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PARAMETRIC STUDY OF GRADIENT-ENHANCED CAM-CLAY MODEL
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1. General

In the paper the problem of instabilit y andlocdi zation prenomenain two-phase granular medium
(including the limiting cases of drained and undained condtions) is considered. In the anaysisthe
modified Cam-clay plasticity model in agradient-enhanced versionisused in order to avoid the spuri-
ous discretization sensitivity of finite dement solutions. The main gaal of the reseach is a parameter
study o numericd solutionsfor seleded problems. The sensitivity of the numericd resultsto the gra-
dient influence parameter, to various drainage conditions, preconsolidation presaure and initia void
ratio isfocused on The cdculations are performed using the development version o the FEAP finite
element padage.

2. Material model
Theyield function for the gradient-dependent modified Cam-clay model iswritten as[2]:

() flo, A, V?A) = ¢+ Mp[p — pe + gV*A],

where o isthe dfedive stresstensor, A isthe plastic multiplier, ¢ is the equivalent deviatoric stress
defined as ¢ = /3.5, M isafunction o theinternal friction angle ¢: M = %, p isthe effedive
presaure ading onthe soil skeleton, p.. isthe aurrent preaonsolidation presaure. Finaly, g isapositive
gradient influencefador and the Lapladan V2A represents the noriocd charader of the model.

The dtentionis focused onfully saturated soil. The problem variables are the solid displace
ment vedor » and the water pore presaure py. Such a two-phase medium, with the assumption of

incompresshility of solid grains, is governed by the foll owing two equations[3, 4]:

(2) LTUt + [)g = 07

(3) VT + VT, + n2l — .

Ky
Ineq. (2) L isthedifferential operator matrix, o, = o — Il p; isthetotal stress IT = [1,1,1,0,0,0]7,
p = (1—n)ps+npy isthe saturated density of the solid-fluid mixture, n isthe porosity, p, - density of
the solid pheseg, p; - density of thefluid phese, g - gravitation vedor. In eqg. (3) v, isthe Darcy’sfluid
flow velocity given by vy = fkv%, where k is the permeability matrix, -, is the spedfic weight
and K isthefluid buk moduus. Porosity n and vad ratio e arerelated by: n = ¢/(1 + e).
The detail s of the formulation o the gradient model can be foundin [2], including a discusson o
other passble variants of the gradient-enhancement of the model. The finite dement formulation for
the gradient-enhanced two-phase material can be foundin [1].

3. Numerical results

The dm of the paper is to analyse the sensitivity of the results to some material model param-
eters. In particular, different values of preconsolidation presaure p., gradient scding fador g, initia
void ratio e, or permeability coefficient £ are taken into acourt.

The following example dlows us to investigate the influence of the gradient scding fador on the
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Figure 1. Equivalent plastic strain distribution for gradient scding fador g = 0.025 KN2/m?
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Figure 2. Equivalent plastic strain distribution for gradient scding fador g = 0.05 kN?/m?

results obtained in a biaxial compressontest. The size of the spedmen is 1m x 2m. The model is
discretized with 20 x 40 finite dements. The following material data ae adoped: Poison's ratio
v = 0.2, swelling index « = 0.013, initial void ratio ¢, = 1.0, initial overconsoli dation measure
peo = 1.0 MPa, compressonindex A = 0.032, inclination o the aiticd stateline M = 1.1. Two
values of gradient constant g are considered: g = 0.025 KN?/m? and g = 0.05 kN2/m2. Drained state
ishere sssumed.

The diagram of the load-deformationrelation (not included) showsthat the solutionfor alarger value
of ¢ is a bit more ductile. In Figs 1- 2 the distribution o the equivalent plastic strain at various
stages of numerica cdculations is presented for the two values of g. We can observe that the shea
bands evolve during the loading process The width of the locdizaion zone is diff erent for the two
considered cases and determined by the value of g. Finaly, as the aiticd state is approached, the
band width increeases in bath cases. This ansto be an unphysicd outcome of the adopted form of
regularization. To overcome this problem, the gradient facor g would must be made a(deaeasing)
function o aplastic strain measure (which physicdly meansareduction o nonlocdity asthe aiticad
state is approached). This option is now verified and the results will be presented at the conference
together with the influence of the other mentioned material model parameters.
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