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ABSTRACT 

 

Nowadays the automotive and aeronautic industries are strongly driven by their environmental impact. 

Aiming at reducing the C02 emissions while meeting the security requirements, the production of 

lightweight and resistant composite structures is a critical issue for many manufacturers. The high cost 

of the experimental evaluation of the effective properties of composite structures motivates the 

development of predictive modeling of such structures in service loading. 

In mean field homogenization theories, stress and strain fields are considered homogeneous per phase, 

which allows to use average information of each constituent instead of the local information in each 

point. Such approach is problematic for nonlinear composites reinforced by stiff inclusions, since the 

stress and strain fields are actually non-uniform per phase, in particular in the matrix. Indeed, due to 

the contrast in the material properties, significant stress concentration around the inclusion can cause 

inaccurate prediction of the overall tangent modulus using classical mean field homogenization 

theories. 

This work proposes a new micromechanical approach to overcome the issue of the classical methods 

for nonlinear composites without the common non-physical solution of ‘‘isotropization’’ [1]. The new 

framework relies on the Transformation Field Analysis (TFA [2]), which is developod specifically for 

nonlinear deformation processes. The TFA is integrated into a Mori-Tanaka scheme to predict the 

overall behavior of long coated fiber reinforced elastoplastic and viscoelastic-viscoplastic polymeric 

composites. Motivated by the distribution of local fields observed in finite element based 

homogenization analyses, the proposed approach introduces a special type of coating between the 

fibers and the matrix which exhibits significant nonlinear strains [3]. This extension permits to solve 

the overestimation of the global stress-strain response using the classical Mori-Tanaka method. 

Comparisons with full-field FE computations in representative volume element (RVE) illustrate the 

capabilities and the robustness of the new framework. The framework is currently implemented to 

predict the overall behavior of randomly oriented coated fiber reinforced thermoplastics. 
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