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Predicting effective properties of random heterogeneous media remains an important challenge in 

micromechanics, particularly when phase property contrasts span wide ranges [1, 2]. Classical equivalent 

microstructure approach [3] provides a powerful framework for linking macroscopic response to simplified 

representations of complex media; however, it typically relies on solving an ill-posed inverse problem 

associated with significant computational cost. 

In this work, we propose a generalized yet discrete formulation of the equivalent microstructure concept, with 

particular emphasis on its behavior across arbitrary phase contrasts. The proposed approach shifts the focus 

from detailed inverse reconstruction towards a reduced, forward modeling perspective, enabling a more direct 

characterization of the effective properties. At the same time, the key assumption of invariance with respect to 

the properties of the constituents is retained. 

Building upon the Mori–Tanaka homogenization scheme [4], we introduce a minimal-parameter representation 

of the equivalent microstructure, in which combinations of a small number of discrete inclusion shape families 

are used to capture the effective response, thereby reducing the original continuous formulation to a low-

dimensional, computationally efficient form. This formulation retains the key advantages of the original 

framework – namely its ability to represent a broad class of random media – while significantly reducing 

computational complexity and enabling partially closed-form expressions. 

The approach is benchmarked in electric permittivity and thermal conductivity problems using several 

generated artificial and real microstructure representations. Performance of the proposed models is tested 

against the original model [3] and other semi-analytical approaches. The results demonstrate that the proposed 

formulation provides an accurate yet computationally efficient alternative for modeling effective properties 

across a wide range of phase property contrasts. 
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