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The aim of constitutive modelling is to analyse the behaviour of materials and formulate
mathematical models that represent experimentally observed response. The resulting ma-
terial models are incorporated into analysis methodologies commonly used in engineering
practice to determine limit states and provide a safe design. Novel data-driven strategies
for material modelling provide an alternative to the complex and sometimes tedious task
of formulating accurate constitutive equations for new materials due to the capability of
learning directly from experimental data.

Since inelastic materials depend on the current stress and deformation history [1], instead
of opting for a simple static network, in this work a Recurrent Neural Network (RNN)
architecture [2] is selected for training on data sequences. In addition, the mathematical
expressions of elastoplasticity are considered in the network design, which provides an
agreement with established material formulations and improves physical interpretation.
The proposed network is constructed based on the concept of internal states. A benefit
of this approach is that the dataset used for training utilises only observable variables
(strains and stresses). Data-driven models have demonstrated learning complex data
patterns accurately but a relevant concern is determining how physically admissible are
the network outputs. To this end, a novel mechanical dissipation estimate is implemented
within the network as an a posteriori verification of the outputs.

Neural network based simulations are capable of reproducing behaviour of 1D elasto-
plastic material with excellent accuracy, while the behaviour of a three-dimensional model
can be represented with good accuracy and physical admissibility can be guaranteed.
An important feature of the proposed data-driven approach is that it could be easily
extended to other solid mechanics problems for which only measurable experimental data
is available.
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