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bLaboratoire d’Etudes des Microstructures et de Mécanique des Matériaux LEM3, UMR CNRS 7239, Université de
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Abstract

In this paper we explore the inception and development of multiple necks in incompressible

nonlinear elastic bars subjected to dynamic stretching. The goal is to elucidate the role played by

a spatial-localized defect of the strain rate field in the necking pattern that emerges in the bars at

large strains. For that task, we have used two different approaches: (1) finite element simulations

and (2) linear stability analyses. The finite element simulations have revealed that, while the defect

of the strain rate field speeds up the development of the necking pattern in the late stages of the

localization process, the characteristic (average) neck spacing is largely independent of the defect

within a wide range of defect amplitudes. The numerical results have been rationalized with the

linear stability analyses, which enabled to explain the average spacing characterizing the necking

pattern at high strain rates. Moreover, the numerical calculations have also shown that, due

to inertia effects, the core of the localization process occurs during the post-uniform deformation

regime of the bar, at strains larger than the one based on the Considère criterion. This phenomenon

of neck retardation is shown to have a meaningful influence on the necking pattern.
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1. Introduction

The problems of flow localization and fragmentation in ductile solids subjected to high loading

rates have been intensively investigated over the last 70 years. This research field, which has been

traditionally pushed forward by the aerospace and defence industries, is now especially active and
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