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Abstract

Several micromechanical and numerical approaches to estimating the effective properties of heteroge-
neous media are analyzed. First, micromechanical mean-field estimates of elastic moduli for selected
metal matrix composite systems are compared with the results of finite element calculations performed
for two simplified unit cells: spherical and cylindrical. Advantages and deficiencies of such numerical
verification of analytical homogenization schemes are indicated. Next, predictions of both approaches
are compared with available experimental data for two composite systems for tension and compression
tests in the elastic-plastic regime using tangent and secant linearization procedures. In the examined
range of strain and ceramic volume content, both the Mori-Tanaka averaging scheme and the generalized
self-consistent scheme lead to reliable predictions when combined with the tangent linearization, while
the use of secant moduli results in a too stiff response. It is also found that the mean-field predictions for
a small ceramic volume content are very close to the results obtained from the finite-element analysis of
a spherical unit cell.
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1. Introduction

Availability of reliable and efficient methods for predicting the effective properties of a heteroge-
nous material is vital for the design process of composites. With an increasing computer power and
development of high resolution imaging techniques for microstructure characterization the computa-
tional homogenization (Kouznetsova et al., 2001; Zohdi and Wriggers, 2005) gains popularity in this
field. By using the computed tomography (CT) scans a numerical model of the actual microstructure
can be constructed and subjected to the mechanical or thermomechanical finite element (FE) analysis in
order to determine the overall material behaviour, see e.g. (Wȩglewski et al., 2013; Jung et al., 2014)
for application of that approach to metal matrix composites. However, the FE-based homogenization
technique has its limitations. First, due to a high computational cost a reduced number of microstructure
representative volumes can only be considered, so that the extensive parametric study, required for the
optimal design process, is often burdensome or even impossible. Second, there is another difficulty when
using FE analysis which is connected with the problem of fulfilment of the representativeness condition
for the volume element under consideration, see e.g. (Hill, 1963; Kanit et al., 2003; Ostoja-Starzewski,
2006). The final selection is usually a trade-off between the fair proximity to the real microstructure and
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