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ABSTRACT

Most materials exhibit rate-dependent inelastic behavimereasing strain-rate usually in-
creases the yield stress thus enlarging the elastic rang@ever, the ductility is gradually

lost and for some materials there exist a rather sharp transtrain-rate zone after which the
material behaviour is completely brittle.

A phenomenological approach to model ductile to brittlesiion of rate-dependent solids is
presented. It is an extension to the model presented in [Ayjwectorial damage variable [3].
The constitutive model is derived using a thermodynamimidation, in which the material
behaviour is described completely through the Helmhole &eergy and the dissipation poten-
tial in terms of the variables of state and dissipation antsiering that the Clausius-Duhem
inequality is satisfied [2].

The Helmholtz free energy, = v (€., d), is assumed to be a function of the elastic strains,
€., and the damage vectdr Assuming small strains, the total strain can be additidelyom-
posed into elastic and inelastic stramsse = €, + ;. The dissipation potential is additively
splitinto brittle damagep,, and visco-plasticyp,,,, parts as

()0(0-7 y)SO = @(0-7 Y) = Sod(y>30tr(o-) + (pvp(o-)v (1)

and is expressed in terms of the thermodynamic foreemdy dual to the fluxes; andd,
respectively. The transition functiom,,, deals with the change in the mode of deformation
when the strain-raté, increases.

In the present formulation the Helmholtz free energyis a function depending on the sym-
metric second order strain tensqQrand the damage vectdr, the integrity basis thus consists
of the following six invariants

I =tre., I, = %trez, I3 = %tr e, I,=|d|, Irs=de-d, Is=de>d (2)



A particular expression for the free energy, describingdlastic material behaviour with the
directional reduction effect due to damage, is given by [3]
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where )\ and . are the Lamé parameterH, is the Heaviside step-function and = \I; +
2ud-e.-d, andd = d/I,. Applying an overstress type of viscoplasticity [5] and thimpiple
of strain equivalence [4], the following choices are madeharacterize the inelastic material
behaviour:
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where parameters;, » andn are associated with the damage evolution, and parameters
andp with the visco-plastic flow. In additiom, denotes the inelastic transition strain-rate. The
damage treshold strain és..., and the largest principal strain is denotedeasinitiation of
damage requires a small segd Direction of the damage vector is defined through the tensor
M = n®n, wheren is the eigenvector of the elastic strain tensor correspanti the largest
principal straine; and® denotes the tensor product. The relaxation timeandr,, have the
dimension of time and the exponenty > 0 andn > 1 are dimensionless: is a scalar
function of stress, e.g. the effective stresg = \/3.J5, whereJ, is the second invariant of the
deviatoric stress. The reference valdésndo, can be chosen arbitrarily, and they are used to
make the expressions dimensionally reasonable. Sinceiswitlppic elasticity is considered,
the reference valuk, has been chosen &5 = o2/ F, whereF is the Young’s modulus.
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