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Abstract

This work is concerned with the construction of a surrogate model for the homogenized stored energy
functions defining the effective behavior of nonlinear elastic microstructures. Here, a probabilistic
standpoint is adopted and allows for the definition of a nonlinear mapping between the macroscopic
deformations and the homogenized potential. This functional approximation is specifically obtained
by means of a polynomial chaos expansion, the coefficients of which are computed through a
Gauss-Legendre quadrature rule. By invoking well-known results related to projections in Hilbert
spaces, closest approximations of arbitrary potentials to standard (e.g. Ogden-type) models are
subsequently defined and characterized by appropriate residuals. Numerical illustrations on various
microstructures are finally provided in order to discuss the relevance of the proposed framework.
In particular, it is shown that the surrogate model compares very well with reference results at
both the macroscale and the structural scale, even for moderate-order expansions, and that the
aforementioned closest approximations constitute very accurate approximation provided that the
subset onto which the homogenized response is projected is properly chosen. This result readily
allows for nonconcurrent coupling using standard constitutive models available in commercial codes
and therefore makes the approach very attractive for engineering applications.
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