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The paper presents the resulis cof the stress contrclled drained triaxial creep

tests conducted aleng a number of siress paths on anicolropically consolidated resedimented

samples of a soft marine clay.

It is shoun that the dependence of axial and shear logarithmic
creep rales on siress path and stress ratic is markecd.

Volcmetric creep rates are indepen-

dent of siress ratio up to the "yield value", beyund which a decrease occurs. The limiled
dalz sugyests that volumetric crecp rates alsc are path dependent. Logarithmic creep rates

observed for lightly overconsoliceted sanples

corresponding rates for normzlly consoclicated samples.

= 1.,25) are much smaller, compared tc the
It is shoun that the drained creep

rates of lightly overconsolicdated samples may atleast qualitatively represent the insitu

creep rates of scfl clays.

A model is proposecd to predict the creep rates for any stress

path from Lhe results of P-consiant and g-~constant stress path croep tests. Predictions cf
the creep rates by this model compare very well with the rates actually measured in the

laboratory,

INTRODUCTION

It is well kncwn Lhat the stress-strein

relat cnships are hichly stress path cepen-
dent, To get realistic estimates of the laong
term displacements for a given field problem,
a delailed study of the drained creep behavi-
our of a clay under various stress palhs is
required. Surprisingly this important aspect
has not been studicd in detail at all. Drain-
ed creep under non-Kg conditions for certain
stress paths in triaxial appears to have been
siudied by Furayama and Shibata (1964),
Barden (1969), Walker (1¢69), Bishop and
Lovenbury (1969), Newland (1973) and
Yamenouchi anu Yasuhara (1975). There is at
present some coniroversy regarcinag the vari-
ation of creep rates, especially the volu-
metric creep rate with stress ratio and
slress path,

DETAILS OF EXPLRIFMENTAL PROCEDURL

In this study, stress-controlled drained tri-
axial teslts were conducted on resedimented
sanples of a soft Indian marine clay (Liquid
limit =61 #; F.l. = 49 %; G = 2.71; clay
fraction = B84 %; activity = 0.58; organic
matter = 12 %). Noruvegian cells were used
and the velupne measurement was done with the
help of u-tube gauges having a least count of
0.0028 to 0.006 c.c. in an airconditicned
room, Oack pressure of 2 ky/cm2 was main-
tained th-oughout the period of the test.
Samples were first anisotropically consoli-
datec at | = q/F' = 6.4 [ q is the deviztor
stress =i - o3 and F' = (o] +2T5)/3; T
and U'3 are respcctively the majur and minor

effective principal stresses] up to a press-
ure P' = 1.5 Kg/cm2 and then Shearcd along a
number of stress paths in four equal incre-
ments (in set Fig, 1). Only stress path A
tesl starlting from M = 0.1 was carried to
failure, Tesls were also carried out on
lightly overconsolicated samples (O0CR= 1,25)
along stress paths A and B. One special
test was conducted on a sample, which uas
allowec tou undergo “prior creep" for a period
of twenty days after anisctropic consoli-
dation at M = 0.4, before shecaring along
stress path A,

PRESENTATION OF RESULTS

The slopes of the linear portion (steady
state) of per cent strain versus log time
relalionship (logarithmic creep rate),
referred to hereafter simply as "creep rate",
have been designated as (g, Cqe and Cgg,
for volumetric, shear and axial creep rates
respeciively. Delails of the tests and the
plets are describec by Fathur (1975). The
variation of C4¢ , with stress path and
siress ratic is presented in Fic., 1. Fig, 2
presents the variation of Cy, and C_. with
o, fcr a number of stress paths. !

DISCUSSION

Table I shows that creep rates for lightly
overconsolidated samples and for the special
test are gquile similar and as such testing
of 1lightly overconsclidated samples in the
lakoratory may give more realistic evaluation
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Fig, 1 Variation of Axial Creep Hate with

Stress Fath and Stress Ratio

of insitu creep rates. These rates are
shown to be louer than those for normally
consolicdaled samples. Fig. 1 shous that fecr

n Normally OCR = 1.25 Special
Eonst.li‘dgtuu e te P
_ v €y :.lv = CA€| c‘v dE)
.60 .60 1.05 21 14 .09 .Ce
«65 .42 1.23 - .28 .16 .32

Table I Comparison of Creep Rales for

Stress Path A

a given } , the variation in Cge,, for
different stress paths is very significant.
Fig. 2(2) shous that Cge, for stress paths

A and B tests, increases linesrly with M up
to a "yield value", after which the values
increase very rapidly leading to creep rupt-
ure. Ffor Gq, which is a non Ffailure stress
path, there is a linear variation between
Cae, andn. For Eq stress path, C . remains
constant and does not depend on M . This
substantiates the findings of Murayasmz and
Shibata and Newlznd for E4 stress path.

Hence the linear variation cf Cue, (& Cqe )
with 1) cannot be saic¢ to be general for
drained creep behavicur for all stress paths.

Fig.2(b) shous that the veclumetric creep rate
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Fig. 2 HRelationship betueen stress
ratio and creep rates

Cqv essentially remains constant up to a
certzin stress ratio (which appears to be
near the "yield value"), beyond which C AV
starts cdecreasing and eventually shous a
tendency to approach zerov value near failure.
There is a difference in Cg, valies for

tests conducted frem tuo basic stress states.
The scatter in L,y as observed, is of the
same order as that obtained by other workers.
Sorie of the scatter may be due to the ciffer-
ences in stress paths fol!louwec in the test.
Also the scatter between results may be due
to the likely differences in the samples

used and for this reason alcne separate
curves are shoun for the two stress statles.
The suggested varistion of C,, with T by



Agachi znu Okano (1974) agrees well with the
trand shown in Fig. 2(b). Similar trends
could as well be interpretgd from the resulls
of Meuland (1573) and Yemanouchi and Yasuhara
(1675) For stress paths Eq and B respectively
althcugh the behaviour sugyested by them is
different.

I"’RCPOSED UDEL Tu PREDICT CREEP RATES

It is propesed that the logarilhmic creep
rates fer various stress pathis may be predic-
ted from the creep rates of two basic tests:
(i) F~censtant creep test and (ii) g-constant
crecp test, starting from a Kg-line; the
assumption being that the effect of any incre-
ment on creep rates consists of the separate
effects of the corresponding increments of

P and g. Thus the axial creep rate may be
given as :
c Cae, e )
d i, =3 9 + 35 dg “ee
DC‘€| ?C

de
where ==5— and > are the parameters

controlling the contribution to a smzll
change in Cue, (dC4e, ) during the course of
a prcbe (dp, dg) from g-constant and P-
constant tests respectively.

Evaluation cf the Pargmeters fer the logel -
Fig. 3(2) shous 2 plot where the stress
level dependence of Cg e is incorporated. A
linear relationship is obtained both for
normally and lightly overconsolidated samp-
les. from Fig.3(2) therefore,

E’_C;“'_ J 2 (2)

2n . qp ~ 9 e
wvhere a is a constant giving the slope as
indicated in the figure, g is the shear
siress at any level and qp is the shear
stress at Ffailure.

From Fig.3(b), fcr Eq stress path creep test,

é%gldp = .o (3)

Hence fFrem Egs. (1),(2) & (3) the fellowing
Eq. is obtained

constant = Aq

22
(JC‘*El =A1 +qf—_q—dq ...(4)

A theoretical plol based on Eq. (4) in terms
of Cge, and 1) would indicate a "yielc value",

Comparigen cf predicteo apd mgasyred creep
rates - 1In general good agreement betueen
measurac and predicted (From Eq. 4) creep

rates has been observed. For example, at
N= 0.6, the predicted and measured values
of Cye, are 0.93 and 1.05 respectively for
stress path k., Foo stress path G1, at

M = 0.43, the predicted and measurec values
of C,e, are 0,465 and 0.425 respectively.
For predicting C4y, it is proposed that as
Cyy is independent of m up to the “yield
value", €1 stress path crcep test from a
Ko-line be conducted and the "yield point"
can then be predicted using Eq. (4).
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proposed model

FIELD APPLICATION OF THE PROPOSED MODEL

It is suggesied that the drained creep
settlement rates for a footing problem can
be estimated by extending the Lambe's stress
path method. Cge, for valious stress paths
can be predicted using Eq.(4). The creep
rate so predicted for each element can then
be summed up over the entire thickness of
the layer to get the creep settlement rate
af the Ffcoting ( ch as

H
fcs = J'C“I dz
o]

where H is the thickness of the soil layer.

.oe(5)

CCNCLUSIONS

Orained creep rates very much depend on
stress path and stress ratio. C_ . and
Cue, vary lipearly uith n up tec an "yield
value" only for certain stress paths (such
as A, B, etc.), and should not be general-
ized, as fer Ey slress path, Cae and Cge,
are independent of 1 . Cay is independent
of ) up to an "yield value", beyond which
this decreases and approaches zero volu-
metric creep rate at failure. This appears
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to be the most consistent and reasonable
concept at the present time (1976). Creep
rates for lightly overconsolidated samples
are generally lower than those for normally
consolidated samples. The insitu creep

rates of soft marine clays can atleasl be
qualitatively estimeted from tests on lightly
overccnsolidated samples. lhe proposed model
appears simple and can predict the creep
rates quite well, at least for the loading
stress paths. It is suggested that the

creep rates for unloading stress paths may

be predicted from E and B skress path creep
tests (In sel Fig. 1). The Lambe's stress
path method is extended to predict the

creep settlement rate of footings.
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