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ABSTRACT

Lattice models can be successfully used for modelling materials with discrete micro- or meso-
structures, mainly because they can relatively easily incorporate non-localities, complex constitutive
laws, and large fibre deformations or reorientations. Typical examples of such materials are 3D-printed
structures, woven textiles, paper, foams, or concrete.

The accuracy, generality, and simplicity of discrete models come usually at the expense of excessive
computational cost. This is due to the multi-scale nature of engineering problems, which require large
number of interactions as the application scale is often much larger compared to the size of individual
links. The Quasicontinuum (QC) methodology, introduced by Tadmor et al. [1], was developed to over-
come this kind of limitation for conservative atomistic systems at the nano-scale. Recently, extensions
towards models with dissipative interactions at the meso-scale have been developed, first based on the
Coleman-Noll procedure in [2], and later based on the variational theory of energetic rate-independent
systems [3].

QC, as a concurrent multiscale method, is especially suitable for modelling of damage, fracture,
and crack propagation in discrete materials, mainly due to the fact that the dissipative mechanisms and
nonlocalities matter most in a relatively small fracture process zone near the crack tip. Elsewhere, in-
terpolation and coarse-graining can be used. In this presentation, the necessary extensions of variational
QC towards an effective modelling of crack propagation in discrete mesoscopic systems are discussed,
including the following concepts: (i) definition and geometrical description of cracks, (ii) introduction of
partition-of-unity-based concepts and enrichment of the displacement interpolation, (iii) generalization
of summation rule to accurately sample the incremental energy of the extended system, (iv) reconstruc-
tion of energy quantities upon mesh refinement and coarsening, and (iv) development of effective and
robust mesh refinement and coarsening strategy. The efficiency and performance of the method thus
obtained is demonstrated on a number of test examples.
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