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Fracture processes in general are a multiscale phenomenon. In most modern materials mi-
crocracks or microvoids develop in highly stressed domains. They coalesce and eventually
form a macrocrack. Similarly, the propagation of a macrocrack is often accompanied with
the nucleation of microcracks and microvoids in the vicinity of the propagating macro-
crack front and their coalescence with the macrocrack. These microdefects may have a
strong influence on the rather complex propagation behaviour. Crack shielding and am-
plification effects occur, and the direction of propagation is strongly influenced by the
microstructure as well.

To accurately simulate such crack propagation phenomena multiscale techniques such as
the multiscale projection method [1] are necessary, since influencing microcracks may be
of several orders of magnitude smaller than the macrocrack or even the engineering part
considered. Such simulations are still hardly possible to perform as a singlescale simulation
on modern standard computers. Due to the fact that a fine scale analysis in the entire
domain of the engineering part is neither of interest nor computationally reasonable, only
the highly stressed domains need to be resolved accurately in a fine scale simulation.
Additionally, the propagation of the macrocrack leads to a change of the highly stressed
domain. This necessitates an adaptive update of the fine scale domain where fine scale
features are modelled explicitly.

In this contribution we present an error controlled model and discretization adaptive
multiscale method for the accurate simulation of fracture processes on multiple scales.
The method is based on the multiscale projection technique [1]. Cracks are modelled
using level set techniques as well as the eXtended Finite Element Method. Within the
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multiscale approach the fine scale domain is chosen automatically via a model adaptiv-
ity procedure. The combination of model adaptivity and error controlled discretization
adaptivity enables the 3D simulation of the influence of microcracks that are at least
three orders of magnitude smaller than the macrocrack. The complex material behaviour
within the fracture process zone is modelled by a simple elastoplastic material model. A
non-local equivalent strain model is used for the evaluation of the ductile crack propaga-
tion criterion. This criterion needs to be evaluated on the fine scale. The performance of
the technique is demonstrated with a number of examples.
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