Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

Multiscale Modelling
of Materials

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

MATERIALS RESEARCH SOCIETY
Symposium PROCEEDINGS VOLUME 538

Multiscale Modelling
of Materials

Symposium held November 30-December 3, 1998, Boston, Massachusetts, U.S.A.

EDITORS:

Vasily V. Bulatov

Lawrence Livermore National Laboratory
Livermore, Cdlifornia, U.S.A.

Tomas Diaz de la Rubia
Lawrence Livermore National Laboratory
Livermore, California, U.S.A.

Rob Phillips

Brown University
Providence, Rhode Island, U.S.A.

Efthimios Kaxiras
Harvard University
Cambridge, Massachusetts, U.S.A.

Nasr Ghoniem
University of California
Los Angeles, California, U.S.A.

I /J1

- -
@l
—

M

Materials Research Society
Warrendale, Pennsylvania

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town,
Singapore, So Paulo, Delhi, Mexico City

Cambridge University Press
32 Avenue of the Americas, New York Ny 10013-2473, USA

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9781107413764

Materials Research Society
506 Keystone Drive, Warrendale, A 15086
hetp://www.mrs.org

© Materials Research Society 1999

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

This publication has been registered with Copyright Clearance Center, Inc.
For further information please contact the Copyright Clearance Center,
Salem, Massachusetts.

First published 1999
First paperback edition 2013

Single article reprints from this publication are available through
University Microfilms Inc., 300 North Zeeb Road, Ann Arbor, M1 48106

CODEN: MRSPDH

ISBN 978-1-107-41376-4 Paperback

Cambridge University Press has no responsibility for the persistence or
accuracy of URLs for external or third-party internet websites referred to in

this publication, and does not guarantee that any content on such websites is,
or will remain, accurate or appropriate.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter
More information
CONTENTS
] (=7 Lo 1o = 2 Xiii
Materials Research Society Symposium Proceedings ..................... XV

PART I: MODELLING DISLOCATION PROPERTIES
AND BEHAVIOR

*Dislocations and Plasticity in Silicon Crystals by 3-D
Mesoscopic SImulations ......... ..ottt i e e e i 3
L.P. Kubin, A. Moulin, and P. Pirouz

*On Dislocation Reactions and Hardening Mechanisms
in 3-D Dislocalion DYNAmMICS .........iitiiiin it ittt iaaaaannnnnn 15
H.M. Zbib, M. Rhee, J.P. Hirth, and T.D. de la Rubia

*Simulation of Dislocation Dynamics in the Continuum Limit ............... 27
K.W. Schwarz
*Discrete Dislocations Interacting WithaMode I Crack .................... 39

H.H.M. Cleveringa, E. van der Giessen, and A. Needleman

*Atomic Scale Simulation of Cross Slip and Screw Dislocation
Dipole Annihilation ...... ... ... ... e 51

T. Rasmussen

Coupled Meso-Macro Simulations of Plasticity:

Validation Tests ... e e 63
C. Lemarchand, B. Devincre, L.P. Kubin, and J.L. Chaboche

Dynamics of Dissociated Dislocations in Si: A Micro-Meso
Simulation Methodology ... 69
W. Cai, V.V. Bulatov, J.F. Justo, S. Yip, and A.S. Argon

Atomistic Simulations of Cross-Slip Processes in Model FCC
Structures AN Ll TIAl .. ... o i i it te et aiainanans 77
S. Rao

Effect of Non-Glide Components on the Stress Tensor on
Deformation Behavior of bcc TransitionMetals ........................... 87
K. Ito and V. Vitek

Temperature Effects and Fast-Moving Screw Dislocations

at High Strain Rate Deformations .............. ... o i ... 93
A. Roos, E.D. Metselaar, J.Th.M. De Hosson, H.H.M. Cleveringa,
and E. van der Giessen

Three-Dimensional Numerical Simulation o: Interacting
Dislocations in a Strained Epitaxial Surface Layer ......................... 99
R.V. Kukta and L.B. Freund

*Invited Paper

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:

Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras

and Nasr Ghoniem
Frontmatter
More information

Image Forces on 3-D Dislocation Structures in Crystals

OfFinite VOIUM® .........cci ittt ittt ce i naranns

A. El-Azab

A Peierls-Nabarro Model for Kink-Pair Generation in

Screw Dislocations at Low Temperatures .....................

A.H.W. Ngan

Kinetic Monte Carlo Simulation of Dislocation Dynamics ......

K. Lin and D.C. Chrzan

PART Ii: DEFECT DYNAMICS AND
MICROSTRUCTURAL EVOLUTION

*Computer Simulation of Defect Production and

Behavior in Displacement CascadesinMetals ...............

D.J. Bacon, F. Gao, A.V. Barashev, and Yu.N. Osetsky

*Shock Wave Response of Materials at Different

LengthScales ...t

Y.M. Gupta

Evolution of Fractal Particles in Systems With Conserved

Order Parameter .......... . ...ttt iiii i
S.V. Kalinin, D.L. Gorbachev, K.V. Tomashevitch, A.Yu. Borisevich,

A.A. Vertegel, A.J. Markworth, and Yu.D. Tretyakov

Multiscale Modelling of Recrystallization .....................

M.A. Miodownik, E.A. Holm, A.W. Godfrey, D.A. Hughes,
and R. Lesar

Computation of Microsegregation and Microstructure in

Solidification With Fluid Convection ..........................

D. Juric

Modelling of Segregation and Microstructural Evolution

Near Grain Boundary in Fe-Cr-Ni Alloy Under Irradiation ... ....

N. Sakaguchi, S. Watanabe, and H. Takahashi

Characterizing and Modelling Plastic Strain Inhomogeneity

inThinMetallicSheets ...........ccciiiiiiiiiiiii i,

X. Li and W. Tong

Characterization of Cast Metals With Probability Distribution

FUNCHONS ... i i i i i it sttt an s

M. Steinzig and F.H. Harlow

Large Scale Molecular Dynamics Simulations of a Liquid

Crystalline Droplet With Fast Multipole Implementations ......

Z. Wang, J. Lupo, S.S. Patnaik, A. McKenney, and R. Pachter

*Invited Paper

vi

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:

Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras

and Nasr Ghoniem
Frontmatter
More information

Computational Modelling of Multiple Domain Pattern

Formation ...... ... e
T. Huang, T. Tsuji, A.D. Rey, and M.R. Kamal

From Molecular Dynamics to Kinetic Rate Theory:

A Simple Example of Multiscale Modelling ................
R.E. Stoller and L.R. Greenwood

Kinetic Lattice Monte Carlo Simulations of Cascade

Aging in lron and Dilute lIron-Copper Alloys ................
B.D. Wirth and G.R. Odette

Kinetic Monte Carlo Simulations of FeCu Alloys ............
C. Domain, C.S. Becquart, and J.C. Van Duysen

Atomistic Simulation of Mobile Defect Clusters in Metals ..
Yu.N. Osetsky, D.J. Bacon, and A. Serra

Effective Interactions Approach to Phase Stability in

Alloys Under Irradiation ................ ... it
R.A. Enrique and P. Bellon

Oxygen Vacancy Migration in Disordered Gdas(ZrTi1.)207 .
R.E. Williford, W.J. Weber, R. Devanathan, and J.D. Gale

The Role of Cluster Size and Topology on the Ripening

of Defect Aggregates in Crystalline Si .....................
A. La Magna, S. Coffa, and L. Colombo

Molecular Dynamics Simulations of Crystal Growth From

Melted Silicon: Defect Formation Processes ...............
M. Ishimaru and T. Motooka

A Study of Grain Growth and Microstructure Control in

Silicon Nitride by Computer Simulation ....................
Y. Okamoto, N. Hirosaki, and H. Matsubara

A Unified Computational Approach to Oxide Aging Processes ........... 257

H.P. Hjalmarson, P.A. Schultz, D.J. Bowman, and D.M. Fleetwood

Modelling of Failure in Metallic Thin Films Induced By Stress

and Electromigration: A Multiscale Computational Analysis
M.R. Gungor, L.J. Gray, S.J. Zhou, and D. Maroudas

Coupled Simulations of Mechanical Deformation and
Microstructural Evolution Using Polycrystal Plasticity and

Monte CarloPofts Models .................... ... o.as.
C.C. Battaile, T.E. Buchheit, E.A. Holm, G.W. Wellman, and
M.K. Neilsen

Surface Chemistry of CVD Diamond: Linking the Nanoscale

and Mesoscale Modelling Hierarchies ....................
L1 Oleinik, D.Q. Pettifor, A.P. Sutton, C.C. Battaile, D.J. Srolovitz,
and J.E. Butler

vii

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

Self-Consistent Kinetic Lattice Monte Carlo ............... ... . ... ..., 285
A. Horsfield, S. Dunham, and H. Fujitani

Linking Ab Initio Energetics to Experiment: Kinetic Monte Carlo

Simulation of Transient Enhanced Diffusionof BinSi ...................... 291
S.K. Theiss, M-J. Caturla, T. Diaz de la Rubia, M.C. Johnson,
A. Ural, and P.B. Qriffin

PART Ill: CRYSTAL DEFECTS AND INTERFACES

*Atomic-Scale Modelling of the Deformation of

Nanocrystalline Metals ................ . i 299
J. Schigtz, T. Vegge, and K.W. Jacobsen

Ab Initio Based Calculations of Vacancy Formation and
Clustering Energies Including Lattice Relaxationin FezAl ................. 309
L.S. Muratov, B.R. Cooper, and J.M. Wills

Vacancy Migration Barrier Energetics and Pathways in Silica ............. 317
L.R. Corrales, R.M. van Ginhoven, J. Song, and H. Jénsson

Multiscale Simulations of the RF Diode Sputtering of Copper ............. 323
H.N.G. Wadley, W. Zou, X.W. Zhou, J.F. Groves, S. Desa, R. Kosut,
E. Abrahamson, S. Ghosal, A. Kozak, and D.X. Wang

Measurement of Planar Fault Energies in NizGe-FesGe

Intermetallic AlOYS ...t e e 329
M. Kumar, T.J. Balk, and K.J. Hemker

Multiscale Analysis of Interfacial Stability and Misfit Dislocation

Formation in Layer-By-Layer Semiconductor Heteroepitaxy .............. 335
L.A. Zepeda-Ruiz, D. Maroudas, and W.H. Weinberg

First-Principles Study of Si(111) Homoepitaxy ............................ 341
K. Cho and E. Kaxiras

An Effect of Hydrostatic Compression on Defects in
Energetic Materials: Ab InitioModelling .............. ...t 347
M.M. Kuklja and A.B. Kunz

Understanding Structure and Electronic Properties of Extended
Self-Interstitial Defects in Silicon ... ... ... .. i, 353
P. Alippi and L. Colombo

A Study of Vacancies in Pure Aluminum and Their Role in

the Diffusion of Lithium in a Dilute Al-Li Alloy Using the

Embedded AfomModel ............... i e 359
P.M. Derlet, R. Hoier. R. Holmestad, K. Marthinsen, and N. Ryum

First-Principles Study of n-Bonded (100) Planar Defects
) o ] 5 T 2 o 37
P. Zapol, L.A. Curtiss, and D.M. Gruen

*Invited Paper

viii

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

Substitution Behavior in NiAl—A First Principle Prediction
Considering Lattice Relaxation .............. ... ..o, 377
D.S. Xu, D. Li, and Z.Q. Hu

Atomistic Studies of Generic Tilt Grain Boundary Structures ............... 383
D.N. Pawaskar, R. Miller, R. Bai, A. Schwartzman, R. Phillips,
and C.L. Briant

Ab Initio Calculations of Point Defects in Silicon ......................... 389
J. Xie and S.P. Chen

The Influence of Heat Excitations, Vacancies, and Impurities

on the Energy Electronic Band-Structure of Metallic Lithium .............. 395
V.A. Popov

Microscopic Description of Plasticity in Computer
Generated Metallic Nanophase Samples ............................... 401
M. Spaczér, H. Van Swygenhoven, and A. Caro

Primary and Secondary Grain Boundary Dislocations in
Symmetric Tilt Grain Boundaries of Finite Length ......................... 407
A. Lakshmanan and A.H. King

Silicon Self-Interstitial Clusters ............cc i, 413
L. Colombo, A. Bongiorno, and M. Rosati

Point Defect Interactions With Extended Defects in Silicon ............... 419
J.F. Justo, A. Antonelli, and A. Fazzio

PART IV: NOVEL METHODS FOR
MATERIALS MODELLING

*Accelerating Atomistic Simulations of Defect Dynamics:

Hyperdynamics, Parallel Replica Dynamics, and

Temperature-Accelerated Dynamics .............coeeriiiiinennnnnn., 427
A.F. Voter and M.R. Sgrensen

*Atomistic Aspects of Fracture Modelling in the Framework

of ContiNUUM MEChANICS ....ciiiiiiii it ittt et iie i nnnns 41
F. Cleri

*Nonlinear Response of Solids and Molecules in Intense

Infrared Radiation ........... . i e e 453
S.T. Pantelides, R. Winkler, M. Ferconi, and J.J.V. Alvarez

Finite Temperature Quasicontinuum Methods ........................... 465
Vivek Shenoy, Vijay Shenoy, and R. Phillips

Imposing Field Boundary Conditions in MD Simulation of

Fluids: Optimal Particle Controller and Buffer Zone Feedback ............ 473
J. Li, D. Liao, and S. Yip

*Invited Paper

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

Electronic Structure Boundary Value Problems Without

Allofthe Afoms ........ .. i et s 479
H.T. Johnson, R. Phillips, and L.B. Freund

Bias Potentials for Hyperdynamics Simulations .......................... 485
W.d. Rudd and A.F. Voter

Pressure Waves in Microscopic Simulations of

Laser Ablation ..............o 491
L.V. Zhigilei and B.J. Garrison

Quantitative Calculation of Dislocation Mobility ......................... 497
S. Swaminarayan and D.L. Preston

Thermal Conductivity of Solid Argon by Classical

Molecular DYNAmMICS ...ttt ettt et e 503
H. Kaburaki, J. Li, and S. Yip

Digital Material: A Framework For Multiscale Modelling

of Defects inSolids ............c.cooi i e 509
C.R. Myers, S.R. Arwade, E. lesulauro, P.A. Wawrzynek,
M. Grigoriu, A.R. Ingraffea, P.R. Dawson, M.F. Miller, and
J.P. Sethna

Modelling of Inelastic Deformation of f.c.c. Single-
and Polycrystalline Materials With Low Stacking Fauit

ENOrgios ... ..o i e e e e s 515
A. Staroselsky and L. Anand

Ab Initio Study of Changes in the Magnetism of Iron During

the bec-hep Phase Transformation ... i iiiiiiii i eieann. 523
M. Sob, M. Friak, L.G. Wang, and V. Vitek

Bond-Order Potentials For Molybdenum and Niobium:

An AssessmentofTheirQuality ............. ... i, 529
M. Mrovec, V. Vitek, D. Nguyen-Manh, D.Q. Pettifor,
L.G. Wang, and M. Sob

Interatomic Potentials for Al and Ni From Experimental Data

and Ab Inifio Calculations .............. ... o i 535
Y. Mishin, D. Farkas, M.J. Mehl, and D.A. Papaconstantopoulos

Self Consistent-Charge Density-Functional Tight-Binding
Method for Simulations of Biological Molecules ......................... 541
M. Elstner. D. Porezag, Q. Seifert, Th. Frauenheim, and S. Suhai

First Altempt to Develop a Material Model Describing

Single Crystal Creep Behavior .............. ..., 547
H. Brehm and U. Glatzel

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

PART V: NON-CRYSTALLINE AND
NANOCRYSTALLINE MATERIALS

Hydrogenated Amorphous Silicon Nitride: Structural

and Electronic Properties ...t e 555
J.F. Justo, F. de Brito Mota, and A. Fazzio

A Model of Strain Distribution in Nanocrystalline SiC and
Diamond At Very High Pressures; In Sifu X-Ray Diffraction

Study and ComputerModelling ... 561
R. Pielaszek, B. Palosz, S. Qierlotka, S. Stel’'makh, and
U. Bismayer

Molecular Orbital Calculations on Atomic Structures of
Si-Based Covalent Amorphous Ceramics .............ciiiviiiiienn... 567

K. Matsunaga and H. Matsubara
Structural Characterization of AION by 27AI MAS NMR

and Quantum Chemistry Method ........... ... ... . ... i, 573
Y. Dai, X-M. Min, C-W. Nan, X-M. Pei, and H-L. Ren

Structural Characteristics and Quantum Chemistry
Calculation of Si-Doped Boron Carbides ...................c.cooiiiit. 579

M. Xinmin, N. Cewen, and C. Kefeng

AUOT INdeX .. e 585
LT o 1= Yo 4 Ve L= G 587

xi

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781107413764
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-107-41376-4 - Materials Research Society Symposium Proceedings: Volume 538:
Multiscale Modelling of Materials

Editors: Vasily V. Bulatov, Tomas Diaz de la Rubia, Rob Phillips, Efthimios Kaxiras
and Nasr Ghoniem

Frontmatter

More information

PREFACE

An emerging theme in computational materials science is that of multiscale
modelling. While the definition of “multiscale modelling” itself is developing as
new ideas and applications appear, a broad interpretation of this field includes
efforts to exploit insights arising either from distinct methodologies, or from the
attempt to incorporate multiple mechanisms into the same modelling paradigm.
Though multiple scale models are not new (their origins can be traced to early
attempts to explain macroscopic phenomena on the basis of molecular
interactions within a physical system, or between a system and its boundaries),
the topic has recently taken on a new sense of urgency. This is in large part due
to the recognition that brute force computational approaches often fall short of
allowing for direct simulation of both the characteristic structures and temporal
processes found in real materials. As a result, a number of hybrid approaches
are now finding favor in which ideas borrowed from distinct disciplines or
modelling paradigms are unified to produce more powerful techniques.

Symposium J, “Multiscale Modelling of Materials,” at the 1998 MRS Fall
Meeting in Boston, Massachusetts, attempted to serve as a forum for taking stock
of recent developments in multiscale modelling. The symposium was
characterized by high attendance, lively discussion, a series of successful invited
talks, and important contributed talks and posters. In addition, this symposium
participated in three separate joint sessions with other symposia:

(iy Symposium K, “Computation of Rates of Activated Processes”

This joint session was engendered in part on the recognition that
multiscale efforts are needed not only in order to treat the multiple length
scales that arise in materials, but also to treat the multitude of time scales
arising in many processes. Indeed, much of the discussion in this joint
session was aimed at determining how to connect the exceedingly short time
scales characterizing atomic motion to the time scales of interest in physical
phenomena, ranging from seconds upward.

(i) Symposium M, “Fracture and Ductile vs. Brittle Behavior—Theory,
Modelling and Experiment”

Developments that were widely discussed in this symposium were
primarily methodological, and concerned the general question of how best to
exploit atomic-scale calculations without having to resort to such calculations
throughout the medium of interest. A common theme in these models is the
use of continuum ideas in one region, and atomic-scale calculations only in
the vicinity of what one might loosely call the “process zone.” A number of
different schemes were presented in which the continuum regions were
treated with finite element descriptions, while the regions of full atomic
resolution were treated using conventional atomistic arguments. The key
difficulty that must be faced in these types of methods is the “handshaking”
between the different regions.

xiii
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(iii) Symposium N, “Microstructural Processes in Irradiated Materials”

A joint session with Symposium N focused on the application of
molecular dynamics, kinetic Monte Carlo and rate theory methods to
describing microstructure changes in irradiated materials. Presentations
ranged from descriptions of the atomistic process of defect production in
irradiated materials (a picosecond and nanometer-scale problem) to rate
equation-based simulations of damage accumulation and microstructure
evolution in irradiated steels (a macroscopic length and time-scale problem).
Furthermore, several talks described the coupling of these simulation
methods to provide a unified simulation approach across all relevant length
and time scales. Applications to embrittlement of reactor pressure vessel
steels provided an excellent example of how multiscale modelling can be
used to model and understand problems of actual industrial interest in real
materials.

One of the specific problem areas in which multiscale modelling has seen
increasing success is the investigation of thin-film growth and processing. These
ideas were illustrated in this symposium via a variety of models involving a few
key elements, the first being a microscopic parameterization of the key atomic-
scale processes that take place during the growth process. Once these processes
have been parameterized, a kinetic Monte Carlo (KMC) scheme can be
implemented in order to simulate the process of interest, in which all relevant
microscopic processes are taken into account with appropriate rates. Finally,
KMC results can be incorporated into large-scale theoretical models, which serve
to describe the film morphology at macroscopic scales. In addition to the
modelling of growth processes, a number of efforts addressed different classes
of defects in materials including point defects, surfaces and grain boundaries.
The role of defects as a key structural component in materials is well known.
The fact that such defects are often associated with length scales intermediate
between atomic and microstructural features makes them a continuing
challenge in the context of materials modelling.

This symposium illustrated the important role of multiscale modelling as a
key component in the current efforts to construct a viable field of computational
materials science. A number of important problems and challenges remain to be
addressed, some major unresolved themes being the seamless coupling of
different regions described by disparate methodologies, and the issue of
multiple time scales. Nevertheless, the symposium showed that a legitimate
foundation for future work has been laid.

Vasily V. Bulatov
Tomas Diaz de la Rubia
Rob Phillips

Efthimios Kaxiras

Nasr Ghoniem

January 1999
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