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ABSTRACT 

The computational homogenization of polycrystalline materials requires flexibility with regards to 
mesh generation and element shapes. From the computational point of view, this might couple with 
the challenge of treating strong and random anisotropies. In this framework, the virtual element 
method (VEM) has been recently introduced [1] and it has been attracting attention in the framework 
of advanced modelling techniques for anisotropic material behavior [2] and homogenization of 
composite materials [3]. This method permits the use of polygonal/polyhedral elements which might 
perfectly fit grain geometries in the polycrystalline material. Moreover, the VEM rationale allows 
also to employ advanced homogenization approaches. These advantages are paid in terms of a rank-
deficiency of the energy functional due to the projection of the primary variable on a polynomial 
space. Hence, a stabilization term is conveniently introduced [4]. 

This work analyzes the performance of a VEM-based computational homogenization approach of 
polycrystalline materials with respect to FEM-based approaches. Applications are conducted both in 
linear and nonlinear hyperelasticity. Obtained results show the outperformance of a VEM approach 
with respect to a standard FEM one on the predicted value of homogenized quantities. The coarse 
mesh permitted by the VEM rationale (where each grain represents one element) allows to maintain a 
low computational cost with a high accuracy. From a general computational point of view, analyses 
on stress distributions allow to show that VEM elements do not show locking due to strong 
anisotropies. This locking-free response is then competitive with constrained variational formulations 
which can be introduced in order to mitigate element locking induced by anisotropies.  

Recent advances of present study address the extension to polycrystalline materials exhibiting 
magneto-electric (ME) coupling effect: an applied magnetic field yields a deformation of the 
magneto-mechanically coupled phase which is transferred to the electro-mechanically coupled phase, 
or viceversa from an applied electric field to a magneto-mechanical activation. The homogenization 
framework is extended to incorporate piezo-electric and piezo-magnetic constitutive behaviors of the 
single constituents [5]. The use of a VEM rationale allows to account for peculiar morphologies of 
the constituents, as the ones obtained in real engineering applications. This allows to improve the 
effectiveness of the computation of macroscopic homogenized ferro-electric quantities in terms of 
their mesoscopic counterparts. The obtained results open to the design of materials for applications in 
various fields, such as electrical magnetic-field sensors or electric-write/magnetic-read-memories. 
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