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High-dimension polynomial chaos expansions of effective constitutive equations for hyperelastic heterogeneous random microstructures

A.

In [START_REF] Clément | Computational nonlinear stochastic homogenization using a non-concurrent multiscale approach for hyperelastic heterogeneous microstructures analysis[END_REF] we have proposed to extend this method to the stochastic framework for microstructures characterized by random geometrical parameters. The first step of the so-called Stochastic Numerical EXplicit Potential method (S-NEXP method) consists in building a stochastic model associated with a random generator and then performing a statistic reduction of the stochastic field through a principal component analysis. The second step consists in numerically calculating the potential with a classical FEM method for a set of points belonging to the space spanned by the reduced variables and the macroscopic strains. The last step consists in using this database in order to obtain an explicit expression of the potential in terms of the reduced random variables and the macroscopic strains with a separated variables representation associated with an interpolation scheme. This approach appears to be efficient but its use in high dimension (i.e. when the number of reduced random variables is high) seems quite infeasible since the number of nonlinear FEM computations needed to compute the random potential becomes very high and involves drastic computational times and memory storage.

We thus propose a reformulation of the problem into an identification problem of polynomial chaos expansions. The steps of the methodology are the following: (1) definition of a random generator to obtain a set of realizations of the geometry of the microstructure, (2) introduction of a discretization of the bounded space spanned by the macroscopic strains, (3) computation of the strain energy density function according to the prescribed macroscopic strains for each realization of the geometry of the microstructure, (4) determination of a reduced-order model of the discretized potential through a principal component analysis, (5) identification of the reduced random variables on a high-dimension polynomial chaos expansions, (6) use of the separated variables representation associated to a interpolation scheme in order to obtain a continuous explicit form of the potential with respect to the macroscopic strains. Since a high number of deterministic coefficients are involved in the polynomial chaos expansions used in step (5), we use and adapt the methodology introduced in [START_REF] Soize | Identification of high-dimensional polynomial chaos expansions with random coefficients for non-Gaussian tensor-valued random fields using partial and limited experimental data[END_REF] where new algorithms have been proposed to circumvent this issue. As it is shown on figure 1, the issue of the identification of multi-modal random variables through polynomial chaos expansions is also addressed.

Numerical examples allow analyzing the efficiency of the proposed technique. Solutions at both microscopic and macroscopic scales (see figure 1) are compared to the ones obtained with classical methods. Figure 1: Plot of PDFs of the the strain energy density functions for two different strain states: comparisons between the proposed approach solutions (S-NEXP) and the reference solutions.