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ON THE USE OF GURSON’S MODEL
IN CONTINUUM DAMAGE MECHANICS

R. Souchet
Asdation Frangaise de Méaanique

1. Introduction and satement of the problem

Qiginaly, Gurson obtained a yield surfacefor porous plastic materials unde some particular
conditions Here we give ageneralised form of the Gursonyield surface(A), viz

1) f(o.x.&y)=(04/ 0, ) +20xcosh(ttra/ o, )-(1+q°x*)=0,

where o denotes the Cauchy stresstensor, g,, theflow yield strength, g=3/2 and x is afundion of

the void volume fradionv. An esential fad is the presenceof the hydrodatic stress[1].

Jose relations exist between stress levels in the matrix material, viewed as the effedive
material, and the porous material, viewed as the damaged material. By example, in CDM, the
respedive stresstensors (or,0 ) are conneded by some relation [2]

@ o, =0lyx), 0sy(x)s1, Y0=1, y(LG)=0,

where y(X) is an unknovn deaeasng scdar operator. But the introduction of the matrix materia by
means of (2) leads to the explicit useof the von Misesyield surfacef,=0 (B) onthe matrix material.

2. Theyield surfacesf, and f

As Gurson, we suppasethat the matrix material is rigid-plagic. The void-function x(v )is taken
asa damage variable and the equivalent pladic strain &,, asan internal variable. The yield surface

(B) is given asa function of the state (o, ,&,, ) of the matrix material. But this state (o, ,¢,, ) is
conreded to the state (o ,x,¢&,,) of the damaged material by the formula (2); so it is equivalent to
expressthis yield surfacein function of the parameters (o ,x,¢&,, ), obtaining

@  f(0x&,)=(0410,) ~(¥(x)) =0.

Note that (3) isnot ayield surfacefor the damaged materia (except in particular cases

Now if a mechanicd processoccurs in the damaged body, then from (1) we have f <0. But
the matrix material undergoes some acmmpanying processand from (3) we have f <0. So the
region f <0 must be redricted by the region f <0. This is not surprising since the Gurson
surfaceis a necessey condtion only, saisfied by the damaged material under the hypahess f,=0.
If we suppcse that reversible processesare posshle (leaving the rigidity hypahess), then the
domains f, <0 and f <0 generaly intersed [2]. The particular caseof the strict inclusion
“f <0 implies f, <0” ispossble, but nat the reverseone. Thislag reult is due to the fad that it
isnat posshble to give an a priori evolution of the matrix material sincethe preseaice of micro-voids
redricts the deformations of the matrix material. Naturally the domains f <0 and f, <0 may
coincide.

Dueto rigidity hypahesds, it is eay to show that a damage-pladicity effed arisesonly when the
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condtion y(X)<yo(X)=(1-gx) is sdisfied. Fig 1 descibesthe two yield curvesf=0 and f,=0.
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Along AM B, the matrix is plagicdly strained whereasthe micro-voids do nat suffer irreversible
opening. Along BNC, due to very small elagic strains (rigidity hypahess) of the matrix, micro-
voids suffer opening. Finaly, if the stresspaoint reds on the intersedion point B, then damage-
pladicity arises

3. Constitutive model and conclusion

We quate below the equations of damagepladicity processonly (arisingin B, Eq (4)):

(4) 2gxcosh(itra/ g, ) =1+ q°x* = y*(X) , (0! 0y )? = y?(X)
(5) d, =3(A, +A)a/ o, +Aaxsinh(3tro/ gy, )l
(6) &y =(1-v) o, (o:d,) , v=(1-v)(trd,)+a,Ag, )y

Eq (5), for the pladic strain rate dy, is an as®ciative evolution law at the non-smoacth point B with
two multipliers (A4, ,4) (& isthedeviator of o). Eq (6) are evolutionlaws of ¢,, andv [3,4], where
the dot desgns time-derivative, a, is a material constant and A a classcd LaplaceGaussfunction
(to be spedfied). In the evolution law of the void volume fradion v, the first part represents the
geometric growth vy and the seond part the contribution of the void nucleaion v,.

Therelations (6) give ¢,, and v throughlinea function of d,, then aslinea functions of the two
multi pli ers by using (5). But the two consistency condtions give &,, and v throughlinea functions
of the stressrate (¢ '), so that the two multi pliers may be written aslinea functions of (o). Finaly
we obtained an expresson of d, in function of the stressrate (& ). Simple examplesshow the ability
of the adual scheme and so, in this work, asa new reault, attention was given to the necesgy of
using simultaneously yield conditions of both the damaged and virgin materials.
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