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Porous media can be viewed as a special type of two-phase composites (with one phase being the void phase or
possibly vacuum) or as metamaterials (i.e. materials withmicrostructures that are principally similar tomacro-
scopic architectural structures, from which they differ only by scale) [1,2]. In this contribution we investigate
the effective elastic constants of isotropic and cubic porous media or metamaterials. The computer-generated
digital microstructures studied include convex pores (spherical, spheroidal-oblate, spheroidal-prolate), con-
cave pores (i.e. intergranular voids between spherical or spheroidal grains), and foams (strut-based or wall-
based Kelvin or random foams with open or closed cells). Numerical calculations are used to obtain the
effective constants (stiffness matrix) of these model microstructures. The results are compared to the microme-
chanical bounds (upper Wiener-Paul and upper Hashin-Shtrikman bounds) and to the admissible predictive
model relations (i.e. power-law relations and our exponential relations [3-5]; other model relations occuring
in the literature are shown to be either redundant or wrong, and it is shown that so-called minimum solid area
model are useless for the prediction of effective elastic properties of materials with concave pores [6]). While
the power-law and exponential relations provide tentative predictions that are more or less realistic for the
effective elastic properties of materials with convex pores and foams, they are seriously in error for materials
with concave pores, grossly overestimating the true values. In order to circumvent the (highly nontrivial)
problem of quantifying a large number of microstructural descriptors and the (so far unsolved) problem of
implementing this microstructural information into microstructure-property relations, cross-property rela-
tions between the elastic moduli and thermal conductivity can be used. In particular, it is shown that our
cross-property relation for spherical pores [7] provides excellent predictions of the tensile modulus (Young’
s modulus) and shear modulus in all cases of isometric pores, spherical or not, including the case of concave
pores, which cannot be predicted by any analytical model relation. Moreover it is shown that our recently
proposed generalized cross-property relation for spheroidal pores [8] can predict the elastic properties even
in the case of randomly oriented anisometric (spheroidal) pores.
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