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Fracture resistance is also particularly desirable for next generation of synthetic materials. However, unlike
biological materials, they do not benefit from the efficient, but lengthy evolution process to optimize their
properties. The development of man-made materials must therefore rely on the use of rational design and
mathematical modeling to accurately describe material failure and subsequently predict microstructures that
can resist failure the most. So far, research efforts have been hindered by the fact that fracture mechanics in
heterogeneous media typically involve two distinct and separate length-scales. On the one hand, the growth of
a ductile crack occurs via the evolution of damage ahead of the crack tip, in a relatively small region, known as
the process zone [61,2]





A consequence of this operation is that the computational domain is split into two subdomains, namely, the

























lattice elements are respectively represented by vectors ui and Di. Starting from this state, an incremental
boundary condition D�u is applied and a solution is sought in the form u
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