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Abstract: The response of composite materials is strongly governed by their
underlying microstructural morphology and the local constitutive behavior of

the constituent phases. Homogenization theories can provide highly accurate
predictions by explicitly accounting for interactions between reinforcements and the surrounding matrix
while accommodating diverse constitutive laws. However, classical micromechanics models often exhibit
limited predictive capabilities, whereas modern numerical approaches, particularly in multiscale settings,
incur prohibitive computational and memory costs.

In this talk, | will first present recent advances by my research group in the development of deep
homogenization neural network approaches for the periodic homogenization of conventional composites
and nanocomposites. These developments account for thermo-mechanical coupling, surface elasticity
effects, piezoelectric behavior, cylindrical orthotropy, cohesive interfaces, and finite-deformation
responses in two- and three-dimensional periodic microstructures.

| will then introduce our recent work on thermodynamically consistent neural network models based on
transformer architectures and temporal convolutional networks for constitutive modeling of elastoplastic
and viscoelastic-viscoplastic-damage behaviors in homogeneous and heterogeneous materials and
structures using sequential data. In particular, | will demonstrate the feasibility of learning the constitutive
behavior of composite materials directly from stress data.

Finally, | will discuss a range of data-driven approaches for accurate and efficient concurrent multiscale
modeling of composite structures.
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