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ABSTRACT 

A common engineering practice in the analysis of composite (or polycrystalline) structures is to use 
effective or homogenized material properties instead of taking into account all details of the 
individual phase properties. Unfortunately when the individual constituents are nonlinear, the exact 
description of the effective constitutive relations requires the determination of the local fields (at the 
microscopic scale). For structural computations, the consequence of this theoretical result is that the 
two levels of computation, the level of the structure and the level of the unit-cell, remain intimately 
coupled. The nested resolution of these coupled problems (known as FE2 analysis) is so far limited 
by their formidable size.  
 
It is therefore quite natural to resort to model-reduction techniques achieving a compromise between 
analytical approaches, which are costless but often very limited by nonlinearity, and full-field 
simulations which resolve all complex details of the exact solutions, but come at a very high cost.  
 
The reduced-order model considered in the present study is the Nonuniform Transformation Field 
Analysis ([1][2]). It proceeds in two steps. First a basis of modes for the microscopic plastic strain 
fields is generated from full-field simulations. In a second step, evolution equations for the 
amplitudes of the fields on the modes are derived. Without any further simplification these kinetic 
equations still require computing local fields. They can be efficiently approximated by using a 
variational formulation ([3]) and techniques imported from nonlinear homogenization ([4][5]), only 
requiring "off-line" calculations. It will be demonstrated through a few examples that the second step 
is the one providing, by far, the most dramatic acceleration. 
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