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Standard Operating Procedure No. 50

Direct Shear Test
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1. PURPOSE AND SCOPE

This Standard Operating Procedure describes the method for determining the
consolidated drained shear strength of a soil material in direct shear. In spite of the
general procedures described in this SOP, specific procedures for the tests can be further
defined. The lab technician should check to see if specific test conditions are requested
regarding saturation state and initial density of the specimens.

The test consists of deforming a specimen at a controlled strain rate on or near a single
horizontal shear plane determined by the configuration of the apparatus. Three or more
specimens are tested, each under a different normal load, to determine the effects on
shear resistance and displacement, and strength properties such as Mohr strength
envelopes. The test can be made on all soil materials including undisturbed, remolded or
compacted materials. There is, however, a limitation on maximum particle size as
described below.

2. RESPONSIBILITIES AND QUALIFICATIONS

The Team Leader will have the overall responsibility for implementing this SOP. He/she
will be responsible for assigning appropriate staff to implement this SOP and for ensuring
that the procedures are followed accurately.

All personnel performing these procedures are required to have the appropriate health and
safety training. In addition, all personnel are required to have a complete understanding
of the procedures described within this SOP, and receive specific training regarding these
procedures, if necessary.

All environmental staff and assay laboratory staff are responsible for reporting deviations
from this SOP to the Team Leader.
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3. DATA QUALITY OBJECTIVES

e Perform direct shear tests under low and high normal loads, to determine the effects
on shear resistance and displacement, as well as strength properties such as Mohr
strength envelopes.

e Determine the influence of weathering on the shear strength properties of the
material.

4. RELATED STANDARD OPERATING PROCEDURES
The procedures set forth in this SOP are intended for use with the following SOPs:

SOP 1- Data management (including verification and validation)
SOP 2 - Sample management (including chain of custody)

SOP 4 -  Taking photographs

SOP 5-  Sampling outcrops, rock piles, and drill core (solid)

SOP 6 - Drilling, logging and sampling of subsurface materials (solid)
SOP 9- Test pit excavation, logging and sampling

SOP 36 - Particle size analysis

SOP 40 - Gravimetric water content

The procedures set forth in this SOP are also intended for use with the ASTM standard
designation D-3080-98 (Appendix 1).

5. EQUIPMENT LIST
The following materials are required for performing the direct shear test:

- Shear device

- 4inch square or circular shear box

- Porous inserts

- Loading devices (pneumatic or dead weight)

- Load cell and readout to measure shear force

- Vertical and horizontal displacement dial indicators

- Controlled high humidity room, if required, for preparing specimens

- Trimmer or cutting rings

- Scales

- Oven

- Vernier or micrometer

- Laboratory forms (Appendix 2)

- Miscellaneous equipment including timing device, distilled or
demineralized water, spatulas, knives, straightedge and wire saws

- Vibrotool
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6. COLLECTION OF SAMPLES

Refer to SOP 5 (Sampling outcrops, rock piles, undisturbed blocks and drill cores), and
SOP 9 (Test pit excavation, logging and sampling) to collect unconsolidated or
undisturbed samples.

Samples are collected, labeled, preserved and transported in accordance with SOP 1, 5
and 9. Log samples into laboratory following chain of custody procedures (SOP 2).

Photographs should be taken before the sample is collected, consistent with SOP 4.

7. TEST SPECIMEN

- The sample used for specimen preparation should be sufficiently large such that a
minimum of three similar specimens can be prepared. Prepare the specimens in a
controlled temperature and humidity environment to minimize moisture loss or gain.

- Sieve the sample through a No. 4 sieve (4.75 mm) and use the passing fraction to
perform the test.

- The minimum sample diameter for circular specimens, or width for square specimens,
shall be 3.0 in. (75 mm), or not less than 10 times the maximum particle size
diameter. The use of a 4.0 in. (100 mm) square shear box is preferable. The
minimum initial specimen thickness shall be 1.0 in. (25 mm), but not less than six
times the maximum particle diameter.

- The minimum specimen diameter to thickness, or width to thickness ratio, shall be
2:1.

- For either undisturbed or disturbed samples, prior to inserting the loading cap, weigh
the shear box before and after the sample is loaded such that the weight and density of
the sample can be calculated (e.g. weight of sample is weight of loaded shear box
minus weight of empty shear box, and density of sample is weight of sample divided
by the volume of sample).

- Compute the initial void ratio, dry unit weight, and degree of saturation based on the
specific gravity (ASTM D854-02), gravimetric water content (SOP 40), and bulk
density of the specimen. Specimen volume is determined by measurements of the
shear box lengths or diameter and the measured thickness of the specimen.

7.1 Specimen Preparation

7.1.1 Undisturbed Samples

- Extreme care should be taken in preparing undisturbed specimens of sensitive soils to
prevent disturbance to the natural soil structure.

- Prepare undisturbed specimens from the sample boxes collected in accordance with
SOP 5.

- Trim the specimen carefully to fit the dimensions of the shear box by using preparing
knives, wire saws, and spatulas. To mold the sample to the exact size, it might be
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necessary to remove coarse gravel from the corners. When removing coarse particles,
be careful not to fragment or damage the soil structures.

Place moist porous inserts over the exposed ends of the specimen in the shear box.
Place the shear box containing the undisturbed specimen and porous inserts into the
shear box bowl and attach the shear box.

7.1.2 Disturbed (unconsolidated) Samples

Loose samples: Put the soil evenly into the shear box from a drop height of about 6 to
8 inches. It is best to continuously pour the sample through a funnel. Stop pouring
when the sample reaches the desired thickness. After leveling the surface of the
sample, carefully insert the loading cap and seat it evenly with gentle pressure. Be
careful not to jar the sample.

Dense samples: Pour the sample into the shear box and simultaneously vibrate the
side of the box by using a vibro-tool. After the sample reaches the desired thickness,
stop pouring but continue with the vibrations for 2 or 3 minutes. Level the surface of
the sample and seat the loading cap with gentle pressure. Make sure that the ribs on
the bottom of the loading cap are perpendicular to the shear direction.

8. TEST PROCEDURES

The test can be run using the standard or the multi-stage procedure.

a) Standard Procedure

Connect and adjust the shear force loading system so that no force is imposed on the
load measuring device.

Properly position and adjust the horizontal displacement measurement device used to
measure shear displacement. Obtain an initial reading or set the measurement device
to indicate zero displacement.

Place the normal force loading yoke into position and adjust it so that the loading bar
is horizontal. Level the lever and adjust the yoke until it sits snugly against the ball
bearing on the load transfer plate.

Apply a small normal load to the specimen. Verify that all components of the loading
system are seated and aligned. The top porous insert and load transfer plate must be
aligned so that the movement of the load transfer plate into the shear box is not
inhibited. Record the applied vertical load and horizontal load on the system. The
normal stress applied to the specimen should be approximately 1 Ibf/in® (7 kPa).
Attach and adjust the vertical displacement measurement device. Obtain initial
readings for the vertical measurement device and the horizontal displacement
measurement device.

If the multi-stage procedure is required for the sample, fill the shear box with distilled
water and keep it full for the duration of the test. Allow the sample to be submerged
at least two hours before the test starts.

Calculate and record the normal force required to achieve the desired normal stress or
increment thereof. Apply the desired normal stress by adding the appropriate mass to
the lever arm hanger.
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- Apply the desired normal load or increments thereof to the specimen and begin
recording the normal deformation readings against elapsed time. For all load
increments, verify completion of primary consolidation before proceeding -
equilibrium conditions can be observed by taking readings with time on the dial
gauge on the top of the soil specimen.

- The total normal load on the sample equals the weight on the yoke including the
weight of the yoke, plus the weight of the top half of the shear box, plus the weight of
the loading cap, plus half the weight of the sample.

- Using a vernier or micrometer, measure the vertical distance between the top of the
shear box and the straight edge of the loading cap to obtain the sample height and
then the relative density of the test specimen at the designed normal load. Relative
density is calculated by dividing the sample mass by its volume. Specimen volume is
determined by measurements of the shear box lengths and diameter and of the
measured thickness of the specimen.

- After primary consolidation is completed, remove the alignment screws or pins from
the shear box. Open the gap between the shear box halves to approximately 0.039 in.
(1.0 mm) using the gap screws. Back out the gap screws.

- Select the appropriate strain rate. For clean dense sands which drain quickly, a value
of 10 min. may be used for reaching failure. For dense sands with more than 5 %
fines, a value of 60 min. may be used as the time for failure. The magnitude of
displacement at failure can be assumed to range from 10 to 20 % of the sample
length. As a guide, use a strain rate of about 0.04 inches (1 mm) / minute for coarse
material, and 0.01 inch (0.25 mm) / minute for material containing more than 5 %
fines. Refer to ASTM 3080 for more details on estimating the strain rate based on the
primary consolidation time.

- Record the initial time, the vertical and horizontal displacements, and the normal and
shear forces.

- Start the apparatus and initiate shear.

- Take readings of the horizontal force and vertical displacement dials corresponding to
horizontal displacement increments of 0.004 in. (0.1 mm) up to a total displacement
of 0.04 in. (1.0 mm). Reduce the reading frequency to a horizontal displacement
increment of 0.08 in. (0.2 mm) up to a total displacement of 0.12 in. (3.0 mm of total
displacement). Then reduce the frequency of readings to every 0.02 in. (0.5 mm) of
horizontal displacement increment up to a total displacement of 0.2 in. (5.0 mm) of
the specimen. Thereafter, read the instruments every 0.04 in. (1.0 mm) of horizontal
displacement to the failure of the sample.

- After failure is reached, remove the sample from the shear box and determine the
gravimetric water content (SOP 40) if the test was performed in unsaturated
conditions.

- Calculate the following:

a) Nominal shear stress acting on the specimen is:
t=F/A
where:
© = Nominal shear stress at the moment of the reading (kPa, kg/cm?, Ibs/cm?, etc.),
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F = Shear force at the moment of the reading (N, kg, Ibs, etc.),
A = Surface area of the sample (cm?, in? etc.).

b) Normal stress acting on the specimen is:

where:

n= N/A

n = Normal stress (Ib/m?, kg/cm?, kPa, etc.),
N = Normal vertical force acting on the specimen (N, kg, Ibs, etc.),
A = Initial surface area of the specimen (cm?, in, etc.).

c) Horizontal displacement rate is:

where:

r=d/t

r = Horizontal displacement rate (mm/min.),
d = Total displacement of the sample (mm),
t = Time to complete the test (min.).

Prime another sample and repeat the procedures for the next planned normal load.

b) Multi-Stage Procedure

When the multi-stage procedure is required, the sample is submerged in distilled water
and allowed to displace to the peak strength. After that, the sample is returned to the
initial position and the same sample is used to test the shear strength for all loads
planned. The multi-stage test should be performed as follows:

Submerge the sample in distilled water and apply the lowest normal stress to the
soil specimen. Wait until the consolidation phase is complete - equilibrium
conditions can be observed by taking readings with time on the dial gauge on the
top of the soil specimen.

Once equilibrium is achieved, the specimen is ready for the application of the first
shear force. As the shear force is applied, plot the data showing horizontal
displacement versus shear stress. The first portion of the stress versus
displacement should have a relatively straight line relationship. At some point, the
displacement should start to increase as the specimen moves towards the point of
failure. Care and judgment must be exercised in determining the point at which
the displacement should be stopped.

The horizontal shear force is then reduced to zero and the two halves must be
returned to the initial position corresponding to the beginning of the test.

Apply the normal stress corresponding to the second stage. Following
equilibrium, apply shear stress until the peak strength is attained again.

The above procedure is repeated for each of the normal stresses until all load
stages have been applied. Following the last stage, apply horizontal displacement
up to the maximum conditions the apparatus can achieve.

9. DOCUMENTATION - PLOTS AND REPORTING
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Test sheets will be stored electronically in the Utah-maintained Molycorp database. See
database for appropriate forms.

The report shall include the following:

- Sample identification, project, location and date of the test, and name of the person
completing the test.

- Description of the type of shear device and shear box used in the test.

- Description of sample type, that is, whether the specimen is undisturbed, remolded,
compacted, or otherwise prepared.

- Description of sample characteristics such as: dry mass, initial void ratio, gravimetric
water content (SOP 40), dry unit weight, wet unit weight, and degree of saturation.

- Initial thickness and diameter (width for square shear boxes).

- Final gravimetric water content (SOP 40).

- Normal stress, rate of deformation, shear displacement, and corresponding nominal
shear stress values and specimen thickness changes.

- Plot of nominal shear stress versus percent relative lateral displacement for each
normal load used.

- Plot of nominal shear stress at failure versus normal load.

- Calculated friction angle and cohesion.

- Departure from the procedure outlines, such as special loading sequences or special
wetting requirements.

10. QUALITY ASSURANCE/QUALITY CONTROL

All equipment will be calibrated for the equipment load-deformation characteristics when
first placed in service or whenever parts are changed. ASTM Standard D 3080
(Appendix 1) gives detailed procedures for equipment calibration. A record of the date
and results of each calibration will be permanently retained by each tester.

Accuracy of readouts and dial indicators should be verified. Check the values of the
weights set that will be used. When using a machine that is not automatic, the operator
should calibrate the rate of the loading crank to obtain the desired displacement rate. It is
important that the sample be continuously deformed at a constant rate which is strongly
affected by the rotating loading crank.

Where feasible, samples should be archived for future studies.
11. REFERENCES

- ASTM D3080-98; Standard Test Method for direct shear test of soils under
consolidated drained conditions.

- ASTM DB854-02; Standard Test Method for specific gravity of soil solids by water
pycnometer.
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- HEADQUARTERS EM1110-2, 1986, Drained Direct Shear Test, Laboratory Soils
Testing-Engineer Manual, Department of the Army
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APPENDIX 1. ASTM D3080-98

qmb Designation: D 3080 — 98

Standard Test Method for

Direct Shear Test of Soils Under Consolidated Drained

Conditions’

This standard is issued under the fixed designation I 3080; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A mumber in parentheses indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

1. Scope *

1.1 This test method covers the determination of the con-
solidated drained shear strength of a soil material in direct
shear. The test is performed by deforming a specimen at a
controlled strain rate on or near a single shear plane determined
by the configuration of the apparatus. Generally, three or more
specimens are tested, each under a different normal load, to
determine the effects upon shear resistance and displacement,
and strength properties such as Mohr strength envelopes.

1.2 Shear stresses and displacements are nonurmformly dis-
tributed within the specimen. An appropriate height cannot be
defined for calculation of shear strains. Therefore, stress-strain
relationships or any associated quantity such as modulus,
cannot be determined from this test.

1.3 The determination of strength envelopes and the devel-
opment of criteria to interpret and evaluate test results are left
to the engineer or office requesting the test.

1.4 The results of the test may be affected by the presence of
soil or rock particles, or both, (see Section 7).

1.5 Test conditions including normal stress and moisture
environment are selected which represent the field conditions
being investigated. The rate of shearing should be slow enough
to ensure dramned conditions.

1.6 The values stated in inch-pound units are to be regarded
as the standard. Within this test method the SI units are shown
in brackets. The values stated in each system are not exact
equivalents, therefore, each system must be used mdepen-
dently of each other.

1.7 This standard does not purport fo address all of the
safety concemns, if ww, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior fo use.

2. Referenced Documents

2.1 ASTM Standards:
D 422 Method for Particle-Size Analysis of Soils®

! This test method is under the jurisdiction of ASTM C D-18 on Soil
and Rock and is the direct responsibility of Subcommittee D805 on Structural
Properties of Soils.

Current edition approved Aug. 10, 1998, Published January 1999, Originally
published as D 3080 — 72, Last previous edition D 3080 — 90,

* Annrial Book of ASIM Stavidards, Vol 04.08,

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids®

D698 Test Method for Laboratory Compaction Character-
istics of Soil Using Standard Effort (12 400 ft-1bf/ft)*

D 854 Test Method for Specific Gravity of Soils®

D 1557 Test Method for Laboratory Compaction Character-
istics of Soil Using Modified Effort (56 000 ft-1bf/ft)*

D 1587 Practice for Thin-Walled Geotechnical Tube Sam-
pling of Soils?

22216 Method for Laboratory Determination of Water
(Moisture) Content of Soil and Rock?

DD 2435 Test Method for One Dimensional Consolidation
Properties of Soils*

D 2487 Test Method for Classification of Secils for Engi-
neering Purposes®

1D 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)®

D 3740 Practice for Minimum Requirements for Agencies
Engaged in the Testing and/or Inspection of Soil and
Rock?

D 4220 Practices for Preserving and Transporting Soil
Samples®

4318 Test Method for Liquid Limit, Plastic Limit, and
Plasticity Index of Soils*

> 4753 Specifications for Evaluating, Selecting, and Speci-
fying Balances and Scales for Use in Soil Rock and
Construction Materials Testing®

3. Terminology

3.1 Definitions—For definitions of terms used in this test
method, refer to Terminology D 653.

3.2 Description of Terms Specific to This Standard:

3.2.1 Relative Lateral Displacement—The horizontal dis-
placement of the top and bottom shear box halves.

3.2.2 Failure—The stress condition at failure for a test
specimen. Failure is often taken to correspond to the maximum
shear stress attained, or the shear stress at 15 to 20 percent
relative lateral displacement. Depending on soil behavior and
field application, other suitable criteria may be defined.

4. Summary of Test Method

4.1 This test method consists of placing the test specimen in
the direct shear device, applying a predetermined normal

*A Summary of Changes section appears at the end of this standard.

Copyight © ASTM, 100 Bar Harbor Drive, West Conghohocken, PA 184282853, United States
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stress, providing for wetting or draining of the test specimen, or
both. consolidating the specimen under the normal stress,
unlocking the frames that hold the test specimen, and displac-
ing one frame horizontally with respect to the other at a
constant rate of shearing deformation and measuring the
shearing force and horizontal displacements as the specimen is
sheared (Fig. 1).

5. Significance and Use

5.1 The direct shear test is suited to the relatively rapid
determination of consolidated drained strength properties be-
cause the drainage paths through the test specimen are short.
thereby allowing excess pore pressure to be dissipated more
rapidly than with other drained stress tests. The test can be
made on all soil materials and undisturbed, remolded or
compacted materials. There 1s however, a limitation on maxi-
mum particle size (see 7.2).

5.2 The test results are applicable to assessing strength in a
field situation where complete consolidation has occurred
under the existing normal stresses. Failure 1s reached slowly
under dramed conditions so that excess pore pressures are
dissipated. The results from several tests may be used to
express the relationship between consolidation stress and
drained shear strength.

5.3 During the direct shear test, there 1s rotation of principal
stresses, which may or may not model field conditions.
Moreover, failure may not occur on the weak plane since
failure is forced to occur on or near a horizontal plane at the
middle of the specimen. The fixed location of the plane in the
test can be an advantage in determining the shear resistance
along recognizable weak planes within the soil material and for
testing interfaces between dissimilar matenals.

5.4 Shear stresses and displacements are nonumformly dis-
tributed within the specimen, and an appropriate height is not
defined for calculating shear strains or any associated engineer-
ing quantity. The slow rate of displacement provides for
dissipation of excess pore pressures. but it also permits plastic
flow of soft cohesive soils. Care should be taken to ensure that
the testing conditions represent those conditions being inves-
tigated.

5.5 The range in normal stresses, rate of shearing, and
general test conditions should be selected to approximate the
specific so1l conditions being investigated.

Noae 1—Notwithstanding the statement on precision and ias con-
tained in thiz standard: The precision of this test method is dependent on
the competence of the personnel performing the test and the suitability of
the equipment and facilities used. Agencies which meet the criteria of
Practice D 3740 are generally considered capable of competent and
objective testing. Users of this test method are cautioned that complhance
with Practice D 3740 does not in itself assure reliable testing. Reliable

i/ AN e

FIG. 1 Test Specimens in (&) Single and (b) Double Shear
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lesting depends on several factors, Practice D 3740 provides a means of
evaluating some of these factors.

6. Apparatus

6.1 Shear Device—A device to hold the specimen securely
between two porous mserts in such a way that torque is not
applied to the specimen. The shear device shall provide a
means of applying a normal stress to the faces of the specimen,
for measuring change i thickness of the specimen, for
permitting drainage of water through the porous inserts at the
top and bottom boundaries of the specimen, and f[or submerg-
ing the specimen in water. The device shall be capable of
applying a shear force to the specimen in water. The device
shall be capable of applying a shear force to the specimen
along a predetermined shear plane (single shear) parallel to the
faces of the specimen. The frames that hold the specimen shall
be sufficiently rigid to prevent their distortion during shearing.
The various parts of the shear device shall be made of material
not subject to corrosion by moisture or substances within the
soil, for example, stainless steel, bronze, or aluminum, etc.
Dissimilar metals, which may cause galvanic action, are not
permitted.

6.2 Shear Box, a shear box, either circular or square, made
of stainless steel, bronze, or aluminum, with provisions for
dramnage through the top and bottom. The box 15 divided
vertically by a horizontal plane into two halves of equal
thickness which are fitted together with alignment screws. The
shear box is also fitted with gap screws, which control the
space (gap) between the top and bottom halves of the shear
box.

6.3 Porous Inserts, Porous inserts function to allow drain-
age from the soil specimen along the top and bottom bound-
aries. They also [unction to transfer horizontal shear stress
from the insert to the top and bottom boundaries of the
specimen. Porous inserts shall consist of silicon carbide,
aluminum oxide, or metal which 1s not subject to corrosion by
soil substances or soil moisture, The proper grade of insert
depends on the soil being tested. The permeability of the insert
should be substantially greater than that of the soil, but should
be textured fine enough to prevent excessive intrusion of the
soil into the pores of the insert. The diameter or width of the
top porous insert or plate shall be 0.01 to 0.02 in. (0.2 to 0.5
mm) less than that of the inside of the ring. If the insert
functions to transfer the horizontal stress to the soil, it must be
sufficiently coarse to develop interlock. Sandblasting or tooling
the insert may help, but the surface of the msert should not be
so irregular as to cause substantial stress concentrations in the
soil.

More 2—Exact criteria for insert texture and permeability have not
been established. For normal soil testing, medium grade inserts with a
permeability of about 0.5 to 1.0 % 107 fthr (5.0 107" to 1.0 x 107
cm/s) are appropriate for testing silts and clays, and coarse grade inserts
with a permeability of about 0.5 to 1.0 X 10° fi/yr (0.05 to 0.10 cm/s) are
appropriate for sands. It 15 important that the permeability of the porous
insert is not reduced by the collection of soil particles in the pores of the
insert; hence frequent checking and cleaning (by flushing and boiling, or
by ultrasomic cleaning) are required to ensure the necessary permeability.

6.4 Loading Devices:
6.4.1 Device for Applving and Measuring the Normal
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Force—The normal force is applied by a lever loading yoke
which is activated by dead weights (masses) or by a pneumatic
loading device. The device shall be capable of maintaining the
normal force to within =1 percent of the specified force
quickly without exceeding it.

6.4.2 Device for Shearing the Specimen—The device shall
be capable of shearing the specimen at a uniform rate of
displacement, with less than +5 percent deviation, and should
permit adjustment of the rate of displacement from 0.0001 to
0.04 in./min (0025 to 1.0 mm/min). The rate to be applied
depends upon the consolidation characteristics of the soils (see
9.12.1). The rate is usually maintained with an electric motor
and gear box arrangement and the shear force is determined by
a load indicating device such as a proving ring or load cell.

6.4.3 The weight of the top shear box should be less than 1
percent of the applied normal force: this may require that the
top shear box be modified and supported by counter force.

Neore 3—Sheaning the test specimen at a rate greafer than specified may
produce partially drained shear results that will differ from the draned
strength of the material,

6.5 Shear Force Measurement Device—A proving ring or
load cell accurate to 0.5 Ibl (2.5 N), or 1 percent of the shear
force at failure, whichever is greater.

6.6 Shear Box Bowl—A metallic box which supports the
shear box and provides either a reaction against which one half
of the shear box is restrained, or a solid base with provisions
for aligning one half of the shear box, which 1s free to move
coincident with applied shear force in a horizontal plane.

6.7 Controlled High Humidity Room, if required, for pre-
paring specimens, such that water content gain or loss during
specimen preparation is minimized.

6.8 Trimmer or Cutting Ring, for trimming oversized
samples to the inside dimensions of the shear box with a
minimum of disturbance. An exterior jig may be needed to
maintain the shear box alignment.

6.9 Balances—in accordance with Test Method D 2216.

6.10 Deformation Indicators—Either dial gages or displace-
ment transformers capable of measuring the change in thick-
ness of the specimen, with a sensitivity of at least 0.0001 in.
(0.0025 mm) and to measure hornzontal displacement with
sensitivity of at least 0,001 in. (0,025 mm).

6.11 Apparatus for Determination of Water Content, as
specified in Test Method D 2216.

6.12 Equipment for Remolding or Compacting Specimens,
if applicable.

6.13 Miscellaneous Equipment, including timing device
with a second hand, distilled or demineralized water, spatulas,
knives, straightedge, wire saws, etc., used in preparing the
specimen.

7. Test Specimen

7.1 The sample used for specimen preparation should be
sufficiently large so that a minimum of three similar specimens
can be prepared. Prepare the specimens in a controlled tem-
perature and humidity environment to minimize moisture loss
or gain.

7.1.1 Extreme care should be taken in preparing undisturbed
specimens of sensitive solls to prevent disturbance to the
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natural soil structure. Determine the initial mass of the wet
specimen for use in calculating the imitial water content and
unit weight of the specimen.

7.2 The minimum specimen diameter for circular speci-
mens, or width for square specimens, shall be 2.0 in. (50 mm),
or not less than 10 times the maximum particle size diameter,
whichever is larger, and conform to the width to thickness ratio
specified in 7.4.

7.3 The minimum initial specimen thickness shall be 0.5 in.
(12 mm), but not less than six times the maximum particle
diameter.

7.4 The minimum specimen diameter to thickness or width
to thickness ratio shall be 2:1.

Note 4—If large =oil particles are found in the soil afier testing, a
particle size analysis should be performed in accordance with Method
D422 to confirm the visual observations, and the result should be
provided with the test report.

7.5 Specimen Preparation:

7.5.1 Undisturbed Specimens—Prepare undisturbed speci-
mens [rom large undisturbed samples or from samples secured
in accordance with Practice D 1587, or other undisturbed tube
sampling procedures. Undisturbed samples shall be preserved
and transported as outlined for Group C or D samples in
Practice D 4220. Handle specimens carefully to minimize
disturbance, changes in cross section, or loss of water content.
If compression or any type of noticeable disturbance would be
caused by the extrusion device, split the sample tube length-
wise or cut it off in small sections to [acilitate removal of the
specimen with minimum disturbance. Prepare trimmed speci-
mens, whenever possible, mn an environment which will
minimize the gain or loss of specimen moisture.

Neore 5—aA controlled high-humidity room iz desirable for this purpose.

7.5.2 Compacted Specimens—Specimens shall be prepared
using the compaction method, water content, and unit weight
prescribed by the individual assigning the test. Assemble and
secure the shear box. Place a moist porous nsert in the bottom
of the shear box. Specimens may be molded by either kneading
or tamping each layer until the accumulative mass of the soil
placed in the shear box is compacted to a known volume, or by
adjusting the number of layers, the number of tamps per layer,
and the force per tamp. The top of each layer shall be scarified
prior to the addition of material for the next layer. The
compacted layer boundaries should be positioned so they are
not coineident with the shear plane defined by the shear box
halves, unless this is the stated purpose for a particular test. The
tamper used to compact the material shall have an area
contact with the soil equal to or less than Y2 the area of the
mold Determine the mass of wet soil required for a single
compacted lift and place it in the shear box. Compact the soil
until the desired unit weight is obtained. Continue placing and
compacting soil until the entire specimen 1s compacted.

Nore 6—A light coating of grease applied to the maide of the shear box
may be used to reduce fiiction between the specimen and shear box during
consolidation. However, the upper ring in some shear devices requires
friction to support the ring after the shear plates have been gapped. A light
coating of grease applied between the halves of the shear box may be used
to reduce friction between the halves of the shear box during shear
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TFE-flucrocarbon coating may also be used on these surfaces instead of
grease 1o reduce frichion.

Note 7—The required thickness of the compacted lift may be deter-
mined by directly measuring the thickness of the lift, or from the marks on
the tamping rod which correspond to the thickness of the hil beng placed.

Nore 8—The decision to dampen the porous inserts by inundating the
shear box before applying the normal force depends on the problem under
study. For undisturbed samples obtained below the water table, the porous
inserts are wsually dampened. For swelling soils, the sequence of
consolidation, wetting, and shearing should model field conditions.
Determine the compacted mass of the specimen from either the measured
mass placed and compacted in the mold, or the difference between the
mass of the shear box and compacted specimen and the tare mass of the

shear box.

7.6 Material required for the specimen shall be batched by
thoroughly mixing soil with sufficient water to produce the
desired water content. Allow the specimen to stand prior to
compaction m accordance with the following guide:

Classification D 2487 Minimum Standing Time, h

SW SP Mo Requirement
M 3
SC, ML CL 18
MH, CH 38

7.7 Compacted specimens may also be prepared by com-
pacting soil using the procedures and equipment used to
determine moisture-density relationships of soils (Test Meth-
ods D698 or D 1557), and tnmming the direct shear test
specimen from the larger test specimen as though 1t were an
undisturbed specimen.

8. Calibration

8.1 The calibration 1s to determine the deformation of the
apparatus when subject to the consolidation load, so that for
each normal consolidation load the apparatus deflection may be
subtracted from the observed deformations. Therefore, only
deformation due to sample consolidation will be reported for
complete tests. Calibration for the equipment load-deformation
characteristics need to be performed on the apparatus when
first placed in service, or when apparatus parts are changed.

8.2 Assemble the direct-shear device with a metal calibra-
tion disk or plate of a thickness approximately equal to the
desired test specimen and about Y4 in. (5 mm) smaller in
diameter or width.

8.3 Position the normal displacement indicator. Adjust this
indicator so that it can be used to measure either consolidation
or swell from the calibration disk or plate reading. Record the
zero or “no load” reading.

8.4 Apply increments of normal force up to the equipment
limitations, and record the normal displacement indicator
reading and normal force. Remove the applied normal force in
reverse sequence of the applied force, and record the normal
displacement indicator readings and normal force. Average the
values and plot the load deformation of the apparatus as a
function of normal load. Retain the results for future reference
in determining the thickness of the test specimen and compres-
sion within the test apparatus itself’

8.5 Remove the calibration disk or plate.

Nore 9—Other methods of proven acenracy for calibrating the appa-
ratug are acceptable,
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9. Procedures

9.1 Assemble the shear box.

9.1.1 Undisturbed Specimen—Place moist porous mserts
over the exposed ends of the specimen in the shear box; place
the shear box containing the undisturbed specimen and porous
inserts into the shear box bow] and attach the shear box.

Nore 10— or some apparatus, the top half of the shear box 15 held m
place by a notched rod which fits into a receptacle in the top half of the
shear box. The bottom half of the shear box is held in place in the shear

box bowl retaining bolts. For some apparatus, the top half of the shear box
1s held in placed by an anchor plate.

9.1.2 Compacted Specimen—Flace the shear box containing
the compacted specimen and porous inserts into the shear box
bowl and attach the shear box.

9.2 Connect and adjust the shear force loading system so
that no force is imposed on the load measuring device.

9.3 Properly position and adjust the horizontal displacement
measurement device used to measure shear displacement.
Obtain an initial reading or set the measurement device to
indicate zero displacement.

9.4 Place a moist porous msert and load transfer plate on the
top of the specimen in the shear box.

9.5 Place the normal force loading yoke into position and
adjust it so the loading bar is horizontal. For dead load lever
loading systems, level the lever. For pneumatic loading sys-
tems, adjust the yoke until it sits snugly against the recess in
the load transfer plate, or place a ball bearing on the load
transfer plate and adjust the yoke until the contact is snug.

9.6 Apply a small normal load to the specimen. Verity that
all components of the loading system are seated and aligned.
The top porous insert and load transfer plate must be aligned so
that the movement of the load transfer plate into the shear box
15 not inhibited. Record the apphed vertical load and horizontal
load on the system.

Nerz 11—The normal stress applied to the specimen should be
approximately | 1bffin.* (7 kPa).

9.7 Attach and adjust the vertical displacement measure-
ment device. Obtain initial reading for the vertical measure-
ment device and a reading for the horizontal displacement
measurement device.

9.8 If required, fill the shear box with water, and keep it full
for the duration of the test.

9.9 Calculate and record the normal force required to
achieve the desired normal stress or increment thereof. Apply
the desired normal stress by adding the appropriate mass to the
lever arm hanger, or by increasing the pneumatic pressure.

Nore 12--The normal force used for the specimen will depend upon
the data required. Application of the normal force in one increment may
be appropriate for relatively firm soils. For relatively soft soils, application
of the normal force in several inc tz may be ry to prevent
damage to the specimen.

9,10 Apply the desired normal load or increments thereof to
the specimen and begin recording the normal deformation
readings agamst elapsed time. For all load increments, verify
completion of primary consclidation before proceeding (see
Test Method D 2435). Plot the normal displacement versus
either log of time or square root of time (in min).

9.11 After primary consolidation is completed, remove the
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alignment screws or pins from the shear box. Open the gap
between the shear box halves to approximately 0,025 in. (0.64
mm) using the gap screws. Back out the gap screws.

Note 13—There may be instances when the gap between the plates
should be increased to accommodate sand sizes greater than the specified
gap. Presently there is insufficient information available for specifyiing gap
dimension based on particle size distribution,

9.12 Shear the specimen

9.12.1 Select the appropriate displacement rate. Shear the
specimen at a relatively slow rate so that no excess pore
pressure would exist at failure. The following equation shall be
used as a guide to determine the estimated minimum time
required [rom the start of the test to failure:

4= 50t

where:

1 total estimated elapsed time to failure, min,

l5p = time required for the specimen to achieve 50 percent

consolidation under the specified normal stress (or
increments thereof), min.

Note 14—If the normal displacement versus square root of time used,
1o can be calculated from the time to complete 90 % consolidation using
the following expression:

" 1]
to =458
where:
tgy = time required for the specimen to achieve 90
percent consolidation under the specified normal
stress (or increment thereofl), min,
4.28 constant, relates displacement and time factors at 50

and 90 percent consolidation.

Note 15—If the matenal exhibits a tendency to swell, the soil must be
inundated with water and must be pemmitted to achieve equilibrium under
an increment of normal stress large enough to counteract the swell
tendency before the minimum time to failure can be determined. The
time-consolidation curve for subsequent normal stress increments are then
valid for nse in determining .

MNote 16—Some soils, such as dense sands and over consolidated clays,
may not exhibit well defined time-settlement curves., Consequently, the
calculation of f. may produce an inappropriate estimate of the time
required to fail the specimen under drained conditions. For over consoli-
dated clays which are tested under normal stresses less than the soil’s
pre-consolidation pressure, it iz suggested that a time to failure be
estimated using a value of /,; equivalent to one obtained from normal
consolidation time-settlement behavior. For clean dense sands which drain
quickly, a value of 10 min may be nsed for £, For dense sands with more
than 5 % fines, a value of 60 min may be used for £, 1f an altemative value
of #-1s selected, the rationale for the selection shall be explained with the
test results.

9.13 Determine the appropriate displacement from the fol-
lowing ecquation:

d=dlt

where:

d, = displacement rate (in./min, mm/min),

d, = estimated horizontal displacement at failure (in., mm),
y = total estimate elapsed time to failure, min,

Nore 17—The magnitude of the estimated displacement at failure 15
dependent on many factors including the type and the stress history of the
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soil. As a guide, use d- = 0.5 in. (12 mm) if the material is normally or
lightly over consolidated fine-grained soil, otherwise use d-= 0.2 in, (5
mm).

9.13.1 Select and Set the Displacement Rate—For some
types of apparatus, the displacement rate is achieved using
combinations of gear wheels and gear lever positions. For other
types the displacement rate is achieved by adjusting the motor
speed.

9.13.2 Record the imtial time, vertical and horizontal dis-
placements, and normal and shear forces.

9.13.3 Start the apparatus and initiate shear.

9.13.4 Obtain data readings of time, vertical and horizontal
displacement, and shear force at desired interval of displace-
ment. Data readings should be taken at displacement intervals
equal to 2 percent of the specimen diameter or width to
accurately define a shear stress-displacement curve.

Nere 18—Additonal readings may be helpful in identifying the value
of peak shear stress of over consolidated or brittle material.

Nare 19—t may be necessary to stop the fest and re-gap the shear box
halves to mantain clearance between the shear box halves.

9.13.5 Alter reaching failure, stop the test apparatus. This
displacement may range from 10 to 20 percent of the speci-
men’s original diameter or length,

9.13.6 Remove the normal [orce [rom the specimen by
removing the mass from the lever and hanger. or by releasing
the pressure.

9.14 For cohesive test specimens, separate the shear box
halves with a sliding motion along the failure plane. Do not
pull the shear box halves apart perpendicularly to the failure
surface, since it would damage the specimen. Photograph,
sketch, or described in writing the failure surface. This proce-
dure 1s not applicable to cohesionless specimens.

9.15 Remove the specimen from the shear box and deter-
mine its water content according to Test Method D 2216.

9.16 Calculate and Flot the Following:

9.16.1 Nominal shear stress versus relative lateral displace-
ment,

10. Calculation

10.1 Calculate the following:
10.1.1 Nominal shear siress, acting on the specimen 1s,
7
L S A
where: )
7 = nominal shear stress (Ibl/in.~, kPa).
F = shear force (Ibf, ), N
A = initial area of the specimen (in.%, mm?).
10.1.2 Normal stress acting on the specimen is,
N
n= K
where:
n = normal stress (Ibf/in.%, kPa).
N = normal vertical force acting on the specimen (1bf, N).

Mere 20—Factors which incorporate assumptions regarding the actual
specimen surface area over which the shear and normal forces are
measured can be applied to the calculated values of shear or normal stress,
or both. If' a correction(s) iz made, the factor(s) and rationale for using the
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correction shall be explaned with the test results.

10.1.3 Displacement Rate—Calculate the actual displace-
ment rate by dividing the relative lateral displacement by the
elapsed time. or report the rate used for the test.

d=d.lt,
where:
d displacement rate (in./min, mm/min),
d, relative lateral displacement (in./mm),

t, elapsed time of test (min).

10.1.4 Compute the mnitial void ratio, water content, dry unit
weight and degree of saturation based on the specific gravity,
and mass of the total specimen. Specimen volume is deter-
mined by measurements of the shear box lengths or diameter
and of the measured thickness of the specimen.

11. Report

11.1 The report shall include the following:

11.1.1 Sample 1dentification, project and location.

11.1.2 Description of type of shear device used in test.

11.1.3 Description of appearance of the specimen, based on
Practice 1722488 (Test Method D 2487 may be used as an
alternative), Atterberg limits (Test Method D) 4318), and grain
size data (Method 1D 422), if obtained (see 7.4).

11.1.4 Description of soil structure, that is whether the
specimen 1s undisturbed, remolded, compacted, or otherwise
prepared.

11.1.5 Initial and final water content.

11.1.6 Dry mass and initial and final wet unit weight.

11.1.7 Initial and final dry unit weight.

11.1.8 Initial thickness and diameter (width for square shear
boxes).

11.1.9 Normal stress, rate of deformation, shear displace-
ment, and corresponding nominal shear stress values and
specimen thickness changes.

11.1.10 Plot of log of time or square root of time versus
deformation of those load increments where (5, was deter-
mined.

11.1.11 Plot of nominal shear stress versus percent relative
lateral displacement.

11.1.12 Departure from the procedure outlines, such as
special loading sequences or special welling requirements,

12. Precision and Bias

12.1 Precision—Data are being evaluated to determine the
precision of this test method. In addition, Subcommittee
1218.05 is seeking pertinent data from users of the test method.

12.2 Bias—There is no accepted reference value for this test
method, therefore, bias cannot be determined.

13. Keywords

13.1 compacted specimens; consolidated; direct-shear test;
drained test conditions; Mohr strength envelope; shear

strength. undisturbed

SUMMARY OF CHANGES

(1) Practice D 3740 was added to Section 2, Referenced
Documents.

(2) Anew Note 1 was inserted in Section 5, Significance and
Use, immediately after 5.5.

The American Sociely for Testing and Materials takes no

(3) The remaining notes were renumbered.
(4) A new section entitled Summary of Changes was added.
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