NEAL BETTIGOLE RITA ROBISON

BRIDGE DECKS

Design  Construction Rehabilitation  Replacement

STy & -
Y N .
‘\\-"-«..‘ "'\
. S
Fe/g,
g vaey,
F
#F
F
é"
=,
S T TP
= ";!!..!ff’[

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


https://www.civilenghub.com/ASCE/125148377/Bridge-Decks-Design-Construction-Rehabilitation-Replacement?src=spdf

Neal Bettigole, PE. FASCE Rita Robison

BRIDGE DECKS

Design % Construction ® Rehabilitation ® Replacement

Published by

ASCE

PRESS

American Society of Civil Engineers
345 East 47th Street
New York, New York 10017-2398

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



https://www.civilenghub.com/ASCE/125148377/Bridge-Decks-Design-Construction-Rehabilitation-Replacement?src=spdf

Abstract:

This book is a comprehensive reference for the evaluation, testing, selection, and examination of relevant design
criteria and alternatives for bridge decks, which appear in the AASHTO/LRFD design specifications. Important
challenges to civil engineers, such as life cycle cost analysis, and constructability, particularly as related to
maintaining traffic during deck replacement, are discussed. The authors discuss why the use of standard bridge
deck designs is not always possible on bridge rehabilitation projects. This practical reference will aid busy
engineers in dealing with the major changes that will mandate much greater attention to deck selection and design in
the future. For example, most future bridge projects will involve rehabilitation or replacement--which makes traffic
maintenance a major issue--and life cycle cost analysis is quickly becoming mandatory in the U.S. This guide is
intended to be used throughout the development of any construction project involving bridges.
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Dedication

Rita Robison, an engineering journalist whose impressive body of work
included numerous feature stories on some of the biggest U.S. construction
projects of modern times, died in August, after a short illness, in Albuquer-
que, N.M., where she had retired in 1991.

After eight years of working for ASCE, where she held several posts,
including senior editor of Civil Engineering magazine, Robison retired in
1991. But that was hardly the end of her career. Until shortly before her
death at age 70, she was a contributing editor to the magazine, and was most
recently represented in its July issue by a lead feature article, “Boston’s Home
Run,” which detailed construction of the Ted Williams Tunnel, recipient of
the Society’s Qutstanding Civil Engineering Achievement (OCEA) for 1996.
(In fact, she had written the July cover story on OCEA winners for the past
10 years.)

In another current writing project, Robison was a co-author, with Neal
Bettigole, of a forthcoming ASCE Press book, Bridge Decks: Design, Con-
struction, Rehabilitation, Replacement, which is scheduled for publication
early next year.

In her 13-year association with ASCE, Robison wrote more than 90 stories
for CE, covering a wide range of engineering topics such as bridges, highways,
and structures. Says CE Editor-in-Chief Virginia Fairweather of Robison’s work,
“Rita could take any manuscript, no matter how technical or dense, and turn
it into crystal clear and lively prose. As a reporter, she was thorough and
responsible with facts. It will be nearly impossible to replace her.”

Before joining the Society in 1983, Robison reported on engineering and
architectural topics for three magazines: American School and University, of
which she was editor, Progressive Architecture and Architecture and Engi-
neering News, where she was managing editor. In those jobs, she covered
and sometimes broke news stories on innovations in building materials such
as fabric roofs and weathering steel. Robison held a bachelor’s degree in
journalism from the University of Colorado.

—reprinted from Civil Engineering magazine, October 1996, pp.78-79

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



https://www.civilenghub.com/ASCE/125148377/Bridge-Decks-Design-Construction-Rehabilitation-Replacement?src=spdf

This page intentionally left blank

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



https://www.civilenghub.com/ASCE/125148377/Bridge-Decks-Design-Construction-Rehabilitation-Replacement?src=spdf

CONTENTS v
CONTENTS

Preface . . . . . . . . i i it e e e e e e e e e e e e 1
1. Introduction to Bridge Decks and How We Got There . . . . . 1
Some Historical Notes . . . . . . . ... ... ........ 2
Standardization . . . ... ... ... ... ... .. ..., 3
New Tasks for Engineers . . . . . . . ... ... ... .... 5

2. The Economy of Better Bridge Decks . . . . .. ... ..... 7
Criteria for Better Decks . . . . . . .. ... ... ... ... 8
Checkthe Stresses . . . . . . . . . .. ..o 10
Coping with Life-Cycle Costing . . . . ... ... ...... 10
Analyzing Life-Cycle Costs . . . . . . .. ... ... ..... 12
The New York Experience . . . . ... ... ... ...... 14

3. Selectionof BridgeDecks . . . . ... ............. 16
TheNew Bridge . . . ... ... ... ... ... . .... 17
Compatibility with the Superstructure . . . . . . . ... ... 18
Rehabilitation Projects . . . . . . .. ... .. ... ..... 18
Planning Phase Five—Schematic Design . . . . . .. ... .. 20
Considerthe Deck Joints . . . . . . . . . ... ... ..... 21
Ratingthe Joints . . . . . .. ... ... ... ........ 22
DrainThatDeck . . . . . .. .. ... ... ... ...... 24

4. Evaluating Existing BridgeDecks . . . . ... ... ...... 28
Concrete . . . . . . . . . e e 28
Nondestructive Testing . . . . . . . ... ... ... ..... 30
WhatCan GoWrong . . . . . . . ... ... .. ... ... 30
Reporting Deck Conditions . . . . .. ... .. ....... 32
Timber . . . . . e 32
Steel Grid Decks . . . . . . . ... ... ... ... 33
Exodermic Decks . . . .. .. ... ... ... .. ..... 33
Steel Orthotropic Decks . . . . . . ... ... ... ..... 33
Deckjoints . . . . ... .. ... 33
Treatments and Repairs . . . . . .. .. ... .. ...... 34
DeckOverlays . . . . . . . . ... . . .. ... 35
Rapid Treatment . . . . . . . . .. ... ... .. ...... 36

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



https://www.civilenghub.com/ASCE/125148377/Bridge-Decks-Design-Construction-Rehabilitation-Replacement?src=spdf

CONTENTS

Breaking UpOldConcrete . . . . . .. ............ 37
Preparing Specifications . . . . . ... ... ... ...... 38
5. Solid Reinforced Concrete Bridge Decks . . . . ... .. ... 40
Standards and Design Procedures . . . . ... ... ..... 41
Recent Research inPractice . . . ... ............ 43
PrecastConcrete . . . . . . .. ... ... ... ....... 43
Special Designs . . . . . . ... ... . 44
Overlays . . . . . . . . . . o 45
ProtectingtheRebar . . . . . ... ... ... ........ 45
Coating Steel Rebar . . . . . ... ... ... ........ 46
Cathodic Protection . . . . ... ... ... ......... 47
6. The Other BridgeDecks . . .. ................ 50
Steel Grid Bridge Decks . . . . .. .. ... ... ...... 50
BasicDesign . . . . . . ... ... L L oo 51
Design Methodology . . . . . . . ... ... .. ....... 51
Construction Practices . . . . . .. ... ... ... ..... 52
Exodermic Decks . . . .. ... ... ... ... . ..... 53
History . . . . . .« e e e e e 54
Steel Orthotropic Decks . . . . . .. .. ... ... ..... 55
TimberBridge Decks . . . . . . ... .. ... ........ 58
GlulamDecks . . . . . . .. . . . e 58
Construction . . . . . . . . . . ... 59
Stress-Laminated Decks . . . . .. ... ... ... ... 60
7. A Guide to the Guide Specifications . ............. 63
GuidetolRFD . . . . . . . . . . . o 64
The CanadianSpecs . . . . . . ... .. ... ... ... 68
Other Publications . . . . . .. ... .. .. ... ...... 68
Appendix A. Excerpt Bridge Deck Evaluation Manual . . . . . . 71
Index . . . o it e e e i e e 103

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



https://www.civilenghub.com/ASCE/125148377/Bridge-Decks-Design-Construction-Rehabilitation-Replacement?src=spdf

PREFACE vii

PREFACE

This book is a compilation of ideas contributed by a long list of bridge
engineers who have been generous with their time and knowledge. We
acknowledge their help with profound gratitude and hope that the book will
be as useful as possible to the group of people with whom we have both
spent most of our professional lives: civil engineers in the practice of their
profession.

Neal H. Bettigole, P.E., FASCE, Upper Saddle River, N.J.
Rita R. Robison, Albuguerque, N.M.

With thanks, we acknowledge the following senior engineers, and their
public and private employers, some of the leading bridge design organiza-
tions in the United States:

Hardesty and Hanover, New York
C. Everett Drugge, P.E.
William Nyman, P.E.
Dan Wan, P.E.
Modjeski and Masters, Inc., Mechanicsburgh, Pa.
Dr. John M. Kulicki, P.E.
David LeRoy, P.E.
Dr. Wagdy G. Wassef, P.E.
Scott R. Eshenaur, P.E.
Sverdrup Corporation, New York
Ken Clausen, P.E.
Lynne Baumann, P.E.
California Department of Transportation, Sacramento, Calif.
Thomas Harrington, P.E.
Michael J. Lee, P.E.
T. Y. Lin International, San Francisco
Charles T. Seim, P.E.
Juan Murillo, P.E.
Raphael Manzanarez, P.E.
Port Authority of New York and New Jersey
Peter L. Rinaldi, P.E.
KClI Technologies, Inc., Baltimore
Jack Kinstlinger, P.E.
Donald W. Fiske, P.E.
Harvey M. Floyd, P.E.
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New York State Department of Transportation, Albany, N.Y.
David B. Beal, P.E.
George A. Christian, P.E.
Mohamed F. Elkordy, P.E.
Jack Hartkern, P.E.
Thomas Moon, P.E.
Thomas Morreale, P.E.
Paul St.john, P.E.
Donald Streeta, P.E.
New Jersey State Department of Transportation, Trenton, N.J.
Robert A. Pege, P.E.
Salim M. Baig, P.E.
Harry A. Capers, P.E.
Robert DiBartolo, P.E.
A. G. Lichtenstein Associates, Inc., Paramus, N.J.
David Moscowitz, P.E.
Joseph Pullaro, P.E.

And thanks are due also to hundreds of other bridge engineers who
cannot be named for reasons of brevity. Their conversations and opinions,
so freely offered, are embedded in this book.
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CHAPTER 1

INTRODUCTION TO BRIDGE DECKS
AND HOW WE GOT HERE

The purpose of this text is to provide an overview of bridge decks. Little has
been written about decks in the past, which indicates more than a measure
of complacency about them throughout the highway and bridge design/con-
struction industry. This text deals with how future bridge decks should be
designed, constructed, and maintained, both for new bridges and for deck
replacements. It also gives specific information about the design, details,
construction, evaluation, and maintenance of existing bridge decks.

Owners and engineers should begin to think about bridge projects in a
new way, starting with a complete picture of the history of the project. They
should consider, in an organized way, the probable future use of the bridge,
and replace the casual “type, size, and location” thinking for new bridges
with a vastly expanded check/job list. This book intends to help to expand
the user’s thinking about the decks on bridges, and also to provide the tools
for competent consideration of alternatives and execution of the deck deci-
sion.

Life-cycle costs, experience with the performance of bridge decks, and a
methodology to deal with the many additional factors that must be consid-
ered in selecting the deck type for a specific project are now requirements
for all bridge construction, rehabilitation, and repair projects. One section
of this book deals with selecting the optimum deck for new and existing
bridges of various types. Others deal with evaluation of existing decks,
options for repair by overlay and other techniques, partial and full replace-
ment, and descriptions of the various deck types. Maintenance and repair,
materials, and techniques are also covered.

Access to information in the text is through a composite index, which we
have made as exhaustive as possible. Chapter 7 discusses items relating to
bridge decks appearing in the 15th edition of the AASHTO Standard Speci-
fication for Highway Bridges (1992), the first edition of the AASHTO/LRFD
Bridge Design Specifications (1994), and the Ontario Highway Bridge De-
sign Code, third edition (1991). The AASHTO/LRFD specification contains a
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