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Nonlinear Composites Materials

All materials exhibit nonlinear constitutive response (e.g., plasticity, magnetic saturation) at sufficiently large
mechanical or other stimuli. Partly for tor this reason, it is necessary to develop general methods for estimating
the macroscopic response of nonlinear composites, or heterogeneous materials with constituents exhibiting
nonlinear response. For material systems with specific microstructures and types of nonlinearity, special
“micromechanical” models have been developed, which often work very well for the special set of conditions for
which they where developed, but which are difficult to generalize, or which don’t work so well more generally. In
this presentation, I will discuss a more general “homogenization” approach that is based on the notion of a
“linear comparison composite” making use of appropriately designed variational principles. Such “variational
linear comparison” methods provide optimal linearization schemes allowing the direct conversion of robust
homogenization estimates for linear composites into corresponding estimates for nonlinear composites. We will
consider several examples ranging from plasticity of composites and polycrystals to magneto- and electro-active
composites to fluid suspensions of soft particles. The objective will be to show how these methods can be used to
generate relatively simple (quasi-analytical) estimates for the macroscopic response-—-and field statistics---which
can, in turn, be used to develop constitutive subroutines (UMATSs) for use in standard finite element simulations
at higher (structural) length scales. These homogenized models have the capability to account for coupled
effects, microstructure evolution under finite strain conditions, as well as for the possible development of
material instabilities.
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