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A model for analysis of viscoplastic behaviour of soils

Un modèle pour les analyses de comportement viscoplastique des sols 

M. GRYCZMANSKI, Assistant Professor of Geotechnical Engineering, Polytechnic School, Opole, Poland

SÏMOPSIS The paper deals with the author's proposition of an. elasto-viscoplastic model
for soils. The considerations are limited to the axisymmetric homogeneous compression occurring 
during conventional drained triaxial tests of 3oils. The appriopriate constitutive equations 
are given and then applied to the mathematical description of the triaxial creep tests and shear 
ones executed with various constant strain rates. These theoretical studies are made to show 
a qualitative effectiveness of model.
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An incremental elasto-viscoplastic model is, 
in general, required, when Theological pheno­
mena in soil, such as the non-vanishing creep 
or sensitivity of the shear strength to the 
strain rate, are to be considered in the geome­
chanical analyses. There are only few availa­
ble papers presenting various constitutive re­
lationships of that kind for soils (e. g. ?e- 
rzyns, 1966, Kunesson, 1978, Nova, 1982, Gry- 
c zmahski, 1983).

The stress-strain, rate constitutive relations 
for any drained triaxial test can be derived 
summing the strain rates given by the Hooke’s 
law and the viscoplastic flow rule, as in the 
author'spaper ('1983'). and then passing into the 
axisymmetric state by help of the formulas (1),
(2). The equations obtained can be expressed 
as follows;

¿v  = A 1 l P+ A12 ^ + Gp ¿q  = A2 l P+ A2 2 ^ + Cq ^

In this paper the model being a little simpli­
fied version of the author 1 s proposition (Grycz- 
mahski, 1983), neglecting the kinematic harden­
ing, is applied to the theoretical study of 

rheological effects in the case of the homoge­
neous axisyiametric compression of soil. The 
stress and strain states are then represented 
usually by the following invariants:

where

P = fa+2 6j) q = 61- 63

2
ev  -  E ^+2

( 1 )

( 2 )

where p is called the hydrostatic pressure, q 
nay be interpreted as the shear stress, and 
ev. Eg are assumed to be the volumetric and

distortion strain respectively. The symbols 
6 ,̂ 62 = 63 and e1, denote the princi­

pal stresses and strains. It is worth to notice 
that the i case considered occurs in conven­
tional triaxial soil tests. In the paper the 
general rate constitutive relations for any 
drained (6̂  = 6', 6  ̂= e't p = p', q = q') test,

and their particular cases describing the p- 
constant shear and creep processes, are speci­
fied. To illustrate model abilities some nume­
rical results for those cases are shown.

A11 " W ( d p )  A12 ” H dp dq
1 ÔJ? dj ?

. ___1 , 1 (à$\
*22 ~ 3C- HUqJ A 2 1 _ A 1 2

(4)

Here K and G are the elastic bulk and shear 
moduli respectively. ? is the loading function 
forming the left side of the yield condition

i? = p2+-12-q2-2clp-c-l2 = 0 c1 = 1-c2 (5)

while H denotes the hardening modulus given in 
the form

( 6 )

obtained from the consistency condition. Here 
e is the void ratio and evP is its inelastic 
part. In the stress space the yield condition 
(.5) is represented by the vertical axial sec­
tion of the ellipsoidal yield surface (Vig. 1) 
like that defining The ..¡odified Cam-Clay Model. 
(Schofield and Wroth, 1969). However, the sur-
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face considered here undergoes not only expan­
sion or contraction, governed by irreversible 
void ratio changes, but also an additional time- 
dependent evolution composed of contraction 
and flattening perprndicular to the hydrosta­
tic axis.

The full evolution is defined by the functions

lfe^.t; = loexp[jc(e^p-evp)-A1t^j (7)

f(t) = f0exp[K(A1t<fX,-A2'CMa)] (8)

where % denotes the dimensionless time para­
meter t = t : t^, while f = b : 1. The quanti­

ties b, 1, (and r = cl) are identified in aJ’ig.
1, t is any sufficiently large time value. It

must be fixed before estimation of the mate­
rial constants lo,fQ,c,% and A1,A2 » as

the latter subset is affected by that. One can 
estimate the whole set for a given soil making 
the regression analyses of results of Theolo­
gical shear strength and hydrostatic compres­
sion tests (Gryczmaiiski, 1983). i’inally, it is 
necessary to notice that the loading function 
derivatives occuring in the constitutive laws 
can be determined when accounting for the equa­
tions (5), (7), (8 ).
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^ig. 2. Theoretical creep curves for kaolin
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When considering p=const shear and dilatancy 
characteristics ( " 6 - q" and "£q~ev "curves), the

equations (3) should be transformed as follows

’ ■ ¿ ( V 0«1 (10■,

i?he equations (10) are used in the analysis of 
drained triaxial tests in which the distortion 
strain rates are constant like as the hydros­
tatic pressure p = 200 kPa <>
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In this case the stress rates are equal to ze­
ro (p=q=0 ), and so the constitutive relations
(3) take on the fairly simple form

To point out the model effectiveness the equa­
tions ( 9 ) have been used in the analysis of 
drained triaxial creep tests, in which a kao­
lin sample was subjected to the constant hydro­
static pressure p=200 kPa, and to the various 
constant shear stress q values. The incremen­
tal nonlinear analysis has been done for the 
following material constants estimated:c=0.9, 
fo=0.8, A.pO.005, ¿U.^0.1, A2=0.02, ¿J-2 = 0.1,

1Q=105.26 kPa, eQ=0.6. The results of analysis 
are shown in iig. 2 in the form of the time- 
iistortion strain plots.

The theoretical curves shown in i'ig.2 and 3 are 
qualitatively consistent with the corresponding 
ones obtained from experiments.
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3. 3tress-strain curves (p=co_ast)
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