INNOVATION
IN
ENGINEERING
FOR
SEISMIC REGIONS



THE MOUCHEL CENTENARY CONFERENCE
EDITORIAL BOARD

B. Addis, UK

Dr. T.J.A. Agar, UK

Professor S.M. Alcocer, Mexico
Professor S.C. Anand, USA
Professor N. Akkas, Turkey
Professor A. Astaneh-Asl, USA
Professor S. Baba, Japan
Professor M.R. Barnes, UK
Professor L. Binda, Italy

Dr. B. Bokht, Canada

Professor F.A. Branco, Portugal
Professor H. Brandl, Austria
Dr. J.W. Bull, UK

Professor F.M. Burdekin, UK
Professor S.L. Chan, Hong Kong
Dr A. Chandler, UK

Professor W.F. Chen, USA

Dr. F.Y. Cheng, USA

Dr. J.C. Chilton, UK

Professor C.K. Choi, Korea

C. Coulson, UK

Professor H.J. Cowan, Australia
Professor M.E. Criswell, USA
Professor B.M. Das, USA

Dr. 1. Davey-Wilson, UK

Dr. D.J. Dawe, UK

E.W. East, USA

Professor M. Eekhout, The Netherlands
Professor F. Escrig, Spain
Professor S.V. Fenves, USA

B. Forster, UK

Professor D. Frangopol, USA
Dr. R. Fruchter, USA

Professor K.J. Fridley, USA

Dr. M.B. Fuchs, Israel
Professor Y. Fujino, Japan
Professor H. Furuta, Japan
Professor J.F. Gabriel, USA
Professor G. Gambolati, Italy
Professor B. Gerwick, USA
Professor R.1. Gilbert, Australia
Professor A. Girhammar, Sweden
Professor J. Gluck, Israel
Professor D.E. Grierson. Canada
Profrssor N.J. Gimsing, Denmark
Professor P. Hamelin, France
Dr. S.J. Hardy, UK

Professor D. Hartmann, Germany
Professor P.C. Hewlett, UK
Professor E. Hinton, UK
Professor K. Ishii, Japan
Professor N.F. Ismael, Kuwait
Professor N. Isyumov, Canada
Professor A. Kaveh, Iran
Professor M. Kawaguchi, Japan
Professor U. Kirsch, Israel
Professor F.W. Klaiber, USA
Dr P. Kneen, Australia

Dr. V. Koumousis, Greece

Dr. B. Kumar, UK

Professor T.T. Lan, China
Professor J.W. Leonard, USA
Dr. W.J. Lewis, UK

v

I. Liddell, UK

M.B. Lohn, UK

Professor A.E. Long, UK
Professor 1. Macleod, UK

Dr. M. Malinowsky, France
Professor H.A. Mang, Austria
Professor 1. May, UK

Dr. W.J. McCarter, UK

Dr. T.J. McCarthy, UK

Dr. R.E. McConnel, UK
Professor U. Meier, Switzerland
Professor C. Melbourne, UK

Dr. J. Miles, UK

Professor S.A. Mirza, Canada
Professor A. Miyamoto, Japan
Professor T. Miyata, Japan
Professor M. Mollaert, Belgium
Professor R. Motro, France
Professor T.M. Murray, USA
Professor M. Natterer, Switzerland
Professor H. Nooshin, UK
Professor A.S. Nowak, USA

Dr R.A. Otter, UK

Professor M.N. Pavlovic, UK

Dr. J.A. Puckett, USA

Professor E. Ramm, Germany
Professor R.M. Richard, USA

Dr. J.R. Riddington, UK

Dr S.G. Ritchie, USA

Professor G. De Roeck, Belgium
Professor D.V. Rosowsky, USA
Dr. S. Rowlinson, Hong Kong
Professor R.L. Sack, USA
Professor S. Saiidi, USA
Professor M.P. Saka, Bahrain
Professor A. Samartin, Spain

Dr. G. Sauer, Austria

Professor J. Schlaich, Germany
Professor P.A. Seaburg, USA
Professor L.M.C. Simoes, Portugal
Dr. G. Singh, UK

Professor T.T. Soong, USA
Professor B.F. Spencer, USA

Dr. N.K. Subedi, UK

Professor C.A. Syrmakezis, Greece
Professor J.W. Tedesco, USA
Professor G. Thierauf, Germany
Dr. D.G. Toll, UK

Professor M. Tomazevic, Slovenia
Professor H. Toutanji, Puerto Rico
Professor N.S. Trahair, Australia
Professor P. Trompette, France
Professor O. Vanggaard, Denmark
Dr A. Watson, UK

Dr T. Wester, Denmark

Dr. C.J.K. Williams, UK
Professor F.W. Williams, UK

Dr. P. Woodward, UK

Professor D. Wright, Canada
Professor H.D. Wright, UK
Professor Y.-B. Yang, Taiwan
Professor P. Yao, USA

Dr Th. Zimmermann, Switzerland.



INNOVATION
IN
ENGINEERING
FOR
SEISMIC REGIONS

Edited by
M.B. Leeming and B.H.V. Topping

CIVIL-COMP PRESS



5.4 A THREE-DIMENSIONAL CONTACT MODEL TO DETECT AND REPRESENT CONTACTS IN
MULTIBODY-SYSTEMS, D. Neuenhaus, Technical University of Aachen, Aachen, Germany........................ 103

5.5 MODELING OF FRICTION FORCES WITH DECREASING FRICTION COEFFICIENT DURING THE
SLIDING PHASE, S.L. Dimova, Central Laboratory for Seismic Mechanics and Earthquake Engineering, Bulgarian

Academy of Sciences, Sofia, BUIZATIA.....c...ccerrciiiiiiiiiiiiiientceci ettt 109

ii



+PREFACE+

This volume contains a selection of papers presented at The Mouchel Centenary Conference on
Innovation in Civil and Structural Engineering, held in Cambridge, England, 19th-21st August
1997.

In 1897 Hennebique granted a licence to Louis Gustave Mouchel, a prominent business man, to
introduce his system of ferro-concrete into the United Kingdom. Mouchel established a design
office in Briton Ferry, South Wales but moved to London in 1899. Having been responsible for the
first reinforced concrete structure in this country in 1897, Mouchel went on to develop many
innovations in the use of ferro-concrete. Between 1897 and 1910 over 600 works were completed
including: a grain silo at Waterford, Ireland (1903); a jetty near Naples, Italy (1905); and a naval
dockyard in Tokyo, Japan (1909).

Louis Gustave Mouchel died in 1908 but the present company, Mouchel Consulting Ltd, has grown
out of the partnership he established. In the intervening years Mouchel has been involved in many
famous projects and industry ‘firsts’, including early reinforced concrete ships and Britain’s first
prestressed concrete bridge, at Boston, Lincolnshire. This conference celebrated the centenary of the
Mouchel company under the appropriate banner of Innovation in Civil and Structural Engineering.

The papers in this volume include the following topics: seismic resistant design; repair and retrofit
for seismic regions; bridge engineering in seismic regions; analysis and design of steel structures;
and analysis of seismic loading. Other papers from the conference are published in:

® Innovation in Composite Materials and Structures
Civil-Comp Press, 1997, ISBN 0-948749-48-2
® Innovation in Civil and Structural Engineering
Civil-Comp Press, 1997, ISBN 0-948749-50-4
® Innovation in Civil and Construction Engineering
Civil-Comp Press, 1997, ISBN 0-948749-51-2
® Innovation in Computer Methods for Civil and Structural Engineering
Civil-Comp Press, 1997, ISBN 0-948749-52-0

We should like to thank all the authors for their contributions and in particular those who presented
their papers in Cambridge. We must also thank the members of the Conference Editorial Board,
listed on the following page, who helped in many ways before and during the conference. In 1995,
Dr V. Peshkam of Mouchel Consulting Ltd proposed the celebration of the Mouchel Centenary by
the holding of an international conference on civil and structural engineering. We are grateful to
him for the impetus he gave us. The conference would not have been possible without the
continued support and encouragement provided by Colin Coulson, Chairman of Mouchel
Consulting Ltd. We are especially grateful for his help in seeing this project through to a
conclusion.

Michael B. Leeming and Barry H.V. Topping
August 1997
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