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Scope of Work
The simulation of microstructured materials with
elasto-plastic deformation behavior is a challenging
task. One reason for this is that classical approaches
such as the FE2 method are computationally expen-
sive and therefore suited only for very small boundary
value problems. In contrast, new data-driven mod-
eling techniques such as physics-augmented neural
networks seem to constitute a promising and effi-
cient alternative to obtaining the effective material
behavior in a direct manner. However, it is not trivial
how the path-dependency of elasto-plasticity in com-
bination with other physical constraints such as the
positive definiteness of the tangent operator might
be incorporated into the model. Therefore, the overall
objective of this thesis is to bridge the gap between path-dependent material behav-
ior and neural networks. Your working model implementation will then be used in our
in-house topology optimization framework to tackle further scientific challenges.

Tasks
• Obtain fundamental understanding of (computational) plasticity and different
neural network architectures as material modeling approaches.

• Examine the possibilities of neural networks to model path-dependent material
behavior under consideration of physical constraints.

• Implement and train a parametric neural network representing the elasto-plastic
material behavior of microstructured materials such as strut-based lattices.

Prerequisites
• Strong knowledge on continuum mechanics and finite element methods.

• Preferably basic knowledge on neural networks.

• Basic programming skills, preferably Julia or Python.
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