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ABSTRACT

In this paper we will first review the combination of the level-sets and Extended Finite Element Method
(X-FEM) techniques for the computation of the displacement field in the context of linear elasticity
around cracks. Then we will discuss algorithms to extract stress intensity factors and the use of this re-
sults for crack propagation algorithm in fatigue context. Finally we will introduce promising techniques
for quasi-static crack propagation problems.

The X-FEM and the level-set method constitute a good modeling combination for the simulation of
crack problems [1]. The X-FEM allow to enrich the discrete representation of the displacement field
with discontinuous and asymptotic solutions near the crack lip, using a partition of unity technique.
The geometry of the crack is represented by two level-sets. The first level-set represent the distance
to the crack surface. The second level-set has iso-surfaces orthogonal to the iso-surfaces of the first
one. The intersection of the zero-level of the two level-sets represent the crack lip. These two level-sets
define a coordinate system on the domain that permit to compute at each point, geometrical distance,
angle and local basis related to the crack geometry. This data simplify the enrichment procedure of the
X-FEM applied to crack and in particular the enrichment with term of the asymptotic expansion of the
elastic field around the singularity. It has been shown that with the right enrichment strategy and proper
elementary integration, optimal convergence rate can be obtain with the X-FEM/level-set combination
([2], [3], [4]).

Based on Gθ method, an algorithm have been developed to compute J integrals or extract stress in-
tensity factors that take full advantage of the coordinate system defined by the two level set. We show
that our implementation give stable and convergent results for three-dimensional cases, with curved
crack-lip and non-planar crack surface.

In the context of fatigue analysis, the stress intensity factors are used to compute direction of crack
propagation using one of the literature given criteria (maximum hoop stress, maximum energy release
....). These data computed along the crack lip, are then exploited to extend a propagation speed for
the level-sets and then update the level-sets representing the crack. The level set update procedure is
of crucial importance, since the level-sets are, as was noted before, used for the accurate enrichment



and extraction procedure [5]. We will discuss different algorithms, in term of speed and accuracy. The
method is then applied to three dimensional industrials cases to predict the crack propagation path. The
results are then related to a number of load cycle using a Paris law.

We then present first step toward the extension of our model to problems of crack propagation under
quasi-static loading, using an implicit approach. We recast the model as a minimum principle : for a
given dissipation we seek the level-sets representing the crack that minimize the potential energy. The
minimization is implemented using a iterative level set propagation technique. Increments of dissipation
pilot the global algorithm. the proposed method should be able to reproduce load-displacement curves
with snap back behavior typical of the Brazilian test for example.
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