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Behaviour of soils simulated by elastoplastic models
Le comportement des sols simulés par des modéles élastoplastiques

M.BOUASSIDA, National Engineering School, Tunis, Tunisia

S5YNOPSIS: Four elastnolastic models are nropnsed to describe the behaviour of soils. These models
are considered in the frawework of c:zwucicted presticity with isotropic uworkhardening, including the

change in volung of soils. The soils parameters

are obtained from a classical triaxial test. In order

to simulate the observed behaviour of soils, using the models in question, a finite element programm
was elaborated. The computations were made for different drained struss paths by two load conditions.

A comparision between the models was investigated.
analyzed. For illustration an example of simulation is presented, showing the vuserved

Furthermore the efficiency of load conditions was

behaviour of

a non treated gqravel which is well described by one of the praposed models.

17 INTRODUCTION

The design of foundations in soil mechanics is

based on characteristics corresponding at failure

(cohesion, angle of fricticn) using a safety fa-
ctor. However, it is interesting to study the
behaviour of soils before failure and to descri-
be it by different models. Similar to structure
analysis, the design of foundations is consider-
ed using one of these models. Nevertheless, each
model neads results of laboratory testing and
uses paramsters, depending on the soil, which
are determined by an appropriate method. The
assessment of any model is based on comparisian
between experimental and numerical results. The
latter is obtained with the values of parameters
taken from experimental results. This operation
is called simulation. In this way a computer pr-
ogramm was performed to simulate the behaviaour
of soils by Four elastoplastic models. The simu-
lation is made in the case of the classical tri-
axial test for two load conditions: fixed load,
and Fixed displacement.

2 THE- ELASTORLASTIC MOAELS

These models are based on the works of Wilde
(1977), (1979) assuming an associated plasticity
and taking into account the volume variation be-
fore and during failure. The yield criterion,
shown in figure 1, is given by the following 2g-
uation, Bouassida (1985):

FoeVI s (1 +e ) [MIn(1 +c )/ (1 *+c )=

(1) .
-K(e1p-r6(l"l*—l"I)J'N)]

where:

I,I and e1p denote the first invariants of the

stress tensor.snd the. plagdfié¢ straintansor res<
pectivaly;

JJZ and YN are the second invariants of the str-

e3s tensor and the plastic strain tensor respec-
tively;

11' is the valua of I4 corresponding to the ini-

tial yield surface;
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Figure 1. The yield surface, Bouassida (1988).

M is the slope of the "critical" state lime in
which the plastic volumic strain remains constant
before failure;

M* is the slope of the flow line corresponding

at failure;

K is a dimensionless constant related to the
workhardening;

<y is a constant related to the cohesion and the

angle of friction; from Bouassida {1985) we have:

cqy ®w-(ne cotgw) /N3

here n is the slape aof the critical state line,
introduced by Roscaoe et al (1958), depending
only on the angle of frictian.

The parameters 11*, M, M*, K and c, are deter-

mined, from a classical triaxial test, using the
method detailed by Bouassida (1985).

From equation (1), fFour elastoplastic models are
founded according to the values of the parameters
considered:
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(i) by setting: c1=0, M=M*£0, equation (1) is

reduced to the initial Cam-clay model proposed
by Roscoe st al (1958). To identify the values
of the parameters introduced by the authors, the
following relationships are obtained:

I.* = 3p*;

1
p* = 2.72T /(A=%x);
n /3V3;

n(A-x);

M

K

where A and X are the slopes of the normal canso~
lidation line during loading and unloading res-
pectively. I"'.is the value of the specific volume
corresponding to the critical state.

(ii) By setting: c1£0, M=M*#0, the uworkharde-
ning density model proposed by Wilde (1877) is
obtained.

(iii) By setting: c,=0, M#M*#0, we obtain the

model proposed by Wilde (1979) which uses tuwo
invariants of the plastic strain tensor.
(iiii) By setting: 01#0, M#M*£0, the modsl rece-

ntly proposed by Bouassida (198B) is obtained as
a combination of the last two modsels.
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g and U are the increments of fixed load and
fixed displacement respectively;

the indices v and h correspond to the vertical
and the horizontal direction respectively.

Figure 2. Boundary conditions of a specimen in
the triaxial test.

3 THE SIMULATION METHOD

The simulation is considered for a cylindrical
specimen loaded as indicated in figure 2a. Dus
to the geometrical and mechanical symmetry, only
a quarter of the specimen is considered which is
represented by a four nodes quadrilateral finite
element (fiqgure 2b). The incremental load is
applied at the condition of fixed load or fixed
displacement. For each increment the plastic
loading conditions are verified, Bouassida
(1985). By considering the hypothesis indicated
above, a simulation programm was elaborated. The
following drained stress paths are tested (see
Figure 3):

(i) isotropic and anisotropic consolidation:
path O'I and path O'A respectively;

(ii) compression: path 0'C;

692

F

3

Figure 3. The drained stress paths considered by
the simulation programm.

(iii) isatropic and anisotropic consolidation:
path C]‘I,I and path D‘A1 respectively, fcllowed

by a shearing test with constant confining pres-
sure: path I1C1 and path A,IC2 respectively.

All these paths are precedeted by an isotropic
consolidation (path 00') corresponding to the
elastic phase.

4 RESULTS AND DISCUSSIONS

The difference between the two load conditions
is shown in figure 4; with fixed displacement
condition, which corresponds to the operating
system in triaxial tests,the plastic level of
the stress~strain curve is well described. In
the case of fixed load condition, computations
could not be carried out when the plastic load~-
ing conditions are not satisfied anymore. In fi-
gure 5 the influence of cohesion (the constant
c1) on the deviatoric stress is shown. The shea-

ring resistance is well improved, mainly for
large strains, by an increase of cohesion.

The main hypothesis of the critical state the-
ory, considered by Wroth et al (1968) and Wilde
(1977), is well verified as shown in figure 6:
in fFact the volume variation of soil is constant
during the phase of Ffailurs.

Some results of simulation are given in figu-
res 7, B8 and 9. The soil in question is a non
treated gravel, its behaviour is predicted by
the model proposed by Bouassida (1988). For sma-
11 strains, numerical results agree with the
experimental ones. For large strains this agree-
ment is less pronounced. The discrepency could
be attributed to the associated plasticity the-
ory which remains questionable for soils, as
mentionned by several authors, Mr%z (1963), etc.
Following these remarks, the elastoplastic model
retained for gravel could be applied in the Fie-
ld of small deformations; it has been used for a
flexible pavement design, Bouassida (1985). This
model permitted to obtain mors realistic stress
distributions, than those predicted by the line-
ar slasticity assumption. In particular, this
latter predicts radial tensile stresses which
are inadmissible for gravel.

5 CONCLUSION

A simulation programm of soils behaviour using
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four elastoplastic models was elaborated. The
case of a cylindrical specimen, for triaxial
tests, was studied on the basis of simplified
assumptions. The results obtained allow us to
verify the efficiency of the fixed displacement
condition, to simulate a triaxial test, compared
to the fFixed load condition. Furthermore, the
role of cohesion on shearing resistance was ana-
lyzed. Based on experimental results, the models
presented in this paper give a more realistic
description of the soil behaviour. Using these
models, a finite element code, for two--dimensi-
onnal multilayer structures, was performed;
Bouassida et al (1987). Such codes are useful
for soil mechanics analysis, as in the case of
soil -structure interaction problems, pavements
design, etc...

REFERENCES

Bouassida, M. (1985). Sur un modéle élastoplast-
igque avec écrouissage pour le calcul des chau--
ssées souples. 3rd cycle thesis, Enit, Tunis.

Bouassida, M. & Maynadier, J. (1987). Le logici-
el de calcul Roue. Proc. 1st Magh. Cull.
"Moddles Numériques de l'Ingénieur". Algier
1: 59-63.

Bouassida, M. (1988). Etudes expérimentale et
théorique du comportement de le grave non tr-
aitée. Géotechnique. 42: 5-21.

Mrdz, Z. (1963). Non associated fFlouw laws in
plasticity. J. de Mécanique. 2: 21-42.

Roscoe, K.H., Schofield, A.N. & UWroth, C.P.
(1958). On the yislding of soils. Geotechnigue
9: 71-83.

Wilde, P. (1977). Simple model of granular mate-
rial in fFinite element solutions. Arc. Hydrot.
24: 175-187.

wilde, P. (1979). Mathematical and physical
foundations of elastoplastic models for granu-
lar media. Coll. Franco-Polonais. Paris. 5-27.

Wroth, C.P. & Schofield, A.N. (1968). Critical
state soil mechanics. Mac-Graw Hill Edit.

694



