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ABSTRACT

The use of rate-independent cohesive models may lead to crack speeds much higher than those measured
for real materials (see, e.g., [1]). An explanation is that when the crack speed increases, secondary
microcracks develop; they diminish the energy available as a driving force of the main crack, and for the
same main crack modify the macroscopic critical energy release rate [3]. This phenomenon was studied
in [4] where a a rate-dependent cohesive crack model was proposed. In this context, the purpose of the
present contribution is to analyse the fundamental properties of a rate-dependent cohesive model. We
consider here the simplest case of a dynamic mode-II delamination, for which an important reduction
of the crack speed has been observed [2]. The idealised problem of a crack along the interface between
a semi-infinite elastic layer and a rigid substrate is studied. Solutions corresponding to the propagation
of the crack tip at a constant velocity are constructed using a semi-analytic shooting method [5] for any
set of parameters and crack speeds. An energetic analysis of the problem is presented, and the relation
between model parameters, crack velocities and dissipated energy is then analysed.

For very low crack speeds, a linear increase of the applied force or the applied velocity with increasing
crack speed indicates the presence of rate effects. It turns out that, even for a self-similar process, the rate
effects are governed by the process zone. Since the distribution of damage along this zone depends on
the structural configuration, rate effects cannot be seen as intrinsic to the interface. For a rate-dependent
damage model, it is impossible to determine a unique dependence of the dissipated energy per unit area
on the crack rate. Another conclusion is that even if the rate-dependent extension of the damage model is
based on bounded damage rate, no additional restriction on the crack speed is induced and the theoretical
limit is still given by the speed of elastic waves. Still, from the practical point of view, the rate-dependent
formulation leads to a reduction of the maximum crack speed as compared to a rate-independent model,
provided that one takes into account that the elastic layer has finite strength.
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