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A novel treatment of Greenwood-Johnson’s
mechanism of transformation plasticity - Case of
spherical growth of nuclei of daughter-phase

Youssri El Majaty, Jean-Baptiste Leblond *, Djimedo Kondo

Sorbonne Université, Faculté des Sciences et Ingénierie, Campus Pierre et Marie Curie,
CNRS, UMR 7190, Institut Jean Le Rond d’Alembert, F-75005 Paris,” France

Abstract

This paper proposes an innovative treatment of Greenwood and Johnsen (1965)’s mechanism
of transformation plasticity of metals and alloys, based on the disregard of elasticity and the
powerful kinematic method of limit-analysis. In the new approach the spherical representative
unit cell considered in the homogenization process includes only the mother-phase surrounding
a growing nucleus of daughter-phase, but the externalsloading arising from the macroscopic
stress applied is supplemented with an internal one arising from the volumetric transformation
strain of the enclosed nucleus. The treatment bringsieensiderable improvement to the classical
one of Leblond et al. (1989), not only by eliminating the need for ad hoc hypotheses of limited
validity, but more importantly by extending itsiresults to more general situations involving
large external stresses, comparable in magnitude to the yield stress of the weaker, mother-
phase. The theoretical results are compared to other theories, experiments, and finite element
micromechanical simulations considering a representative volume of shape identical to that in
the theory. In addition, the methodology/presented paves the way to incorporation, in a future
work, of the effect of anisotropies’of morphologic type (tied for instance to growth of nuclei of
daughter-phase elongated ima certain privileged direction) upon transformation plasticity; this
will be done through consideration of representative unit cells of more complex shape.
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1 Introduction

The wording transformation plasticity was coined to denote the anomalous plastic behav-
ior of metals and alloys during solid-solid phase transformations. Such transformations
occur notably during the cooling phase of thermomechanical treatments such as welding
and quenching. The major impact of transformation plasticity upon residual stresses and
distortions resulting from such treatments has been underlined by various authors, see
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