
Structural Studies,
Repairs and Maintenance of

Heritage Architecture IX

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

www.witpress.com

WITeLibrary
Home of the Transactions of the Wessex Institute.

Papers presented at Structural Studies, Repairs and Maintenance of Heritage Structures
IX are archived in the WIT elibrary in volume 83 of WIT Transactions

on The Built Environment (ISSN 1743-3509).
The WIT electronic-library provides the international scientific community with

immediate and permanent access to individual papers presented at WIT conferences.
Visit the WIT eLibrary at www.witpress.com.



Architecture
EDITORIAL BOARD

C Alessandri
Universita di Ferrara
ITALY

F Butera
Politecnico di Milano
ITALY

J Chilton
University of Nottingham
UNITED KINGDOM

G Croci
University of Rome 'La Sapienza'
ITALY

A De Naeyer
Universiteit Ghent
BELGIUM

W P De Wilde
Vrije Universiteit Brussel
BELGIUM

F P Escrig
Universidad de Sevilla
SPAIN

F Gabriel
Syracuse School of Architecture
USA

C J Gantes
National Technical University of Athens
GREECE

K Ghavami
Pontifica Univ Catolica
BRAZIL

K Ishii
JAPAN

W Jager
Technical University of Dresden
GERMANY

M Majowiecki
University of Bologna
ITALY

S Sanchez-Beitia
University of the Basque Country
SPAIN

J J Sendra
Universidad de Sevilla
SPAIN

P R Vazquez
MEXICO

M Zador
Technical University of Budapest
HUNGARY

R Zarnic
University of Ljubljana
SLOVENIA



NINTH INTERNATIONAL CONFERENCE ON STRUCTURAL STUDIES, REPAIRS

AND MAINTENANCE OF HERITAGE ARCHITECTURE

STREMAH IX

CONFERENCE CHAIRMEN

C.A. Brebbia
Wessex Institute of Technology, UK

and
A. Torpiano

University of Malta, Malta

Organised by
Wessex Institute of Technology, UK

INTERNATIONAL SCIENTIFIC ADVISORY COMMITTEE

A Abufayed
L Binda

V Caputo
S D’Agostino
W P De Wilde

F Escrig
P Haupl
M Hejazi

S Hernandez
W Jager

B P Leftheris
L Romera

S E Thomasen





Structural Studies,

Repairs, and Maintenance of

Heritage Architecture IX

Edited by

C.A. Brebbia
Wessex Institute of Technology, UK

and
A. Torpiano

University of Malta, Malta



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
WIT Press

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: 1-84564-021-7
ISSN: 1746-4498 (print)

ISSN: 1743-3509 (on-line)

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 2005.

Printed in Great Britain by Athenaeum Press Ltd, Gateshead.

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.

C.A. Brebbia
Wessex Institute of Technology, UK

A. Torpiano
University of  Malta, Malta



Preface

The first in the series of conferences, focusing on the structural issues that arise
when looking after heritage architecture, was held in 1989, in Florence, Italy, a city
synonymous with art, culture and urban beauty. The Conference has now come to
Malta, a state that is smaller than many of the cities that this Conference has visited,
and yet that is packed, in the full meaning of the word, with a history of heritage
architecture that spans nearly six millennia – as far as we currently know! This
Volume contains the proceedings of the Conference held in Malta.

The islands of Malta have limited material resources, in fact, only one – lime-
stone, and a rather soft one at that. However, out of this resource, our ancestor
builders have fashioned the habitat for their lives, as these unfolded and changed
over the centuries. The problems and efforts that are being made to repair, restore,
conserve and protect such limestone architectural heritage are considerable.

The problems encountered in Malta includes those of prehistoric megalithic
temple structures, which are part of the World Heritage, and which are unique for a
number of reasons, including their structural and architectural form, their concen-
tration in such a small island, the lack of significant references elsewhere, as well as
the fact that they are reputed to be the oldest surviving free-standing stone expres-
sions of architecture in the world. The rehabilitation of the other main protagonists
in the more recent history of the Maltese Islands, namely war, and fortifications are
also considerable. The bulk of the intense, and sometimes exotic, fortification sys-
tems dates back to the sojourn of the Knights of St. John, or the Knights of Malta,
as we prefer to call them, spanning the 17th and 18th centuries, and then to the British
period, during the 19th and 20th centuries.

I would like to take this opportunity to thank all the participants at this Confer-
ence and in particular, the Wessex Institute of Technology for choosing Malta as
the venue for STREMAH 05. The support of the Institute of Masonry and Con-
struction Research of the University of Malta, Heritage Malta, and the Ministry for
Tourism and Culture are also gratefully acknowledged.

Alex Torpiano
Malta, 2005
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