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Abstract. It is widely recognized that the macroscopic material properties depend on the features 
of the microstructure. The understanding of the links between microscopic and macroscopic 
material properties, main topic of Micromechanics, is of relevant technological interest, as it may 
enable the deep understanding of the mechanisms governing materials degradation and failure. 
Polycrystalline materials are used in many engineering applications. Their microstructure is 
determined by distribution, size, morphology, anisotropy and orientation of the crystals. It worth 
noting that also the physical-chemical properties of the intergranular interfaces, as well as the 
presence of micro-imperfections within the microstructure, have to be taken into account, as they 
may have to a strong influence on onset and evolution of damage. 
 
In this study, a two-dimensional micro-mechanical model for the determination of the effective or 
overall properties of polycrystalline materials, at the macroscopic scale, is presented. Furthermore, 
the evolution of intergranular degradation and failure is studied. The microstructures are generated 
by means of Voronoi tessellations, since they describe well the statistical features of 
polycrystalline materials. Each grain is assumed as a single crystal with general elastic orthotropic 
mechanical behaviour, and is discretized using the proposed anisotropic boundary element method, 
considering the random location, morphology and material orientation of each grain [1,2]. The 
variables used to describe the interface status are only the mechanical ones, i.e. tractions and 
displacement jumps. Crack onset and propagation along the grain boundaries interfaces are 
modelled using a linear cohesive law, considering mixed mode failure conditions. Upon interface 
failure, a non-linear frictional contact analysis is used to deal with separation, sliding or sticking 
between the cracked interfaces. The effect of randomly located pre-existing flaws on the overall 
behaviour and micro-cracking evolution of a polycrystalline material is also investigated, as well 
as the effect of missing grains within the structure, modelling in this way the presence of voids 
among crystals (porosity). 
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