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a b s t r a c t

A viscoplastic approach using the Fast Fourier Transform (FFT) method for obtaining local
mechanical response is utilized to study microstructure–property relationships in compos-
ite materials. Specifically, three-dimensional, two-phase digital materials containing iso-
tropically coarsened particles surrounded by a matrix phase, generated through a Kinetic
Monte Carlo Potts model for Ostwald ripening, are used as instantiations in order to calcu-
late the stress and strain-rate fields under uniaxial tension. The effects of the morphology
of the matrix phase, the volume fraction and the contiguity of particles, and the polycrys-
tallinity of matrix phase, on the stress and strain-rate fields under uniaxial tension are
examined. It is found that the first moments of the stress and strain-rate fields have a dif-
ferent dependence on the particle volume fraction and the particle contiguity from their
second moments. The average stresses and average strain-rates of both phases and of
the overall composite have rather simple relationships with the particle volume fraction
whereas their standard deviations vary strongly, especially when the particle volume frac-
tion is high, and the contiguity of particles has a noticeable effect on the mechanical
response. It is also found that the shape of stress distribution in the BCC hard particle phase
evolves as the volume fraction of particles in the composite varies, such that it agrees with
the stress field in the BCC polycrystal as the volume of particles approaches unity. Finally, it
is observed that the stress and strain-rate fields in the microstructures with a polycrystal-
line matrix are less sensitive to changes in volume fraction and contiguity of particles.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

It is well known in Materials Science that the properties of materials are a function of their microstructural parameters. In
studying microstructure–property relationships, it is crucial to map the microstructural parameters obtained from materials
characterization to the desired materials property. Conventionally, materials characterization is based on data obtained from
two-dimensional plane sections because of the opacity of most crystalline materials. However, many problems related to the
properties of materials are three-dimensional in nature (Becker and Panchanadeeswaran, 1995; Lin et al., 1995; Patton et al.,
1998; Shan and Gokhale, 2001; Suresh, 1998) because most materials of technological relevance have a polycrystalline or
multi-phase structure with significant complexity in the spatial arrangement of their microstructural units. Even though
stereology (Underwood, 1970) can be used to deduce the three-dimensional microstructure from conventional
two-dimensional characterization, its statistical approach inevitably requires various spatial and morphological assumptions
about the structural units. For example, even though the contiguity of particles can be easily measured in two-dimensional
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