
Risk Analysis V
Simulation and Hazard Mitigation

WIT Press publishes leading books in Science and Technology.
Visit our website for the current list of titles.

www.witpress.com

WITeLibrary
Home of the Transactions of the Wessex Institute.

Papers presented at RISK V are archived in the WIT elibrary in volume 91 of
WIT Transactions on Ecology and the Environment (ISSN 1743-3541).

The WIT electronic-library provides the international scientific community with
immediate and permanent access to individual papers presented at WIT conferences.

http://library.witpress.com.



 FIFTH  INTERNATIONAL  CONFERENCE  ON
SIMULATION  IN  RISK  ANALYSIS

AND  HAZARD  MITIGATION

RISK ANALYSIS V

CONFERENCE CHAIRMEN

C. A. Brebbia
Wessex Institute of Technology, UK

V. Popov
Wessex Institute of Technology, UK

INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE

Organised by
Wessex Institute of Technology, UK

Sponsored by
WIT Transactions on Ecology and the Environment

M. Andretta
G.  Bitelli

C. Cherubini
A. G. Fabbri

T. Glade
J. Lisowski
M. Maugeri
S. Moretti
J. Ogawa

M. Pacheco
E. Uspuras



Transactions Editor 

Carlos Brebbia 
Wessex Institute of Technology 

Ashurst Lodge, Ashurst 
Southampton SO40 7AA, UK 
Email: carlos@wessex.ac.uk 

 
WIT Transactions on Ecology and the Environment 

 
Editorial Board 

 
 

Y N Abousleiman 
University of Oklahoma 
USA 
 

 A Aldama 
IMTA 
Mexico 
 

D Almorza Gomar 
University of Cadiz 
Spain 
 

 A M Amer 
Cairo University 
Egypt 
 

M Andretta 
Montecatini 
Italy 
 

 J M Baldasano 
Universitat Politecnica de 
Catalunya 
Spain 

J G Bartzis 
Institute of Nuclear 
Technology 
Greece 

 A Bejan 
Duke University 
USA 
 

J Boarder 
Cartref Consulting 
Systems 
UK 

 B Bobee 
Institut National de la 
Recherche Scientifique 
Canada 

H Boileau 
ESIGEC 
France 
 

 C A Borrego 
University of Aveiro 
Portugal 
 



A H-D Cheng 
University of Mississippi 
USA 
 

 C-L Chiu 
University of Pittsburgh 
USA 
 

A Cieslak 
Technical University of 
Lodz 
Poland 

 W Czyczula 
Krakow University of 
Technology 
Poland 

M da Conceicao Cunha 
University of Coimbra 
Portugal 
 

 M Davis 
Temple University 
USA 
 

A B de Almeida 
Instituto Superior Tecnico 
Portugal 
 

 K Dorow 
Pacific Northwest National 
Laboratory 
USA 

C Dowlen 
South Bank University 
UK 
 

 R Duffell 
University of Hertfordshire 
UK 
 

J P du Plessis 
University of Stellenbosch 
South Africa 
 

 A Ebel 
University of Cologne 
Germany 
 

D Elms 
University of Canterbury 
New Zealand 
 

 D M Elsom 
Oxford Brookes University 
UK 
 

D Emmanouloudis 
Technological Educational 
Institute of Kavala 
Greece 

 J W Everett 
Rowan University 
USA 
 

R A Falconer 
Cardiff University 
UK 
 

 D M Fraser 
University of Cape Town 
South Africa 
 

G Gambolati 
Universita di Padova 
Italy 
 

 N Georgantzis 
Universitat Jaume I 
Spain 
 



F Gomez 
Universidad Politecnica  
de Valencia 
Spain 

 K G Goulias 
Pennsylvania State 
University 
USA 

W E Grant 
Texas A & M University 
USA 
 

 C Hanke 
Danish Technical University 
Denmark 
 

A H Hendrickx 
Free University of 
Brussels 
Belgium 

 S Heslop 
University of Bristol 
UK 
 

I Hideaki 
Nagoya University 
Japan 
 

 W F Huebner 
Southwest Research Institute 
USA 
 

W Hutchinson 
Edith Cowan University 
Australia 
 

 D Kaliampakos 
National Technical 
University of Athens 
Greece 

K L Katsifarakis 
Aristotle University of  
Thessaloniki 
Greece 

 H Kawashima 
The University of Tokyo 
Japan 
 

B A Kazimee 
Washington State 
University 
USA 

 D Kirkland 
Nicholas Grimshaw & 
Partners Ltd 
UK 

D Koga 
Saga University 
Japan 
 

 J G Kretzschmar 
VITO 
Belgium 
 

B S Larsen 
Technical University of 
Denmark 
Denmark 

 A Lebedev 
Moscow State University 
Russia 
 

D Lewis 
Mississippi State 
University 
USA 

 K-C Lin 
University of New 
Brunswick 
Canada 



J W S Longhurst 
University of the West of 
England 
UK 

 T Lyons 
Murdoch University 
Australia 
 

U Mander 
University of Tartu 
Estonia 
 

 N Marchettini 
University of Siena 
Italy 
 

J D M Marsh 
Griffith University 
Australia 
 

 J F Martin-Duque 
Universidad Complutense 
Spain 
 

K McManis 
University of New 
Orleans 
USA 

 C A Mitchell 
The University of Sydney 
Australia 
 

M B Neace 
Mercer University 
USA 
 

 R Olsen 
Camp Dresser & McKee Inc. 
USA 
 

R O'Neill 
Oak Ridge National 
Laboratory 
USA 

 K Onishi 
Ibaraki University 
Japan 
 

J Park 
Seoul National University 
Korea 
 

 G Passerini 
Universita delle Marche 
Italy 
 

B C Patten 
University of Georgia 
USA 
 

 M F Platzer 
Naval Postgraduate School 
USA 
 

V Popov 
Wessex Institute of 
Technology 
UK 

 H Power 
University of Nottingham 
UK 
 

M R I Purvis 
University of Portsmouth 
UK 
 

 Y A Pykh 
Russian Academy of 
Sciences 
Russia 



A D Rey 
McGill University 
Canada 
 

 A C Rodrigues 
Universidade Nova de 
Lisboa 
Portugal 

R Rosset 
Laboratoire d'Aerologie 
France 
 

 J L Rubio 
Centro de Investigaciones 
sobre Desertificacion 
Spain 

S G Saad 
American University in 
Cairo 
Egypt 

 R San Jose 
Technical University of 
Madrid 
Spain 

J J Sharp 
Memorial University of  
Newfoundland 
Canada 

 H Sozer 
Illinois Institute of 
Technology 
USA 

I V Stangeeva 
St Petersburg University 
Russia 
 

 E Tiezzi 
University of Siena 
Italy 
 

T Tirabassi 
Institute FISBAT-CNR 
Italy 
 

 S G Tushinski 
Moscow State University 
Russia 
 

J-L Uso 
Universitat Jaume I 
Spain 
 

 R van Duin 
Delft University of 
Technology 
Netherlands 

A Viguri 
Universitat Jaume I 
Spain 
 

 Y Villacampa Esteve 
Universidad de Alicante 
Spain 
 

G Walters 
University of Exeter 
UK 
 

  

 





Editors

C. A. Brebbia
Wessex Institute of Technology, UK

V. Popov
Wessex Institute of Technology, UK

Risk Analysis V
Simulation and Hazard Mitigation



C.A. Brebbia
Wessex Institute of Technology, UK

V. Popov
Wessex Institute of Technology, UK

Published by

WIT Press
Ashurst Lodge, Ashurst, Southampton, SO40 7AA, UK
Tel: 44 (0) 238 029 3223; Fax: 44 (0) 238 029 2853
E-Mail: witpress@witpress.com
http://www.witpress.com

For USA, Canada and Mexico

Computational Mechanics Inc
25 Bridge Street, Billerica, MA 01821, USA
Tel: 978 667 5841; Fax: 978 667 7582
E-Mail: infousa@witpress.com
http://www.witpress.com

British Library Cataloguing-in-Publication Data

A Catalogue record for this book is available
from the British Library

ISBN: 1-84564-172-8
ISSN: 1746-448X (print)
ISSN: 1743-3541 (online)

                The texts of the  papers in this volume were set
                individually by the authors or under their supervision.
                Only minor corrections to the text may have been carried
                out by the publisher.

No responsibility is assumed by the Publisher, the Editors and Authors for any injury
and/or damage to persons or property as a matter of products liability, negligence or
otherwise, or from any use or operation of any methods, products, instructions or ideas
contained in the material herein.

© WIT Press 2006

Printed in Great Britain by Athenaeum Press Ltd.

All rights reserved.  No part of this publication may be reproduced, stored in a retrieval
system, or transmitted in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of the Publisher.



Preface

This Volume of the Transactions of the Wessex Institute contains papers presented
at the 5th International Conference on Risk Analysis that was held in Malta in 2006.

Risk analysis is a very important discipline, which provides tools enabling
decision makers to make the right choice, whether it is related to prevention of
hazards, mitigation of consequences of natural or man-made hazards or
communication of risk. As the modern society evolves, it introduces new types of
hazards and consequently new research is needed in order to quantify these risks
and prepare adequate mitigation strategies.

The conference offered the opportunity for the professionals involved in risk
analysis to inform themselves on the progress made by their colleagues in this field,
to be involved in discussions on key issues and challenges in risk analysis and to
exchange views on various aspects.

The papers in this volume are divided into a series of sections dealing with:
Estimation of risk; Hazard prevention, management and control; Methods and
systems of safe ship operation; Flood risk; Soil, water and air contamination; Security
risk; Risk management and Network systems.

The Editors are grateful to all the authors for their excellent contributions and in
particular to the members of the International Scientific Advisory Committee for the
review of the abstracts and the papers thus ensuring the high quality of this book.

The Editors
Malta, 2006
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