Author’s Accepted Manuscript

JOURNAL OF THE
MECHANICS AND PHYSICS
OF SOLIDS

Interfacial diffusion in  high-temperature
deformation of composites: a discrete dislocation
plasticity investigation

Siamak S. Shishvan, Tresa M. Pollock, Robert M.
McMeeking, Vikram S. Deshpande

www.elsevier.convlocate/jmps

PII: S0022-5096(16)30182-X
DOI: http://dx.doi.org/10.1016/j.jmps.2016.09.002
Reference: MPS2978

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

Received date: 21 March 2016
Revised date: 27 July 2016
Accepted date: 5 September 2016

Cite this article as: Siamak S. Shishvan, Tresa M. Pollock, Robert M
McMeeking and Vikram S. Deshpande, Interfacial diffusion in high-temperatur
deformation of composites: a discrete dislocation plasticity investigation, Journc
of the Mechanics and Physics of Solidls
http://dx.doi.org/10.1016/j.jmps.2016.09.002

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


http://www.elsevier.com/locate/jmps
http://dx.doi.org/10.1016/j.jmps.2016.09.002
http://dx.doi.org/10.1016/j.jmps.2016.09.002

Interfacial diffusion in high-temperature deformation of composites: a discrete
dislocation plasticity investigation

Siamak S. Shishvan
Department of Engineering, University of Cambridge, Trumpington Street, Cambridge CB2 1PZ, UK

Faculty of Civil Engineering, University of Tabriz, P.O. Box 51666-16471, Tabriz, Iran

TresaM. Pollock
Materials Department, University of California Santa Barbara, CA 93106-5050, USA
Robert M. McMeeking
Department of Materials and Department of Mechanical Engineering, University of California Santa Barbara, CA 93106, USA
School of Engineering, University of Aberdeen, King’s College, Aberdeen AB24 3UE, UK

Vikram S. Deshpande*
Department of Engineering, University of Cambridge, Trumpington Street, Cambridge CB2 1PZ, UK

Abstract

We present a discrete dislocation plasticity (DDP) framework to analyse the high temperature deformation of multi-
phase materials (composites) comprising a matrix and inclusions. Deformation of the phases is by climb-assisted
glide of the dislocations while the particles can also deform due to stress-driven interfacial diffusion. The general
framework is used to analyse the uniaxial tensile deformation of a composite comprising elastic particles with dis-
location plasticity only present in the matrix phase. When dislocation motion is restricted to only glide within the
matrix a strong size effect of the composite strength is predicted with the strength increasing with decreasing unit
cell size due to dislocations forming pile-ups against the matrix/particle interface. Interfacial diffusion decreases the
composite strength as it enhances the elongation of the elastic particles a ong the loading direction. When dislocation
motion occurs by climb-assisted glide within the matrix the size effect of the strength is reduced as dislocations no
longer arrange high energy pile-up structures but rather form lower energy dislocation cell networks. While inter-
facial diffusion again reduces the composite strength, in contrast to continuum plasticity predictions, the elongation
of the particles is almost independent of the interfacial diffusion constant. Rather, in DDP the reduction in compos-
ite strength due to interfacial diffusion is a result of changes in the dislocation structures within the matrix and the
associated enhanced dislocation climb rates in the matrix.
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