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A simplified testing procedure for evaluating
the undrained shear behaviour
of anisotropically consolidated clay

Takeshi Kamei*

Abstract
A simple procedure has been developed to estimate the undrained shear behaviour of anisotropically

consolidated clay without special triaxial apparatus. The proposed testing procedure requires no special cell,

and its simplicity, speed and economy are well suited to evaluate the undrained shear behaviour after Ko—

consolidation. The comparison of data from three methods shows no significant difference in undrained

shear behaviour evaluations. Finally, the experimental results obtained by the present method are found to

be reasonable in engineering practice. The type I

test can be readily used by practicing engineers. Al-

though applicable to only a particular soil type, the procedure appears to be sufficiently accurate for prac-

tical purposes.

Key words : cohesive soil, consolidated undrained shear, earth pressure at rest, laboratory test, shear

strength, test procedure.

Introduction

Most commercial laboratories conduct routine isotropi-
cally—consolidated triaxial tests(CIU), whereas most in—
situ natural clay deposits exist under anisotropic states of
stress, corresponding to CAU conditions. Therefore, the
mechanical behaviour of anisotropically cohesive soils
have become of increasing importance as the number of
embankments and other earth structures being designed
and constructed on soft ground have increased. However,
unless a device has specialized features as seen in Fig.1
(Nakase and Kamei, 1983 ; Kamei, 1985), Ko consolida-
tion with no lateral strain is a difficult and time consum-
ing procedure to implement. In addition, the anisotropic
consolidation phase of triaxial test specimens is generally
time consuming and expensive, especially if Ko condi-
tions are maintained. It has also become standard proce-
dure in CIU tests to use an effective confining pressure
equal to the estimated in situ vertical stress. Conse-
quently, it has become routine practice to consolidate the
specimens isotropically (Kc=1) before shear to failure.

At

undrained shear behaviour of Ko—consolidated cohesive

this stage, it is advantageous to represent the

soils in a simple manner, using conventional triaxial ap-
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paratus which closely resembles that used in engineering
test (Typell : SCIDU and Typell :
SCIPCC) which can dramatically reduce the cost associ-

practice. A new
ated with the undrained shear behaviour of Ko-consoli-
dated cohesive soils, is described in this paper. The ma-
jor advantage of this technique is its simplicity because
it does not requires special triaxial apparatus. It also has
a low initial cost and requires neither time measurement
nor stress control during consolidation.

The purpose of this paper is to investigate whether it
is possible to estimate the undrained shear behaviour of
Ko—consolidated cohesive soil using standard triaxial ap-
paratus, and if so,how accurate these estimations are. Re-
sults using the proposed testing procedures are presented
and compared to data from special triaxial apparatus for

Ko—consolidation.
Experiments

Sample and testing programme

The undisturbed clay(Y-38) used in the present study
was sampled at 16~18 m depth from a site south—west
of Tokyo Bay. The index properties of the soil sample is
shown in Table 1. Fig.2 shows the grading curve of the
specimen. All tests were consolidated undrained triaxial
These

undrained shear tests were performed under strain—con-

shear tests with pore pressure measurements.
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Fig. 1 Schematic diagram of automated Ko-consolidated triaxial apparatus.

Table 1 Index properties of soil studied.

ps(g/cm’) | wL@) | we@) | PI  |Sand(@)| Silt@) |Clay (@)

2.656 71.8 | 39.8 38 5 49 46
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Fig. 2 Grain size distribution curve of sample.

trolled during shear to failure. Fig.3 shows the stress
paths used in the present study. Three series triaxial tests
were prepared for each of the soils considered : Ko—con-
solidated (Type I : CKoU) and anisotropically ~consoli-
dated(Typell : SCIDU and Typell : SCIPCC). The Type
Oand Typelll proposed in the present study are conven-
ience and simplicity of testing procedures for the evalu-
ation of the undrained shear behaviour of Ko-consoli-
dated cohesive soil, although Ko conditions are not main-

tained during consolidation. For isotropically consolidated
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Fig. 3 Stress paths used in the present study.

specimens, the effective confining pressure was usually
applied in one stress increment(0.67 po: SCIDU or po:
SCIPCC), while for anisotropic consolidation, drained
shear and mean effective principal stress(p’) at constant
were applied to the point of completion of Ko-consolida-
tion(qo) because of convenience and simplicity of the
testing procedures(po is the mean effective stress at the
point of the completion of the Ko—consolidation, and go
is the principal stress difference at the point of the com-
pletion of the Ko—consolidation). It is important to note
that testing procedures used in this study are limited to

the evaluation of undrained shear behaviour of anisotropi-
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Fig. 4 Comparisons of stress—strain behaviour obtained from three types of anisotropic consolidation process.
Table 2 Summary of triaxial test results.
Initial Cond. After Cons. Triaxial Test Results
wn(%) €o we(%) ec Ke cukPa) £i%) EsokPa) Ar cu/p
Comp. 82.2 2.18 68.8 1.82 043 116.3 1.04 33900 0.51 0.41
Ext. 79.9 2.13 67.9 1.81 0.43 78.8 | -18.19 30630 0.80 0.28
Comp. 78.3 2.08 66.9 1.78 043 114.0 1.51 42550 0.56 0.41
Ext. 71.9 2.07 67.0 1.78 0.43 789 | -17.89 26960 0.77 0.28
Comp. 84.3 2.24 66.1 1.76 0.43 117.3 0.85 47300 0.40 0.42
Ext. 86.8 2.31 68.8 1.83 0.43 84.0 | -18.87 29560 0.76 0.30
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Fig. 5 Comparisons of excess pore pressure Au-strain behaviour obtained from three types of anisotropically

consolidation process.

cally consolidated cohesive soils only.

A vertical effective consolidation pressure of 294 kPa
was used in the consolidation process. A back pressure
of 196 kPa was

throughout the consolidation and undrained shear. For

applied to all the test specimens
each soil sample, triaxial compression and extension load-
ings were performed, with a constant rate of axial strain
of 0.07%/min.(Kimura and Saitoh, 1983 ; Nakase and Ka-

mei, 1986)
Test results and discussions

Figure 4 compares the stress—strain behaviour, results
obtained from three types of anisotropic consolidation
processes, where the principal stress difference q=6.—G: is
normalized by dividing by the vertical effective consoli-
dation pressure Gvr . As seen in this figure, there is rea-
sonable agreement between results for stress—strain behav-
iour of undrained triaxial compression and extension
loading for undisturbed Yokohama clay(Y-38), subjected
to the three types of anisotropic consolidation process.

Comparison of excess pore pressure Au-strain behav-

iour obtained from three types of anisotropic consolida-
tion process is shown in Fig.5, where the excess pore
pressure Au is normalized by dividing by the vertical
effective consolidation pressure Gv.’. As seen in this fig-
ure, reasonable agreement is obtained from the excess
pore pressure Au-strain behaviour of undrained triaxial
compression and extension loadings for undisturbed Yok-
ohama clay(Y-38) subjected to the three types of ani-
sotropic consolidation processes.

Figure 6 compares the effective stress path results
from three types of anisotropic consolidation processes,
where the principal stress difference q=0.—0: and the
mean effective stress p'=(ca'+ 2 o/ )/3 are normalized by
dividing by the vertical effective consolidation pressure
Ow’. As seen in this figure, there is reasonable agree-
ment between the results for effective stress paths of
undrained triaxial compression and extension loadings for
undisturbed Yokohama clay(Y-38) for the three types of
anisotropic consolidation processes considered. The proce-
dure is sufficiently valid and accurate for practical pur-

poses, and should be used to investigate the undrained
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Fig. 6 Comparisons of effective stress path obtained from three types of anisotropic consolidation process.

shear behaviour of Ko—consolidated cohesive soil. The
type [l (SCIPCC) test, however, is time—consuming and
impractical for commercial testing. The weakness of this
method lies in its neglect of the Ko conditions during
consolidation, however, a limitation that the typell ap-
proach has overcome is to reduce the cost significantly.
The applicability of the proposed methods to other soils
will constitute further research. Table 2 shows the sum-
mary of triaxial test results.

The combination of the proposed method and the shear
provide an extremely rapid, easy, reliable and economic
means of evaluating the undrained shear behaviour of Ko

—consolidated cohesive soils.

The author is fully aware of the limitations of the pro-
posed testing procedure, and it should be regarded only

as a first approximation.
Conclusions

A simple procedure has been developed to estimate the
undrained shear behaviour of anisotropically consolidated
clay without special triaxial apparatus. The proposed test-
ing procedure requires no special cell, and it is a simple,
rapid and economical way, to evaluate the undrained
shear behaviour after Ko-consolidation. The comparison
of data from three methods shows no significant differ-
ence in undrained shear behaviour evaluations. To this
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end, the experimental results obtained by the present
methods are found to be reasonable in engineering prac-
tice. The typell test can be readily used by practicing
engineers. Although relevant to only a particular soil
type, the procedure appears to be sufficiently accurate for

practical purposes.
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