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QHW 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 D 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 number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope * D 653 Terminology Relating to Soil, Rock, and Contained

1.1 This test method covers the determination of the con- _ FUids’ .
solidated drained shear strength of a soil material in direct D 698 Test Method for Laboratory Compaction Character-
shear. The test is performed by deforming a specimen at a _istics of Soil Using Standard Effort (12 400 ft-Ibfft)
controlled strain rate on or near a single shear plane determined D 854 Test Method for Specific Gravity of Sdils
by the configuration of the apparatus. Generally, three or more D 1557 Test Method for Laboratory Compaction Character-
specimens are tested, each under a different normal load, to _istics of Soil Using Modified Effort (56 000 ft-Ibf/ff)
determine the effects upon shear resistance and displacementP 1587 Practice for Thin-Walled Geotechnical Tube Sam-
and strength properties such as Mohr strength envelopes. pling of Soils’ o

1.2 Shear stresses and displacements are nonuniformly dis-D 221_6 Method for Labor_atory Determination of Water
tributed within the specimen. An appropriate height cannot be _ (Moisture) Content of Soil and Rogk - o
defined for calculation of shear strains. Therefore, stress-strain D 2435 Test Method for One Dimensional Consolidation
relationships or any associated quantity such as modulus, Properties of Soifs . , .
cannot be determined from this test. D 2487 Test Method for Classification of Soils for Engi-

1.3 The determination of strength envelopes and the devel- N€€rng Purposés o o _
opment of criteria to interpret and evaluate test results are left D 2488 Practice for Description and Identification of Soils

to the engineer or office requesting the test. (Visual-Manual Proce_dyré) . .
1.4 The results of the test may be affected by the presence of D 3740 Practice for Minimum Requirements for Agencies
soil or rock particles, or both, (see Section 7). Engaged in the Testing and/or Inspection of Soil and

1.5 Test conditions including normal stress and moisture Rock . i i .
environment are selected which represent the field conditions D 4220 Practices for Preserving and Transporting Soil
being investigated. The rate of shearing should be slow enough _Samples S o
to ensure drained conditions. D 4318 Test Method for LIQUId lelt, Plastic lelt, and

1.6 The values stated in inch-pound units are to be regarded _Plasticity Index of Soil$ _ . .
as the standard. Within this test method the SI units are shown D 4753 Specifications for Evaluating, Selecting, and Speci-
in brackets. The values stated in each system are not exact fYing Balances and Scales for Use in Soil Rock and
equivalents; therefore, each system must be used indepen- Construction Materials Testifg
dently of each other. :

1.7 This standard does not purport to address all of the3' Termmc?lc?gy _ i .
safety concerns, if any, associated with its use. It is the 3.1 Definitions—For definitions of terms used in this test
responsibility of the user of this standard to establish appro-method, refer to Terminology D 653. _ _
priate safety and health practices and determine the applica- 3-2 Description of Terms Specific to This Standard:

bility of regulatory limitations prior to use. 3.2.1 Relative Lateral DisplacementThe horizontal dis-
placement of the top and bottom shear box halves.
2. Referenced Documents 3.2.2 Failure—The stress condition at failure for a test
2.1 ASTM Standards: specimen. Failure is often taken to correspond to the maximum
D 422 Method for Particle-Size Analysis of SGils 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.
1 This test method is under the jurisdiction of ASTM Committee D-18 on Soil

and Rock and is the direct responsibility of Subcommittee D18.05 on Structurah Summary of Test Method
Properties of Soils. ' ) ] ) ) )
Current edition approved Aug. 10, 1998. Published January 1999. Originally 4.1 This test method consists of placing the test specimen in

published as D 3080 — 72. Last previous edition D 3080 — 90. the direct shear device, applying a predetermined normal
2 Annual Book of ASTM Standardggl 04.08.

*A Summary of Changes section appears at the end of this standard.
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stress, providing for wetting or draining of the test specimen, otesting depends on several factors; Practice D 3740 provides a means of
both, consolidating the specimen under the normal stres§valuating some of these factors.

unlocking the frames that hold the test specimen, and displa%—
ing one frame horizontally with respect to the other at a™ Apparatus

constant rate of shearing deformation and measuring the 6.1 Shear Device-A device to hold the specimen securely
shearing force and horizontal displacements as the specimenlitween two porous inserts in such a way that torque is not

sheared (Fig. 1). applied to the specimen. The shear device shall provide a
means of applying a normal stress to the faces of the specimen,
5. Significance and Use for measuring change in thickness of the specimen, for

5.1 The direct shear test is suited to the relatively rapidPermitting drainage of water through the porous inserts at the
determination of consolidated drained strength properties bdopP and bottom boundaries of the specimen, and for submerg-
cause the drainage paths through the test specimen are shdfg the specimen in water. The device shall be capable of
thereby allowing excess pore pressure to be dissipated mo@®PPlying a shear force to _the specimen in water. The d(?VICG
rapidly than with other drained stress tests. The test can bEhall be capable of applying a shear force to the specimen
made on all soil materials and undisturbed, remolded oRlong a predetermined shear plane (single shear) parallel to the
compacted materials. There is however, a limitation on maxifaces of the specimen. The frames that hold the specimen shall
mum particle size (see 7.2). be sufﬁqlently rigid to prevent thelr_dlstortlon during sheanng._

5.2 The test results are applicable to assessing strength inT&€ various parts of the shear device shall be made of material
field situation where complete consolidation has occurredlOt Subject to corrosion by moisture or substances within the
under the existing normal stresses. Failure is reached slowf§Pil, for example, stainless steel, bronze, or aluminum, etc.
under drained conditions so that excess pore pressures dpissimilar metals, which may cause galvanic action, are not
dissipated. The results from several tests may be used feermitted.
express the relationship between consolidation stress and6.2 Shear Boxa shear box, either circular or square, made
drained shear strength. of stainless steel, bronze, or aluminum, with provisions for

5.3 During the direct shear test, there is rotation of principafrainage through the top and bottom. The box is divided
stresses, which may or may not model field conditionsvertically by a horizontal plane into two halves of equal
Moreover, failure may not occur on the weak plane sincethickness which are fitted together with alignment screws. The
failure is forced to occur on or near a horizontal plane at theéhear box is also fitted with gap screws, which control the
middle of the specimen. The fixed location of the plane in theSpace (gap) between the top and bottom halves of the shear
test can be an advantage in determining the shear resistan@@x
along recognizable weak planes within the soil material and for 6.3 Porous InsertsPorous inserts function to allow drain-
testing interfaces between dissimilar materials. age from the soil specimen along the top and bottom bound-

5.4 Shear stresses and displacements are nonuniformly digties. They also function to transfer horizontal shear stress
tributed within the specimen, and an appropriate height is noifom the insert to the top and bottom boundaries of the
defined for calculating shear strains or any associated engine&pPecimen. Porous inserts shall consist of silicon carbide,
ing quantity. The slow rate of displacement provides foraluminum oxide, or metal which is not subject to corrosion by
dissipation of excess pore pressures, but it also permits plastf®il substances or soil moisture. The proper grade of insert
flow of soft cohesive soils. Care should be taken to ensure thgtepends on the soil being tested. The permeability of the insert
the testing conditions represent those conditions being inveghould be substantially greater than that of the soil, but should
tigated. be textured fine enough to prevent excessive intrusion of the

5.5 The range in normal stresses, rate of shearing, angpil into the pores of the insert. The diameter or width of the

general test conditions should be selected to approximate ti@p porous insert or plate shall be 0.01 to 0.02 in. (0.2 to 0.5
specific soil conditions being investigated. 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

Note 1—Notwithstanding the statement on precision and bias con- : : : :
tained in this standard: The precision of this test method is dependent oSr1LJfﬁC|err[Iy coarse to develop interlock. Sandblasting or tooling

the competence of the personnel performing the test and the suitability J’he_ insert may help, but the Surfa_ce of the insert Shou_ld no_t be
the equipment and facilities used. Agencies which meet the criteria oBO ifregular as to cause substantial stress concentrations in the

Practice D 3740 are generally considered capable of competent ar&Dil.
objective testing. Users of this test method are cautioned that compliance

with Practice D 3740 does not in itself assure reliable testing. Reliable Note 2—Exact criteria for insert texture and permeability have not

een established. For normal soil testing, medium grade inserts with a
permeability of about 0.5 to 1.8 10° ft/yr (5.0 X 10 to 1.0x 1072

NORMAL FORCE cm/s) are appropriate for testing silts and clays, and coarse grade inserts

with a permeability of about 0.5 to 1.0 10° ft/yr (0.05 to 0.10 cm/s) are

appropriate for sands. It is important that the permeability of the porous

UPPER B \7 UPFER insert is not reduced by the collection of soil particles in the pores of the
AN 5 insert; hence frequent checking and cleaning (by flushing and boiling, or
HEARING —~et—( O SPECIMEN %ﬂ by ultrasonic cleaning) are required to ensure the necessary permeability.
s POROUS STONE ... 0 . .
LOVER FRAME 6.4 Loading Devices
FIG. 1 Test Specimens in ( a) Single and ( b) Double Shear 6.4.1 Device for Applying and Measuring the Normal
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Force—The normal force is applied by a lever loading yoke natural soil structure. Determine the initial mass of the wet
which is activated by dead weights (masses) or by a pneumatspecimen for use in calculating the initial water content and
loading device. The device shall be capable of maintaining thenit weight of the specimen.
normal force to within=1 percent of the specified force 7.2 The minimum specimen diameter for circular speci-
quickly without exceeding it. mens, or width for square specimens, shall be 2.0 in. (50 mm),
6.4.2 Device for Shearing the SpecimeiThe device shall or not less than 10 times the maximum particle size diameter,
be capable of shearing the specimen at a uniform rate afhichever is larger, and conform to the width to thickness ratio
displacement, with less thah5 percent deviation, and should specified in 7.4.
permit adjustment of the rate of displacement from 0.0001 to 7.3 The minimum initial specimen thickness shall be 0.5 in.
0.04 in./min (.0025 to 1.0 mm/min). The rate to be applied(12 mm), but not less than six times the maximum particle
depends upon the consolidation characteristics of the soils (S@gameter.
9.12.1). The rate is usually maintained with an electric motor 7 4 The minimum specimen diameter to thickness or width
and gear box arrangement and the shear force is determined Ry thickness ratio shall be 2:1.
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 Note 4—If large soil particles are found in the soil after testing, a
percent of the applied normal force: this may require that thearticle size analysis should be performed in accordance with Method

top shear box be modified and supported by counter force. D42_2 to gonflrm the visual observations, and the result should be
provided with the test report.

Note 3—Shearing the test specimen at a rate greater than specified may . .
produce partially drained shear results that will differ from the drained 7.5 Spemmen Preparatlpn . .
strength of the material. 7.5.1 Undisturbed SpecimensPrepare undisturbed speci-

mens from large undisturbed samples or from samples secured
in accordance with Practice D 1587, or other undisturbed tube
sampling procedures. Undisturbed samples shall be preserved

h W lic b hich h and transported as outlined for Group C or D samples in
6.6 Shear Box Bowt-A metallic box which supports the pocice D 4220. Handle specimens carefully to minimize

shear box and provides either a reaction against which one ha{fqy,-hance, changes in cross section, or loss of water content.

?f thf shear boxhislfr e?trﬁine?], or ‘g solidhl;_)ase_: V‘]ﬁith Provisiong ¢ompression or any type of noticeable disturbance would be
or a!gnmg 9?16 al' Od t he S ?ar X wh|c_ 3 rlee lto MOVEcaused by the extrusion device, split the sample tube length-
coincident with applied shear force In a horizontal plane. = iqe o cut it off in small sections to facilitate removal of the

6.7 Controlled High rl;lumdlty Roomif required, f?r pr((aj- _specimen with minimum disturbance. Prepare trimmed speci-
paring specimens, such that water content gain or 10ss duriNgens  whenever possible, in an environment which will

specimen preparation Is m|n|m|zed. N . minimize the gain or loss of specimen moisture.
6.8 Trimmer or Cutting Ring,for trimming oversized

samples to the inside dimensions of the shear box with a Note 5—A controlled high-humidity room is desirable for this purpose.

min_imu_m of disturbance. _An exterior jig may be needed to ;g5 Compacted SpecimensSpecimens shall be prepared
maintain the shegr box a"gnme"‘?- using the compaction method, water content, and unit weight
6.9 Balances—in accordance with Test Method D 2216.  h aqerined by the individual assigning the test. Assemble and
6.10 Deformation Indicators-Either dial gages or displace- goc e the shear box. Place a moist porous insert in the bottom
ment transformers capable of measuring the change in thicks; \he shear hox. Specimens may be molded by either kneading
ness of the specimen, with a sensitivity of at least 0.0001 iny tamping each layer until the accumulative mass of the soil
(0.0025 mm) and to measure horizontal displacement withy3ceq in the shear box is compacted to a known volume, or by
sensitivity of at least 0.001 n. (0'925 mm). adjusting the number of layers, the number of tamps per layer,
6.11 Apparatus for Determination of Water Conteréls 5.4 the force per tamp. The top of each layer shall be scarified
specified in Test Method D 2216. _ . prior to the addition of material for the next layer. The
_ 6.12 Equipment for Remolding or Compacting Specimense,mnacted layer boundaries should be positioned so they are
if applicable. not coincident with the shear plane defined by the shear box

6.13 Miscellaneous Equipment, including timing device | es unless this is the stated purpose for a particular test. The
with a second hand, distilled or demineralized water, spatulasmrnper used to compact the material shall have an area in

knives, straightedge, wire saws, etc., used in preparing thgyniact with the soil equal to or less than the area of the

specimen. mold. Determine the mass of wet soil required for a single

. compacted lift and place it in the shear box. Compact the soil

7. Test Specimen until the desired unit weight is obtained. Continue placing and
7.1 The sample used for specimen preparation should bgompacting soil until the entire specimen is compacted.

sufficiently large so that a minimum of three similar specimens _ ) _ o

can be prepared. Prepare the specimens in a controlled temNoTe 6—A light coating of grease applied to the inside of the shear box

- . Qe - may be used to reduce friction between the specimen and shear box during
gfrga;j;e and humidity environment to minimize moisture IOSSconsolidation. However, the upper ring in some shear devices requires

) . ) friction to support the ring after the shear plates have been gapped. A light
7.1.1 Extreme care should be taken in preparing undisturbegbating of grease applied between the halves of the shear box may be used
specimens of sensitive soils to prevent disturbance to the reduce friction between the halves of the shear box during shear.

6.5 Shear Force Measurement Dewed proving ring or
load cell accurate to 0.5 Ibf (28), or 1 percent of the shear
force at failure, whichever is greater.
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