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ABSTRACT

The present talk focuses on the two-scale simulation of macroscopic boundary value problems with 
attached microstructures which satisfy the assumption of scale separation. The direct homogenization 
scheme is based on the fundamental works on multilevel FEM developed in the late 1990s. The main 
idea of the so-called FE²-Method [1,2] is to attach representative volume elements (RVEs) at each 
macroscopic integration point, instead of deriving a macroscopic constitutive model. This approach 
involves the localization of the macroscopic process variables on the underlying microstructure and a 
homogenization step, in addition a consistent linearization of the macroscopic constitutive quantities 
and the determination of the effective overall properties are performed. The goal of this talk is to  
demonstrate the applicability of the computational scale-bridging for a variety of fields, such as the 
simulations of hyperelastic composites, polycrystalline materials, porous media and magneto-electro-
mechanical  compounds.  Homogenization  schemes  of  geometrically  nonlinear  problems  can  be 
accompanied by stability problems like buckling; consequences of this are discussed in [3]. A current  
field of  application is  the  homogenization of  complex microstructures  of  e.g.  Dual-Phase steels, 
whose effective material behaviour is governed by the interaction of the soft ferritic matrix material  
with hard martensitic inclusions embedded therein. A reduction of computational costs can here be  
achieved through the use of statistically similar RVEs (SSRVE) instead of real microstructures [4].  A 
more  accurate  estimation  of  the  critical  field  quantities  is  possible  on  the  basis  of  a  physically 
motivated micromechanical model for the ferritic matrix phase, like crystal plasticity [5]. Another  
important field is the design of composites with a magneto-electric (ME) coupling effect, a product  
property arising artificially in composites combining materials with different ferroic characteristics in 
the individual phases, which do not exhibit any magneto-electric coupling effects. In these two-phase 
compounds, the ME-effect is strain-induced due to the microstructural interaction and depends on the 
microscopic morphology. The homogenization approach within the FE²-Method yields the desired 
ME-coefficient [6]. Future work will relate to these research activities in both the investigation of  
coupling phenomena of microstructures as well as the representation of complex microstructural by 
means of SSRVEs. Furthermore, the computation of overall responses of a 3D fluid saturated porous 
microstructure using a fluid-structure-interaction approach is in alignment with the research in the 
aforementioned fields and forthcoming work.
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