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ABSTRACT

The concept of thermodynamically consistent (TC) time integration schemes
encompasses any numerical integration method intended to solve thermody-
namical systems in such a way that the laws of thermodynamics are discretely
satisfied by design. In the particular case of reversibility, i.e. Hamiltonian sys-
tems, a well-known example is the energy-momentum method due to Simó and
Tarnow [1]. Recently, Romero [3, 2] introduced a general framework to attain
thermodynamically consistent time integration methods for evolution systems
with irreversible processes such as those with internal dissipation mechanisms
(viscoelasticity, plasticity, damage). This generalization was made possible by
the use of GENERIC form [4] of the evolution equations of the thermodynamical
system at hand.
The election of the thermodynamical variable was reported to become crucial
in the formulation. Thus, the GENERIC-based TC integrators newly proposed
have so far been based on the entropy as thermodynamical state variable [2,
5, 6], since it was reported to best fit in the GENERIC formalism. However,
this choice obliged to assume important restrictions to the formulation, such
as the necessity for material models to enable the analytical provision of its
potentials in terms of the entropy and, more importantly, the incapability to
impose Dirichlet’s boundary conditions. These reasons motivated the search
for the formulation of GENERIC-based TC integrator in terms of temperature
which we have successfully tackled overcoming the above limitations.
Within this new framework, we present a brief review of TC integration methods
for nonlinear isothermal viscoelastodynamics [7], discrete thermoelastodynam-
ics [8] and thermo(visco)elastodynamics using temperature as state variable.
All these methods exactly preserve the continuum laws of thermodynamics in-
trinsically while preserving the existing symmetries. The resulting solutions are
physically accurate since they preserve the fundamental physical properties of
the model. What is more, they show excellent performances with respect to
methods’ robustness and stability. Proof for these claims will be provided in the
presentation as well as numerical examples that illustrate their performance.
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