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clustering analysis to self-consistent clustering

FEM cluster-based analysis (FCA) for predicting effective properties
of composite materials and study about interaction matrix

NIE Yinghao, CHENG Gengdong”, LI Zheng

( State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology,
Dalian 116024, China )

Abstract: The nonlinear mechanical properties of composite material are important for optimum use
of the advanced material. Based on the data-clustering idea, the FEM cluster-based analysis (FCA)
method is proposed to effectively predict the nonlinear mechanical properties of composite material.
The basic concepts and methods of the FCA are briefly introduced and the interaction matrix, which
relates the imposed cluster uniform eigenstrains and cluster average stresses is focused. The self-
equilibrium, completeness and singularity of the interaction matrix are discussed in details. It is
shown that for the limiting case in which each cluster has one constant strain element and no error of
averaging process is introduced, the interaction matrix is singular, complete and provides the cluster
stress in nodal equilibrium. For general case, due to the error introduced by averaging process, the
interaction matrix is nonsingular, and the cluster stress obtained from the interaction matrix is in
equilibrium in the sense of minimum potential energy principle. Supplemented by the compatibility
condition, the reduced order model together with the cluster-based minimum structural
complementary energy principle can be used to provide high efficient prediction of nonlinear effective
properties with reasonable accuracy. Since strain and stress averaging process within one cluster is an

essential step in all reduced order methods, the results obtained are valuable for reference.

Key words: reduced order model method; FEM cluster-based analysis; interaction matrix; nonlinear

effective properties



