
8th. World Congress on Computational Mechanics (WCCM8)
5th European Congress on Computational Methods in Applied Sciences and Engineeering (ECCOMAS 2008)

June 30 –July 5, 2008
Venice, Italy

DISCRETE DISLOCATION MODELING OF POLYCRYSTAL
PLASTICITY

* A. Needleman1, E. Van der Giessen2

1Division of Engineering,
Brown University
182 Hope Street, Providence,
RI 02912 USA
needle@brown.edu

2University of Groningen,
Zernike Institute for Ad-
vanced Materials
Nijenborgh 4, 9747 AG,
Groningen, The Netherlands
E.van.der.Giessen@rug.nl

Key Words: Plasticity; Dislocations; Polycrystals; Size Effects; Computational Modeling.

ABSTRACT

The main mechanism of plastic flow in crystalline metals is the collective motion of dislocations. As
is now well appreciated, at the micron (and smaller) scale, the discreteness of dislocations leads to
observed responses that not only differ quantitatively butsometimes also qualitatively from the predic-
tions of conventional size-independent plasticity theory. The implications of this have been explored
for a variety of deformation and fracture processes in single crystals. What has been less explored are
the implications for polycrystals where the grain size introduces another length scale. Here, a num-
ber of recent discrete dislocation analyses of polycrystalline response [1-6] will be discussed. These
are simulations with the dislocations all of edge characterand modeled as line singularities in a linear
elastic material. Boundary value problems are solved by writing the stress and displacement fields as
superpositions of fields due to the discrete dislocations, which are singular inside the body, and image
fields that enforce the boundary conditions. This leads to a linear elastic boundary value problem for
the smooth image fields that can be solved by standard numerical techniques. Thus, the long range in-
teractions between dislocations are accounted for throughthe continuum elasticity fields. Short range
interactions are accounted for through constitutive rules. The stress-strain response and the dislocation
structures that emerge are outcomes of a boundary value problem solution. Grain boundaries are mod-
eled as being impenetrable to dislocations. The implications and limitations of this assumption will be
discussed.

Among the issues considered are: (i) the effect of grain boundaries on size effects in thin films; (ii) the
transition from a single crystal sector crack tip field to a polycrystal HRR field; (iii) the contrast between
the size dependence seen for single crystal pillars with thesize independence seen for polycrystalline
pillars; (iv) the scaling in indentation with indentation depth and grain size.



REFERENCES

[1] L. Nicola, E. Van der Giessen and A. Needleman, “Size Effects in Polycrystalline Thin
Films Analyzed by Discrete Dislocation Plasticity.”Thin Solid Films, 479, 329-338, 2005.

[2] L. Nicola, Y. Xiang, J.J. Vlassak, E. Van der Giessen and A. Needleman, “Plastic Defor-
mation of Freestanding Thin Films: Experiments and Modeling,” Journal of the Mechanics
and Physics of Solids, 54, 2089-2110, 2006.

[3] D.S. Balint, V.S. Deshpande, A. Needleman and E. Van der Giessen, “Discrete Dislocation
Plasticity Analysis of Crack-Tip Fields in Polycrystalline Materials,”Philosphical Maga-
zine A, 85, 3047-3071, 2005.

[4] D.S. Balint, V.S. Deshpande, A. Needleman and E. Van der Giessen, “Size Effects in Uni-
axial Deformation of Single and Polycrystals: A Discrete Dislocation Plasticity Analysis,”
Modelling and Simulation in Materials Science and Engineering, 14, 409-422, 2006.

[5] A. Widjaja, E. Van der Giessen and A. Needleman, “Discrete Dislocation Analysis of the
Wedge Indentation of Polycrystals,”Acta Materialia, 55, 6408-6415, 2007.

[6] D.S. Balint, V.S. Deshpande, A. Needleman and E. Van der Giessen, “Discrete Disloca-
tion Plasticity Analysis of the Hall-Petch Effect,”International Journal of Plasticity, to be
published.


