N

N

Homogenized descriptions for the elastoplastic response
of polycrystallines solids: mean-field approximations vs.
full-field simulations for neutron-irradiated bainitic
steels
Loic Chaix, M. Garajeu, Martin Ignacio Idiart, Ghiath Monnet, Pierre-Guy

Vincent

» To cite this version:

Loic Chaix, M. Garajeu, Martin Ignacio Idiart, Ghiath Monnet, Pierre-Guy Vincent. Homogenized
descriptions for the elastoplastic response of polycrystallines solids: mean-field approximations vs.
full-field simulations for neutron-irradiated bainitic steels. Computational Methods in Multi-scale,
Multi-uncertainty and Multi-physics Problems, Sep 2023, Porto, Portugal. irsn-04247770

HAL Id: irsn-04247770
https://irsn.hal.science/irsn-04247770
Submitted on 18 Oct 2023

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://irsn.hal.science/irsn-04247770
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

CM?*P - Eccomas Thematic Conference - COMPUTATIONAL METHODS IN MULTI-SCALE, MULTI-UNCERTAINTY AND
MULTI-PHYSICS PROBLEMS 11 September — 13 September 2023, Porto, Portugal

Homogenized descriptions for the elastoplastic response of polycrystalline solids:
mean-field approximations vs. full-field simulations for neutron-irradiated bainitic
steels

Loic Chaix®, Mihail Garajeu!, Martin I. Idiart?®, Ghiath Monnet*, Pierre-Guy Vincent®

1 Aix-Marseille Univ, CNRS, Centrale Marseille, LMA, 4 Impasse Nikola Tesla, CS 40006, 13453
Marseille Cedex 13, France.

2 Centro Tecnoldgico Aeroespacial / Departamento de Aeronautica, Facultad de Ingenieria, Universidad
Nacional de La Plata, Avda. 1 esg. 47 S/N, La Plata B1900TAG, Argentina.

3 Consejo Nacional de Inverstigaciones Cientificas y Técnicas (CONICET), CCT La Plata, Calle 8 N°
1467, La Plata B1904CMC, Argentina.

4EDF - R&D, MMC, Avenue des Renardiéres, Moret sur Loing, France.

S Institut de Radioprotection et de Streté Nucléaire (IRSN), PSN-RES/SEMIA/LSMA, F-13115, Saint-
Paul-lez-Durance, France.

Ichaix@Ima.cnrs-mrs.fr

Nuclear reactor pressure vessels are mainly made of bainitic steels. These steels can
undergo microstructural changes due to the neutron radiation that impact their
elastoplastic response and concomitant fracture toughness. Crystal plasticity laws have
been recently proposed that express microscopic plastic slip rates within crystals in terms
of key microstructural features such as densities of forest dislocations, dislocations loops,
and solute clusters. The laws encode information from lower length-scale simulations
generated by molecular and dislocation dynamics. Macroscopic elastoplastic
deformations are determined here by homogenizing such crystal plasticity laws via mean-
field approximations and full-field simulations. The mean-field approximations are
generated by homogenizing elastic and plastic deformations separately, assuming
piecewise uniform dislocation densities, and employing various schemes of increasing
complexity such as the elementary schemes of Taylor and Sachs or the more recent self-
consistent schemes based on the concept of linear-comparison media. The full-field
simulations, in turn, are generated with a Fast Fourier Transform algorithm implemented
in the computer code CraFT. Several ways of accounting for local hardening in the mean-
field approximations are presented and discussed. Sample results are provided for
untextured samples subject to uniaxial tension. The elementary schemes of Taylor and
Sachs predict quantitatively different responses, while the so-called Fully Optimized
Second-Order (FOSO) scheme and the full-field simulations predict very similar
responses for both non-irradiated and irradiated samples. Similar agreement is found
between predictions for dislocation densities and their evolution with applied load.
Overall, the FOSO scheme is found to provide the best 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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