.2 Density Count Ratio.-Ratio of the density test 
count to the density standard count. 

6.2.3 Density Standard Count.-Density count 
obtained with the gauge seated on the teference standard 
(par. 7 .2) . · 

6.2.4 Density TestCount.-The number of radioactive 
counts accumulated by the gamma particle detector. 

6.2.5 Moisture Count Ratio.-Racio of the moisture 
test count to the moisture standard count. 

6.2.6 Moisture Standard Count.-Moisture count 
obtained with the gauge seated on the reference standard. 

6.2.7 Moisture Test Count.-The number of radioac­
tive counts accumulated by the neutron detector. 

6.2 .8 Oversize.-The portion of a soil sample 
consisting of particles larger than a designated sieve size. 

7. Apparatus 

7.1 Nuclear equipment.-The apparatus may consist of 
items to perform Method A - Backscatter, Method B -
Direct Transmission, or a combination of both. Most meters 
are designed to determine both density and moisture 
content. Items listed are common apparatuses except where 
noted as method A or method B only. 

7.1.l Fast Neutron Source.-A sealed mixture of 
radioactive material such as americium-beryllium or radium 
and beryllium. 

7 .1.2 Gamma Detector.-A device suitable for 
measuring the quantity of gamma particles arriving at the 
detector location. 

7.1.3 Gamma Source.-An encapsulated and sealed 
gamma radiation source- meeting the specific form 
requirements of Title 49 of the Code of Federal Regulations 
(U.S. Dept. of Transportation). 

7 .1.4 Housing.- The sources, detectors, readout 
device, etc., shall be in housings of rugged construction 
that are moisture and dust proof. For method B use, the 
housing shall contain a means of locating either the source 
or detector at a distance of 2 to 12 inches (50 to 300 
mm) into a preformed hole in the material to be tested. 
The probe containing the source or detector shall be 
sufficiently rigid so as to maintain a constant distance along 
the measuring path length and also contain markings to 
indicate the depth to which the probe has been placed. 

7 .1.5 Readout Device.-A suitable scaler with a 
resolution and range to display counts over the range of 
unit weight and moisture for which the apparatus will 
be used. Usually, the scaler also contains ocher electronic 
devices and the necessary electrical power for operation. 

7.1.6 Slow Neutron . Detector.-Any type of slow 
neutron detector such as boron trifluoride or helium-3 
proportional counter. 

NOfE 2.-The gamma source, detector, readout device, and 
power supply may be housed separately or combined and 
integrated with a nuclear moisture-measuring system. 

7.2 Reference Standard-A block of hydrogenous 
material that isolates the instrument, provides a means 

for checking equipment operation, and establishes 
conditions for a reproducible count rate. 

7 .3 Site-Preparation Equipment: 
7.3.1 Method A equipment shall include a flat plate 

straightedge, or other suitable tool to be used to level the 
test site co the required smoothness. 

7.3.2 Method B equipment shall, in addition to that 
required in subparagraph 7.3.1, include a hole-forming 
device such as an auger or pin having a nominal diameter 
equal to or up to 1/8 inch (3 mm) larger than the source 
probe and a guide to ensure that the hole is perpendicular 
to the test site surface. 

7.4 Transport Case.-Each system shall include a 
shipping and transport case to house the equipment and 
shall meet the U.S. Department of Transportation 
requirements in Title 49 of the Code of Federal Regulations. 
The exterior of the case shall contain all labels required 
by the regulations, and radiation levels shall meet the 
"Yellow II" standards. 

8. Precautions 

8.1 Safety Precautions.-This equipment uses radio­
active materials which may be hazardous to the health 
of users, unless proper precautions are taken. Users of 
chis equipment must be completely famili ar with possible 
safety hazards and with all applicable government 
regulations and must possess a current NRC (Nuclear 
Regulatory Commissio n) license. Effective operator 
instruction, together with routine safety procedures such 
as source-leak tests, recording and evaluation of film badge 
data, etc., are an essential part of the operation of this 
equipment. 

8.2 Technical Precautions: 
8.2.1 Proper site preparation is important. Voids 

immediately beneath the gauge cause large unit weight 
or moisture content errors. 

8.2.2 The operator shall become thoroughly familiar 
with the manufacturer's operating procedure for the 
particular gauge being used. In addition, different gauges 
may have various in s tructions-such as systems 
checks-that are not covered in this designation. 

8.2.3 Operation of nuclear moisture-density gauges 
must be in accordance with conditions of the NRC license 
and the operations program contained in that license. 

9. Calibration 

9.1 There are four types of calibration related ro a 
nuclear moisture-density gauge: (1) system verification, (2) 
factory calibration, (3) field calibration checks and 
adjustments, and ( 4) daily system standardiza tion. 

NOTE 3.-Only the latter two, field calibration adjustments 
and daily system standardization, ace related co typical field use 
of the gauge. 

9.2 System verification of established requirements for 
precision, chemical error, and surface roughness error is 
performed by the manufacturer of the gauge. The 
procedures and requirements muse be in accordance with 
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ASTM D 2922 for the density determination and ASTM 
D 3017 for moisture determination. 

9.3 The facrory calibration curve for the gauge is 
performed by the manufacturer and data are furnished for 
each individual gauge. The factory calibration curve relates 
the appropriate count ratio ro the density or moisture of 
the material being measured. The gauge is calibrated on 
five homogeneous blocks which represent infinite volumes 
co the gauge. These standard calibration blocks are used 
to measure che response of che gauge co densities in che 
range of 100 co 170 lbm/fc' (1600 to 2725 kg/m'). A 
factory calibration curve is required for (a) backscatter mode 
(method A), (b) each depth interval in direct transmission 
mode (method B), and (c) che moisture method. The 
procedure for establishing the factory calibration curve must 
be in accordance with the laboratory method described in 
ASTM D 2922 for density and ASTM D 3017 for moisture. 
Factory calibration is recommended once every 3 years or 
more frequently for gauges in heavy use. 

9.4 Field calibration checks for each nuclear moisture­
density gauge must be performed at least once a year. These 
calibration checks, described in subparagraph 9.4.1, also 
are recommended when the gauge has been field repaired 
or when soil conditions have changed and the calibration 
is considered suspect. 

9.4.1 Field calibration adjustments may be made 
when laborarory calibration facilities are not immediately 
available or when it becomes necessary to calibrate the 
gauge for materials that are chemically different than soils. 
A minimum of 10 field density' determinations should be 
u_sed for establishing calibration adjustment curves by the 
field method so that a range of densities and materials 
will be represented. The sand-cone method in accordance 
with USBR 7205 or the rubber-ballon method in accordance 
with USBR7206 may be used to determine the wet densities 
of materials at carefully selected field sites . As an 
alternative, nuclear gauge data can be obtained on prepared 
containers of soil or soil-aggregate compacted ro known 
densities. The containers must be sufficiently large to 
represent an infinite volume to the nuclear instrument 
(consult manufacturer's operation manual) . Data from 
either of these methods may be used to establish calibration 
adjustment curves by fitting a least squares line to a ploc 
?f gauge d~nsity output co field or container density. le 
1s more desirable to use the prepared container procedure 
and adjust and/or offset the factory calibration to fie the 
field data. Extreme care must be exercised in determination 
of wet density in either the field site or prepared container. 
Because of the variability and scatter inherent in field tescs 
and container preparation and compaction, these methods 
are considered less accurate than techniques using 
calibration blocks (see subpar. 9 .3 ). 

NOfE 4.-Use of calibration blocks is advantageous because 
they are durable and provide stable density references. Blocks 
and prepared containers muse be large enough not to change 
c~e obs_erved count race (or count ratio) if made larger in any 
d1mens1on. Block dimensions of approximately 12 inches wide 
by 14 i~ches deep by 22 inches long (300- by 360- by 560-mm, 
respecnvely) have proven satisfactory for equipment now 
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available. For calibration of backscatter density only, a depth of 
not less than 9 inches (230 mm) is adequate. 

9.4.2 A minimum of 10 field density determinations 
must be used to compare with facrory calibration daca in 
order to justify adjusting che calibration. If each of the 
field rests varies by not more than 3 percent from che 
nuclear density and some of the field densities are greater 
than and some less chan che nuclear density, adjustment 
of the calibration curve(s) is not necessary. 

9.4.3 If all of the field tests are greater than or all 
a~e less than the nuclear density and the average of the 
d1~ferences exceeds 1 percent of che average field density, 
adiusc each subsequent nuclear density by the average 
difference. 

9.4.4 The average difference found in subparagraph 
9.4.3 may be used to create an adjusted calibration curve. 
The adjusted calibration curve may be rotated about a zero 
point or uniformly offset from the original calibration 
curve. 

9.4.5 Adjusted moisture calibration curves are 
established by determining the moisture count ratio of each 
of several samples of different known moisture contents 
plotting the moisture count ratio versus each know~ 
moisture content, and placing a best-fit curve through the 
resulting points. The method and procedure used in 
establishing the adjusted curve must be the same as used 
for determining moisture content of the material to be 
tested. The moisture content of materials used to establish 
the_ adjusted calib~ation curve must vary through a range 
tO mclude the moisture content of materials co be rested. 
The materials used for calibration must be of the uniform 
density as well as uniform moisture content. 

NOfE 5.-Because of the effect of chemical composition on 
gauge readings, some calibration curves supplied with che gauge 
may not be applicable co all materials under rest. Therefore 
calibration curves must be checked, and adjusted if necessary'. 
Ir may be desirable co develop calibration curves for soils identified 
as having a chemical effect on che gauge output. 

NOfE 6.-The procedure described in subparagraphs 9.4. l 
through 9.4.4 for checking the density calibration and che moisture 
calibration are not the same as described in ASTM D 2922 and 
D 3017. Th~ ASTM ~rocedure covers a range of unit weights 
co check widely varying values. The procedure described in 
subparagraph 9.4.1 covers only the ranges of unit weight and 
mo1srure content char normally would be encountered during 
typical use of the gauge. 

NOfE 7.-Adjusting calibration curves is a complex cask and 
should be attempted only by chose knowledgeable in these 
methods. Most manufacturers either provide this service or offer 
assistance co the user. 

9 ._5 The nuclear moisture-density gauge requires a daily 
setttng of a standard count, and is referred to as 
"standardization". 

9.5. ~ All nuclear density gauges are subject to long­
term aging of the radioactive sources, detectors, and 
electronic systems, which may change the relationship 
between count rate and density or moisture. To offset chis 
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aging, all gauges are calibrated as a ratio of the test count 
to a standard count made on a reference standard. The 
standard counts should be in the same order of magnitude 
or higher than the range of test counts over the useful 
density (or moisture) range of the equipment. 

9.5.2 Standardization of the gauge on the reference 
standard is required at the start of each day's use, and 
a permanent record of these data should be retained. An 
example format for recording the standard counts is shown 
on figure 1. 

9.5.3 Since standardization is performed daily, it is 
considered part of the procedure and is described in 
paragraph 11. 

10. Conditioning 

10.1 Nor applicable; special conditioning requirements 
are not needed for chis procedure. 

11. Procedure - Standardization 

11.1 All data are to be recorded on the "Nuclear 
Moisture-Density Test Record" form as shown on figure 
2 and on the permanent record of standard counts as given 
on figure l. 

11.2 Turn on the gauge, and allow for electronic stabi­
lization of the gauge in accordance with the manufacturer's 
recommendations. 

11.3 Obtain a standard count for density and a standard 
count for moisture in accordance with- the manufacturer's 
instructions. This constitutes one standardization check. 
Record the readings on the test form (fig. 1). 

11.4 If the standard count obtained is within the limits 
sec by the following equation, the gauge is considered in 
satisfactory condition and may be used. If the standard 
count is outside the limits set by the equation, another 
standardization check should be made. If the second 
standardization check is within the limits, the gauge may 
be used; bur if it also fails the rest, the gauge should be 
checked as recommended by the manufacturer and the 
calibration checked or the gauge recalibrated. 

Ns = No±2.0~ (1) 

where: 
Ns value of current standard count (density, OS, or 

moisture, MS) on the reference standard 
No average of the past four values of Ns taken from 

prior standard counts 
PC amount of prescale applied to the detector counts 

prior co display. The manufacturer provides 
this value. If prescale is not built into the 
equipment the value is 1. 

11.5 Values of Ns are used co determine the density 
and moisture count ratios for che current day's use of the 
equipment. If-for any reason-count ratios become 
suspect during the day's use, another standardization should 
be performed. 
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NOfE 8.-If the gauge is to be used either conrinuously or 
intermittently during the day, generally it is best to leave it in 
the "power on" or "standby" condition during the day to prevent 
having to repeat the standardization. Also, this provides more 
stable, consistent results. Most currently available gauges store 
the moisture and density standard counts in a computer memory 
that is erased when the gauge is turned off. 

11.6 Perform the standard counts in accordance with 
the manufacturer's recommendations and away from other 
radioactive sources, large masses of metal, vertical objects, 
free water, or ocher items that can affect the gauge readings. 

12. Procedure: Method A - Backscatter 

12.1 All data are co be recorded on the "Nuclear 
Moisture-Dens icy Test Record" form as shown on figure 2. 

12.2 Standardize the gauge (par. 11). 
12.3 Select a test location where the gauge, in test 

position, will be at least 9 inches (230 mm) away from 
any vertical projection. 

12.4 Prepare the test site in the following manner. 
12.4. l Remove all loose and disturbed material and 

additional material-as necessary-to expose the top of 
the material co be tested. 

12.4.2 Prepare a horizontal area by planing the area 
to a smooth condition so as to obtain maximum contact 
between the gauge and material being tested. The size 
of the area . must be sufficient to accommodate che gauge 
in at least two different orientations (fig.3 ). 

12.4.3 The .maximum void beneath the gauge shall 
not exceed 1/8 inch (3 mm). Use native fines or fine sand 
to fill these voids, and smooth the surface wich a rigid 
plate or ocher suitable cool. 

12.4.3.1 Placement of the gauge on the surface 
of the material to be reseed is critical co successful 
determination of unit weight. The optimum condition is 
total contact between the bottom surface of the gauge and 
the surface of the material being tested. This may not 
be possible in some cases'. To correct surface irregularities, 
use native fines or fine sand as a filler. The depth of the 
filler should not exceed 1/8 inch (3 mm), and the total 
area filled should not exceed 10 percent of the bottom 
area of the gauge. Several trial seatings may be required 
to achieve these conditions. 

12.5 Obtain one set of test counts as follows. 
12.5.1 Seat the gauge firmly on the prepared surface, 

and record the orientation as 0°. 
12.5.2 Obtain density test counts, and calculate the 

wet unit weight of the soil by one of the following methods. 
12.5.2.1 Set and record the count times. Obtain 

and record two or more density rest counts. Calculate and 
record the average density rest count. Calculate and record 
the density count ratio as the ratio of the average density 
count co the density standard count. From che density count 
ratio and the factory calibration curves, determine the wee 
density, convert to wet unit weight and record. 

12.5.2.2 For gauges that give a direct display of 
wee density, follow the manufacturer's procedure. Set and 
record the count rime. Read and record the density test 
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NUCLEAR MOISTURE-DENSITY GAUGE 
7-2381 (12-86) STANDARD COUNT RECORD l>esi~nation USBK 7230.§~ Bureau or K~clamation 

MANUFACTURER I GAUGE MODEL I GAUGE SERIAL NO . 
Example 

PERFORMED BY DATE DENSITY STANDARD MOISTURE STANDARD TESTS PER 
COUNT COUNT DAY 

A. Jones 5/26/89 3268 522 4 

A. Jones 5/27/89 3273 518 6 

A. Jones 5/30/89 3271 521 12 

8. Smith 6/5/89 3269 520 2 

8. Smith 6/9/89 3267 524 8 

. . . 

GPO 852-442 

Figure I. - Nuclear moisture-density gauge srandard counc record - example. 
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7 -2370 (12-86) 
NUCLEAR MOISTURE-DENSITY TEST RECORD 

Bureau of Reclamation Designation USBR 7230-~~ 
PROJECT FEATURE FEATURE NO.I FILL IFILLNO. 

Example 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

, 

. 
---

MONTH DAY SHIFT T EST TYPE STATUS BORROW STANDARD SOIL S TATION OFFSET ELEVATION 
A -DAY NO . A-REG. A -ACC. AREA COMPACTION CLASS. 

B-SWING C-CONG . A-REJ . NO. METHOD 
C -G RAVE D -DOUBT 

STANDARDIZATION 

DENSITY STANDARD COUNT (DS) 3267 

MOISTURE STANDARD COUNT (MS) 524 

TEST COUNT DATA 

COUNT TIME (min) 
) . 1•• 

PROBE DEPTH (in) 8 8 

ORIENTATION o· go• 

DENSITY TEST COUNT 1231 1219 

1237 

TOTAL 2468 

AVERAGE DENSITY TEST COUNT (DC) 1234 

DENSITY COUNT RATI O (C Ay) 0.378 

MOISTURE TEST COUNT 143 149 

145 

TOTAL 288 

AVERAGE MOISTURE TEST COUNT (MC) 144 

MOISTURE COUNT RATIO (CAml 0.275 

UNIT WEIGHT CALCULATIONS 

(WO) WET UNIT WEIGHT (lbf / ft3) 
130.7 130 .9 

(M) WEIGHT OF WATER (lbf/ft3) 13 . 8 14.5 

(DO) DRY UNIT WEIGHT (lbf/ft3) 116.9 116.4 

(M%) MOISTURE CONTENT(% ) 11 .8 12.5 

. Column represents dala laken lor hand calculation using calibration AVERAGES REMARKS: -
!ables provided with lhe Nuclear moisture · density gou~e. WET UNIT WEIGHT (lbf/ft3) 130 . 8 .. Column reeresenls dolo obloined lrom Nuclear moislur e - densitr DR Y UNIT WEIGHT (lbf/tt3) 116,1 

gau1e with In ternal microprocessors . MOISTURE CONTENT(%) 12 .2 

GPO 852 - 546 

Figure 2. - Nuclear moisrure-densiry cesr record - example. 
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Figure 3. - Orientation of nuclear moisture-density gauge 
showing 90-degree rotation for second reading. 

count, the wet density, and the gauge converted wet unit 
weight. Some direct display gauges require setting a depth 
switch to the BS position co indicate "backscatter" prior 
to reading the density display. Record BS in che "probe 
depth" block on the form. 

12.5.3 Obtain and record the moisture cesc count, 
weight of water per unit volume of soil, and moisture 
content according to the manufacturer's procedure. 
Calculate or determine the moisture content by one of the 
following methods. 

12.5.3.1 Set and record the count time. Obtain and 
record two or more moisture test counts. Calculate and 
record the average moisture test count. Calculate and record 
the moisture count ratio as the ratio of the average moisture 
co'unt to the moisture standard count. From the moisture 
count ratio and the factory calibration curve, determine 
the weight of water per unit volume of soil and record. 

12.5.3.2 For gauges that give a direct display of 
moisture, follow the manufacturer's procedure. Set and 
record the count time. Record the moisture test count and 
the weight of water per unit volume of soil. 

12.5.4 Calculate the dry unit weight of soil by 
subtracting the weight of water per unit volume of soil 
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from the wet unit weight. Direct display gauges display 
chis value. 

12.5.5 Calculate the moisture content, in percent, as 
the ratio of the weight of water per unit volume of soil 
co the calculated dry unit weight multiplied by 100. Direct 
display gauges display this value. 

12.6 Obtain a second set of readings as follows . 
12.6.1 Seat the gauge firmly in a position 90° from 

the orientation for the first sec of readings and record 
che orientation (see fig. 3 ). If a 90° orientation is not 
possible, describe on report form exactly what was done . 

NOTE 9.-Gauge rotation is performed co obtain an additional 
sec of readings on a separate volume of soil without creating 
a requirement co prepare a new cesc site. Also, che rotation allows 
che operator to compare results of cescs on cwo adjacent volumes 
of soil, which should be considered homogeneous. Unexpected 
voids or cobbles located in only one of che cwo settings would 
be readily detectable through comparison of readings. 

12.6.2 Repeat procedures in subparagraphs 12.5.2 
and 12.5.3. 

12.7 If the wet unit weights or the weights of water 
per unit volume of soil of the two sets of readings are 
not within l lbf/ft3 rotate the gauge another 90° and obtain 
a third set of readings. Use che two values obtained that 
are within l lbf/ft3_ If no two readings meet this criteria, 
disregard the test data from chis site. 

12.8 Calculate and record the average wet unit weight, 
average dry unit weight, and average moisture content. 

12.9 Calculate the dry unit weight using either the 
weight of water per unit volume of soil from the nuclear 
moisture-density gauge or from a moisture content of the 
soil as determined in accordance with USBR 5300. 

13. Procedure: Method B-Direct Transmission 

13.1 All data are co be recorded on the "Nuclear 
Moisture-Density Test Record" form as shown on figure 2. 

13.2 Standardize the gauge (par. 11). 
13.3 Select a test location where the gauge, in test 

position, will be at least 9 inches (230 mm) away from 
any vertical projection. 

13.4 Prepare the rest site in the following manner. 
13.4.1 Remove all loose and disturbed material and 

additional material-as necessary-co expose the cop of 
the material to be tested. 

13.4.2 Prepare a horizontal area by planing the area 
to a smooth condition so as co obtain maximum contact 
between the gauge and material being tested. The size 
of the area muse be sufficient to accommodate the gauge 
in at least two different orientations (fig. 3) . 

13.4.3 The maximum void beneath the gauge shall 
noc exceed 1/8 inch (3 mm) . Use native fines or fine sand 
to fill these voids, and smooth the surface with a rigid 
plate or ocher suitable tool. 

13.4.4 Make a hole perpendicular to the prepared 
surface using the guide and the hole-forming device. The 
hole shall be of such depth and alignment chat insertion 
of the probe will not cause the gauge to tilt from che 
plane of the prepared area. The depth of the hole must 
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be at least 2 inches (50 mm) deeper than the depth to 
which the probe will be placed. The probe is normally 
inserted to a depth equal ro twice the lift thickness: The 
guide shall be the same size as the base of the gauge with 
the hole in the same location on the guide as the probe 
on the gauge to assist in positioning the gauge. The corners 
of the guide are marked by scoring the surface of the soil. 

13.4.4.1 For soils containing plus No. 4 (4.75-mm) 
sieve size particles (gravel), preparing the hole for the 
probe may cause disturbance in the soil. look for any 
deflection of the hole-forming device as it is inserted into 
the soil. Excessive disturbance of the soil may affect the 
accuracy of the unit weight determination. 

13.5 Obtain one set of test counts as follows. 
13.5.1 Seat the gauge firmly on the soil surface, while 

carefully aligning it with the marks made in paragraph 
13.4.4, so the probe is directly over the preformed hole. 
Record the orientation of the gauge as 0°. 

13.5.2 Insert the probe in the hole to the selected 
test depth and record the depth. 

13.5.3 Seat the gauge firmly by rotating it about the 
probe with a back-and-forth motion. 

13.5.4 Pull gently on the gauge in the direction that 
will bring the probe against _the side of the hole closest 
to the detector (or source) location in the gauge housing. 

13.5.5 Obtain density test counts, and calculate the 
wet unit weight of soil by one of the following methods. 

13.5.5.1 Ser and record the count time. Obtain and 
record two or more density rest counts. Calculate and record 
the average density test count. Calculate and record the 
density count ratio as the ratio of the average density count 
to the density standard count. From the density count ratio 
and the factory calibration curves, determine the wet 
density, convert to wet unit weight and record. 

13.5.5.2 For gauges that give a direct display of 
wet density, follow the manufacturer's procedure. Set and 
record the count time. Record the density test count, and 
the wet density displayed by the gauge converted to unit 
weight. Some direct display gauges require setting a switch 
to the appropriate probe depth prior to reading the density 
display. 

13.5.6 Obtain and record the moisture rest count, 
weight of water per unit volume of soil, and moisture 
content according to the manufacturer's procedure. 
Calculate or determine the moisture content by one of the 
following methods. 

13.5.6.1 Set and record the count time. Obtain and 
record two or more moisture test counts. Calculate and 
record the average moisture test count. Calculate and record 
the moisture count ratio as the ratio of the average moisture 
count to the moisture standard count. From the moisture 
count ratio and the factory calibration curve, determine 
the weight of water per unit volume of soil and record. 

13.5.6.2 For gauges that give a direct display of 
moisture, follow the manufacturer's procedure. Set and 
record the count time. Record the moisture test count and 
the weight of water per unit volume of soil. 

13.5.7 Calculate the dry unit weight of soil by 
subtracting the weight of water per unit volume of soil 

from the wet unit weight. Direct display gauges display 
this value. 

13.5.8 Calculate the moisture content, in percent, as 
the ratio of the weight of water per unit volume of soil 
to the calculated dry unit weight multiplied by 100. Direct 
display gauges display this value. 

13.6 Obtain a second set of readings as follows . 
13.6.1 Rotate the gauge to a position 90° from the 

orientation for the first set of readings and record the 
orientation (see fig. 3 ). If a 90° orientation is not possible, 
describe on the report form exactly what was done. 

13.6.2 Repeat the procedures in subparagraphs 
13.5.1 through 13.5.8. 

13.7 If the wet unit weights or the weights of water 
per unit volume of soil of the two sets of readings are 
not within 1 lbf/ft3, obtain additional readings until two 
consecutive values are obtained that are within 1 lbf/ft3. 

If this cannot be done, reject the test. 
13.8 Calculate and record the average wet unit weight, 

average dry unit weight, and average moisture content. 
13.9 Calculate the dry unit weight using either the 

weight of water per unit volume of soil from the nuclear 
moisture-density gauge or from a moisture content of the 
soil as determined in accordance with USBR 5300. 

14. Procedure: Method C - Determining the 
Unit Weight of Control Fraction 

14.1 When particles larger than the control fraction 
are present in the soil being tested, it is necessary to 
determine the unit weight of the control fraction of soil. 
This must be done when the in-place dry unit weight is 
to be compared to the laboratory maximum dry unit weight 
to calculate the percent compaction. To obtain the wet 
unit weight of the control fraction, the mass and volume 
of the oversize material are determined and subtracted from 
the total mass and total volume to obtain the mass and 
volume of the control fraction. From the mass and volume 
of the control fraction, the in-place dry unit weight can 
be calculated. A sample of the soil tested by the nuclear 
moisture-density gauge must be obtained. 

14.1.1 Normally, the wet unit weight of the control 
fraction is determined and the dry unit weight calculated 
using the moisture content of the control fraction. 

14.1.2 In addition, the moisture content of the 
oversize and the percentage of oversize are determined. 

14.2 All data for determining the in-place unit weight 
of the control fraction are to be recorded on the "In-Place 
Unit Weight Test (Nuclear Moisture-Density Gauge)" form 
as shown on figure 4. 

14.3 Obtain the in-place wet unit weight of total mate­
rial by following the procedure for either method A or B. 

14.4 Obtain a representative sample of the soil tested 
by the nuclear moisture-density gauge as follows. 

14.4.1 Excavate soil in the area as illustrated on 
figure 5. The excavation should be from about 6 to 12 
inches (150 to 300 mm) deep. About 1/4 ft3 (7000 cm3) 

of soil or about 30 lbm (14 kg) should be recovered. 
14.4.1.1 If the direct transmission method (meth­

od B) was used, a pick may be inserted into the probe 
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IN PLACE UNIT WEIGHT TEST 
7-2380 (11-Sbl 
Bureau or Rec amatinn 

(NUCLEAR MOISTURE-DENSITY GAUGE) 
l>t>IJna1inn USBR 7230.§ ~ 

SAMPLE NO. PROJECT I FEATURE 

Example 
TEST NO. SOURCE OF MATERIAL 

LOCATION OFFSET I ELEV . ZONE 

TESTEO BY DATE COMPUTED BY 
::_JCHECKED BY 

DATE 

(11 Wet unit weight of total material (control fraction+oversize) 137 . I lbf/ft3 

(2) Wet mass of total material excavated+ container 33 . 36 lbm 

(3) Mass of container 3.28 lbm 

(4) Wet mass of total material excavated= (2) -(3) 30 .08 lbm 

(5) Wet mass of oversize• + container 6. 71 lbm -

(6) Mass of container 2 .06 lbm 

(7) Wet mass of oversize• = (5)-(6) 4 . 65 lbm 

(8) Wet mass of control fraction= (4) -(7) 25.43 lbm 

(9} Mass of oversize in water (USBFl 5320) 2.87 lbm 

(lO)Volume of oversize•= ((7} -(9)] /62.4 .. 0.0285 ft3 

(11) Sp .G. of oversize•= (7)/[(7)-(9)] 2 . 61 

(12)Volume of total material excavated . .. = (4}/(1} 0 . 2194 113 

(13}Wet unit weight of control fraction 
... = (8)/((12)-(10)] 133.2 lbf /ft3 

( 14) Moisture content of control fraction (USBR 5300) 12 . I % 

(15)0ry unit weight of control fraction= (13/[ 1+((14)/100)} 118 . 8 lbf/ft3 

= lbf/ft3 x 0.1571 18 . 7 kN/m3 

( 16)Moisture content of overs ize (USBR 5300) 5 . 4 % 

( 17) Ory mass of control fraction= (Bl/( 1+(( 14)/1001 I 22 . 69 lbm 

(18) Dry mass of oversize= (7)/( 1+(( 161/100) I 4 . 41 lbm 

(19)Dry mass of total sample= (17)+(18) 27.10 lbm 

(20) Percentage of oversize= I ( 18)/( 19) I X 100 16 . 3 % 

(21) Moisture content of total material 7 . 5 % 

(22) Ory unit weight of total mater ial = ( 1 )/( 1+((211/ 100) I 127 . 5 lbf/ft3 

= lbf/ft3 x 0 .1571 20.0 kN/m3 

•surface dried condition REMARKS , Va I u es recorded in lines II l and 12ll are obloined lrom melhod 'A' or melhod 'B' of 
• • Unit weight of water in lbm/ft3 USBR 7230. 

• • • 1mplia1 lbm • lbf 

CPO 9~2-44 I 

Figure 4. - In place unit weight test (nuclear moisture-density gauge) - example. 
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90° 
.· .. 

. ·1 .. 

Figure 5. - Location for obtaining soil sample afcer 
completion of test readings. 

hole and used to break away the soil in the required area . 
14.4.2 Place the excavated soil in a moistureproof 

container. 
14.5 Determine the wet mass of total material 

excavated and record to the nearest 0.01 lbm. 
14.6 Separate the material into the control fraction and 

the oversize fraction using the designated sieve. This should 
be done rapidly ro minimize loss of moisture. If the test 
is for construction control, place the control fraction in 
an airtight container for further tests (see subpar. 14.20). 

14.7 Wash the oversize using a minimum amount of 
water, and blot to a surface-dry condition. 

14.8 Determine the wet mass of oversize plus container 
of predetermined mass, and record to the nearest 0.01 lbm. 

14.9 Calculate the wee mass of oversize and record to 
the nearest 0.01 lbm. 

14.10 Calculate the wee mass of the control fraction 
and record to the nearest 0.01 lbm. 

14.11 Determine the volume of oversize material co 
the nearest 0.0001 ft, by one of the following methods. 

14.11.1 Calculate the volume based on wee mass of 
oversize in air and in water according to USBR 5320 except 
that 24-hour soaking may be waived. 

14.11.1.1 Calculate che bulk specific gravity of the 
oversize and record to the nearest 0.01. 
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14.11.2 Determine the bulk specific gravity in 
accordance with USBR 5320 (except that 24-hour soaking 
may be waived), and calculate the volume using the bulk 
specific gravity of the oversize. If previous tests for bulk 
specific gravity have been performed and the value is 
relatively constant, a specific gravity may be assumed. 
Record the bulk specific gravity co the nearest 0.01. 

14.12 Calculate the volume of coca! material excavated 
and record ro the nearest 0.0001 ft 3. 

14.13 Calculate the wee density of the control fraction 
to the nearest 0.1 lbm/ ft,. 

14.13.1 Convert 'wee density to wet unit weight by 
changing lbm/ft3 to lbf/ft3 and record ro the nearest 0.1 
lbf/frl. (Assume 1 lbf = 1 lbm.) 

·14.14 Determine and record the moisture content of 
the control fraction in accordance with USBR 5300. 

14.15 Calculate and record co the nearest 0.1 lbf/ft3 

the dry unit weight of the control fraction. If required, 
convert and record the dry unit weight to SI units. 

14. 16 Determine and record the moisture content of 
oversize in accordance with USBR 5300. If previous tests 
for moisture content of oversize from a particle source 
have been performed and the value is relatively constant, 
a moisture content may be assumed. 

14.17 Determine the percentage of oversize. 
14.17.1 Calculate the dry mass of the control fraction 

and record to the nearest 0.01 lbm. 
14.17.2 Calculate the dry mass of oversize and record 

to the nearest 0.01 lbm. 
14.17.3 Calculate the dry mass of the total sample 

and record to the nearest 0.01 lbm. 
14.17.4 Calculate the percentage of oversize and 

record to the nearest 0.1 percent. 
14.18 Record the moisture content of the total material 

determined in method A or B. 
14.19 Calculate the dry unit weight of rotal material 

and record to the nearest 0.1 lbf/fr3. 

14.20 If percent compaction is required, the maximum 
unit weight must be determined in accordance with USBR 
5500. If the D-value is required, it muse be determined 
in accordance with USBR 7240. For either procedure, the 
soil excavated in subparagraph 14.4 is to be used co obtain 
the laboratory unit weight values. 

15. Calculations - Methods A and B 

15. l State-of-the-art nuclear moisture-density gauges 
presently marketed have the ability to calculate the wet 
unit weight and weight of water per unit volume of soil 
by interpreting the calibration curves which are stored 
internally in the gauge memory. Many gauges also have 
the ability to calculate the dry unit weight, moisture content, 
and percent compaction if the maximum dry unit weight 
is entered into the nuclear moisture-density gauge memory. 
Refer to. the manufacturer's operations manual for specific 
instruction. 

15.2 The calculations for unit weight by either method 
A or B are identical-except that the proper depth or 
backscatter calibration must be used. 
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15.3 Calculate the density count ratio. 

where: 
CR-y = 
DC 
DS = 

15.4 

where: 
CRm = 
MC 
MS= 

DC 
CR-y = DS 

density count ratio 
average density test count 
density standard count 

Calculate the moisture count ratio. 

CRm 
MC 
MS 

moisture count ratio 
average moisture test count 
moisture standard count 

(2) 

(3) 

15.5 Calculate the dry unit weight of soil (-gauge­
determined weight of water per unit volume). 

where: 
'}'d 

'Yw 
'Ym 

'}'d = '}'w - 'Ym 

dry unit weight, lbf/ft3 

wet unit weight, lbf/ft3 

weight of water per unit volume, lbf/ft3 

(4) 

15.5.1 Nuclear moisture-density gauge readings are 
displayed in terms of density and pounds mass of water 
per unit volume of soil. In the procedure, these values 
are converted to unit weight by changing lbm/ft3 to lbf/ft3 

and recorded to the nearest 0.1 lbf/ft3. (Assume 1 lbf = 
l lbm) 

15.6 Determine moisture content (gauge determined 
weight of water per unit volume). 

w=100(2!!!) 
"/d 

(5) 

where: 
w = moisture content, % 

100 = convert from decimal to percent 

15.7 If the moisture content was determined using the 
oven method, calculate the dry unit weight of soil. 

(6) 
l+ 

where 100 converts percent to decimal. 

16. Calculations - Method C 

16.1 The following symbols are used in the calculations 
for .method C of this designation. 

m2 

ma 
m4 
ms 
ms 

wet mass of total material excavated and 
container, lbm 

mass of container, lbm 
wet mass of total material excavated, lbm 
wet mass of oversize and container, lbm 
mass of container, lbm. 
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m1 
ms 
mg 

m11 
m1s 
mm = 

Vo 
Vos 
Ve 

Pwet (c) 
Pwet 

,'wet 

'}'wet ( c) 
'}'d 

'}'d (c) 

Gm 
w= 

Wf = 
Was= 

wet mass of oversize, lbm 
wet mass of control fraction, lbm 
mass of oversize in water (USBR 5320), lbm 
dry mass of control fraction, lbm 
dry mass of oversize, lbm 
dry mass of roral sample (control fraction 

plus oversize),'lbm 
volume of material excavated, ft 3 

volume of oversize, ft3 

volume of control fraction, ft 3 

wet density of control fraction, lbm/ ft 3 

wet density of total material, lbm/ft3 

wet unit weight of total material, lbf/ft3 

wet unit weight of control fraction, lbf/ft3 

dry unit weight of total material, lbf/ft3 or 
kN/m3 

dry unit weight of control fraction, lbf/ft3 or 
kN/m3 

bulk specific gravity of oversize 
moisture content of excavated soil, % 
moisture content of control fraction, % 
moisture content of oversize, % 

NOfE 10.-The subscripts, for the mass symbols, correspond 
to the line numbers of the "'In-Place Unit Weight Test (Nuclear 
Mositure-Density Gauge)" form (fig. 4). 

16.2 Calculate the wet mass of total material excavated. 

16.3 

m4 = m2 - ma 

Calculate the wet mass of oversize. 

m1 = ms - ms 

16.4 Calculate the wet mass of control fraction. 

(7) 

(8) 

(9) 

16.5 Calculate the volume of oversize using subpara­
graph 16.5.1 or 16.5.2. 

16.5.1 Calculate the volume of oversize based on the 
mass in air and mass in water method. 

m1 - mg 
Vos = 62 .4 

where 62.4 equals density of water, lbm/ft3. 

(10) 

16.5.2 Calculate the volume of oversize based on bulk 
specific gravity as follows: 

16.5.2.1 Calculate the bulk specific gravity (surface 
dry condition). 

Gm= __ m_1_ 
m 1 - mg 

(11) 

16.5.2.2 Calculate the volume of oversize based 
on a known bulk specific gravity. 

m1 

62.4 Gm 
(12) 

16.6 Calculate the volume of total material excavated. 
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Pwet 
Vr = m4 

(13) 

16.7 Calculate the volume of the control fraction. 

Ve = Vr- Vos (14) 

16.8 Calculate the wet density of the control fraction. 

ms 
Pwet (c) = Ve (15) 

16.8. l In the procedure, wet density is converted tO 

wet unit weight by changing lbm/ft3 to lbf/ft3. (Assume 
1 lbm = 1 lbf.) 

16.9 Calculate the dry unit weight of the control 
fraction. 

Ywet (c) 
'Yd (c) = 

1 + ( l~~) 
(16) 

where 100 converts percent tO decimal. 

16.9. l Convert dry unit weight in inch-pound units 
to SI units if required: 

'Unit weight in kN/ m3 
0.1571 kN/m3 X (unit weight, lbf/ft3) 

lbf/ft3 

16.10 Calculate the dry mass of control fraction. 

1200 

1 + ( l~~) 
mi? = ms 

where 100 converts percent to decimal. 

16.11 Calculate the dry mass of oversize. 

m1 
mis= 

1 + ( ~;;) 
where 100 converts percent to decimal. 

16.12 Calculate the dry mass of rota! sample. 

mi9 = m11 + mis 

16.13 Calculate the percentage of oversize. 

Percent oversize = 100 ( mis ) 
mi9 

where 100 converts decimal to percent. 

17. Report 

(17) 

(18) 

(19) 

(20) 

17.l The report is to consist of the following completed 
and checked forms (as applicable) : 

"Nuclear Moisture-Density Test Record" form (fig. 2) . 
"In-Place Unit Weight Test Record (Nuclear Moisture­
Density Gauge) form if method C is used (fig. 4) . 
17.2 All calculations are to show a checkmark. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 

PERFORMING RAPID METHOD 
OF CONSTRUCTION CONTROL 

USBR 7240-89 

lNTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7240. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for rapidly 
determining the percent compaction and the variation from 
optimum moisture content of an in-place cohesive soil. 

1.2 The exact percent compaction and an approxima­
tion of the relationship between optimum moisture content 
and fill (in-place) moisture content can be determined 
without knowing the actual value of fill moisture content. 

1.3 This procedure is normally performed on soils 
containing more than 15-percent fines. It also may be used, 
under certain circumstances, for soils containing 5 to 15 
percent fines. 

2. Auxiliary Tests 

2.1 The in-place wet unit weight of the fill material 
(see note 1) is obtained in accordance with either USBR 
7205, 7206, 7220, 7221, or 7230. The fill moisture content 
must be determined on the minus No. 4 fraction of the 
sample in accordance with USBR 5300 as part of 
completing the test for record purposes. 

NOfE I .-The term·· fill" refers to mechanically placed deposits. 
The rapid method also can be used for natural deposits (see 
subpar. 5.2). For simplicity in this designation, reference is made 
only ro testing fill material. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating ro Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5300 Determining Moisture Content of Soil and 
Rock by the Oven Method 
USBR 5500 Performing Laborarory Compaction of 
Soils - 5.5-lbm Rammer and 18-in Drop 
USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by the Rubber Balloon Method 

USBR 7220 Determining Unit Weight of Soils In-Place 
by the Sand Replacement Method in a Test Pit 
USBR 7221 Determining Unit Weight of Soils In-Place 
by the Water Replacement Method in a Test Pit 
USBR 7230 Determining Unit Weight and Moisture 
Content of Soil In-Place - Nuclear Moisture-Density 
Gauge 
USBR 7250 Determination of Percent Relative Density 

3 2 ASTM Standard: 
E 11 Specification for Wire-Cloth Sieves for Testing 
Purposes 

4. Summary of Method 

4.1 A sample of fill material (see note 1) is obtained 
in conjunction with performing USBR 7205, 7206, 7220, 
7221, or 7230. Soil specimens are compacted in accordance 
with USBR 5500. At least three specimens are compacted, 
the first at fill (in-place) moisture content and each of 
the remaining at different moisture contents. A parabolic 
curve is assumed, as defined by the three compaction points, 
and the peak point of the curve is determined mathe­
matically. The ratio of in-place wet unit weight at fill 
moisture content to laboratory maximum wet unit weight 
is determined. An approximation of the difference between 
optimum moisture content and fill moisture content 
( Wo- wr) is determined. After the actual fill moisture content 
is determined by ovendrying (usually the next day), the 
dry unit weights and optimum moisture content are 
calculated. 

5. Significance and Use 

5.1 The rapid method of construction control is 
performed to quickly evaluate percent compaction and 
variation from optimum moisture content of cohesive soils 
used in construction without knowing the value of' fill 
moisture content at the rime of the rest. 

5.1.1 Test results are used to determine if the 
<:ompacred fill material meets specified compaction and 
moisture control values. 

5.1.2 Test results usually are determined within 
about an hour from the time the soil sample is obtained. 

5.1.3 Test results obtained for construction control 
purposes ·are used later to obtain exact values· of dry unit 
weight and moisture content of the compacted fill. 
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5.2 The method can be used also for foundation or 
borrow area material co compare in-place dry unit weight 
and moisture content co laboratory maximum dry unit 
weight and optimum moisture content. 

5.3 The compaction characteristics of soils vary 
depending upon the gradation of the soil and the 
cohesiveness of any fines. Generally, the laboratory 
compaction rest is most applicable for soils containing more 
than 15-percent fines. For construction control of these 
soils, percent compaction is used to determine the adequacy 
of compaction. For soils containing less than 5-percent 
fines, the minimum and maximum index unit weight tests 
are used to evaluate the compaction characteristics. For 
construction control of these soils, percent relative density 
is used to determine rhe adequacy of compaction. 

Soils containing 5 co 15 percent fines may need to be 
tested by both the laboratory compaction test and rhe 
combination of the minimum-maximum index unit weight 
rests co conclude which is more appropriate. Whether 
percent compaction or percent relative density is used for 
construction control depends on the rest results and how 
the soil is ro be used. See USBR 7250 or 7255 (app. Xl) 
for further discussion. 

6. Terminology 

6.1'· Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Compaction Curve.-The curve showing rhe 
relationship between the dry unit weight and the moisture 
content of a soil for a given compactive effort (ASTM 
definition). 

6.1.2 Fil/-Manmade deposits of natural soils or rock 
produces and waste materials designed and installed in such 
a manner as to provide drainage, yet prevent the movement 
of soil particles due to flowing water (ASTM). 

6.1.3 Max1inum Unit Weight ( Ymax).-The dry unit 
weight defined by the peak of a compaction curve. 

6.1.4 Optimum Moisture Content (Wo, %).-The 
moisture content at which a soil can be compacted to the 
maximum dry unit weight by a given compaccive effort 
(ASTM). 

6.1.5 Percent Compaction( % ).-The ratio, expressed 
as a percentage, of: ( 1) dry unit weight of a soil, to (2) 
maximum dry unit weight obtained in a laboratory 
compaction rest (ASTM). 

6.1.6 Wet Unit Weight (Ywet).-The unit weight of 
solids plus water per unit volume, irrespective of the degree 
of saturation. · 

6.2 Terms not included in USBR 3900 specific ro chis 
designation are: 

6.2. l Added Water (z).-The amount of water, 
expressed as a percentage, which is added to 7.5 lbm of 
wee soil before compacting a specimen in the rapid method 
of construction control. If the moisture content of the wet 
soil is decreased, the amount of "added water" is a negative 
number and is referred to as "minus added water" (i .e., 
-2.0 %). 

6.2.2 C- Value.-The ratio, expressed as a percentage, 
of (1) in-place wet unit weight at fill moisture content 

to (2) the wet unit weight of a laboratory-compacted 
specimen prepared at fill moisture content as determined 
by the rapid method of construction control. The C-value 
is a comparison of compaccive effort of field compaction 
equipment to standard laboratory compactive effort. 

6.2.3 Compaction Curve at Fill Moisture Content.­
A plot showing the relation between wet unit weight at 
fill moisture content (converted wet unit weight) and the 
percent of "added water." 

6.2.4 Converted Wet Unit Weight, Ywetc.-The unit 
weight of a com·pacted specimen after being converted, 
by correcting for the amount of "added water," to the wet 
unit weight at fill moisture content. 

6.2.5 D- Value.-The ratio, expressed as a percentage, 
of (1) in-place wet unit weight at fill moisture content 
to (2) laboratory maximum wet unit weight as determined 
from a compaction curve constructed at fill moisture content 
as determined by the rapid method of construction control. 
The D-value is the rapid method equivalent of percent 
compaction. 

6.2.6 Fill Moisture Content, wr .-Moisture content 
of the minus No. 4 fracrion of in-place soil. 

6.2.7 Fill Wet Unit Weight, Ywetr .-The wet unit 
weight as determined from an in-place unit weight test. 

6.2.8 Maximum Wet Unit Weight at Fill Moisture 
Content, Ymaxw .-The wee unit weight defined by the peak 
of the laborato!y compacrion curve at fill moisture content. 

7. Interferences 

7.1 The moisture adjustment (red line correction) 
values were determined based on average unit weight and 
optimum moisture content values of a large number of 
soil specimens. For soils having properties significantly 
different, the moisture adjustment values may not be 
applicable. If this is the case, new adjustment values muse 
be determined for the specific soil. (See Engineering 
Monograph No. 26 [1] 1 or contact the Bureau's Denver 
Office for more information.) 

7.2 For samples significantly dry or wet of their 
optimum moisture content (+6.0%, -4.0%), the Wo-wr 
values are less accurate. 

8. Apparatus 

8.1 General Apparatus: 
8.1.1 Balance orScale.-A typical balance or scale used 

for this designation must be readable to 0.01 lbm and have 
a capacity of about 50 lbm. 

8.1.2 Graduated Cylinder.-250-mL capacity, gradu­
ated to 2.0 mL. 

8.1.3 Graduated Cylinder.-100-mL capacity, gradu­
ated to 1.0 mL. 

8.1.4 Sieve.-U.S.A. Standard series No. 4 sieve with 
stand, conforming to the requirements of ASTM E 1_1. 

8.2 Equipment Unique to This Procedure: 
8.2.l Compaction Device.-A device with a 5.5-lbm 

rammer calibrated to achieve an 18.0-inch drop, repeated 

1 Number in brackets refers ro the reference. 
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25 rimes. The device includes a l/20-ft3 mold with base 
place. This apparatus should be identical co that used for 
USBR 5500. (See USBR 5500 for specific information.) 

8.2.2 Extruder for Compaction Specimen.-A 
mechanical device for removing a compacted soil specimen 
from a compaction mold. 

8.2.3 Mixer.-Electric, bench, 3-speed, 1/3-horse­
power, 60-cycle, 115-volr mocor. 

8.2.4 Fan.-Electric or other drying device. 
8.2.5 Straightedge.-A stiff metal straightedge of any 

convenient length greater than 5 inches. The scraping edge 
must be beveled if it is thicker than 1/8 inch. 

8.3 Miscellaneous Equipment-Brushes, knife, mixing 
pans, scoop, ere., for mixing or trimming soil specimens; 
bucker with lid or ocher suitable container for retaining 
the rest sample. 

9. Reagents and Materials 

9.1 Tapwarer that is free of acids, alkalies, or oils, and 
is suitable for drinking should be used for wetting the 
soil prior to compaction. 

10. Precautions 

10. l Safety Precautions: 
10.1.1 This designation may involve hazardous 

materials, operations, and equipment. 
10.1.2 Do not place hands near the cop of the mold 

when any mechanical compaction device is in operation. 
10.1.3 Ensure char the switch is in the "off" position 

while any mechanical compaction device is not in operation. 
10.2 Technical Precautions.-The test specimen should 

be prepared and compacted as quickly as possible co 
minimize moisture loss. 

11. Sampling, Test Specimens, and Test Units 

11.1 Sample Preparation.-The soil used in this 
designation is obtained as result of an in-place unit weight 
test, and preparation of the sample is discussed under 
appropriate procedure paragraphs. 

12. Calibration and Standardization 

12.l Verify chat equipment is currently calibrated in 
accordance with the applicable calibration procedure. If the 
calibration is not current, perform the calibrations before 
using the equipment for this procedure. 

13. Conditioning 

13.1 If the rest is not performed immediately, score 
the sample in a moisrureproof container co prevent loss 
of moisture. 

14. Procedure and Calculations - Obtain In­
Place Unit Weight 

NOfE 2.-The procedure for performing this test is divided 
into five sections as follows: 

• Obtain in-place unit weight 
• Compact specimens and obtain compaction curve 
• Determine maximum point from compaction curve and 
Wo-Wf 

• Determine D- and C-values 
• Complete test for record 

NOfE 3.-Since calculations are such an integral part of the 
procedure, the paragraphs on procedure and calculations are 
combined. 

14. l All data are co be recorded on the "Rapid Method 
Test Record - In-Place Unit Weight" form as shown on 
figure 1. 

14.2 Perform the test for determining in-place unit 
weight in accordance with USBR 7205, 7206, 7220, 7221, 
or 7230. If the soil being tested contains gravel, perform 
the rest in accordance with method B of each designation. 
Method B pertains co obtaining the unit weight of a control 
fraction of the soil being tested. The control fraction for 
performing the rapid method rest is the minus No. 4 sieve 
size material. 

14.2.l If the in-place unit weight is obtained using 
USBR 7230 (nuclear method), a sample of the soil must 
be obtained in accordance with that designation. 

14.3 A minimum soil sample of 23 lbm of minus No. 
4 sieve size material is required for this test. This is 
sufficient material co prepare three compaction specimens. 
The soil sample is the minus No. 4 material obtained from 
the soil excavated co determine the in-place unit weight 
(or from subpar. 14.2.1 for the nuclear method). 

14.3.1 If the soil contains a significant amount of 
plus No. 4 sieve size material, ensure that enough minus 
No. 4 sieve size material is obtained from the excavation 
co meet the requirement of subparagraph 14.3. 

14.3.2 If the soil to be tested appears to be very 
wet or dry of optimum moisture content ( 4 percentage 
points or more), additional compaction specimens will be 
necessary and each will require about 7.5 lbm of soil. 

14.3.3 If sufficient material is nor obtained from the 
in-place unit weight test excavation, obtain additional soil 
from around the excavation. The additional material must 
be representative of the soil tested for in-place unit weight. 

14.3.3.1 If the in-place unit weight test is to 
represent the full depth of a compacted lift, obtain any 
additional material only from the compacted lift being 
tested. 

14.3.3.2 If the excavation for the in-place unit 
weight rest has been contaminated with sand or has been 
wetted (as from the sand cone or water replacement 
methods), the additional material must be obtained by 
excavating nonaffecred soil as close as practical to the 
original excavation. 

14.3.3.3 Every effort should be made co obtain 
enough material to perform the rapid method rest; if 
enough soil is nor available, reprocessing may be used as 
a last resort. 

14.3.3.4 Reprocessed Soil: 
14.3.3.4.1 Reprocessing of soil should only rake 

place when a limited amount of soil is available. 
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RAPID METHOD TEST RECORD 
IN-PLACE UNIT WEIGHT 

PROJECT --=Ex=.::aa.:m.:.iP:.:l..=e ______ F EA TUR E ---=E~x~a~m;.;.p,cclc.=e'-.--_____ NO.~ FILL Zone IA ______ No.l. 

TESTED BY _______ DATE ___ COMPUTED BY ______ DATE ____ CHECKED BY _______ DATE __ _ 

-!1 4 . _8_ . _A_ . _3_. _R_ . _A_ . _2 __ . ~ . ~ . __ 6_7_7_•1_0 __ . _I_O_L_ . 4_7_1_2_ 
MO. DAY SHIFT TEST TYPE STATUS BORR. STD. SOIL STATION OFFSET ELEV. 

A -DAY NO. Ra REG. A -ACC . AREA COMP. CLASS 
B-SWING C" CONG. R-REJ. NO. METHOD 
C-GRAVE DaDOUBT 

IN-PLACE UNIT WEIGHT DATA @ RAPID METHOD CONTROL DATA 

(1) MASS.SAND & CAN NO,_, lbm 

(2) MASS-SAND RESIDUE & CAN lbm 

(3) MASS-SAND USED, (1)-(2) lbm 

(4) MASS-SAND IN TEMPLATE & 

CONE, NO, __ _ ______ lbm 

SEE BACK SIDE FOR FIELD 

DETERMINATION. USBR 7220 

(5) MASS-SAND IN HOLE, (3)- (4) 
______ lbm 

f.lR S T S EC O ND 
S P F. C •ME N SPE C I M E N 

POINT NO. A B 

ADDED WATER (%1 0.0 + 2.0 

MASS·MOLD& WET SOIL (lbm 13.95 14.10 

MASS-MOLD (lbm) NO . ~ 7.95 7.95 

MASS-WET SOIL tl bml 
-----+----+----+--~~-+--~ 6.00 6. 15 

VOL. OF MOLD (tt3 I 0.0500 0.0500 
126) 

C 

•4.0 

13 . 95 

7.95 

6 . 00 

0.0500 

(6) DENSITY OF CALIBRATED SAND ___ lbm/ft3 "WET UNIT WEIGHT (lbf / ft 3 ) 
1------------t----;----+:,:~~~,=;. 120.0 123.0 I20.0 

'.~~:-/) CONVERTED UNIT WEIGHT 
120.6 115 , 4 (7) VOL. OF HOLE ,*--------- t,3 (lbf/tt

3
) 

;::::====::':::'.:::'.:::::::'.;::;::=:::::::::::::::'.::;:::::;:::==;--;:::::===~==~ 
Y l / Y 

2 
CHART (ONE PERCENT) 

::/1/,4~ 
(B) TOTAL MASS WET 

MATERIAL & CAN lbm 

(9) MASS-CAN, NO,_, _________ _ lbm 

@ 

(10) TOTAL MASS WET 
MATERIAL (8).(9) _________ _ lbm 

• (11) WET UNIT WEIGHT, 
TOTAL MATERIAL (10)/(7) _____ _ lbf/tt

3 

114) :.1/\SS-t'VET + NO . 4 ________ _ lbm 

(17) SP. G . . + NO. 4 ___________ _ 

PT . 1 PT . 1 

PT . 3 PT. 2 

y 1(1 -3) Y 2(1 -2) 

'm ym 

RLC PT. 1 

w - w == o I 129) MAX . WET 1271 

'm + RLC UNIT VvT. 

PLUS NO. 4 :uVERSIZEl 

(12) MASS-WET 
+ NO. 4 & PAN lbm 

(21) MOISTURE CONTENT,+ NO. 4 _____ _ % 
(13) MASS-PAN, NQ ___ , ___ l'Jm 

1241 FILL UNIT WEIGHT, 1141 MASS-WET+ ND . 4 ____ _ 

WET 120 . 0 DRY __ 9_9_._2 __ Ibf / ft 3 (121-(13) 
lbm 

(25) FILL MOISTURE CONTENT , w
1 

_2_1_. _o __ _ 
(15) MASS+ NO . 4 

% IN WATER _______ _ lbm 

1261 FIRST SPECIMEN UNIT WEIGHT, (161 VOL.OF+N0. 4 _____ _ ,,3 

WET 120 . 0 DRY 99 . 2 lbf/ft3 [(14)-(15)1 /62.4 
117) SP. G OF+ N0, 4 ______ _ 

1271 MAX. UNIT WT . AT FILL MOISTURE CONTENT (141/1(14) -(1511 

WET 121. I DRY I00. I lbf / ft3 118) MASS- DRY 
+ NO. 4 & PAN ______ _ lbm 

Y 
2

/ Y 4 CHART (TWO PERCENT) 

PT. B 120.6 PT. C 115.4 

PT. A 120.0 PT. A 120.0 

Y
2

(B-Al 
•0 . 6 

Y
4

1C- A) 
-4 6 

xm +I. 2 ym •I. I 
Z = X + m m 

ADDED 
WATER@ 

•I . 2 PT.A 

RLC •0 . 2 PT.A 120.0 

wo-Wt "' 
(29) MAX . (27) 

'm + RLC 
WET 

• I .4 UNIT WT 121. I 

FILL MOISTURE CONTENT 

DISH NO . CLI 17 

MASS-WET SOIL+ DISH 420 . 0 g 

MASS-DRY SOIL+ DISH 380. I g 

MASS-DISH 190.4 9 

MASS-WATER 39 . 9 9 

MASS-DRY SOIL 189 . 7 ~ 
(28) OPT. MOISTURE CONTENT, WO 

2_2_ . 4 ____ % (10) MASS-PAN , NO ___ , ___ lbm MOISTURE CONTENT 125 :, 
1 

n % 
WO" w, + [ , m x (1 + w,1100)) 

• I .4 dry % 120) MASS-DRY+ NO. 4 lbm 
(181-(191 AUXILIARY TESTS 

(30) C VALUE 
124

) 
(26) ------------

(24) 99.1 
(31) D VALUE w,------------

@) COMMENTS · 18 SPACES AVAILABLE 

100 
121) MOISTURE CONTENT USBR 5300 • _!3~ 

% + NO. 4 % 
((14)-(2011 / (20) X 100 IN PLACE UNIT WEIGHT 

PERFORMED IN ACCORDANCE .. 
(22) VOL. OF -NO. 4 ft3 WITH USBR.12.Q5... • .fill ·• 

(7)-(16) 
(23) MASS-WET -NO. 4 lbm + # 4 SPECIFIC GRAVITY 

(10)-(14) PERFORMED IN ACCORDANCE 
"(241 WET UNIT WT, lbf /ft 3 WITH USSR -2~~0_ . .!!~ 

(231/1221 

• ASSUME 1 lbf " 1 lbm 
I STORED 

·Figure l. - Rapid method test record - in-place unit weight - added water example. 
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14.3.3.4.2 If reprocessing is necessary, soil that 
was previously compacted for the first specimen-which 
is at fill moisture content-should be reprocessed through 
the No. 4 sieve and then mixed with as much of the original 
sample as is available. 

14.3.3.4.3 The use of reprocessed soil must be 
noted in the Rapid Method Control Data section as shown 
on figure 1. 

14.4 Pass the soil obtained from the in-place unit 
weight test through a No. 4 sieve. If Procedure B-in the 
respective procedure-of the in-place unit weight test (see 
subpar. 14.2) was used, this will already have been done. 

14.5 Thoroughly mix the material passing the No. 4 
sieve to ensure an even distribution of moisture throughout 
the soil. The mixing should be performed as quickly as 
practical co prevent moisture loss. 

14.6 Keep the minus No. 4 material in a moistureproof 
container co prevent moisture loss . 

15. Procedure and Calculations - Compact 
Specimens and Obtain Compaction Curve 

15.1 All data for procedures discussed in paragraphs 
15, 16, 17, and 18 are to be recorded on the "Rapid Method 
Test Record - In-Place Unit Weight" form as shown on 
figure l. The data for paragraph 15 are recorded on that 
form in the Rapid Method Control Data section. 

15.2 Determine and record the mass of the compaction 
mold to the nearest 0.01 lbm. Record the volume of the 
compaction mold to the nearest 0.0001 ft 3. 

15.3 Prepare a specimen for compaction at fill moisture 
content. This specimen is referred co as the " first 
specimen," and the data are recorded under the column 
labeled First specimen (the column with 0.0 for Added 
water). 

15.3.l Assemble and secure the mold and collar to 

the baseplate. 
15.3.2 Place approximately 2.0 to 2.5 lbm of soil 

inco the mold and spread co a uniform thickness. 

NOfE 4.-Wirh experience, this may be judged from volume 
as related to amounts in a scoop or ocher device. 

15 .3 .3 Compact the layer with 25 blows from a 5.5-
lbm rainmer dropped from a height of 18.0 inches. The 
blows should be distributed equally over the surface of 
the layer. 

NOfE 5.-The method of compacting a specimen for a 
laboratory compaction curve described in chis designation 1s 
identical to char used in USBR 5500. 

15 .3.4 Repeat the compaction process outlined in 
subparagraphs 15.3.2 and 15.3.3 until three layers of 
approximately equal thicknesses have been compacted. The 
third layer, when compacted, should extend into the collar 
about one-fourth inch, but not more than one-half inch. 
If, after the last layer is compacted, the specimen is coo 
short or coo long, it should be discarded and a new specimen 
compacted. 

15.3.5 Remove the collar from the mold and, using 
a straightedge, trim the specimen flush with the cop of 
the mold. 

15 .3.6 Remove the mold from the baseplate. 
15.3.7 Determine and record the mass of the mold 

and wet soil (compacced specimen) co the nearest 0.01 
lbm. 

15.3.8 
15.3.9 

Extrude the specimen from the mold. 
Calculate and record rhe mass of wet soil of 

the compacted specimen. 

m1 = n12 - m3 
where: 

m1 = mass of wet soil, Ibm 
mz = mass of mold and wet soil, lbm 
ma = mass of mold, lbm 

(1) 

15.3.10 Calculate the wet density of the specimen. 

where: 

_ m1 
Pwet - V 

Pwet = wet density of compacted specimen, lbm/ft3 

V = volume of mold, ft l 

(2) 

15.3.10.l Convert the wer density (Pwet) to wet 
unit weight (Ywet) by changing lbm/ft3 to lbf/ft3 and record 
co the nearest 0.1 lbf/ft3• For this application, a I-pound 
mass is considered to be numerically equal to a 1-pound 
force. 

15.3.11 The wet unit weight for the first specimen 
compacted is referred to as rhe "first specimen wet unit 
weight" or Ywetr,rst· Record the value in the Rapid Method 
Control Data section and on line (26) of figure l. 

15 .3. 12 At this point, the C-value should be 
calculated (see subpar. 17.2). 

The C-value is calculated before proceeding because, 
if it is less than the D-value required in the construction 
specification, the in-place unit weight has failed to meet 
unit weight specifications. The D-value obtained from the 
rapid method test is always equal to or less than the C­
value. 

15.3.13 Vertically cut approximately a 1.5-inch­
square by 6-inch-long moisture content specimen from the 
center of the compacced specimen. The moisture specimen 
should be about 200 grams. 

15.3.14 Determine the moisture content of the 
specimen in accordance with USBR 5300. 

15.4 Prepare a second specimen for compaction with 
2 percent "added water." This companion specimen is 
referred co as the "second specimen." The data are recorded 
under the column labeled Second specimen (the column 
with +2.0 for "added water"). 

15.4.l Place 7.5 lbm of soil from the original sample 
into a mixing pan. 

15 .4.2 Measure exactly 68 ml (0.15 lbm) of water. 
This amount of water will increase the moisture content 
of che soil about 2.0 percent. This is referred co as "2-
percent added water." 
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15 .4.3 Thoroughly mix the soil by hand or with a 
mechanical mixer while sprinkling the water onto the soil 
to ensure an even distribution of moisture throughout the 
material. The mixing should be performed as quickly as 
possible to prevent moisture loss. Cover the mixing pan 
with a plastic bag or other cover to prevent moisture loss. 

15.4.4 Compact the specimen and calculate the mass 
of wet soil, the wet density, and the wet unit weight of 
the specimen according to subparagraphs 15.3. l through 
15.3.10. 

15.4.5 Calculate and record the converted wet unit 
weight (unit weight at fill moisture) of the specimen. 

Ywetc 
Ywet 

where: 
Y wetc = converted wet unit weight of compacted 

specimen, lbf/ ft 3 

Ywet wet unit weight of compacted specimen, 
lbf/ ft 3 

z amount of water added to 7.5 lbm of 
soil before compacting specimen, % 

100 convert from percent to decimal 

(3) 

15.5 Prepare a third compaction speomen. The data 
column used depends on whether water is added or 
subtracted. 

15.5.1 Before the third specimen can be compacted, 
compare the wet unit weights of the first two compaction 
specimens. If the converted wet unit weight of the second 
specimen is greater than or equal to the wet unit weight 
of the first specimen, follow subparagraph 15.5.2. If the 
converted wet unit weight of the second specimen is less 
than the wet unit weight of the first specimen, follow 
subparagraph 15.5.4. 

15.5.1.1 If the converted wet unit weight of the 
second specimen is less than the wet unit weight of the 
first specimen, and the difference is within 3 lbf/ft3, the 
requirement for drying the soil (subpar. 15.5.4) may be 
eliminated (see app. Xl ). The alternate procedure is 
referred to as the Y1/ Y2 method, and if it is used, proceed 
to paragraph 17 after having performed the procedures 
in appendix Xl. 

15.5.2 Prepare a third specimen by adding water. 
The data are to be recorded in the adjacent column to 
the right of the "+2.0" column (see fig. 1). 

15.5.2.1 Place 7.5 lbm of soil from the original 
sample into a mixing pan. 

15.5.2.2 Measure 136 mL (0.30 lbm) of water. This 
amount will increase the moisture content of the soil about 
4.0 percent. This is referred to as "4-percent added water" 
(+4.0). 

15.5.2.3 Thoroughly mix the soil while sprinkling 
the water onto the soil. The mixing should be performed 
as quickly as possible ro prevent moisture loss. 

15.5.2.4 Compact the specimen and calculate the 
mass of wet soil, the wet density, and the wet unit weight 

of the specimen according to subparagraphs 15.3.1 through 
15.3.10. 

15.5.2.5 Calculate and record the converted wet 
unit weight according to subparagraph 15.4.5. 

15.5.2.6 If the converted wet unit weight of the 
third specimen is less than or equal to that of the second 
specimen, proceed to paragraph 16. If the converted wet 
unit weight of the third specimen is greater than that 
of the second specimen, an additional specimen must be 
compacted according co subparagraph 15.5.3. 

15.5.3. Prepare additional specimen(s) by adding 
water. The data are to be recorded in an available column 
and the added water row labeled accordingly (i.e., +6.0, 
+8.0, etc.). 

15.5.3. l Repeat subparagraph 15.5.2. l through 
15.5.2.5 except increase the amount of "added water" by 
2.0 percent more than that of the previous specimen (i.e., 
+6.0 %, +8.0%, etc.). 

15.5 .3.1.l Before compacting material co which 
6 percent or more water was added, the material should 
be rescreened through the No. 4 sieve. Rescreening breaks 
down any balls o f soil and assists in even moisture 
distribution. 

15.5.3.2 Repeat subparagraph 15.5.3.1 until the 
converted wet unit weight of the current specimen is less 
than or equal to the converted wet unit weight of the 
previous specimen. Proceed to paragraph 16. 

15.5.4 Prepare a third specimen by subtracting water. 
The data are to be recorded in the column to the left 
of the First specimen column (see fig. 2) 

15.5.4.l Place 7.5 lbm of soil from the original 
sample into a mixing pan. 

15.5.4.2 Dry the so il until a 0. LS lbm mass loss 
occurs without loss of soil. This decre:1ses the moisture 
content of the soil by about 2.0 percent. This is referred 
to as "minus 2-percent added water" (-2.0). 

NOfE 6.-The soil specimen may be dried fairly quickly by 
using a fan or other device tO blow dry air across the pan of 
soil while slowly mixing the soil. In a humid climate, other 
methods tO quickly dry the soil may be required. 

15.5.4.3 Compact the specimen and calculate the 
mass of wet soil, the wet density, and the wet unit weight 
o f the specimen according to subparagraphs L 5.3. L through 
15.3.10. 

15.5.4.4 Calculate and record the converted wet 
unit weight according to subparagraph 15.4.5. When the 
soil is dried back, the amount of "added water," z, used 
to calculate the converted wet unit weight is a negative 
number (i.e., z =-2.0 %). 

15.5.4.5 If the converted wet unit weight of the 
third specimen is less than or equal to the wet unit weight 
of the first specimen, proceed to paragraph 16. If the 
converted wet unit weight of the third specimen is greater 
than the wet unit weight of the first specimen, an additional 
specimen must be compacted according to subparagraph 
15.5.5. 
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USBR 7240 

RAPID METHOD TEST RECORD 
IN-PLACE UNIT WEIGHT l>!!signation USBR 7240- ~f:t 

PROJECT __ E_x_a_m_,_p_l_e ______ FEATURE __ E_x_a_m...,_p_l_e ______ NO.~ FILL ___ Z_o_ne_l_A _____ No_-3.._ 

TESTED BY _______ DATE ___ COMPUTED BY ______ DATE ___ CHECKED BY _______ DATE __ _ 

(!_) 4 8 C 2 R R 3 SR CL-SC 2710•10 107L 2717 ------- . --- . --- . --- . --- . ---· ·---· •-------
MO. DAY SHIFT TEST TYPE STATUS BORR. STD. SOIL STATION OFFSET ELEV-

A-DAY NO. R=REG. A-ACC. AREA COMP. CLASS 
B-SWING C=CONG. R-REJ. NO. METHOD 
C-GRAVE O=OOUBT 

IN-PLACE UNIT WEIGHT DATA ® RAPID METHOD CONTROL DATA 

(1) MASS-SAND & CAN NO.-. lbm FIRST SECOND 
SPECIMEN SPECIMEN 

(2) MASS-SANO RESIDUE & CAN lbm POINT NO. A B C 

(3) MASS-SANO USED, (1)-(2) lbm ADDED WATER (%) -2.0 0.0 + 2.0 

(4) MASS-SAND IN TEMPLATE & MASS-MOLD& WET SOIL Ubm 14.13 14.37 14.16 

CONE, NO, __ lbm 
MASS-MO LO (Jbm) NO.~ 7.94 7.94 7.94 

SEE BACK SIDE FOR FIELD 

DETERMINATION· USBR 7220 MASS-WET SOIL (lbml 6.19 6.43 6.22 

(5) MASS-SANO IN HOLE, (3)- (4) lbm VOL. OF MOLD lft3 ) 0.0499 0.0499 0.0499 

•wET UNIT WEIGHT (lbf/tt3 ) 
(26) 

(6) DENSITY OF CALIBRATED SANO ___ lbm/ft3 124.0 128.9 124.6 

CONVERTED UNIT WEIGHT -(7) VOL. OF HOLE,::: 1,3 (lbf /ft 3 ) 126.6 122.2 

(8) TOTAL MASS WET Y 1/Y 
2 

CHART (ONE PERCENT) Y 2 tY4 CHART (TWO PERCENT) 

MATERIAL & CAN lbm 
PT.1 PT. 1 PT.B 128.9 PT. C 122.2 

(9) MASS-CAN, NO._, lbm 

w PT.3 PT. 2 PT. A 126.6 PT.A 126.6 

(10) TOTAL MASS WET 
y 1(1-3) Y 2(1-2) Y

2
(B A) 

•2.3 
Y4 (C-A) 

-4.4 
MATERIAL (8)-(9) lbm 

z m Ym xm 1.5 Ym 2.6 
• (11) WET UNIT WEIGHT, 

lbf/ft3 zm = xm + 
TOTAL MATERIAL (10)/(7) RLC PT.1 ADDED 

w ·W = (29) MAX.WET 27) WATER@ 
-0.5 0 f PTA 

(14) 1,1/\SS-WET + NO. 4 lbm z + RLC UNIT V.T. m 
-0. I 126.6 

PLUS NO. 4 !OVERSIZE) 
RLC PT.A 

(17) SP. G., + NO. 4 112) MASS-WET wo-wf = (29) MAX. 127) 

+ NO. 4 & PAN lbm 'm + RLC 
WET 

-0.6 UNIT WT 129.2 
121 I MOISTURE CONTENT.+ NO. 4 % 

(131 MASS-PAN. NO ___ , ___ l':lm FILL MOISTURE CONTENT 
(24) FILL UNIT WEIGHT, 

125.8 102.6 lbf/tt3 
l141 MASS-WET + NO. 4 lbm DISH NO. CLl5 

WET ORY (12)-113) 

22.6 I 15) MASS+ NO. 4 MASS-WET SOIL+ DISH 410.5 g 
(25) FILL MOISTURE CONTENT. w 1 % IN WO.TER lbm 

1,3 
MASS-ORY SOIL+ DISH 370.2 g 

(26) FIRST SPECIMEN UNIT WEIGHT, (16) VOL.OF+ NO. 4 

WET 128.9 DRY 105.1 lbftft3 1(14)-(15)) /62.4 --· MASS-DISH 191 .7 g 
(17) SP. G OF+ NO. 4 

127) MAX. UNIT WT. AT FILL MOISTURE CONTENT (14)/1(14)-115)1 MASS-WATER 40.3 g 

WET 129.2 DRY 105.4 lbf/tt3 118) MASS- DRY 
+ NO. 4 & PAN lbm MASS-DRY SOIL 178.5 g 

(28) OPT. MOISTURE CONTENT, w
0 

22.0 % MOISTURE CONTENT 125 (1()) MASS-PAN, NO ___ • ___ lbm 
22.6 % 

w
0 

=w1 + lzm x (1 +w1/100ll 

(29) WO ·Wf -0.6 wet % (20) MASS-DRY + NO. 4 lbm 
(18)-(19) AUXILIARY TESTS 

(21) MOISTURE CONTENT USSR 5300 • -8~ 
(30) C VALUE 

1241 97.6 % + N0.4 % 
(26) 1(14)-(20)1 /(20) X 100 IN PLACE UNIT WEIGHT 

(24) 97.4 
PERFORMED IN ACCORDANCE 

(31) .. ft3 WITH USBR_I_g_Q!!_ • .89. D VALUE 
1271 

.. (22) VOL. OF -NO. 4 

© COMMENTS - 18 SPACES AVAILABLE 
(71-(16) 

(231 MASS-WET -NO. 4 lbm + # 4 SPECIFIC GRAVITY 
(101-(14) PERFORMED IN ACCORDANCE 

·(24) WET UNIT WT. lbf/tt3 WITH US8R ~~2_9_. _Ba_ 
(231/(22) 

• ASSUME 1 lbf = 1 lbm 
) STORED 

Figure 2. - Rapid method test record - in-place unit weight - subtracted warer example. 
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15.5.5 Prepare additional specimen(s) by subtracting 
water. The data are entered in an available column and 
the added water row labeled accordingly (i.e., -4.0, -6.0, 
etc.). 

15.5.5.1 Repeat subparagraph 15.5.4.1 through 
15.5.4.4 except decrease the amount of "added water" by 
2.0 percent more than that of the previous specimen 
(i.e., -4.0%). 

15.5.5.1.1 Before compacting material from 
which 4 percent or more water was subtracted, the material 
should be thoroughly mixed and rescreened through the 
No. 4 sieve, if necessary, to break down any balls of soil 
and to assist in even moisture distribution. 

15.5.5.2 Repeat subparagraph 15.5.5.1 until the 
converted wet unit weight of the current specimen is less 
than or equal to the converted wet unit weight of the 
previous specimen. Proceed to paragraph 16. 

16. Procedure and Calculations - Determine 
Maximum Point From Compaction Curve and 
Wa-Wf 

16.1 Data for paragraph 16 are recorded in the section 
of the form titled "Y2/ Y4 Chart." 

16.2 The maximum point from the compaction curve 
at fill moisture content can be determined using either 
a mathematical or graphical method. The mathematical 
method can be performed using the calculation procedure 
described in this paragraph or by using a programmable 
pocket calculator. Available programs for pocket calculators 
are described in Technical Note No. 36 [2]; contact the 
Bureau's Denver Office for more information. If the 
specimens were compacted with unequal increments of 
"added water" (i.e., -1, 0, and +2% or 0, +2.3, and +4.2%), 
a programmable pocket calculator or the graphical method 
must be used. The graphical method is described in 
Engineering Monograph· No. 26 [l]. Mathematical 
methods are preferred for determining wo- wr and the 
maximum point from the compaction curve at fill moisture 
content. 

16.3 This procedure is referred to as the Y2/ Y4 method 
for determining the maximum point from the compaction 
curve at fill moisture content. 

16.3.1 This method can be used only if specimens 
were compacted with "added water" 2 percentage points 
apart. Refer to subparagraph 16.2 if specimens were 
compacted with unequal increments of "'added water". 

16.4 For simplicity of discussion in the remainder of 
this designation, all the compaction specimens are referred 
to as "converted" (converted to unit weight at fill moisture 
content) even though the first compaction specimen was 
compacted at fill moisture content and therefore was not 
"converted." Label the values from the three compaction 
specimens as either point A, B, or C, in order, starting 
with the specimen with the least amount of "added water." 
For ease of identification, values from the compaction 
specimens can be plotted as shown on figure 3. If more 
than three specimens were compacted: 

I-

z 
::,,o 

• Select the specimen with the highest converted wet 
unit weight and label the specimen as point B 
• Select the specimen which has 2 percent less "added 
water" than point B and label as point A 
• Select the specimen which has 2 percent more "added 
water" than point Band label as point C 
• Record the labels as the Point No. in the Rapid 
Method Control Data section 
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G) SPECIMEN A 

18) PEAK POINT 

•m and Ym ARE OBTAINED FROM FIGURE 4. 

Zm IS CALCULATED USING EQUATION 16.9 

@ 

IIS '-------1--------+---------<--
-2.0 0 

ADDED WATER, z 
PERCE NT 

Figure 3. - Determining peak point of compaction curve, ½/ V. method. 

In the "Y2/ Y4 Chart" section of the form, record the 
converted wet unit weights for the three specimens m 
the boxes corresponding to "pt. A, pt. B, or pt. C' 

NOfE 7 .-The example calculations on figure l are for a sample 
to which water was added (i.e., +4.0%) to the third specimen. 
The example calculations on figure 2 are for a sample for which 
the soil for the third specimen was dried (i.e., -2.0% ). The 
illustration on figure 3 is only an example. The location of the 
compaction curve at fill moisture content in relation to the "added 
water" axis can be different depending on the amount of "added 
water" used to obtain the compaction curve. 

16.5 Calculate and record the value Y2. 

(4) 
where: 

B converted wet unit weight of point B, lbf/ft3 
A converted wet unit weight of point A, lbf/ft3 
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16.6 Calculate and record the value Y4. 

(5) 

where C equals converted wee unit weight of point C, 
lbf/fc3_ 

16.6.1 The Y.i can be a negative number. 
16.7 Determine and record the values Xm and Ym-

16.7 .1 Using che cable on figure 4, locate Y2 on che 
ordinate (vertical) axis and Yi on the abscissa (horizontal) 
axis. Y2 identifies a row of numbers on the cable and Y4 
identifies a column of numbers on the cable. The box where 
the row and column intersect defines Xm and Ym; Xm is 
the top number and Ym is the bottom number. Record 
the values Xm and Ym on the form in the " Y2/ Y4 Chart" 
section (fig. 1). 

NOfE 8.-The values give the distance horizontally, xm, and 
vertically, Ym, from point A co the peak point of the curve (see 
fig. 3). 

16.8 Calculate the maximum wet unit weight at fill 
moisture content. 

where: 

)'wet/A) = 
Ym = 

maximum wet unit weight at fill moisture 
content, lbf/fc3 

(6) 

converted wet unit weight of point A, Ibf/fc3 
the difference in converted wet unit weight 

between point A and the peak point of the 
curve 

Record the value on the form in the "Y2/ Yi Chart" section 
and on line (27) of figure 1. 

16.9 Calculate the value Zm. 

where: 
Zm = "added water" at point A + Xm (7) 

Zm = the difference in "added water" between the zero 
'"added water" point and the peak point of the 
curve 

Xm the difference in "added water" between point A 
and the peak point of the curve 

Record the value on the form in the "Y2/ Y.i Chart" section 
(fig. 1). 

16.10 Determine the RLC (red-line correction) using 
figure 5. 

Note 9.-The RLCs are reproduced here as black lines. The 
lines are red on the original printed form. When water is added 
co the soil before compacting the specimen, the percentage of 
"added water" is calculated based on the mass of wet soil rather 
than the mass of the dry soil. (The actual moisture content is 
not known at the time.) So, 2 percent "added water" is only 
an approximation and an adjustment must be made co Zm co 
obtain the value w0 - wr. Moisture adjustment values (red-line 
corrections) have been calculated co correct for chis and are 
determined from the red lines on the graph on figure 5. 

16.10. l Plot a horizontal line through the value of 
'}-'maxr on the ordinate (vertical) axis and plot a vertical 
line through the value of Zm on the abscissa (horizontal) 
axis. The intersection of these two lines determines the 
RLC. Select the closest red line to the intersection point; 
the number corresponding to chis line is the RLC. Record 
the RLC value co the nearest 0.1 percent in the .. Y2/ Yi 
Chart" section (fig. 1). 

16.11 Calculate Wo- wr. 

Wo-Wf = Zm + RLC (8) 
where: 
wo- wr = approximation of the difference between 

optimum moisture content and fill moisture 
content,% 

RLC = red-line correction 

Record the value co the nearest 0.1 percent on the form 
in the .. Y2/ Y4 Chart" section and on line (29) of figure 1. 

17. Procedure and Calculations - Determine 
D- and C-Values 

17 .1 Calculate and record the D-value in percent. 

where: 

100 = 

17.2 

where: 

D I _ OO ( Ywetc ) -va ue - 1 
Ymaxwr 

fill wet unit weight, lbf/fc3 
maximum wee unit weight at fill moisture 

content, lbf/fc3 
convert from decimal to percent 

Calculate and record the C-value in percent. 

C I O ( Ywetc ) -va ue = 1 0 
)'wet first 

'}-'wetr = fill wet unit weight, lbf/fc3 
'}-'wetfirst = first specimen wet unit weight, lbf/fc3 

(9) 

(10) 

18. Procedure and Calculations - Complete Test 
for Record 

18.1 The following calculations are made after the 
moisture content test (from subpar. 15.3.14) has been 
completed. 

18.2 Calculate and record the fill dry unit weight. 

where: 
r'dr = fill dry unit weight (minus No. 4), lbf/fc3 
wr = fill moisture content, % 

100 = convert from percent to decimal 

(11) 
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18.3 Calculate and record maximum unit weight. 

'Ymax 

1 + c~) 
100 

where Ymax equals maximum unit weight, lbf/ft3. 

(12) 

18.4 Calculate and record the first specimen dry unit · 
weight. 

'Ywelfirst 
(13) 

where 'Ydfirst equals specimen dry unit weight, lbf/ft3• 

18.5 Calculate and record the optimum moisture 
content. 

(14) 

where wo equals optimum moisture content, %. 

19. Report 

19.1 The report is to consist of a completed and checked 
"Rapid Method Test Record - In-Place Unit Weight" 
form (fig. 1). 

19.2 All calculations are to show a checkmark. 

NCTI'E 10.-D- and C-values on the basis of dry unit weight 
after determining the fill moisture content may differ (±0.1 
lbf/ft3) from the D- and C-values reported on a wet basis on 
the day of the test. This difference is due to the way the numbers 
are rounded. The D- and C-values reported on the day of the 
test are the basis for acceptance or rejection even though values 
on computer-generated reports may be slightly different. 

20. References 

I_ l] Hilf, Jack W., A Rapid Method of Construcrion 
Comrol for Embankmems of Cohesive Soll, Engineering 
Monograph No. 26, Bureau of Reclamation, Denver, 
Colorado, 5th print., August 1981. 
[2] Pocket Calcularor Progrnms co Assist with Rapid 
Compaaion Control Test C1lculations, Technical Note No. 
36, Bureau of Reclamation, Denver, Colorado, August 31, 
1983. 
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VALUF.S OF Y, 

Figure 4. - Y2/ 1-'.i Chart - rapid method of construction control. 
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RAPID METHOD OF CONSTRUCTION CONTROL 

Tabulation of Coordinates of Maximum Unit Weight Point 

0 
I O l 0 IO I 0 0 
0 I O I 0 0 0 Values 1n the table are coordinates of rhe maximum um I )1 ) I 4 I !i • 1 l O) 0 0 . 1 I) ., 0 I O I 0 I O I 0 I O IO I 

O.l ~-1 I " I !i 
,, ,, 1 9 20 2)) 0 

0~ 02 o2 0·2 \.202 0101 

0.3 ~: 
15 16 17 18 I 9 2 0 22 25)0 

0 3 O l O l O l 0 JO l 0 l O l O l 

04 I 6 16 11 17 18 19 20 21 23 2 6 l 0 
. 0 . 0 • 0 4 0 4 0 4 0" 0 4 0 " 0" o •os 

161 , ,, 111 tll I 9 2 0 2• 23 2 421 l 0 
0 .5 - . 

0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0. - ~ ·· . ~• Q. 5 
, , , , ,e 1119 I 9 2 0 2122 212~ 21..!.2_ 

weight point of the compacr1on curve from point 
the extreme left point. The upper value is Xm or th 
value In the direction of added water; the lower 

A, 
e 
e 
e 
d 

valu 
is Ym or the value In the direction of unit weight. Tab! 
can be used only if rhe 3 points A, B, and C are space 

cs 
0 6 0 6 0 6 0 6 0 6 0 6 0 6 060~ 0 606 0 6 0 1 2% apart hor izontally. 

0 .1 ~; 
, , ,a I 8 I 9 I 9 2 0 21 2 2 212• 2 6 2 7 ) 0 

0 7 0 7 0 101 0 101 0 7 0 7 0 101 O 1 o, 0 I , , ,e 1 11 1 8 19 1920 21 21 2 2 2] 2526 Z!I l O 
0.8 0 8 0 8 0 8 0808 0 8 0 8 0 8 0 8 0808 080d 0909 Y2 IS the unit weight of point B minus the unit weigh 
0.9 ~: 

18 18 19 19 I 9 2 0 21 21 222 3 2425 2 6 2 II l 0 
0 9 0 9 0 9 0 9 0 9 0 9 0 'f 0 9 0 9 0 9 09 0 9 1 0 I Q I 0 of point A. 

i o.-~ 1818 l':119 2 0 2 0 ,, J_t_ 1..!. 2~) 23 24 25 ~ 2 ~ l 0 
. '0 IO ':; I O I 0 IO t 0 ~ ,o IO I 0 10 I 0 l O I I I I I I Y.i the unit weight of point C the unit weigh 11 1 1 1 119 I j 2 0 2 0 2 0 21 22 222l 24 25 26 27 2 II 3 0 IS minus 

I . I 
I I II I I I 1 I I II II t I 1 1 II II 1 1 II '' ,2 •2 12 1 2 

o f point A; y4 may be negative. 
1.2 : : 

I 8 I 9 I 9 I 9 2 0 2 0 2 ,) 2 I 2 1 22 2l2l 2• 25 2621 2 II l 0 
1 212 • 2 •2 •212 1 2 1 2 1212 12 1 2 12 I 3 13 I 3 1 3 •• 

" 1819 19 19 2 0 2 0 2 0 2 I 21 22 22 2) 2 4 '1• 2 5 2 ' l 1 2 9 lO 
1 .3 I ) 13 1 3 13 I) I) 1) •J • l t } I } I] l :S IJ 1) 1• 1 4 ,. 1 • 15 

Example , .. 1 8 , 1 I 9 I 9 I 9 2 0 2 0 2 0 21 21 2222 232l 24 25 ;? ,1, 2 7 2 9 l 0 
1• 14 1 4 14 1• 14 1• 1 4 14 14 •• 1• 1• 14 14 15 15 1 5 15 15 16 

1,5 
18 19 .!.! I~ ~ ~Q !.2~.; ? !. J. ~ J..!. J.1 ?l U J.....4. .•~ p ~ ? ... -7. !_II !._! ,.!2. -n 0~ 2' ., 1- i t- 5 15 15 15 15 15 15 ,5 15 ,, " 15 15 ,, ,, ,, 16 16 I 6 t 7 ,, 

Yi! - 119.2 117.6 = +1.6 1~' l .67"i 
19 19 19 19 2.2.!E ? .O ~ I 21 ?• ?222 2 3 23 24 25 25 ?6 ?728 2 9 3 0 - -___ , 

- -
1 6 16 16 16 I 6 16 16 16 16 16 16 16 J6 ,, 16 17 ,1 1.7 111 7 111 II 

Y.i 114.2 117.6 = -3.4 119 
' . .! .•.'! 2..1 _t_9 -~2 ... C:! I~ 2_0 2_ • 2_ 1 ..'-'- ,!2 2_2 !.~ ,.!.'. 2 ~ L~ _2.111. 2627 2 8 29 30 = -

1. 7 ,1 1 1 1 7 17 17 17 ,1 , 1 1111 1111 1 117 1 111 18 1 6 1 6 l .l II 18 19 l . t ' t ,, l 9 I 9 I 9 I 9 LO~! 2 1 21 2 9 3 0 1
"' Yr ~ ~ ~~ 2_1 .. ?.....!. ,!_l. .!..3 U J.3 Ll,!.• ~ .~ J_~ 26 

117~ ti~ 1.8 i 9 11 11 1 9 1 11 1(119 , 9 i1 19 19 ,, " 1118 11118 I 9 I 9 19 1 9 I 9 2 Q 2 0 20 

From table: Xm= 1.5 ,, ~ ! a!..! 1 9_ 20 ~01-9. ,1.2 2• 2 1 21 22 2222 2 ' 2l 2 •2• 2525 2621 21211 2 t 3 0 
1.9 i9 19 19 1 9 1 , L') 19 ,, 1 1 1 9 191 9 I') I; 19 19 I 9 2 0 ? 0 1 0 2 0 2 0 2 0 21 2 1 21 

Ym= 1.8 ,, 1919 '9 2 0 2 0 2 0 2 0 2 I 21 ?I ?I ?2 22 2 ) 2)23 2•2• 2525 2 6 2 6 2 728 2 9 3 0 
2.0 2 0 2 0 2 0 2 0 2 0 2 0? 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 21 21 2121 2 121 2222 22 2] v. 
2. 1 +: 19 J9 I 9 2 0 2 0 2 0 2 0 2 0 2 121 21 22 2222' 2 ] 2 ] 242• 2• 25 2626 2721 2 .8 2 9 ]0 

2 1 21 21 21 21 21 21 21 212 1 21 21 21 2 1 21 2 1 21 ?2 2222 2222 2 2 21 23232• 

Value of maximum unit weight point 0 . 
c,, 

2.2~ 
1919 ~-9 !~H t~+% 2 0 2 I 21 21 .Ll .Ll Fi i1 '' 232 • 2 • 2 !I 2526 2627 2929 2 9 3 0 ruu 21-.. 2 2·272 'Ti 22t-ti -~ 21n ,, 

" " 2]21 2 32• 2•2• 2• 2 , ,, 
.!....! !. ! .!_9I_2: 1~? .. 0 2 0 2 0 2121 2 121 222 2' 2 2 2 3 21 2 • 24 2•25 252 6 26 27 29 2.1 2 9 l 0 Unit weight of point A + Ym 2.3 zj 23 2 } 2 .3 23 232] 2]23 2323 212 3 2323 232J23 2•24 2•2• 2• 2• 2•2 5 252 !1 2626 

2 .4 .!.J _1 _! 1 _9 '_ 9 20 ~ 2 0 2 0 20 2 1 21 2 1 21 .Ll 2222 2 323 2 3 2 • 242!1 25 2 5 2627 2728 2 I 2 9 J 0 = 117.6 + 1.8= 119.4 
2 • 2• 2 •2• 

. c'-
·2•2 • 2 • 2 • 2•25 -252!1 2!125 2526 2626 2 627 21 ,. 2•2• 2 4 2 • 242 • 2• 2• .. ,, 1, 1 9 ~ 9 ?.Q: 2 0 2 0 !_~,]_O 2 1 21 21 21 22 2 2 22 2 J 2 121 24 2• 2 • 2, 2526 2 627 1119 2929 3.E_ 

"Added " 2 .5 f 5" 7'5 2~ ?525 ~-5 2"5 25 2 5 f 5 2 5 2525 2525 25 2 5 2 5 2 5 26 26 26 26 2626 2621 2 111 27212 1 water at m aximum unit weight point ,, 
~ 9 ' ..1 1920 l.E.?O 2' (!: 2 0 ll 21 ~ ~ 2 ..!. 2 ! 2 2' H !! 2 32J ?l_?~ ,L'. ,'-'- 2525 2626 ?727 2 9 2 1 ?930 

2.6 2 E, 2626 ?6 26 26 2 6 2626 i6 26 2626 2626 2626 2727 , , , , 272 7 2728 2828 2 1 2 , 2929 Zm = added water at point A + Xm 
1 9 19 1. 1 _19 2 0 2 0 2 020 2 0 2 I 21 21 21 21 22 22 222 3 2123 23 2• 2 • 25 2525 262 6 2727 2129 29]0 

2.7 l1 2· 1 272 7 272 7 2 7 27 l 72f 2727 27 27 2727 2727 2728 2e2e 2 8 2 8 2 129 2829 2929 2 9 30 3 O 3 O =o+ 1.5 = 1.5% ,, ,9 19 .1 91_£ 2 0 2 0 2 0 2 0 21 21 2 1 21 21 22 2 2 2 2 22 2 3 212] Z• 2 • 2 4 25 2526 26 26 27 2 7 2 8 29 29 lO 
2 .8 ii 2 8 28 .c fl 29 2-i 211 2·1 f fl 7a 28 2·a2a 21 2i 2 82fl 212 1 29 2 9 2 9 ~ 9 2 9 29 2 9 29 l O l 0 l O 3 0 31 31 ] • 3 2 

0 . 

,, • 9 , 9 2 0 2 0 ,Hf~ 2 0 2 0 2 • 21 2• 2 1 , , -H-H ½-iii -H :: 2123 2•2 4 2•2 1 2526 2 6 2 7 2 7 2 9 2 9 2 9 2 9 3 0 
2 .9 i 9 ·2·; 29 ·2929 ; ; 2; 29 ~ 1929 7"9 l O l 0 3 0 30 l O l .O l O J O ll }I )1 ]1 1 2]2 l2 J j Nore 

I 9 I 9 I 9 2 0 2 2 0 2 0 l O 2 0 2 1 21 2121 21 22 2222 2 2 2l 2l2 J 2 3 2 • 2 • 2 • 2 5 2 !I 2526 26 2 7 2 12, 2829 2 9 30 ,.o 
l O J 0 l O 3 0 l O l O 3 0 3 0 ) 0 3 0 l O l O l O l 0 l OJ 0 l O l 0 l O lO ) 1 )I ,, 31 ] l ]I 31 3 1 J2 3 2 J1 )2 l2 ] l ]]33)• If point A were at - 2%, 
19 t9 I 9 2 0 10 20 2 0 2 0 20 2 I 21 2 1 21 21 21 2.2 222 2 '122] !.' .Ll ,.!..!. 2 •2• 2•25 2_5 ~J .$-~ .2.~ 27 27 -~...!~ 2 9 2 9 3 0 ,., 
)I 31 ] I ]I 31 ]I l;lr )1 ]I !I ]I 31 ll ll ]I ]I 31 ]I ]I 32]2 l2 )2~ ]2 3 i 32 ll l 3 31 'h h 3• ]4 J4 l s n Zm would be -2.0 + 1.5 = -0.5 19 19 I 9 2 0 2 0 2 0 2 0 l 0 l O 20 21 21 21 21 2 1 22 2222 2223 2323 23 2 • 2•24 2525 2526 2626 2727 29211 2 9 2 9 l 0 ,., 
3 212 3212 ]2]2 3231 ] 2]2 ]2]2 ]2 ] 2 32 32 12]2 l2 l 2 12 ll 3 lll 3333 3333 3 3 ) t J43• l• 3• 35l5 JS 36)6 then B would be at 0% 
19 19 I 9 2 0 2 0 2 0 Z 0 2 0 2020 21 21 21 21 21 ll 2222 2222 2]2] 232] 2 •2• 2425 2525 2626 2627 27 21 2 8 1 9 29 30 ,., 
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Figure 4. - Y2/ Y. Chan - rapid method of construction control - Continued. 
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APPENDIX 

Xl. Yi/ Y2 METHOD TO DETERMINE PEAK POINT OF COMPACTION CURVE 

Xl.1 Scope 

Xl.1.1 This appendix outlines an alternate procedure 
for preparing the third compaction specimen and 
determining the maximum point of the compaction curve 
at fill moisture content. 

Xl.1.2 This procedure eliminates the requirement for 
drying soils when fill moisture is near optimum moisture 
content. 

Xl. 1.3 This procedure can be used only when the 
second compaction specimen has a converted wet unit 
weight lower than the wet unit weight of the first com­
paction specimen and the difference is 3 [bf/ ft 3 or less. 

NITTE X 1.1.-This method assumes that the two wet unit 
weights plot near the peak point of the parabola. 

Xl.2 Procedure and Calculations - Obtain 
Compaction Curve 

Xl.2.1 Prepare the third specimen by adding 1 percent 
water. The data are to be recorded in the adjacent column 
to the right of the "+2.0" column .. A value of "+1.0" should 
be entered on the line for "added water." 

Xl.2.1.1 Place 7.5 lbm of soil from the original 
sample into a mixing pan. 

Xl.2.1.2 Measure 34 ml (0.08 lbm) of water. This 
amount of water will increase the moisture content of the 
soil by about 1.0 percent. This is referred to as "1-percent 
added water," (+1.0). 

X 1.2.1.3 Thoroughly mix the soil by hand or with 
a mechanical mixer while sprinkling the water onto the 
soil. The mixing should be performed as quickly as possible 
to prevent moisture loss. 

Xl.2.1.4 Compact the specimen, and calculate the 
mass of wet soil, the wet density, and the wet unit weight 
of the specimen according to subparagraphs 15.3.1 through 
15.3.10. 

Xl.2.1.5 Calculate and record the converted wet unit 
weight according to subparagraph 15.4.5. 

Xl.3 Procedure and Calculations - Determine 
Maximum Unit Weight From Compaction Curve 
and w0 -Wf 

Xl.3.1 This procedure is referred to as the Yi/ Y2 
method for determining the maximum unit weight from 
the compaction curve at fill moisture content. Data for 
paragraph Xl.3 are recorded in the section of the form 
titled "Y1/ Y2 Chart" (fig. Xl. l). The maximum point of 
the compaction curve at fill moisture content can be 
determined using either a mathematical or graphical 
method, as is discussed in subparagraph 16.2. 

Xl.3.2 For simplicity of discussion in the remainder 
of this designation, all the compaction specimens are 
referred to as "converted" (converted to unit weight at 
fill moisture content) even though the first compaction 
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specimen was compacted at fill moisture content and 
therefore was not "converted." Label the values from the 
three compaction specimens as either point 1, 2, or 3 in 
the order in which the specimens were compacted. Record 
the labels as "Point No." in the Rapid Method Control 
Data section (see fig. Xl. 1). For ease of identification, values 
from the compaction specimens can be plotted as shown 
on figure Xl.2. In the "Yi/ Y2 Chart" section, record the 
converted wet unit weight values for the three specimens 
in the boxes corresponding to "pt. 1, pt. 2, or pt. 3." 

Xl.3.3 Calculate and record the value Yi. 

(Xl) 
where: 

(1) converted wet unit weight of point 1, lbf/ft3 

(3) = converted wet unit weight of point 3, lbf/ft3 

Xl.3.4 Calculate and record the value Y 2. 

Y2 = (1) - (2) (X2) 

where (2) equals. converted wet unit weight of point 2, 
lbf/ft3. 

Xl.3.5 Determine and record the values Zm and Ym• 

Xl.3.5.1 Using the table on figure Xl.3 locate Y2 
on the ordinate (vertical) axis and Yi on the abscissa 
(horizontal) axis. Y2 identifies a row of numbers on the 
table and Y1 identifies a column of numbers on the table. 
The box where the row and column intersect defines Zm 

and ym; Zm is the top number and Ym is the bottom number. 
Record the values of Zm and Ym on the form in the "Y1/ Y2 
Chart" section (fig. Xl. 1). 

NOTE Xl.2.-The values give the distance horizontally, Zm, 

and vertically, Ym, from point l to the peak point of the curve 
(see fig. Xl.2). 

Xl.3.6 Calculate the ratio Y1/ Y2. If the ratio Yi/ Y2 
is greater than 0.38 or if Zm is less than -1.0, the method 
described in this appendix cannot be used; instead another 
specimen must be compacted with soil which has been 
dried 2.0 percentage points from fill moisture content. 
Follow the procedure described in subparagraph 15.5.4. 
If the ratio Y1/ Y2 is less than or equal to 0.38 and Zn, 
is greater than or equal to -1.0, continue with this 
procedure. 

Xl.3.7 Calculate the maximum wet unit weight at 
fill moisture content. 

where: 
'Ymaxwr = 

(X3) 

maximum wet unit weight at fill moisture 
content, lbf/ft3 

converted wet unit weight at point 1, lbf/ft3 
the difference in converted wet unit weight 

between point 1 and the peak point of the 
curve 
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RAPID METHOD TEST RECORD 
IN-PLACE UNIT WEIGHT l>~sig nation U SBk. 7 240- -~ 

PROJECT __ Ex~o_m~p_le ______ FEATURE __ E_x_o_m_,_p_le ______ NO . ~ FILL __ Z_o_n_e_l A ______ NO.~ 

TESTED BY _______ DATE ___ COMPUTED BY ______ QATE ____ CHECKED BY _______ DATE __ _ 

,.!l 5 . 29 . B . 4 . R . A . 22 . RT , ....9:.__, 12•40 2€R 6685 ·-------
MO. OAY SHIFT TEST TYPE STATUS BORR. STD. SOIL STATION OFFSET ELEV-

A -DA Y NO. R=REG. A·ACC. AREA COMP. CLASS 
8-SWING C=CONG . R-REJ. NO. METHOD 
C-GRAVE O=OOUBT 

IN-PLACE UNIT WEIGHT DATA @ RAPID METHOD CONTROL DATA 

(1) MASl>SANO & CAN NO,_, lbm 
FIRS T" SECONO 

$PE C IM( N SPECIY E fll.r 

(2) MASS-SANO RESIDUE & CAN lbm POINT NO. I 2 3 

(3) MASS-SANO USED, (1).(2) lbm ADDED WATER (% ) 0 .0 + 2 .0 + 1.0 

(4) MASS-SAND IN TEMPLATE & MASS·MOLD&WET SOIL llbm 14.25 14.30 14.34 

CONE. NO, __ lbm 
MASS-MOLD (lbm) NO . .J.L 

SEE BACK SIDE FOR FIELD 
1 .~o 7 . 90 7.90 

DETERMINATION· USBR 7220 MASS-WET SOIL llbm) 6.35 6.40 6.44 

(5) MASS-SANO IN HOLE , (3)- (4) lbm VOL. OF MOLD (tt3 ) 0.0500 0.0500 0.0500 

•WET UNIT WEIGHT (lbl/tt3) 
(26) 

(6) DENSITY OF CALIBRATED SAND ___ lbm/ft3 127.0 128.0 128.8 

CONVERTED UNIT WEIGHT -(7) VOL. OF HOLE, ::: ft3 (lbl/ft3 ) 125 . 5 127.5 

CB) TOTAL MASS WET Y 1 /Y 
2 

CHART (ONE PERCENT) Y
2

1Y4 CHART ITWO PERCENT) 

MATERIAL & CAN lbm 
PT . 1 127 . 0 PT . 1 127.0 PT. B PT. C 

(9) MASS-CAN, NO,_, lbm 

CV PT. 3 127.5 PT. 2 125.5 PT. A PT. A 

( 10) TOT AL MASS WET 
Y 111 -J> 

-0 . 5 
Y 2 ( 1-2) 

• I . 5 
Y

2
CB -A) Y4 (C-A) 

MATERIAL (8)-(9) lbm 
X z 

m •0.7 Ym •0.6 m Ym 
• (11) WET UNIT WEIGHT, 

lbfllt
3 z mx + 

TOTAL MATERIAL (10)/(7) RLC PT . 1 
m m 

•O . I 127.0 ADDED 
w

0
-w

1
= (29) MAX. WET 27) WATER@ 

PTA 
(14) ~.11\SS·WET + NO. 4 lbm 'm + RLC •0 . 8 UN IT V,T . 127.6 

PLUS NO. 4 OVERSIZE I 
RLC PT . A 

117) SP. G., + NO. 4 (12) MASS- WET wo - wf = (29) MAX . (27) 
WET + NO. 4 & PAN lbm 'm + RLC UNlTWT 

(21) MOISTURE CONTENT, + NO. 4 % (13) MASS-PAN . NQ, __ , ___ l':>m FILL MOISTURE CONTENT 
(24) FILL UNIT WEIGHT, 

(14) MASS-WET+ NO . 4 lbm 
125 . 0 106.6 lbltlt3 DISH NO. AA 

WET DRY (12)-(;3) 

17 . 3 (15) MASS+ NO. 4 MASS.WET SOIL+ DISH 358. I g 
(25) FILL MO ISTURE CONTENT , w 1 % IN WI\TER lbm 

113 
MASS-DR Y SOIL+ DISH 322.4 g 

(26) FIRST SPECIMEN UNIT WEIGHT, (161 VOL.OF+ NO. 4 

WET I27 . 0 DRY 108.3 lbf/lt3 1(14) -(15)] /62,4 MASS-DISH 116.3 9 
(17) SP. G OF+ NO. 4 

(27) MAX . UNIT WT . AT FILL MOISTURE CONTENT Cl 4)/( ( 14) -( 15)) MASS-WATER 35 . 7 8 

WET 127.6 DRY 108.8 lbf/tt3 (181 MASS- DRY 
+ NO. 4& PAN lbm MASS-DRY SOIL 206. I g 

128) OPT. MOISTURE CONTENT, w
0 

18.1 % (1()) MASS-PAN , NO, __ , ___ lbm MOISTURE CONTENT 125 17.3 % w
0 

= w 1 + I ,m x 11 + w I /100)I 

-: 29) •0 . 8 dry % (20) MASS-DRY+ NO. 4 lbm 
Wo·Wf (18) -(19) AUXILIARY TESTS 

(21) MOISTURE CONTENT USBR 5300 • ..89 
130) C VI\LUE 124) 98.4 % + NO. 4 % 

(26) 1114) -(20)11(20) x 100 IN PLACE UNIT WEIGHT 
PERFORMED IN ACCORDANCE 

(24) 98 . 0 •· 1,3 WITH USBR .12Q~ · ..89 (31) D VALUE ITT! .. (22) VOL. OF -NO. 4 

© COMMENTS - 18 SPACES AVAILABLE 
(7)-(16) 

(231 MASS-WET -NO. 4 lbm + # 4 SPECIFIC GRAVITY 
(10) -(14) PERFORMED IN ACCORDANCE 

'124) WET UNIT WT . lbf/11 3 WITH USSR ,2;!~0_. -~ 
123)/(22) 

• ASSUME 1 lbl = 1 lbm 
) STORED 

Figure XI.I. - Rapid method test record - in-place unit weight - example. 
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Zm ' 

CD SPECIMEN 

@ SPECIMEN 2 

Q) SPECIMEN 3 

@ PEAK POINT 

' ' ' ' ' ' ' ' '© 

Zm and Ym ARE OBTAINED FROM FIGURE Xl.3 

124 ~------+-------+---------, 
0 +1.0 

ADDED WATER, z 
PERCENT 

+2.0 

Figure Xl.2. - Determining peak point of compaction curve, Y1/ ½ method. 

Record the value on the form in the " Y1/ Yz Chart" section 
and on line (27) of figure Xl.1. 

Xl.3.8 Determine the RLC using figure Xl.4. 
Xl.3.8.1 Plot a horizontal line through the value 

of ')'maxw on the ordinate (vertical) axis and plot a vertical 
line thro'"ugh the value of Zm on the abscissa (horizontal) 

1216 

axis. The intersection of these two lines determines the 
RLC. Select the red line closest to the intersection point; 
the number corresponding to this line is the RLC. Record 
the RLC value in the" Yi/ Y2 Chart" section (fig. Xl.l). 

NOI'E Xl.3.-The RLCs are reproduced here as black lines. 
The lines are red on the original printed form. 

Xl.3.9 Calculate the value Wo-wr 

Wo-Wf = Zm + RLC (X4) 

where: 

wo-wr = an approximation of the difference between 
optimum moisture content and fill moisture 
content,% 

Zm the difference in "added water" between the 
zero "added water" point and the peak point 
of the curve 

RLC = red-line correction,% 

Record the value on the form in the " Y1/ Y2 Chart" section 
and on line (29) of figure Xl.l. 

Xl.4 Proceed to paragraph 17. 
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RAPID METHOD OF 
CONSTRUCTION CONTROL 

Tabulation of Coordinates of 
Maximum Unit Weight Point 

Alternate method to eliminate 
drying requirement for soils 

close to optimum moisture content 

Y1 and Y2 Method 

Values in the cable are coo rdinates of the 
maximum unit weight point of the 
compaction curve from point (1), the 
extreme left point. The upper value is 
Zm or the value in the direction of added 
water; the lower value is Ym or the value 
in the direction of unit weight. Table can 
be used with 3 points ( 1), (2), and (3) 
spaced at 0%, +2 %, and +l %, 
respectively 

Y1 is the un it weight of point (1) minus 
the unit weight of point (3) ; Y1 may be 
negative. 

Y2 is the unit weight of point ( 1) minus 
the unit weight of point (2); Y2 is always 
positive. 

Example 

Y1 = 117.4 - 116.6 = 0.8 
Y2 = 117.4 - 115.0 = 2.4 

From table : Zm = -0.5 
Ym = 0.1 

Value of maximum unit weight 
point 0 

•2\ ·I\ 
I 

117. S 

unit weight of point (1) + Ym 
= 117.4 + 0.1 = 117.5 

Added water at maximum unit weight 
point = Zm = -0.5 

Full size pints of 101-0-519 are ava ilable from Bureau 
of Reclamation, Denver Office, Denver Federal 
Center, Denver, Colo. 
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Figure Xl.3. - Y1/ Y2 Chart - rapid method of construction control. 101-D-519 
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Figure Xl.4. - Red-line correction - moisture adjustments values. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7250-89 

DETERMINATION OF PERCENT RELATIVE DENSITY 

INTRODUCTION 

This procedure is under the jurisdiccion of the Geotechnical Services Branch, code D-3 760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7250. The number immediately 
following the designation indicates the year of acceptance or the_year of last revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the percent relative density of soils for which 
minimum and maximum index unit weight determinations 
are the most appropriate laboratory method of determining 
standard values for comparison. 

1.1.1 Minimum and maximum index unit weight 
determinations provide standard laboratory test values that 
serve as a reference against which dry uriit weight of a 
soil sample or specimen or the in-place dry unit weight 
of a soil is compared. 

1.2 This procedure is normally performed on soils 
containing less than 5-percent fines . It also may be used, 
under certain circumstances, for soils containing 5 to 15 
percent fines . 

1.3 This designation also outlines the procedure for 
determining a dry unit weight value when a required 
percent relative density is known. 

1.4 'Three methods are provided as follows : 
Method A - Determining Percent Relative Density by 
Calculation Method 
Method B - Determining Percent Relative Density by 
Graphical Method 
Method C - Determining Dry Unit Weight From Known 
Percent Relative Density 

NOTE l.-For this designation, the Procedure section and 
Calculations seccion have been combined. 

2. Auxiliary Tests 

2.1 The in-place dry unit weight must be determined 
by the appropriate procedure (see subpar. 3.2) before 
performing this procedure. The minimum index unit 
weight and maximum index unit weight must be 
determined in accordance with USBR 5525 and 5530 prior 
to performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures - Generaf. 
USBR 3900 Standard Definition of Terms and Symbols 
Relating co Soil Mechanics 

USBR 5500 Performing Laboratory Compaction of 
Soils - 5.5-lbm Rammer and 18-in Drop 
USBR 5510 Performing Laborarory Compaction of 
Soils - Harvard Miniature 
USBR 5515 Performing Laboratory Compaction of Soils 
Containing Gravel 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 
USBR 7255 Determining the Percent Compaccion of 
Earthwork for Construetion Control 
3.2 USER Procedures - In-Place Unit Weight 
Determination: 
USBR 5370 Determining Unit Weight of Cylindrical Soil 
Specimens 
USBR 5375 Determining Ory Unit Weight of Irregularly 
Shaped Soil Specimens 
USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand-Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by the Rubber Balloon Method 
USBR 7215 Determining Unit Weight of Soils In-Place 
by the Sleeve Method 
USBR 7220 Determining Unit Weight of Soils In-Place 
by the Sand Replacement Method in a Test Pit 
USBR 7221 Determining Unit Weight of Soils In-Place 
by the Water Replacement Method in a Test Pit 
USBR 7230 Determining Unit Weight and Moisture 
Content of Soil In-Place-Nuclear Moisture-Density Gauge 
USBR 7255 Determining the Percent Compaccion of 
Earthwork for Construction Control. 

4. Summary of Method 

4.1 Determining Percent Relative Density.-After 
determining the in-place dry unit weight, the minimum 
index unit weight, and the maximum index unit weight, 
the percent relative density is calculated or determined 
graphically. 

4.2 Determining Dry Unit Weight Value.-After 
determining the minimum index unit weight and the 
maximum index unit weight, a required dry unit weight 
can be calculated when a percent relative density is known. 
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5. Significance and Use 

5.1 Percent relative density is used as a dry unit weight 
requirement for construction control of earthwork, for 
evaluating natural soils deposits, and as a means for 
controlling placement of laboratory test specimens. 

5.2 The compaction characteristics of soils vary 
depending upon the gradation of the soil and the 
cohesiveness of any fines. Generally, the laboratory 
compaction test is most applicable for soils containing more 
than 15-percent fines. For construction control of these 
soils , percent compaction is used to determine the adequacy 
of compaction. For soils containing less than 5-percent 
fines, the minimum and maximum index unit weight tests 
are used to evaluate the compacrion characteristics. For 
construction control of these soils, percent relative density 
is used to determine the adequacy of compaction. 

Soils containing 5 to 15 percent fines may need to be 
tested by both the laboratory compaction test and the 
combination of the minimum-maximum index unit weight 
tests to conclude which is more appropriate. Whether 
percent compaction or percent relative density is used for 
construction control depends on the test results and how 
the soil is to be used. See USBR 7250 or 7255 (app. Xl) 
for further discussion. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular significance are: 

6.1.1 Relative Density (Dd, %).-The ratio of: (1 ) 
the difference between the void ratio of a cohesionless 
soil in the loosest state and any given void ratio, to (2) 
the difference between its void ratios in the loosest state 
and in the densest state (ASTM definition). 

NOfE 2.-The term relative density is used even though it 
is calculated using dry unit weights. This is because of broad 
practice in using the term and to prevent confusion by using 
a new term. Technically, if densities rather than dry unit weights 
were used to calculate the term, the value of percent relative 
density would be identical. 

6.2 Terms not included in USBR 3900 specific to this 
designation are : 

6.2.1 Maximum Index Unit Weight (Ydmax) .-The 
reference dry unit weight of a soil in the densest state 
-of compactness that can be attained using a standard 
laborarory compaetion procedure that minimizes particle 
segregation and breakdown (USBR 5530). 

6.2.2 Minimum Index Unit Weight (Ydm;,,) .-The 
reference dry unit weight of a soil in the loosest state 
of compactness that can be placed using a standard 
laboratory procedure which prevents bulking and 
minimizes particle segregation (USBR 5525 ). 

7. Precautions 

7.1 Not applicable. 

8. Calibration and Standardization 

8.1 Not applicable, reference standards are not used 
for this procedure. 

9. Conditioning 

9.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

10. Method A Procedure - Determining Percent 
Relative Density by Calculation Method 

10.1 Data for determining percent relative density are 
recorded on various forms; there is no specific form for 
calculating relative density. 

10.2 Determine in-place dry unit weight of the soil 
in accordance with the appropriate procedure given in 
subparagraph 3.2. 

10.2.1 If the material tested contains particles larger 
than 3 inches (75 mm), the in-place dry unit weight and 
moisture content of the minus 3-inch fraction must be 
determined in accordance with the appropriate procedure. 
The in-place dry unit weight of the minus 3-inch fraction 
then is used in determination of percent relative density. 

10.3 Determine the minimum index unit weight m 
accordance with USBR 5525 . 

10.4 Determine the maximum index unit weight m 
accordance with USBR 5530. 

10.5 Calculate the percent relative density and record 
co the nearest 0.1 percent. 

10.5.1 When dry unit weights are known, calculate 
the percent relative density: 

where: 

Dd = percent relative density, % 
"/dmax = maximum index unit weight, lbf/ft3 

Ydmin = minimum index unit weight, lbf/ft3 

Yd dry unit weight, lbf/ft3 

10.5.2 When void ratios are known, the percent 
relative density may be calculated: 

Dd = 100 ( l'max - e ) 
emax - emin 

where: 

Dd = percent relative density 
.d . _ volume of voids 

e = vo1 ratto - . 
volume of solid particles 

l'max = void ratio at minimum index unit weight 
emin = void ratio at maximum index unit weight 

(2) 
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11. Method B Procedure - Determining Percent 
Relative Density by Graphical Method 

11.1 The . plot used co determine percent relative 
density is shown on figure l. 

11.2 Determine the in-place dry unit weight of the 
soil in accordance with the appropriate procedure given 
in subparagraph 3.2. 

11.2. l If the material reseed contains particles larger 
than 3 inches (75 mm), the in-place dry unit weight and 
moisture content of the minus 3-inch fraction must be 
determined in accordance with the appropriate procedure. 
The in-place dry unit weight of the minus 3-inch fraction 
then is used in determination of percent relative density. 

l 1.3 Determine the minimum index unit weight m 
accordance with USBR 5525. 

11.4 Determine the maximum index unit weight m 
accordance with USBR 5530. 

l 1.5 Plot the minimum index unit weight (0 percent 
relative density) on the vertical scale on the left side of 
the graph. 

11.6 Plot the maximum index unit weigh t ( 100 percent 
relative density) on the vertical sca le on the right side 
of the graph. 

11.7 Draw a straight line between the two po ints across 
the graph. 

11.8 The intersection of this line and a horizontal line 
through the in-place dry unit weight, which may be plotted 
on either the right or left side vertical scale, indicates the 
percent relative density read on the horizontal scale at 
the bottom of the graph. Read and record the percent 
relative density co the nearest l percent. 

NITTE 3.-The graph is not a semilog plot, and semilog graph 
paper cannot be used. Only this form should be used to graphically 
determine percenr relative density. Because of possible distort ions 
(parallax) in copying processes, only an original form should 
be used. 
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12. Method C Procedure - Determining Dry 
Unit Weight From Known Percent Relative 
Density 

12. l Data for determining a dry unit weight from 
percent relative density are recorded on various forms; 
there is no specific form for calculating the dry unit weight. 

l2.2 Determine the minimum index unit weight m 
accordance with USBR 5525. 

12.3 Determine the maximum index unit weight in 

accordance with USBR 5530. 
12.4 Using a predetermined-or specified-value of 

percent relative density, calculate the dry unit weight. 

where: 

Ydmin 

dry unit weight, lbf/frl 

percent relative density, % 
maximum index unit weight, lbf/ ft l 

minimum index unit weight, lbf/ft3 

(3) 

Record or report the dry unit weight to the nearest 
0.1 lbf/ft3. 

13. Report 

13.1 Percent relative density is reported on various 
forms and in reports. When reported, the following items 
should be included: 

• In-place dry unit weight [both total and minus 3 
inch (75 mm), if applicable) and the procedure with 
USBR designation number. 
• Minimum index unit weight. 
• Maximum index unit weight. 
• Percent relative density. 
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APPENDIX 

XL SELECTION OF PERCENT COMPACTION OR PERCENT RELATIVE DENSITY 
FOR MINUS NO. 4 SIEVE SIZE MATERIAL 

Xl. l When soil is compacted, adequacy of compaction 
is evaluated by comparing measured in-place dry unit 
weight of the compacted soil to a dry unit weight value 
(or values) from standard laboratory tests. Generally, the 
comparison is expressed as "percent compaction" for 
cohesive soils and as "percent relative density" for 
cohesionless soils. 
Xl.2 For some soils, it may be difficult to judge which 
merhod is most appropriate. Coarse-grained soils with 
about 5 to 15 percent silty fines (GW-GM, GP-GM, SW­
SM, SP-SM) are typically those for which selection of a 
specific compaction method may not be possible by visual 
inspection of materials. 

NCTrE XL-There may be some cohesionless silts or sandy 
silrs for which percent relative density may be appropriate. 
Normally this is nor considered, bur rhere may be special cases 
when evaluation of applicability of percent relative density may 
be necessary. 

Xl.3 When it is doubtful as to which compaction method 
should be used, both methods should be performed and 
the results compared. Often, this requires conducting tests 
before construction begins. This comparison and discussion 
is limited to soils that 100 percent pass the No. 4 sieve 
(4.75 mm). When an evaluation of methods is necessary 
for soils containing gravel or if there are questions 
concerning application of percent compaction or percent 
relative density, contact the Geotechnical Services Branch 
at the Denver Office. 
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Xl.4 When the appropriate construction control method 
for soils is in question, the method that results in the 
highest required in-place dry unit weight (not the highest 
laboratory maximum dry unit weight) should be selected 
for control. 

Example: The specifications require 95 percent compacrion 
or 70 percent relative density. For a questionable soil, rhe 
maximum and minimum index unir weight rests were performed. 

Minimum index unit weight= 83 lbf/fr3 

Maximum index unit weight= 118 lbf/fr3 

The compacrion resr resulted in a laborarory maximum dry 
weighr of 114 lbf/frl. 

The relative density resr produced rhe highest maximum dry 
unir weight. 

However, 70 percent relative density is equal ro 105 lbf/frl, 
and 95 percent compacrion is equal ro 108 lbf/fr3. 

Therefore, the percent compacrion method (USBR 7255) 
should be used for construction control since ir gives the highest 
required in-place dry unit weight. 

Xl.5 When the required in-place dry unit weights -
computed for the specified percent compaction and the 
specified percent relative density - are within 2 lbf/ft3, 
or if the initial testing of several soil samples indicates 
either method is applicable, then either method may be 
used. Selection of the method may be based on the one 
most convenient or practical. 



UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

USBR 7255-89 
PROCEDURE FOR 

DETERMINING THE PERCENT COMPACTION 
OF EARTHWORK FOR CONSTRUCTION CONTROL 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7255. The number immediately 
following the designation indicates the year of acceptance or the year of revision. 

1. Scope 

1.1 This designation outlines the procedure for 
determining the percent compaction of soils for which the 
laboratory compaction rest is the most appropriate method 
of determining a standard value for comparison. 

1.1.1 The compaction test is performed to determine 
a maximum value of dry unit weight, using a standard 
laboratory rest, that serves as a reference value against 
which the dry unit weight of a soil sample or specimen 
or the in-place dry unit weight of a soil is compared. 

1.2 This procedure is normally performed on soils 
containing more than 15-percent fines. It also may be used, 
under certain circumstances, for soils containing 5 to 15 
percent fines. 

2. Auxiliary Tests 

2.1 The in-place dry unit weight (see subpar. 3.2) and 
the laboratory maximum dry unit weight (see subpar. 3.3) 
for the soil must be determined by the appropriate 
procedures prior to performing this procedure. 

3. Applicable Documents 

3.1 USER Procedures - General: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5525 Determining the Minimum Index Unit 
Weight of Cohesionless Soils 
USBR 5530 Determining the Maximum Index Unit 
Weight of Cohesionless Soils 
USBR 5830 Performing Construction Control of Soil­
Cement 
USBR 7250 Determination of Percent Relative Density . 

3.2 USER Procedures - In-Place Unit Weight 
Determination: 
USBR 5 3 70 Determining Unit Weight of Cylindrical Soil 
Specimens 
USBR 5372 Determining Unit Weight of Cylindrical 
Tube-Type Samples 
USBR 5375 Determining Dry Unit Weight of Irregularly 
Shaped Soil Specimens 

USBR 7205 Determining Unit Weight of Soils In-Place 
by the Sand-Cone Method 
USBR 7206 Determining Unit Weight of Soils In-Place 
by the Rubber Balloon Method 
USBR 7220 Determining Unit Weight of Soils In-Place 
by the Sand Replacement Method in a Test Pit 
USBR 7221 Determining Unit Weight of Soils In-Place 
by the Water Replacement Method in a Test Pit 
USBR 7230 Determining Unit Weight and Moisture 
Content of Soil In-Place-Nuclear Moisture-Density Gauge 

3.3 USER Procedures - Laboratory Maximum Unit 
Weight Determination: 

. USBR 5500 Performing Laboratory Compaction of 
Soils - 5.5-lbm Rammer and 18-in Drop 
USBR 5510 Performing Laboratory Compaction of 
Soils - Harvard Miniature 
USBR 5515 Performing Laboratory Compaction of Soils 
Containing Gravel 
USBR 5800 Performing Laboratory Compaction of 
Soil-Cement Mixtures 
USBR 5850 Performing Laboratory Compaction of 
Soil-Lime Mixtures 
USBR 7240 Performing Rapid Method of Construction 
Control 

4. Summary of Method 

4.1 After determining the ih-place dry unit weight of 
the U.S.A. Standard series minus No. 4 (4.75 mm) fraction 
and the laboratory maximum dry unit weight of a soil, 
the in-place dry unit weight is divided by the laboratory 
maximum dry unit weight and expressed as a percentage 
to obtain the percent compaction. 

5. Significance and Use 

5.1 Percent compaction is used as a requirement for 
construction control of earthwork, for evaluating natural 
soil deposits, and as a means for controlling- -placement 
of laboratory soil specimens. · · 

5.2 The compaction characteristics of soils vary 
depending upon the gradation of the soil and the 
cohesiveness of any fines . Generally, the laboratory 
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compacrion test is most applicable for soils containing more 
than 15-percent fines. For construction control of these 
soils, percent compaction is used to determine the adequacy 
of compacrion. For soils containing less than 5-percent 
fines, the minimum and maximum index unit weight rests 
are used to evaluate the compacrion characteristics. For 
consrrucrion control of these soils, percent relative density 
is used to determine the adequacy of compaction. 

Soils containing 5 to 15 percent fines may need to be 
tested by both the laboratory compaction test and rhe 
combination of the minimum-maximum index unit weight 
tests to conclude which is more appropriate. Whether 
percent compacrion or percent relative density is used for 
construction control depends on the test results and how 
the soil is to be used. See USBR 7250 or 7255 (app. Xl) 
for further discussion. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Terms of particular sig~ificance are: 

6.1. l Percent Compaetion (%).-The ratio, ex pressed 
as a percentage of: (l) dry unit weight of a soil, to (2) 
maximum dry unit weight obtained in a laboratory 
compaction test (ASTM definition) . 

6.1.2 Compaetion Test.-A laboratory compacring 
procedure whereby a soil of a known moisture content 
is placed in a specified manner into a mold of given 
dim~s,ons;.subj!c'Cted to a compactive effort of controlled 
magnitude, and thhesulting dry unit weight determined. 
The procedure is repeated for various moisture contents 
sufficient to establish a relation between moisture content 
and dry unit weight (similar to ASTM). 

7. Precautions 

7 .1 Not applicable. 

8. Calibration and Standardization 

8.1 Not applicable, reference standards are not used 
for this procedure. 

9. Conditioning 

9.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

10. Procedure 

10. l Dara for determining percent compacrion are 
recorded on various forms; there is no specific data form 
for calculating percent compacrion. 

10.2 Obtain in-place dry unit weight and in-place 
moisture content of soil in accordance with the appropriate 
procedure given in subparagraph 3.2. 

10.2. l If the material rested contains particles larger 
than the No. 4 sieve (4.75 mm), the in-place dry unit 
weight and moisture _content of rhe minus No. 4 fraction 
must be determined in accordance with appropriate 
procedures. The in-place dry unit weight of the minus No. 
4 fracrion is rhen used .in determining percent compaction. 

10.3 Obtain the laboratory maximum dry unit weight 
and optimum moisture content in accordance with the 
appropriate procedure given in subparagraph 3.3. 

10.4 Calculate percent compacrion and record to the 
nearest 0.1 percent. 

NOfE l.-For specifications that permit use of USBR 7240, 
the percent compaction is equivalent ro che "D-value" as 
determined by that procedure. 

11. Calculations 

11. l Calculate percent compacrion as follows: 

Percent compaction 

= lOO ( in-place dry unit weight ) 
laboratory maximum dry unit weight 

12. Report 

12. l Percent compaction is reported on various forms 
and in reports. When reported, the following items are 
to be included: 

• In-place dry unit weight and in-place moisture 
content (both total and minus No. 4, if applicable) and 
the USBR procedure number. 
• Laboracory maximum dry unit weight, optimum 
moisture content, and the USBR procedure number. 
• Percent compaction and, if required, the difference 
between optimum moisture content and in-place 
moisture content. 
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APPENDIX 

XL SELECTION OF PERCENT COMPACTION OR PERCENT RELATIVE DENSITY 
FOR MINUS NO. 4 SIEVE SIZE MATERIAL 

Xl. 1 When soil is compacted, adequacy of compaction 
is evaluated by comparing measured in-place dry unit 
weight of the compacted soil to a dry unit weight value 
(o r values ) from standard laboratory rests . Generally, rhe 
comparison is expressed as "percent compaction·· for 
cohesive soils and as "percent relative density" ' for 
cohesionless soils. 
X l. 2 For some soils, it may be difficult to judge which 
method is most appropriate. Coarse-grained soils with 
about 5 to 15 percent silty fines (GW-GM, GP-GM, SW-SM, 
SP-SM) are typically those for which selection of a 
compaction method may no r be possible by visu al 
inspection of the materials. 

NOfE X 1.-There may be some cohesion less silts or sa ndy 
s ilts for which percent re lative density may be appropriate. 
N o rmally, chis is not considered, but there may be special cases 
when evaluation of applicability of percent relative density may 
be necessary. 

X l.3 When it is doubtful as to which compaction method 
should be used, both methods should be performed and 
the results compared. Often, this requires conducting tests 
before construction begins. This comparison and discussion 
is limited to soils that 100 percent pass the No. 4 sieve 
(4 .75 mm). When an evaluation of methods is necessary 
for soils containing gravel or if there are questions 
concerning application of percent compaction or percent 
rel ative density, contact the Bureau's Geotechnical Services 
Branch at the Denver Office. 

X 1.4 When the appropriate construction control method 
for soils is in question, the method that results in the 
highest required in-place dry unit weight ( nae the highest 
laboratory maximum dry unit weight ) should be selected 
for control. 

Example: The specificatio ns require 95 percent compaction 
or 70 percent relative density. For a questionable soil, che 
maximum and minimum index unit weight tests were performed. 

Minimum index unit weight= 83 lbf/fc1 

Maximum index unit weight= 118 lbf/fc' 

The compaccion cesc resulted in a laboratory maximum dry 
unit weight of I L4 lbf/ fr -'. 

The relative density cesc prodm:ed the highes t maximum dry 
unit weight. 

However, 70 percent relative density is equal co I 05 lbf/ fc ', 
and 95 percent rnmpaccio n is equal co I 08 lbf/ fc -' . 

Therefore, the percent compaccion method ( USBR 7255) 
should be used for construction control since ic gives che highest 
1·equired in-place dry unit we ight. 

XLS When the requi red in-place dry unit weights -
computed for the specified percent compaction and the 
specified percent relative density - are within 2 lbf/ ft.' 
or if the initial resting of several soil samples indicates 
either method is applicable, then either method may be 
used. Selection of the method may be based on the one 
most convenient or practical. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7300-89 

PERFORMING FIELD PERMEABILITY TESTING 
BY THE WELL PERMEAMETER METHOD 

INTRODUCTION 

This procedure is under the jurisdiction of the Geotechnical Services Branch, code D-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7300. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

1. Scope 

1.1 This designation is used to determine the coefficient 
of permeability of semipervious and pervious soils. The 
types of soil for which the test is applicable range from 
mixtures of sand, silt, arid. clay· with ·coefficients of 
permeability greater than 1 X 10-5 cm/s to relatively clean 
sands or sandy gravels with coefficients of permeability 
less than 1 X 10-1 cm/s. There is lack of experience with 
the test in soils with coefficients of permeability outside 
these limits. The effects of capillarity on permeability test 
results were not taken into account during development 
of the theoretical background. 

NOTE 1.-This test is similar to the "Shallow Well Pump-in 
Test for Hydraulic Conductivity" in the Drainage Manual [l]. 1 

However, some of the float valves allow greater waterflow from 
the water reservoir than the carburetor valve of the Drainage 
Manual test. 

2. Auxiliary Tests 

2.1 Soil sampling by USBR 7010 and classification of 
soil from different strata by USBR 5005 are required to 

identify soil stratification and location of any water table. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating co Soil Mechanics 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 7010 Performing Disturbed Soil Sampling Using 
Auger Boring Method 

3.2 ASTM Standard: 
E l ASTM Thermometers 

4. Summary of Method 

4.1 The method consists of measuring rhe rare at which 
water flows our of an uncased well under a constant gravity 

1 Number in brackets refers co the reference. 
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head. The coefficient of permeability of the soil is calculated 
using (1) the relatively constant flow rate which is reached 
after a period of time, (2) the water temperature, (3) the 
constant height of water in the well, and (4) the radius 
of the well. 

5. Significance and Use 

5.1 The method is used to determine the average 
coefficient of permeability for soil in its natural condition, 
primarily along proposed canal alignments or at reservoir 
sites. The permeability results are used in appropriate 
equations for calculating approximate seepage rates to aid 
in decisions on lining requirements. Although the test is 
usually performed in auger holes, it can also be used in 
rest pits. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 

7. Interferences 

7.1 Proper use of the rest requires soil characteristics 
which allow excavation of an uncased well of reasonably 
uniform dimensions with the soil sufficiently undisturbed 
to allow unrestricted outward flow of water from the hole. 

7.2 Test results are adversely affected by using unclean 
water for the permeant. 

7.3 When relatively impervious or highly pervious soil 
layers are present around the well, this should be considered 
when evaluating test results. 

7.4 For rests during cold weather, a shelter with hear 
should be used to maintain ground and water temperatures 
above freezing. 

8. Apparatus 

8.1 General Apparatus: 
8.1.1 Augers.-Hand augers suitable for excavating 

permeability rest holes. Power-driven augers may be used 
if it is determined that disturbance of soil around the well 
is no more than for a hand auger. 
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rl4Ploslic disk 

fl.=,! Coupling 

If I ,--To be 
alloched 
wilh lope 

Schedule 40 
PVC pipe 

l ASSEMBLY REOUlRED 

I INCH • 25.4 MM 

I O 10 I~ 
u.hulr .... l ~~~~~~1~1~1~i~i~~~~~' 

SCALE OF INCHES 

-@iHole 

I -1.:.._J 
i°Aporoi.l 

--r 
I I.I 

1;1 ~1·~ 
1·1 "':l: 
1'1 "' 
1,1 --1. 

FLOAT 
I REOUlRED 

-'- -!---+c--L- 3 t• ~ W: 
GALV. IRON 

FLOAT GUIDE 
I REOUlRED 

Float may be of noncorrosive 
melal !preferoblel, ploslic 
or redwood (dipped in a 
preservative of waterproofing). 

Figure I. - Drawing of well permeamecer test apparatus (101-D-38). 
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8.1.2 Thermometer.-0 to SO ° C, 0.5 ° C d ivisions, 
conforming to the requi rements of ASTM E 1. 

8.1.3 H ammer, surveyors' stakes, and string for 
depth measurements in the we ll. 

8.2 Equipment Unique to This Procedure (see figs. l 
and 2) . 

8.2. l W'ater R eservoir.- A clean, covered, watertight 
reservoir of sufficient capacity which can be conveniently 
ref illed at intervals to provide a contin uous supply of water 
during the test. A 200- liter drum with a vo lume ga uge 
rube o f ce llulose acetate butyrate has been found to be 
suitable for norma l usage. Wooden blocking is required 
to raise the reservoir above the ground level. 

8.2.2 Valve.-A float valve with operat ing arm (see 
fig. 3 for valve size) . 

8.2.3 Floar.- A wooden, plastic, or metal fl oat wit h 
brass stem. 

8 .2.4 Float Gu1de.-A g uide of ga lvanized iron, PVC 
(po lyviny l ch lor ide) or other m a terials ro a llow the float 
to move vert ica lly. 

8.2.S Counterweig hts.-Brass counterwe ights for arm 
o f fl oat valve. 

Figure 2. - Typical we ll permeameter test set-up. 

Noles• 
Dalo ob loined by va lve s on o 160L 

reser voir 
furves based on h " 101 tor o ·o w 

... a1er table cond, 1,on. 
?5.4 m:-n ,. l,n. 

MAXIMUM COEFFICIENT OF PERMEABILITY, k, cm/s • l 0 -2 

Figure 3. - Maximum permeability coefficients measurable with typica l 
float valves common ly use<l o n swck-watering tanks. 

NITTE 2.-There may be other appropr iate valve-float equip­
ment availab le for mainta ining a constant water leve l in the 
test we ll. 

8.2.6 Water Truck - A water tank truck or tank trailer 
of sufficient capacity to provide a cont inuous supply of 
clean water for the number of rest reserv o irs in 
s imultaneous use. 

9 . Reagents and Materials 

9.1 Density Sand-C lean, dry, pervious, coarse sa nd (or 
fine grave l) ca librated for dens ity and wit h a coefficient 
of permeabi li ty at least I X 102 cm/ s greater than that 
of the soil to be rested is ro be used for backfilling the 
tes t well. A was hed sand graded between the U.S.A. 
Standard se ries No. 4 ro No. 8 s izes (4.75 to 2.36 mm) 
or grave l graded between the 3/8 to No. Ii (9.5 to 4.75 
mm ) sizes is recommended. The purpose of the pervious 
backfill is ro ( I ) distribute water even ly in the we ll , (2) 
support the wa ll of the we ll and prevent s loughing dur ing 
saturat ion of the so il , and (3) prov ide a means of indirectly 
determ ining the average radius of the well . The rad ius 
o f the we ll is required for permeabi lity calculations and , 
as expla ined later, a standard sa nd calibrated for mass per 
un it vo lume (dens ity) can serve this purpose. 

9.2 Water. - The water for this rest is to be clean. Sma ll 
amounts of suspended soi l or other foreign material in 
the water may become deposited in the so il around the 
we ll and may grea tly reduce the flow , causing erroneous 
results. When there is sediment in the water, arrangement 
should be made to remove the part icl es by settling or 
filtration. In some instances, a chemica l reactio n can take 
p lace between wate r o f a J articu la r quality and the so il 
being rested, which may cause an increase or decrease in 
so il permeability. Therefore, water sim ilar in quality 
(exclusive of suspended sediment) to that expected ro 
permeate the so il during project operat ion shou ld be used 
for the permeability test. 

10. Precautions 

10.1 Safety Precautions.- Normal precautions taken for 
any fieldwork. 

10. 2 Technical Precautions: 
10.2. l In windy a reas, protection from blowing soi l 

may be needed to prevent interference to the operation 
of the va lve- fl oat mechanism and to prevent infiltration 
of so il into the top of the we ll . 

10.2.2 Test equipment must be protected from 
disturbance by animals, moving equipment, children, or 
other sources . 

11. Calibration 

11.1 Water R eservoir (f ig . 1).- Calibrate the volume 
of the water reservo ir and mark the ga uge tube in 
convenient increments for volume readings . For a 200-L 
reservoir, mark the volume gauge tube at 5-L intervals 
with the largest volume reading near the top of the tube 
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so volume readings will decrease downward and permit 
volume determination by subrracring figures. 

NOfE 3.-For a volume cube of cellulose acetate butyrate (which 
is recommended because it is durable for use under field 
conditions), ink wirh an acerace base makes a permanent mark 
on rhe cube. India ink can be used for marking if the surface 
of the plastic is firsr roughened with emery cloth or sreel wool; 
rhe rube rhen should be coared with clear lacquer co preserve 
the ink marks. 

11.2 Density Sand-Calibrate the sand by finding the 
density obtained by pouring the sand into a pipe or cylinder 
with dimensions approximately those of the test well. The 
pouring height above the top of the pipe should be 
approximately the same as that for the well. The calibrated 
density of sand is calculated from the mass of sand used 
co fill the pipe and the volume of pipe occupied by the 
sand; i.e., density equals mass per volume. 

12. Conditioning 

12. l Special conditioning requirements are not needed 
for this procedure. 

13. Procedure 

13. l Soil Logs.-Prior to performing field permeability 
tests for a seepage investigation, exploratory borings should 
be made at appropriate intervals and logs of rhe borings 
should be prepared to show a representative soil profile. 
Soil classifications of the different strata encountered should 
be recorded. The form shown in figure 4 can be used for 
this purpose. 

The minimum depth of borings below a proposed canal 
invert or reservoir bottom should be to the ground-water 
table, to an impervious soil layer, or co a depth about twice 
the design water depth, whichever is reached first (see 
fig. 8) . The location of soil layers that appear co be 
impervious and the depth to a water table, if reached, will 
affect permeability and seepage calculations. For depths 
below a canal invert or reservoir bottom greater than twice 
the water depth, the presence of a water table or soil layers 
of significantly different permeability than that of overlying 
soil will not influence permeability rest results. 

13.2 Size of Test Well-For a low water table condition 
(see condition I, fig. 8), the depth of the well may be 
of any desired dimension provided the ratio of water height 
h in the well to well radius is greater than 1. To fulfill 
theoretical considerations in development of the equations 
for high water table conditions (conditions II and III, fig. 8), 
the ratio of water height h in the well to well radius should 
be greater than 10. A practical well diameter is usually 
150 mm. Normally, in a canal seepage investigation, the 
water surface elevation in che well and the well bottom 
should correspond to the elevations of the proposed canal 
water surface and canal bottom, respeccively. Test results 
would then provide an average permeability for the soils 
in the canal prism. For pervious soils, well size is limited 

by the capacity of the equipment co maintain a continuous 
supply of water at the desired constant head level. If 
necessary, more than one reservoir can be interconnected 
to increase water capacity. Figure 3 shows the maximum 
coefficients of permeability that can be measured in wells 
of various diameters using float valves of different sizes. 
This is of assistance in selecting the valve size to be used, 
although a valve of approximately 20-mm size is often 
used for general purposes. 

13.3 5011 Permeilbility in Test Pits.-The well per­
meameter test method also can be adapted for use in test 
pits in a low water table condition if the ratio of water 
depth to pit radius is greater than 1, and sand or gravel 
backfill is used to prevent soil in the sides of the pit from 
sloughing. In chis case, calibration of backfill is not necessary 
since dimensions of a rest pie of regular shape can be found 
by averaging linear measurements . If a rectangular pit is 
used, the effective cylindrical radius for use in permeability 
calculations can be determined from the pit dimensions 
(see fig. 5 ). 

13.4 Excavation of the Test Welf-Wells for permea­
bility tests should be prepared carefully to cause as little 
disturbance to surrounding soil as possible. Where moisture 
content of the soil is high, rhe wall of the hole can become 
smeared and outward flow of water restricted. In chis case, 
the well should be excavated using rwo- hand augers, one 
having a diameter at least 25 mm smaller than the ocher.· 
First, auger a pilot hole with the smaller auger and follow 
this with the larger auger. This causes less disturbance 
to the wall of the well than if a single auger is used. If 
it is still apparent that the wall of the well is smeared, 
the walls should be scraped or scratched with improvised 
tools to remove the smeared surface. Remove any loose 
soil from the bottom of the well. 

13.5 Depth of the Well (figs. l and 4).-Deprh 
measurements in the well should be measured (and 
recorded) from a common base line. A convenient method 
is co measure from a horizontal sering line stretched 
between two stakes driven firmly into the ground on 
opposite sides of the well (fig. l). When the bottom of 
the well extends below ground-water level, insert a casing 
during excavation to prevent the wall from caving. Carefully 
pull the casing as the well is backfilled with sand through 
the casing. 

NOfE 4.-For a very high ground-water condition, a "pump 
our" rest for sacurared soils is often more sacisfacrory than rhe 
well permeamecer test or orher '"pump in" rypes of cesrs. 

13.6 Backh'lling the Test Well-Pour calibrated sand 
into rhe well in the same manner as during calibration 
of the sand for density. The top of the sand should be 
about 150 mm below the water level to be maintained. 
After completion of pouring, determine the remaining 
mass of sand and subtract from the original mass co find 
the mass of sand in the well. Measure and record the depth 
to the top of the sand and calculate the height of sand 
in the well. From the density of the calibrated sand and 
the mass and height of sand in the well, calculate the 
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WELL PERMEAMETER METHOD 
7- 1429 <S-89> (SOIL CLASSIFICATIONS AND WELL DIMENSIONS) 89 Bureau of Reclamat ion Designation USSR 7300 - - -

TEST r-.o. I PROJECT I FEATURE 
22 Example Example 

TEST LOCATl()\I I TEST LIMITS: 
ST AT 1()\1 TO STA Ti()\I 

Station 257•94 257•25 258•62 
GROU'-0 ELEVATl()\I I CANAL 

SIDE SLOPES BOTTOM WIDTH WATER DEPTH 
122.6 DATA: 2• I 7.9 I .890 m m 

TESTED BY DATE I COMPUTED BY DATE I CHECKED BY DATE 

Ix] m 0 fl 
OBSERVATION HOLE 

STRATA DEPTH SOIL CLASS IF ICA T 1()\1 
FROM TO 

0 0.45 SILTY CLAY I aeerox. 85% fines with medium Qlaslicily, 
slow dilalanc:t, medium dr:t strength, medium loughnessj 
aeerox. 15% fine sand; maximum size 1 fine sand, moist, 
dark gray; eas:t lo auger; some roofs eresenlj no 
reaction with HCI (CL-MU. 

0.45 , 1.77 CLAYEY SILT I aeerox. 95% fines with low elasticity, 
slow dilalancy 1 low dry slrenglh 1 low toughnessj 
aeerox. 5% fine sandj maximum size1 fine sand; wet, 
brownj easy lo augeri no reaction with HCI <ML-CU. 

I . 77 3.87 SILTY SAND• aeerox. 60% fine lo coarse, hard1 
angular sandj a1:1erox. 20% non-elastic linesj aeerox. 
20% eredominantly fine, hard, angular lo subangular 
gravel; maximum size, 30mmj moist, brownj moderately 
hard lo auger; slight reaction lo HCI (SMJ. 

(1) DEPTH TO WATER TABLE <FROM GROU'-0 SURFACE) ............... ···· ······-· ······· ······--·-····· ············ 
3.75 [Z] m Ott 

WELL OMENSIONS (DEPTHS FROM STRING BASELINE) 

(2) DEPTH TO GROIJ'O SURFACE 0.213 
········-··· ···············-······ ·············· ···············-··············· --- ·· ··········------··· ······ IXlm Ott 

(3) DEPTH TO BOTTOM OF WELL I . 222 Ix] m Ott .... ···· ···········---· ····· ·· ·· -- ·· ·············· ····-·-- ·· ·· •·····---- ·· ····················· ···· ····· 

(4) DEPTH TO TOP OF SANO 0.375 Ix] m Ot1 ...... ···················································-························-·-•• ··········-··-······ ·· ··· 

(5) HEIGHT OF SAN) (3) - (4) 0.847 00 m Ott ·· ···········•·············· -· ·································-··············-·--······ ····-···---- ---·· ····· 

(6) DEPTH TO WATER SURFACE IN WELL 0.280 OOm Ott ········ ·································· ·············· ···-······- ····· ····· ······ ········ 

(7) HEIGHT OF WATER IN WELL h = (3) - (6) 0.942 [Z] m 011 -· ···············································-···· ··· ·-· ········· ········· 

OETERMINA TION OF WELL RADIUS 

(8) DENSITY OF ST AI\OARO SA/\0 1400 [Z] l<g/m 3 0 lbm/ft J ····· ·- ·············-······-··· ··················- ······• ··· ·····-· ········ --· ·· ······· ··········•···•· 

(9) MASS OF SA/'O ♦ C()\IT A INER BEFORE FILLlr-.G WELL 34.02 [Z] l<g 01tim ·····························--··········--············ ·• ·•· 

( 10) MASS OF SANO ♦ CO'JT A INER AFTER FILLlr-.(; WELL 
············ ··· •·········--· ···- ·· ······-········ ······-· ··· 

2.86 [Xl1<g 01tim 

(II) MASS OF SANO USED (9) - ( 10) 31 16 [Z] l<g 01tim ·· ··················· ····················--·--······································· ·•·········· 

(12) VOLUME OF WELL ( 11)/(8) 0.0223 [Z] m3 0 ftl 
··· ············· ···························-·-································-······························· 

(13) RADIUS OF WELL r = J (12)/(5) u 0.092 IBJ m Ott ·················· ··--····························•····· ··········•··-··················· ·· 

Figure 4. - Well permeameter method (soil classifications and well dimensions) - example. 
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Figure 5. - Effective cy lindrica l radius of rectangular ces t pits. 
(fig. 44 of ref. 2) 

equivalent radius of the well (fig. 4). Development of the 
equation for determining the radius is : 

where: 

2 rw 
Vs 

rrhs 

/1Ds 
rw=v~ 

Vs volume of sand 
Ps density of sand 
hs height of sand 

ms mass of sand 
rw equivalent radius of well 

(1) 

13.7 Test Equipment Set Up.-Place the float guide, 
with the float inside, on cop of the sand in the well. Hold 
the float guide in place vertically and pour sand around 
ic. When a test is co be conducted with the water level 
more than an arm's length below the ground surface, lower 
the float guide by the chain and drop sand around the 
guide co hold it in place during the test. The rubber slip 

washer on the float stem is co prevent particles of sand 
from becoming lodged between the float seem and the 
float guide. The mass of sand around the guide need not 
be known because it is not used in computations for well 
radius . Set up the water reservo ir and valve-float 
arrangement with the flexible rube from the float valve 
to well and the chain attached co the float stem as shown 
on figures l and 2. The reservoir should be set on a firm 
platform or cribbing at a convenient height. 

13.8 Performing the Test: 
13.8.1 Open the valve on the reservoir and gradually 

fill the well with water. 
13.8.2 After the water enters the float casing, 

readjust the counterbalance on the operating arm of the 
valve and the chain length as necessary co maintain the 
desired water level in the well. 

13.8.3 After the water level in the well has stabilized, 
begin reading the volume gauge on the reservo ir and record 
the gauge readings at convenient time intervals using the 
form as shown on figure 6. The well must be kept 
continuously full of water until the test is completed. In 
general, dry soil at the start of the test absorbs water at 
a comparatively high rate. However, as the moisture 
content of the soil increases around the well, the rate 
generally decreases and usually stabilizes. It is this constant 
rate after stabilization that is used to compute permeability. 

13.8.4 As records of water discharge from the 
reservoir and time are made, plot a curve of accumulative 
flow versus time as shown on figure 7. 

14. Test Duration 

14.1 Minimum duration for the test is the theoretical 
time required co discharge the minimim volume of water 
into the soil to form a saturated envelope of hemispherical 
shape with a radius B (see fig . 1) . 

The minimum volume of water is determined by the 
equation: 

where: 
Vmin = minimum volume 

S = specific yield of the soil 
h = height of water in well 
r = well radius 

(2) 
3 

NITTE 5.-The quantity in brackets 1s the theoretical 
determination for radius B (fig. 1). 

For soils in which chis test would most likely be used, 
the specific yield varies from about 0.1 for fine-grained 
soils co 0.35 for coarse-grained soils. When the specific 
yield of the soil is unknown, the value of 0.35 should be 
used to give a conservative value for minimum volume 
and co ensure that the test duration is sufficient. Thus, 
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WELL PERMEAMETER METHOD 
7-1428 (~-89) (TIME AND VOLUME MEASUREMENTS) 7300 - 89 _ Bureau of Reclamation Designation USSR 

TEST t-0. I PROJECT I FEATURE 
22 Example Example 

TEST LOCATICN I WATER SOURCE I GROU-0 TEMPERATURE 

257•94 Youngfield River 20° C 
TESTED BY DATE I COMPUTED BY DATE I CHECKED BY OAT[ 

TIME WATER VOLIME ~l Qttl 
WATER 

DRUM t-0. ACCUM. 
TE MPE RA TURE 

CLOCK ACCUM. DRUM t-0. 
TOTAL •c 

(24t.- J (minJ 3 4 DIFFERENCE 
FLOW 

READ DIFFERENCE READ DIFFERENCE 
(Q) 

WELL RESERVOIR 

8•00 0 201 -- 204 - - - - - - - - - - - -

8•50 50 127 74 124 80 154 154 19 25-

9•40 100 80 47 74 so 97 251 19 --

10•30 150 42 38 34 40 78 329 19 - -

11 •20 200 8 34 I 33 67 396 20 26 

11 •30 210 202 - - 201 - - - - -- - -- --

12• 10 250 179 23 179 22 45 441 20 --

13•00 300 153 26 153 26 52 493 21 --
13°50 350 124 29 125 28 57 550 21 27 

14•40 400 97 27 98 27 54 604 22 --

15•30 450 71 26 70 28 54 658 22 

16•20 500 46 25 44 26 51 709 21 --

17• 10 550 19 27 19 25 52 761 20 - -

17•20 560 204 - - 202 - - - - - -- - - - -

18•00 600 181 23 181 21 44 805 20 27 

18°50 650 154 27 154 27 54 859 20 - -

19•40 700 127 27 127 27 54 913 19 --

20•30 750 JOO 27 99 28 55 968 19 --
21 •20 800 74 26 - - . 73 26 52 1020 18 25 

23•00 900 35 39 33 40 79 1099 17 --

24•40 1000 5 30 3 30 60 1159 15 --

Figure 6. - Well permeamecer method (time and volume measuremems) - example. 
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Figure 7. - Time-discharge curve for well permeamecer test - low 
wate r table example. 

with a known or assumed specific yield for the soil and 
with the dimensions of the well, the minimum volume 
can be computed and the test discontinued when the 
minimum volume has been discharged through the well. 
In pervious soils , it may appear that the volume-time curve 
has reached a uniform slope after several hours when points 
are plotted over short time intervals. However, in order 
to avoid discontinuing a test prematurely, it must be 
continued for at least 6 hours from the starting time so 
the slope can be determined over a period of 2 to 3 hours. 
The first straight portion of the curve should be used for 
determining the rate of discharge (fig. 7). The test must 
be conducted continuously without allowing the reservoir 
to run dry until the test has been completed. 

14.2 Maximum Time.-lf the test is continued for a 
long period, a water mound may build up around the well 
and render the test results inaccurate. The maximum rime 
for rest duration is the rime necessary to discharge through 
the test well the maximum volume of water as determined 
using equation (2), substituting 15.0 for 2.09 and in this 
case, using an assumed minimum value (when the true 
value is unknown) of 0.1 for specific yield. 

Vmax = 2.05 Vmin 

15. Calculations 

(3) 

15.l Computing Coefficient of Permeability.-Equa­
tions. ( 4), (5), or (6) are provided for calcu.lating coefficient 
of permeability, for the well permeamerer rest. The 
presence or absence of a water table or impervious soil 
layer within a distance of less than three times that of 
the water depth in the well (measured from the water 
surface) will enable the water cable to be classified as 
condition I, II, or III, as illustrated on figure 8. 

15.1.1 Low Water Table.-When the distance from 
che water surface in the rest well to the ground-water table, 
or to an impervious soil layer which is considered for test 
purposes to be equivalent to a water table, is greater than 
three rimes the depth of water in the well, a low water 

1234 

cable condition exists as illustrated by condition I (fig. 8). 
For determination of the coefficient of permeability under 
such a condition, equation (4) given in subparagraph 15.2 
should be used. 

15.1.2 High Water Table.-When the distance from 
the water surface in the test well co the ground-water table, 
or to an impervious layer, is less than three times the 
depth of water in the well, a high water cable condition 
exists as illustrated by condition II or III. Condition II shows 
a high water table with the water table below the well 
bottom, and for this condition equation (5) should be used. 
Condition III shows a high water table with the water 
table above the well bottom. For this condition, equation 
(6) should be used. 

15.2 Equations: 

Condition I: 

k20 
___q£_ 
2rrh2 

r 

l 
+ 7i 

r 

(4) 

Condition II: 

(5) 

Condition III: 

kzo (6) 

where: 
kzo = coefficient of permeability at 20 °C 

h = height of water in the well 
r = radius of well 
q= 

V= 

discharge rate of water from the well for steady­
state condition (determined experimentally, 
see example, fig. 7) 

µ r,· viscosity of water at temp. T (see fig. 9) 
µ20, viscosity of water at 20 °C 

unsaturated distance between the water surface 
in the well and the water table 

15.3 The preferred metric unit for coefficient of 
permeability is cm/s (centimeters per second). The value 
of 1 X 10-6 centimeters per second is approximately the 
same as the inch-pound unit of 1 foot per year. 
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surface 

f later surface in well 

h = Height of water in 

I j test well (ft) 

II 

TT 
7/ 

Water table +f 
h 

_l 
~ l-r = Effective radius 

of well (ft.) 

O

jrh Tlu 

Water table _ 
impervious layer 

Tu= Unsaturated strata CONDITION II 

hsTu~3h 

CONDITION m 
Tu< h 

Water table or impervious 
strata 

Note: For condition I h/ r can be a mm1mum 
of I. For conditions II and Ill, 

CONDITION I 

Tu> 3h 

h/r should be greater than IO r. 

Figure 8. - Relationship between depth of water in test well and distance t0 water table in well permeameter test. 

16. Report 

16.1 The report is to consist of the following completed 
and checked forms: 

"Well Permeameter Method (Soil Classifications and 
Well Dimensions)" (fig. 4). 
"Well Permeameter Method (Time and Volume 
Measurements)" (fig. 6). 
Time-Discharge Curve (example on fig. 7). 
Calculation of coefficient of permeability from equations 
( 4), (5 ), or (6). 
16.2 All calculations are to show a checkmark and all 

plotting must be checked. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7305-89 

FIELD PERMEABILITY TEST 
(SHALLOW-WELL PERMEAMETER METHOD) 

INTRODUCTION 

This procedure is under the jurisdiccion of the Geotechnical Services Branch, code D-3760, Research and Laboracory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designacion USBR 7305. The number immediately 
following the designation indicates the year of acceptance or the year of lasr revision. 

1. Scope 

l. l This designation outlines the procedure for 
determining the coefficient of permeability, or a 
permeability index value, for natural or compacted soil 
layers overlying more pervious soils with no water table 
within the test layer. 

2. Auxiliary Tests 

2.1 An auger boring in accordance with USBR 7010 
and soil classification by USBR 5005 should be made ro 
determine the depth of the soil layer ro be tested and 
ro identify soils in the rest layer and below the rest layer. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 70 LO Performing Disturbed Soil Sampling Using 
Auger Boring Method 
USBR 7300 Performing Field Permeability Testing by 
the Well Permeamerer Method 

3.2 ASTM Standard: 
E l ASTM Thermometers 

4. Summary of Method 

4.1 The method consists of measuring the rate at which 
water, under a constant gravity head, flows out of a shallow 
uncased well into the soil layer for which the coefficient 
of permeability is ro be determined. The coefficient of 
permeability, or an index value of permeability, can be 
calculated from values of ( l) flow rate, (2) dimensions 
of the soil test layer and well, and (3) water temperatures. 

5. Significance and Use 

5.1 This test was developed to assist in evaluating soil 
lining performance in canals [ l),* but it can be used for 

* Number in brackets refers co the reference. 

determining the coefficient of permeability in other soil 
layers. When duration of the rest is sufficient ro saturate 
an envelope of soil around and below the well as evidenced 
by constant flow, a coefficient of permeability can be 
determined. The coefficient, along with layer thickness and 
hydraulic head, can be used ro calculate seepage through 
soil layers. When the coefficient of permeability of the 
soil is so low chat it is not feasible ro conduct the tests 
long enough ro reach a steady-scare condition, test ·results 
can be used as index values. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 

7. Interferences 

7 .1 Proper use of the test depends upon soil charac­
teristics which allow excavation of an uncased well of 
reasonably uniform dimensions with the soil around the 
well sufficiently undisturbed ro allow unrestricred outward 
flow of water from the well. 

7.2 Test results are adversely affecred by using water 
containing sediment or if the granular backfill in the rest 
well contains soil fines. 

7.3 The test should be performed with ground and 
water temperatures above O O C. For cold weather con­
ditions, a heated shelter should be used ro maintain tem­
peratures above freezing. 

7.4 Temperature of the permeant water should be 
higher than ground temperature. This reduces the tendency 
for air dissolved in water from coming out of solution 
and becoming deposited in the soil voids causing an 
erroneously low coefficient of permeability. 

8. Apparatus 

8.1 General Apparaws: 
8. l. l Auger.-Hand auger or ocher cools for exca­

vating the test well. 
8. l.2 Thermomerer.-0 ro 50 °C, 1.0 °C divisions, 

conforming to the requirements of ASTM E l. 
8. l.3 Truck.-A rank truck or other means for con­

veying water ro the test site of sufficient capacity ro main­
tain a continuous supply of clean water ro the test well. 
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Figure I. - Shallow-well permeameter test equipment. IO 1-D- .l52 

8.1.4 Tape.-A pocket measuring tape. 
8.1.5 Straightedge.-A wooden or metal straightedge 

longer than the well diameter. 
8.1.6 Graduate.-1000-mL capacity. 

8.2 Equipment Unique to This Procedure (fig. 1). 
8.2.1 Reservoir.-A clean water tank with a cover; 

a capacity of about 60 L is sufficient for soils of low 

permeability. The reservoir should h·ave a piastic volume 
tube gauge on which the water level in the reservoir is 
marked and that is calibrated to indicate the volume of 
water in the reservoir. Each reservoir and volume gauge 
tube should be labeled with corresponding numbers. A 
gauge tube of CAB (cellulose acetate butyrate) is durable 
and well suited for field use. 
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8.2.2 Valve-Float Apparatus.-An apparatus for 
regulating the flow of water from the reservoir ro the 
test well ro maintain a constant head of water in the rest 
well. The apparatus consists of a valve connected to a float 
in the well which operates the valve. Although not required, 
a gate valve installed between the reservoir and the float 
valve is convenient. 

8.2.3 Float Casing.-A casing with a guide for the 
float. The casing may be constructed of rust-resistant metal 
or plastic and the float of metal, plastic, or waterproof 
wood (fig. 1). 

Nill£ 1.-The valve-float apparatus and casing for this 
procedure are interchangeable with those for the field 
permeability test (well permeability method) in USBR 7300. 

9. Reagents and Materials 

9.1 Water.-Water for the permeability test is ro be 
clean and free from sediment. The water should preferably 
be from the same source as that which will be seeping 
through the soil layer being tested when the project is 
in operation. This ensures that any chemical reactions 
between water and soil which affect permeability will be 
similar during the test and during seepage through the 
soil layer when operational. 

9.2 Backfill-Coarse sand or fine gravel is ro be used 
ro backfill the well. The backfill prevents the soil in the 

- ·side of the well from sloughing and ensures an even 
distribution of water in the . well. The backfill must be 
free of fine soil particles which could be carried into the 
side and botrom of the well and reduce the flow of water 
from the well. If necessary, the backfill should be washed 
ro remove soil fines prior to use. 

10. Precautions 

10.1 Safety Precautions.-Normal precautions for 
fieldwork. 

10.2 Technical Precautions: 
10.2.1 In windy areas, protection from blowing soil 

may be required ro prevent interference to operation of 
the valve-float mechanism. 

10.2.2 In hot, dry climates, the test well, the 
reservoir, and the surrounding area should be covered to 
minimize evaporation. 

10.2.3 The water reservoir should be checked for 
damage prior ro use. A damaged reservoir should not be 
used since the calibrated volume of the damaged reservoir 
may not be the same as the calibrated volume before the 
damage. 

10.2.4 The valve-float apparatus should be kept 
clean, inspected for wear, and checked for leakage. (See 
note 4 in subpar. 13.9.) Replace the valve if necessary. 

10.2.5 The equipment must be protected from 
disturbance by animals. 

11. Calibration of Water Reservoir 

11.1 Install the volume gauge tube and the float valve 
on the reservoir. 

11.2 Level the reservoir and fill it with clean water. 
11.3 As water is withdrawn from the reservoir into 

a 1000-mL graduate, mark the volume gauge rube at the 
bottom of the meniscus in 5 to 10 mm intervals for reading 
volume of the reservoir in liters. 

11.4 Remove the volume gauge rube from the reservoir. 
11.5 Complete marking the volume gauge rube with 

figures denoting volumes. 
11.5.1 Permanent marks can be made on a CAB tube 

with acetate base ink. 
11.5.2 The volume gauge tube of CAB also can be 

permanently marked using India ink by the following 
procedure: 

11.5.2.1 Roughen the tube surface with No. 000 
steel wool. 

11.5.2.2 Mark the tube with India ink. 
11.5.2.3 Coat the tube with clear lacquer to 

preserve the marks. 
11.6 Replace the volume gauge tube on 'the reservoir. 

12. Conditioning 

12.1 Not applicable, special conditioning requirements 
are not needed for this procedure. 

13. Procedure 

13.1 Before performing this test, determine the 
thickness of the soil layer to be tested to establish suitable 
dimensions (depth and diameter) for the test well. This 
should be done using a nearby test boring (hand auger 
boring). Visually classify the soils taken from the hole and 
prepare a drill hole log. 

13.2 All data are to be recorded on the "Field 
Permeability Test (Shallow-Well Permeameter Method)" 
form as shown on figure 2. The data required include test 
location, thickness of layer being tested, soil classifications, 
well dimensions, and a record of water volume readings 
and time intervals. 

13.3 Level the soil surface and excavate a well into 
the soil layer to be tested. The well can be of any convenient 
size and location in the soil layer. Generally, the minimum 
depth of layer to be .tested should be about 150 mm. Do 
not excavate the well into the underlying soil layer. 

Nill£ 2.-The rest can be performed in a thick, compacted 
lining of a canal side slope by first excavating a horizontal surface 
in the lining before starting the vertical well excavation. The 

· reservoir can be placed on the excavated surface in the lining, 
or it can be set on a wooden support on the canal side slope 
opposite the well. The depth of the soil layer will be an average 
depth to the botrom of the lining at rhe center of the well. 

13.4 After the well has been excavatea, lightly brush 
or shave the sides and bottom of the well, where necessary, 
to remove any soil smeared on the well surfaces or any 
compaction caused by the excavation. Remove loose soil 
from the bottom of the well. 

13.5 With the pocket measuring tape, make sufficient 
measurements ro measure and record the diameter of the 
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7m-1710 (6-89) FIELD PERMEABILITY TEST 
Designation USBR 7305 - ~ ~ Bureau of Reclamation (SHALLOW-WELL PERMEATER METHOD) 

PROJECT 
Example 

FEATURE 
Example 

TEST LOCATIO'J Sta. 1494+16 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

SOIL CLASSIFICATIONS 
I RESERVOIR NO. 

5 

SOIL LAYER: SIL TY CLAY I Aeerox. 85% fines with medium elasticity, slow dilalancy, medium drl 

strength, medium loughnessj aeerox. 15% fine sand 1 moisl 1 dark gray; easy lo 

excavate; no reaction lo HCUCL-Mll. 

UNDERLYING SOIL: SIL TY SAND I Approx. 60% fine lo coarse, hard, angular sand; approx. 20% 

non-plastic fines; approx. 20% fine, hard, angular to subangular gravel; maximum size, 

30mm; moist, brown, moderately hard lo auger; slight reaction lo HCUSMl. 

TIME 

ACCUM RESERVOIR VOLUME VOLUME DIFFERENCE 
ACCUMULATIVE TEMPERATURE 

DATE CLOCK 
(HRS) (L) 

DIFFERENCE (OC) 

WW RW 

3-2 1515 0.0 52.9 0 0 24 28 

3-3 0748 16.55 32.0 20.9 20.9 24 25 

3-3 1547 24.53 22.1 9.9 30.8 24 25 

3-3 1550 24.58 55.2 --- - - - - - - - --
3-4 0800 40.75 35.4 19.8 50.6 24 29 

3-4 1500 47.75 27.2 8.2 58.8 24 28 

3-5 0746 64.52 8.5 18.7 77.5 24 26 

3-5 0748 64.55 56.0 - .. - - - - -- -- - -
3-5 1541 72.43 47.3 8.7 86.2 23 26 

3-6 0812 88.95 29. I 18.2 104.4 24 25 

3-6 1530 96.25 21 .2 7.9 112.3 25 25 

3-7 0830 113.25 3.2 18.0 130.3 24 25 

... 

., 

-
RADIUS OF WELL, r (1) 0.212 m (2) 0.221 m (3) 0.218 m (4) 0.214 m Average 0.216 m 

DEPTH OF TEST WELL (1) 0.460 (2) 0.465 (3) 0.462 (4) 0.464 Average 0.463 m 

DEPTH OF WATER SOURCE TO BOTTOM OF TE ST LAYER, H 0.619 m 

HEIGHT OF WATER IN WELL, h 0.338 m 
w 

h 
r 0.35 {3 ~ ; 0.55 C ; 0.28 V ; 0.91 a ; - ; 

H H 

130.3-104.4 
q ; X 

24.3 
100011 ; I 100 

(Cl (V) (gl 
cm3/hr k ; 

(HJ2 360011 
; 2.0-10-5 emfs 

w CO'JT ANTS: 1000 = convert L to cm3 WW = well water 
3600 = convert hotrs to seconds RW = reservoi' water 

Figure 2. - Field permeability test (shallow-well permeameter method) - example. 
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wel l and its depth-using a straightedge placed across the 
cop of the well at che ground surface-from chat surface 
co the bottom of the well. A minimum of four measure­
ments each for the diameter and well depth are required. 
Calculate and record the average radius and average 
diameter of the well. 

13 .6 By pouring, refill the well with backfill co hold 
the casing and fl oat firmly in place. Position the cas ing 
with float vertically in the backfill so there is ample depth 
inside for the float co operate. 

13.7 Sec up and level the water reservoir on blocking 
or ocher firm support in an area adjacent co the cesc we ll 
(see fig. 3) . 

13.8 Assemble the va lve-float apparatus extending 
from the reservoir co the rest well. Adjust the counterweight 
coward the reservoir co keep the float va lve closed. 

NITTE 3.- ln hor climates wirh low humidity, cover an area 
about 1-m radius of the ground around the well with plastic 
sheeting co reduce evaporat ion from the area su rrounding the 
well. 

13.9 With the float valve closed, fill the reservoir. 
Record the volume of water in the reservoir. Slowly fill 
the well with water and adjust the valve-float apparatus 
co balance the flo at in the water. 

NITTE li. - The float va lve may leak around the plunger during 
periods of high flow , es pecially during initial filling of the test 
we ll. Leakage does not affect permeability test resu lts until the 
flow enve lope in the so il is deve loped, and the flow becomes 
relatively constant. If leakage persists during the cesc, rhe rest 
sometimes can be sa lvaged by sav ing the leakage in a container 
and pouring it back in to the reservoir. 

13.10 With a pocket measuring tape, measure the 
depth-using a straightedge placed across the cop of the 
well at the grou nd surface-from that surface co the water 

Figu re 3. - Shallow-we ll permeameter installed in the compacted 

earth lining of a cana l s ide slope. 

surface in the wel l. Calcu late the water height in the well 
as the difference between the depth from ground surface 
co water surface and co the well bottom. (Refer co subpar. 
13.5 and fig. 4. ) Record water height in we ll as hw. 

13.11 Record at convenient intervals-with the 
frequency depending on the flow race-time, volume of 
water in the reservoir, and water temperatures in the well 
a nd in the reservoir (see fig. 2). 

13.12 After the test has been in progress for several 
hours, and as necessary thereafter during the test, calcula te 
the approximate minimum time, t, required co develop 
a saturated so il enve lope around the we ll (s teady-state 
conditions) by the following equation (see example in 
subpar. 14.3): 

where: 
t = 

H= 

k = 

/3 

H 
t = k \(l - {3 ) + (/3 In /3)] (l) 

time in hours 
the distance from the water surface in the well co 

the bottom of the so il test layer, cm 
coefficient of permeability in cm/s, as calculated at 

time intervals during the test (see equation 2) 
hw 

a function of H (see fig. 4) = H 

In natural logar ithm 

NITTE 5.-Inici al flow rates from the well are usu ally erratic 
and the cesc shou ld be cont inued until the flow race becomes 
relatively uniform as determined by periodic calcu lations. For 
sma ll coefficients of permeability, the required test duration could 
be a matter of months and might be impractical for complete 
development of steady-scare cond itions. In chat event, the test 
can be terminated at the end of a 5- to I 0-day period and rhe 
average flow race over the lase 24 hours used to calculate an 
unsaturated coefficient of permeability. Such a coefficient is not 
the true coefficient of permeability; however, it is considered 
a permeability index value. If permeability tests are performed 
at later dates, using the same procedure for the same test duration , 
the index -values would indicate relative changes in coefficient 
of permeability. In the case of a cana l or reservoir lining, these 
changes wou ld indicate increases or decreases in seepage to aid 
in an eva lu ation of lining performance. When rhe tesr duration 
is sufficient for complete deve lopment of the flow envelope 
(s ceady-scace conditions) for derermin arion of a coefficient of 
permeability, use the flow rate obtained after the minimum time 
calcu lated from equation I 

13. 13 After the test has been terminated, remove the 
apparatus and auger a hole from the well boccom co che 
bottom of the so il layer being rested co confirm chat the 
thickness of the soil layer tested was as expected from 
the initial sampling hole. If the thickness is not the same, 
recalculate the coefficient of permeability using the 
thickness measured at the well. 

14. Calculations 

14.1 Refer co the definition sketch on figure 4 and 
the example on figure 2. 
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14.2 Coefficient of Permeability: 

H= depth from water surface in the well to bottom 

r= 
hw 

O' 

/3 

of the soil layer being rested, cm 
radius of well, cm 
height of water in well, cm 

ratio of r to H = :r 
. f h H hw ratio o w to = H 

14.2.1 Calculate a and /3. 
14.2.2 From the chart on figure 4, determine the 

values of a, /3, C, where C is a well coefficient. Solve for C 
14.2.3 Calculate the coefficient of permeability. 

kzo = CV (-J?-) 
where: 

kzo = coefficient of permeability at 20 ° C 
V = viscosity ratio correction for adjusting the 

permeability value to a 20 °C base and 

q 

is equal to l:!I. 
µ20 

It is obtained from figure 5 for a measured 
field wellwater temperature T in °C andµ 
equals the viscosity of water. 

average rate of flow during the last 
. volume 
24 hours of test,-.--

t1me 

(2) 

14.3 Test Duration Computations.-The following is an 
example of computations to determine the test duration 
required to develop a saturated flow envelope (steady-state 
condition) in the soil needed as a basis for a valid calculation 
of coefficient of permeability. The values for the 
computations are from the records of: time, accumulative 
flow volumes, and well dimensions shown on figure 2. 

14.3.1 Test Period-The time from 0812 on 3/6 
(date) to 0830 on 3/7 equals 24.30 hours. 

14.3.2 Accumulative Flow.-The accumulative flow 
during the corresponding period equals 130.3 L --104A·L 
= 25.9 liters. 

25.9 L 
- · Flow rare, q (during period) = 

24
_
30 

h ·= 1.1 L/h 

14.3.3 

H= 
O' = 
V= 

k20 

kzo 

14.3.4 

q = 1100 cm3/h 

Permeability Computation: 

61.9 cm from fig. 2 
0.35, f3 = 0.55, and C = 0.28 from fig. 4 
0.91 for a rem perarure of 24 ° C from fig. 5 
CV4= (0.28) (0.91) (ll00cm3/h) 

H (61.9 cm)2 (3(i00 s/h) 
2.0 X 10-5 cm/s 

Test Duration: 

H 
t= k [(l-/3)+(/3ln/3)] 

t= 
61.9 cm 

(2.0 X 10-5 cm/s) (3600 s/h) 

X [(l - 0.55) + (0.55 In 0.55)] 
t = 104.2 hours 

Since the test at time 0830 (on 3/7) had been run 
for 113.25 hours, the flow envelope should be developed 
yielding a final value of q ( 1100 cm3 /h) and a calculation 
of coefficient of permeability of 2.0 X I 0-5 cm/s (see fig. 2). 

15. Report 

15.1 The report is to consist of a completed and checked 
"Field P,~rmeability T~st (Shallow-Well Permeameter 
Methodr' form (fig. 2.) 

15.2 All calculations are to show a checkmark. 

16. Reference 

[l] Moody, W. T., H. B. Phillips, and I. E. Allen, 
'·'Coefficients for Field Permeability Tests of Soil Canal 
Linings," Technical Engineering Analysis Section, 
Photoelastic Analysis Unit, Report No. 33, Bureau of 
Reclamation, Denver, Colorado, November l, 1955. 
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0 
0 0 .1 0.2 0.3 0.4 0.5 0.6 0.7 

a 

CHART OF (a/3C) AS A FUNCTION 

NOTES 
As a approaches o the value of c increases without limit . 

At a=-0 the test becomes meaningless since no well exists. 
As /3 approaches o. c approaches 1 /1ra 2

• 

For f3 = ,.c=o and the test is again meaningless since 
the well would bottom in the pervious material of 
relatively high permeability. 

Top of layer 
. ,,, 0 . 0: ... ,,\_. 
. ~ . · . d . 

aH=r 

Water level 

·-:·~_:....___'__,,---,]/3H~ h, 
. . .. . 

:• ·~:. 
- d :- •. _• _-...... 

. ,. ·_·o··!.·:~-

Bottom of well 

Base of layer 

'-Material of relatively high permeability-

DEFINITION SKETCH 

. 020 

.010 

0.8 0.9 1.0 

OF a AND /3 

EXAMPLE CALCULATION 
From the example in Figure 2: 

a= 0. 35 , /3 = 0. 55 
From chart above (dashed line) 

a/3 C = 0 . 0 5 4 3. so Iv in g for C 

C 0.054 3 = O. 28 
(0. 35)(0.55) 

Figure 4. - Dererminarion of facwrs fo r calcula1ion of coefficient of permeabili ty. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7310-89 

CONST ANT HEAD HYDRAULIC CONDUCTIVITY TESTS 
IN SINGLE DRILL HOLES 

INTRODUCTION 

This procedure is under the jurisdiction of the Georechnical Services Branch, code 0-3760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designarion USBR 7) 10. The number immediately 
following the designation indicates the year of acceptance or the year of last revision. 

Although rhe term "permeability" was used in all ocher procedures in chis manual percammg to the capacity of rock or soil 
to conduct a liquid, the similar term "hydraulic conqucciviry," is used throughout this procedure. (See designation USBR 3900 
for differences in meaning of the cwo terms.) 

Since geologic and hydrologic conditions encountered during drilling are nor always predictable and may nor be ideal, variations 
from chis procedure may be necessary to suit the particular purpose of the rest, and conditions at the test site. Much of the 
information for this procedure was taken from references LI l through l5 l,' which contain additional information on fielq hydraulic 
conductivity resting. 

1. Scope 

1.1 This designation outlines the procedure for per­
forming rests to determine an approximate value of 
hydraulic conductivity (permeability) of soil or rock in an 
isolated vertical or inclined interval of a drill hole (bore­
hole), either above or below the water table. Usually, the 
rests are performed as a part of the drilling program. This 
procedure can be used in holes of various diameters if 
suitable equipment is available, but N-size L3-in (76-mm)] 
nominal diameter drill holes are most commonly used.2 

1.2 The constant head, single drill hole rest is based 
on the same theories as the steady-stare or Theim-type 
aquifer rest; and the same assumptions are made. These 
assumptions are: ( 1) the aquifer is homogeneous, isotropic, 
and of uniform thickness; (2) the well (rest interval) fully 
penetrates the aquifer and receives or delivers water to 
the entire thickness; (3) discharge or inflow is constant 
and has continued for a sufficient duration for the hydraulic 
system to reach a steady state; and (4) flow co or from 
the well is horizontal, radial, and laminar. Field conditions 
may not meet all of these assumptions. Equations and other 
factors affecting the rest are given in paragraph 14., 
Calculations. This procedure should nor be used for resting 
roxic waste containment that requires a very low loss of 
liquid. 

1.3 Constant head hydraulic conductivity rests should 
be considered scientific tests. Grear care should be exercised 
by chose conducting the rests to eliminate as much error 
as possible. 

1 Number in brackets refers co the reference. 
2 Hereafter referred t0 as N-size holes. 
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2. Auxiliary Tests 

2.1 The soil or rock penetrated by the drill hole should 
be identified, described, and classified from samples taken 
during the drilling operation. Soil can be sampled in 
accordance with USBR 7010, 7015, or 7105 and classified 
in accordance with USBR 5000. Rock cores or cuttings 
should be examined and appropriate description and 
classification made. Dara obtained from the drill hole should 
be entered on appropriate log forms. 

3. Applicable Documents 

3.1 USBR Procedures: 
USBR 1040 Calibrating Pressure Gauges 
USBR 1050 Calibrating Pressure Transducers 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 5000 Determining Unified Soil Classification 
(Laboratory Method) 
USBR 5005 Determining Unified Soil Classification 
(Visual Method) 
USBR 5600 Determining Permeability and Settlement 
of-Soils [8-in (203-mm) Diameter Cylinder] 
USBR 5605 Determining Permeability and Settlement 
of Soils Containing Gravel 
USBR 7010 Performing Disturbed Soil Sampling Using 
Auger Boring Method 
USBR 7015 Performing Penetration Resistance Testing 
and Sampling of Soil 
USBR 7105 Performing Undisturbed Soil Sampling by 
Mechanical Drilling Methods 
USBR 7300 Performing Field Permeability Testing by 
the Well Permeameter Method 



USBR 7310 

3.2 USER Document: 
3.2.1 Geology for Designs and Specifications by the 

Bureau of Reclamation. (This document covers both soil 
and rock.) 

4. Summary of Method 

4.1 Pump-In Test.-Water is injected into an isolated 
interval of a drill hole in soil or rock, and the volume 
of water injected is determined for a measured period of 
time. The injection pressure is a constant gravity head, 
with or without added pressure head provided by a hydraulic 
pump. The hydraulic conductivity is calculated from the 
flow rate, length and radius of test interval in the drill 
hole, and effective head. 

4.2 Artesian Test.-Where water under artesian 
pressure flows out of the drill hole, the effective (shut­
in) head at the test interval is measured and the hydraulic 
conductivity calculated from the flow rate, the length and 
radius of the well, and the effective head. 

5. Significance and Use 

5.1 Hydraulic conductivity tests are made to obtain data 
related to (a) identifying seepage potential and dewatering 
requirements, (b) drainage problems, (c) ground-water 
supply investigations, and (d) grouting requirements. The 
tests yield approximate values of hydraulic conductivity 
that are suitable for many engineering purposes. Reliability 
of the values obtained depends primarily on (a) 
homogeneity of the strata tested, (b) suitability of rest 
equipment used for a given condition, (c) care taken in 
performing the test, and (d) adherence to requirements 
for proper use of the equations. The test is also used in 
formulating geologic descriptions and interpretation of 
material properties, particularly where there is poor sample 
recovery. 

5.2 Where tests are performed in fractured rock, results 
could reflect secondary conductivity rates which would not 
represent primary conductivity of the intact mass. When 
the test is performed in fractured, brittle, swelling clay 
or rock, or where fractures contain loose material, hydraulic 
conducrivity may be reduced and judgment should be used 
in applying results. 

5.3 Generally, this procedure is suitable for materials 
in which the hydraulic conductivity ranges between 5 and 
100,000 ft/yr (5 X 10·6 and 1 X 10-1 cm/s) and where 
results are to be used for engineering purposes. The 
procedure is not applicable in materials of lower 
permeability, particularly for purposes such as investiga­
tions for containment of toxic wastes. 

6. Terminology 

6.1 Definitions are in accordance with USBR 3900. 
Some definitions are from Glossary of Geology [6]. 

6.2 Terms not included in USBR 3900 specific to this 
designation are: 

6.2 . l DnJJ Hole.-A circular hole made by drilling. 

6.2.2 Feed Pipe (conductor pipe, injection pipe, riser 
pipe, drop pipe).-The main pipe (or rod) which conducts 
water from the collar of the hole into the test interval 
in the drill hole for the hydraulic conductivity test. 

6.2.3 Bailer.-A cylindrical container with a valve on 
the bortom for admission of fluid, attached to a line and 
used for recovering and removing water, cuttings, and mud 
from a drill hole. 

6.2.4 Walking Beam.-An oscillating rigid lever 
balanced on a fulcrum used to activate the cable in cable­
tool drilling by alternating up and down motion. 

6.2.5 Aquifer.-A water-bearing bed or stratum of 
earth, gravel, or porous rock with interconnected openings 
or pores through which water can move. 

6.2.6 Packer.-A short expansible device deliberately 
set in a drill hole to prevent upward or downward fluid 
movement; generally for temporary use. The expansible 
part of the packer is called the gland. Straddle packers 
are two packers separated by a length of perforated pipe 
to span or straddle a test interval. 

6.2.7 Artesian-An adjective referring to ground 
water under hydrostatic pressure; i.e., an artesian aquifer 
is a confined aquifer. Artesian ground water rises above 
the confining layer in the drill hole and may or may not 
flow at ground surface. 

6.2.8 Ground W:·uer.-That part of the subsurface 
water that is in the zone of saturation. 

6.2.9 W:1ter Ti1ble.-The surface between the zone 
of saturation and the zone of aeration; that surface of a 
body of unconfined ground water at which the pressure 
is equal to that of the atmosphere. 

6.2.10 Perched Water Table.-A water table, usually 
of limited area, maintained above the normal free water 
elevation by the presence of an intervening relatively 
impervious confining stratum. 

6.2.11 Gauge Saver.-A vessel, with a pressure gauge, 
filled with glycerin or oil to protect the gauge from direct 
contact with fluid in the pressure line (see fig. 1) . 

6.2.12 Holding Pressure (applicable primarily for 
grouting) .-The gauge pressure after the water-pumping 
system has been shut off at the valve ahead of the gauge 
and backflow is prevented. 

6.2.13 Back Pressure (applicable primarily for 
grouting).-The gauge pressure in the system after the 
holding pressure has dissipated as determined by opening 
a valve and allowing the gauge to drop to zero, and then 
reclosing the valve. 

6.2.14 Backflow(applicable primarily for grouring).­
The reverse movement of water out of the drill hole when 
the holding and/or back pressure below the packers exceeds 
the pressure of the water column in the hole. 

7. Interferences 

7.1 During drilling, it is important ro minimize 
movement of fines [minus No. 200 sieve-size material (75 
µm)] into the material being tested and to remove any 
accumulation of fines from the wall of the drill hole during 
preparation for the test, so as to avoid obtaining test values 
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Figure I. - Gauge saver device for protecting pressure gauge. 
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lower than the actual hydraulic conductivity of the material 
being tested. Drilling using clear water without additives 
is preferred. Bentonitic-·muds should nor be used in holes 
where hydraulic conductivity testing is to be performed. 
Biodegradable additives may be used if necessary, but only 
if the test interval is adequately cleaned before testing. 
The drilling procedure should be documented on the log 
form. 

7.2 Test results can be adversely affected by injecting 
water containing sediment which would tend to plug voids 
in the material being tested. 

7.3 The temperature of the injected water should be 
equal to or warmer than that of the ground or ground 
water. This reduces the tendency of air dissolved in the 
water to become entrapped in the voids of the material 
be ing tested and co cause low values of _hydraulic 
conductivity. In most areas not affected by artesian 
conditions, the temperature at a depth of about 25 feet 
(8 m) below the ground surface remains relatively constant 
at the annual mean air temperature for the region. At 
significantly greater depths, temperature rises about l ° F 
(0.6 °C) for each 500 to 1,000 feet (150 to 300 m) of 
depth. The temperature of the injected water, especially 
if it is known to be colder than the ground-water 
temperature, should be recorded on a geologic log, or the 
hydraulic conductivity cesc data forms (see subpar. 8.12 
for suitable temperature measuring devices) . 

7.4 It is possible that dissolved minerals in the water 
used for a test may react chemically with substances in 
the material being reseed to cause a change in the hydraulic 
conductivity. Therefore, it is desirable to use water for 
the test chat is similar in quality co that expec~ed to 
permeate the ground when che project is in operation. 

8. Apparatus 

8.1 Drill Rigs (see fig . 2) : 
_ ~-1. ~ Rotary Drilling.-A drilling method resulting 
m grinding a hole with a hard-toothed drill bit at che 
end of a rotating drill rod (pipe) . The equipment consists 
essentially of a power unit, hoisting or rugging unit, 
controlled-feed rotary drill head and mounting frame, masc 
or tripod, and circulating pump. The rig should have various 
accessory drilling and.sampling equipment (rods, bits, core 
barrels, augers), as required for drill hole advancement, 
sampling, and testing. 

8.1.2 Cable Tool Drilling.-A method of drilling in 
which the material at the bottom of the hole is broken 
up by a steel bit with a blunt, chisel-shaped cutting edge. 
The drilling equipment consists essentially of a mast, a 
sering of drill tools (casing, tubing, or pipe, of one size) 
chat is alternately lifted and dropped by a hoist with a 
power unit, and a walking beam. A bailer is always used 
with a cable tool rig. Normally, a cable tool drilled hole 
is not satisfactory for hydraulic conductivity testing with 
packers. 

8.2 Injecrion Pump-A centrifugal or helical screw type 
pump providing a constant water flow is required. This 
may require a special pump separate from that used for 
drilling operations. Although there may be conditions 
where a larger or smaller pump may be required, high­

.quality pumps having .a capacity of. 40 galfmin (150 L/ 
min) at a pressure of 120 !bf/ in2 (830 kPa) (such as Moriyo 
model 3L-8 manufactured by the Robbins and Myers 
Company, Springfield, Ohio, or equivalent) are adequate 
for most hydraulic conductivity tests. The pump should 
provide the required flow at the required constant pressure 
with maximum allowable pressure fluctuation-due co 
pumping pulsations-of ±5 percent of the test gauge 
pressure. A surge chamber is required for all testing; this 
minimizes pulsations which can affect the injection race 
in the test interval. Also, it makes readings more accurate 
and protects the pressure gauges against damage from 
sudden pressure changes. 

8.3 Feed P1pe.- The feed pipe should be of adequate 
diameter to minimize head losses and have adequate tensile 
strength to withstand pumping pressures and stresses 
during hoisting or tugging. The feed pipe is commonly 
a threaded and coupled assembly of pipe or tubing having 
a uniform inside diameter. Drill rods, generally of N-size, 
can be used without seriously affecting reliability of rest 
data if the flow rate to the test interval does not exceed 
about 15 gal/min (57 L/min) and the depth co the top 
of che interval does noc exceed 50 feet (15 m). 

NOTE 1.-Use of drill rods as feed pipe should be permitted 
only after the assembled drill rod string has been pressure tested 
ro cali_brate head losses at anticipated flows . If seals or sealing 
matenals are used during calibration, the same type of seals or 
sealing materials (not oils or wax) should be used during hydraulic 
conductivity testing. 

8.4 Flowmecers.-One or more calibrated flowmecers 
are required; the capacity of each meter should be specified. 
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For flows up to 50 gal/min (200 L/min), a 1-inch (25-
mm) diameter disk-type meter may be used. For higher 
flows, a 2- or 2-1/2-inch (50- or 65-mm) diameter impeller­
type meter is recommended. 

8.4.1 A straight uninterrupted section of pipe having 
an inside diameter equal to the rated size of the meter 
and a minimum length 10 times the inside diameter of 
the pipe should be provided upstream of the meter. 
Manufacturers commonly recommend pipe lengths of one 
tO two times the inside diameter of straight pipe 
downstream from the meter. 

8.5 Pressure Sensors.-Where required, calibrated 
pneumatic piezometers or electrical transducers can be used 
as down-hole sensors tO measure pressures at the rest 
interval during a hydraulic conductivity rest. Down-hole 
sensors are preferred over the method of calibrating the 
piping system for head loss between a pressure gauge on 
the surface and the test interval. However, an above-ground 
pressure measurement can provide a check of the pressure 
sensor. 
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8.5.1 Pneumatic Piezometers.-A down-hole pneu­
matic piezomerer system has been developed [7]. 
Descriptions of the equipment and procedure, as used at 
two damsites, are presented in appendix XL 

8.5.2 Electrical Transducers.-Electrical transducers 
have been used as down-hole pressure sensors by other 
agencies [8), particularly for very low hydraulic conduc­
tivities [below 1 ft/yr (1 X 10-6 cm/s)]. The USBR has 
used electrical down-hole sensors in preliminary trials. 
Electrical transducers measure pressures more accurately 
than pneumatic piezometers and can be connected tO a 
strip-chart recorder for a continuous record. However, 
transducers are considered less rugged for field use and 
require more maintenance and experienced personnel tO 

operate than do pneumatic piezometers. 
8.6 Pressure Gauges.-When down-hole pressure 

sensors are not available or sensors are not working 
properly, calibrated pressure gauges can be used t0 estimate 
effective pressure in the rest interval after correcting for 
friction loss through the feed pipe and packer. All pressure 
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gauges used in water testing should be high-quality, 
stainless steel, glycerin or oil filled, with pressure indicated 
in both lbf/in2 and kPa (such as manufactured by Marsh 
Instrument Company, a unit of General Signal, P O Box 
1011, Skokie, Illinois; or equal). Pressure gauge ranges 
should be compatible with · testing requirements; they 
should be sized so that the gauge capacity does not exceed 
two to three rimes the maximum desired pumping pressure 
for each respective pumping stage. Gauges should have 
the smallest graduations possible and an accuracy of ±2.5 
percent over the total range of the gauge. If a gauge saver 
is used with the gauge, calibration should be made with 
the gauge saver in place. Accuracy of the gauges should 
be checked before use and periodically during the testing 
program (see subpar. 11.2 for additional information). 

8.6.1 One or more pressure gauges should be located 
downstream of the flowmeter and downstream of any 
valves at the cop of the feed pipe. This location for pressure 
measurement can be used by inserting a sub (adaptor, or 
short piece of pipe) with che gauge - installed on the 
cop of rhe feed pipe. 

8.6.2 Ac least one additional calibrated replacement 
gauge should be available at che rest sire. 

8.7 Swivel-During the hydraulic conductivity test, ic 
is preferable co eliminate the swivel and use a direct 
connection co the feed pipe. If a swivel must be used in 
the water line during testing, it should be of the 
nonconscriccing type and calibrated for head loss . 
Significant friction loss can result from use of che 
constricting type. 

8.8 Packers.-One or two (straddle) packers are required 
for the rest. Packers may be either bottom-set mechanical, 
screw set mechanical, pneumatic inflatable, or liquid 
inflatable. The pneumatic inflatable packer is the preferable 
type for general use and is usually the only one suitable 
for use in soft rock and soil. The gland of this packer 
is longer and more flexible than the other types and will 
form a tighter seal in an irregular drill hole. A leather 
cup type of packer should not be used. To ensure a tight 
water seal, the length of contact between each expanded 
packer and the drill hole wall should not be less than three 
times the drill hole diameter. 

NOfE 2.-More than one type of packer may be required to 
test the complete length of a drill hole. The type of packer used 
depends upon many factors, e.g., rock type, drill hole roughness, 
spacing and width of rock joints, and test pressures. 

8.8.1 Inflatable Packers.-Inflatable packers with an 
expansible gland and a floating head (see app. fig. Xl.2) 
should be designed for anticipated drill hole diameters and 
pressure conditions. For normal hydraulic conductivity 
testing, a reasonable maximum recommended working 
pressure inside and outside of the packer is 300 lbf/ in2 

(2070 kPa) [8]. Inside pressure should be increased in 
water-filled holes, proportionally co the static head. For 
drill holes wich sharp projections in the walls, a wire­
reinforced packer gland having a higher working pressure 
[7] may be required. The pressure in the packer should 
not be high enough to fracture the material being tested. 

The pressure required to form a eight seal at the ends 
of a tesr interval depends on the flexibility of rhe gland, 
the friccion of the floating head, and the drill hole 
roughness. The minimum differential pressure between 
the packer and che test interval can be determined by res ring 
packers in a pipe slightly larger than rhe nominal diameter 
of the drill hole, in order to simulate possible enlargement 
of rhe drill hole during drilling. For a given rest interval 
pressure, the packer pressure is increased until ir provides 
a waterrighc seal between the packer and the material with 
which ic is in contact. The pressure in rhe packer should 
range approximately between 30 and 300 lbf/in2 (210 ro 
2100 kPa) greater than that in the test interval, with 100 
lbf/in2 (690 kPa) being normal. Pneumatic inflatable 
packers can be inflated with compressed air or compressed 
nitrogen. 

8.8.2 Special pneumatic packers are available for use 
in wireline drilling operations. Because the packers must 
be able co pass through the wireline bit and then expand 
co completely seal the hole at the test interval, special 
materials are needed for the packer gland. A special packer 
assembly-consisting of two packers in tandem-is used 
with the upper packer being expanded inside the drill rod, 
just above the bit, and the lower packer expanded against 
the wall of the hole just below the bit. The cwo packers 
on the assembly can be positioned properly-relative co 
the bit-by a sec of lugs or a ring located on che assembly. 
Special seals or connections are needed co attach che water 
supply co the wire-line drill pipe at the surface. 

8.8.3 A minimum of two secs of replacement packers 
and/or spare glands should be available at the test sire. 

8.9 Perforated Pipe Sections.-Lengths of perforated 
steel pipe corresponding ro the lengths of cesc intervals, 
are required between packers co admit water into the test 
intervals . The total area of all perforations should be greater 
than five times the inside cross-sectional area of the pipe. 
These perforated pipe sections should be calibrated for 
head loss. 

8.10 Well Screen.-Well screen or slotted pipe may be 
required for testing in granular, unstable materials that 
require support [9]. As a general rule, the maximum size 
of slot width should be approximately equal to the 50-
percent size of the particles around the drill hole (see 
subpar. 11.4). 

8.11 Water Level Measuring Device: 
8.11.1 Although there are other types of water level 

indicators, che eleccrical probe indicator is most commonly 
used. Essentially it consists of (1) a flexible, insulated 
conduit marked in linear units and enclosing two wires, 
each insulated except at the tips; (2) a low-voltage electrical 
source; and (3) a light or ocher means of indicating a closed 
circuit which occurs when the tips contact the water surface. 
Different brands of electric water level indicators and even 
different models of the same brand often have their own 
unique operating characceriscics. Before using any electric 
water level indicacor, it should first be tested ac the surface 
in a bucket of water. 
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8.11.2 For approximate measurements of the water 
level when it is within about 100 feet (30 m) of che ground 



USBR 7310 

surface, a cloth tape with a "popper" can be used. A 
"popper" can be made from a short pipe nipple (or length 
of tubing) by screwing a plug attached to a graduated tape 
intu one end of the nipple and leaving the other end of 
the nipple open. When the "popper" is lowered in the 
drill hole and the open end of the pipe nipple strikes 
a water surface, it makes a popping sound, and the depth 
to water can be measured by the tape. 

8.11.3 An accurate measurement of the water level 
can be made by chalking the lower end of the steel tape. 
After contacting the water level, the tape should be lowered 
about L more foot before retrieving it. Measurement is 
then made to the "wet line" on the tape. 

8.12 Temperacuie Measuring Device.-Equipment for 
measuring ground-water temperature is available from 
commercial sources or can be made from a thermistor, 
two-conductor cable, reel, Wheatstone bridge, and a low­
voltage electrical source. A maximum-minimum type 
thermometer is acceptable. 

9. Regents and Materials 

9.1 ~'7:lter (See subpars. 7.2, 7.3 , and 7.4.).-The clear 
water supply should be sufficient tO perform the hydraulic 
conductivity test without interrruption and to maintain 
the required pressure throughout the test period. 

9.2 S,wd or Gravel Backfill.-Where a granular backfill 
is used t0 prevent sloughing of the drill hole wall, it should 
be a clean coarse sand or fine gravel. Laboratory 
permeability tests (USBR 5600 or 5605) should be made 
on the backfill material to make sure that it has a coefficient 
of permeability greater than one order of magnitude higher 
than that expected of the in situ material being rested. 

10. Precautions 

LO. I Safety Precautions: 
L0.1.1 This procedure may involve hazardous 

materials, operations, and equipment. 
lO. l.2 Use normal precautions for drilling [ 10, 11]. 
L0.1.3 Precautions should be taken during calibration 

pressure testing of equipment, particularly testing of 
packers with compressed air or nitrogen (never use oxygen) 
to avoid injuries from a sudden packer or hose rupture. 

L0.2 Technical Prernutions: 
10.2. l As a general rule, total pressure (static head 

plus gauge pressure) applied in the drill hole should nor 
exceed 1 lbf/in2 per foot (22.6 kPa/m) of rock and soil 
overburden at the center of the test interval, if the test 
interval is 10 feet (3 m) long or less. If the rest interval 
exceeds 10 feet, pressure should not exceed 1 lbf/in 2 per 
foot of overburden at the top of the interval. In layered 
or fractured material, or for drill holes near steep abutments 
or slopes, 0.5 lbf/ in2 per foot ( 11.3 kPa/ m) of material 
to the nearest free surface is an appropriate maximum 
pressure. Higher pressures than these may fracture the 
materials. 

10.2.2 If there is excessive or complete loss of water 
when the hole is being drilled, drilling should be sropped 
before cuttings fill the voids, and a hydraulic conductivity 
rest completed on a shorter than normal length rest interval. 

10.2.3 Hydraulic conductivity rest equipment should 
be considered and treated as precision testing equipment. 
Gauges, thermometers, ere., should have their own 
protective cases; they should not be carried with drill tools 
or be tossed around. They should be calibrated frequently. 
Ir is recommended that all test equipment needed for 
hydraulic conductivity resting be kept separate from drilling 
equipment. 

11. Calibration 

11.1 For Measurment of Effeaive Head: 
11. l. l Pressure Sensurs.-Calibrare down-hole 

pressure sensors by the methods and at frequencies 
prescribed by USBR LOSO. 

11.1.2 Friction Loss Estimates.-Where down-hole 
pressure sensors are nor used, estimates of effective head 
at the rest interval are made by subtracting friction loss 
from the applied head measured at the ground surface. 
The friction loss should be determined for all components 
of the piping system, from the pressure gauge to the test 
interval. 

11. L.2. I Calibrate friction loss in parts or sections 
of the piping systems including ( L) the swivel (if used); 
(2) feed pipe (per unit length); and (3) the packer assembly. 
Record the data, with references to the particular parts 
calibrated, in tabular or graphical form so the accumulative 
friction loss can be totaled for determination of effective 
head at the test interval. The calibration procedure is as 
follows: 

l l. l.2.1.1 Lay out the individual or joined parts 
to be calibrated on a horizontal surface with calibrated 
pressure gauges at each end. 

l L. 1.2. 1..2 Pump water through the system at 
incremental, increasing flow rares to the maximum flow 
rare expected to be used in the test; allow the flow to 
stabilize between incremental flows. 

L 1.1.2. L.3 Record the pressure at each gauge for 
each incremental flow rate. 

11. l .2. L.4 Calculate the friction head loss for 
each incremental flow rare. 

( I ) 

where: 
f = friction head loss in feet of head per linear foot 

of pipe, ft/ft or 111/111 

Pi = upstream pressure, ]bf/ in 2 or kPa 
P2 = downstream pressure, lbf/in2 or kPa 
d = pipe length, fr or m (d = l for swivel or packer 

assembly) 
2.31 = converts from pressure in !bf/ in2 to head in feet 

or 0.102 converts from pressure in kPa to head 
in meters 

Example, assume 

A = 18.6 lbf/in2 or l28 kPa 
P2 = 13.2 lbf/in2 or 91.0 kPa 
d = 10.0 ft or 3.05 m 
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Inch-pound application: 

f = 2.31 ( 18.~~-~3.2) 1.25 ft/fr 

SI application: 

f = 0 102( 
128 

- 9 1.o) = 1.24 m/m 
. 3.05 

l l. l.2.1.5 Plot friction head loss versus flow 
rare. Figure 3 is an example of a plot of friction head 
loss (/) at relatively low flow rates for a 10-foor (3.3-m) 
length of 1-1/4-inch (32-mm) diameter pipe. Since head 
loss in pipe at turbulent flow is approximately related to 
velocity squared, a plot of friction head loss versus che 
square of the flow rate is nearly a straight line (see fig. 4). 

NOfE 3.-There are standard cables and charts which provide 
unit friction losses for various sizes of pipe, elbows, tees, reducers, 
ere., for clean and rusty conditions. Although such information 
is sometimes used, it is preferable co determine friction losses 
in the piping system and packers actually used for the hydraulic 
conductivity test. 

11.1.2.1.6 To calibrate a packer, inflate the 
packer in a short length of casing or pipe in which a·valve 
and pressure gauge have been installed. A pressure gauge 
is also installed in the rods immediately ahead of the packer 
assembly. Pump water into the rods at incremental 
increases (or decreases) of flow rate-allowing the system 
to stabilize after each incremental change-until the 
highest anticipated flow rate is reached. 

NOfE 4.-For packers smaller than N-size, such as the B-size 
used in wireline equipment", there are significant head losses, 
and relatively low flow races muse be maintained. This requires 
water meters and pressure gauges capable of accurately measuring 
the low flows and small changes in pressures. 

11.2 Pressure Gauges.-Calibrate each pressure gauge 
(see USBR 1040) by comparing it with a test or master 
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Figure 3. - Head loss due ro friction at increasing flow rates for a I 0-

foot (3-m) 1-1/4-inch (32-mm) diameter iron pipe. 

gauge. The master gauge should not be used during drilling 
or hydraulic conductivity testing. Calibrate each gauge at 
the start of a testing program plus one additional calibration 
per week during rests of long duration. 

11.3 Flowmeters.-Calibrate a flowmerer by flowing 
water into a container of known volume; the container 
used for the volume check should be commensurate in 
size with the flowmecer size and graduations. From these 
data, flow rares can be calculated for comparison with meter 
readings. All flowmeters should be calibrated to an accuracy 
of ±1 percent. Calibration should be done at the start of 
the resting program plus one additional calibration per 
week during rests of long duration. 

NOfE 5.-Some impeller-type flowmeters have an accuracy 
range significantly less than indicated by the dial. Minimum and 
maximum races should be established. 

11.4 Well Screens and Per/orated or Slotted Pipe 
Sections.-From manufacturers' data or by calibration, 
determine the head losses in expected flow ranges to ensure 
there is no restriction of flow into the material being tested. 

12. Conditioning 

12. l Nor applicable, special conditioning requirements 
are not needed for this procedure. 

13. Procedure 

13.l Cleaning of Dnll Hole: 
13.l.l Remove any accumulation of fine particles 

(smear, mud cake, compaction caused by driving casing, 
etc.) from the drill hole wall. Such accumulation 
significantly restricts the flow of water into or from the 
hole. Exercise good judgment in cleaning the hole, since 
excess cleaning may be detrimental. If there is a question 
as to whether or not drill holes in particular materials 
need cleaning, hydraulic conductivity tests can be performed 
in holes with cleaning and others without cleaning. If 
cleaning does not significantly change rest results at a sire, 
cleaning of additional intervals in the same materials may 
not be necessary . 

13.1. l.1 When che test interval is above the water 
table, it may be possible to brush or scratch the drill hole 
wall to break up accumulated fines . For unstable materials 
which require use of a well screen, materials which cave· 
against the screen may break up the accumulation of fines 
on the wall. Mild surging with a bailer, while adding water, 
also may help break up a disturbed or compacred zone, 
but this may stir up fines which then plug the voids in 
the material to be tested . Mild jetting-followed 
immediately by bailing or pumping-also is a possibility. 

13.1. l.2 When the rest interval is below the water 
table-in materials that are rock-like and self-supporting­
use of a water jet in the hole (preferably accompanied 
with pumping to induce flow into the borehole) is one 
of the best methods to clean the hole. After jetting, bail 
or pump the sediment-laden water from the rest interval. 
Jetting can also be used through a screen below the water 
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Figu re 4. - Plot of feed p_ipe ca libra tion data - example. 

cable in unstable materials. For soft rock, flushing che sides 
of che drill hole by running che bit or a bailer up and 
down the hole may enlarge the hole by erosion or ocherwise 
change the characteristics of the fracture systems. 

13.1.1.3 Finally, clean che drill hole by pumping 
or bailing water from the bottom upward, with the 
pumping continued until the return fluid is clear without 
cuttings or sediment. Record the method used in cleaning 
the hole on the log of drill ho le or on a special testing 
form. 

13.2 Length of Test Interval: 
13.2.1 The length of the test interval depends on 

(1) purpose of the test, (2) stratigraphic interval, and (3) 
flow rate. Where materials are relatively uniform, use a 
test interval of about 10 feet (3 m). Where flow rates 
are high , shorten the test interval co locate high flow race 
zones; where races are very low, the interval may be 
lengthened if desired. 

13.3 Ground-Water Level Determination: 
13 .3.1 Depth co ground-water level muse be 

determined before calculating hydraulic conductivity. 
Measure depths to water levels with an electrical probe 
or o ther suitable equipment (see subpar. 8.11) . 

13.3.2 Auger Holes.-ln power auger or other types 
of holes to which water is not added as pare of the drilling 
process, report the presence or absence of a water level, 
depth co water level, and dace of initial and final water 
level measurement. In materials of low hydraulic 

conduccivicy, several days co several weeks may be required 
for a water level to stabilize in the hole. Report evidence 
of moisture in the cuttings and if a perched water level 
was observed. 

13.3.3 Rotary or Cable Tool Holes.-For drill holes 
in which addition of water co the hole is an integral part 
of the drilling process: 

13.3.3.1 Bail or pump the hole dry or co a stable 
wa ter level at the close of the last shift each day and record 
level. 

13.3.3.2 Report the presence or absence of water 
and depth co water at the beginning of the first shift each 
day. Additional readings are desirable whenever water level 
in the hole has not been disturbed for an appreciable period 
of time. 

13.3.3.3 Report changes in water level detected 
as the hole is drilled deeper. Record factors that affect 
the water level such as depth of casing, and/or cemented 
intervals. These data may be helpful in recognizing perched 
or confined (artesian) conditions. 

13.3.3.4 Upon completion of the hole, the water 
must be bailed down to the extent practicable, the water 
level measured, and the dace recorded of hole completion. 
Measure the water level for a period of days or weeks 
until equilibrium is reached. 

NOfE 6.-At times, exceptions must be made to the requirement 
for continuation of water level readings. Such is the case when 
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state or local laws require chat the hole be filled continuousiy 
from bottom to cop immediately upon hole completion and before 
the drill crew leaves the sire. In ocher instances, landowners may 
allow right-of-entry for only a limited time for measurements. 

13.3.4 Perched and Artesian Aquifers.-lc is impor­
tant tO recognize perched and artesian aquifers, especially 
those under sufficient pressure tO raise the water level 
above the confining layer but nor tO the ground surface 
(see (5 ]). They must be distinguished from water table 
aquifers (those which continue in depth). If perched water 
table or artesian aquifers-separated by dry or less 
permeable strata-are encountered in the same drill hole, 
the resulting water level in the hole is a composite; 
therefore, conclusions and interpretations based on such 
data are misleading. If a perched water table is recognized 
(or suspected) during drilling, water levels must be 
determined for each zone for calculation of hydraulic 
conductivity. This might require completion of the drill 
hole with a watertight seal set at a suitable horizon tO 

separate two water table conditions. In this type installarion, 
two strings of pipe or conduit are required: one extending 
down to the portion of the hole immediately above the 
packer, and a second string extending through the packer 
to a point near the bottom of the hole. Water-level 
measurements provide the basis for determining a perched 
condition or if the lower water table is under artesian 
pressure. 

13 .3.5 Mulriple Water-Level Measurements.-In 
some instances, it is desirable tO install multiple conduits 
and packers or plugs in a drill hole so that ground-water 
levels (or pressure heads) in several water-bearing horizons 
can be measured over an extended period of time (see 
[5], pp. 7-14). 

13.4 Pressure Tests With Packers: 
13.4. l The recommended arrangement of typical 

equipment for packer pressure tests, without a pressure 
sensor is shown on figure 2. (See app. fig. Xl. l for 
equipment with a pressure sensor.) Beginning at the source 
of warer, the general arrangement is clean water source, 
suction line, pump, discharge line tO srorage and/or settling 
tank, suction line, water-supply pump, surge chamber, line 
ro bypass valve junction, water meter, gate or plug valve, 
tee with sub for pressure gauge, short length of pipe on 
which the pressure gauge is attached, tee and off-line 
bleeder valve for evaluating back and/or holding pressure, 
flexible 1-1/4-inch (32-mm) diameter hose, and 1-1/4-
inch-diameter feed pipe ro packer or packers in drill hole, 
which isolate the rest interval. All connections should be 
tight and as short and straight as possible with minimum 
change in diameter of hose and pipe. Friction loss decreases 
as the pipe diameter is increased. 

13.4.2 When the material is subject co caving, and 
casing and/or grout is needed to support the walls of the 
drill hole, the hole should be water reseed as it is advanced. 
Ocher hole conditions may make chis procedure desirable 
or necessary. The following procedure is commonly used: 

13.4.2. l After the hole has been drilled to the top 
of the interval co be tested, it may be desirable tO remove 

the drill sering from rhe hole and advance casing or grout 
ro rhe bottom of the hole. 

13.4.2.2 Advance the hole 5 to 10 feet ( 1.5 to 3 
m) into the material to be reseed. 

13.4.2.3 Remove the drill sering from rhe hole. 
13.4.2.4 Clean the interval to be tested, and record 

the depth tO the warer table, if present. If a composite 
water level is suspected, the warer level affecting rhe rest 
should be determined by measurements through the feed 
pipe after rhe packer has been seated and the water level 
has stabilized. 

13.4.2.5 If rhe hole will stand open, sear a single 
packer ar the top of rhe test interval. Record the type 
of packer, irs depth, and packer pressure if it is rhe inflatable 
type. 

13.4.2.6 Pump water into the interval ar a rate 
to develop a suitable pressure. The pressure to be used 
depends upon testing depths and ground water levels or 
pressures. Materials subject to deformation or heaving, such 
as by separation of bedding planes or joints, or materials 
at shallow depths, must nor be subjecred to high pressures 
(see subpar. 10.2. l ). For comparison of flow rates in 
different parts of a single foundation and with results from 
other foundations, some of the following pressures are 
commonly used: 25, 50, 75, and LOO lbf/in 2 (170,350,520, 
and 690 kPa). 

Nor£ 7.-At test pressures less than 25 lbf/in2, errors in 
measurement of pressure and volume of water may increase unless 
special low pressure gauges are used. Gravity tests provide more 
accurate results under these conditions. At pressures higher than 
10 lbf/in2, difficulties in securing a right packer seal and the 
likelihood of leakage increase rapidly. However, under artesian 
pressures or in deep holes the water pressure-as registered on 
a surface gauge-will need to be sufficient to overcome the 
effeccive head at the test interval and firmly seal the packer. 

Nill£ 8.-Where the hole is subject to caving, a pump-down 
wire-line system has been developed rhar can be used to eliminate 
removal of the drill string from the hole. With this system, the 
hole is drilled to the bottom of the interval co be tested, and 
the drill rod is raised so the end of the rod is at the top of 
the test interval. The tandem packer (see subpar. 8.8.2) is then 
lowered through the drill rod and expanded to seal both inside 
the rod and against the wall of the hole at the cop of the test 
interval. Models of this equipment are available which have 
transducers below the packer for measuring water pressures at 
the test interval. 

13.4.2.7 For determining effective head, artesian 
heads encountered in the drill hole are treated the same 
as water cable conditions; i.e., the depth from the pressure 
gauge, or the water level maintained during the test, to 

the stabilized water level is used as the gravity head. If 
the artesian head stabilizes above the ground surface, the 
gravity component of the effective head is negative and 
is measured between rhe stabilized level and the pressure 
gauge height. If a flow-type rest is used, the effective head 
is the difference between rhe stabilized water level and 
rhe level maintained during the flow period. 
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13.4.2.8 After pressures are selected, based on 
ground-water conditions and che purpose of che test, 
perform a tesc ac each pressure. Usually, a 5-cycle procedure 
is used, three increas ing steps to the maximum pressure 
and then two decreasing steps to the starting pressure. 
This cycling allows a more derailed evaluation of rest results 
than testing at a single pressure and commonly allows 
extrapolation to ascertain at what pressures the following 
may occur (1) laminar flow, (2) turbulent flow, (3) dilation 
of fractures, ( 4) washouts, (5) void filling, or (6) hydraulic 
fracturing. However, the equations normally used to 
ca lculate hydraulic conductivity are based on laminar flow 
conditions. 

NOfE 9.-ln some insrances, on ly a single water pressure test 
at a given interval in the drill ho le may be required. For example, . 
if geologic conditions are known, and there is no need co perform 
the steps in subparagraphs 13.4.2.2 through 13.4.2.6, a single 
value of hydraulic conductivity with a relatively low application 
of pressure may suffice. 

13.4.2.9 During each test, continue pumping water 
to the test interval at the required pressure until che flow 
rate becomes stable. As a general guide, maintain flow 
rares during three or more 5-minute intervals during which 
l-minute readings of flow are made and recorded. In tests 
above the water table, water should be applied to the test 
interval until the flow rate stabilizes before starting the 
5-minuce measurement intervals . Where cescs are below 
the wacer table, flow rates usually stabilize faster than for 
the tests above the water table, and the time period before 
che 5-minure test intervals may be shorter. These rime 
periods may need to be varied, particularly when rests to 
determine grouting requirements are made 

13.4.2.10 Determine and record the presence of 
back pressure and decay of holding pressure. After the 
rest, deflate the packer and remove it from the drill hole. 

13.4.2.11 Advance the drill hole and, if necessary, 
the casing; repeat the procedure in subparagraphs 13.4.2.3 
through 13.4.2.10 until the required depth of drill hole 
is reached. When casing is used in a drill hole, always 
set the packer in the material below the casing. 

13.4.3 If the hole will stay open without casing, it 
can be drilled to final depth , and after cleaning the hole, 
hydraulic conductivity rests can be performed from the 
bottom of the hole upward using straddle (double) packers. 
Although a single packer can be used co test the bottom 
interval of the hole, starting at the borcom with double 
packers will cause loss of borehole testing of only about 
the length of the bottom packer and will save one complete 
trip in and out of the hole with the drill string assembly 
co change the packers. After the test for the bonom interval 
is completed, straddle packers are used for successive cest 
intervals up the drill hole. See subparagraph 13.4.2, where 
caving or other hole conditions will not allow this 
procedure. 

13.5 Gra vity Tests: 
13.5 .1 Constant-head gravity tests are usually 

performed without packers above or below the water table 
with drill holes of N-size or larger (see fig. 2, derail D) . 

This type of test is often made in reasonably stable-walled 
drill ho les up to 25 feet (7.6 m) depth where water pressure 
at the test interval needs co be kept low. The test is usually 
performed in successive 5- or 10-foot (l.5- or 3-m) intervals 
as the drill hole is advanced. The upper end of each test 
interval is normally determined by the botcom depth of 
tightly reamed or driven casing. If the casing is not believed 

·co be tight, appropriate entries should be recorded on the 
log form. If the wall of the drill hole is stable, the test 
can be performed in the unsupported hole. If the wall 
needs to be supported, use a well screen (see subpar. 11.4 
for calibration) inserted through the casing. It may be 
necessary to ream or drive the casing to the bottom of 
the incerval, set the screen, and then pull back the casing 
to expose the screen. After the test, the screen is removed 
and the casing reamed or driven to the bottom of the 
hole. 

NOfE lO.-Clean coarse sa nd or fine gravel backfill (see subpar. 
9.2) may be used instead of a well scree n. Ream or drive the 
casing to the borrom of the interval , dean it our, and add the 
backfill as rhe rnsing is pulled back ro expose rhe rest interva l. 
Record use of rhis procedure on the log form. 

13.5.1.1. If the drill hole is self-supporting, clean 
and prepare it in rhe normal n1anner (see subpar. 13.l). 

l3.5. l.2 If the drill hole is not self-supporting, 
lower the well screen and casing into the hole. 

13.5. l.3 For test intervals above the water table, 
maintain a constant head of water !_within 0.2 foot (60 
mm)] at the top of the test interval by injecting water 
through a small diameter rube extending below the water 
level maintained during the test . For cest intervals below 
the water table or influenced by artesian conditions, 
maintain a constant head a short distance above the 
measured static water level. 

Monitor the water level wich a water-level indicato r. 
If the water-level indicator is inserted in a small diameter 
pipe in the casing, the wave or ripple action on the water 
surface will be dampened and permit more accurate water­
level measurements. 

NOfE l l.-When the flow rare is very low, rhe constant wa rer 
level can be maintained by pouring warer in rhe hole from a 
graduated container. 

13.5. l.4 Record the flow rate at wne intervals 
until a constant flow rare is reached. 

13.5. l.5 Repeat che procedure of subparagraphs 
13.5. l.3 and 13.5 .1.4 at one or more different water levels. 

13.5.1.6 This res t is essentially the same as desig­
nation USBR 7300 (see also L3], p. 74); the instructions 
in USBR 7300 for performing the rest and calculating 
hydraulic conductivity apply to this procedure also. 

14. Calculations 

14. l For pressure or constant gravity head hydraulic 
conductivity rests, calculace the hydraulic conductivity of 
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rhe soil or rock by rhe following equation (expressed m 
consistent unirs) [4]: 

k = ~ In ~ , where L ~ lOr (2) 

or 

k = ~ sinh-1 :r , where l0r~ L ~ r (3) 

where: 
k = hydraulic conducrivity, fr/yr or cm/s 
q = constant race of flow into the rest interval, 

ft3/yr or cm3/s 
L = length of the test interval, ft or cm 

H = differential head of water at rest interval, fr or 

r= 
In= 

cm 
radius of the borehole, ft or cm 
natural logarithm, loge 
inv~rse hyperbolic sin~ 

smh- 1 x In (x + yx2 + 1) 

14.2 An example calculation for a single packer test _ 
in the botrom of a borehole belov., the water table follows: 

Example, assume: 

r = 1.8 in or 0.15 ft= 4.6 cm 
q - 2.2 gal/min or 8.3 L/min 
q = 1.5 X 105 ft3/yr = 140 cm3/s 
L 3.0 ft = 91 cm 

Hg, gravity = distance from ground-water level co 
· pressure gauge = 10.2 ft = 311 cm 

Hp , pressure 5 lbf/ in2 X 2.31 ft water/ ([bf/ in2) 

11.6 ft= 354 cm of water 
H = Hg+ Hp= 21.8 ft= 664 cm 

~ = t1°5 
= 20, hence use equation (2) : 

k = _9_ In J; 
2rrLH r 

k = 1.5 X 105 fr3 /yr In 3.0 ft 
2rr (3.0 ft) 21.8 ft 0.15 ft 

k = 1.1 X 103 ft/yr = 1.1 X 10-3 cm/s 

NafE 12.-These equations are most applicable and reliable 
where the length of test interval is at lease 5 r, and the interval 
is below che water table. The equations are based on laminar 
flow of fluid through porous media. Flow races, high enough 
co cause turbulent flow, invalidate the results in all types of 
material. In fractured material , the calculated value should be 
considered an apparent hydraulic conductivity even under laminar 
flow conditions. 

14.3 For pressure resrs, when rhe resr interval is below 
the water table, H is the distance from rhe water table 
to the elevation of the pressure gauge plus applied pressure 
converted to linear units of water head. 

Where the rest interval is above the water table, His 
rhe distance from rhe midpoint of the isolated rest interval 
to the elevation of the pressure gauge plus the applied 
pressure converted to linear units of water head. 

For gravity rests above the water table, H is the distance 
between the bottom of the test interval and the water 
level maintained during the test. 

For gravity rests below the water cable, His the distance 
between the pretest stabilized water level in the drill hole 
and the water level maintained during the rest. 

14.4 If there is artesian pressure, an additional pressure 
muse be applied to overcome the artesian pressure to 

provide an effective rest pressure. For example, if there 
is an artesian pressure of 5 lbf/in2 (34 kPa) at the pressure 
gauge, 15 lbf/in2 (103 kPa) could be applied, then the 
effecrive pressure would be 15 lbf/in2 minus 5 lbf/in2 which 
equals 10 lbf/in2 (69 kPa). 

14.5 The calculations can be done conveniently by (1) 
a nomograph [12], (2) a hand calculator with the proper 
functions, or (3) a computer. For re pea red tests, it is 
convenient to prepare a table for one or more diameter 
drill holes and lengths of rest intervals and combine the 
terms on the right side of the equations, other than q 
and H, into a coefficient. 

NafE 13.-The lugeon (lugeon unit, lugeon coefficient) [ 13, 
· 14, 15, 16], has been used as an index of hydraulic conductivity, 
in connection with cyclic tests, and for grouting purposes. 

15. Report 

15.1 Record field test data on a daily driller 's report, 
and/ or on rhe log of the drill hole or on a special reporting 
form designed for the specific project. Record the following: 

15.1.1 Log of the drill hole. 
15.1.2 Elevations of the ground surface, the water 

cable, and the top and bortom of the rest interval. 
15.1.3 Diameter of the drill hole at test interval. 
15.1.4 Method of cleaning the drill hole. 
15.1.5 Size of the feed pipe and any well screen. 
15.1.6 Water pressure and/or gravity head, and flow 

rare for each rime interval. 
15.1.7 Tora[ amount of warer used per resr. 
15.1.8 Average temperature of ground warer and 

water used in the rest. 
15.1.9 Packer inflation pressures. 
15.1.1, Capacity of pump supplying water to the 

rest interval. 
15.1.11 All head loss calibration dara. 
15.1.12 Nore any comments considered necessary to 

help evaluate the test results. 
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APPENDIX 

XL PROCEDURE USING A PNEUMATIC PIEZOMETER WITH TWO PACKERS 
ISOLATING THE TEST INTERVAL 

XL 1 Equipment Assembly (Refer to figs . Xl.l and 
X l.2) .-A complete straddle packer unit is assembled as 
follows. 

X 1.1. l Connect a predetermined length of perforated 
injection (feed) pipe to the lower packer. (The length of 
perforated pipe is determined by the thickness of the zone 
to be rested.) Connect the inflation tubing to the lower 
packer, and lower the sliding head end of the packer into 
the drill hole. (See subpar. l l. l.2.1.6 for calibration of 
packers.) 

Xl. 1.2 Clamp the top of the perforated injection pipe 
at the hole collar, and connect the upper packer with the 
sliding head already down the hole. 

Xl. l.3 Provide approximately 12 inches (300 mm) of 
slack in the inflation tubing between the two packers to 
allow for retraction of the upper packer sliding head. 
Connecr the tubing to the upper packer. 

Xl. l.4 Install the pneumatic piezometer, piezomerer 
tubing, packer inflation tubing, and sealed lengths of 
injecrion pipe to the head adaptor. 

X l.l.5 Lower the entire unit into the drill hole adding 
lengths of sealed injection pipe as necessary to reach the 

(Storoqf!/ Settling ton; 

/Waler Sauret 

interval to be tested. As the unit 1s lowered, the packer 
inflation cubing and the piezomecer tubing is unreeled into 
the hole and caped to the sealed injection pipe at 
approximately IO-foot intervals. 

Xl.l.6 Upon reaching the test depth, lock both the 
inflation tubing reel and rhe piezomecer cubing reel; connecr 
the inflation cubing by quick-connecr couplings to a nitrogen 
or compressed air bottle equipped with a high pressure 
regulator; connecr the piezomecer cubing by quick-connect 
couplings to the readout box; and connect the injection 
pipe to the water pressure source. The test is now ready 
co begin. 

Xl.2 Test Procedure 

X 1.2. l After the unit has been lowered to the test 
interval and before inf!acing the packers, any water head 
above the test interval must be determined. This head will 
show as pressure on the pneumatic piezometer gauge and 
can be verified by running a water level indicator into 
che hole co measure the depth to the water table. The 
piezometer will register water pressure that can be 
converted to head of water. This water head should be 

Compressed 01r or 
nitrogen bot tie\ 
Regulator_ 

Pocjer o,r lin e-.. I 

P,nometer / lnJtC t,on oioe 
head adaptor 

Lo .. er ooc~er inflot,on tubmr; 

Figure X 1. 1. - Schematic arrangement of drill hole packer and pressure monimring equipment. 801-D-180 
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Pressure seals Wire reinforced rubber gland clomps 
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Inflation chamber Floating packer head 
Piezometer Packer inflation lubing 

UPPER DRILL HOLE PACKER AND PRESSURE MONITORING EQUIPMENT FOR N X HOLE 

Figure X 1.2. - Upper Jrill hole packer anJ pressure monitoring equipment for NX hole. 

used to determine che minimum inflation pressure to be 
applied to the packers by the following equation: 

SH+ PP+ PE = minimum inflation pressure 

where: 
SH = static pressure at the midpoint elevation of the 

test interval, lbf/ in2 or kPa 
PP = gauge pressure to be maintained during che test, 

lbf/in2 or kPa 
PE = pressure needed to expand packer to hole 

diameter as determined before insertion in the 
drill hole by expanding the packer in a length 
of pipe having a diameter similar to the hole 
diameter, lbf/in 2 or kPa 

Inflation pressure gauge is in units of lbf/ in2 (kPa). 
The static water level measured before the packers are 

inflated might be a composite water level (see subpar. 
13.3.4). 

Xl.2.2 Inflate the packers, and determine water head 
for the rest interval. This is the static head to be used 
for calculacion of hydraulic conductivity. If rhe static head 
is significantly different from the composite measured 

before the packers were inflated, recalculation of packer 
inflation pressure may be required. The final packer 
inflation pressure should be che lowest practical pressure 
to seal the test interval against the maximum injection 
pressure to avoid fracturing of the material being tested. 

Xl.2 .3 After the inflation pressures have been 
determined, deflate the packers; fill and flush the system 
with water until all entrapped air has been removed. This 
is accomplished by filling che injection pipe under a gravity 
head and leaving the air-release valve open ar the top 
of the injection pipe tee at an elevation higher than the 
injection hose. The valve must remain open until all air 
has been removed and water runs freely, indicating a filled 
system. At this point, water is flowing around the deflated 
packer system and is completely filling the annulus between 
the drillhole and the packers. In the case of an interval 
with a high injection rate, it may be necessary to keep 
the air valve closed to keep from entraining air into the 
test interval. 

X 1.2.4 Close the air release valve at the top of the 
injection pipe and slowly inflate the packers to the 
predetermined inflation pressure. 

Xl.2 . 5 Lock in the inflation pressure by closing the 
pressure valve in the packer cubing. If the pressure gauge 
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on the closed system remains steady, it verifies a sealed 
system. At this point, water injecced under gravity head 
approaches a constant flow rate. 

X 1.2.6 Record the piezometer pressure after packer 
inflation. For an interval of very low injection rate, this 
is equal to che height of the injeccion standpipe plus che 
pressure recorded at the hole collar gauge. For a test interval 
with a high injection rate, the readout would show the 
same value less any friction from water flow through the 
injeccion pipe. 

X 1.2.7 Proceed with the test by applying the selected 
pressures ac the test interval and moniroring the flow rate 
and pressure on the pneumatic piezometer. 

X 1.2.8 To accurately compute hydraulic conduetivity, 
rhe down-hole pressure muse remain constant. A zone with 
a high injection rate must be monirored more closely than 
a zone with a small injection rate, and adjustments made 
to hold the down-hole pressure constant. To accomplish 

this, che injeccion pressure shown on che collar gauge must 
be adjusted in order tO maintain che down-hole pressure 
constant. 

NOfE X 1.-For example, a pressure srage is starred with the 
collar gauge reading 35 lbf/in2 (241 kPa) and the down-hole 
piezometer reading 200 lbf/ in2 ( 1380 kPa) . As the flow increases, 
the down -hole pressure may drop to 150 lbf/in2 (1034 kPa) 
because fricrion loss in the injection pipe and the collar gauge 
would have to be adjusted to bring the down-hole pressure gauge 
back up co 200 lbf/in2• When the flow decreases from a fast 
to a slow rate, the collar gauge pressure would have to be decreased. 

Xl.2.9 The cesc is completed following one or more 
stages of pressure increases and pressure decreases. 
Following the last stage, deflate the packers and close the 
injection line. The system is now ready to move to the 
next test interval for repetition of this procedure. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 7400-89 

TESTING FOUNDATION MEMBERS 
UNDER STATIC AXIAL TENSILE LOAD 

INTRODUCTION 

This procedure is under the jurisdiction of the Georechnical Services Branch, code D-3 760, Research and Laboratory Services 
Division, Denver Office, Denver, Colorado. The procedure is issued under the fixed designation USBR 7400. The number immediately 
following the designation indicates rhe year of acceptance or the year of last revision. Major portions of this procedure are identical 
o r similar to provisions contained in ASTM D 3689. 

1. Scope 

1.1 This designation outlines the procedure for resting 
· foundation members to determine their response to static 
axial tensile loads. Such foundation members may include­
but are not limited to-single piles (vertical or batter) , 
pile groups, caissons, anchor bars, buried plates, screw 
augers, etc. For the purpose of brevity, the term 
"foundation" will be used in this procedure co describe 
any foundation member. 

NOfE 1.-This procedure only describes methods of resting. 
le does not cover interpretation or analysis of resc results, or 
the application, thereof, to foundation design. 

NOfE 2.-Recommendarions in chis procedure are directed 
towards foundations that are designed to resist uplift loading. 
If other loading conditions such as compressive, lateral, torsional, 
ere., are anticipated, other appropriate procedures should be 
considered. 

1.2 Although many of the methods and apparatus 
described in this procedure are applicable to the testing 
of rock boles, this procedure is not applicable for such 
tests. 

2. Auxiliary Tests 

2.1 For proper evaluation of rest results, information 
concerning subsurface conditions at the test site is required. 

2.1.1 At least one boring at the site should be 
advanced co a minimum depth of 10 feet (3 m) or 5 tip 
diameters, whichever is greater, below the bottom elevation 
of the foundation to determine in situ soil conditions. The 
boring should be located within 20 feet (6 m) but no closer 
than 10 feet (3 m) of the perimeter of the foundation. 
Appropriate laboratory rests should be performed on 
samples obtained from the boring. 

2.1.2 If a definitive soil profile has been developed 
from previous investigations, one of the following tests 
may be substituted for the test boring: 

a. Penetration resistance tests (USBR 7015) conducted 
at intervals of depth nor greater than 5 feet (1.5 m) or 
when a significant change of material occurs. 

b. Cone penetration rests (USBR 7020 or 7021 ). 
Such tests should be located within 20 feet (6 m), but 

no closer than 10 feet (3 m) of the perimeter of the test 
foundation for penetration resistance tests and 5 feet 
( 1.5 m) for cone penetration tests, respectively. 

NOfE 3.-If the diameter or size of the foundation bei ng tes ted 
increases with depth, such as in the case of belled caissons, pressed 
plates, etc., the distances given in subparagraphs 2.1.1 and 2.1.2 
are minimum distances between che tesc hole and any part of 
the embedded portion of the foundation. 

3. Applicable Documents 

3.1 USER Procedures: 
USBR 1000 Standards for Linear Measurement Devices 
USBR 1007 Calibrating Dial lndicarors 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1040 Calibrating Pressure Gauges 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 1050 Calibrating Pressure Transducers 
USBR 3900 Standard Definitions of Terms and Symbols 
Relating to Soil Mechanics 
USBR 7015 Performing Penetration Resistance Testing 
and Sampling of Soil 
USBR 7020 Performing Cone Penetration Testing of 
Soils - Mechanical Method 
USBR 7021 Performing Cone Penetration Testing of 
Soils - Electrical Method 

3.2 USER Document: 
Construction Safety Standards 

3.3 ASTM Standard: 
ASTM D 3689 Standard Method for Testing Individual 
Piles Under Static Axial Tensile Load 

4. Summary of Method 

4.1 Static axial tensile 1uads are applied co a foundation, 
by a hydraulic ram/reaction system. During loading and 
unloading, the movement of the foundation is monitored. 
The maximum load applied may be a specified percentage 
of the foundation design load or the foundation may be 
loaded to failure. 
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5. Significance and Use 

5.1 This designarion ourlines rourine resring merhods 
ro derermine rhe rensile load capaciry of embedded 
foundarions. Because of variarion in foundarion configu­
rarions, merhods of insrallarion, soil rype and condirions, 
and anticipared loading patterns, rhe introducrion of more 
derailed requirements and procedures, when required, is 
permitted ro sarisfy rhe objecrives of rhe foundarion resr 
program. 

5.2 While rhe merhods ourlined in chis procedure 
produce a relarionship berween applied rensile load and 
corresponding foundarion movement, rhe resr is of short 
durarion and resulrs may nor represenr long-rerm 
foundarion performance. 

5.3 The load capaciry of a foundarion-soil system can 
be derermined besr by prororype resring. Prororype resring 
measures rhe response of foundarion-soil sysrem ro loading 
and may provide dara for research and development, design, 
qualiry assurance, and acceprance or rejecrion of rhe sysrem 
in accordance wirh specificarions and contracr documents. 

5.4 Prororype resring, when combined wirh an 
acceptance crirerion, is suirable for assurance of the 
foundation design and installarion under building codes, 
srandards, and ocher regularory srarures. 

6. Terminology 

6.1 Definirions are in accordance wirh USBR 3900. 
6.2 Terms nor included in USBR 3900 specific ro chis 

designation are: 
6.2.1 Batter.-The inclinarion of a pile from the 

vertical (inclined in rhe direcrion of rhe force) to resisr 
horizontal forces. 

6.2.2 Cross Connection-Braces added ro increase rhe 
rigidiry of rhe reference beam measuring system. 

6.2.3 Fa1lure.-The rapid, progressive movement of 
the foundation member in the direction of load application 
under a constant or decreasing load. 

6.2.4 Foundation-Any embedded foundation, or 
foundation member, such as single piles (vertical or batter), 
pile groups, caissons, anchor bars, buried plates, screw 
augers, etc. 

7. Apparatus 

7 .1 A variety of factors influence selecrion of the 
apparatus for applying and measuring load and monitoring 
movement; among these are: type, purpose, and placement 
conditions of the foundation; expecred loadings; and site 
conditions (soil type, stratigraphy, ropography, climate, 
etc.). Since these factors and their interrelationships can 
vary from site to site, one test apparatus configuration 
will not be applicable for all loading tests. Therefore, 
various combinations of the following described appara­
tuses - as well as specially fabricated equipment - often 
will be necessary. 

7.2 Load Apparatus: 
7.2. l The apparatus for applying tensile loads is to 

be construcred and installed so as to apply the load axially 

to the foundation with minimal eccentricity. Design of all 
components of the apparatus should provide for an 
adequate factor of safery under anricipaced loading with 
minimal deflecrion of the ~pparatus. 

NOfE 4.-When a nonsymmerrical foundation is loaded, 
rorarions and horizontal displacements may occur. The occurrence 
of such movements and rhe necessary means co measure rhe 
movements, or the reactions required co resist chem, should be 
considered when designing, constructing and installing the load 
apparatus. 

7.2.2 Reacrion frames may consisr of crossbeam(s) 
shown on figures 1 and 2, or an A-frame on figure 3. 

NOfE 5.-The A-frame may be somewhat more cumbersome 
to handle than the crossbeam(s); however, it has the advantage 
of being easily adapted for inclined loadings and for foundation 
types that have considerable above-ground extension. 

7.2.3 If reacrion piles are used, they should be of 
sufficient number and properly installed so as to provide 
adequate reacrive capacity. When two or more reaction 
piles are used at each end of the crossbeam(s), suitable 
steel beam(s) sec on steel bearing plates or welded to the 
reaction piles should be used to provide crossbeam bearing. 
In resting a batter foundation, the reaction piles should 
be driven parallel ro the axis of the foundation. 

NOfE 6.-If ir is nor feasible to apply axial loads to rest a 
batter foundation, results of a test on a similar nearby vertical 
foundation generally may be used to evaluate its tensile load 
resistance capacity. 

7.2.4 If cribbing, or ocher types of footings are used, 
the plan dimensions should be sufficient to transfer the 
reaction loads ro the soil without seeding at a rate that 
would prevent maintaining the applied loads or without 
significanrly reducing the required stroke of the hydraulic 
rams. 

7.2.5 In the case of pile foundations, the clear 
distance between the rest pile and the reaction piles or 
cribbing should be at least five times the butt diameter 
or diagonal dimension of the rest pile, but nor less than 
8 feet (2.4 m). 

NOfE 7.-The reaction system (elements) should be far enough 
away from rhe foundation so there is insignificant effect on rhe 

STE:EL ......... 
PUT< -----~=;,"':'.~~~"":'i'"":;:-"il--;::::=-::.-:;:~"";:::C:::::~:::: 

Figure I. - Test setup using crossbeams LASTM D 3689]. 
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Figure 3. - Loading apparatus incorporating an A-frame. The A-frame may be guyed at various angles for resri ng batter piles or for special 

directional pull tests. Guy wires are used to stabili ze the A-frame [ASTM D 3689]. 

performance of the foundation due co external loading. Factors 
such as type and depth of reaction system, soil conditions, 
magnitude of loads, and type of foundation should be considered. 
When testing large diameter foundatio ns (drilled shafts or 
caissons) the practicality of a spacing o f five times the butt 
diameter or diagonal dimension should be considered and the 
requirement modified as warranted. 

7.2.6 Use steel bearing pl aces , of appropriate 
thickness for the loads involved, above and below the 
hydraulic ram and load cell if full bea ring is not provided 
on stee l reaction piles, and between the cap beam and 
the cops of concrete or timber reaction piles. The size 
of the bearing plates should not be less than the area covered 
by the base of the hydraulic ram or load cell, nor less 
than the total width of the test beam, cap beam, reaction 
pile, or any steel reaction member so as to provide full 
bearing and distribution of the load. Bearing plates 
supporting the hydraulic ram on timber cribbing should 
have an area not less than five times the base area of 
the ram. 

Bearing plates that support the crossbeam on timber 
cribbing should have a side dimension not less than l foot 
(0.3 m) greater than the total fl ange width of the crossbeam 
or overall width of double crossbeams. 

7.2.7 Bearing plates, hyd raulic ram, and load cell 
should be centered on the crossbeam, cap beam, reaction 
members, reaction piles, or cribbing. Bearing plates should 
be set perpendicular to the longirudinal axis of the 
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foundation using high-strength, quick-setting grout for 
concrete reaction piles, or welded to steel reaction piles. 
In the case of timber reaction piles, set the bearing places 
on the pile tops which have been sawed off on a plane 
perpendicular to the longitudinal axis of the pile. Bearing 
plates on cribbing should be set in a horizontal plane. 

7.2.8 The hydraulic ram should be of adequate 
capacity to apply the required loads and have sufficient 
piston stroke to provide for anticipated foundation 
movements , deflections of the reaccion system, and 
elongations of connecting to the foundation. The use of 
a single, h igh capacity ram is preferred to the use of multiple 
rams; however, if two or more ra ms are used they sho!-)ld 
have the same piston diameter and stroke, be connected 
to a common manifold and pressure gauge, and be operated 
by a single hydraulic pump. 

7.2.9 Loads may be monitored using a pressure gauge 
connected to the hydraulic loading system or by an electric 
load cell. Consideration should be given to using a dual 
load measuring system (pressure gauge and load cell) to 
provide a check and serve as a backup in the event one 
system malfunctions. 

7.3 Movement Measurement: 
7.3. l Genern/.-Reference beam supports are to be 

embedded firmly in the ground as far as practicable from 
rhe foundation and reaction piles, cribbing, or supports 
co prevent movement of the reference beam relative to 
the foundation. A clear distance of not less than 8 feet 



USBR 7400 

(2.4 m) is recommended. Provisions should be made to 
protect the instrumentation system from adverse weather 
and temperature variations and other disturbances. 

Reference beams supporting the instrumentation 
should be of sufficient stiffness so as to minimize variations 
in readings. If metal reference beams are used, one end 
is to be allowed to move freely horizontally to compensate 
for length changes resulting from thermal variations. 
Reference beams should be cross-connected if necessary 
for rigidity. 

NOTE 8.-Use of reference beams of sufficient stiffness is 
reco mmended to avoid rhe necessity of cross connections. If the 
beams must be cross-connected, extra precautions are to be taken 
co avo id accidental disturbance of the reference beam system since 
both beams would be affected. 

7.3.2 Axial Foundation Movement.-The apparatus 
for measuring axial movement of the foundation is to 
consist of both a primary and a secondary or backup system 
in accordance with the following methods. Two separate, 
but not necessarily different types of measuring systems 
are recommended in order to provide a check on the 
observed data, to accommodate accidental disturbance of 
the measuring system, and to permit continuity of data 
in the event it becomes necessary to reset the gauges or 
scales. 

7.3.2.1 D1~1/ Indicarors.-Two reference beams, one 
on each side of the foundation and oriented perpendicular 
co the direction of the loading/ reaction apparatus are 
required. At least two dial indicators should be mounted 
to the beams approximately equidistant from the center 
and on opposite sides of the foundation. Stems of the 
indicators are to be parallel to the longitudinal axis o f 
the foundation and bearing on lugs firmly attached to che 
sides or top of the foundation. An alternative method is 
to mount the two dial indicators on opposite sides of the 
foundation with stems p arallel to the longitudinal ax is of 
the foundation and bearing on lugs firmly attached to the 
reference beams. Use dial indicators with at least 3-inch 
(75 -mm) travel, or provide sufficient gauge blocks to allow 
this travel with shorter gauge stems. The indicators should 
read to 0.001 inch (0.025 mm) . Smooth bearing surfaces, 
perpendicular to the direction of stem travel, should be 
provided at the contact point of the indicator stems. 

7.3.2.2 LVDTs (linear voltage differential trans­
formers).-Two LVDTs, moumed to the reference beams 
in a manner similar to installat ion of the dial indicators 
in subparagraph 7.3.2. l; may be used also to measure axial 
movements of the foundation. 

7.3.2.3 Wire, Mirror, and Scale.-Orient two wires, 
one on each side of the foundation, perpendicular to the 
crossbeams and approximately perpendicular to the 
longitudinal axis of the foundation. The wires should be 
supported in a manner similar to that described for the 
reference beams in 7.3. l. Each wire is to pass not more 
than 1 inch (25 mm) away from the face of a scale attached 
to a mirror that is fixed to the foundation and parallel 
to the axis of the foundation. Readings of axial foundation 
movement are made directly from the scale by lining up 
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the wire and its image in the mirror. Ten·s ion on the wires 
is maintained throughout the test so that when plucked 
or tapped they will return to their original position. 

8. Precautions 

8.1 All operations performed in connection with 
prototype foundation testing should be carried out in such 
a manner so as to minimize, avoid, or eliminate human 
exposure to hazards. Appropriate sections of the USBR 
Construction Safety Standards should be strictly followed. 
Examples of specific safety rules that should be followed 
in addition to others contained in the above cited publication 
are: 

8.1.1 All work areas, walkways, platforms, etc., are 
to be kept clear of scrap, debris, small tools, accumulation 
of snow and ice, mud, grease, oil, or other slippery 
substances. 

8.1.2 All timbers, blocking, and cribbing mater ials 
should be in good, se rviceable condition. 

8.1.3 Hydraulic rams should be equipped with 
spherical bearing plates or should be in complete and firm 
contact with the bearing surfaces and properly aligned so 
as to avoid eccentric loading. 

8.1.4 Loads should no t be hoisted, swung, or 
suspended over personnel and should be controlled by tag 
lines. 

8.1.5 The attachment of the foundation to the cross­
beam or reaction frame should be designed and insta lled 
to transmit the required loads with an adequate factor of 
sa fety. 

8.1.6 Rams, bear ing plates, test frame members, etc., 
for all tests should be firml y fixed in place, adequately 
blocked, or attached as to prevent slippage upon release 
of load. 

8.1.7 Only authorized personnel are to be permitted 
within the immediate tes t area. 

8.1.8 High hydraulic pressures generally are required 
for prototype foundation tests; therefore, eye protection 
should be used to prevent injury in the event of line 
breakage. 

9. Calibration and Standardization 

9.1 Verify that equipment is currently calibrated in 
accordance with the app licable calibration procedures. If 
the calibration is not current, perform the calibration before 
using the equipment for this procedure. 
USBR 1007 Calibrating Dial Indicators 
USBR 1008 Calibrating Linear Variable Differential 
Transformers 
USBR 1045 Calibrating Force Transducers (Load Cells) 
USBR 1050 Calibrating Pressure Transducers 

9.2 If the load measurement system is assembled in 
a manner such that the applied load can differ from the 
indicated load, the equipment should be calibrated as a unit. 

9.3 Prior to the test program, calibrate the load cell 
or equivalent device to an accuracy of ±2 percent of the 
maximum anticipated load. If damage to the equipment 
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is suspected or the test program is lengthy, the equipment 
should be recalibrated. 

9.4 When a calibrated load cell is not used, the complete 
jacking system including the hydraulic ram, hydraulic pump, 
and pressure gauge is to be calibrated as a unit before 
each test or series of tests in a test program to an accuracy 
of ±5 percent of the maximum anticipated load. The 
hydraulic ram is to be calibrated over the complete range 
of piston stroke for both increasing and decreasing loads. 

9.5 Furnish calibration reports for all resting equip­
ment for which calibration is required . The temperatures 
at which the calibrations were performed should be 
indicated in the reports because equipment calibrations 
should be checked in the field prior to performing any 
tests, as it may be necessary to recheck the calibrations 
if temperatures are significantly different. 

10. Conditioning 

10.1 Before testing piles or ocher foundations which 
are driven into cohesive soils, sufficient time should be 
allowed for dissipation of excess pore-water pressure that 
may have resulted from driving and to permit the time­
dependent gain in soil strength. 

NOfE 9.-The length of the waiting period will depend on 
factors such as the amount of excess pore-water pressure 
generated, the degree of soil structure disturbance, and the soil 
properties. The period could range from I ro 30 days, or longer. 
The acrual length of the waiting period required may be 
determined by testing or from prior experience. 

10.2 Before testing grouted anchor bar foundations, 
sufficient time must be allowed co permit the grout to 
set and achieve the specified 28-day unconfined compressive 
strength. 

10.3 When testing foundations in granular soils in 
dewacered excavations which will be submerged during 
service, the ground-water level should be maintained as 
near co the existing ground surface as possible, and the 
depth co the ground-water level should be measured and 
recorded during the test. Ground-water levels during the 
test must be considered also in the design of the reaction/ 
support system. 

11. Procedure 

11. l Where feasible, the immediate area around the 
test foundation should be excavated co the proposed final 
grade. The test foundation should be cut off or extended 
to the proper grade as necessary to permit construction 
of the load application/support apparatus, placement of 
the resting and instrumentation equipment, and observa­
tions of the instrumentation. 

11.2 When testing piles or ocher slender foundation 
elements, apply tensile rest loads with a hydraulic ram 
placed in line with the central longitudinal axis of the 
pile. For all types of embedded foundations, the test loads 
should simulate-in both direction and point of applica­
tion-the anticipated structural loading. 

11.2.1 Loading Procedure.-Unless otherwise speci­
fied, load the foundation co 200 percent of the anticipated 
foundation load or to failure, whichever occurs first. Use 
load increments of not more than 25 percent of the design 
load. Maintain each load increment until the rate of 
foundat·ion movement is not greater than 0.01 inch per 
hour (0.25 mm/h), but no longer than 2 hours or, in the 
case of ocher types of foundations, until the movement 
equals some specified amount. fn both cases, the amount 
of movement possible during the failure phase of the test 
may be governed by the maximum travel (stroke) of the 
loading equipment. Provided chat the foundation has not 
failed, remove the total test load anytime after 12 hours 
if the movement over a subsequent 1-hour period is not 
greater than 0.01 inch (0.2:5 mm); otherwise, allow the 
total test load co remain on the foundation for 24 hours. 
After the required 12- to 24-hour hold time, remove the 
load in decrements of 25 percent of the total rest load 
with a 1-hour period between decrements. If failure occurs , 
continue loading piles until the movement equals 15 percent 
of the largest butt diameter or diagonal cross-section 
dime nsion of the pile reseed. 

NOTE 10.-Procedures for conducting other tests on piles such 
as loading in excess of 200 percent of design load, cyclic, constant 
rime interval, constant rate of loading, and quick load can be 
found in ASTM D 3689. 

NOTE 11.-Testing to failure provides valuable information 
for desig n and is recommended for tests performed prior to 
completion of foundation design or co evaluate comparative 
performances of different types of foundations. Such testing assists 
in the selection of optimum foundation type and design load. 

NOfE 12.-If the foundation approaches or has reached 
incipient failure at the full test load, co nsideration may be given 
to decreasing the standard loading increments during the latter 
stages of the test or subsequent tests. 

11.3 Record the required axial movement readings at 
each properly identified gauge, scale, or reference point 
as nearly simultaneously as practicable. Clearly indicate and 
explain any adjustments made co instrumentation or to 
data recovered in the field. 

l l.3.1 Measuring Procedure.- Record readings of 
time, load, and foundation movement immediately before 
and after the application of each load increment or the 
removal of a load increment. Record additional readings 

· after application of each load increment at the following 
intervals: 2, 4, 8, 15, 30, 45, 60, 80, 100, and 120 minutes. 
During periods when the load is held constant for more 
than 2 hours, record readings at 1-hour intervals. During 
unloading, record readings at 30-minute intervals between 
decreases in load. After reducing the load to zero, record 
readings after l, 2, and 12 hours. 

11 .3.2 Level Readings.-Level readings should be 
taken on the reference beams and on the reaction system 
using a surveyer's level or transit and target rod or scale 
co determine if any excessive movement occurs. Such 
readings should be recorded before any rest load is applied, 
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at the p roposed des ig n load, at the maximum test load, 
and after a ll the load has been removed. Intermediate 
readings may be required if results during resting appear 
to be unusual. 

NOTE 13.-Depe nding on che cype o f foundatio n, che loading 
patcern ancicipaced ro ace on che foundation, so il cype, ecc. , longer 
or shorcer load intervals, other allowable movements during a 
load interval, or differe nt reading intervals may be specified. 

12. Calculations or Interpretation of Results 

12.1 Interpretation or analysis of the test results, or 
the applica tion thereof to a foundatio n is not within the 
scope o f this procedure. 

13. Report 

l 3. 1 The report of the fo undatio n rest shall indude 
the follo wing information , when applicable: 

13.1.1 . Genernl: 
• P ro ject identification 
• Loca tion 
• Personnel performing rest(s) 

13.1.2 Type of found ation, method of installation , 
and loading and measurement systems: 

• Description of foundation - size, length, material, 
and date of manufacture 
• Foundatio n installatio n equipment used and date 
installed 
• Apparatus for applying loads - include drawings 
and calibration dares 
• Instrume ntation fo r measu ring movements -
include drawings and ca libration dates 

13.1.3 Site Conditions.-lnclude dra wings and 
phorographs-if available-of the test sire. 

13.1.4 In -Place Soil Conditions.-Include logs of 
any borings, results of any in-place or laboratory rests, 
and the eleva tion of the g round-water table, if required. 

13.1.5 Test Results: 
• Tabulation of load-time-movement readings. 
• Graphic representatio n of res t results in the form 
of load-movement and time-movement plo ts. 
• Record elevations of the top of the founda tion, ground 
surface, reference beam (s ), reaction piles, and cribbing. 
• Ground-water table fluctuations during resting. 

13. l.6 Remarks rega rding any departures from the 
test p rocedure described above, or any unusual occurrences 
during installation or testing of the foundation. 

13. l.7 Equipment calibration reports. 
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UNITED STATES DEPARTMENT OF THE INTERIOR 
BUREAU OF RECLAMATION 

PROCEDURE FOR 
USBR 9300-89 

CHECKING, ROUNDING, 
AND REPORTING OF LABORATORY DATA 

INTRODUCTION 

This procedure is under the jurisdiction of the Concrete and Structural Branch, code D-3730, and the Geocechnical Services Branch, 
code D-3760, of the Research and Laboracory Services Division, Denver Office, Denver, Colorado. The procedure is issued under 
the fixed designation USBR 9300. The number immediately following the designation indicates the year of acceptance or the 
year of lase revision. · 

1. Scope 

1. 1. This designation outlines procedures for checking 
data on laboratory data forms, rounding numbers, and 
recording and reporting of the data. 

1.2 This procedure is tO be used by Bureau of 
Reclamation laboratories engaged in testing of cement, 
concrete, aggregates, soil, and rock, and is to be used co 
provide uniformity and consistency in handling data, data 
forms, and reports. 

2. Applicable Documents 

2.1 USER Procedures: 
USBR 3000 Using Significant Digits in Calculating and 
Reporting Laboratory Data 

2.2 ASTM Standards: 
E 29 Indicating Which Places of Figures Are tO Be 
Considered Significant in Specified Limiting Values 
E 380 Metric Practice 

2.3 Bureau Document: 
Metric Manual 

3. Terminology 

3.1 A Term Specihc to This Designation Is: 
3.1.1 Rounding.-The process of reducing the 

number of digits in a number according tO rules relating 
to the required accuracy of the value. 

4. Recording Data on Original Data Forms 

4.1 The heading of each data form must be completed 
in full. The initials and surname of appropriate persons 
are to be entered in the space for "rested by," "computed 
by," and "checked by" (see example on fig. 1) . 

4.2 The portion of the data form for auxiliary tests 
must show the year of the version of the procedure used 
(see fig. 1). 

NOI"E 1.-Since procedures may be revised, ic is important chat 
che version of che procedure used be identified. 
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4.3 All measured or computed data are to be recorded 
in a legible manner on the data form. If a number is 
computed or recorded erroneously, draw a line through 
the incorrect number and write rhe correct value to the 
side or above the incorrect entry. In No Circumstance Shall 
the Original Value Be Erased or Written Over. 

4.4 All measured or computed data must be recorded 
as specified in the procedure (e.g., "record to the nearest 
0.01 lbm"). For those cases, where the number of digits 
is not specified, a value should be recorded to one more 
digit than prescribed by the rules of significant digits as 
described in USBR 3000. 

4.5 Any observation made during the test that might 
have an effect on the results, or on use of the results, 
should be written on the data form. If information is placed 
on the back of the form, clearly indicate on the front that 
additional information is on the back. 

5. Checking Data on Original Data Forms 

5.1 All numerical data that are the result of a calculation 
muse be checked by an individual ocher than the person 
who computed and recorded the data. 

5.2 All data transferred co a data form from another 
source, such as other data forms, calibrations values, etc., 
shall be checked by an individual ocher than the person 
recording the data. 

5.3 All recorded data that are correct must show a 
checkmark, preferably in red, by each number checked (see 
fig . 1). 

NOI"E 2.-Example data forms included in che ocher USBR 
procedures contained in chis manual do not show checkmarks 
in order co illustrate the required data in a neat and legible manner. 
Completed data forms should be similar co figure 1 or 2. 

5.4 If recorded data are incorrect, draw a line through 
the number and write the correct number to the side or 
above the incorrect value. In No Circumstance Shall the 
Original Value Be Erased or Written Over. 

5.4.1 The same method or system of computation 
muse be used for checking the data as was used in calculating 
the recorded values. 
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NOTE 3.-Numbers calculated by "chain" computations with 
a calculator or computer may result in different values than 
rounding values for each entry and using the rounded value in 
subsequent calculations. The calculator or computer carries more 
digits than the rounded number when a "chain" computation 
is being used. 

5.4.2 Data corrected by the checker should be verified 
by a person other than the checker and a checkmark shown 
by the correct value. An entry should be made on the data 
form "corrections verified by (Name) " 

5.5 The name of the checker and the date the data 
were checked must be entered on the form heading. The 
last name of the checker must be comple'tely written out. 

5.6 It is the responsibility of the checker to ensure 
that all numbers are correct, recorded to the proper number 
of places specified in the procedure, and that rounding 
is in conformance with i:his designation. The checker should 
also review the measured data for reasonableness (e.g., 
a recorded ·mass of 179 lbm when the maximum capacity 
of a scale is known to be 100 lbm). 

5.7 If necessary changes are made to data subsequent 
to the final checking, changes must be checked and the 
changes explained in the Remarks section of the data form. 

6. Checking Data Presented on Graphs, Tables, 
and Figures Reporting Laboratory Data 

6.1 All data shown on graphs, tables, and figures must 
be checked by an individual other than the person who 
originally prepared the graph, table, or figure. 

6.2 The original figure should not show checkmarks 
for each value. It is recommended that a copy of the original 
graph or figure be made and checkmarks be placed by 
each value on the copy (see example on fig. 2). 

6.3 Once the graph, table, or figure is considered 
correct, the name of the person who prepared the graph, 
table, or figure; the date prepared; the name of the checker; 
and the date the data were checked must be entered in 
the space provided or in the lower left corner of the original 
graph, table, or figure. 

7. Rounding Numbers 

7 .1 When a numerical value is to be rounded to fewer 
digits than the total number available, the following 
procedure is to be followed: 

When the first 
digit dropped is: 

<5 
>5 

Exactly 5 
5 followed only by zeros 

The last digit 
retained is: 

Unchanged 
Increased by l 
Increased by l 
Increased by l 

Examples 

2.44 to 2.4 
2.46 to 2.5 
2.55 to 2.6 
2.5500 to 2.6 

The same rules apply when rounding a number with many 
digits to a number with few digits. A computer or calculator 
may display th(; answer to a computation as ten digits 
and the answer is to be recorded to two digits. For example, 
the number 2.3456789 would be rounded to 2.3; the first 
digit dropped would be the 4. 

Other examples: 

2.49999 to 2.5 
2.49999 to 2 
2.55555 to 2.56 
2.55555 to 3 
2.50000 to 3 

7.2 The examples shown above, exactly 5 or 5 followed 
by zeros, are rounded differently than indicated in the USBR 
Metric Manual, ASTM E 380, and ASTM E 29. These 
documents all indicate that the number is to be rounded 
to the closest even number. In the example (shown above) 
2.50000 would be rounded to 2 and not 3. Unfortunately, 
calculators and computers do not follow this rule and always 
round up. Recognizing the wide-spread use of calculators 
and computers, the policy as stated in subparagraph 7.1 
should be followed. 

8. Reporting Data 

8.1 Data reported as result(s), of the test, must conform 
with instructions in the respective procedure, since some 
reported values are different than what is recorded on the 
data form. (For example, the computed value for liquid 
limit of a soil is recorded on the data form to the nearest 
0.1 percent but is to be reported to the nearest 1 percent.) 
If the reported value is not specified, the data should be 
reported in accordance with the rules of significant digits 
as described in USBR 3000. 
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7-1391 {12-86) I LABORATORY COMPACTION TEST Designation USBR 5500 -_§_ !!_ Bureau of Reclamation 

SAMPLE NO. 
55T-13v' 

PROJECT FEATURE 
Example XYZ Dam 

TESTED BY DATE COMPUTED BY DATE CHECKED BY DATE 

A. Green 5/28/89 8. Brown 5/29/89 C. White 5/29/89 

Blows per layer 25✓ No. of layers 3 ✓ Height of drop 18.0 ✓ 
in 

Mass of tamping rod 5.50✓ lbm Volume of mold 0.0497✓ tt3 

Specimen No. I 2 3 4 5 

Wet unit weight determinations 

Water added (gorml) -tae-80 160 240 330 420 

Mass of mold + wet soil (lbm) 11.13 11.52 I 1.87 11.84 I 1.69 

Mass of mold (lbm) 5.41 5.41 
I, 

5.41 5.41 5.41 

Mass of wet soil (lbm) 5.72v 411 6.46v 6.43v 6.28v 

Wet unit weight (lbf/tt3 ) 115.IV 122.9 
130.ov 129.4v 126.4✓ +2-9:-9-

Penetration resistance determinations 

Needle No. 40 40 20 10 4 

Area of needle (in2) l/40 1/40 1/20 l/10 l/4 

1 72 45 50 50 40 

Penetrometer reading (lbf) 2 73 47 49 49 37 

3 72 46 51 49 39 

Average reading (lbf) 72v' 46v' 50V 49v 39V -68-

Penetration resistance (lbf/in2 ) 2880v 1840v 1000v 490v 156v 

Moisture content determinations 

Dish No. 15 44 45 55 20 

Mass of dish + wet soil (g) 382.4 386.7 382.1 381.5 369.5 

Mass of dish + dry soil (g) 359.1 359.6 352.4 347.3 330.G 

Mass of dish (g) I 29.4v:' 133.8 ✓ 140.6 ✓ 138.6✓ 118.0✓ 
Mass of water (g) 23.3v 27.IV 29.7v 34_2v 38.9v 

Mass of dry soil (g) 229.71/ 225.8✓ 211.8✓ 208.7✓ 212.6v 

Moisture content (% of dry mass) 10.1 ✓ 12.0v' 14.0v' 16.4v ~v 

Dry unit weight determinations 

Dry unit weight (lbf/ft3 ) 104.5✓ 109.7 ✓ 114.0v' 111.2 ✓ 106.8 ✓ 

Remarks: Correct ions verified bz'. D. Block . 
Auxiliary tests: 

USBR 5205 - J!._9_ 
USBR 5300 - 1!_9_ 
USBR 5320 - _!!_9_ 
USBR 5505 - 1!_9_ 

GPO 849-eeg 

Figure l. - Checked data sheet - example. 
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7-1414 (9-85) I COMPACTION - PENETRATION RESISTANCE CURVES I Des;gnat;on USBR 5500 --8~.'.'.' Bureau of Reclamation 

SAMPLE ND. 

55T-13v 
FEATURE PROJECT 

XYZ Dam Example 

Hole No. 
AP-5Av Plotted by B. Brown Date 5/28 /89 

Depth 3.2 - 7.8✓ ft 00 mO Checked by C. White Date 5/29/89 

000 ✓ 
OJ N 3000 

, 
0.. C .... 
.::l:i-

..0 \ -
w ' (_) V z \ 
<( 2000 ,,v 
I-
en 

\. -en 
w r\. C: v z '\.✓ 
2 1000 

" I-
<( " v 
C: 

" I-
w ✓ "I-< z 

0 w 
0.. 

✓ 
130 

THEORETICAL CURVE AT 
COMPLETE SATURATION; 

NUMBERS INDICATE 

000 PERCENTAGE OF VOIDS 

MM ✓ 
E .:= 120 

,,3 ov I --.. --.. 
z:n 

~ I/ .:,t.-

V "\. ./ ~,,,,., ~r--... V 
I- ✓ / ~ ~ ,,3 5V 
I 110 
(.'.) /v ' ",.,,,, - ,, w r._11 ...... 
~ 
I:: Vv ......... "4 o, 
z ' .... , 
:::, v N >- 100 
C: 
0 

✓ 
90 

5v 10✓ 15 ✓ 20v 

MOISTURE CONTENT(%) 

CLASSIFICATION 
SM✓ SPECIFIC GRAVITY COMPACTION 

Gravel 13 ✓% Minus No. 4 2.661/' Method 

Sand 50 ✓% Plus No. 4 Percent larger than tested 13v 

37v'% v OkN/m3 
Fines Bulk Maximum dry unit weight 114.0 001bf/ft3 

Apparent 

Absorption % Optimum moisture content 14.0✓ % 

ATTERBERG LIMITS Degree of saturation @ opt % 
33✓ % ✓ OkPa 

Liquid Limit Remarks Penetration resistance @ opt IOOO 00 lbf/in2 

Plasticity Index 4v' % 

Shrinkage Limit % ' ·---
GPO 848-759 

Figure 2. - Checked plotting - example. 
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A free pamphlet is a,·ailahle from th e Bureau entitled "Publications 
for Sale." It desc ribes some of th e technical publications currently 
a,·ailable, their cosL and how lo order th e m. The pamphlet can he 
ohtainerl upon request from the Bureau of Recla mation , Attn D-7923A , 
PO Box 25007, De nver Federal Center, Denver CO 80225-0007. 






