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ABSTRACT

To facilitate the design of complex materials, two-scale material simulations utilizing computational
homogenization have been proposed, where the microstructure is explicitly modelled inside the
macrostructure, replacing the constitutive model and leading to a coupled formulation which can
be solved with a nested finite element scheme, often referred to as FE2. Unfortunately, such
calculations necessitate high computational times, rendering their usage in the multi-query context
such as design or optimization infeasible. In this work, we propose to construct a surrogate model for
the microscopic problem based on reduced basis methods[1], which essentially learns a constitutive
model from available microstructural data. After computing and collecting a few microscopic
simulations for different parameters, a proper orthogonal decomposition is performed on the stress
field to yield a reduced basis for the stress. A Gaussian process regression[2] is then employed to
find the basis coefficients for any parameters, yielding a non-intrusive method. For new parameters,
the stress field can be rapidly inferred, from which subsequently the effective stress and stiffness can
be analytically derived. For the fiber-reinforced microstructure presented, the mean approximation
error is as low as 0.1% despite using a relatively small training dataset. Finally, the learned
constitutive model is employed inside a macroscopic problem, resulting in a speed up on the order
of 10000 while maintaining a high accuracy on both micro- and macrostructure.
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