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Finite element simulations involving strain localization lead to spurious mesh-dependence
due mainly to ill-posedness of boundary-value problems in classical continuum theories
[1]. Several regularization approaches have been developed using non-local integral op-
erators, gradient formulations [2] or extra-degrees of freedom for smoothing strain fields.
An approach based on the micromorphic theory allowing to restore the ellipticity of PDEs
and predict size effects is presented. It relies upon the enrichment of classical continua
with additional degrees of freedom and the enhancement of the free energy density. The
present formulation is based on the multiplicative decomposition of the deformation gra-
dient and an isoclinic intermediate configuration. The choice of micromorphic variable,
either scalar or tensor, is discussed. Several variations of the formulation depending on
generalized strains defined w.r.t Lagrangian, Eulerian, and intermediate configurations are
treated. The first two ones lead to an additional Laplace term in the isotropic hardening
law, whereas the third formulation enhances both isotropic and kinematic hardening laws.
Depending on the constitutive choices, this approach leads to various regularization oper-
ators [3]. The regularization properties of such operators are studied through analytical
and numerical analysis of various problems including bending, torsion and shear banding
in a plate. The present formulation is implemented in a FEM code [4] allowing to regu-
larize, systematically, a rich library of anisotropic finite strain thermo-elastoviscoplastic
models [5].
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