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The macroscopic performance of modern composite materials is determined by the material 

behaviour of the individual constituents as well as the material architecture. The discrepancy in 

length scale between the latter and the composite part dimensions prevent a direct modelling of 

the material structure in an industrial relevant part simulation. Multiscale based analysis in 

combination with homogenization techniques are commonly used to determine the effective 

material properties. The subsequent macro scale simulation however requires the availability 

of suitable constitutive models. The sheer variability in the possible constituents as well as in 

the material micro- and meso-structure hinder the formulation of universal material models.  

Machine learning based material modelling has therefore gained increasing attention [1]. 

Approaches like neural networks allow for a fast implementation of complex relations and have 

been proven to give good accuracy in predicting the effective mechanical response of complex 

material micro-structures [2] and inelastic material behaviour [3].   

The generic implementation of the neural network evaluation functions in a commercial Finite 

Element code, such as ESI Virtual Performance Solution (VPS) [4] allows for the direct 

application of the method to industrial relevant problems. In the present contribution a feed 

forward neural network is used to describe the effective material behaviour of composites. A 

principle sketch of the network architecture is given in Fig. 1 (a). To investigate the applicability 

of the approach for a variety of composite materials, continuous and discontinuous fibre 

reinforced polymers are analysed (e.g. Fig. 1 (b)). 
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Figure 1. (a) Feed forward neural network architecture, (b) 3D textile reinforced composite - unit 

cell of the mesoscopic material structure 
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