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ABSTRACT

Thanks to the significant advances in data sciences and numerical algorithms, and face to the current
industrial and societal challenges, Physically-based data-driven computational modeling would have
an important role in simulations based design for the development of innovative materials and new
products. With the new paradigm of data Driven Computational Mechanics proposed by [1], the
constitutive laws can be directly replaced by a collection of experimental data avoiding thus the crucial
step of proposing a mathematical model that best fit the experiments and calibrating its inherent
parameters. The DDCM bypasses the empirical constitutive laws and searches the solution as a double
distance minimizing problem between the physical space (respecting thus the physical universal laws)
and the material data manifold (discrete set of data points with no explicit mathematical model).

Despite the recent applications of DDCM algorithms in numerical simulations, their practical using
still remains limited to reversible behaviors and their extension to irreversible dissipation problems
needs further developments. Moreover, the data generation phase needs more efforts to reduce its
high (numerical or experimental) cost. We propose in this study a strategy that makes the most of
Reduced Order Models (ROM) and Data Driven Computational Modeling (DDCM) to extend such a
free material paradigm to more complicated problems, namely irreversible and multi-scale simulations.
The application of the ”ROM+DDCM” framework will be illustrated for a 2D elasto-plastic problem
and 3D multiscale thermal simulations. A tangent space based double distance algorithm is adopted
for the DDCM [2] algorithm and the HOPGD [3] method is used for the ROM step.
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