
Author’s Accepted Manuscript

Phase-field slip-line theory of plasticity

Francesco Freddi, Gianni Royer-Carfagni

PII: S0022-5096(15)30362-8
DOI: http://dx.doi.org/10.1016/j.jmps.2016.04.024
Reference: MPS2877

To appear in: Journal of the Mechanics and Physics of Solids

Received date: 19 December 2015
Revised date: 16 April 2016
Accepted date: 18 April 2016

Cite this article as: Francesco Freddi and Gianni Royer-Carfagni, Phase-field
slip-line theory of plasticity, Journal of the Mechanics and Physics of Solids,
http://dx.doi.org/10.1016/j.jmps.2016.04.024

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/jmps

http://www.elsevier.com/locate/jmps
http://dx.doi.org/10.1016/j.jmps.2016.04.024
http://dx.doi.org/10.1016/j.jmps.2016.04.024


Phase-field slip-line theory of plasticity

Francesco Freddia, Gianni Royer-Carfagnib,∗

aDepartment of Civil-Environmental Engineering and Architecture, University of Parma, Parco Area delle
Scienze 181/A, I 43124 Parma, Italy

bDepartment of Industrial Engineering, University of Parma, Parco Area delle Scienze 181/A, I 43124
Parma, Italy. Presently: Cullen College of Engineering, University of Houston, 4726 Calhoun Rd,

Houston, TX 77204-4003, USA

Abstract

A variational approach to determine the deformation of an ideally plastic substance is pro-

posed by solving a sequence of energy minimization problems under proper conditions to

account for the irreversible character of plasticity. The flow is driven by the local transfor-

mation of elastic strain energy into plastic work on slip surfaces, once that a certain energetic

barrier for slip activation has been overcome. The distinction of the elastic strain energy

into spherical and deviatoric parts is used to incorporate in the model the idea of von Mises

plasticity and isochoric plastic strain. This is a “phase field model” because the matching

condition at the slip interfaces are substituted by the evolution of an auxiliary phase field

that, similarly to a damage field, is unitary on the elastic phase and null on the yielded

phase. The slip lines diffuse in bands, whose width depends upon a material length-scale

parameter.

Numerical experiments on representative problems in plane strain give solutions with note-

worthy similarities with the results from classical slip-line field theory, but the proposed

model is much richer because, accounting for elastic deformations, it can describe the for-

mation of slip bands at the local level, which can nucleate, propagate, widen and diffuse by
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