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Stresses and deformation of soil in the vicinity of an embedded retaining wall
Résistance et deformation du sol a proximité du mur de souténement avec fondation
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ABSTRACT: This paper describes a series of laboratory tests on samples of clay from Bell Common tested in both a triaxial and a newly
designed plane strain apparatus. The objective of the work was to use the most up-to-date laboratory techniques to measure stiffness and
strength parameters. The tests were designed to shear the test specimens along the stress paths similar to those to which soil in the vicinity
of an embedded retaining wall are subjected. The dependence of strength and stiffness parameters on stress path is well known. The
results were used to obtain predictions of movement of the embedded retaining wall at Bell Common tunnel. Long term field observations
are compared with the data from both the laboratory and numerical models.

RESUME: Ce document décrit une série de tests en laboratoire réalisés sur des échantillons d’argile provenant de Bell Common testés
a la fois en triaxial et sur un nouvel appareil de deformation plane. L’objectif de ces travaux a été d’utiliser les techniques de laboratoire
les plus récentes afin de mesurer les parameétres de rigidité et de résistance. Ces tests ont été congus pour cisailler les échantillons suivant
les chemins de pression similaires a ceux des sols étudiés se trouvant a proximité du mur de souténement avec fondation. La dépendance
des parameétres de résistance et de rigidité est bien connue. Les résultats ont été utlisés pour anticiper les mouvements du mur de
souténement avec fondation au niveau du tunnel de Bell Common. Les obervations de terrain sur le long terme sont comparées a la fois

aux données du laboratoire et aux models numériques.

1 INTRODUCTION

During the design of the cut and cover tunnel at Bell Common,
England for the M25 orbital motorway, several geotechnical
problems emerged with respect to the design of the in siru
retaining walls. This led to theoretical investigations of the
stability, ground displacement and stresses in the structure
(Hubbard er al, 1984, Potts and Burland, 1983).

In an attempt to clarify and extend knowledge of the interaction
between an in situ constructed wall and the surrounding soil, a
section of one of the walls has been jointly monitored by the
Transport Research Laboratory and the Building Research
Establishment. The field instrumentation has provided
information on wall and soil displacement, strains in the walls,
horizontal total stresses and pore water pressures in the soil both
during construction and in the longer term (Tedd er al, 1984;
Symons and Tedd, 1989). Comparisons between the measured
and predicted behaviour revealed differences which could be
attributed to a number of causes (Symons et al, 1985).

A factor affecting stress and strain changes to failure is the
relative magnitude of the initial stresses in the ground as
represented by the in situ earth pressure coefficient at rest K,. For
example, an overconsolidated soil with a high K, will be close to
passive failure, and will be much further in stress spaces from
active failure (Symons, 1983). It would therefore be expected that
the form of the stiffness-strain curves would be different for
specimens tested to passive or active failure. For an embedded
retaining wall the final equilibrium condition and hence the
magnitude of the wall deformations and pressure acting on the
structure will be controlled by the initial stresses, strengths, and
stiffness in the surrounding ground.

2 LABORATORY TESTING

A comprehensive programme of triaxial tests was carried out on
high quality specimens of Claygate Beds and London Clay from
Bell Common. These included unconsolidated, undrained
extension tests tested from an initial isotropic effective stress,
specimens swelled isotropically to low stresses and sheared
drained in extension and specimens swelled isotropically to low
stresses and sheared drained in extension.
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In order to return some of the specimens to in situ stress
conditions and so to minimise sampling effects they were allowed
to swell or consolidate from the initial isotropic stress state to the
estimated in situ stress conditions (K,). The following types of
tests were then carried out: drained shear under decreasing axial
stress and zero lateral strain conditions, undrained shear in
extension, undrained shear in extension to almost 80% of
estimated failure stress - pore pressure then increased at constant
deviator stress until failure achieved.

3 PASSIVE STRESS RELIEF TESTS

Specimens were sheared undrained in extension to about 80%
failure stress. The cell pressure line was then switched to a
mercury standpipe and the passive stress relief tests carried out
drained as described by Burland and Fourie (1985). Two of the
passive stress relief tests were carried out using computer control.
For these two tests a constant rate of axial extension was applied
and the soil pressure was set to reduce at a fixed proportion to the
axial strain.  Altogether five passive stress relief tests were
carried out such that the strength of the soil was fully mobilised.
Stress paths for each of these tests on London Clay are plotted in
Figure 1. An additional test from Fourie (1984) is also shown.
The broken line represents a failure envelope for the undrained
extension tests.

It can be seen that the stress paths for the passive stress relief
tests all cross the undrained failure line giving the values of ¢,
well in excess of the undrained values.

Two special extension tests (TLSUD1A and 2B) were carried
out in which an attempt was made to simulate the process of
undrained loading followed by pore pressure increase at constant
shear stress. Figure 2 shows the stress path for these two tests in
q - p' . The broken line in this figure represents the failure
envelope for the undrained extension tests. It can be seen that one
failure point lies slightly below the undrained failure line and the
other lies above it. Also shown on the figure are the stress paths
for the tests in which an attempt was made to maintain zero
lateral strain conditions during drained shearing under decreasing
axial stress (TLDRUL! and 2). It can be seen that the stress
paths of both tests touch the undrained failure envelope in
extension but do not cross it. Test TLDI is also shown in
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Figure 1. Results of triaxial passive stress relief tests on London Clay
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Figure 2. Stress paths for constant g swelling tests and K, swelling tests
and an undrained/drained test on London Clay
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Figure 3. Results of Plane Strain passive stress relief test on London Clay
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Figure 2. This specimen was nominally sheared in extension, but
excess pore water pressures in the early part of the test caused the
stress path to deviate from the normal stress path.

The reason for the passive stress relief paths lying outside the
undrained failure envelope when the results from the special tests
described in the preceding section apparently coincide with it
which is not understood at this time. The phenomenon may
indicate an important element of conservatism in the use of
traditional methods for deriving strength parameters, for use in
designs involving this type of stress path.

A single passive stress relief test was carried out in a plane
strain apparatus. The results are plotted in Figure 3 in terms of
q’-p’ where q* is the three dimensional deviator stress and p’ is
the mean of 3 principal effective stresses.

The broken line represents the failure envelope for the
undrained triaxial extension tests. It can be seen that as for the
triaxial passive stress relief tests the stress path moves well outside
the failure envelope for the undrained extension test. This single
test result provides important additional evidence to support the
notion that the strength under conditions of passive stress relief
may be significantly greater than that obtained from conventional
extension tests.

Note that for all of the tests, local vertical strains were
measured using gauges attached to diametrically opposite sides of
the specimen in order to ascertain the swell strain behaviour of the
clay (Burland and Symes, 1982).

4 NUMERICAL ANALYSIS

The results of the laboratory testing programme were used to
derive the yield surface and the development of non-linear elastic
relationships of the form described by Jardine et al (1986). These
are based on logarithmic secant expressions.

The results of the test programme were summarised to provide
the best estimates of the soil parameters needed for carrying the
finite element analysis of the Bell Common tunnel retaining wall.
The emphasis of the analysis was directed towards the
deformations and stresses set up during and subsequent to
construction (Higgins er al, 1989).

The observed and predicted wall deflections are shown in
Figure 4.

Elastic finite element analyses were used for the design of the
tunnel (Hubbard ef al, 1984). These were extended to provide a
Class A prediction of behaviour at the instrumented section (Potts
and Burland, 1983). This analysis modelled the soils as linear
elastic perfectly plastic materials. In both cases a soil stiffness
profile used was derived from back analysis of similar structures
in London Clay. This back analysis line is also shown on
Figure 4.

Measured wall deflections have exceeded those predicted by the
analysis based on parameters from °‘back analyses’ but are
somewhat less than those predicted by the analysis based on the
laboratory derived soil parameters. It may be that the stiffness at
the lower stress levels has been underestimated by the laboratory
data thus giving a ‘softer’ response.

5 CONCLUSIONS

High quality laboratory testing including passive relief tests
modelling the behaviour of the soil in the vicinity of the retaining
wall can be used for obtaining soil parameters for an estimate of
structural behaviour. The use of parameters obtained from the
laboratory tests give a better estimate of the wall movement than
those obtained using back analysis parameters.
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