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SYNOPSIS An extensive geotechnioal investigation was performed on a deposit of stiff fissured clay. It is 
shown that results of all the different types of in situ and laboratory tests on block samples may be interpre
ted consistently and that the effect of sample size is the single most inportant factor in influencing the shear 
behaviour. The practical ijiplications of these results are briefly discussed.

INTRODUCTION

In connection with the design of earth works and foun 
dations for a nulti-million dollar therral power plant, 
an extensive series of borings were put down in a de
posit of stiff fissured cl̂ r. Conventional unoonso-
1 idated-undrained tests revealed a large anourvt of 
scatter of undrained strength. In order to ascertain 
the physical cause of this phenonenon as well as the 
appropriate strength for design purpose, tests pits 
were excavated to bedrock and block sanples of the 
clay taken. A ccnprehensive series of laboratory 
tests were performed on specimens trimned frcm the 
blocks. In addition, large in situ shear box and 
plate loading tests were performed. The purpose of 
this paper is to interpret the results of all the va
rious types of tests consistently, and evaluate their 
relevance to design problems.

SITE CONDITIONS AND GENERAL SOIL PROPERTIES

The site is at Nantiooke, Ontario,on the north shore 
of Lake Erie. The overburden is a glacio-lacustrine 
day deposit in the glacial Lake Warren which inun- 
dated the area during the retreat of the last conti
nental glacier. The clay has been heavily desiccated 
and nay be described as a stiff to hard brown fissu
red clay. The thickness of this clay deposit varies 
frcm 20 to 35 ft over the site. A thin layer of very 
stiff to hard clay till, generally less than 5 ft 
thick, underlies the clay stratun. The bedrock is 
sound, nDderately jointed limestone.

A predominant feature of the silty clay stratun is 
the presence of a highly developed randan system of 
fissures throughout the excavation. Although the fis 
suring appears to be random, the principal pattern of 
fissures are in general, vertical and horizontal and 
fairly widely spaced. A less distinct system of hair 
line fissures was contained within the primary pattern.

The faces of the vertical fissures exposed in the test 
pits were as large as several square feet in area. It 
was noted that meet of the vertical fissure surfaces 
were grey in colour; fine roots running along the ver 
tical fissures were also noted for the full depth of 
the excavation, but their frequency diminished with

depth. Horizontal fissures also occurred throughout 
the depth of excavation; the surface of these figures 
were slickensided and seldom grey in colour.

The index properties, water contents and undrained 
shear strength from unoonsolidated-undrained tests an
2 in diameter borehole samples are shown in Fig.l. The 
average liquid limit increases slightly with depth 
from 52% to 60%. The average natural water oorrtent 
also shown a slight increase with depth frcm 22% to 
30% and generally lies close to the plastic limit.
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The undrained shear strength of the clay determined 
from unoonsolidated-undrained tests exhibits a wide 
range of scatter from about 900 lb/sq ft to 5,800 
lb/ sq ft, and no apparent pattern of variation may 
be detected with depth or elevation. A careful study 
also fails to reveal any pattern of variation in the 
horizontal direction. It is clear that this amount 
of variation in strength far exceeds that which is 
conuDnly encountered in intact clays, especially in 
view of the relatively small variation in water con
tent and Attertourg limits. It would also seem un
likely that the scatter may be attributed to sample 
disturbance, sinoe extensive test results on block 
samples for another stiff fissured clay showed ocm- 
parable amount of scattering (Ward, Marsland and 
Samuels, 1965).

PROGRAM OF LABORATORY AND FIELD TESTS

The program of laboratory tests on block sanples was 
designed to evaluate the importance of various fac
tors that may influence the shear behaviour of the 
stiff fissured clay in order to interpret and supple 
ment the field tests. All specimens were trinmed 
from block samples taken at different depths from the 
test pit. The laboratory program included:
(a) Unconfined compression (U) and unconsolidated-un 
drained triaxial (Q) tests on 2 in diameter specimens 
from different depths, at a rate of strain of 2% per 
min.
(b) Q tests on 2 in specimens from 15 ft depth at 
rates of strain of 2%, 1%, 0.1%, 0.01% and 0.001% per 
min.
(c) Q tests on 1 in, 2 in and 4 in specimens fran 10, 
15 and 20 ft depth at a strain rate of 1% per min.
(d) One series of oonsoHdated-undnained tests with 
pore water pressure measurements (R tests) with la
teral stress decreasing to reach failure. Specimens 
were from 15 ft depth and the rate of strain used was 
0.5% per min.
(e) "Quick" shear box tests on 2.36*2.36*0.5 in spe
cimens from 10, 15 and 20 ft depths at a rate of 
deformation of 0.2 in per min.
(f) "Slew" shear box tests to determine the peak and 
residual effective stress parameters. The rate of 
deformation used was 0.00015 in per min.

The field tests included:

(a) In Situ Shear Box Tests. A large shear box capa 
ble of testing samples 2ft*2ft*8in was designed. Ttoo 
tests were performed at each of the 10, 15 and 20 ft 
depth in the test pit. The samples were freshly trim 
med to size at the bottom of the trench.The bottom 
half of the box was lowered over the prepared sanple, 
then the upper half leaving a gap of 1 in for shea
ring. . Five gauges, two for measuring vertical move 
ments, two for horizontal movements of the upper box 
and one to check any movements of the lower box were 
mounted. A vertical load equal to the weight of the 
soil removed was applied, then the shearing was star 
ted; using a nanually-oontrolled rate of displacement 
of 0.01 in per min. After the peak stress was rea
ched, the rate was increased to 0.05 in per min. in 
an attempt to reach the residual strength. Pore pre£ 
sures were measured by a fine porous disc inserted 
close to the failure zone. The tests were usually 
oompleted within an hour.
(b) Plate loading Tests. These tests were performed 
with a 1 in thick plate of 1 ft diameter, on the same 
levels as the in situ shear box tests. The primary 
purpose was to determine the modulus of deforrration 
and therefore cycles of loading and unloading were

were performed before the tests were carred out to 
failure. For the latter stage of the tests, loading 
to failure was either displaoement-oontrolled at a 
rate of 0.01 in per min or load-controlled at a rate 
of 0.5 tons per two min.
(c) Field vane tests were also performed vertically 
at the bottom and horizontally at the sides of the 
trench. The dimension of the vane used was 1.5*3 in.

In presenting the results of the laboratory and field 
tests, it is more convenient to deal with the results 
of the in situ tests, then discuss the results of the 
laboratory tests in terms of the factors affecting 
the shear strength of the stiff fissured clay.

RESULTS OF FIELD TESTS

(a) In Situ Shear Box Tests. A total of six in situ 
shear box tests were performed with two tests at each 
level of the test pit. Pore pressures were measured 
in one of the test at each level. The results of a 
test at 20 ft depth are shown in Fig.2. In Fig.2 (a), 
the horizontal load is plotted against the relative 
horizontal displacement of the upper and lower portion 
of the box as shewn by the full line. The shear stress 
(corrected for the area of the sample) displacement 
curve is shown by the dotted line. In Fig.2(b), the 
average vertical movement of the sanple is shown and 
the change in pore pressure during shear is shown in 
Fig.2(c). From Fig.2 the following observations, 
conmon to all six tests performed, may be mde:
(i) The shear stress rises rapidly at small displace
ment, attains the peak, then gradually drops to ap
proach the residual strength at large displacement.
(ii) An increase of applied rate of displacement from 
0.01 in/min to 0.05 in/min at or after the peak stress 
did not disrupt the stress-displacement curve, indica 
ting that the effect of time on strength is not signX 
ficant for this clay.
(iii) The vertical deformation of the samples at peak 
load is slight, generally less than 0.04 in. Because 
of the small rates of vertical to horizontal movements 
no correction for dilatancy was applied to the test 
results.
The undrained shear strength (Cu) determined and the 
residual strength(Cr) estimated are shown in Table 1.
It is evident fran Table 1 that the peak strengths 
determined at each level are consistent. The displa 
cement required to reach the peak is small compared 
to the size of the sanple. The ratio of residual to 
peak strength averages 0.6.

Level Test
No.

Wf
%

Cu
Ib/sq.in

r̂ 
lb/sq.ft

Displacement 
at failure

äf 
(in. )

Cjn
Cu

10 ft 1 23.8 1250 820 0.17 3.66
10 ft 2 23.1 1120 950 0.30 0.8E
15 ft 5 26.4 2000 1100 0.45 0.5Î
15 ft 6 26.2 2000 1200 0.25 0.6C
20 ft 3 25.3 1880 1100 0.22 0.56
20 ft 4 26.0 2180 1250 0.17 0.57

Table I In Situ Shear Bax Test Results

250



STIFF FISSURED  CLAY

Rate of horizontal displacement

Fig. 2 Results of In Situ Shear Box Test.

(b) Plate loading Tests. After cyclic loading phase 
of each test was completed the soil was loaded to fail̂  
ure eithar by increasing the load at a fixed time 
interval or controlling the rate of jacking so that 
deformation proceded at an approximately constant 
rate. The settlements measured at three points of 
the plate at failure load showed that the maximum 
differential settlement was about 0.1 in or less, 
being less than 16% of the average settlement at fail̂  
ure. This fact illustrates that the plate settled 
rather uniformly in each test. The results of a dis
placement-controlled test at 20 ft depth are shewn 
in Fig.3. Taking a bearing capacity factor, Nc=6, 
the shear strength Cu calculated is shown in Table II. 
The water oontent after failure (average of at least
3 determinations) and the time to failure are also

shown in the same Table.

Level Test
No

Wf

%

Time to 
failure 
(min)

Cu
lb/sq.ft

10 ft 1 23.1 24 3000
10 ft 2 23.3 26 2600
15 ft 5 24.1 78 2550
15 ft 6 24.0 106 3180
20 ft 3 25.2 25 2970
20 ft 4 24.6 26 3820

Table II Results of Plate Loading Tests Loading to 
Failure
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Fig. 3 Results of Plate Loading Test.

FACTORS AFFECTING THE INDRAINED SHEAR STRENGTH OF THE 
STIFF FISSURED CUV

Before the results of the different types of laborer 
tory and field tests may be oompared and interpreted, 
the inportanoe of various factors that may affect the 
shear behaviour of the clay has to be evaluated.

(a) Effect of Time to Failure. A series of Q tests 
was carried out on 2 in diameter specimens cut from 
a block sample at 15 ft depth, with strain rates 
varying frcm 2% to 0.001% per min. The undrained 
strengths obtained are plotted against the time to 
reach failure in Fig.*4. In the same figure, the 
ranges of time to failure in the in situ shear box 
and plate loading tests are also shown. It is clear 
that, within the time range of conventional labora
tory testing and field testing, no significant effect 
may be detected. This conclusion is consistent with 
the results of in situ shear box tests which showed 
that a five fold increase in displacement rate did 
not alter the strength measured.
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(b) Effect of Strength Anisotropy. The dependence of 
the undrained shear strength on the direction of 
applied stresses or the orientation of the failure 
plane has been studied previously (see e.g. Lo 1965, 
Bishop 1966). In a stiff fissured clay, the effect 
may be due to the preferred orientation of the fis
sure pattern, or the intrinsic strength anisotropy 
of the intact clay, or both. In order to study this 
effect apparently intact specimens were cut from the 
block at different orientations and Q tests were per
formed. It was found that the reduction in strength 
by shearing along bedding planes (horizontal) as com
pared to tests on vertical samples was only about 15%.

(c) Effect of Size of Specimen. Another difference 
in laboratory and field testing is the size of sample 
used. For fissured clays an increase in size augjnents 
the probability of inclusion of fissures in the poten 
tial failure plane, thus decreasing the strength of 
the specimen. Bishop and Little (1967) have shown 
that the strength of London day given by in situ 
shear box test is 55% of that determined frcm labora
tory tests on li in diameter borehole specimens.

The results of Q tests performed on specimens varying 
in diameter from 1 to 4 in cut from block sanples at 
10, 15 and 20 ft depths are plotted in Fig.5. It is 
clear that there is a general trend for Cq to decrea
se with increase in sample size. In these figures 
the range of results frcm field vane tests, plate loa 
ding tests and in situ shear box tests are also indi
cated.

Several important observations nay be nade:

(i) The field vane strength, determined by forcing 
the soil to fail along a cylindrical surface and 
should therefore correspond closely to the strength of 
intact clay, agrees approximately with the results of 
the smallest laboratory samples.

(ii) With increase in sample size, the strength de
creases and approaches the results frcm in situ shear 
box tests. The effect of sample size therefore cons
titutes the single most important factor in determi
ning the strength of this fissured clay.

(iii) The strengths determined frcm the plate loading 
tests are 1.** to 2.3 times higher than those from 
shear box tests. This may be explained by the dif
ference in the failure mechanism of the two types of 
tests in relation to the fissure pattern of the depo
sit. As noted previously, the main fissure pattern 
of the clay is approximately vertical and horizon
tal. The plate loading test induces a Prandtl type 
failure surface which for the most part cuts across 
the primary fissure pattern; with the result that 
the average strength determined is less affected by 
the fissures.

10 100

Tim « t o  f o l l u r « in m in u t es

IOOO

Fig. 4 Effect of Time to Failure on the Undrained 
Shear Strength.
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Undrained Shear Strength Cu lb/sq.ft.
Depth
(ft.)

Probable
Intact
Strength

Tube
Sanples
(2-in)

Block 
Samples 
(2-in)

Laboratory 
Shear Box 

(2.36«2.36« 
iin.)

Field 
Shear Box 

(2ft*2ft»8in)

Plate 
Loading 

(1ft. diam.)

10 7000 3200 3000 1300 1180 2800
15 8200 2800 4000 1670 2000 2860
20 7800 2500 4900 2700 2030 3400

Table III Comparison of Cu determined from different Field and Laboratory Tests

COMPARISON OF IKDRAINED STRENGIHS FROM ALL HELD AND 
LABORATORY TESTS

The results of the various field and laboratory tests 
have been discussed previously and the average values 
of undrained strength at 10, 15 and 20 ft depth are 
surrrarized and conpared in Table HI

It is apparent from Table IT that there is a wide varia 
tion of measured undrained shear strength depending 
on the type of test and size of sample anployed. For 
fissured clays, it is oonceivable that the strength 
measured will depend on the ratio of area of existing 
fissures on the potential failure plane. If the fis
sures remain closed during shear and if the strength 
of fissures is taken to be the residual strength of 
the clay (Skempton 1964) then the strength measured 
must lie within the limits of the intact and residual 
strength of the clay.

It has been stated previously that the vane strength, 
which agrees approxinately with the 0 tests on smal
lest specimen used, should closely approximate the in
tact strength of the clay. Residual strengths were 
determined in laboratory and in situ shear box tests 
and the results are listed belcw.

Depth
(ft.)

Residual Strength Cr Ib/sq.ft

In Situ 
Shear Box

Laboratory 
Shear Box

10 860 750
15 1150 800
20 1180 980

The residual strengths determined from the slow labo
ratory shear box tests are drained residual strengths, 
while those determined by the field shear box tests 
pertain more closely to the undrained condition. Since 
negative pore pressure were set up in the field shear 
box test, the strengths measured in these tests were 
consequently higher than the laboratory shear box 
tests as shown consistently by the above data. The 
strength determined from the laboratory shear box 
tests provides therefore the extreme lower limit. It 
is evident fran Table HI that all the data contained 
therein are bracketed by the upper and lower bound 
values corresponding to the "intact" undrained 
strength and drained residual strength, respectively. 
These limiting values also provide possible theoreti
cal variations in any one type of test and account for 
the "scatter" of results recorded in Fig.I. The 
scatter of results in these tests is therefore not so 
nuch due to experimental variation but rather to the 
inherent behaviour of a stiff fissured clay.

Having assessed the physical cause of the variation of

strength measured in different types of tests, the 
choice of strength for design problems may now be con
sidered. It is obvious that it will be entirely un
safe to design on the intact strength of the clay 
while the use of residual strength will be too conser
vative. A representative value of the operational 
strength in the field must be anployed.

The dependence of the undrained strength on the size 
of sample used in the tests has been brought out. The 
question arises as to what size of sample should be 
used to obtain the operational strength in the field. 
For cases involving increase in load, such as bearing 
capacity, the failure surface is largely determined 
by the geometry of loaded area and at least part of 
the intact strength is mobilized. The strengths deter 
mined by plate loading tests are therefore relevant 
and may be employed.

For cases involving a decrease in load, such as cut
tings, the failure surface will be governed by the 
fissure pattern in which case a strength based on con
ventional measurements will be too high. Hie in situ 
shear box value will closely approximate the operation 
al strength as a further increase in sanple size would 
result in little drop in strength, as shown on Fig.5. 
Bishop and Little (1967) have shown that for the case 
of the Bradwell slip (Skempton and La Rochelle, 1965) 
the operational strength was closely approximated by 
large in situ shear box tests.

Effective Stress Parameters. The effective stress pa- 
rameters c' and i>' have been determined by drained 
laboratory shear box test and consolidated undrained 
triaxial tests with pore pressure measurements and 
decreasing the lateral stress 03 to attain failure.
In addition, the effective stress parameters in the 
residual state C'r and were also obtained by drai
ned laboratory shear box tests. These results are 
sunmarized belcw:

Types of 
Test

C
lb/sq.in

i '

degrees
C'r 

Ib/sq.in degrees

Triaxial 6.2 28 ---- ~

Laboratory 
Shear Box

5.2 28 1.8 15

The above results may be compared to those obtained 
in the field shear box tests. In Fig.6, the Mohr 
envelopes for peak and residual strength from the la
boratory shear box tests are shown. The results from 
the three in situ shear box tests in which pore pres
sures were measured are also indicated. As the res
ponse of the pore pressure measuring system used in 
the field was probably too slow compared to the rate 
of testing, the results if in error, should tend to
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the direction as indicated by the arrows. It is 
clear that the results of the in situ tests are boun
ded by the peak and residual line defined by the la
boratory tests, and are therefore consistant with the 
concept previously expounded.

Fig. 6 Effective Stress Parameters of Nanticdke Clay.

CONCLUSIONS

Based on a large number of various types of labora
tory tests on borehole and block samples* as well as 
field tests, the following conclusions may be drawn 
for the stiff fissured clay investigated.

(1) The undrained shear strength from large in situ 
shear box tests is 1/3 to 1/2 of that determined from 
laboratory tests on 2 in specimens trinmed from block 
samples. The effect of time to failure is found to be 
insignificant and strength anisotropy can only acoount 
for 15% of the strength decrease. The effect of spe
cimen size is identified to be the most inportant 
factor in determining the undrained shear strength.
(2) Field plate loading tests yield results 1.4 to 
2.3 times higher than those from in situ shear box 
test. This difference nay be attributed to the dif
ference in the mechanism of failure in relation to 
the pattern of fissuring of the clay.
(3) Results of laboratory triaxial consolidated-un- 
drained tests and drained shear box tests yield 
c'=5.2 lb/sq.in, and ¿'=28° at the peak state. The 
effective stress parameters at the residual state 
from laboratory shear box tests are C^=l.8 lb/sq.in 
and d̂ =15°. The results of field shear box tests 
with pore pressure measurements are consistent 
with both sets of laboratory values.

(4) The undrained strength of intact sanples and the 
drained residual strength form the upper and lower 
limit respectively of the undrained strength that can 
be measured by any type of test on any size of sanple 
at a given depth of the deposit. The wide range of 
scatter of strengths from conventional borehole or 
block sanples is therefore not attributed to experi
mental variation, but rather to the inherent beha
viour of the stiff-fissured clay.
'(5) Case records have shown that the use of the con
ventional «5=0 analysis for short term case results in 
a substancial overestimtion of the factor of safety 
for stability of slopes in stiff fissured clays and 
clay-shales (Skanpton and La Rochelle 1965, Toms and 
Bartlett 1962, Peterson et al. 1960). The effect of 
sample size together with strength anisotropy on the 
undrained strength nay at least in part, explain this 
discrepancy. It appears, therefore, that in design 
problems this important effect should be taken into 
acoount.

REFERENCES

Bishop, A.W. (1966). Strength of soils as engineering 
materials. Geotechnique, 16:2: 89-130

Bishop, A.W. and A.L. Little (1967). The influence of 
the size and orientation of the sanple on the apparent 
strength of the London Clay at hfaldcm, Essex. Procee
dings of the Geotechnical Conference, Vol.I, Oslo, 
p.89-96.

Lo, K.Y., (1965). Stability of slopes in anisotropic 
soils. Journal of Soil Mechanics and Foundations Divi 
sion, Proc. ASCE, Vol. no.91, SM4, p.85-106.

Peterson, R., Jaspar J.L., Rivard, P.J. and Iverson 
N.L., (1960). Limitations of laboratory shear 
strength in evaluating stability of highly plastic 
clays. ASCE, Res. Conf. on shear strength of cohesi
ve soils. Boulder, Colorado.

Skempton, A.W. (1964). Long-term stability of clay 
slopes. Geotechnique, 14:2: 77-101.

Skempton, A.W. and La Rochelle, P. (1965). The 
Bradwell slip: a short-term failure in London Clay. 
Geotechnique 15:3: 221-241.

Tans, A.H. and Bartlett, D.L. (1962). Application of 
soil mechanics in the design of stability works for 
embankments, cuttings and track formations. Int. Civ. 
Eng., Vol.21, Proc. paper 6591.

Ward, W.H., Mars land, A. and Samuels S.G., (1965). 
Properties of the London Clay at the Ashford Comron 
shaft; in situ and undrained strength tests. 
Geotechnique, 15:4: 321-344.

*
v
“40

K

¥«20

' LEGEND I I

L ABORATORY SHEAR BOX TESTS
O P E A K  STRENG THS •  RES ID U AL  ST R E N G T H S

IN SITU SHEAR BOX TESTS 
-f- PEAK STREN G TH S X R E S IO U A L  ST R EN G T H S

— »ARRO W  IN D IC A TES  D IRECT IO N  

OF P O S S IB L E  ERRO R  OUE TO  

SLOW RESPO N SE  OF PORE 

P R ESSU R E  M EA SU R IN G  S Y S T E M

10 20 30 40 50 60 70 80

N O R M A L  S T R E S S  Ib/tq.tft.

2 5 5


