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Standard Test Method for
In Situ Determination of Direct Shear Strength of Rock
Discontinuities *

This standard is issued under the fixed designation D 4554; 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 the tangent to the failure curve at a normal stress that is

1.1 This test method covers the measurement of peak arf§lévant to design.
residual direct shear strength of in situ rock discontinuities as_2-1.5.1 Discussior-Different values ofc and ¢ relate to
a function of stress normal to the sheared plane. This shearélifferent stages of a test (for exampe, ¢, ¢ba, and b, of
plane is usually a significant discontinuity which may or may':'g- 2).
not be filled with gouge or soil-like material.
1.2 The measured shear properties are affected by scale Summary of Test Method
factors. The severity of the effect of these factors must be 3-1 This test method is performed on rectangular-shaped

assessed and applied to the specific problems on an individuglocks of rock that are isolated on all surfaces, except for the
basis. shear plane surface.

1.3 The values stated in Sl units are to be regarded as the 3-2 The blocks are not to be disturbed during preparation
standard. operations. The base of the block coincides with the plane to be

1.4 This standard does not purport to address all of theSheared. , _ _
safety concerns, if any, associated with its use. It is the 3-3 A normal load is applied perpendicular to the shear

responsibility of the user of this standard to establish appro-Plane and then a side load is applied to induce shear along the
priate safety and health practices and determine the applicaPane and discontinuity (see Fig. 3).

bility of regulatory limitations prior to use. 4. Significance and Use

2. Terminology 4.1 Because of scale effects, there is no simple method of

2.1 Definitions of Terms Specific to This Standard: predicting the in situ shear strength of a rock discontinuity
2.1.1 discontinuities—this includes joints, schistosity from the results of laboratory tests on small specimens; in situ

faults, bedding planes, cleavage, and zones of weakness, alolf§tS On large specimens are the most reliable means.
with any filling material. 4.2 Results can be employed in stability analysis of rock
2.1.2 peak shear strengththe maximum shear stress in the €Ngineering problems, for example, in studies of slopes,

complete curve of stress versus displacement obtained for {'derground openings, and dam foundations. In applying the
specified constant normal stress. test results, the pore water pressure conditions and the possi-

2.1.3 residual shear strengtathe shear stress at which bility of progressive failure must be assessed for the design
nominally no further rise or fall in shear strength is observed®@se, as they may differ from the test conditions.
with increasing shear displacement and constant normal stress#-3 Tests on intact rock (free from planes of weakness) are
(Fig. 1). A true residual strength may only be reached aftepsually accomplished using Iaborato_ry t_rlaX|aI testing. Intact
considerably greater shear displacement than can be achievi?fK can, however, be tested in situ in direct shear if the rock
in testing. The test value should be regarded as approximat® weak and if the specimen block encapsulation is sufficiently
and should be assessed in relation to the complete shear stré$9N9.
- displacement curve. 5. Apparatus

2.1.4 shear strength parameter(see Fig. 2)—the projected ) ) i
5.1 Equipment for Cutting and Encapsulating the Test

intercept on the shear stress axis of the plot of shear stress P _ .
versus normal stress (see Note). Block—This includes rock saws, drills, hammer and chisels,

2.1.5 shear strength paramete (see Fig. 2)—the angle of formwork of appropriate d|me_nS|ons and r|g|d|ty, ex_panded
polystyrene sheeting or weak filler, and materials for reinforced
_— concrete encapsulation.
! This test method is under the jurisdiction of ASTM Committee D-18 on Soil 5.2 Equipment for Applying the Normal Load (ségg.

and Rock and is the direct responsibility of Subcommittee D18.12 on ROCk3)—ThiS includes flat jacks hydraulic rams. or dead load of
Mechanics. ' '

Current edition approved May 25, 1990. Published July 1990. OriginallySufﬁCIent capacity to apply the reqU|red normal loads.
published as D 4554 — 85. Last previous edition D 4554 — 85.
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FIG. 1 Shear Stress — Displacement Graphs

Note 1—If a dead load is used for normal loading, precautions arecenter of the base of the shear plane at an angle approximately
required to ensure accurate centering and stability. If two or morej5° tg the shear plane with an angular tolerance 6f. The

hydrau_llc rams are _us_ed for Ic_>ad|n_g, care is needed to ensure t_hat theérxact angle should be measuredta°.
operating characteristics are identically matched and they are in exact
parallel alignment. Note 2—Tests where both shear and normal forces are provided by a

5.2.1 Each ram should be provided with a spherical Sealsingle set of jacks inclined at greater angles to the shear plane are not
- recommended, as it is then impractical to control shear and normal

Thf(; Fra\{etl of rams, ar&dtpatrr:ia;lahrly c;f _flattj?jcks, should dt_)estresseS independently.

sufficient to accommodate the full anticipated specimen dis- . . . .

placement. The normal displacement may be estimated from 5.4 Equipment for Measurmg. the Applied Foredhis
cludes one system for measuring normal force and another

the content and thickness of the filling and roughness of th . ; ; ;
or measuring applied shearing force with an accuracy better

shear surfaces. The upper limits would be the filling thickness, . .
5.2.2 Hydraulic System-A hydraulic system, if used, than =2 % of the maximum forces reached in the test. Load

should be capable of maintaining a normal load to within 2 %CeIIS (dynamometers)_ or f_Iat jack pressure measurements may
of a selected value throughout the test be used. Recent calibration data applicable to the range of
5.2.3 Reaction SystemA reaction system to transfer nor- testing should be appended to the test report. If pos§|ble, the

mal loads uniformly to the test block includes rollers or agaé:](;sEshquld bet cf:allt,)\;ated b.0th gﬁfore Snd af}er tedstll_nq[. |

similar low friction device to ensure that at any given normal _.~" | qurrqn{_eg_ cir easmirln% Ideal; ormal, ag fa era

load, the resistance to shear displacement is less than 1 % QfSp acement-Lisplacement shou € measured (for ex-
the maximum shear force applied in the test. Rock anchor mplg, using micrometer dial gages) at.e|ght Iocat|on§ on the
wire ties, and turnbuckles are usually required to install an pecimen block or encgpsulatlng material, as shown in Fig. 4
secure the equipment. Note 3). The shear displacement measuring system should
5.3 Equipment for Applying the Shear Force ($ig. 3): have a travel of at least 100 mm and an accuracy better than 0.1
5'3 10ne or More Hydraulic Ramsof adequaté tbtal mm. The normal and lateral displacement measuring systems
cap.ac;,ity with at least 150-mm travel should have a travel of at least 20 mm and an accuracy better
: L than 0.05 mm. The measuring reference system (beams,

5.3.2 Hydraulic Pumpto pressurize the shear force system. .

Y hrop y anchors, and clamps) should, when assembled, be sufficiently

5.3.3 Reaction SystemA reaction system to transmit the * . ) . .
shear force to the test block. The shear force should b gid to meet these requirements. Resetting of gages during the
est should be avoided, if possible.

distributed uniformly along one face of the specimen. The
resultant line of applied shear forces should pass through theNorte 3—The surface of encapsulating material is usually insufficiently
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Note 1—In this case, intercem, on shear axis is zero.

b, = residual friction angle,

ba = apparent friction angle below stress o; point A is a break in the peak shear strength curve resulting from the shearing off of major irregularities on the
shear surface. Between points O and A, ¢, will vary somewhat; measure at stress level of interest. Note also that ¢, = ¢, + i where:

by = friction angle obtained for smooth surfaces of rock on rock, and

i = inclination angle of surface asperities.

b = apparent friction angle above stress level o, (Point A); note that ¢ , will usually be equal to or slightly greater than ¢ , and will vary somewhat with

stress level; measure at the stress level of interest, r.

cohesion intercept of peak shear strength curve; it may be zero.
apparent cohesion at a stress level corresponding to ¢, and

cohesion intercept of residual shear strength which is usually negligible.

FIG. 2 Shear Strength — Effective Normal Stress Graph

(3}
I

smooth and flat to provide adequate reference for displacement gagestherwise specified, be retained as close as possible to its
glass plates may be cemented to the specimen block for this purposgatural in situ conditions during preparation and testing.

These plates should be of adequate size to accommodate movement of the

specimen. Alternatively, a temperature calibrated tensioned wire and NoTe 4—A test block size of 700 by 700 by 350 mm is suggested as
pulley system with gages remote from the specimen may be used. TH$andard for in situ testing. Smaller blocks are permissible, if, for example,
system, as a whole, must be reliable and must conform with specifiethe surface to be tested is relatively smooth; larger blocks may be needed
accuracy requirements. Particular care is needed in this respect whavhen testing very irregular surfaces. For convenience, the size and shape

employing electric transducers or automatic recording equipment. of the test block may be adjusted so that the faces of the block coincide
with joints or fissures. This adjustment minimizes block disturbance
6. Procedure during preparation. Irregularities that would limit the thickness or em-

6.1 Preparation of Test Specimen placement of encapsulation material or reinforcement should be removed.

6.1.1 Outline a test block such that the base of the block 6.1.2 Apply a layer of weak material at least 20 mm thick
coincides with the plane to be sheared. The direction offor example, foamed polystyrene) around the base of the test
shearing should correspond, if possible, to the direction oblock, and then encapsulate the remainder of the block in
anticipated shearing in the full-scale structure to be analyzedoncrete or similar material of sufficient strength and rigidity to
using the test results. To inhibit relaxation and swelling and tgrevent collapse or significant distortion during testing. Design
prevent premature sliding, it is necessary to apply a normahe encapsulation formwork to ensure that the load bearing
load to the upper face of the test specimen as soon as possilfteces are flat (tolerance3 mm) and at the correct inclination
after excavation of the opening and prior to sawing the sidedo the shear plane (tolerance2°).

The load, approximately equal to the overburden pressure, 6.1.3 Carefully position and align reaction pads, anchors,
may, for example, be provided by screw props or a system oétc., if required to carry the thrust from normal and shear load
rock bolts and crossbeams. Maintain the load until the tessystems to adjacent sound rock. Allow all concrete time to gain
equipment is in position. Saw the test block to the requirechdequate strength prior to testing.

dimensions (usually 700 by 700 by 350 mm) using methods 6.2 Consolidation of Test Specimen

that avoid disturbance or loosening of the block. Saw a channel 6.2.1 The consolidation stage of testing is necessary in order
approximately 200 mm deep by 80 mm wide around the bas allow pore water pressures, in the rock and especially in any
of the block to allow freedom of displacements during testingfilling material adjacent to the shear plane, to dissipate under
The block and particularly the shear plane should, unlesfull normal stress before shearing. Behavior of the specimen
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FIG. 3 Typical Arrangement of Equipment for In Situ Direct Shear Test

during consolidation may also impose a limit on permissibleCorrections to the applied normal load may be required to hold
rate of shearing (see 6.3.3). the normal stress constant (see 7.5). A shear determination
6.2.2 Check all displacement gages for rigidity, adequateshould preferably be comprised of at least five tests per block,
travel, and freedom of movement, and record a preliminary saested at different but constant normal stress. If conditions
of load and displacement readings. warrant, test more than one block for each shear plane.
6.2.3 Raise normal load to the full value specified for the 6.3.2 Apply the shear force either incrementally or continu-
test, recording any consequent normal displacements (consotiusly.
dation) of the test block as a function of time and applied loads 6.3.3 Take approximately 10 sets of readings before reach-
(Fig. 5 and Fig. 6). ing peak strength (Fig. 1 and Fig. 3). The rate of shear
6.2.4 If consolidation occurs, it may be considered completelisplacement should be less than 0.1 mm/min in the 10-min
when the rate of change in normal displacement recorded ateriod before taking a set of readings. This rate may be
each of the four gages is less than 0.005 mm/min for at least lidcreased to not more than 0.5 mm/min between sets of
min. Shear loading may then be applied. readings, provided that the peak strength itself is adequately
6.3 Shear Testing recorded. For a “drained” test, particularly when testing
6.3.1 The purpose of shearing is to establish values for thelayfilled discontinuities, the total time to reach peak strength
peak and residual direct shear strengths of the test planshould exceed t§,, as determined from the consolidation

curve (see 7.1 and Fig. 6). If necessary, the rate of shear should
N1 N2 be reduced and the application of later shear force increments
) ] delayed to meet this requirement.

N3 Note 5—The requirement that the total time to reach peak strength

-@- @ N4 > should exceed t§,, is derived from a conventional soil mechanics
L2 consolidation theory assuming a requirement of 90 % pore water pressure

dissipatior? This requirement is most important when testing a clayfilled

_®' discontinuity. In other cases, it may be difficult to defihg, with any
mntcno\n\ S s2 isi

precision because a significant proportion of the observed* consolidation”

oF sheanNe @ may be due to rock creep and other mechanisms unrelated to pore pressure
dissipation. Provided the rates of shear specified in the text are followed,

the shear strength parameters may be regarded as having been measured

under conditions of effective stress (“drained conditions”).
Note 1—Gages S1 and S2 are for shear displacement, L1 and L2 for

lateral displacement, N1 through N4 for normal displacement.
FIG. 4 Arrangement of Displacement Gages

2Gibson, R. E., and Henkel, D. IGeotechnique 41954, pp. 10-11.
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DIRECT SHEAR TEST DATA SHEET
Client: Project: Concrete Dam Location: Aleantars Loe. No.: Block No.:
TEST BLOCK SPECIFICATION  Ses drawings & photographs Nos.: " FORCES P oP_+P_ ain
] «
L
General rock descriplicn, index properties and water conditions I Fra PP g::‘
Phyllite, sound lo moderately weathered Normai conditions L : p-/
n - A
a
Description and index properties of surface (o be sheared Type; T T -P:/A
i ) Dip dircction; Roughness; Filliag & alteration; AN Normal dispiacement
Persisiance, S pacing of set; Surlace dimensions; 0.70 x 0.70 Initial arse A; 0,490 mz . 15° 4 f inal)
. ' (POmMina
2 3 4 s 3 7 0 9 10
T:-“ Applied -:rmll force Noroal displacement A » Applied shear force | Shear Simplacement A
L[]
I [N Costact srm A f P | ¢, P r
(min) Reading Force Rea Average Force A (eorrected)
- ding Re verage 2
pe . . : . pi ding pre 1n-amﬁ (ram . ax) ow) | any | e
) % 0,100 | 0.070 | 0.136 | 0.070 [ 9| © - 0.4% 19 [
3 233 0.13 | 0.085 | 0,140 | 0.0%0 137 0.05] 0.05[ o.0% B 142
48 270 0.050 | 0.065 [ 0.285 | 0.2% 275 o.55] 0.35] o.4s 284
64 306 -0.300 { 0.00 | 0,435 | 0.495 <12 1.35) 1.10 1.22 « 420
5 343 -0.710 [ -0.205 | 0.800 | 0.720 549 2.55] 2.3 2.4z - S68
109 1% -1.165 ] -0.445 | 0.880 | 0. 850 685 3, %] 3.5 3.70 710
X . 7
131 17 -1.675 [ -0.615 | 0.710 | 0.¥70 824 5,15 4.60 4. 88 253
154 453 -1.965[.0.745 [ 0.720 | 1.050 %1 €.10] 5.50 5.8 995
172 % -2.245[-0.880 [ 0,720 | 1.105 1098 7.20{ 8.5%0] 6.85 1137
189 527 -2.480 {1,055 | 0.695 | 1,165 1235 8.20] 7.40] .80 1278
206 504 -2.750 [ -1.208 | 0.640 | 1,165 1373 9.45] 8.45 395 1421
234 501 -3.075 [ -1.505 | 0.465 | 1.100 1510 11.00{10.00] 10,50 . 1563
252 €37 -3.350 1 -1,830 | 0.200 | 0.910 1647 12.4511,40] 11,92 1708
264 674 -3.675 [ -2,188 | 0.050 | 0.720 1784 14.00[12.80[ 13,40 - 1847
716 711 -4.005 12,665 [-0.2% | 0,360 1522 15,55 14.40]  14.98 1989
289 748 -4.585 [ 3125 {0,890 | -0.020 2059 17.60[16.45] 17.02 . 2132
293 Rupture T84 -4.975 [ -3.375 [ 1,250 | -0. 2% 219 20.00[19.55( 19.78 22 ;
X . - 7
P-
Calibration data
Remurks Tested by; Dutes;
Checked by; Date;
FIG. 5 Example Layout of Direct Shear Test Data Sheet

6.3.4 After reaching peak strength, take readings at increwhich show not more than 5 % variation in shear stress over a
ments of from 0.5 to 5 mm shear displacement, as required tshear displacement of 1 cm.

adequately define the force-displacement curves (Fig. 1). The

Note 6—An independent check on the residual friction angle should be

rate C?f She",ir displacement should b? 0'0,2 t0 0.2 mm/miniin thf'?lade by testing in the laboratory two prepared, flat surfaces of the

10-min period before a set of readings is taken, and may b%presentative rock. The prepared surfaces should be saw-cut and then

increased to not more than 1 mm/min between sets of readingground flat with No. 80 silicon carbide grit or finer, depending upon the
6.3.5 It may be possible to establish a residual strengthock grain size.

value when the specimen is sheared at constant normal stress5 3.6 Having established a residual strength, the normal

and at least four consecutive sets of readings are obtainedress may be increased or reduced and shearing continued to

mm
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FIG. 6 Consolidation Curves for a Three-Stage Direct Shear Test,

Showing the Construction Used to Estimate

thO

obtain additional residual strength values. Reconsolidate the
specimen under each new normal stress (see 6.2.4) and
continue shearing in accordance with 6.3.3-6.3.5.

Note 7—The normal load should, when possible, be applied in
increasing rather than decreasing stages. Reversals of shear direction or
resetting of the specimen block between normal load stages, sometimes
used to allow a greater total shear displacement than would otherwise be
possible, are not recommended because the shear surface is likely to be
disturbed and subsequent results may be misleading. It is generally
advisable, although more expensive, to use a different specimen block.

6.3.7 After the test, invert the block, photograph in color,
and fully describe (see Section 7). Measurements of the area,
roughness, dip, and dip direction of the sheared surface are
required. Take samples of rock, infilling, and shear debris for
index testing.

7. Calculation

7.1 Plot a consolidation curve (Fig. 6) during the consoli-
dation stage of testing. Determine the tirygg for completion
of “primary consolidation” by constructing tangents to the
curve, as shown in Fig. 6. The time to reach peak strength from
the start of shear loading should be greater thag,® allow
pore pressure dissipation (see Note 5).
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7.2 Average displacement readings to obtain values of mea®. Report
shear and normal displacements, and A, Reco_rd Iate_ral 8.1 Report the following information:
displacements only to evaluate specimen behavior during the

test; although, if appreciable, lateral displacements should be 8.1.1 .A diagram, photog_ra_ph, and detailed descrlptlon_ of
taken into account when computing corrected contact area. test equipment and a description of methods used for specimen

reparation and testing (note departures from the prescribed
7.3 Shear and normal stresses are computed as follows: prepa g ( P P
techniques),
Shear stress, = Ps _ Pea(Cozy) @ 8.1.2 For each specimen, a full geological description of the
A A intact rock, sheared surface, filling, and debris, preferably

Py _ Pna + Pga(sina) accompanied by relevant index test data (for example, rough-

Normalstresse, =% = A @ ness profiles and Atterberg limits, water content, and grain-size
where distribution of filling materials),
P, = total shear force, MPa, 8.1.3 Photographs of each sheared surface together with
P, = total normal force, MPa, diagrams giving the location, dimensions, area, dip, and dip
P., = applied shear force, MPa direction, and showing the directions of shearing and any
P.. = applied normal force, MPa, peculiarities of the blocks, and
o = inclination of the applied shear force to the shear g1 4 Foreach testblock, a set of data tables, a consolidation
plane; ifa = 0, cosx = 1, and six = 0, and raph, and graphs of shear stress and normal displacement
A = area of shear surface overlap (corrected to aCCOU”(g/ersus shear displacement (Fig. 1, Fig. 5, and Fig. 6). Tabulate
for shear displacement), mm. abstracted values of peak and residual shear strengths with the

If o is greater than zero, reduce the applied normal forceorresponding values of normal stress, together with derived
after each increase in shear force by an amdugisine) in  values for the shear strength parameters (Fig. 2).
order to maintain the normal stress approximately constant.
The applied normal force may be further reduced during th®. Precision and Bias

test to compensate for area changes by an amount: 9.1 Precision—Due to the nature of rock materials tested by

APy 3) this test method, it is, at this time, either not feasible or too

(L0 costly to produce multiple specimens that have uniform physi-
where: cal properties. Therefore, since specimens that would yield the
A, = mean shear displacement, mm. same test results cannot be tested, Subcommittee D18.12

?nnot determine the variation between tests since any varia-

shear force) and normal displacement versus shear dis;placéQn observed is just as likely to b.e due to specimen variation
s to operator or laboratory testing variation. Subcommittee

ment (Fig. 1). Annotate graphs to show the nominal norma 18.12 welcomes proposals to resolve this problem that would
stress and any changes in normal stress during shearing.VaIueI? ' for devel P f f lid . pt : ¢
of peak and residual shear strengths and the normal stressgW or. eve opmgn ot a valld precision statement. ]

and shear and normal displacements at which these occur are9-2 Bias—There is no accepted reference value for this test

abstracted from these graphs. method; therefore, bias cannot be determined.

7.4 For each test specimen, plot graphs of shear stress (

7.5 From the combined results for all test specimens, plo
graphs of peak and residual shear strengths versus normﬁa(i)' Keywords
stress. Shear strength parameteps, b, ér, and c are 10.1 discontinuities; in situ stress; loading tests; shear
abstracted from these graphs, as shown in Fig. 2. strength

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



