QH”) Designation: D 6467 — 99

Standard Test Method for
Torsional Ring Shear Test to Determine Drained Residual
Shear Strength of Cohesive Soils *

This standard is issued under the fixed designation D 6467; 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 epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 This test method provides a procedure for performing a 2.1 ASTM Standards:
torsional ring shear test under a drained condition to determine D 422 Test Method for Particle-Size Analysis of Sbils
the residual shear strength of cohesive soils. An undisturbed D 653 Terminology Relating to Soil, Rock, and Contained
specimen can be used for testing. However, obtaining a natural  Fluids’
slip surface specimen, determining the direction of field D 854 Test Method for Specific Gravity of Sdils
shearing, and trimming and properly aligning the usually D 2216 Test Method for Laboratory Determination of Water
non-horizontal shear surface in the ring shear apparatus is (Moisture) Content of Soil and Rogk
difficult. As a result, this test method focuses on the use of a D 2435 Test Method for One-Dimensional Consolidation
remolded specimen.This test method is performed by deform-  Properties of Soifs
ing a presheared, remolded specimen at a controlled displace-D 2487 Classification of Soils for Engineering Purposes
ment rate until the constant minimum drained shear resistance (Unified Soil Classification Systeth)
is offered on a single shear plane determined by the configu- D 3740 Practice for Minimum Requirements for Agencies
ration of the apparatus. An unlimited amount of continuous  Engaged in the Testing and/or Inspection of Soil and Rock
shear displacement can be achieved to obtain a residual as Used in Engineering Design and Construcétion
strength condition. Generally, three or more normal stresses areD 4318 Test Method for Liquid Limit, Plastic Limit, and
applied to a test specimen to determine the drained residual Plasticity Index of Soil%
failure envelope. A separate test specimen may be used for ,
each normal stress. 3. Terminology

1.2 A shear stress-displacement relationship may be ob- 3.1 Definitions—For definitions of terms used in this test
tained from this test method. However, a shear stress-straimethod, refer to Terminology D 653.
relationship or any associated gquantity, such as modulus, 3.2 Definitions of Terms Specific to This Standard:
cannot be determined from this test method because possible3.2.1 consolidated—soil specimen condition after primary
soil extrusion and volume change prevents defining the heightonsolidation under a specific normal stress.
needed in the shear strain calculations. As a result, shear strain3.2.2 presheared-soil specimen condition after shearing at
cannot be calculated but shear displacement can be calculatdelast one revolution of the ring in the direction of shear to

1.3 The selection of normal stresses and final determinatioareate a failure surface prior to drained shearing.
of the shear strength envelope for design analyses and the3.2.3 residual shear force-the shear force being applied to
criteria to interpret and evaluate the test results are th#e specimen when the shear resistance neither increases nor
responsibility of the engineer or office requesting the test.  decreases with continued shear displacement.

1.4 This standard does not purport to address all of the 3.2.4 residual shear strengtithe constant minimum resis-
safety concerns, if any, associated with its use. It is th@ance of soil to shear along a fully developed failure surface
responsibility of the user of this standard to establish appro-and equals the residual shear force divided by the cross-
priate safety and health practices and determine the applicasectional area of the specimen.
bility of regulatory limitations prior to use.

1.5 The values stated in S| units are to be regarded as tfe Summary of Test Method
standard. The values stated in inch-pound units are approxi- 4.1 This test method consists of placing the specimen in the
mated. annular specimen container, applying a predetermined normal

stress through the top loading platen, providing for wetting and
draining of the specimen (optional); consolidating the speci-
men under the normal stress; decreasing the normal stress to

1 This test method is under the jurisdiction of ASTM Committee D-18 on Soil y|e|d an overconsolidated Specimen; preshearing the Specimen
and Rock and is the direct responsibility of Subcommittee D18.05 on Strength and
Compressibility of Soils. -
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by rotating the specimen container against the top loadinghe various parts of the shear device shall be made of a
platen for one revolution; applying a constant rate of sheamaterial such as stainless steel, bronze, or coated aluminum
deformation; and measuring the shearing force and displacéhat is not subject to corrosion by moisture or substances within
ment until a constant minimum resistance is reached. the soil. Dissimilar metals, which may cause galvanic action,

5. Significance and Use are not permitted.

. . ) Jess than 0.6. The container has provisions for drainage through
ment. This allows clay particles to become oriented parallel e top and bottom. The initial specimen depth, before con-

the direction of shear and a residual strength condition tQ iqation and preshearing, is not less than 5 mm (0.2 in.). The

develop. maximum particle size is limited to 10 % of the initial

5.2 The apparatus allows a remolded specimen t0 be oveLy o imen height as stated in the test specimen description. Soil
consolidated and presheared prior to drained shearing. Th trusion and changes in specimen volume during shear

simulates the field conditions that lead to a preexisting shegl ... .| de use of the device for undrained testing unless the

surLa_llc;e ;\Iong which the drained residual strength can b evice can provide a constant volume or undrained condition.
m% élz'l?h . h . ited h lativel id 6.3 Torque Arm/Loading Platen Assembigay have differ-
-3 The ring shear test Is suited to the relatively rapidy hearing stops for the proving rings, load cells, or force or

determinz_ation of drained residual shear strt_ength because of tIf'&rque transducers to provide different options for the torque
short drainage path through the thin specimen, and the CaPAeasurement

bility of testing one specimen under different normal stresses to 6.4 Porous Inserts two bronze or stainless steel porous

quickly obtain a shear strength envelope. inserts mounted on the top loading platen and the bottom of the
5.4 The test results are primarily applicable to assess th ecimen container cavity to allow drainage from the soil
shear strength in sl_opes that contain a preexisting Sheaf S_urfa%ecimen along the top and bottom boundaries. The inserts aid
such as old landslides, and sheared bedding planes, joints, ff'yansfer of shear stress to the top and bottom boundaries of
faults. the specimen. The inserts must be sufficiently serrated to
Note 1—Notwithstanding the statements on precision and bias condevelop a strong interlock with the soil specimen. The perme-
tained in this test method: The precision of this test method is dependertbility of the inserts shall be substantially greater than that of
on the competence of the personnel performing it and the suitability of thghe soil, but shall be textured fine enough to prevent excessive
equipment and facilities used. Agencies that meet the criteria of Practic, trusion of the soil into the pores of the insert. The outer and

D 3740 are generally considered capable of competent testing. Users . . .
this test method are cautioned that compliance with Practice D 3740 dodSNer diameters of the inserts shall be 0.1 mm (0.004 in.) less,

not ensure reliable testing. Reliable testing depends on several factordd greater than those of the specimen annular cavity, respec-
Practice D 3740 provides a means of evaluating some of those factorslively. The serration should have a depth of between 10 and

6. Apparatus 15 % of the initial specimen height.

6.1 Shear Deviceto hold the specimen securely between Note 2—EXact criteria for insert texture and permeability have not
tw ; inserts. The shear devi hall provid means f een estgbllshed. For normal soil testing, medium-grade inserts with a

0 pp Ous INserts € Shear aevice shall provide a . eans (B'érmeablllty of about 5.k 10 to 1.0 X 103 cm/s (0.5 to 1.0x 10°
applying a normal stress to the faces of the specimen, fofyear) are appropriate for testing silts and clays. It is important that the
measuring changes in thickness of the specimen, for permittingermeability of the porous insert is not reduced by the collection of soil
drainage of water through the porous inserts at the top anphrticles in the pores of the insert; hence frequent checking and cleaning
bottom boundaries of the specimen, and for submerging th@y flushing and boiling, or by ultrasonic cleaning) are required to ensure
specimen in water. The device shall be capable of applying &€ necessary permeability.
torque to the specimen along a shear plane parallel to the faces6.5 Loading Devices
of the specimen. A number of different ring shear devices are 6.5.1 Device for Applying and Measuring the Normal
commercially available, in practice, or are being developed séorce—Normal force is usually applied by a lever-loading
a general description of a ring shear device is presented withoybke that is activated by dead weights (masses). The device
schematic diagrams. The location of the shear plane dependball be capable of rapidly applying and maintaining the
on the configuration of the apparatus. As a result, the shearormal force to within+1 % of the specified force.
plane may be located near a soil/porous insert interface or at 6.5.2 Device for Shearing the SpecimeiThis device shall
the mid-height of the specimen if an upper ring can bebe capable of shearing the specimen at a uniform rate of
separated from a bottom ring as is done in a direct shear boxlisplacement, with less than5 % deviation. The rate to be
The device shall have low friction along the inner and outerapplied depends upon the consolidation characteristics of the
walls of the specimen container developed during shearingsoil (see 9.5.1). The rate is usually maintained with an electric
Friction may be reduced by having the shear plane occur at th@otor and gear box arrangement.
top of the specimen container, modifying the specimen con- 6.6 Shear Force Measurement Devjd&o proving rings,
tainer walls with low-friction material, or exposing the shearload cells, or a torque transducer accurate to measure a force of
plane by separating the top and bottom portions of thé.2 N (0.05 Ibf).
specimen container. The frames that hold the specimen shall be6.7 Water Bath container for the shear device and water
sufficiently rigid to prevent their distortion during shearing. needed to inundate the specimen.
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6.8 Controlled High-Humidity Roor-If required, for pre- reverse sequence of the applied force, and record the normal
paring the specimen, such that the water content gain or lostisplacement indicator readings and normal force. Plot the
during specimen rehydration is minimized. load-deformation relationship of the apparatus as a function of

6.9 Deformation Indicators dial gage, or other suitable normal load. Retain the results for future reference in deter-
device, capable of measuring the change in thickness of thmining the thickness of the test specimen and compression
specimen, with a sensitivity of at least 0.0025 mm (0.0001 in.)within the test apparatus itself.

Etched scale on circumference of the ring base to measure the8.4 Remove the calibration disk or plate.
degrees traveled, and thus the shear displacement, or other8.5 Calibration for the equipment load-deformation charac-
methods capable of obtaining a sensitivity of at least 2°. teristics needs to be performed on the apparatus when first

6.10 Equipment for Determination of Water Contet  placed in service, or when apparatus parts are changed.
accordance in Test Method D 2216.

6.11 Miscellaneous Equipmentincluding timing device
with a second hand, site-specific, distilled or demineralize
water, mortar, pestle, spatulas, razor blades, straightedge, and procedure
so forth.

Note 3—Other methods of proven accuracy for calibrating the appa-
datus are acceptable.

9.1 Assemble the specimen container.
7. Test Specimen 9.2 Preconsolidation

7.1 The sample used for specimen preparation is to b 9.2.1 Place and _secure'the specimen container (containi.ng
sufficiently large so that a ring shear specimen and specimerj?ée remolded specimen) into the empty water bath that is
for index property tests can be prepared. The specimens may Bgached to the apparatus. Place the top platen with the moist
prepared in a controlled temperature and humidity environmerROrOUS insert over the top of the specimen.

to minimize moisture loss or gain. 9.2.2 Place a small seating load so that the normal stress

7.2 Remolded specimens may be prepared by crushing aﬁ\pphed_to the specimen (from the seating load and the top
air-dried representative sample and passing it through thBlaten) is approximately 3.0 kPa (0.4 psi).
appropriate sieve, for example, opening size less than or equal 9-2-3 Attach and adjust the vertical displacement measure-
to 10 % of the initial specimen height. Another technique forment devu_:e and obtain the initial time and vertical displace-
obtaining a remolded specimen is pushing a representatiV@ent reading. . I
sample, at the as-received water content, through the appropri-9-2-4 Fill the water bath with site specific distilled or
ate sieve. Soil with more than 25 % organic content is to béjemm('erah'zed water, and keep it full for the duration of the
reconstituted without drying. consolidation phase. _ _ _

7.3 The sample is then mixed with site specific water/fluid 9-2.5 Consolidate the specimen to the highest desired nor-
or distilled water until a water content near the liquid limit is mal stress for the shear strength envelope using a load
obtained. Using this water content minimizes the amount of aif’crement ratio of unity. For each load increment, verify
trapped during placement of the soil paste into the annulagompletion of primary consolidation before proceeding (see
cavity by increasing the degree of saturation. The sample i$est Method D 2435).
then allowed to rehydrate for 24 h in a high-humidity room. 9.3 Wall Friction Reductior-To reduce the effect of wall

7.4 Care is to be taken during crushing and mixing operaffriction on the measured shear stress. Wall friction may be
tions to avoid introducing impurities into the sample. significant during the shearing process causing an overestimate

7.5 A spatula is used to place the remolded soil paste int@f the residual shear strength. If the specimen container
the annular specimen cavity. The top of the specimen is planeéPnsists of a single piece of metal, the amount of wall friction

flush with the top of the specimen container. depends on the magnitude of top platen settlement into the
o specimen container, type of soil, and material lining the
8. Calibration specimen container walls. In this type of specimen container,

8.1 The calibration is to determine the deformation of thethe thickness of soil trapped between the inner and outer walls
apparatus, exclusive from the specimen, when subjected to ti#é the specimen container and the upper porous insert should
consolidation load. The apparatus deformation at each consolpe minimized. If the specimen container can be separated into
dation load should be subtracted from the observed deformdwo pieces, the opening between the upper and lower halves
tions during a test. Therefore, only deformation caused byhould be wide enough to prevent particles from being trapped
specimen consolidation will be reported for complete tests. in the opening and to ensure that shearing occurs at this

8.2 Assemble the ring-shear device with the porous insertgpening. Other techniques also can be used to reduce wall
and a metal calibration disk or plate of a thickness approxifriction. Document the wall friction reduction method utilized,
mately equal to the desired test specimen and slightly smalldf any, in the report.
in width. The metal calibration disk shall have parallel end 9.4 Preshearing—To create a shear surface using the fol-
surfaces finished to a high degree of precision, and be cledawing steps:
without any grit. Similarly, the sample holder shall be clean 9.4.1 Unload the specimen to the lowest desired normal
without any grit. Record the zero or “no load” reading. stress.

8.3 Apply increments of normal force up to the equipment 9.4.2 Swing the two proving rings or load cell assemblies
limitations, and record the normal displacement indicatortoward the torque arm so that the two bearing adjustment rods
reading and normal force. Remove the applied normal force igreate a right angle with the bearing stops on the torque arm.
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Secure the proving ring or load cell assemblies into place usindisplacement, and shear force at desired intervals of displace-
clamps. A torque transducer assembly may not require thiment.

step. 9.5.7 After the soil is in a well-defined residual strength
9.4.3 Shear the specimen by slowly, less than 18mm/mirstate, stop the apparatus. The residual strength state has been

rotating the ring shear base one complete revolution to miniachieved when the shear stress is essentially constant, which

mize soil extrusion. usually requires a shear displacement of at least 10 mm (0.4

9.4.4 Swing the proving ring or load cell rods away from thein.). This can be verified using the plotting technique in
torque arm. A torque transducer assembly may not require thigsccordance with 10.2.1.

step. o 9.5.8 Deactivate shear stress measurement system.
9.4.5 Ensure dissipation of any excess pore water pressureq ¢ g Apply the next higher normal stress using a load

induced during preshearing by monitoring vertical dISIOIaCe"mcrement ratio (LIR) of one-half or unity to minimize soil

mzné cg‘hvolqme change. extrusion. LIR is defined as the change in pressure divided by
' earnng the precondition pressure.Allow the specimen to dissipate any

9.5.1 Select the appropriate displacement rate to minimiz xcess pore water pressure induced by the normal stress by

shegr-lnduce(i]ldpotre Wgtrﬁrtpreis:re.rThrei: ftoII:)v¥|ngfe?1uat:9n Irchonitoring vertical displacement or volume change. Repeat the
used as a guide to estimate an appropriate rate of shear: shearing process.

d- = dft; @ 9.5.10 Continue this procedure until all of the specified
where: normal stresses have been applied and all data have been
d. = displacement rate, mm/min (in./min), recorded. Alternatively, a new sample may be introduced for
d = estimated shear displacement at failure, mm (in.), andeach vertical stress.
tr = estimated total elapsed time to failure, min. 9.5.11 Remove the normal force and swing the proving ring

Note 4—Rapid shearing of the test specimen may produce partiallyOr load cell assemblies away from the torque arm. A torque

drained shear results that differ from the drained strength of the materiaF.ranSducer assembly may not require this step.

As a guide, a displacement rate of 0.02 mm/min (0.0008 in./min) is 9.5.12 Separate the top platen from the specimen container
usually required for a clay of high plasticity with an initial specimen with a sliding motion along the failure plane. Do not pull the
height of 5 mm (0.2 in.). This slow displacement rate can be used for otheu'Op platen perpendicular to the failure surface, since it would

soils if better information to estimate shear rate is unavailable. - - :
) > X . . damage the specimen. Photograph, sketch, or describe in
Note 5—The magnitude of the estimated displacement at failure is g P grap

dependent on many factors including the type of soil. As a guidegiuse writing the failure surface.

5 mm (0.2 in.) for a clay of high plasticity (CH) or a silt of high plasticity

(MH), and used; = 2.5 mm (0.1 in.) for silt of low plasticity (ML), clay ~10. Calculation

of low plasticity (CL), silty sand (SM), or clayey sand (SC). P
Note 6—The preceding equation is being used to estimate the displace- 10.1 Calculate the following: ) )

ment rate for shearing an intact soil specimen in which the shear 10.1.1 Calculate shear stress that resists slippage between

displacement required to reach the drained peak strength, or structuthe two surfaces of the failure plane as follows:

failure, can be easily defined. However, the equation can also be used as

a guide for shearing a presheared specimen. Failure would be taken to T = M 3)
correspond to the maximum shear stress attained for the presheared 4m(R - R)
specimen.
Note 7—Elapsed time to failure can be estimated by the following where: y
equation: T = shear stress, MPa (Ibf/f),
_ F., F, = load on the proving rings, load cells, or force
t =50t @) transducer, N (Ibf),
where: R,, R, = inner and outer specimen radii, mm (in.), and
ts, = time required for the specimen to achieve 50 % L = torque arm length, mm (in.).
consolidation under the specified normal stress (or 10.1.2 Calculate normal stress acting on the failure plane as
increments thereof), min. follows:
9.5.2 Set the displacement rate. =
9.5.3 Activate the shear stress measurement system by on=IRoR Q)
. 2 1
repeating 9.4.2.
where:

Note 8—The proving ring, load ceI_I, or force transducer rods must be o'n = normal stress, MPa (Ibf/iﬁ)., and
at a right angle to the torque arm. This produces a force couple at the to — normal vertical force acting on the specimen, N (Ibf)
of specimen, which facilitates calculation of the shear stress. A small se ) g P ! ’
square is useful in establishing right angles. A torque transducer may not 10.1.3 Displacement Rate-Calculate the actual displace-

require this procedure. ment rate by dividing the shear displacement by the elapsed
9.5.4 Record the initial time; vertical and shear displacelime, or report the rate used for the test.

ments; and proving ring, load cell, or force or torque transducer d, = dy/te (5)

readings.

where:

9.5.5 Start the apparatus and initiate shear. d = shear displacement rate, mm/min (inJ/min),

9.5.6 Obtain data readings of time, vertical and shear
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d, = shear displacement, mm (in3¥ (degrees traveled 11.1.8 Initial percent saturation and final percent saturation
T R +R of the specimen.
<m’> (T) and 11.1.9 Whether or not the specimen was undisturbed or
remolded.
te = elapsed time of test, min. 11.1.10 Whether or not the specimen was presheared.

10.2 Shear Stress — Displacement and Shear Stress — 11.1.11 Whether the same specimen or a new specimen was
Norrﬁal Stress Graphs introduced for each normal stress.

10.2.1 For each normal stress, prepare a graph of shearl?-l-lz What technique, if any, was used to minimize wall
stress versus shear displacement. From these graphs, selectlfgion.
value of residual shear strength for each normal stress by 11.1.13 The location of the failure surface.
determining the constant minimum shear stress value. The 11.1.14 Normal stress, rate of shear displacement, and
constant minimum shear stress occurs at the horizontal portiotprresponding residual shear strength value and specimen
of the shear stress-shear displacement relationship. thickness changes.

10.2.2 Prepare a graph of normal stress versus shear stresd1.1.15 For each normal stress, a graph of shear stress
using the same scale for each axis. Plot the values of residuaérsus shear displacement (see 10.2.1) and a graph of shear
shear strength determined in 10.2.1 and construct the shedisplacement versus vertical displacement.
strength envelope to define the residual shear strength of the11.1.16 A graph of normal stress versus shear stress show-
soil as a function of normal stress. The shear strength envelopgg the residual shear strength values and the constructed
may be nonlinear, that is, stress dependent, and should paggiure envelope (see 10.2.2).
through the origin.

12. Precision and Bias

12.1 Precision—The precision of Test Method D 6467 is
being determined and will be available on or before September
11.1.2 Description of ring shear device used in this te312004' It is not feasible to specify the precision of this test
method method at this time because no material having an acceptable

11.1.3 Description of soil in the specimen, based on Clas[eferencg value '_S ava|lat?le. ,

12.2 Bias—No information can be presented on the bias of

sification D 2487, liquid and plastic limits (Test Method _ ;
D 4318), and grain size data (Test Method D 422). Test Method D 6467 because no material having an acceptable

11.1.4 Record specific gravity of soils (Test Method D 854)./éference value is available.
11.1.5 Initial thickness and radii of soil specimen.

11. Report

11.1 Report the following information:
11.1.1 Sample identification, project, and location.

11.1.6 Initial water content of the prepared specimen as it id3- Keywords
placed in the test apparatus (Test Method D 2216). 13.1 consolidated; drained test conditions; Mohr-Coulomb
11.1.7 Initial dry unit weight of the specimen (at start of strength envelope; remolded specimens; residual shear
shear). strength; ring-shear test
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