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Towards the direct and inverse adaptive mixed finite
element formulations for nearly incompressible elasticity

at large strains
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This contribution presents advanced numerical models for the solution of the direct
and inverse problems of nearly incompressible hyperelastic processes at large strains.
The discussed mixed finite element approach contributes to the numerical simulation of
coupled multiphysics problems, including the calibration of appropriate material models
(parameter identification). The presented constitutive approach is based on the multi-
plicative decomposition of the deformation gradient resulting in a two-field formulation
with displacement components and hydrostatic pressure as primary variables. The ill-
posed inverse problem of parameter identification analyzing inhomogeneous displacement
fields is solved using deterministic trust-region optimization techniques. Within this con-
text, a semi-analytical approach for sensitivity analysis represents an efficient and accu-
rate method to determine the gradient of the objective function. The mixed boundary
value problem is based on the spatial discretization of the weak formulations of the lin-
ear momentum balance and the incompressibility condition. Its linearization serves as
basis for the solution of the direct problem, while the implicit differentiation of the weak
formulations with respect to material parameters provides the necessary relations for the
semi-analytical sensitivity analysis. Adaptive mesh refinement and mesh coarsening are
realized controlled by a residual a posteriori error estimator. Efficiency and accuracy
of the presented direct and inverse numerical techniques are demonstrated on a typical
example.
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