IVI(.:"nderﬁ
Suspension

Bridge

Solving the Dilemma between
Economy and Stiffness

Tadaki Kawada
Translated by Harukazu Ohashi ASCE

Edited by Richard Scott PRESS

This is a preview. Click here to purchase the full publication. |



https://www.civilenghub.com/ASCE/165259346/History-of-the-Modern-Suspension-Bridge-Solving-the-Dilemma-between-Economy-and-Stiffness?src=spdf

History of the Modern
Suspension Bridge

| This is a preview. Click here to purchase the full publication. |


https://www.civilenghub.com/ASCE/165259346/History-of-the-Modern-Suspension-Bridge-Solving-the-Dilemma-between-Economy-and-Stiffness?src=spdf

Other Titles of Interest

Beyond Failure: Forensic Case Studies for Civil Engineers, by Norbert J.
Delatte Jr. (ASCE Press, 2009). Narrates the circumstances of important
failures that have had wide-reaching impacts on civil engineering practice.
(ISBN 978-0-7844-0973-2)

Bridginess: More of the Civil Engineering Life, by Brian Brenner. (ASCE
Press, 2009). Offers an entertaining appraisal of the mindset, practice, and

profession of civil engineers, with a focus on the technical, social, and sym-
bolic lives of bridges. (ISBN 978-0-7844-1040-0)

Engineering Legends: Great American Civil Engineers, by Richard G. Wein-
gardt. (ASCE Press, 2005). Sketches the lives and achievements of 32 great U.S.
civil engineers, from the 1700s to the present. (ISBN 978-0-7844-0801-8)

In the Wake of Tacoma: Suspension Bridges and the Quest for Aerodynamic
Stability, by Richard Scott. (ASCE Press, 2001). Comprehensively describes
the changes imposed on the design of suspension bridges as a result of the 1940
collapse of the first Tacoma Narrows Bridge. (ISBN 978-0-7844-0542-0)

Landmark American Bridges, by Eric DeLony. (ASCE Press, 1993). Presents
photographs and descriptions of more than 990 historic bridges, tracing the
evolution of U.S. bridge building. (ISBN 978-0-87262-857-1)

Washington Roebling’s Father: A Memoir of Jobhn A. Roebling, edited by
Donald Sayenga. (ASCE Press, 2009). Portrays the life and achievements of
a legendary engineer through the eyes of his equally accomplished son, with

annotations for hundreds of people, places, events, and technologies. (ISBN
978-0-7844-0948-0)

| This is a preview. Click here to purchase the full publication. |


https://www.civilenghub.com/ASCE/165259346/History-of-the-Modern-Suspension-Bridge-Solving-the-Dilemma-between-Economy-and-Stiffness?src=spdf

History of the Modern
Suspension Bridge

Solving the Dilemma between
Economy and Stiffness

TaDpAKI KAwWADA
TRANSLATED BY HARUKAZU OHASHI
EDpITED BY RICHARD ScoTT

ASCE
PRESS

| This is a preview. Click here to purchase the full publication. |


https://www.civilenghub.com/ASCE/165259346/History-of-the-Modern-Suspension-Bridge-Solving-the-Dilemma-between-Economy-and-Stiffness?src=spdf

Library of Congress Cataloging-in-Publication Data

Kawada, Tadaki, 1935-
[Kindai tsuribashi no rekishi. English]
History of the modern suspension bridge : solving the dilemma between economy and stiffness /
Tadaki Kawada ; translated by Harukazu Ohashi ; edited by Richard Scott.
p. cm.
Includes bibliographical references and index.
ISBN 978-0-7844-1018-9
1. Suspension bridges—Design and construction—History. 1. Scott, Richard, 1956
Feb. 10- II. Title.
TG400.K34213 2011
624.2°309—dc22
2009049073

Published by American Society of Civil Engineers
1801 Alexander Bell Drive

Reston, Virginia 20191

www.pubs.asce.org

Any statements expressed in these materials are those of the individual authors and do not necessar-
ily represent the views of ASCE, which takes no responsibility for any statement made herein. No
reference made in this publication to any specific method, product, process, or service constitutes
or implies an endorsement, recommendation, or warranty thereof by ASCE. The materials are for
general information only and do not represent a standard of ASCE, nor are they intended as a refer-
ence in purchase specifications, contracts, regulations, statutes, or any other legal document.

ASCE makes no representation or warranty of any kind, whether express or implied, concern-
ing the accuracy, completeness, suitability, or utility of any information, apparatus, product, or
process discussed in this publication, and assumes no liability therefor. This information should
not be used without first securing competent advice with respect to its suitability for any general
or specific application. Anyone utilizing this information assumes all liability arising from such
use, including but not limited to infringement of any patent or patents.

ASCE and American Society of Civil Engineers—Registered in U.S. Patent and Trademark Office.

Photocopies and reprints. You can obtain instant permission to photocopy ASCE publica-
tions by using ASCE’s online permission service (http://pubs.asce.org/permissions/requests/).
Requests for 100 copies or more should be submitted to the Reprints Department, Publications
Division, ASCE (address above); e-mail: permissions@asce.org. A reprint order form can be
found at http://pubs.asce.org/support/reprints/.

Cover photographs courtesy of Jason Hsu/Wikimedia Commons (Akashi Kaikyo Bridge) and
Mary K. Baird/MorgueFile (Spider web).

Copyright © 2010 by the American Society of Civil Engineers.
All Rights Reserved.
ISBN 978-0-7844-1018-9
Text originally published in Japanese by Kensetsutosho.
© 2002 Tadaki Kawada
ISBN 4-87459-216-3
Manufactured in the United States of America.

181716151413 121110 12345

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ASCE/165259346/History-of-the-Modern-Suspension-Bridge-Solving-the-Dilemma-between-Economy-and-Stiffness?src=spdf
www.pubs.asce.org
http://pubs.asce.org/permissions/requests/
http://pubs.asce.org/support/reprints/

Contents

PREFACE TO THE ENGLISH EDITION ..........

PREFACE. . . .t ittt it it et i it i it eea e

ACKNOWLEDGMENTS . ....... ...,

1  The Emergence of Modern

Suspension Bridges . . ..............

The Universality of Primitive Suspension

Bridges and Their Structure 1

Suspension Bridges Were Unknown to Western

Civilization until the Medieval Period

The Birth of the Modern Suspension Bridge

Finley’s Glory and Setback 21

2 Trials and Errors in Europe ...........

Introduction to the United Kingdom
Accidents in the United Kingdom and

Problems Relating to Stiffness 36

Introduction to France 46

French-Style Suspension Bridges 52

Early Suspension Bridge Theory and
Its Limitations 60

This is a preview. Click here to purchase the full publication.

18


https://www.civilenghub.com/ASCE/165259346/History-of-the-Modern-Suspension-Bridge-Solving-the-Dilemma-between-Economy-and-Stiffness?src=spdf

vi HISTORY OF THE MODERN SUSPENSION BRIDGE

3

North American Engineers Develop the
Rigid Suspension Bridge . .. ............... 71

Homecoming to America 71

The Niagara Railway Suspension Bridge 77
John Roebling 80

The Brooklyn Bridge 86

Emergence of the Deflection Theory
and Its Development..................... 97

Theory of the Stiffened Suspension Bridge 97
The Emergence of the Deflection Theory 102
The Development of Suspension Bridges in

the Early Twentieth Century 106
The Trend toward Longer Spans 110
Two Large Projects in San Francisco 117

Ambush: The Dynamics of Wind ............ 129

Disaster of the Tacoma Narrows Bridge 129

The Dynamics of Wind 135

Inevitable Accident or Human Error? 140

Aftermath in America following the Tacoma
Narrows Bridge Disaster 146

New Developments beyond North America . ...159

From North America to Europe: British
Challenge for Innovation 159

Aerofoil Revolution 164

Glory and Tragedy of the Severn Bridge 172

Mass: Engineers’ Forgotten Asset 182

Two Record-Breaking Suspension Bridges . . ... 193

Japan’s Akashi Kaikyo Bridge 193

Denmark’s Storebalt Bridge 201

The End of the Century: The Millennium
Bridge 214

| This is a preview. Click here to purchase the full publication. |


https://www.civilenghub.com/ASCE/165259346/History-of-the-Modern-Suspension-Bridge-Solving-the-Dilemma-between-Economy-and-Stiffness?src=spdf

CONTENTS vii

8  Epilogue: No End to the Dilemma . .......... 225

The Development of Modern Suspension

Bridges and Stiffness 225
Prospects for the Twenty-First Century 227
Lessons from History: Concluding Remarks 233

| This is a preview. Click here to purchase the full publication. |


https://www.civilenghub.com/ASCE/165259346/History-of-the-Modern-Suspension-Bridge-Solving-the-Dilemma-between-Economy-and-Stiffness?src=spdf

This page intentionally left blank

| This is a preview. Click here to purchase the full publication. |


https://www.civilenghub.com/ASCE/165259346/History-of-the-Modern-Suspension-Bridge-Solving-the-Dilemma-between-Economy-and-Stiffness?src=spdf

Preface to the English Edition

JAPAN, FROM HUMBLE FORAYS INTO THE FIELD IN THE
1950s, today stands as a leading builder of suspension
bridges. Its engineers have taken tremendous strides over
the past four decades, brilliantly adapting contemporary
practice emerging out of the ashes of the 1940 collapse of
the Tacoma Narrows Bridge, and devising new methods
of analysis, design, construction, and maintenance. For
more than a decade the longest suspension bridge in the
world—the Akashi Kaikyo Bridge—has stood as dramatic
testimony to this remarkable progress, as have many other
large suspension bridges built in this island nation.

No small figure in this transformation has been
Dr. Tadaki Kawada. Dr. Kawada’s long association with
suspension bridges—as an academic, practicing engineer,
and head of a large bridge construction firm—has brought
him into intimate contact with the theory, history, design,
and building of large suspension bridges. His association
with the massive Honshu-Shikoku project, which alone
involved 10 suspension bridges, has occupied much of his
working life. This experience has brought profound knowl-
edge, deep understanding, and a unique perspective to the
story that unfolds over the pages that follow—a story of
suspension bridges, the largest, most dramatic, and grace-
ful of bridge forms.
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