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PREFACE

The objective of the third edition is the same as the first two
editions, that is, to provide the student or practitioner a mean-
ingful introduction to the design of medium-and short-span
girder bridges. However, the manner in which the material is
presented has changed. Instead of the eight chapters of the
second edition, the content has been spread out over twenty
shorter chapters. This organization should lead to easier read-
ing and simpler organization of classroom assignments.

To help understand how these changes have come about,
it 1s informative to see how the process all started. It was in
August 1990 that the two authors were at an International
Conterence on Short and Medium Span Bridges in Toronto,
Canada, where both were presenting papers. They had of-
ten met at these bridge conferences and were familiar with
each other’s work—Puckett’s on analysis and software de-
velopment and Barker’s fundamental application of LRFD
to geotechnical materials. Both were classroom teachers i1n
structural engineering.

At the time, a number of major changes were taking place
in the design of highway bridges. Philosophically the most
dramatic was the change from a deterministic (allowable
stress) design approach to a probabilistic (limit state) design
concepts. The other big change was a government edict that
highway bridges that were built with federal dollars had to
be constructed and designed in the metric system starting in
1997,

The timing was right for a comprehensive textbook on
the design of highway bridges. The American Association
of State Highway and Transportation Officials (AASHTO)
were 1n the midst of a complete rewriting of their Bridge
Design Specifications in a LRFD format. Finite-element
analysis tools had matured, truck loads were better under-
stood through weigh-in-motion studies, material behavior
was being unified for prestressed and non-prestressed
concrete by the American Concrete Institute (ACI), post-
buckling strength of plate girder webs and tfatigue strength
of weld details were better understood.

The two professors decided that someone needed to write a
textbook to present these changes to students and practicing

civil engineers. So over dinner and a major league baseball
game, they realized they could be the ones to do the writing.
Puckett took his sabbatical with Barker at Virginia Tech in
1993, they wrote trial chapters, prepared a proposal that was
accepted by John Wiley & Sons, and the first edition with ten
chapters was published in 1997.

It was not long betore the metric system requirement was
dropped and the highway bridge designers needed a textbook
written in U.S. Customary Units. Therefore, it became nec-
essary to make revisions and to prepare a second edition of
the book. Besides the units change, the LRFD specifications
were 1n their third edition and the textbook needed to be up-
dated. As new material was added, the number of pages was
deemed too large and two chapters were dropped—Wood
Bridges and Substructure Design. These two topics are found
only 1n the metric system units of the first edition.

The remaining eight chapters of the second edition have
been divided into four parts: General Aspects of Bridge De-
sign (Chapters 1-7), Loads and Analysis (Chapters 8—12),
Concrete Bridges (Chapters 13—16), and Steel Bridges
(Chapters 17-20). Another change 1n the layout of the third
edition s the addition of an insert of mainly color bridge pho-
tos. These photos have been selected to illustrate bridges of
historical significance; the ones most aesthetically pleasing
that are most beautiful in their surroundings, and noteworthy
as the longest, tallest, or highest bridges of their type.

We suggest that a first course in bridges be based on
Chapters 1-7 with Chapters 5, 6, and 7 compulsory reading.
Loads and analysis should follow with required reading in
Chapter 8 and selected portions of Chapter 9 and 10 depend-
ing upon the students” background and instructor’s interest.

Design can be addressed with either the chapters on con-
crete (Chapters 13—16) or those on steel (Chapters 17-20).
[nstructor guidance 1s required to lead the student through
these chapters and to address the topics of most interest.
For example, concrete bridges could be addressed with
nonprestressed bridges which would simplity the topic.
However, teaching prestressed concrete within a bridge
context could be an excellent way for students to gain

X1



X11 PREFACE

broad-based knowledge in this area for both bridges and
buildings. Similarly, teaching design using the steel chapter
leads to a general knowledge of composite cross sections,
staged construction, and plate girders. As the associated
principles are common with buildings and bridges, again the
bridge course can be used within a broader context.

How much of the material to present to a particular class
1s at the discretion of the professor, who is the best person
to judge the background and maturity of the students. There
1s enough material in the book for more than one course in
highway bridge design.

Practitioners who are entry level engineers will find the
background material in Chapters 1-12 helpful in their new
assignments and can use Chapters 13—-16 and 17-20 for
specific guidance on design of a particular bridge type. The
same can be said for seasoned professionals, even though
they would be familiar with the material in the loads chapter,
they should find the other chapters of interest in providing
background and design examples based on the AASHTO
LRFD specifications.

Finally, those practitioners who just appreciate bridge
history and aesthetics might find those chapters of interest
from a personal enjoyment perspective. Bridges are art and
so many are simply beautiful.
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This book has the same intent as the first edition and 1is
written for senior-level undergraduate or first-year graduate
students 1n civil engineering. It is also written for practicing
civil engineers who have an interest in the design of highway
bridges. The objective 1s to provide the reader a meaningful
introduction to the design of medium- and short-span girder
bridges. This objective 1s achieved by providing fundamen-
tal theory and behavior, background on the development
of the specifications, procedures for design, and design
examples.

This book 1s based on the American Association of State
Highway and Transportation Officials (AASHTO) LRFD
Bridge Design Specifications, Third Edition, and Customary
U.S. units are used throughout. The general approach 1s to
present theory and behavior upon which a provision of the
specifications is based, followed by appropriate procedures,
either presented explicitly or in examples. The examples
focus on the procedures involved for a particular structural
material and give reterence to the appropriate article in the
specifications. It 1s, therefore, suggested that the reader have
available a copy of the most recent edition of the AASHTO
LRFD Bridge Design Specifications.

The scope 1s limited to a thorough treatment of medium-
and short-span girder bridges with a maximum span' length
of about 250 ft. These bridge structures comprise approxi-
mately 80% of the U.S. bridge inventory and are the most
common bridges designed by practitioners. Their design
illustrates the basic principles used for the design of longer
spans. Structure types included in this book are built of
concrete and steel. Concrete cast-in-place slab, T-beam,
and box-girder bridges and precast—prestressed systems are
considered. Rolled steel beam and plate girder systems that
are composite and noncomposite are included.

Civil engineers are 1dentified as primary users of this book
because their formal education includes topics important
to a highway bridge designer. These topics include studies
in transportation systems, hydrodynamics of streams and
channels, geotechnical engineering, construction manage-
ment, environmental engineering, structural analysis and

PREFACE TO THE SECOND EDITION

design, life-cycle costing, material testing, quality control,
professional and legal problems, and the people 1ssues as-
sociated with public construction projects. This reference to
civil engineers 1s not meant to exclude others from utilizing
this book. However, the reader is expected to have one
undergraduate course 1n structural design for each structural
material considered. For example, if only the design of steel
bridges 1s of interest, then the reader should have at least
one course 1n structural analysis and one course in structural
steel design.

Chapter | introduces the topic of bridge engineering with
a brief history of bridge building and the development of
bridge specifications in the United States. Added to the sec-
ond edition 1s an expanded treatment of bridge failure case
histories that brought about changes in the bridge design
specifications. Chapter 2 emphasizes the need to consider
aesthetics from the beginning of the design process and gives
examples of successtul bridge projects. Added to the second
edition are a discussion of integral abutment bridges and a
section on the use of computer modeling in planning and
design. Chapter 3 presents the basics on load and resistance
factor design (LRFD) and indicates how these factors are
chosen to obtain a desirable margin of safety. Included at the
end of all the chapters in the second edition are problems that
can be used as student exercises or homework assignments.

Chapter 4 describes the nature, magnitude, and placement
of the various loads that act on a bridge structure. Chapter 5
presents influence function techniques for determining
maximum and minimum force effects due to moving vehicle
loads. Chapter 6 considers the entire bridge structure as a
system and how it should be analyzed to obtain a realistic
distribution of forces.

Chapters 7 and 8 are the design chapters for concrete
and steel bridges. Both chapters have been significantly
revised to accommodate the trend toward U.S. customary
units within the United States and away from SI. New to
the second edition of the concrete bridge design chapter
are discussions of high-performance concrete and control
of flexural cracking, changes to the calculation of creep
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X1V  PREFACE TO THE SECOND EDITION

and shrinkage and its influence on prestress losses, and
prediction of stress in unbonded tendons at ultimate.

Chapter 8 includes a major reorganization and rewrite of
content based upon the new specifications whereby Articles
6.10 and 6.11 were completely rewritten by AASHTO. This
specification rewrite is a significant simplification in the
specifications from the previous editions/interims; how-
ever, the use of these articles is not simple, and hopefully
Chapter 8 provides helpful guidance.

The organization of the design chapters is similar. A
description of material properties is given first, followed by
general design considerations. Then a discussion is given
of the behavior and theory behind the member resistance
expressions for the various limit states. Detailed design
examples that illustrate the LRFD specification provisions
conclude each chapter.

We suggest that a first course in bridges be based on
Chapters 1-6, either Sections 7.1-7.6, 7.10.1, and 7.10.3 of
Chapter 7 or Sections 8.1-8.4, 8.6-8.10, and 8.11.2. It is
assumed that some of this material will have been addressed
in prerequisite courses and can be referred to only as a
reading assignment. How much of the material to present to
a particular class 1s at the discretion of the professor, who
1s probably the best person to judge the background and
maturity of the students. There is enough material in the
book for more than one course in highway bridge design.

Practitioners who are entry-level engineers will find the
background material in Chapters 1-6 helpful in their new as-
signments and can use Chapters 7 and 8 for specific guidance
on design of a particular bridge type. The same can be said
for seasoned professionals, even though they would be famil-
1ar with the material in the loads chapter, they should find the
other chapters of interest in providing background and design

examples based on the AASHTO LRFD specifications.
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PREFACE TO THE FIRST EDITION

This book is written for senior level undergraduate or first
year graduate students in civil engineering and for practicing
civil engineers who have an interest in the design of highway
bridges. The object of this book is to provide the student
or practitioner a meaningful introduction to the design
of medium- and short-span girder bridges. This objective
1s achieved by providing fundamental theory and behav-
1or, background on the development of the specifications,
procedures for design, and design examples.

This book is based on the American Association of State
Highway and Transportation Officials (AASHTO) LRFD
Bridge Design Specifications and System International
(SI) units are used throughout. The general approach is
to present theory and behavior upon which a provision of
the specifications 1s based, followed by appropriate pro-
cedures, either presented explicitly or in examples. The
examples focus on the procedures involved for a particular
structural material and give reference to the appropriate
article in the specifications. It is, therefore, essential that
the reader have available a copy of the most recent edition
of the AASHTO LRFD Bridge Design Specifications in
SI units. (For those who have access to the World Wide
Web, addendums to the specifications can be found at
http://www2.epix.net/~modjeski.) |

The scope of this book is limited to a thorough treatment
of medium- and short-span girder bridges with a maximum
span length of about 60 m. These bridge structures comprise
approximately 80% of the U.S. bridge inventory and are the
most common bridges designed by practitioners, illustrat-
ing the basic principles found in bridges of longer spans.
Structure types included in this book are built of concrete,
steel, and wood. Concrete cast-in-place slab, 7-beam, and
box-girder bridges and precast—prestressed systems are
considered. Rolled steel beam and plate girder systems
that are composite and non-composite are included, as well
as wood systems. This book concludes with a chapter on
substructure design, which 1s a common component for all
the bridge types.

Civil engineers are identified as primary users of this book
because their formal education includes topics important to
a highway bridge designer. These topics include studies in
transportation systems, hydrodynamics of streams and chan-
nels, geotechnical engineering, construction management,
environmental engineering, structural analysis and design,
life-cycle costing, material testing, quality control, profes-
sional and legal problems, and the people issues associated
with public construction projects. This reference to civil
engineers 1s not meant to exclude others from utilizing this
book. However, the reader 1s expected to have one undergrad-
uate course 1n structural design for each structural material
considered. For example, if only the design of steel bridges is
of interest, then the reader should have at least one course in
structural analysis and one course in structural steel design.

Chapter 1 introduces the topic of bridge engineering with
a brief history of bridge building and the development of
bridge specifications in the United States. Chapter 2 empha-
sizes the need to consider aesthetics from the beginning of
the design process and gives examples of successful bridge
projects. Chapter 3 presents the basics on load and resistance
factor design (LRFD) and indicates how these factors are
chosen to obtain a desirable margin of safety.

Chapter 4 describes the nature, magnitude, and placement
of the various loads that act on a bridge structure. Chapter 5
presents 1nfluence function techniques for determining
maximum and minimum force effects due to moving vehicle
loads. Chapter 6 considers the entire bridge structure as a
system and how it should be analyzed to obtain a realistic
distribution of forces.

Chapters 7-9 are the design chapters for concrete, steel,
and wood bridges. The organization of these three chapters
1s similar. A description of material properties is given first,
followed by general design considerations. Then a discussion
of the behavior and theory behind the member resistance ex-
pressions for the various limit states, and concluding with
detailed design examples that illustrate the LRFD specifica-
tion provisions.
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Chapter 10 on substructure design completes the book.
It includes general design considerations, an elastomeric
bearing design example, and a stability analysis to check the
geotechnical limit states for a typical abutment.

We suggest that a first course in bridges be based on
Chapters 1-6, either Articles 7.1-7.6, 7.10.1, and 7.10.3
of Chapter 7 or Articles 8.1-8.4, 8.6-8.10, and 8.11.2,
and conclude with Articles 10.1-10.3 of Chapter 10. It is
assumed that some of this material will have been covered
In prerequisite courses and can be referred to only as a
reading assignment. How much of the material to present to
a particular class 1s at the discretion of the professor, who
1s probably the best person to judge the background and
maturity of the students. There is enough material in the
book for more than one course in highway bridge design.

Practitioners who are entry level engineers will find the
background material in Chapters 1-6 helpful in their new as-
signments and can use Chapters 7—10 for specific guidance
on design of a particular bridge type. The same can be said
for seasoned professionals, even though they would be famil-
1ar with the material in the loads chapter, they should find the

other chapters of interest in providing background and design
examples based on the AASHTO LRFD specifications.
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