INNOVATION
IN
CIVIL AND STRUCTURAL
ENGINEERING






INNOVATION
IN
CIVIL AND STRUCTURAL
ENGINEERING

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

CIVIL-COMP PRESS



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

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

© 1997, Civil-Comp Limited

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

ISBN 0-948749-50-4

Printed in the Scottish Borders
by

MEIGLE PRINTERS LIMITED
Galashiels, Scotland



<CONTENTS

1. HISTORICAL PERSPECTIVES ON INNOVATION

1.1 THE DEVELOPMENT OF THE BEAM, R.J. Grew, School of Architecture and Building Design, The University of
Liverpool, Liverpool, United KinGAOM ..........ccccuiiriiiciieinieiiniirieeie ettt see st e st aene b s essebesaesteseees 1

1.2 ON THE SHOULDERS OF GIANTS, F.E. Griggs, Clough, Harbour & Associates LLP, Albany, United States of
ANETICA. ...ttt sttt ettt s b et bt e bt s b e s bt bttt e b e 1o et e et e e R e e e S et enbe ke erebaebeesbertenteerenssereernnne 9

1.3 TO INNOVATE OR NOT? A NINETEENTH CENTURY OVERVIEW USING JESSE HARTLEY AS A CASE
STUDY, A. Jarvis, Merseyside Maritime Museum, Liverpool, United Kingdom.............c.cccocovvvrvicriiieneinieereeennns 21

1.4 JOB NUMBER 37, MORE THAN AN EARLY BLUEPRINT: PRINCE'S JETTY, LIVERPOOL AND ITS PLACE
IN THE HISTORY OF REINFORCED CONCRETE ENGINEERING INNOVATION, K.G. Smith* and A.E.
Jarvis#, *Department of Civil Engineering, University of Liverpool, Liverpool, United Kingdom, #Centre for Port
and Maritime History, University of Liverpool, Liverpool, United Kingdom...........c...c.ccovvirviniiniicceiicr e 29

1.5 REINFORCED-CONCRETE THROUGH ARCH BRIDGES IN JAPAN, J. Konishi* and S. Baba#, *Shinsyu
University, Japan, #Department of Environmental and Civil Engineering, Okoyama University, Okoyama,
JAPAN. ...ttt et ettt ettt e s et et e e e e b s b e e bt et e st e ebenseennens 35

1.6 THE CONCRETE WORK OF THE LMS NCC NORTHERN IRELAND, M.H. Gould, Department of Civil
Engineering, The Queen's University of Belfast, Belfast, United Kingdom.........c.cocoiiiviiivninnnnineeeeeeeen 41

2. FORM: ARCHITECTURAL AND STRUCTURAL SPACES

2.1 THE GENERATION OF BONE-LIKE FORMS USING ANALYTIC FUNCTIONS OF A COMPLEX VARIABLE,

E.A.O. Nsugbe and C.J.K. Williams, School of Architecture and Civil Engineering, University of Bath, Bath, United

KEAOM ..ottt e d e s b e bbb b e ab et e kb eane b e eh e ene et ene b 47

2.2 POLYHEDRA: SPACE AND STRUCTURE, J.F. Gabriel and I. Markov, School of Architecture, Syracuse
University, Syracuse, United States of AMEIICA........ccocioiiiiiriiiiiiiice ettt esre e 53

2.3 THE PROCESSING OF COMPLEX OR HYBRID TEXTILE STRUCTURES, M. Mollaert, Department of
Architecture, Brussels Free University, Brussels, Belgium.........c..coiiiiiiiiiiieec e 63

3. SPACE STRUCTURES

3.1 ARCHITECTURAL VISUALISATION OF STRUCTURAL INNOVATIONS, O. Vanggaard, School of
Architecture, The Royal Danish Academy of Fine Arts, Copenhagen, Denmark..........cccoecerveninceeniienineeeenenne 71

3.2 PRISMOIDAL STRUCTURES, P. Huybers, Department of Civil Engineering, Delft University of Technology, Delft,
The Netherlands 79

3.3 DEPLOYABLE STRUCTURES, C.H. Hernandez, Faculty of Architecture, Central University of Venezuela,
Caracas, Venezuela ..., ettt h ettt e ettt E et h e e bt b et be ettt e e sae b et et 89

3.4 LARGE-SPAN COMPLEX SPACE AND SPATIAL STRUCTURES, U.A. Tarno. Talinn Technical University,
TAlliND, ESTOMIA .oiooouiviieieie ettt ee e et e e et e e et e e eeate e e saaaeeeeabeeeastessetessseabesesstresesstees sasseseessaneessnnaeessonnessanas 99

4. REINFORCED CONCRETE STRUCTURES

4.1 THE MFP SYSTEM OF CORROSION INHIBITION FOR REINFORCED CONCRETE, M.D. Haynes* and B.
Malric#, *Balvac Whitley Moran Ltd., Alfreton, United Kingdom, #Locher & Cie S.A., Geneva, Switzerland.... 105



4.2 PUNCHING SHEAR ANALYSIS OF EDGE SLAB-COLUMN CONNECTIONS, J.L.P. Melges, L.M. Pinheiro and
F.R. Stucchi, Department of Structural Engineering, University of Sao Paulo, Sao Carlos, Brazil ....................... 113

4.3 ULTIMATE CAPACITY OF HIGH PERFORMANCE CONCRETE COLUMNS UNDER AXIAL LOAD, F.B.
Lima, J.S. Giongo and L.M. Pinheiro, Department of Structural Engineering, University of Sao Paulo, Sao Carlos,
BIAZILo.ceieiiiiect ettt sttt st e a st h e e e b e et e ae et ek eara s Rt enseree st eereaneesnans 125

4.4 MEMBRANE EFFECTS IN REINFORCED CONCRETE FRAMES - A PROPOSAL FOR CHANGE IN THE
DESIGN OF FRAMED STRUCTURES, A.W. Beeby and F. Fathibitaraf, Civil Engineering Department, Leeds
University, Leeds, United KINZAOM ........c.ccoiiiiiiiniiiiiiii ettt st sttt ese e sas e saans 135

4.5 RC COUPLED SHEAR WALL STRUCTURES: SINGLE AND MULTIPLE BANDS OF OPENINGS, N.K.
Subedi, A.K. Marsono and G. Aguda, Department of Civil Engineering, University of Dundee, Dundee, United
KINZAOM....tieietes ettt ettt ettt s e e bt ee e s Rt e se et etesa s be st b e st b eseseneesanen 147

4.6 A NOVEL APPROACH TO LOWER BOUND MOMENT FIELDS FOR THE DESIGN OF FLAT PLATES AND
FLAT SLABS, D.H. Clyde, Department of Civil Engineering, The University of Western Australia, Nedlands,
AAUSITAIIA. ...ttt ettt ettt b et st et e st e b et et e e et e e e a e e a et et ekt ee e h e e b et et et e R e eaeeh et e ee et eabasneeraestensearanrante 161

4.7 COMPUTER-AUTOMATED DESIGN BASED ON STRUCTURAL PERFORMANCE CRITERIA, G.M. Barsan
and M. Dinsoreanu, Civil Engineering Department, Technical University of Cluj-Napoca, Cluj-Napoca,
ROIMIANMIA. c.cviteeies ceiiieiteiercettet ettt ettt b ettt st eatehese et e e et et b e ot s aea e ee e s e b et e s et es e s b e s et enestesaetassaneeneabansatesanabens 167

4.8 NONLINEAR STRUT-TIE MODEL APPROACH AND ITS APPLICATION TOOL FOR ANALYSIS AND
PRACTICAL DESIGN OF STRUCTURAL CONCRETE, Y.M. Yun, Department of Civil Engineering, Kyungpook
National University, Taggu, KOTEa........c..eceiiiiiiiiiiiiiiiiiint ittt ettt et et ena e e esaeessaanns 173

4.9 CREEP INDUCED MOMENT REDISTRIBUTION IN REINFORCED CONCRETE STRUCTURES, F.A. Ali*
and P.J.B. Morrell#, *School of the Built Environment, University of Ulster, Jordanstown, United Kingdom,

#School of Engineering, University of Sussex, Brighton, United Kingdom..........c.ccccooenvinnienenneniiicnrieneeeeneens 183
5. STEEL STRUCTURES
5.1 PLASTIC DESIGN OF STEEL BEAMS IN TORSION, N.S. Trahair and Y.-L. Pi, Centre for Advanced Structural
Engineering, The University of Sydney, Sydney, Australia ...t 193
5.2 BENDING RESISTANCE OF STEEL I-BEAMS RESTRAINED BY U-FRAMES, E.J. Jeffers, Mouchel Consulting
Limited, West Byfleet, United KingdOm .........c.c.oiiiiiiiiiiiiic et 201
5.3 OPTIMUM SHAPE DESIGN OF COLD FORMED THIN WALLED STEEL SECTIONS, S. Al-Mosawi and M.P.
Saka, Civil Engineering Department, University of Bahrain, Bahrain .........c..cocccceoveiniiinnnnicesn e 215
6. TIMBER STRUCTURES

6.1 IMPROVING THE DUCTILITY OF TIMBER JOINTS BY THE USE OF HOLLOW STEEL DOWELS, Z.W.
Guan and P.D. Rodd, Structural Timber Research Unit, University of Brighton, Brighton, United Kingdom ...... 229

7. DESIGN OF SPECIAL STRUCTURES

7.1 RECENT DEVELOPMENTS IN HIGHWAY SIGN AND SIGNAL GANTRIES, P. Tatlow, Mouchel Consulting
Limited, West Byfleet., United Kingdom ...........cccciiiiiiiiiiie ettt sve et esee e saesraessaesaneerea e 241

7.2 EFFICIENT ANALYSIS AND DESIGN OF DOWN-AISLE PALLET RACK STRUCTURES, M.H.R. Godley*,
R.G. Beale* and X. Feng#, *Civil Engineering and Building Division, Oxford Brookes University, Oxford, United
Kingdom, #Department of Aeronautics, Imperial College of Science & Technology, London, United
KINZAOM. ..ttt et bttt b b et a bt eb e et b e et e emeemtab e earanesheeareneensasbansanressaensenses 249



8. DESIGN OF BRIDGES AND DECKS

8.1 INNOVATIVE CONTINUOUS PRESTRESSED CONCRETE BRIDGE DECK SUB-PANEL, S.S. Badie, M.C.
Baishya and M.K. Tadros, Civil Engineering Department, University of Nebraska, Omaha, United States of
AINIEIICA. c.. et ettt ettt et re et ea e e ae s st e bt st e bt sate s b et be s e saeaereabeeaRse b e arsesaeentesneeabeensansenneentseneees 259

8.2 SERVICEABILITY LIMIT STATE - CRACK WIDTH CALCULATION OF EXISTING DECK SLAB OF A

JETTY BERTH BY USING FINITE ELEMENT ANALYSIS, K. Nag, Parsons Group International Limited,
London, United KINZAOM ........ooiiriiiiiiie ettt et e e st aeastesssesaeeaeaeteennseaneeseeessentsenssanesenssenses 275

9. ANALYSIS AND DESIGN OF ARCH BRIDGES

9.1 MASS CONCRETE ARCHES, C. Melbourne and S. Njumbe, Department of Civil and Environmental Engineering,
University of Salford, Salford, United Kingdom.......c...ccooiriiiieiiiiiir ettt ere e 285

9.2 SKEW ARCH BRIDGES, P.J. Wade, Mouchel Consulting Limited, Birmingham, United Kingdom................... 293
9.3 THE EFFECT OF MATERIAL STIFFNESS UPON THE MODAL CHARACTERISTICS OF ARCH BRIDGES,

A. Bensalem, C.A. Fairfield and A. Sibbald, Department of Civil and Transportation Engineering, Napier
University, Edinburgh, United Kingdom ..........ccocoiiiiiiiiii ettt a e er e et et a s eveeanees 301

10. DESIGN LOADINGS

10.1 HUMAN INDUCED LOADING OF FLEXIBLE STAIRCASES, S.C. Kerr and N.W.M. Bishop, Department of
Mechanical Engineering, University College of London, London, United Kingdom ...........ccccooiininiincnnnncnnn. 311

11. RE-DESIGN, RENOVATION AND REPAIR

11.1 THE ASSESSMENT AND STRENGTHENING OF PUENTE DUARTE SUSPENSION BRIDGE, H.R. Hobbs
and M.J. Taylor, Mouchel Consulting Limited, West Byfleet, United Kingdom..........c.ccccooenenininiininneneninenne 319

11.2 DESIGN AND CONSTRUCTION OF A STRUCTURALLY INDEPENDENT STACK EXTENSION, H.L.
Epstein* and G. Torello#, *Department of Civil Engineering, University of Connecticut, Storrs, United States of
America, #Torello Engineers, Essex, United States of AMEriCa..........covviviiiiiniinniiiiiee e 331

12. MEMBRANE AND CABLE STRUCTURES

12.1 ANALYSIS OF STRUCTURES WHICH INCLUDE CABLES AND FABRICS, A. Recuero and J.P. Gutierrez,
Instituto Eduardo Torroja, Madrid, SPain.......c..cceeriiiiiiiiiiiicecicee ettt 341

12.2 EVALUATION OF DIRT-REPELLENT PROPERTY OF COATED FABRICS FOR MEMBRANE
STRUCTURES, H. Toyoda, Taiyo Kogyo Corporation, Osaka, Japan ............ccceeiiiviiienininenieniececeecree 347

13. TESTING OF PROTOTYPE STRUCTURES

13.1 INSTABILITY OF TUBE-STIFFENED PROLATE DOMES UNDER UNIFORM EXTERNAL PRESSURE,
C.T.F. Ross, Department of Mechanical and Manufacturing Engineering, University of Portsmouth, Portsmouth,
UNIEd KIMZAOIML. . ...ttt ettt s s bttt b e ebt e st s b e bt st ese et e nesrentesbae s 353

13.2 USE OF A PROFILED LEAD LAYER TO REDUCE LOAD TRANSFER ONTO MASONRY, M.K. Sahota and
JR. Riddington, School of Engineering, University of Sussex, Brighton, United Kingdom ......c..c...ccoooovvvvmiennn. 361

13.3 LOADING TESTS AND MONITORING OF BRIDGES, L. Fryba and M. Pirner, Institute of Theoretical and
Applied Mechanics, Prague, Czech Republic .........cocoouiiiiiiiiiiec et 367

iii



13.4 COLLAPSE OF DOME CUPS UNDER UNIFORM EXTERNAL PRESSURE, C.T.F. Ross, Department of
Mechanical and Manufacturing Engineering, University of Portsmouth, Portsmouth, United Kingdom.............. 375

v



+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: historical perspectives on innovation; form
of architectural and structural spaces; space structures; reinforced concrete structures; steel
structures; timber structures; design of special structures; design of bridges and decks; analysis and
design of arch bridges; design loadings; re-design, renovation and repair; membrane structures; and
testing of prototype structres. 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 Engineering for Seismic Regions
Civil-Comp Press, 1997, ISBN 0-948749-49-0
® 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.

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



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. I. 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.I. 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

vi

I. Liddell, UK

M.B. Lohn, UK

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

Dr. M. Malinowsky, France
Professor H.A. Mang, Austria
Professor I. 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. Schiaich, 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.



	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf
	9.pdf
	10.pdf

