ARTIFICIAL INTELLIGENCE
APPLICATIONS
IN
CIVIL AND STRUCTURAL
ENGINEERING






ARTIFICIAL INTELLIGENCE
APPLICATIONS
IN
CIVIL AND STRUCTURAL
ENGINEERING

Edited by
B. Kumar and B.H.V. Topping

CIVIL-COMP PRESS



CIVIL-COMP PRESS
10 Saxe-Coburg Place
Edinburgh, EH3 5BR, UK

'CIVIL-COMP PRESS is an imprint of Civil-Comp Limited

© 1999, Civil-Comp Limited

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

ISBN 0-948749-64-4

Printed in the Scottish Borders
by

MEIGLE PRINTERS LIMITED
Galashiels, Scotland



<CONTENTS

1. STRUCTURAL ENGINEERING: KNOWLEDGE BASED SYSTEMS

1.1 A KNOWLEDGE-BASED SYSTEM FOR PRELIMINARY TUNNEL SUPPORT DESIGN, S-A Chou*, H-C Kao%
and J. Wang+, *Sinotech Engineering Consultants Ltd, Taiwan, <Sinotech Engineering Consultants Ltd, Taiwan,
+Department of Civil Engineering, Tamkang University, TAIWAN .......ccccccetviiiieiiiiiiiiireenieieeeeeee s eenvivareesesasenes 1

1.2 DEVELOPMENT OF A BRIDGE MANAGEMENT SYSTEM FOR EXISTING BRIDGES, A. Miyamoto, K.
Nakamura, and H. Nakamura, Department of Computer and Systems Engineering, School of Science and
Engineering,Yamaguchi University, UDe, JAPAN ............uviiiieriiriiiiiiieieeetitteiesceniiiieeesesesesnvenressessesesnsssessssaans 7

1.3 A WORLD WIDE WEB BASED CRANE INFORMATION SYSTEM FOR STRUCTURAL DESIGNERS, T.J.
McCarthy and D. Ruikar, Department of Civil and Structural Engineering, UMIST, Manchester, England............ 23

1.4 A MECHANISM FOR DECISION SUPPORT IN OOP APPLICATIONS OF INTEGRATED STRUCTURAL
DESIGN, W. Tizani and A.S. Whitehead, School of Civil Engineering, University of Nottingham, England ........ 31

1.5 DEVELOPMENT OF VISUALIZED SAFETY MANAGEMENT SYSTEM FOR CONSTRUCTION WORKS OF
PRESTRESSED CONCRETE BRIDGE, M. Hirokane*, A. Miyamoto+, H. Konishi$, and Y. Fujioka#, *Kansai
University, Osaka, Japan,+Yamaguchi University, Yamaguchi, Japan, $Japan Bridge Co. Ltd., Osaka, Japan, #P.S.
Corporation, HiroShima, JAPAN .........c.cceciiiiiiiiiieeecieecttesceestre s e eberesere e svasete e ebaeeesbeeenbeasasesessseeaaraesseassnen 37

2. ARTIFICIAL INTELLIGENCE BASED TOOLS IN STRUCTURAL ENGINEERING

2.1 DYNAMIC STRAIN SIGNATURES OF RC SLABS FOR AI-BASED CONDITION MONITORING, H.C. Tan,
0.0.R. Famiyesin and M.S. Imbabi,Department of Engineering, University of Aberdeen, Scotland..................... 45

3. KNOWLEDGE BASED AND DECISION SUPPORT SYSTEMS: CONSTRUCTION ENGINEERING

3.1 AN APPROACH TO A FUZZY-BASED DECISION SUPPORT SYSTEM FOR CONSTRUCTION PROJECT
TEAMS, H.M. Yang and C.J. Anumba, Department of Civil and Building Engineering, Loughborough University,
ENEIANG ... ettt ettt ettt ettt e st e e e e aeasr e e e ra et e e e bee s bas e s ab e e ket e na e eunnee shbe e e baesnnesees e sbsesbe s 53

32 THE APPLICATION OF EXPERT SYSTEMS TO CONTROLLING WORKFLOW WITHIN THE
CONSTRUCTION MANAGEMENT ENVIRONMENT, C. Duvel and R. Issa, College of Architecture, Rinker
School of Building Construction, University of Florida, Gainsville, United States of America..........ccccecevvvrvrnnnees 61

3.3 USING ARTIFICIAL INTELLIGENCE TO MAXIMISE THE BENEFITS OF INFORMATION IN PROJECT
CONTROL, G. Al-Mohamdi* and M.J. Mawdesley+, *Ministry of Defence, Saudi Arabia, +University of
Nottingham, ENgland ..........coiiiiiiiie ettt et e st e bt e e e s te st eeae e ereeeaeeenreereeeres 73

4. NEURAL NETWORKS FOR STRUCTURAL ENGINEERING

4.1 DAMAGE DIAGNOSIS OF EXISTING REINFORCED CONCRETE STRUCTURES, C-H Tsai and D-S Hsu,
Department of Civil Engineering, National Cheng Kung University, Tainan, Taiwan..........cc..cccvevveereeereerienineenns 85



4.2 ANALYSIS AND DESIGN OF DOUBLE LAYER GRIDS USING NEURAL NETWORKS, A. Kaveh and H.
Servati, Iran University of Science and Technology, Tehran, Iran.........cccccevvvreriieeciieeeenieeeenereeeescsseeeseneessnessne 93

4.3 ESTIMATING THE PERFORMANCE OF EXTERNALLY REINFORCED CONCRETE BEAMS USING
NEURAL NETWORKS, I. Flood and L.C. Muszynski, University of Florida, Gainesville, United States of
AINETICA 1eeeveeeeereiirieieieieteeeeeeeetetetetererratrterereteestsesarsrrettetesesstesteseeasesssssssssssssnsssssssssessstesssssssssnsssssssnsnssensnsnnnn 103

5. NEURAL NETWORKS IN CIVIL ENGINEERING

5.1 GUIDELINES FOR DESIGNING NEURAL NETWORKS FOR CIVIL ENGINEERING APPLICATIONS, M.Y.
Rafiq, School of Civil and Structural Engineering, University of Plymouth, United Kingdom...............ccveurennen. 109

5.2 NEURAL NETWORK MODELS FOR THE DESIGN OF PILE FOUNDATIONS, R. Liang, N.O. Nawari and J.
Nusairat, Department of Civil Engineering, University of Akron, United States of America........ccccccceceeerennnnne 117

5.3 WAVE FORECASTING USING NEURAL NETWORK MODEL, C-P. Tsai* J-N. Shen* and T. Kerh+,
*Department of Civil Engineering, National Chung-Hsing University, Taichung, Taiwan, +Department of Civil
Engineering, National Pintung, University of Science and Technology, Pingtung, Taiwan ..........c.c.cccvvueveeereenen. 125

5.4 IDENTIFICATION FOR CRITICAL SPEEDS OF AN ORTHOTROPIC RECTANGULAR PLATE IN A
SUPERSONIC FLOW USING NEURAL NETWORKS, I. Takahashi, Department of Mechanical Engineering,
Kanagawa Institute of Technology, Kanagawa, JAPan ............ccccecceeriereerccceroiersienssssnesisissssrerssesssneessssssssssesrens 131

5.5 MODELLING THE SOIL BEHAVIOUR IN UNIAXIAL STRAIN CONDITIONS BY NEURAL NETWORKS, G.
Turk, J. Logar and B. Majes, Faculty of Civil and Geodetic Engineering, University of Ljubljana, Slovenia........ 139

5.6 PREDICTION OF ULTIMATE SHEAR STRENGTH OF REINFORCED CONCRETE DEEP BEAMS USING
NEURAL NETWORKS, A. Sanad* and M.P. Saka+, *Ministry of Housing, Municipal Affairs, State of Bahrain,
+Civil Engineering Department, University of Bahrain, State of Bahrain............cccoviivinicnninnc, 147



+PREFACE«
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Structural Engineering, held concurrently [3-15 September 1999, at Oxford, England. The papers in this volume
include the following topics: Structural Engineering Knowledge Based Systems; Artificial Intelligence Based Tools in
Structural Engineering; Knowledge Based and Decision Support Systems: Construction Engineering; Neural Networks
for Civil Engineering; and Neural Networks in Civil Engineering. Other papers from the conferences are published in:

® Computer Techniques for Civil and Structural Engineering
Civil-Comp Press, 1999, ISBN 0-948749-60-1
@® Developments in Analysis and Design using Finite Element Methods
Civil-Comp Press, 1999, ISBN 0-948749-61-X
® Optimization and Control in Civil and Structural Engineering
Civil-Comp Press, 1999, ISBN 0-948749-62-8
® Novel Design and Information Technology Applications for Civil and Structural Engineering
Civil-Comp Press, 1999, ISBN 0-948749-63-6
® Computing Developments in Civil and Structural Engineering
Civil-Comp Press, 1999, ISBN 0-948749-65-2
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Dicken, UK, Dr G. Degrande, Belgium, E.W. East, USA, Dr M.Eisenberger, [srael, Dr L.Z. Emkin, USA, Dr O.O.R.
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Mirza, Canada, Professor A. Miyamoto, Japan, Professor G. Muscolino, Italy, Dr A Nadjai, UK, Professor M.
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