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2Institut des Sciences de la Mécanique et Applications Industrielles – IMSIA - UMR

EDF/CNRS/CEA/ENSTA 9219, ENSTA Paris, Institut Polytechnique de Paris – France
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Abstract

The prediction of failure modes in metallic structures is a crucial step in the safety anal-
ysis of industrial components subjected to significant mechanical loads (e.g., nuclear power
plant components, pipelines, etc.). To perform such analyses, it is essential to accurately
simulate the propagation of a defect in the ductile regime, characterized by large plastic
deformations before and during propagation.

Predictive numerical simulation of ductile fracture remains an open scientific and techni-
cal challenge, despite significant progress in recent years. The so-called local approach to
fracture is widely used to model ductile fracture; however, like all softening models, it ex-
hibits dependency on
spatial discretization.

The objective of this work is to propose a robust approach for modeling and simulating
ductile fracture at the structural scale. It introduces an elastoplastic model with a bounded
gradient of accumulated plastic strain and an associated set of internal constraints. This
method aims to eliminate mesh dependency, without increasing the number of degrees of
freedom of the numerical problem as it can be the case for most of non-local models. So, the
proposed model strives for fast and efficient numerical computations at the structural scale.
The feasibility of this approach is demonstrated through the resolution of problems on simple
geometries, such as cylinders or spheres made of composite elastoplastic materials. Tests on
316L steel specimens are also conducted to further validate the robustness of this method.
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