NEURAL NETWORKS
AND
COMBINATORIAL OPTIMIZATION
IN
CIVIL AND STRUCTURAL
ENGINEERING






NEURAL NETWORKS
AND
COMBINATORIAL
OPTIMIZATION
IN
CIVIL AND STRUCTURAL
ENGINEERING

Edited by

B. H. V. TOPPING and A. I. KHAN

CUIL-COMP PREGS




CiUIL-CUMP PRESS

10 Saxe-Coburg Place
Edinburgh, EH3 5BR, UK

© 1993, Civil-Comp Limited

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

ISBN 0-948749-18-0

Printed in Scotland

by

MEIGLE PRINTERS LTD
Galashiels



o CONTENTS o

NEURAL NETWORKS AS CLASSIFIERS FOR STRUCTURAL BEHAVIOUR

1.1 THE USE OF NEURAL NETWORKS FOR DAMAGE DETECTION AND LO-
CATION IN A STEEL MEMBER, P.H. Kirkegaard and A. Rytter, Department
of Building Technology and Structural Engineering, Aalborg University, Aalborg,
Denmark . . . . . . e e e e e e e e e e e e e e e e

NEURAL NETWORKS AND STRUCTURAL DESIGN

2.1 COMMON MISCONCEPTIONS ABOUT NEURAL NETWORKS AS APPROX-
IMATORS, W.C. Carpentert and J-F. Barthelemy}, tDepartment of Civil En-
gineering and Mechanics, University of South Florida, Tampa, Florida, United
States of America, {NASA Langley Research Center, Hampton, Virginia, United
States of America . . . . . . .. .. . . e e e e e

2.2 VECTOR CLUSTERING FOR NEURAL NETWORK BASED PREDICTION
OF GEOMETRICAL CHARACTERISTICS H. Leet and P. Hajela t, {GE Corpo-
rate Research and Development, Schenectady, New York, United States of Amer-
ica {Rensselaer Polytechnic Institute, Troy, New York, United States of America

2.3 APPLICATION OF ARTIFICIAL NEURAL NETWORKS TO PREDICTION
OF MINOR AXIS STEEL CONNECTIONS, D. Anderson, E.L. Hines, S.J. Arthur
and E.L. Eiap, Department of Engineering, University of Warwick, Coventry, Eng-
land . . . . . e e e e e e e

NEURAL NETWORKS AND CONSTRUCTION ENGINEERING

3.1 ARTIFICIAL NEURAL NETWORKS FOR CONSTRUCTION PROJECT PLAN-
NING, M.J. Mawdesley and V. Carr, Department of Civil Engineering, University
of Nottingham, Nottingham, England . . ... ... ... ... ... .. .....

3.2 NEURAL NETWORKS TO PREDICT CONSTRUCTION COST INDEXES,
T.P. Williams, Department of Civil Engineering, College of Engineering, Rutgers
University, Piscataway, New Jersey, United States of America . . . ... ... ..

3.3 ROLES, BENEFITS AND OBJECTIVES OF NEURAL NETWORKS IN BUILD-
ING CONSTRUCTION PROJECT PRACTICE, K. Kiahkdnen and J. Pallas
Technical Research Centre of Finland - VTT, Laboratory for Urban Planning
and Building Design, Espoo, Finland . . . . . .. ... ... ... .........

NEURAL NETWORKS AND CIVIL ENGINEERING

4.1 PREDICTION OF MAXIMUM SCOUR DEPTH AT SPUR DIKES WITH ADAP-
TIVE NEURAL NETWORKS, X. Wu and S.Y. Lim, School of Civil & Structural
Engineering, Nanyang Technological University, Singapore . . . .. ... ... ..

4.2 RUNOFF VOLUME ESTIMATES WITH NEURAL NETWORKS, S.Y. Liong
and W.T. Chan, Department of Civil Engineering, National University of Singa-
POTE, SINEAPOTE . . . . . v v v v e et e e e e e e e e e e e e e e e

4.3 TRAFFIC MODELS - A ROLE FOR NEURAL NETWORKS?, G. Lyons and J.
Hunt, School of Engineering, University of Wales College of Cardiff, Wales

NEURAL NETWORKS AND PARALLEL PROCESSING

5.1 PARALLEL TRAINING OF NEURAL NETWORKS FOR FINITE ELEMENT
MESH GENERATION, A.I. Khan, B.H.V. Topping and A. Bahreininejad, Heriot-
Watt University, Edinburgh, Scotland . . ... ... ... ... ... .......

11

19

31

39

47

53

61

67

71



6 GENETIC ALGORTHIMS AND STRUCTURAL DESIGN

6.1 DISCRETE STRUCTURAL OPTIMIZATION USING EVOLUTION STRATE-
GIES, J. Cai and G. Thierauf, Department of Civil Engineering, University of
Essen, Essen, Germany . . . . . . . . . i i ittt i e e e e

6.2 APPLICATION OF THE GENETIC ALGORITHM TO AESTHETIC DESIGN
OF DAM STRUCTURES, H. Furutat, H. Haset, E. Watanabet, T. Tonegawaf,
and H. Morimoto}, tDepartment of Civil Engineering, Kyoto University, Kyoto,
Japan, {Construction Technology Institute, Osaka, Japan . ... ... ... ...

6.3 AN ENHANCED GENETIC ALGORITHM FOR STRUCTURAL DESIGN OP-
TIMIZATION, W.M. Jenkins, Department of Civil Engineering, University of
Leeds, Leeds, England . . . ... ... ... ... o

6.4 APPLICATION OF THE GENETIC ALGORITHM TO THE MULTI-OBJECT-
IVE DESIGN OF RETAINING WALL STRUCTURES, H. Sugimotot, H. Yama-
motot, T. Sasaki} and J. Mitsuo}, {Muroran Institute of Technology, Muroran,
Japan, {Civil Engineering & Design Department, Tokyu Construction Co, Ltd.,
Tokyo, Japan . . . . . . . . e e e e e e e e e

GENETIC ALGORTHIMS IN CIVIL & CONSTRUCTION ENGINEER-

ING

7.1 USE OF GENETIC ALGORITHMS IN A COMPUTER SYSTEM FOR A MULTI
OBJECTIVE ENGINEERING PROBLEM, J.C. Miles, J.N. Hooper and J. Brad-
shaw, Division of Civil Engineering, School of Engineering, University of Wales
Cardiff, Wales . . . . . . . . . e e e e e e

7.2 OPTIMUM RESOURCE ALLOCATION IN CONSTRUCTION PROJECTS US-
ING GENETIC ALGORITHMS, K. Sathyanarayana, S. Rajeev, S.N. Kalidindi
and V. Kalyanaraman, Department of Civil Engineering, Indian Institute of Tech-
nology, Madras,India . . . ... ... .. ... o o

ENGINEERING OPTIMIZATION USING SIMULATED ANNEALING

8.1 TOPOLOGICAL DESIGN OF TRUSS STRUCTURES USING SIMULATED
ANNEALING, B.H.V. Topping, A.I. Khan and J.P. de Barros Leite, Department
of Civil and Offshore Engineering, Heriot-Watt University, Edinburgh, Scotland .

ii

151



o PREFACE o

This volume contains some of the papers presented at CIVIL-COMPY3, The Fifth Inter-
national Conference on Civil and Structural Engineering Computing and Artificial Intelligence
CIVIL-COMPY3, The Third International Conference in the Application of Artifical Intelligence
to Civil and Structural Engineering. These conferences were held currently from 17th - 19th Au-
gust 1993 at Heriot-Watt University, Edinburgh, Scotland. Other papers from these conferences
are published in:

¢ Information Technology for Civil and Structural Engineers,

Civil-Comp Press, (ISBN 0-948749-16-14)

¢ Developments in Civil and Construction Engineering Computing,
Civil-Comp Press, (ISBN 0-948749-17-2)

e Knowledge Based Systems for Civil and Structural Engineering,
Civil-Comp Press, (ISBN 0-948749-19-9)

e Developments in Structural Engineering Computing,
Civil-Comp Press, (ISBN 0-948749-20-2)

¢ Developments in Computational Engineering Mechanics,
Civil-Comp Press, (ISBN 0-948749-21-0)
We should like to thank all the authors for their contribution and in particular those who
travelled to Edinburgh to present their papers at the Conferences. We should also like to thank
members of the Conference Advisory Boards for their assistance.

The members of the CIVIL-COMP93 Conference Advisory Board were: Dr T.J.A. Agar,
University of Glasgow, U.K.; Dr R.J. Allwood, University of Technology, Loughborough, U.K.;
Dr M.R. Barnes, The City University, London, U.K.; Dr P. Bhatt, University of Glasgow, U.K.;
Dr J.W. Bull, University of Newcastle upon Tyne, U.K.; Dr H.C. Chan, University of Hong
Kong, Hong Kong; Professor Chang-Koon Choi, Korea Advanced Institute of Science and Tech-
nology, South Korea; Professor J Christian, University of Brunswick, Canada; Professor B.M.
Das, Southern Illinois University at Carbondale, United States of America; Professor H. Es-
chenauer, University of Seigen, Germany; Professor D. Frangopol, University of Colorado at
Boulder, United States of America; Professor J.A. Teixeira de Freitas, Universidade Tecnica de
Lisboa, Portugal; Professor D.E. Grierson, University of Waterloo, Canada; Professor G. Guer-
lement, Faculte Polytechnique Mons, Belgium; Professor E. Hinton, University College of Wales,
Swansea, U.K.; Professor K.C. Hover, Cornell University, United States of America; Professor
A. Jennings, The Queen’s University of Belfast, U.K.; Professor A. Kaveh, Iran University of
Science and Technology, Iran; A.I. Khan, Heriot-Watt University, Edinburgh, U.K.; Professor
U. Kirsch, Technion - Israel Institute of Technology, Israel, Dr R Levy, Technion - Israel Insti-
tute of Technology, Israel; Professor I.A. MacLeod, University of Strathclyde, Glasgow, U.K.;
Professor I. May, Heriot-Watt University, Edinburgh, U.K.; Professor R. McCaffer, University
of Technology, Loughborough, U.K.; Professor J.L. Meek, University of Queensland, Australia;
Professor R.E. Melchers, The University of Newcastle, Australia; Professor M. Papadrakakis,
National Technical University of Athens, Greece; Dr F. Papp; Technical University of Budapest,
Hungary; Dr M. Pavlovic, Imperial College, London, U.K.; Dr R. Powell, Brunel University,
U.K.; Professor R. Richard, The University of Arizona, United States of America; Professor
G. De Roeck, Katholieke Universiteit te Leuven, Belgium; Professor G. Rozvany, University of
Essen, Germany; Professor R.L. Sack, University of Oklahoma, United States of America; Pro-
fessor M.P. Saka, University of Bahrain, State of Bahrain; Professor A. Samartin, Mechanica de
los Medios Continuos, Spain; Professor N. Shiraishi, Kyoto University, Japan; Professor L.M.C.
Simoes, University of Coimbra, Portugal; Dr G. Singh, University of Leeds, U.K.; Dr T.D. Sloan,
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Professor N.S. Trahair, The University of Sydney, Australia; Dr G.J. Turvey, University of Lan-
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Taipei, Taiwan.
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