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As is now widely accepted, damage localization results in spurious mesh dependancy of
finite element computations. If no regularization technique is used, damage localizes into
a narrow band whose width depends on the element size and vanishes to zero as the mesh
is refined.

A non-local integral theory, so-called Peridynamics [1], has been recently proposed as
a way to model the deformation of a continuum, especially for damage and fracture
problems [2, 3]. This reformulation of continuum mechanics relies on integral equations
rather than on differencial equations. The integral formulation naturally introduces a
length scale that avoids any spurious mesh dependancy. Moreover, peridynamics does
not require complex criteria to guide the propagation of cracks. Cracks nucleate and grow
autonomously, only depending on bond-failure criteria [4]. The peridynamics, however,
comes with huge computational cost that makes classical engineering problems out of
reach. Also, the peridynamics is characterized by volume-like boundary conditions that
can make its application tedious for engineers who are more used to boundary tractions.

In this work, we combined damage mechanics, based on a local constitutive model, and
peridynamics theory, with the help of the Morphing technique [5] (which has been in-
troduced for coupling local and non-local continuum models). Then, we proposed an
adaptive algorithm from local damage to final rupture. The traditional damage model is
used to identify the parts of the structure where cracks will nucleate. Before it reaches
localization, the continuum mechanical model is replaced by the peridynamic model in
the high damage area. The peridynamic model can then simulate localization and frac-
ture successfully. On the other hand, the local continuum model is still used in the rest
of the structure, for reducing computational consumption and adapting to surface force
boundary conditions.
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This hybrid model successfully deal with damage localization and avoid the spurious mesh
sensitivity. It adaptively employ the peridynamic model in local "key” area, which dra-
matically reduce computational cost compared with fully non-local model. The method
makes possible to predict failures of complex structure.

The validity of this hybrid model is illustrated through an three-dimensional benchmark
example.
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