
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


RESIDUAL STRENGTH IN CON VEN TION AL TRIAXIAL TESTS

EST I M AT I ON  DE LA RESISTAN CE RESIDUELLE AU CISAI LLEM EN T DANS 

LES ESSAIS TRIAXIAUX CON VEN TI ON N ELS

D.L. W E B 8  

D.L. Webb & A s s o c i a t e t ,  Consul t ing  E n g i n e e r s ,  Durban ,  South Af r i ca

SYNOPSIS A method of analysis of residual strength is presented which takes into account 
horizontal components of load after the formation of a shear plane in the conventional 
triaxial test. Sources of error are considered and it is shown that although relative 
displacements are limited, consistent results are obtained if the axial load is accurately 
measured. Comparisons are made of peak and residual strengths of London Clay, Pierre shale 
and a consolidated fine sand. From the results of tests on pre-existing fissures and on 
remoulded samples, it is shown that residual strengths, which may conveniently be obtained 
in the triaxial test, are in fairly close agreement with the probable lower limit of re
sidual strength at large strains.

INTRODUCTION

It has become increasingly evident during re
cent years that the stability of slopes is 
governed largely by residual strengths, par
ticularly when, as in overconsolidated clays 
and clay shales, the drop in strength from 
peak to residual is large. From analysis of 
a group of failures in marine sediments,
Gould (1960) concluded that the strength was 
reduced in proportion to the prior shear 
displacement in the field, and suggested a 
lower limit of field strength as equal to 
the probable true internal friction.
Skempton (1954) drew attention to the signi
ficance of residual strengths in overconso
lidated clays, and showed correlations be
tween residual strength as measured in the 
laboratory and shear strength as mobilized 
along several slips. Case records have been 
presented by Ringheim (1954), Hutchinson
(1967) and others which indicate that move
ments in these materials can only be accoun
ted for in terms of shear strengths which 
are well below the peak values measured in 
the laboratory. The relevance of residual 
strength to the mechanism of progressive 
failure of slopes in overconsolidated plas
tic clays has been emphasized by Bjerrum
(1967), and the state of the art with res
pect to stability of natural slopes has been 
reviewed by Peck (1967).

From the results of direct shear teste on a 
number of clays, Skempton (1964) has shown 
that, under a given effective pressure, dis
placements of the order of 1 to 2 inches 
past the peak are required before the shear 
strength reaches a certain residual value 
which the clay maintains even when subjected 
to larger displacements. Much of the resi
dual strength data which has been published 
during the last few years has consequently 
■been obtained in reversal shear box tests. 
(Bishop and Little, 1967» Marsland and

Butler, 1967). Where a pre-existing fissure 
surface is to be tested, or where an in
clined plane has been cut in the clay sample, 
the displacements have already reduced the 
shear strength to the residual value which 
has been measured in a modified form of tri- 
axial cell designed to minimize horizontal 
loading. (Chandler, 1966: Leussink and 
Mttller-Kirchenbauer, 1967;. Alternatively, 
residual strength of such samples, or of in
tact samples which fail in a narrow zone, 
may be measured in the conventional triaxial 
apparatus provided the effects of horizontal 
components of load are taken into account. 
This procedure was employed by Bishop, Webb 
and Lewin (1965) in the evaluation of resi
dual strengths of London Clay from the 
Ashford Common shaft. The magnitude of the 
lateral force- on a triaxial test specimen 
after failure on a single shear plane, and 
its significance in the analysis of the test 
data are outlined below. Based on the re
sulting expressions, residual strength data 
are given for London Clay from the Ashford 
Common shaft, for Pierre shale from the Oahe 
Dam site on the Missouri River, and for a 
consolidated Cretaceous silty fine sand from 
a site, some 200 miles north of Louren6o 
Marques, in Mocambique.

HORIZONTAL COMPONENTS OF LOAD

After peak stress difference (o^-o,) in the 
conventional triaxial test, it is considered 
that defoliation is confined largely to a 
thin zone between sliding blocks having a 
decreasing area of contact. The shear 
stress in this zone, and the stress normal 
to it, are functions of the vertical and 
lateral loads on the end of the ram and of 
the cell pressure. When horizontal compo
nents of load occur, due to restraint of the 
loading cap, the specimen is no longer under
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the action of axially symmetrical loading, 
and bending stresses are produced in the 
ram.

In order to investigate the magnitude and 
direction of these forces five drained tri- 
axial tests on undisturbed samples of London 
Clay, were run with electrical strain gauges 
on the surface of a 5/8 in. dia. stainless 
steel loading ram inside the cell. To mini
mize ram friction a cell top with rotating 
bronze bush was used. (Bishop, Webb and 
Skinner, 1965). Effective confining pres
sures varied between 45 and 310 lb/sq.in., 
and the tests were run at slow rates of 
strain so that the peak stress difference 
was reached in about 2 days. Axial strain 
at failure varied between 2% and 3%• Well 
before the appearance of a slip zone, a 
small horizontal component of load, which 
remained approximately proportional to the 
vertical load difference until peak load, 
was indicated. (Fig. 1). The magnitude of 
this load varied in the range 1 to 3 per 
cent of the vertical load difference.

Fig. 1. Topical components of load in 
triaxial test when failure 
occurs on a single plane.

As soon as peak load was reached, the ratio 
between the vertical and horizontal loads, 
H/L, dropped almost to zero. This is attri
buted to freedom of the two sections of the 
sample to slightly adjust their relative 
positions during formation of the shear 
zone. The horizontal component of load 
rapidly increased again, and at the same 
time changed its direction to the final one 
reflected by the orientation of the failure 
surface. The ratio H/L generally remained 
approximately constant, or increased only 
slightly during increments of strain of 3 to 
4% beyond that at which the post-peak load 
levelled off on the load displacement curve, 
Numerical values varied between 0.041 and
0.055» and averaged 0.049. In two of the

tests loading caps with a guide were em
ployed as shown in Fig. 2. In the remaining 
three tests the loading caps were given free
dom to tilt. From the results available it 
is apparent that the form of loading cap did 
not significantly affect the value of H/L.
It did, however, influence the error in the 
measured vertical load when the bush was 
stationary. During steady post-peak condi
tions friction errors of up to 15% were 
measured when a guided loading cap was used, 
but these reduced to about 10% when the 
loading cap was given freedom to tilt 
(Bishop, Webb and Lewin, 1965). The diff
erence is attributed to greater bending 
stresses in the ram, and hence greater con
tact pressures between the ram and the bush 
when a guided loading cap is used.

Fig. 2. Undisturbed samples of London Clay 
after triaxial compression test. 

(a)Low effective confining pressure 
(b;High effective confining pressure 

(860 lb/sq.in.)

Results of calibration tests confirm that 
with a stationary bush the friction error is 
dependent both on the magnitude of the hori
zontal component of load, and on the dis
tance between its point of application on 
the ram and the bush. The reduction of ram 
friction to a negligible amount when the 
bush is rotating has been demonstrated by 
Andresen and Simons (1960) and Wade (1968).

Considerations of stability indicate that 
the limiting horizontal load due to re
straint of the ram, before tilting of the 
sample occurs, is approximately 6% of the 
axial load when the loading cap is free to 
tilt. When the loading cap has a guide the 
corresponding horizontal load increases to 
at least 12%, depending on the eccentrici
ties ê  and e^ in Fig. 3- This is roughly 
consistent with the experimental data. H/L 
did not exceed 0.055 when the loading cap 
had freedom to tilt, but with a guided load
ing cap greater values were sometimes re
corded when the sample became distorted at 
relatively large post-peak displacements. 
Curve (c) in Fig. 1, for example, reflects 
an increase in the ratio H/L from about 0.05
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at small post—peak displacements to over and alone the slip plane
0.20 at large displacements, when, in addi-
tion to sliding, a slight rotation of the S ■ L sin » - H cos e (2)

, _  , R E S I D U A L  S T R E N G T H

upper section of the sample is required on 
account of the geometry of the system. This 
is apparent in Fig. 2(a).

It is of interest to note that before reach
ing peak stress the maximum friction error 
with a stationary bush ranged between 2% and 
8% of the axial load irrespective of the 
form of loading cap. At peak stress it was 

of the order of 3% for a guided loading cap 
and 2% for a plain loading cap with a steel 
ball.*

Fig. 3. Applied loads and stresses in the 
triaxial test after formation of 

shear plane.

ANALYSIS OF ZONE FAILURE IN THE TRIAXIAL 

COMPRESSION TEST

Figure 3 shows the applied loads and stress
es for a single shear plane inclined at an 
angle e to the horizontal, or plane of nomi
nal maximum principal stress. The vertical 

load, L, and the horizontal component of 
load, H, produce stresses which axe averaged 
over the thin slip zone of area Ag between 
the two sections of the sample. The all 
round, pressure o-* acts throughout, whatever 
the deformation of the sample. Eccentrici
ties e . and’e? of the vertical load arise 
due to the restraint of the loading cap. 
Components of the vertical and horizontal 

loads nonnal to the slip plane are:

N = L cos » + H sin e (1)

' In tests by Andresen and Simons (1960) on 
undisturbed clays which reached maximum de- 
viator stress at comparatively large strains 
friction errors were usually 3%. In one 
test the error was 9%« Sowa (1963) quotes a 
value of 6% in a test on remoulded clay.

The normal effective stress on the slip 
plane is

° n  " N/As + a3 (3)

and the shear stress

T - S/As ( »

Since the ratio H/L = tan 0 , Fig. 3.

o' = i  (cos e + sin e tan 0) (5)
11 Ao .

t = i  (sin e - cos e tan p) (6)
As

The geometry of the inclined shear plane has 
been described by Chandler (1966), and is 
outlined in Fig. 4. If the plan area of the 
surface of contact for a post-peak displace
ment Ah is A , then the area of contact 
Ag = Ac .sec S.

From analysis of post-failure conditions in 
the triaxial test (Bishop, 1962; Webb 1964) 
it can be shown that the effect of dilatancy 
during the post-failure stages of the test 
can normally be neglected in the determina
tion of residual strengths of stiff clays, 
and that the change in A with post-failure 
strain, (e-ep) = 5, may Be expressed as:

t— —̂ *■ - • sec ». 8(1-4s2.cot^e)^.cote 
de 4

.......... (7)

For small values of post-failure strain

dA d 2
—  = - —^— • sec e.8 cot e (8)

p
and since V "  V 4 ’

As = Ap sec ®[1 -l(e-ep )]cot & (9)

where e is the total nominal axial strain, 
e and d are the axial strain and diameter 

respectively at peak deviator stress, and A 
is the corresponding average cross-section-*1 
al area.

Results of the analysis are shown in Fig. 5 
for a typical consolidated undrained test 
with measurement of pore pressure on an un
disturbed sample of London Clay. The incli
nation of the shear plane was 51° and the 

effective cell pressure at the beginning of 
the test was 264.5 lb/sq.in. It is seen in 
(c) and (d) that both t  and the ratio t / o '  

reach maximum values at an axial strain n 
corresponding to that of plotted point 4 at 
which the vertical load difference and the 
pore pressure begin to level off, after the 
steep drop from the peak in (a) and (b) res
pectively. Although the vertical load and 
the pore pressure appear to remain more or 
less steady at greater displacements, the 
ratio T/o' increases because of the reducing 
area of contact of the two sections of the
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sample, and. ultimately because of additional CORRECTION FOR RESTRAINT OP RUBBER MEMBRANE
restraint of the loading ram as reflected in 
Fig. 1(c).

<D

(a) Post-fa ilure  displacement (b) Plan area of shear plane, 
along shear plane.

Pig. 4. Geometry of the shear plane.

0 1 2 3 4 5 6 7 

Axial strain (nominal) %

Axial strain (nominal) 1. (Tn ps.i.

Pig. 5. Topical results of tes-c on 
undisturbed sample of 
London Clay.

Up to peak deviator stress a combined cor
rection was made to the measured axial load 
difference on account of the rigidity of the 
rubber membrane and the filter paper drain. 
This varied slightly, depending on the type 
of test and rate of testing, but was usually 
between 2 and 2.5 lb/sq.in. as indicated by 
Bishop and Henkel (1962). After the forma
tion of the shear plane an additional cor
rection, Fig. 6, based on the results of 
tests carried out by La Rochelle (1960) was 
made. Although his tests were carried out 
with perspex samples, La Rochelle found that 
the frictional force between rubber and clay 
did not increase with confining pressures 
above 20 lb/sq.in. The corresponding cor

rections given by Chandler (1966) for plas
ticine samples is slightly greater than that 
deduced from La Rochelle's tests, while that 
given by Blight for dummy perspex samples 
having their cylindrical surfaces roughened 
with emery cloth, and indurated clay samples, 
is very much greater. It is apparent that, 
amongst other factors, the restraint provi
ded by the membrane depends on the surface 
texture of the material comprising the test 
specimen. Further work will be required to 
clarify this matter.

Effective confining pressure p.s.i.

Fig. 6. Additional membrane correction.

ERRORS IN DETERMINING RESIDUAL STRENGTH

The errors in the residual values of due 
to approximations inherent in equation 9, 
and due to errors in the measured values of 
e and the assumed values of tan 0 are shown 
in Pig. 7* Each curve relates to actual 
residual values of = 20° and o ' •= o, with

® - 55 .

In (a) it is seen that the use of equation 9 
is unljkely to lead to errors in ^'in excess 
of 0.1 even at comparatively large dis
placements. Whatever the value of tan 0 the 
error in ^'is unlikely, from (b), to exceed 

about 0.2 as there is usually no difficul
ty in measuring e to within about 1 . The 

experimental data available would suggest 
that the value of tan 0 for stiff clays is 
likely to fall within the range 0.04 to
0.06. If, for purposes of calculation, tan 
0 is taken as 0.0 5, it is seen from Pig. 7
(c) that the resulting error in r f ' i s not
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greater than about 0.2 . Provided accurate 
measurements of the applied axial load can 
be obtained it should be possible to deter
mine residual strengths, as they exist at 
small post-failure strains, to within an 
accuracy of about } .

Post-failure strain (e-ep) •

Error in <j>‘ due to approximations in Equation 9

8
L.
UJ

Error in & degrees 

Error in <j>' due to error in measurement of S

(c) 

Fig. 7-

Values of tan /3 in Equations 5 and 6. 

Error in <j>' due to error in tan p.

Errors in after formation 
of a shear plane.

RESULTS OF TESTS ON LONDON CLAY

Based on the strength-effective stress re
lationships presented by Bishop, Webb and 
Lewin (1965), the residual strength data for 
blue London Clay from the Ashford Common 
shaft is summarized in Fig. 8. The samples 
were cut with their axes vertical and hori
zontal, (V and h), from blocks taken from 
Levels C and E, 88 and 114 feet, respective
ly, below the surface. At this site, des
cribed by Ward, Samuels and Butler (1959), 
the London Clay, which was deposited under 
marine conditions in the Eocene period, 
about 30 million years ago, has been conso
lidated by the weight of some 1200 to 1300 

ft. of submerged sediments which have subse
quently been eroded. Average index proper
ties are given in Table I.

The slope of the i-a^plot decreases with in
crease in effective stress. In the lower 
stress range average values approximate to 
c' = 3 lb/sq.in. and 4' *  17.5°, but with in
creasing stress thi6 decreases to c *■ 13

S T R E N G T H
lb/sq.in. and 14°. The lower limit of 
scatter, however, represents values of t and 
o' corresponding to c'= 0, and (*" = 15 which 
is in fairly close agreement with the values 
of c'«= 0 and <i‘ = 16 obtained by Skempton
(1964) at very large strains in the direct 
shear test. A line through the observed 
values of t  and o' obtained in three tests 
in which failure Sccurred on pre-existingQ 
fissures approximates to c' «= 0 and = .13 
compared with = 11.5 and 11*6 for tests 
on samples with pre-cut shear planes using a 
loading cap which was free to move laterally 
without tilting.

RESULTS OF TESTS ON PIERRE SHALE

Peak and residual strength data for three 
materials comprising the Pierre shale from 
the Oahe dam site are given in Fig. 9, and. 
the corresponding index properties are in
cluded in Table I. The geology of the site 
and the mineralogy of the Pierre shale have 
been described by Knight (1963)- This re
latively weak shale, which was formed in the 
upper Cretaceous period, some 80 million 
years ago, is derived from clays and silts 
which have been consolidated under the 
weight of overlying sediments and several 
thousand of feet of glacial ice. Samples 
used in the tests were cut from 6 in. dia. 
diamond drill cores. Core U1 comprised 
stiff olive coloured clay. Part of the core 
U4 consisted of dark grey fissured shale and 
is referred to as core U4A. The remainder 
of this core, U4B, was of similar material 
but it contained numerous crystalline in
clusions and showed clear signs of cementing. 
A discussion of the peak strengths is out
side the scope of the present paper but two 
significant features of the failure enve
lopes, as reflected in the plots of i (o^-o,) 
against i (ol+a') for each of the three 
materials in (a? and (b) may be noted. These 
are (1) the marked change in curvature as 
the stress increases, and (2) the large 
values of the cohesion intercept c'and the 
angle of shearing resistance 4 in the low 
stress range. Residual values of the shear 
strength t  against effective normal stress 
o' in the shear zone Eire plotted in (c) and 
(S). In each case the curvature of the 
failure envelope at peak stress is. reflec
ted in the slope of the corresponding t  - o'n 

plot, which like that for London Clay de
creases with increase in normal effective 
stress.

A series of drained triaxial tests was car
ried out on samples of the clay from core 
U1 remoulded from a slurry and consolidated 
under small loads in a large oedometer. The 
effective stresses at peak deviator stress 
are plotted in (b) to give a straight line 
envelope corresponding to c'= 0 and 12 . 
In the T - o' plot in (d) the residual 
strength of intact samples of the clay from 
core U1 approximates to c'«= 0 and = 20.5 
in th^ low stress range and c'» 17 lb/sq.in. 
and / » 11 in the higher stress range. As 
in the case of the London Clay it is pro
bable that the residual strengths in the 
low stress range are rather overestimated,
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Normal stress 0^ p.s.i.

8. Values of the residual strength of London Clay from the Ashford Common shaft as 
determined in the conventional triaxial test. (Bishop, Webb and Lewin, 1965).
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Fig. 9. Comparison of peak and residual strengths of Pierre shale as determined in 
the conventional triaxial compression test.

and that the lower limit of the observed 
values would give a better indication of the 
residual strength at very large strains.

From the limited test data available this 
lower limit corresponds to c /= 0 and r f '= 16 . 
Corresponding 'low1 values are c'= 0 and 
(¡T = 18.5 for core U4A, and c'= 0 and 

4 '= 24° for core U4B.

Using a tentative brittleness parameter,*

• i = (Tf-T )/Tf% where is the shear 
strength at feak deviator stress, and t is 
the residual shear strength at the corres

ponding effective normal stress.

Ig, suggested by Bishop (1968), the percent

age reduction in shear strength in passing 
from the peak to the residual state taking 
into account the curvature of both the peak 
and the residual strength envelopes is re
flected in Fig. 10. For the hard shale, the 
value of the index reduces from 100% at very 
low stresses to about 80% at 100 lb/sq.in.

In the case of the stiff clay from core U1 
it reduces rapidly from 100% to 80% over a 
stress increment of only 10 lb/sq.in. and 

at 100 lb/sq.in. is 70%. The corresponding 
variation of Ig with stress for blue London 

Clay from E-Level in Ashford Common shaft
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TABLE I. Index Properties.

Material
Unit

Weight
lb/cu.ft.

S. G • of 
Grains

Gs

Water
Content

%

LL
%

PI
%

Clay
Frac
tion
%<2n

Activity
Approximate 
Mineral 
Content %

London Clay

C Level 
E Level

127
128

2.77
2.75

25-6
25.5

71
70

42
43

53
57

0.79
0.75

Illite
Kaolinite
Montmorillonite

70
20
10

Pierre shale

Core U1 
Core W A  
Core U4B

120
125
124

2.80
2.59
2.60

33.4
23-9
22.3

136
140
89

96
100
47

58
56
27

1.66
1.78
1.74

Variable (Knight, 
Montmorillonite 
Quart z and 
Christoballite 
Illite

1963)
70

20
10

Cretaceous 

Silty fine sand 161 2.70 25.6 26 10 4 2.5O

Quartz
Also Glauconite 
Montmorillonite

>90 '

Fig. 11. Comparison of peak and residual strengths of consolidated silty fine sand as 
determined in the conventional triaxial test.

E f f e c t i v e  n o r m a l  s t r e s s  p s  i

Fig. 10. Percentage reduction in strength 
from peak to residual states.

is compared on the ssune plot for a residual 
strength of c ' = 0 and 4  = 15 • The varia
tion in the low stress range is similar to 
that for the clay from core U1. At higher 
stresses the reduction in strength from the 
peak to the residual states is less marked,

the formation of the shear plane is almost 
entirely suppressed, and the sample bulges 
as shown in Fig. 2(b).

RESULTS OF TESTS ON CONSOLIDATED SILTY 
FINE SAND

The peak and residual strength data for the 
grey consolidated silty fine sand axe plot
ted in Fig. 11, and the index properties are 
given in Table I. Samples were cut from 3 
in. dia. diamond drill cores in which a 
minor amount of re-cementing had apparently 
occurred. This was just sufficient to en
able I t  in. dia. triaxial specimens to be 
hand trimmed but was not sufficient to show 
a cohesion intercept on the small scale of 
Fig. 11(a). The material was deposited 
under shallow marine conditions, in the 
lower Cretaceous period, about 100 million 
years ago, and has been consolidated under 
the weight of some 7»000 to 8.000 feet of 
saturated sediments. From (a) it is seen
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that the failure envelope at relatively low 
effective stresses is represented by a 
straight line with c'= 0 and 4 "*= 62 at peak 
deviator stress, in drained tests and conso
lidated undrained tests with measurement of 
pore pressure. Based on average values, the 
slope of the t  - o' plot in (b; is also con

stant, and approximates to c ' = 0 and ^'= 40? 
The low observed values of the scatter re
present a regidual strength defined by c'= 0 

and 4 '=  37-5 • For comparison, a series of 
drained tests was run on recompacted mater
ial. The maximum dry density which could be 
achieved in the laboratory was about 110 lb/ 
cu.ft. compared with an average dry density 
of the cores of 128 lb/cu.ft. At peak 
stress the best fitting straight line enve
lope gives a value of 0 ■= 36.3 which is 
slightly below the residual value for the 
intact samples. In the absence of a signi
ficant cohesion intercept at peak strength 
the index IB for the consolidated silty fine 
sand does not vary with stress, within the 
range of the tests, but has a constant value 
of about 60%. Typical load-'strain1 curves 
for drained tests on the Pierre shale and 
the consolidated silty fine sand are com
pared in Fig. 12. It is of interest to note 
that the drop in strength of the sand from 
peak to residual extended over a much great
er post-peak displacement ;bhan did that of 
the Pierre shale, or the London Clay,(Fig.5).

Axial strain (nominal) %

Fig. 12. Typical load-displacement curves 
for Cretaceous sand, and Pierre 

shale.

Although relative displacements of the two 
sections of a sample, after formation of a 
shear plane in the conventional triaxial 
compression test, are rather limited, con

sistent values of residual strength can be 
obtained provided the applied axial load can 
be accurately measured. This requires the 
use of apparatus which minimizes the effects 
of ram friction. Horizontal components of 
load may be eliminated by providing a load
ing cap with freedom to move laterally, or 
they may be taken into account in the analy
sis of residual strength data without serious 
error. In the conventional triaxial appara
tus with a guided loading cap, however, only 
small post-peak displacements are possible 
before serious distortion of the sheared 
sample occurs on account of the geometry of 

the system.

The variation in curvature of the failure 
envelopes for the residual state presented 
above for Pierre shale, and by Bishop, Webb 
and Lewin (1965) for London Clay would 
suggest that orientation of the flaky clay 
particles in the direction of shear may have 
already occurred at the strain necessary to 

define the peak stress. In the lower stress 
range a similar degree of orientation has 
probably not occurred, and at small post
peak displacements the corresponding resi
dual strengths from average values of the 
t  - o '  plot will be rather overestimated.
The lower limit of the observed values for 
London Clay, Pierre shale, and Cretaceous 
silty fine sand appear to provide close 
approximations to residual strengths which 
would be obtained at large strains. These 

lower values also lie close to the lines de
fined by the failure envelopes at peak 
stress for remoulded or recompacted samples. 
Tests which failed on pre-existing fissures 
at small axial strains gave values of c '-  0 
and <$'<= 13 for London Clay and c' = 0 and 

4 '=  7° for Pierre shale. These strengths 
are lower than those defined by the failure 

envelopes at peak stress for the correspond
ing remoulded samples. Effects of weather
ing in the fissure zone may have had some 
influence on these low values, particularly 
in the case of the Pierre shale.

The test results would suggest that the con
ventional triaxial test can conveniently be 
used to obtain fairly close estimates of re
sidual strength, particularly when failure 
occurs on pre-existing fissures or on pre- 
cut planes.
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