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Abstract:

After several decades of development in computational methods such as the Finite Element Method and Meshfree
Method, several classes of engineering and scientific problems remain challenging, for instance, generalizable
material models for complex material systems, problems with moving strong and weak discontinuities, model order
reduction for nonlinear systems, to name a few. The fast-growing research and development in data science, machine
learning and artificial intelligence offer new opportunities for the development of new paradigms in scientific computing.
This talk presents a few recent advances in achieving this objective: 1) manifold learning, model order reduction, and
thermodynamics-based “model-free” data-driven computing for nonlinear materials, and 2) neural network
enhancement of Galerkin solution for weak and strong discontinuities, and adaptivity with a fixed discretization, called
n-adaptivity. These unique combinations of machine learning techniques and advanced computational methods have
expanded the horizon of computational mechanics and scientific computing well beyond what the conventional
computational methods can offer. Applications to plasticity, localization, fracture, thermal fatigue, and digital twins will
be presented to demonstrate the effectiveness of these new developments for computational mechanics.
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