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ABSTRACT

This contribution deals with Variationally Consistent Homogenization and Numerical Model
Reduction (NMR) of fluid transport and pressure diffusion in a heterogeneous poro-viscoplastic
medium. Exposed to a macroscopic loading, the heterogeneity of the viscoplastic skeleton ma-
terial leads to local (i.e. on a scale much smaller than the macro-scale) fluid pressure gradients
which are equilibrated via local pore fluid redistribution until a stationary regime is reached.
Due to locality of the process, a macroscopic observer is not able to measure the redistribution
process directly, but he senses the intrinsic attenuation due to viscous fluid transport interfering
with the attenuation due to the viscoplastic properties of the solid skeleton.

The aim of this contribution is to establish a numerically efficient computational homogenization
method to identify the poro-viscoplastic properties of the macroscopic substitute model. We
establish an NMR procedure that is inspired by the Nonuniform Transformation Field Analysis.
Starting point is the additive decomposition of the pore pressure p and the inelastic strain εi

into stationary and fluctuation parts such that

p(x, t) ' pstat(x, t) +

Mp∑
a=1

p̂a(x) ξpa(t) and εi(x, t) '
Mε∑
b=1

ε̂ib(x) ξεb (t),

where p̂a(x) and ξa(t), a = 1, 2, . . . ,M , are called pressure modes and mode activity coefficients
[1, 2]. For computational efficiency, {Mp,Mε} should be finite, preferably small, numbers. It
turns out that the mode activity coefficients ξpa(t), associated with fluid redistribution in the pore
space, represent internal variables that provide a viscoelastic contribution to the macroscopic
substitute model. The mode activity coefficients ξεb (t) represent internal variables that define
the viscoplastic contribution to the macroscopic substitute model that is associated with the
viscoplastic properties of the porous skeleton. The pressure modes p̂a(x) and inelastic modes
ε̂ib(x) may be identified in terms of a Proper Orthogonal Decomposition of snapshots stemming
from (”offline”) training computations executed on Representative Volume Elements. We show
that this data basis enables us to derive the material properties of the, after all, poro-viscoplastic
substitute model in a reliable way. The proposed method is validated in several numerical
experiments.

Altogether, we establish a reduced FE2 procedure to solve macroscopic initial boundary value
problems in a numerically highly efficient fashion.
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