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The initiation and growth of cracks play an important role in structural behaviour of
quasi-brittle materials such as concrete. Thus an accurate and efficient modelling of such
phenomena is strongly needed. However, fracture mechanics is not generally adapted to
the modelling of the degradation of such solids under mechanical loading. The initiation
of defects requires damage modelling in order to describe the gradual loss of local stiffness.
Damage is usually modelled by a scalar variable d, which value is 0 for undamaged material
and 1 for totally damaged one. The classical model is local and is governed by a normality
rule. The locality of this model leads to spurious localisation in computational simulations:
damage is concentrated in a zone of unphysical size (similar to the elements size). Several
approaches are useful to solve this problem. For instance, averaging quantities over a zone
with some characteristic length [1], constitutive laws based on damage gradient [2, 3] or
on deformation gradient [4], phase-field methods [5] or variational approaches [6] have
been proposed for this purpose. All these methods impact the classical local models over
the whole domain at all time.

To reduce computation time, a new approach was introduced in [7], [8] and [9] called Thick
Level Set damage model. TLS reduces the non-locality to a small area in the domain.
Damage is assumed to be zero all over the rest of the domain. The TLS model is also able
to deal with local non-zero damage but this case will not be addressed in this paper. In
the non-local damaged area, damage value only depends on the distance to its boundary,
which is called damage front. Damage increases continuously from 0 to 1. Total damage
d = 1 is reached at a distance lc from the front. One of the most important advantages
of this model is to easily link damage models with fracture mechanics: a totally damaged
zone naturally appears when damage front moves in the material. It is simply located
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by the level set of value lc. X-FEM [10] enrichment is then used to allow discontinuous
displacements across the crack.

Such a model introduces a characteristic length lc but also a function d(φ) representing
damage dependence on the level-set. Thus results depend on the choice of lc and d(φ).
The influence of this function is studied in the case of an self-similar quasi-crack propaga-
tion in mode III in an homogeneous elastic material. A joint computational and analytical
study is performed. Computationally, a shape optimization algorithm is used to deter-
mine the damage front form when propagating with different damage laws. Analytically,
asymptotic solutions at d → 1−, i.e. around crack tip, have been elucidated for given
front shapes.
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