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Microscopic Modeling of Creep Behavior for Soils
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Abstmact The accumulated deformation due to the undrained creep causes the general stability problem for the
overall soil mass. In this study, the time-dependent constitutive equation, into which a damage law, modified
cam clay model, and Perzyna's generalized viscous theory were incorporated, was derived microscopically. The
model prediction agreed well with the experimental result including the case of the undrained creep rupture.
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1. Introduction performed from the point of view that fewer parameters
better be employed. The model predictions were compared
An important time-dependent phenomenon is the creep  Wwith the experimental results.
in stability analysis for soil mass. The undrained creep

rupture significantly affects the overall stability and

should be taken into conmsideration[l, 2, 3, 4]. Most 2. Development of Model
mathematical creep studies have regarded soils as very

homogeneous throughout the entire soil mass; however, 2.1 Mathematical Formulation

microscopically, soils in practice can be partly damaged The combination and mathematical formulation of
during deformation{2, 3, 6, 9]. clastic, plastic, and viscous constitutive equations is as

In this study, a combined elastic-plastic-viscous Eq. (1)[7]. The superscripts ¢, p, vp denote eclastic,

constitutive relation was developed. The generalized  {ime. independent plastic, and time-dependent viscoplastic

Hooke's law and the modified Cam Clay model were parts, respectively.
respectively used for the elastic and plastic parts.

The generalized viscous theory by Perzyna was

simplified and the damage law by Vyalov(1986) was €y T e < + el * e M
incorporated for obvious mathematical formulation in an

elastic-plastic-viscous combination scheme(5, 6, 7, 8. 9]. The elastic strain rate is obtained using the generalized
The physical formulation of the combined model was Hooke's law. The time-independent plastic strain rate is

represented by the modified Cam Clay loading
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where p and q respectively denote the mean effective
stress and the deviatoric stress. Fig. 1 shows the yield
surface in p-q space, where pc is the strain hardening
parameter and the apex of the yield surface in p axis,
with the isotropic hardening rule. The case of p>p./2
represents the strain hardening or the critical state, on the
other hand, the case of p<p./2 represents the strain
softening, that may produce tremendous error in
numerical analysis. To overcome the numerical problem,
the yield surface was used as the perfectly plastic line for

strain softening region.
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Fig. 1. Modified Cam Clay model

The soil damage is represented by the single damage
variable 0, in the form of Eq. (4).
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where @ is the degree of damage at any time 7 @, is

the initial structural damage, A4 is constant, and Tisa
dimensionless stress function representing the magnitude
of an applied deviatoric stress. The t is a dimensionless
quantity equal to the value of period of deformation ¢
divided by 77, where /" is a parameter measured in units
of time, and may be taken to be equal to one. The
quantities 1-@, and 1-@ define the undamaged areas of soil

at the initial condition and at any time t, respectively. The

o indicates the degree of damage at the moment of failure

(=t). The —z:is assumed as in Eq. (5).
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where 7 is the hypothetical instantanecous strength
of the soil, whose value is determined from the creep test;
however, ¢, is assumed to be undrained shear strength

so that it can be practically determined from the
time-independent triaxial test. The T is the applied
deviatoric stress. Eq. (5) defines the damage incurred by
the soil at any time t and for any given applied load .
The structural damage increases as the applied stress
increases. The significance of Eq. (5) rises from the fact
that all parameters except A have a quite definite physical
meaning. The initial degree of damage @, and the constant
A can be evaluated through microscopic investigation of a
soil sample. Due to the difficulty in determining the
microscopic data, the values of @, and A are often
obtained from conventional creep test. This represents that
the constants, @, and A were included originally for
predicting the change of the structural damage . If soil
is initially not damaged, then ©,=0, and Eq. (5) becomes
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Eq. (6) indicates the degree of structural damage o
under any applied load T and at any elapsed time t. One
approach for incorporating the damage law into the
proposed model is the concept of net stress. The damage
accumulates and the amount of material available for
carrying the applied load is reduced thus net stress

increases. Based on this proposition, the stress are given
by Eq. (7).
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2.2 Simplification of Generalized Viscous
Theory
In the generalized viscous theory, it is assumed that

only the plastic response is rate sensitive and the total
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strain rate can be resolved into elastic 'e and inelastic

€
viscoplastic " parts(Eq. 8), given by Eq. (9)[5].
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where the F represents the initial yield function(the
static yield function) and the f defines the dynamic
loading surface. The viscoplastic strain rate tensor is
assumed a function of the "overstress” above the initial
yield condition and its magnitude is controlled by the
overstress flow function ¢ @(F)y, two forms of which
commonly used are as Eq. (10). The » is a model

parameter.

HF)=F" or OF)=expF—1 (10)

The stress point can be outside the initial yield surface,
instead, the dynamic loading surface passes through the
loading point. On this surface, the viscoplastic strain rate
is not zero, and its magnitude depends on the overstress
flow function @( F). Its direction is given by the gradient
vector Jf J oy, and that like in the associated flow rule
of inviscid plasticity, is in the outward normal direction
of the dynamic loading surface. The initial yield surface
evolves exactly as in plasticity and serves only to separate
the region of stress space where deformation is Yoth
elastic and viscoplastic from the only elastic region. The
dynamic loading surface evolves similarly to the iritial
yield surface but it is also dependent on the rate of
loading in addition to stress and strain.

In this study, the generalized viscous theory stated
above is revised as: the initial yield surface and the
dynamic loading surface are not differentiated so only one
loading surface exists to separate elastic deformation at
the stress state inside the surface from both elastic and
viscoplastic deformation at the stress state on the surface.
The loading surface has the exactly same functional form
and hardening rules with the plastic loading function. The

right side of Eq. (8), with no model parameter, was used
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as the overstress flow function.

4. Model Prediction and Discussion

Figs. 2 and 3 show the model predictions and the
experimental results from a series of undrained creep tests
for undisturbed normally consolidated clay from Osaka,
Japan[8]. The specimens were consolidated to a vertical
pressure 3.0kg/cm2 for 24hours. Then, a prescribed
deviatoric stress was applied to each specimen in a single
increment. The applied deviatoric stress were 1.20, 1.80,
1.99, 2.19, and 2.30kg/cm’. The creep strain for two of
these tests attenuated after some time had elapsed(Fig. 2),
while in the other tests(Fig. 3), creep rupture took place,
with time to failure ranging from 400 to 18000minutes,

depending on the value of the applied deviatoric stress.
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Fig 2. Creep Behavior(Deviatoric Stress 1.20, 1.80kg/cm’)
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Fig 3. Creep Behavior(Deviatoric Stress
2.30kg/em®)

1.99, 2.19,

Values for the input parameters are shown in Table

1[8, 9]. The damage parameter A was determined by
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simulating the results of tests that have failed in creep
rupture. The instantaneous strength 7, was taken to be

equal to the undrained shear strength for the tested clay.

Table 1. Input parameter

parameter identification value
M slope of CSL 147
A slope of NCL 0.343
3 slope of swelling line 0.105
v poisson’s ratio 03
sv viscous nucleus 1.83
n viscous parameter 3.5x10°
n viscous parameter 8.0
To damage parameter 3.0
damage parameter 1.2x10°®
Considering the simplicity of the model, the

predictions are generally in good agreement with the
experimental results. The respective consideration of the
initial yield surface and the dynamic loading surface
might be another development regarding the viscous
constitutive modeling. The contribution of the modified
Cam Clay model could be appreciated in that the
isotropically and normally consolidated specimen, on
which the model is principally based, was used.

It could be noted that the inclusion of the damage law
produced good prediction for the creep rupture cases;
however, as the applied deviatoric stress becomes larger
than 2.19kg/cm’, namely over 73% of the undrained shear
strength 7,, it was not possible to obtain a good
simulation of creep tests using the same value of the
damage parameter in Table 1. It is necessary to use larger
value for the damage parameter A to acquire better
prediction. Instead, it might be more realistic to think that,
for those specimens which failed in a relatively short
time, they have incurred damage before creep tests began.
This is obvious if we notice, for example, that as the
applied load increases, just from 1.99 to 2.30kg/cm’, the
time to failure reduced from 18,000 to 400minutes. In
other words, 15.5% increase in the applied load led to
about a 98% reduction in the time to failure. Thus a more
likely possibility is that the

substantiated during the application of the deviatoric

damage was actually

stress, and not after the initiation of the creep test. If this
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proposition is true, then instead of considering the soil to
be undamaged before creep test starts, and the initial
damage parameter &, should assume a none-zero value.

For the prediction of the creep test under 2.30kg/cm’
stress level in Fig. 3, the initial damage parameter @, was
assigned a value of 0.0015, while the values of the other
parameters are the same with those in Table 1. As would
be expected, the inclusion of the initial damage led to an
overestimation of creep strain for the initial part of the
creep curve instead of producing relatively better
simulation near creep rupture.

The identification and the determination of the model
parameter is practically most important in the usage of a
constitutive model. In the sense, an elastic-plastic-viscous
constitutive equation, in this study, was developed from
the point of view that fewer parameters better be
employed. It is undesirable that the value of parameter A,
in this study, was determined from the best match of the
test whose result was predicted using the parameter value,
even though the parameter value was used to simulate the
results of the other tests. That is proper for the case that
the specimen from a construction site is tested then the
parameter values determined from the test results are used

to predict the soil behavior due to the actual construction.

3. Conclusions

In this study, an elastic-plastic-viscous constitutive
the
generalized Hooke's law, the modified Cam Clay model,

model was microscopically developed using

the generalized viscous theory simplified, and a damage

law. The model was used to simulate the creep behavior
of the cohesive soils with or without creep rupture.

Comparing the model prediction with the experimental

result, the following conclusions can be made.

(1) The proposed constitutive model generally showed
good predicting capability for undrained creep strain
for normally consolidated cohesive soils.

(2) The incorporation of the damage law made it possible
for the model to satisfactorily simulate undrained
creep rupture under different stress levels, which
shows that the idea of damage law offers a promise
in modeling the important creep rupture phenomenon

of cohesive soils.
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(3) The modified Cam Clay model improved the model
accuracy since it is fundamentally based on the
isotropically and normally consolidated clay.

(4) The generalized viscous theory was successfully
simplified for the simulation of the creep behaviors
adopted in this study.
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