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This paper presents a general mean-field homogenization formulation and the correspond-
ing numerical algorithms for two-phase nonlinear composites. Both phases obey a finite strain
elasto-plasticity model based on a multiplicative decomposition of the deformation gradient and
hyperelastic constitutive equations. Our aim is to develop a micro-mechanically based approach
capable of predicting the influence of the microstructure on the macroscopic properties. More
specifically, the goal is to construct in the finite strain regime a counterpart of the incremental-
secant mean-field homogenization scheme [1] initially formulated for infinitesimal strains.

The local constitutive equations of each phase are based on the formulation of finite strain
elastoplasticity based on a multiplicative decomposition of the deformation gradient as sug-
gested by Simo [2]. The latter proposed algorithms which preserve the classical return mapping
schemes of the infinitesimal theory by introducing spectral decomposition of the Kirchhoff
stress and the left elastic Cauchy-Green tensors. In this work, we consider the specific case of
a quadratic logarithmic free energy and J2 flow theory. Thus, the mean-field homogenization
technique used for infinitesimal elastoplasticity can still be used in this context.

Two main features distinguish the incremental-secant mean-field homogenisation scheme
from an incremental tangent one [3]. First, the residual stress and strain states in each phase are
evaluated by applying a fictitious elastic unloading step. The mean stress fields in the phases
are then computed using secant operators which are naturally isotropic. A Linear–Comparison-
Composite is defined and is subjected to to a strain increment deduced from the residual state.
Numerical simulations of composite microstructures are verified against full-field finite element
computations.
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