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In engineering, it is still a challenge to integrate simulation techniques considering the atomistic 
or molecular structure of materials into macroscopic treatments. This is particularly an issue in 
the field of polymers due to their chain-like structure with possible entanglements and 
crosslinks, which requires specific scale-bridging techniques going beyond established ones 
available for crystalline materials. The present contribution first briefly subsumes the 
theoretical foundations of multiscale domain-decomposition techniques, which, in general, use 
a fine-scale consideration only in distinguished regions of a sample. Such specific sub-domains 
may be necessary in the vicinity of crack tips or in the neighbourhood of filler particles of 
polymer-(nano)composites. Secondly, it introduces the Capriccio method which has been 
designed for amorphous thermoplastics and first published in [1] with significant enhancements 
discussed in [2]. This domain-decomposition technique combines an atomistic treatment by 
Molecular Dynamics (MD) with a continuum solved by the Finite Element (FE) method and is 
meanwhile available in an extended version [3] capturing the highly inelastic effects of 
polymers. Typical advantages of this hybrid concept are the reduction of the degrees of freedom 
for systems of equal overall size and the possibility to apply non-affine deformations to MD 
systems by substituting conventional periodic boundary conditions by so-called stochastic ones. 
Due to the latter aspect, fracture simulations based on the testing set-ups typically used in 
continuum-scale fracture mechanics and integrating molecular treatment of the vicinity of the 
crack tip become possible. Based on these simulations, the effects of the atomistic structure of 
polymers on the macroscopic material behaviour can be studied both from an engineering and 
from a polymer science point of view. Similar considerations also hold for the case of polymer 
nanocomposites, where the interphase surrounding the filler particles is of great importance, 
but cannot be directly characterised by mechanical testing. Nevertheless, in order to extract 
macroscopic properties of the nanocomposite, hybrid simulations can capture processes taking 
place in the interphase and integrate them into macroscopic investigations. 
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