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Recent developments integrating micromechanics and neural networks 
offer promising paths for rapid predictions of the response of heterogeneous 
materials with similar accuracy as direct numerical simulations. In this talk, 
I will be discussing a relatively new approach for simulating the thermo-
mechanical behavior of heterogeneous materials using accurate and fast 
reduced order models, namely the deep material network. The deep material 
network incorporates principles from micromechanics directly into the 
network architecture as its fundamental building blocks to achieve faster 
and more accurate predictions compared to traditional homogenization 
methods. Unlike standard multilayer perceptron approaches, weights 
and biases represent the mechanical interactions between the material 
components in the deep material network architecture. By leveraging 
micromechanics analytical solutions within the network building blocks, 
the architecture of the deep material network has some analogies with 
direct numerical simulation. In this talk I will be walking you through how 
to construct such networks, discuss issues on interpretation of this « 
glass » box approach, give example on how this approach can be used to 
predict the thermomechanical properties of composites, and finally how 
this approach can be extended to address other problems such as thermal 
conductivity problems.
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