
HOMOGENIZED DESCRIPTIONS FOR THE ELASTOPLASTIC
RESPONSE OF POLYCRYSTALLINE SOLIDS WITH COMPLEX

HARDENING LAWS: APPLICATION TO NEUTRON-IRRADIATED
BAINITIC STEELS

Loïc Chaixa,c, Mihail Garajeua, Martín I. Idiartb and Pierre-Guy Vincentc

aLaboratoire de Mécanique et d’Acoustique, 4 impasse Nikola Tesla, Marseille, France

bCentro Tecnológico Aeroespacial / Departamento de Aeronáutica, Facultad de Ingeniería,

Universidad Nacional de La Plata, Avda. 1 esq. 47, La Plata B1900TAG, Argentina.

cInstitut de Radioprotection et de Sûreté Nucléaire, B.P. 3, 13115 Saint-Paul-lez-Durance Cedex, France

Keywords: steels, irradiation, crystal plasticity, polycrystal, Fast Fourier Transform based

method

Abstract. Homogenized descriptions are provided for polycrystalline solids deforming in accordance

with certain crystal plasticity laws recently proposed for neutron-irradiated bainitic steels. These laws ex-

press intragranular plastic slip rates in terms of resolved shear stresses and key microstructural features,

such as densities of forest dislocations and of solute clusters, for a wide range of deformation rates, tem-

peratures, and radiation doses. The elastic domain is delimited by thresholds on the resolved stresses that

depend on dislocation densities in an intricate manner, and the plastic hardening is described by evolu-

tion laws of the Mecking-Kocks type for the dislocation densities with plastic slip. However, thresholds

also depend nonlinearly on the resolved stresses themselves. Full-field homogenized descriptions are

generated with a Fast Fourier Transform algorithm implemented in the computer code CraFT, while

mean-field homogenized descriptions are generated by means of a linear-comparison scheme based on

a generalized-secant linearization of the crystal plasticity laws. Multiple ways of accounting for plastic

hardening in the mean-field descriptions are explored. Sample results are reported in the form of uni-

axial traction curves and concomitant dislocation density evolutions under different scenarios. Overall,

the generalized-secant linearization is found to provide an appropriate compromise between precision

and mathematical complexity to generate homogenized descriptions for the elastoplastic response of

polycrystalline media governed by complex crystal plasticity laws.
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