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A second-order computational homogenization scheme for two-scale constitutive modeling of
heterogeneous granular materials is presented. In the scheme gradient Cosserat continuum and the
representative volume element of discrete particle assembly with its effective classical Cosserat
continuum are respectively adopted in macro- and micro- scales. A generalized Hill’s lemma for
micro-macro homogenization modeling of gradient Cosserat continuum is presented to perform the
scale transitions (downscaling and upscaling) via the boundaries between the coarse and fine scales.
The micromechanically informed macroscopic constitutive model and corresponding rate forms of
the macroscopic stress—strain relation defined at the sampling point of gradient Cosserat continuum,
taking into account the local microstructure and its evolution, are formulated with neither need of
specifying the macroscopic constitutive relation nor need of providing macroscopic material
parameters. The capability of the gradient Cosserat continuum model in capturing the size effect
and revealing its micro-structural mechanisms are demonstrated.
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