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STABILITY ANALYSIS OF A SUBMERGED CUT SLOPE WITH STRESS-PATH DEPENDENCE
By Yoshimasa KOBAYASHI, Tadashi HASHIMOTO and Yasuaki ICHIKAWA

The finite element analysis of stresses in soil structures requires a stress-strain relationship of the
soil which generally exhibits a non-linear character. The property used to be taken into consideration in stress
analyses in soils yielding various useful results, however more closely observed the characteristic is not only
non linear but stress-path dependent.

In this paper a finite-element approach to a stress analysis of a submerged cut slope is presented, where
the stress-path dependence is also taken into considerationm.

The site is situated I5 m below sea level and composed of diluvial sediments, which are classified into
SIII-S, SIII-C, SII-SG, SI-C and SI-S from the sea bottom downwards, about 30 m in thickness underlain by a
fairly to weakly weathered base rock of granodiorite.

A series of triaxial tests of soil materials from SIII-S to SI-S were executed on. either undisturbed speci-
mens for cohesive soil or fine sand, or specimens mould at an appropriate density for medium to coase sand. In
the tests following four types of stress path were followed on specimens having been consolidated isotropically
under the pressures corresponding to their present overburden stresses: 1I) 07 is increased while 0, is constant,
2) 07 is increased while O, is decreased, 3) 0, is constant while O}, is decreased and 4) both 07 and O, are
decreased, where Oi and Oy represent axial and lateral pressures, réspectively. All the tests Were cafried out
with a strain rate of O.2§ to 1.0 Z/hr.

For every stress path it revealed that the axial strain er and lateral strain ey may be approximated by
the following relatioms:

e;=a(07-03)/[1-c(03-03)] and e4=-b(07-03)/[I-c(03-03) ]

b:
where a, b and ¢ are constants depending on the type of soil and stress path and can easily determined from the
test results. From the above relations the Poisson's ratio |/ and Young's modulus E are derived in the form of
functions of a, b and ¢ as follows:

P =(b07-a03) /[a(07+07)+2b0%]  and E= (07-2V0%) [1-c(0'1—0“3)]/a(03-03)

In solving a problem solutions in respect to stress or strain as well as stress path must be seeked after
iteratively, because the deformation properties are functions of stress or strain as well as stress path as
evident in the above relations. A stress path can be represented by the direction(angle) of the straight line
in the 07-0% plane, which is determined by the stress states prior to and after individual loading or unloading.
On each stage of approximation in respect to stress path a secant-modulus iteration is carried out to reach a
solution of stress or strain. Every provisory solution of stress or strain enables to define a new stress path
which is in general of higher degree of approximation than in the preceding stage. New constants a, b and c
are determined on the basis of the new stress path, and again a secant-modulus iteration is repeated. Thus, in
order to solve a problem twofold loops of iteration for stress or strain as well as stress path must be carried
out.

As a result of analyses it revealed that the ground dilates on the whole towards the slope surface and the
excavated bottom. Shear deformation and squeezing of the SIII-C and SI-C layers are especially remarkable.
The deformation of the underlying base rock is negligibly small.

In case of slope inclination I/I.5 the shear strain at the slope end within the SI-C layer exceeds 1.0 %
and the region of strains higher than 0.5 % appears on the sea bottom at I5 m behind the slope shoulder and
extends shallow along the slope surface as far as the slope end, where it penetrates especially deep(50 m!)
into the ground along the SI-C layer.

In case of slope inclination of I/2.0 the strain higher than 1.0 % does not appear and only a small region

at the slope end within the SI-C layer attains 0.90 % strain. One of the region exceeding 0.5 % strain extends
into the SI-C layer as long as 50 m, and another appears at the slope shoulder,





