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Metal foams are bio-inspired micro heterogeneous materials which mimic the con-
struction elements of wood and bones. They exhibit great potential for application
in lightweight construction or as kinetic energy absorber.Their complex micro
structure based on a 3D framework of interconnected pores significantly effects
the macroscopic global properties. Metal foams exhibit localised deformation ex-
pressed in deformation bands under inelastic strain conditions. The successive col-
lapse of the pores leads to a nearly constant stress over a long range of deformation
[1, 2]. Based on their compressible behaviour there is localised damage in crush-
ing zones with a thickness of several pores. Engineering requires material models
which describe the material behaviour properly even for different load cases and
do also account for size effects which arise if external length scales as the sample
size are in the same order of magnitude than internal length scales as the pore size.
The strain localisation in deformation bands and damage localisation in crushing
zones causes stress fluctuations in the macroscopic stress-strain curve and leads to
a hardening effect with increasing strain. In the present contribution a new contin-
uum modelling approach has been developed which allows the explicit considera-
tion of size effects and other micro structural effects. Themodel phenomenologi-
cally accounts for micro structural effects by a spring model offering the possibil-
ity to reflect the macroscopic stress fluctuations. A representative volume element
(RVE) consists of several springs whereas each spring represents one pore layer. A
damage criterion for the springs is a crucial component of this kind of micro model.
Connecting a micro structural size with the rheological spring model results in a
modified Hooke’s law and allows the description of localisation effects. By in-
troducing a rheological model on the RVE the constitutive equations still contain
fundamental parameters but these are motivated by the microstructure whereas the
continuum model is able to account for size effects.
The model is experimentally validated and it’s micro structural motivated parame-
ters are experimentally identified in quasi-static compression tests with unloading.
Using digital image correlation (DIC) it was possible to connect the micro struc-
tural deformation with the global macroscopic stress-strain behaviour.



Figure 1: Localised strains in metal foams under compression.
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