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Classical models describing the mechanical behavior of fluid-saturated porous materials
such as soil, living tissue, and foams, are usually constructed by homogenization ap-
proaches, such as the Theory of Porous Media (TPM) [1] to describe the dynamics of
such a system on the continuum level. They are strongly coupled systems of differential
equations for fluid pressure and solid displacement and hence, computing numerical so-
lutions is often computationally demanding. This becomes especially problematic when
additional phenomena, such as extra fluid phases, growth, or phase transformations are
considered. Computational efficiency is a key prerequisite for many-query tasks, such as
inverse parameter quantification, optimization, or uncertainty quantification.
For thin, porous materials with geometrical scale separation, the fluid pressure is almost
hydrostatic in transverse direction, which can be utilized to construct a knowledge-driven
reduced-order model using asymptotic analysis [2]. The resulting model consist of a limit
part describing the leading dynamics in longitudinal direction, and a corrector that re-
captures less effective dynamics in transverse direction. However, this reduced model
loses accuracy when porous materials are not sufficiently thin, or when high permeability
gradients invalidate the assumption of hydrostatic pressure. For such materials, a hybrid
knowledge- and data-driven reduced order model consisting of the analytical limit model
and a hybrid corrector may feasibly recover the full dynamics. The hybrid corrector con-
sists of a data-driven part that predicts the pressure field and an analytical corrector that
uses this pressure field to compute the displacements. Since data-driven surrogate models
can deliver high-accuracy approximations [3], the predicted pressure fields may provide a
better starting point for the analytical corrector to provide accurate final displacements.
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