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Abstract

This study is concerned with the mechanical behavior of closed-cell cellular
materials. In particular the mechanical properties of closed-cell foams under
compressive loading are of interest. The closed-cell foams exhibit extraordinary
mechanical and physical characteristics which make them attractive candidates in
various engineering applications. The knowledge regarding the design and use of this
class of materials, nevertheless, is beyond fully understood. The present study aims to
investigate the effect of various problem parameters on the mechanical properties of
closed-cell foams by means of experimental works. It is found that the relative density
and microstructure of specimens originated from different regions of the foam block
are different. In the compressive response, the stress-displacement diagrams and the
three mechanical constants (E”,o,,5, ) depend on both the loading directions as well
as local relative densities.

Keywords: Closed-cell foams, microstructure, compressive behavior
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MECHANICAL PROPERTIES AND ENERGY ABSORPTION OF RANDOM FOAMS

S. Gaitanaros, W.-Y. Jang, A.M. Kraynik and S. Kyriakides,
Research Center for Mechanics of Solids, Structures and Materials
The University of Texas at Austin
Austin, TX 78712
E-mail: skk@mail.utexas.edu

Abstract

The microstructure of open-cell polymeric and metallic foams is a continuous network of nearly
straight ligaments that interconnect irregular polyhedra. The foaming process usually involves the
nucleation and expansion of gas bubbles in a liquid leading to a solidified random cellular
microstucture. The solid is concentrated in the ligaments and at nodes at which usually four
ligaments meet. The material distribution along the ligaments of polymeric and metallic foams
and the geometric characteristics of the cellular microstructures have been established using
micro-computed X-ray tomography. Representative foam blocks were subsequently compressed
between rigid platens producing the following behavior. The response starts with a linearly elastic
regime, which terminates into a stress maximum. Subsequently localized cell buckling and
crushing commence while the stress remains nearly constant. Crushing gradually spreads
throughout the block and the stress traces an extended plateau. The stress picks up again when the
whole domain has crushed.

In past work it was demonstrated that many of these characteristics could be simulated by
idealizing the microstructure with regular Kelvin cells assigned measured ligament geometric
properties. The present study examines the effect of randomness of the cellular microstructure on
the calculated response. Realistic random soap froth with N cells are generated using the Surface
Evolver software. The ligaments are made straight but with non-uniform cross sectional area
distributions that mimic the measurements. The ligaments are modeled as shear deformable
beams with elasto-plastic material behavior for Al foams and linearly elastic for polymeric foams.
The microstructure is discretized with finite elements using LS-DYNA which allows for
beam-to-beam contact on the outer surface of the ligaments. With this scheme it was possible to
reproduce the measured compressive responses from the initial elastic regime to desnification
with accuracy. The contact algorithm, friction between; ligaments and generally the discretization
play crucial roles in the accuracy of the calculation as well as numerical stability. The calculated
results will be compared with corresponding ones generated using idealized Kelvin cell models.
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