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Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway ad-
ministrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments individu-
ally or in cooperation with their state universities and others. How-
ever, the accelerating growth of highway transportation develops
increasingly complex problems of wide interest to highway au-
thorities. These problems are best studied through a coordinated
program of cooperative research.

In recognition of these needs, the highway administrators of
the American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program
is supported on a continuing basis by funds from participating
member states of the Association and it receives the full coopera-
tion and support of the Federal Highway Administration, United
States Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the re-
search program because of the Board’s recognized objectivity and
understanding of modern research practices. The Board is
uniquely suited for this purpose as it maintains an extensive
committee structure from which authorities on any highway
transportation subject may be drawn; it possesses avenues of
communication and cooperation with federal, state, and local
governmental agencies, universities, and industry; its relationship
to the National Research Council is an insurance of objectivity; it
maintains a full-time research correlation staff of specialists in
highway transportation matters to bring the findings of research
directly to those who are in a position to use them.

The program is developed on the basis of research needs iden-
tified by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are proposed
to the National Research Council and the Board by the American
Association of State Highway and Transportation Officials. Re-
search projects to fulfill these needs are defined by the Board, and
qualified research agencies are selected from those that have
submitted proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Council
and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems
of mutual concern to many responsible groups. The program,
however, is intended to complement rather than to substitute for
or duplicate other highway research programs.

NOTE: The Transportation Research Board of the National Acad-
emies, the National Research Council, the Federal Highway Admini-
stration, the American Association of State Highway and Transporta-
tion Officials, and the individual states participating in the National
Cooperative Highway Research Program do not endorse products or
manufacturers. Trade or manufacturers’ names appear herein
solely because they are considered essential to the object of this
report.

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

NCHRP SYNTHESIS 324

Project 20-5 FY 2001 (Topic 33-02)

ISSN 0547-5570

ISBN 0-309-06972-6

Library of Congress Control No. 2003114767

© 2003 Transportation Research Board

Price $15.00

NOTICE

The project that is the subject of this report was a part of the National Co-
operative Highway Research Program conducted by the Transporta-
tion Research Board with the approval of the Governing Board of the Na-
tional Research Council. Such approval reflects the Governing Board’s judg-
ment that the program concerned is of national importance and appropriate
with respect to both the purposes and resources of the National Research
Council.

The members of the technical committee selected to monitor this pro-
ject and to review this report were chosen for recognized scholarly com-
petence and with due consideration for the balance of disciplines appro-
priate to the project. The opinions and conclusions expressed or implied
are those of the research agency that performed the research, and, while
they have been accepted as appropriate by the technical committee, they
are not necessarily those of the Transportation Research Board, the Na-
tional Research Council, the American Association of State Highway and
Transportation Officials, or the Federal Highway Administration of the U.S.
Department of Transportation.

Each report is reviewed and accepted for publication by the technical
committee according to procedures established and monitored by the
Transportation Research Board Executive Committee and the Governing
Board of the National Research Council.

Published reports of the

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

are available from:
Transportation Research Board
Business Office

500 Fifth Street
Washington, D.C. 20001

and can be ordered through the Internet at:

http://www .national-academies.org/trb/bookstore

Printed in the United States of America

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22025

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

THE NATIONAL ACADEMIES

Aavisers to the Nation on Science, Engineering, and Medlicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished scholars
engaged in scientific and engineering research, dedicated to the furtherance of science and technology and
to their use for the general welfare. On the authority of the charter granted to it by the Congress in 1863, the
Academy has a mandate that requires it to advise the federal government on scientific and technical matters.
Dr. Bruce M. Alberts is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National
Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its
administration and in the selection of its members, sharing with the National Academy of Sciences the
responsibility for advising the federal government. The National Academy of Engineering also sponsors
engineering programs aimed at meeting national needs, encourages education and research, and recognizes the
superior achievements of engineers. Dr. William A. Wulf is president of the National Academy of
Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure the
services of eminent members of appropriate professions in the examination of policy matters pertaining to
the health of the public. The Institute acts under the responsibility given to the National Academy of
Sciences by its congressional charter to be an adviser to the federal government and, on its own
initiative, to identify issues of medical care, research, and education. Dr. Harvey V. Fineberg is president
of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to associate
the broad community of science and technology with the Academy’s purposes of furthering knowledge and
advising the federal government. Functioning in accordance with general policies determined by the Acad-
emy, the Council has become the principal operating agency of both the National Academy of Sciences and
the National Academy of Engineering in providing services to the government, the public, and the scientific
and engineering communities. The Council is administered jointly by both Academies and the Institute of
Medicine. Dr. Bruce M. Alberts and Dr. William A. Wulf are chair and vice chair, respectively, of the
National Research Council.

The Transportation Research Board is a division of the National Research Council, which serves the
National Academy of Sciences and the National Academy of Engineering. The Board’s mission is to promote
innovation and progress in transportation through research. In an objective and interdisciplinary
setting, the Board facilitates the sharing of information on transportation practice and policy by
researchers and practitioners; stimulates research and offers research management services that
promote technical excellence; provides expert advice on transportation policy and programs; and
disseminates research results broadly and encourages their implementation. The Board’s varied
activities annually engage more than 4,000 engineers, scientists, and other transportation researchers and
practitioners from the public and private sectors and academia, all of whom contribute their expertise in the
public interest. The program is supported by state transportation departments, federal agencies including
the component administrations of the U.S. Department of Transportation, and other organizations and
individuals interested in the development of transportation. www.TRB.org

www.national-academies.org

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22025

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

FOREWORD

By Staff
Transportation
Research Board

PREFACE

Highway administrators, engineers, and researchers often face problems for which in-
formation already exists, either in documented form or as undocumented experience and
practice. This information may be fragmented, scattered, and unevaluated. As a conse-
quence, full knowledge of what has been learned about a problem may not be brought to
bear on its solution. Costly research findings may go unused, valuable experience may
be overlooked, and due consideration may not be given to recommended practices for
solving or alleviating the problem.

There is information on nearly every subject of concern to highway administrators
and engineers. Much of it derives from research or from the work of practitioners faced
with problems in their day-to-day work. To provide a systematic means for assembling
and evaluating such useful information and to make it available to the entire highway
community, the American Association of State Highway and Transportation Officials—
through the mechanism of the National Cooperative Highway Research Program—
authorized the Transportation Research Board to undertake a continuing study. This
study, NCHRP Project 20-5, “Synthesis of Information Related to Highway Problems,”
searches out and synthesizes useful knowledge from all available sources and prepares
concise, documented reports on specific topics. Reports from this endeavor constitute an
NCHRP report series, Synthesis of Highway Practice.

The synthesis series reports on current knowledge and practice, in a compact format,
without the detailed directions usually found in handbooks or design manuals. Each re-
port in the series provides a compendium of the best knowledge available on those
measures found to be the most successful in resolving specific problems.

This report of the Transportation Research Board presents the results of an investiga-
tion of the use of innovative prefabricated elements and systems to limit traffic disrup-
tion during the construction, rehabilitation, and replacement of bridges. The study was
designed to assess and document the impact of these systems and elements on the system
design effort, on-site construction time and cost, closure time, and environmental impact.
In addition, the study attempted to identify the most suitable prefabricated systems for
bridge construction, rehabilitation, and replacement. The synthesis report also looks at
the use of fiber-reinforced polymers and other advanced materials and new technologies
that are gaining in popularity, but are still in the experimental stages. A review of new
systems currently under evaluation is also presented.

Information for this report was derived from a literature review of the state of the
practice for prefabricated bridge elements and systems and a survey of transportation
agencies in the United States and Canada.

A panel of experts in the subject area guided the work of organizing and evaluating
the collected data and reviewed the final synthesis report. A consultant was engaged
to collect and synthesize the information and to write this report. Both the consultant and
the members of the oversight panel are acknowledged on the title page. This synthesis is
an immediately useful document that records the practices that were acceptable within
the limitations of the knowledge available at the time of its preparation. As progress in
research and practice continues, new knowledge will be added to that now at hand.
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SUMMARY

PREFABRICATED BRIDGE ELEMENTS AND
SYSTEMS TO LIMIT TRAFFIC DISRUPTION
DURING CONSTRUCTION

A significant number of bridges in the United States require rehabilitation or replacement.
As a result, increased emphasis is being placed on improving workzone safety and minimiz-
ing traffic disruption, while maintaining construction quality and reducing life-cycle costs
and environmental impact. The use of innovative prefabricated systems can be an efficient
solution, one which would address many of the challenges.

This report presents results of an investigation on the use of innovative prefabricated ele-
ments and systems to limit traffic disruption during construction, rehabilitation, widening, or
replacement. The main objective of the study was to accumulate existing information on the
use of new and innovative prefabricated systems and elements in bridge construction,
rehabilitation, and replacement, in regard to the system’s design effort, on-site construction
time, minimum lane closure time, and minimum environmental impact.

A review of existing literature and available information was conducted. Practices for
railroad bridges, as well as international experiences on the use of prefabricated systems and
methods that minimize traffic disruption are also covered. A survey questionnaire was then
devised. That questionnaire was addressed to the state and province departments of transpor-
tation in the United States and Canada to document the state of practice, in their respective
states and provinces, on the use of innovative prefabricated systems and elements for bridge
construction, rehabilitation, and replacement. Finally, an analysis and a discussion of the
questionnaire responses were carried out.

From the literature review and analysis of the survey responses, it is clear that the use of
innovative prefabricated elements and systems has generally increased during the last few
years. New systems have been developed to prefabricate the decks, the superstructures, and
the substructures. The current interest is toward the development of totally prefabricated sys-
tems that could accelerate construction time and further minimize traffic disruption. The
synthesis report also looks into the use of fiber-reinforced polymers and other advanced ma-
terials and new technologies that are gaining in popularity, but still in the experimental
stages. The major problems that inhibit the widespread use of innovative systems and ele-
ments are identified. To overcome the problems raised in the survey, sustaining research
should be pursued to develop better-performing and cost-effective systems. Also, a more ef-
ficient collaboration between departments of transportation, consulting engineers, research-
ers, and contractors is required to share concerns, to orient the research projects, and to gen-
eralize the successful aspects leading to standardization and design guidelines for practicing
engineers.
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CHAPTER ONE

INTRODUCTION

This chapter introduces the problem statement and the
background related to the research study. It also presents
the objectives of the study and outlines the organization of
the synthesis report.

STATEMENT OF THE PROBLEM AND BACKGROUND

The 2002 biennial report of the Secretary of Transportation
to the U.S. Congress (/) pointed out the structurally defi-
cient conditions of bridges in the nation and emphasized
the urgent need to improve safety and efficiency of high-
way travel, to avoid the social, environmental, and eco-
nomic costs associated with a declining system. Approxi-
mately 28% of the 590,000 bridges in the United States
need to be rehabilitated or replaced. Therefore, rehabilita-
tion and replacement of bridges has become a crucial issue
in recent years. Increased emphasis is being placed on im-
proving workzone safety and minimizing traffic disruption
associated with highway bridge construction and rehabili-
tation, while maintaining construction quality and mini-
mizing the life-cycle cost and environmental impact. The
use of innovative prefabricated systems and elements to
minimize traffic disruption can be a cost-effective solution.

OBJECTIVES OF THE STUDY

The objectives of the study are twofold. First, it is designed
to assess the status of use of new and innovative prefabri-
cated systems and elements, as well as methods, in bridge
construction, rehabilitation, and replacement. This assess-
ment is carried out on the basis of system design effort, on-
site construction time and cost, minimum closure time, and
minimum environmental impact. Second, the study seeks
to identify the most suitable prefabricated systems for

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

bridge construction, rehabilitation, and replacement. It also
looks at the problems requiring solutions, with regard to
minimizing traffic disruption, life-cycle cost, ease of con-
struction, quality assurance, and durability.

The objectives were achieved by conducting a review of
existing literature and available information and by analyz-
ing the data from the responses to a questionnaire.

ORGANIZATION OF THE SYNTHESIS REPORT

The report is divided into separate chapters. Chapter one
presents the project’s scope and objectives. Chapter two
presents a literature review on the use of innovative prefab-
ricated bridge systems and elements. The effectiveness of
prefabricated systems and elements in bridge construction,
rehabilitation, and replacement is documented. Practices
for railroad bridges, as well as international experiences on
the use of prefabricated systems and methods that mini-
mize traffic disruption, are also covered. Emphasis is
placed on new and innovative systems and elements not
routinely used, which could minimize traffic disruption and
improve construction quality and performance. Chapter
three looks at how the transportation agencies throughout
the United States and Canada are using innovative prefab-
ricated systems and elements and where their emphasis on
future plans in this area is placed. That chapter presents the
results from a survey questionnaire addressed to state and
provincial departments of transportation (DOTs), to evalu-
ate the practices in their respective states and provinces on
the use of innovative prefabricated systems and elements
for bridge construction, rehabilitation, and replacement.
Chapter three also presents the analysis of the question-
naire responses. Chapter four synthesizes the most impor-
tant findings and presents the conclusions of the study.
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CHAPTER TWO

LITERATURE REVIEW

This chapter presents a literature review of the state of
practice for the use of innovative prefabricated systems
and elements in bridge construction, rehabilitation, and re-
placement. In addition, the experience gained in the rail-
road industry, as well as international experience on the use
of prefabricated systems and methods to minimize traffic
disruption, is summarized. New systems that are currently
under evaluation are also presented.

HISTORY AND UTILITY OF PREFABRICATED BRIDGES

The involvement of the prefabrication industry in bridge
construction consists primarily of providing some factory-
produced elements. Through mass production of the mate-
rials and reduction of on-site construction time, economic
benefits are most often achieved. Prefabricated elements
commonly produced are prestressed concrete piles, I-
beams, box beams, channels, hollow and solid slabs, deck
panels, steel I-beams (built-up members and rolled shapes),
and box (trapezoidal) beams. Steel trusses and timber
structures were once common but are now used sparingly.

Aging bridges requiring repair, rehabilitation, or re-
placement represent serious problems that have important
consequences for bridge users. A full-lane closure is very
costly in large urban centers or highways, because of the
significant economic impact on commercial and industrial
activities. Workzone safety is an important issue to con-
sider in such situations. These situations have led research-
ers and bridge authorities to investigate more elaborate in-
tegral prefabricated systems to improve workzone safety
and minimize traffic disruptions. Mass-produced elements
can be quickly assembled and could reduce design time
and cost by minimizing forming and labor costs and lane
closure times. Even at a higher initial cost, the use of pre-
fabricated systems on bridges subjected to a high volume
of traffic may be justified, because excessive lane closure
times can be avoided. In addition, using a new generation
of high-performance materials could help enhance durabil-
ity and performance.

In the 1990s, prefabrication and prestressing of concrete
were put together to give a system of quasi-total prefabri-
cation of bridges, such as the transversely posttensioned
double-tee prefabricated and prestressed bridge system (2).
These systems were used to replace bridge decks during
off-peak traffic, and they showed good performance in
terms of minimizing traffic disruption (2,3).
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Prefabrication has also been extended to the bridge’s
substructure, and systems have been used for segmental
piers and bents, prefabricated abutments, and composite
piles. Currently, it is possible to replace almost any portion
of a bridge with a prefabricated element and system, and to
complete the installation during off-peak traffic periods
with minimum traffic disruption.

A new type of high-performance materials, fiber-
reinforced polymers (FRPs), has been developed and used
in pilot projects in the bridge industry over the last several
years in the United States, Europe, and Asia. The first FRP
bridge to carry highway traffic was built near Beijing,
China, in 1982, and at least eight Chinese FRP bridges
have been built since then (4). In the 1990s, several FRP
bridges were built in Europe, Japan, and the United
States. The world’s first long-span composite structure was
built in Scotland over the River Tay at Aberfeldy (5) (Fig-
ure 1).

FIGURE 1 Aberfeldy footbridge over the River Tay in Scotland.
(Source: http://www-civ.eng.cam.ac.uk/isegroup/uklocate.htm.)

The Aberfeldy footbridge linked two halves of a mu-
nicipal golf course. Built entirely from composite materi-
als, the main span of 64 m (210 ft) consists of a glass fiber-
reinforced plastic (GFRP) deck with GFRP towers, and the
stay cables are Aramid fiber parallel-lay ropes. Also, a lift-
ing bridge at Bonds Mill, England, providing access over a
canal to an industrial estate, has been constructed. The
light weight of the GFRP resulted in a lighter structure and
allowed simple hydraulic machinery to be used to lift the
structure into place.
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In the United States, many FRP footbridges have been
built in national parks (6). The Laurel Lick Bridge in West
Virginia, a short-span highway bridge, has a full-width cel-
lular FRP deck slab supported by six pultruded FRP beams
and is supported on FRP piles. Other FRP bridges have been
constructed in Virginia and Ohio, and they are being moni-
tored as pilot bridges to verify and provide a better under-
standing of their behavior under service loads. In many cases,
the superstructure segments are prefabricated in the factory
and transported to the bridge site, as shown in Figure 2.

FIGURE 2 Fabrication and transportation of FRP bridge
segments.

It should be pointed out that although the use of FRP is
attracting wide interest, questions on standard specifica-
tions, appropriate design methods, and long-term perform-
ance need to be answered before these systems are em-
braced. The high cost of these systems is also an important
issue that needs to be addressed in light of life-cycle costs.

PRACTICES IN PREFABRICATED SYSTEMS FOR BRIDGE
REHABILITATION

Prefabricated systems can be efficiently used in bridge re-
habilitation in the case of widening or replacement. Inno-
vations in construction technology, such as prefabricated
systems that use conventional materials like concrete, steel,
FRP, and other emerging materials, are changing rehabili-
tation strategies. Although some of the systems are rela-
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tively costly, allowance for the rapid replacement of decks
or entire superstructures makes it an attractive option. Be-
cause the concepts of life-cycle cost analysis and user costs
are included in the replacement algorithm, acceptance of
the often proprietary and expensive systems will certainly
increase.

Prefabricated Deck Construction

To rehabilitate the decks of heavily traveled bridges, full-
depth prestressed concrete panels are placed transversely
on the supporting girders and posttensioned longitudinally.
Portions of a deteriorated deck can be removed during
night operations and the full-depth panels installed in time
to open the structure to morning traffic. Other deck sys-
tems offer similarly rapid construction methods with the
advantages of reduced dead load and enhanced durability.
In 1999, for example, approximately 14,000 ft* of deterio-
rating bridge deck of Route 7 over Route 50 bridges in
Fairfax County, Virginia, required replacement (7). Vir-
ginia’s DOT opted to use full-depth prefabricated concrete
deck panels to satisfy community concerns with respect to
reduction in the level of service. Operating only at night,
work crews saw cut sections of the existing deck, lifted and
removed them by crane, and immediately installed new
deck panels that matched the deck cavity. A rapid-setting
concrete overlay was then placed, and after only 3 h the
bridge was able to support full traffic. The bridge was
completely open to traffic during the day.

In 2001, Route 29 over Sugar Creek in Illinois required
the redecking of an existing 252.9-ft (77.13-m)-long,
37.375-ft (11.4-m)-wide five-span bridge (7). The existing
steel beams were reused and made composite with the pre-
fabricated deck panels. A total of 29 panels were laid
across the length of the bridge. The panels were connected
by shear keys and posttensioned longitudinally. Traffic de-
lays were minimized as a result of the speeding up of the
construction time.

Proprietary Systems

Numerous proprietary deck and superstructure replacement
systems are currently being marketed or evaluated (8). Al-
though explicitly specifying the following proprietary sys-
tems may present problems for public agencies with regard
to the open bid process, they do represent current state of
the art. Other systems may also be available, because the
field is rapidly evolving.

Exodermic Bridge Decks

The Exodermic bridge deck system is a composite modular
system that is lightweight and strong. It consists of a rein-
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forced concrete slab on top of, and composite with, an un-
filled steel grid. Because a steel grid is used instead of a
full-depth concrete slab, Exodermic decks typically are
only 50% to 65% as heavy as conventionally reinforced
concrete decks. Superior economy and durability are
claimed. For example, the Governor Malcolm E. Wilson
Tappan Zee Bridge over the Hudson River, about 13 mi
north of New York City, needed more than 250,000 ft* of
redecking (8). The 16,000-ft Tappan Zee Bridge carries
approximately 130,000 vehicles per day and is considered
a critical route for commuters. The New York State Thru-
way Authority required that work projects allow all lanes
of traffic to be open for morning and evening peak hours.
In 1998, the redecking project of the east deck truss was
executed at night, allowing all seven lanes to be open to
traffic by 6 a.m. The project used proprietary full-depth
deck panels, 7%2-in. thick overall. Twelve hundred of the
exodermic panels were required. The Exodermic deck pan-
els provide the durability and strength of reinforced con-
crete, but weigh 35% to 50% less, and can be placed rap-
idly with minimum traffic disruption.

Aluminum Bridge Decks

Reynolds Metals developed a bridge deck system that of-
fers a rapid installation using only a light crane. It also has
the proven durability and light weight of aluminum com-
ponents (8). The deck weight is approximately 25% of that
of a concrete deck, which allows for a significant increase
in live-load capacity. The system has been initially penal-
ized because of its high cost; however, it may prove to be
viable when its advantages are considered in selecting a
design for high-volume locations.

Figure 3 shows the historic Corbin Bridge in Hunting-
don County, Pennsylvania. The bridge was renovated in
1996 with a prefabricated orthotropic aluminum deck. The
live load-carrying capacity was increased from 7 to 20 tons
as a result of the reduction of the weight of the deck (9).

FIGURE 3 Corbin Bridge aluminum deck. (Source: www.
aluminum.org/Content/NavigationMenu/The_Industry/Building_
Construction_Market/Bridges/Bridges.htm.)
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Prefabricated Channel Concrete Sections

In 1990, Jean Muller International introduced a new seg-
mental system called the Channel Bridge System (8). In
this system, the supporting beams of the channel cross sec-
tion serve as traffic barriers above the deck, which in-
creases the under clearance. Longitudinal and transverse
prestressing provides strength and durability by maintain-
ing compressive stresses in the concrete when loaded.
Segments 8.2 ft (2.5 m) long can be connected to form
114.75-ft (35-m)-long spans.

The state of New York was the first to use this system in
the United States. In 1997, two bridges were replaced with
the Channel Bridge System: (1) Carpenter Road over the
Metropolitan Transportation Authority Metro North Rail-
road in East Fishkill in Dutchess County and (2) State
Route 17M over State Route 17 in Wallkill in Orange
County (10).

Carpenter Road over Metro North is a 86.3-ft (26.3-m),
single-span overpass bridge. State Route 17M is a 73.8-m,
three-span continuous overpass bridge with span lengths of
105.3 ft (32.1 m), 104.6 ft (31.9 m), and 28.5 ft (8.7 m).
Figure 4 shows the first two channel segments of the
Carpenter Road Bridge.

i

FIGURE 4 Installation of the first two channel segments of the
Carpenter Road Bridge. (Source: http://www.tfhrc.gov/pubrds/
septoct98/channel.htm.)

Prefabricated Steel Systems

The Quadricon system is currently under evaluation by the
Highway Innovative Technology Evaluation Center (8). In
this system, a variety of bridge structures can be formed
from identical components that can be combined to form a
wide range of span lengths and carrying capacities. Quad-
ricon bridges have the advantage of being lightweight and
are made of high-performance materials.
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FIGURE 7 Through plate girder railway bridge deck.
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FIGURE 9 Channel-type girder railway bridge.

Lubbock, Texas, has a total length of 545 ft and consists of
two separate noncomposite structures handling traffic trav-
eling in north—south directions. In 1988, the bridge under-
went rehabilitation because of signs of early deck deterio-
ration and a need to widen the roadway width to
accommodate increasing traffic (7). The new deck is made
of eight prefabricated full-depth panels, each 6 ft 3 in. x
45 ft x 8 in., assembled side by side and grouted together
into place (Figure 10). Construction took only 2 days.

,J;IW =

FIGURE 10 Spur overpass over AT&SF Railroad, Lubbock,
Texas. (Source: www.aashtotig.org; courtesy: U.S.DOT.)
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SYSTEMS AND ELEMENTS FOR RAPID CONSTRUCTION

The use of lightweight prefabricated elements could prove
important in the development and advancement of new in-
novative bridge systems. Optimizing the weight of these
bridge systems through the design and/or the use of new
lighter and durable materials will allow the transportation and
erection of larger and longer bridges. High-performance
materials that are lightweight and durable are most suited
for prefabrication in large sizes.

Prefabricated Superstructures

The construction of the superstructure is a time-consuming
part of cast in situ bridges; therefore, its prefabrication, in
part or total, can significantly reduce construction time and
traffic disruption.

Prefabricated Concrete Decks

Prefabricated decks offer advantages for deck construction
because bridge components can be prefabricated off-site
and assembled in place. Other advantages include remov-
ing deck placement from the critical path of bridge con-
struction schedules, cost savings, and increased quality as a
result of controlled factory conditions. However, proper
design and construction of the joints must be addressed to
ensure adequate performance.

Partial-depth prefabricated deck panels act as stay-in-
place (SIP) forms and not only allow more controlled fab-
rication than fully cast-in-place decks, but also could in-
crease the strength of the finished bridge deck owing to the
use of prestressed panels. They have been commonly used
in many states; however, there is a reported history of per-
formance problems associated with cracking and spalling
of the cast-in-place deck.

The full-depth prefabricated panels allow for a reduc-
tion in construction time and thus traffic disruption. For
example, the Dead Run and Turkey Run Bridges located
on George Washington Memorial Parkway, Virginia,
needed to be kept open to traffic on weekdays during the
replacement of bridge decks in 1998 (7). The Dead Run
Bridge consists of two structures that each carries two
lanes of traffic; the bridge is 305 ft long with a three-span
configuration (Figure 11). The Turkey Run Bridge also
consists of two structures that each carry two lanes of traf-
fic; it has a length of 402 ft in a four-span configuration.
Both bridges have an 8-in. concrete deck supported on
steel beams with noncomposite action. The noncomposite
aspect of the original design, along with the use of prefab-
ricated concrete posttensioned full-depth deck panels, fa-
cilitated quick deck replacement and allowed the structures

Copyright National Academy of Sciences. All rights reserved.


http://www.aashtotig.org/
http://www.nap.edu/22025

FIGURE 11 Dead Run and Turkey Run bridges. (Source: www.
aashtotig.org; courtesy: FHWA.)

to be kept open to daily traffic from Monday morning to
Friday evening. The construction sequence meant that
workers closed the bridge on Friday evening, saw cut the
existing deck into transverse sections that included curb
and rail, removed the cut sections of the deck, set new pre-
fabricated panels, stressed the longitudinal tendons after all
panels in a span were erected, grouted the area beneath the
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panel and above the steel beam, and opened the bridge to
traffic by Monday morning. This construction sequence al-
lowed the complete replacement of one bridge span per
weekend.

Innovative deck systems, such as full-depth prestressed
deck panels, and transversally posttensioned double-tees,
in addition to FRP modular decks, are presented and de-
scribed with case studies later in this chapter. Table 1 lists
bridge projects that used prefabricated partial- or full-depth
decks.

Fiber-Reinforced Concrete Arch Panel Decks

Fiber-reinforced concrete (FRC) deck slabs without inter-
nal tensile reinforcement are also known as steel-free and
corrosion-free deck slabs. The cast-in-place version of
these slabs has already been applied to four highway
bridges in Canada. The prefabricated version of steel-free
deck slabs was developed after extensive experimental in-
vestigation. Tests of full-scale prefabricated slab proto-
types have been implemented in one forestry bridge and
one marine structure.

TABLE 1
BRIDGES WITH INNOVATIVE DECKS
) ) Prefabricated Elements Date of
Bridge Location (full and partial depth) Construction
Lavaca Bay Causeway Over the Lavaca Bay, Texas Girder/slab/diaphragm/parapet walls 1961
prefabricated and prestressed; prefabricated
monolithic beams
Spur Overpass over AT&SF Downtown Lubbock, Texas Prefabricated full-depth concrete deck panels 1988
Railroad
US-27 over Pitman Creek Somerset, Kentucky Full-depth concrete deck panels 1993
SH-249/Louetta Road Overpass Houston, Texas Total substructure systems; pretensioned 1994
partial-depth concrete deck panels
US-59 under Dunlavy, Hazard, Houston, Texas Prefabricated prestressed concrete deck panels 1995
Mandel, and Woodhead Streets
Troy—Menands Bridge Rensselaer and Albany Exodermic deck panels 1995
Counties, New York
1-45/Pierce Elevated Downtown Houston, Texas Bent caps; prestressed partial-depth deck 1997
panels; prestressed [-beams
Tappan Zee Bridge Hudson River, 13 miles north of  Exodermic deck panels 1998
New York City, N.Y.
Dead Run and Turkey Run bridges George Washington Memorial Prefabricated concrete; posttensioned full- 1998
Parkway, Virginia depth deck panels
Route 7 over Route 50 Fairfax County, Virginia Prefabricated full-depth deck panels 1999
Route 57 over Wolf River Fayette County, Tennessee Bent caps; prestressed I-beams; prestressed 1999
partial-depth deck
Keaiwa Stream Bridge Route 11 near Pahala, Hawaii Prestressed partial-depth concrete deck 2000
1-5/South 38th Street Interchange Tacoma, Washington Partial-depth concrete deck panels; 2001
posttensioned tub girders
Illinois Route 29 over Sugar Creek Sangamon County, Illinois Full-depth posttensioned deck panels, parapets 2001
SH-66/Lake Ray Hubbard Near Dallas, Texas Bent caps; prestressed [-beams; prestressed 2002
partial-depth deck panels
Wesley Street Bridge Ragsdale Creek in Jacksonville,  Prefabricated/prestressed slab beams 2002
Texas
SH-36 over Lake Belton Near Waco, Texas Bent caps; prestressed U-beams; prestressed 2004

partial-depth deck panels

(Source: www.aashtotig.org.)
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FIGURE 12 Typical cross section of experimental arch panel on steel support beams.

In the cast-in-place version of the system, restraint is
provided by two elements. First, the slab is made compos-
ite with the supporting girders of either steel or prestressed
concrete, and in-plane resistance in the longitudinal direc-
tion is provided by the axial stiffness of the girders. Sec-
ond, in the transverse direction, the required restraint is
provided through the addition of external steel straps, nor-
mally 1 in. x 2 in. (25 mm x 50 mm) in cross section and
spaced at 47.2 in. (1200 mm), which inhibits the lateral
displacement of adjacent girders. Recent research (/3) has
confirmed that bottom transverse steel reinforcement has
the same restraining function as do the external steel
straps.

The typical cross section for all arch panels used in the
experimental work (/4) is shown in Figure 12. The exter-
nal steel straps are connected to the concrete deck at the
time of prefabrication, with only the ends embedded and
anchored by a row of three 0.9-in. (22-mm)-diameter studs.
In this manner, the panel is provided with transverse lateral
restraint in the prefabrication stage. The soffit of the pre-
cast panel can be profiled to resemble the underside of a
shallow arch, thereby reducing dead load. Weight is an im-
portant consideration when transporting prefabricated ele-
ments, particularly to remote locations. The panel shown in
Figure 12 is supported by steel girders spaced at 11.5 ft
(3.5 m). The arch panel has a constant thickness of 6 in.
(150 mm) through the middle 7.2 ft (2200 mm) portion of
its width, yielding a nominal span-to-depth ratio of 23:1.

The studs shown in Figure 12 anchor the straps in the
concrete slab. For the system to be fully composite, the
arch panel must also be connected to the supporting gird-
ers. For prefabricated construction, the rows of studs are
replaced by stud clusters consisting of groups of studs in a
circular pattern. Pockets spaced at 3.3 ft (1 m) are left in
the prefabricated panel. During placement, these pockets

fit over the cluster of studs and are subsequently filled with
grout, thereby providing the necessary composite interac-
tion.

The panels have proven to be durable during transporta-
tion and handling. Once fully installed, the arch panels are
capable of sustaining loads several times larger than the
nominal ultimate loads required by a variety of design ve-
hicles.

Recent project examples include two-girder bridges in
remote locations where cast-in-place construction is not
feasible for concrete decks in marine structures and where
prefabricated modular assembly may be preferred for
speed and quality control requirements (/4).

Total Superstructure Systems

Increasingly, innovative bridge designers and builders are
finding ways to prefabricate entire segments of the super-
structure. Preconstructed composite units may include steel
or concrete girders prefabricated with a composite deck,
cast off the project site and then lifted into place in one op-
eration. Truss spans can also be prefabricated. Prefabrica-
tion of this scale offers potential advantages in terms of
constructability, on-site construction time, and adherence
to requirements of equipment on the construction site. For
example, the George P. Coleman Bridge (Figure 13) lo-
cated in Yorktown, Virginia, which is the largest double-
swing bridge in the United States, was replaced in record
time in 1995 (/5). A major goal was to limit bridge closure,
to avoid disrupting the traffic of more than 27,000 vehicles
a day. Lighter-weight modern materials allowed the Vir-
ginia DOT designers to widen the new bridge by using the
existing foundation. The prefabricated truss spans were as-
sembled and fitted with concrete decks at a nearby location
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FIGURE 13 George P. Coleman Bridge. (Source: www.
aashtotig.org; courtesy: Virginia DOT.)

and then transported by barge to the construction site. Six
old spans were removed and replaced with the new bridge
spans in just 9 days.

Another example is the replacement of the superstruc-
ture of the I-95 James River Bridge, with minimal impact
on motorists (/6). The bridge carries approximately
110,000 vehicles per day through the city of Richmond.
After considering alternatives, the Virginia DOT opted for
night-only construction. For most spans, preconstructed
composite units, which include an 8% in. (222.25 mm)
deck over steel plate girders, were prefabricated at a
nearby casting yard and then transported to the work site.
Work crews cut out the old bridge span and removed it,
prepared the gap for the new prefabricated units, and set
the new prefabricated units in place. The bridge superstruc-
ture, completed in 2002, was replaced without the high-
way’s ever being closed during peak hour traffic.

The replacement of a through girder bridge over a busy
commuter railroad presents a challenge for DOTs. In 2000,
the Main Street over Metro North Railroad located in
Tuckahoe, New York, presented such a challenge for the
New York State DOT: maintaining two-way traffic, con-
ducting all work between 2 a.m. and 4 a.m. on weekends to
limit disruptions for rail commuters and adjacent stores,
maintaining utility lines while relocating them on the new
bridge, and raising the railroad vertical clearance 5 in.
without affecting the street profile. The New York State
DOT chose a commercial system of prefabricated and
prestressed concrete and steel composite superstructure
modules (Figure 14) that allowed for smaller beams than
conventional construction. This helped the DOT attain the
necessary increased vertical clearance and had a brief in-
stallation time (/7).

Prefabricated Substructures

Prefabricated substructure design provides an opportunity
to apply advanced technologies and new materials to
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bridge systems. Specifically, the prefabricated substructure
system consisting of segmental piers and bents offers an al-
ternative that combines prefabricating and high-per-
formance materials, resulting in rapid construction, durable
performance, and an attractive appearance.

¢ ; A
FIGURE 14 Main Street over Metro North Railroad. (Source:
www.aashtotig.org; courtesy: New York State DOT.)

Bent Caps and Columns

The term “bent cap” refers to the horizontal member at the
top of the columns that supports the superstructure. Cast-
in-place bent caps require extensive formwork and curing
times. If these caps are fabricated off-site, curing times are
not a factor. As a result, bridge owners and contractors are
increasingly using prefabricated bent caps. For over water
bridges, the bent caps reduce the amount of time that
workers need to operate over water. Also, the use of pre-
fabricated bent caps for bridges over existing roadways
minimizes the required formwork and reduces disruption to
traffic on the lower roadway. For bridges with job-site con-
straints, such as power lines that affect workzone safety,
the use of prefabricated bent caps can limit the amount of
time that workers are at risk. The US-290 Ramp E-3 bridge
project, in Austin, Texas, is a relevant example (Figure 15).
After the contract had been let and work started, it became
clear that formwork for the proposed cast-in-place cap
would interfere with traffic and require closing of the ramp
for an estimated 7 days (/8), with the Texas DOT’s
(TxDOT?’s) approval, the contractor instead prefabricated
the straddle bent cap at the work site and lifted it into posi-
tion. When it was in place, workers posttensioned bars and
grouted the cap-to-column connections. The time neces-
sary for closure of the ramp was reduced from an estimated
7 days to 4 h.

The SH-66/Lake Ray Hubbard bridge, near Dallas, Texas,
is another relevant example of the use of prefabricated bent
caps to widen the narrow two-lane crossing of SH-66 over
Lake Ray Hubbard, which had become a congested route
(Figure 16). Construction began in 2000 on a pair of con-
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FIGURE 16 SB-66/Lake Ray Hubbard Bridge. (Source: www.
aashtotig.org; courtesy: TxDOT.)

ventional prestressed concrete I-beam bridges with lengths
of 10,280 and 4,360 ft (/9). After the project was let for
construction, the contractor suggested prefabricating the
substructure bent caps as an alternative to the original de-
sign of cast-in-place multicolumn bents, to reduce the time
that workers would need to operate near power lines. The
TxDOT designed a prefabricated bent cap option that in-
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cluded a cap-to-column connection and a specific construc-
tion procedure that allowed early placement of caps and
prestressed beams, based on achieved cap concrete and cap
grout connection strength. The column-to-cap connection
included reinforcing steel dowel bars that protrude from
the columns into the prefabricated caps by means of open
plastic ducts that are grouted after cap placement. This pro-
ject implied the prefabrication of a total of 43 bent caps.
Table 2 lists the bridges that have used prefabricated bent
caps.

Bridge construction times can be greatly reduced by us-
ing prefabricated columns on cast-in-place footings. Col-
umns can be segmental, posttensioned, and either hollow
or concrete filled. For replacement of the Lake Ray Hub-
bard Bridge’s four-span, two-lane, freeway overpass, the
existing profile grade could not be raised. Designers chose
box beams, which provided a shallow structure depth and
eliminated most deck formwork. Careful control of pile
leads for plumb during 24-in. pile driving in soft clay al-
lowed for the placement of piles without templates to
within 2 in. of the planned location. All construction took
place with brief, partial, and phased road closures. The ex-
isting low-clearance bridge was demolished and the new
bridge was completed in 10 days.

Another example is the Dallas/Fort Worth (DFW)
International Airport People Mover located in Dallas/Fort
Worth Metroplex, Texas, and scheduled to be completed in
2004 (Figure 17) (19). In this example, the DFW Airport
decided to upgrade its airport people mover system to ac-
commodate new terminals and an increased passenger
count. The new people mover will transport people from
the farthest terminals to the main terminal in 11 min. Fur-
thermore, the cost per day of casting conventional concrete
columns with forms and guy wires for the reinforcing is
high, owing to space that would be used on the airport
apron. Instead of closing aircraft terminals and gates, the
DFW Airport People Mover Team decided to design and
build a prefabricated posttensioned segmental system of
columns.

TABLE 2
BRIDGES THAT HAVE USED PREFABRICATED BENT CAPS
Date of
Bridge Location Prefabricated Elements Construction
Edison Bridge Fort Myers, Florida Columns and bent caps 1991
SH-361 over Redfish Bay and Morris— Aransas County, Texas Bent caps 1994
Cummings Cut
US-290 Ramp G Austin, Texas Bent caps 1996
1-45/Pierce Elevated Downtown Houston, Texas Bent caps, decks 1997
Route 57 over Wolf River Fayette County, Tennessee Bent caps, decks 1999
Beaufort and Morehead Railroad Trestle Between Morehead City and Bent caps 1999
Bridge Radio Island, North Carolina
SH-66/Lake Ray Hubbard Near Dallas, Texas Bent caps, decks 2002
SH-36 over Lake Belton Near Waco, Texas Bent caps, decks 2003
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FIGURE 17 Dallas/Fort Worth International Airport
people mover under construction. (Source: www.
aashtotig.org; courtesy: STOA/Carlos + Law, AE.)

Total Substructure Systems

Bridge design can combine the bent cap and its column
into one prefabricated unit, eliminating the need for indi-
vidual substructure elements and using a prefabricated ap-
proach for the entire substructure. The SH-249/Louetta
Road overpass, located in Houston, Texas, and completed
in 1994, is an example of a bridge that used the total pre-
fabricated substructure system (Figure 18) (20). The super-
structure consists of simple-span, pretensioned, trapezoi-
dal-shaped, 54-in. U-beams, as well as prefabricated
pretensioned deck panels supported on the U-beams’ top
flanges with a cast-in-place composite concrete topping.
The bridges are three spans each, nominally 130 ft per
span. At the interior bents, a single posttensioned pier sup-
ports each beam.

A prefabricated substructure system of segmental piers
and bents is described in detail later in this chapter. It is
versatile, with applications to a wide variety of bridge
widths and heights. Prefabricated substructures can be eas-
ily standardized to further improve their economy, particu-
larly for short- and moderate-span bridges. For some de-
signs, the proposed prefabricated substructure system will
be economical and competitive with cast-in-place alterna-
tives.

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction
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FIGURE 18 SH-249/Louetta Road overpass. (Source: www.
aashtotig.org; courtesy: TxDOT.)

According to recent studies sponsored by the TxDOT,
standardization of prefabricated substructure bridge sys-
tems could result in a construction cost similar to that for
cast-in-place substructures (using inverted T-bent caps).
These studies further estimate that the construction time
could be roughly 50% less than when using cast-in-place
construction (217). The benefits of this system are evident in
a recent project in which using prefabricated pier caps re-
sulted in a briefer construction time and an early comple-
tion bonus of $1,600,000 (27). The value of a day of con-
struction time saved was estimated at $53,000. In some
cases, in congested areas and highways, the cost savings
from shorter construction time could far outweigh the cost
differences possible with competing substructure systems.
In addition, prefabricated systems are manufactured at the
factory under tight quality control, where accurate cover
and improved mixing, placement, and curing methods are
closely monitored. Such tight control is most often associ-
ated with enhanced durability and therefore a reduction in
life-cycle costs.

Prefabricated Bridges

Prefabricated bridge systems offer the maximum advantage
for rapid construction and depend on a range of prefabri-
cated bridge elements that are transported to the work site
and assembled in a rapid-construction process. The case of
Baldorioty de Castro Avenue Overpasses in San Juan,
Puerto Rico, is a relevant example of a totally prefabri-
cated bridge system (22) (Figure 19). To ease congestion
on a road that carries more than 100,000 vehicles per
day, the Department of Public Works provided two
overpasses at each of two intersections: two that were
700 ft long and two 900 ft long. To minimize traffic dis-
ruption the project was built in two stages. Piles were
driven and footings cast with special forms to facilitate
connections. Then, the prefabricated bridge components
were erected and posttensioned: box piers positioned and
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FIGURE 19 Baldorioty de Castro Avenue overpasses.
(Source: www.aashtotig.org; courtesy: Departamento de
Transportacién y Obras Publicas de Puerto Rico.)

posttensioned to the footings, caps were placed, and piers
were vertically posttensioned. When the first two piers
were in place, the 100-ft-long superstructure box beams
were set in place. Each span then was posttensioned trans-
versely as it was completed. The first bridge was erected in
36 h and the others took as little as 21 h. Table 3 lists ex-
amples of bridges that have been built using the totally pre-
fabricated bridge system.

TABLE 3
BRIDGES THAT HAVE USED A TOTAL PREFABRICATED
SYSTEM

Date of
Bridge Location Construction
Linn Cove Viaduct Grandfather Mountain, 1983
North Carolina
Baldorioty de Castro ~ San Juan, Puerto Rico 1992
Avenue Overpasses
Route 9/Metro North ~ Croton-on-the-Hudson, 1998
Pedestrian Bridge New York
Cross Westchester Westchester County, 1999
Expressway New York
Viaducts

DESCRIPTIONS OF SELECTED INNOVATIVE
PREFABRICATED SYSTEMS

This section will cover some examples of larger prefabri-
cated, fully integrated systems and other components cur-
rently in use by the DOTs. Pilot projects using such systems

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

and conclusions on their performance will be primarily re-
ported.

Full-Depth Prefabricated Prestressed Deck Panels

Redecking with prefabricated modular deck panels is a vi-
able method of deck replacement that minimizes traffic
disruption, reduces total construction time, and allows for
better quality control of concrete. This construction method
allows opening part of the bridge under construction to
traffic. In addition, nighttime redecking with prefabricated
concrete modular panels, although slightly more costly
than daytime redecking, can further minimize disruption of
traffic. Also, the existing deck could be replaced in stages.
In each stage, a portion of the transverse section is removed
and replaced along the full length of the bridge, while other
lanes are maintained open for traffic, as illustrated in Figure
20. The example of the redecking of a bridge at Route 7 over
Route 50 in Fairfax County, Virginia, will be used to illus-
trate and explain the construction method of full-depth pre-
fabricated prestressed deck panels (/).

Description of Deck Panels

Different panel shapes were designed to fit the construction
stages and skewed ends of the deck slab, while conforming
to the weight limit for transportability and ease of con-
struction. Lightweight concrete was used in the fabrication
of the panels, to compensate for the additional weight of
the overlay.

The elevations of the panels are adjusted by a leveling
bolt system (Figure 21). Each panel has four bolts, one in
each corner, threaded through cast-in-place sockets. These
bolts temporarily bear on the existing girders and their
heights could be easily adjusted using a common wrench.
After the panel is positioned, the haunch between the panel
and the girder is built with a high-early-strength concrete.

Continuity across the transverse joints is provided by a
posttensioned, grouted shear key (Figure 22). High-early-
strength grout is used in the shear key. The gap at the bot-
tom of the shear key compensates for the dimensional tol-
erance of the panels. Posttensioning provides compression
at the transverse joint applied by the posttensioning strands
that run along ducts placed at middepth of the panels. The
ducts are spliced at each transverse joint in small block-
outs. After posttensioning, the ducts are pressure grouted
and the blockouts are filled with the high-early-strength
concrete. Welded sliding shear plates are installed across
each transverse joint to improve shear transfer (Figure 23).

The longitudinal joints between the construction stages
are located at the girders to minimize shear forces at the
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FIGURE 20 Cross section of bridge during first stage of slab replacement. [Source: Babaei et al. (7).]
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FIGURE 23 Welded sliding shear plates. [Source: Babaei et al. (7).]
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transverse bars embedded in a strip of partial-depth, high-

early-strength, cast-in-place concrete (Figure 24).
FIGURE 21 Leveling bolt system. [Source: Babaei et al. (1).]

Composite Action

RAPID-SETTING
CEMENT GROUT WITH DUCT TAPE The panels have shear stud blockouts located over the
OVERLAY DUCT FOR POST- girders. The composite action is accomplished by the studs
TENSIONING TENDONS welded to the girders in these blockouts (Figure 25). The
\_ blockouts have a tapered wall to prevent uplift of the panel
? ) Wk i ORECAST PANEL (Figure 26) and are filled with the high-early-strength con-
R . crete. Note that the shear stud blockouts are filled after
: z posttensioning to avoid subjecting the superstructure to

5 \ADHESIVE TAPE OR FORM positive moments from posttensioning.
FIGURE 22

Posttensioning duct. [Source: Babaei et al. (7).]
Temporary Restraint

longitudinal joints of the panels. The negative moment
transfer at the longitudinal joints is provided by spliced top

An important aspect of the design is the temporary restraint
of the panels against movements caused by daytime traffic
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FIGURE 24 Longitudinal connections. [Source: Babaei et al. (7).]
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FIGURE 25 Regular shear stud blockout. [Source: Babaei et al. (7).]
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FIGURE 26 Longitudinal section, shear stud blockouts, and shear key. [Source: Babaei et al. (1).]
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before posttensioning. As shown in Figure 26, two types of
shear stud blockouts are used: (1) regular blockouts and (2)
blockouts with hold-down bolts. The second type of block-
out is used to temporarily restrain the panels against
movements caused by traffic (Figure 27). To provide this
temporary restraint, two bolts are welded to the girder in
the blockout in place of the two exterior shear studs. These
bolts secure a temporary hold-down plate in the blockout
and restrain vertical and horizontal panel movements. The
blockout is temporarily filled with sand and topped with
asphalt concrete in preparation for traffic. After postten-
sioning, the asphalt concrete, filler sand, and hold-down
plate are removed. Then, the hold-down bolts are cut to
size and the blockout is filled with high-early-strength
concrete.

2, 10 2,
TEMPORARY 'HOLD-DOWN
AC FILLER BOLTS
. 5
PRECAST R s
PANEL a0 Nt s
= STEEL R
TEMPORARY |
SAND i RAPID-SETTING
CEMENT GROUT

- \STEEL GIRDER

FIGURE 27 Temporary panel restraint for traffic. [Source:
Babaei et al. (7).]

Panels are fabricated based on the as-built dimensions
and shipped and stored near the job site before construction
(Figure 28). After saw cutting and removal of the existing
slab, the panels are lowered into position and placed on the
existing steel framing (Figure 29). The final elevation of
the top of the deck is achieved by adjusting the leveling
bolts. The haunch between the beam flange and the panel
soffit is built with a fluid, high-early-strength concrete fed
through the blockouts located over the beam. Composite
construction is initiated by welding studs to the beam
flange in the same blockouts prior to building the haunch.
The temporary hold-down bolts and plates are installed in
selected blockouts to prevent panel movements caused by
traffic.

After all panels are installed, they are posttensioned in
the longitudinal direction to ensure tight transverse joints
between the panels. Finally, an overlay is applied on the
entire deck to provide a smooth ride over the panel joints
and to waterproof the joints. The overlay consists of as-
phalt concrete with a waterproofing membrane. The water-
proofing membrane has the ability to bridge the panel
joints and prevent reflection of the joints in the asphalt
concrete.
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FIGURE 28 Stored panels near job site of bridges at Route 7
over Route 50, Fairfax, Virginia. [Source: Babaei et al. (7).]

FIGURE 29 Installation of new panel of bridges at Route 7
over Route 50, Fairfax, Virginia. [Source: Babaei et al. (7).]

Woodrow Wilson Bridge

The Woodrow Wilson Bridge carries Interstate 1-95/495
over the Potomac River in Washington, D.C. The states of
Maryland and Virginia and the District of Columbia jointly
maintain the structure. The bridge, which carries more than
110,000 vehicles each day, was built in 1962 and redecked
in 1984 (Figure 30). It is 5,900 ft long, with span lengths
from 62 to 184 ft. The bridge carries six lanes of traffic on
four main girders with floor beams at 16 to 26 ft on center.
Five rolled beam stringers that are continuous over the
floor beams carry each roadway.

The replacement deck system is composed of 46-ft-7%
in.-wide transversely posttensioned, lightweight, precast
concrete deck units (Figure 31) (23). Each precast deck
unit is supported on the outside girder and the five stringers.
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FIGURE 30 Redecking view of the Woodrow Wilson Bridge.
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FIGURE 31 Prefabricated concrete deck panel.

Lightweight precast Jersey-shape parapets were bolted to the
deck panels and the existing Jersey median barrier was re-
bolted through the centerline joint. A 1'5-in. asphalt-wearing
course was provided over the precast deck units. The length
of a typical panel varies from 10 to 12 ft with a thickness
of 8 in., except over the outside girder where the thickness
is 13 in. Precast panels (1,026) weighing approximately 22
tons were used to redeck the structure. The completed deck
was posttensioned in the transverse and longitudinal direc-
tions with strand tendons. The deck panels are supported
on polymer concrete between the panel and stringers and
held in place with bolted hold-down devices.

The primary goal of the project was to minimize disrup-
tion to traffic during deck replacement. The contractor be-
gan work on the project on December 2, 1982, and com-
pleted work on September 19, 1983—a remarkable
achievement considering the traffic maintenance require-
ments and that one-half of the work was done during
winter weather conditions. The contractor achieved an
average replacement of 1,554 ft* per calendar day and
2,745 ft* per workday. This project was accomplished
while being restricted to night work only, with the re-
quirement of maintaining two lanes of traffic during the
work effort.
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Transversely Posttensioned Double-Tee Beams

In many states (e.g., Colorado, New Mexico, and Wyo-
ming), prestressed double-tee beams have been used for ru-
ral and secondary roads. However, this structural system is
aimed at state and Interstate class highway bridges with
spans measuring up to 80 ft (24.4 m) in length. The
prestressed prefabricated beams are transported to the con-
struction site and erected adjacent to each other (Figure
32). Next, the beams are tied together transversely by a
simple joint and transverse posttensioning. The joints are
then filled with a high-strength nonshrink grout and the
transverse posttensioning is applied to provide lateral load
transfer. Generally, the bridge is designed with an allow-
ance for a deck overlay to improve rideability. However, in
Florida, no deck overlay is used.

FIGURE 32 Double-tee bridge system.

The elimination of cast-in-place elements is associated
with speed of construction and reduction in labor costs.
The first two bridges (Gains Street and Texas Street) were
built in the city of Tallahassee, Florida, after an extensive
research study sponsored by the Florida DOT (24). As
shown in Figure 33, only a crane and two skilled workers
are needed to erect the bridge superstructure. All initial
studies indicate that this system is very economical and
cost-effective for short- and medium-span bridges [up to
65 ft (19.8 m)] (24,25). For spans ranging from 65 to 80 ft
(19.8 to 24.4 m), transportation and erection constraints
may prevail. The level of transverse posttensioning is an
important parameter to ensure a monolithic behavior of the
bridge deck. Shahawy reported that a minimum uniform
compression of 250 psi across the longitudinal joints is re-
quired to develop monolithic behavior (24).

Prefabricated Abutment
The use of a prefabricated abutment system based on pre-

fabricated counterfort (ribbed) wall sections anchored to
footings using tensioned bars or tendons was reported by
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FIGURE 33 Construction of transversely posttensioned
double-tees bridges.

Scanlon et al. (26). Variations in abutment-wall and wing
wall configurations made it difficult to develop standardized
elements. It was decided, therefore, to use cast-in-place foot-
ings as a base for the prefabricated counterfort elements.

Figure 34 shows an 8-ft-high abutment front wall and
the two-lift wingwall in place. Segments are typically 16 ft
long with two stems per segment. Posttensioning tendons
are placed at the front and back of the stems to tie the
abutment unit to the cast-in-place footing. Dowels from the
footing are connected to the tendons by couplers near the
base of the prefabricated unit.

No bracing is required during installation, owing to the
stable configuration of the prefabricated unit. Abutment
units are limited to 8 ft in height for ease of transportation.
For higher walls, two or more lifts can be used, as demon-
strated in the wingwall arrangement. The use of prefabri-
cated abutment elements requires that loads be transmitted
across horizontal joints. This can be accomplished by ei-
ther match casting or grouted joints. At the interface of the
cast-in-place footings and the prefabricated units a grouted
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FIGURE 34 View of counterfort abutment system for a single-
span bridge over Miller's Run Creek in southwestern Pennsyl-

vania. [Source: Scanlon et al. (26).]
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joint is necessary. Match casting was considered for joints
between the prefabricated units; however, on the basis of
input from industry representatives, the research team de-
cided that a grouted joint would be preferable.

A demonstration project based on the design concepts as
described was developed for a bridge replacement project
in Pennsylvania DOT District 11-0, Allegheny County, on
SR-3026 over Miller’s Run Creek. A key element contrib-
uting to the success of the project was the accurate installa-
tion of the dowels embedded in the footing to be connected
to the posttensioning rods in the abutment walls. Figure 35
shows the front and back dowels projecting from the cast-
in-place footing. The vertical anchors were stressed after
both the footings and grout joints attained a minimum
compressive strength of 3,000 psi. The prefabricated bridge
seat at the west abutment was set on the prefabricated
abutment segments and posttensioned simultaneously.

FIGURE 35 Cast-in-place footings with projecting dowels.
[Source: Scanlon et al. (26).]

To avoid the use of compacting equipment between the
counterfort stems, a fluid fill was used. Figure 36 shows a
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view of the backside of the abutment with fill placed close
to the top of the bridge’s beam seat.

FIGURE 36 Fluid backfill behind abutment. [Source: Scanlon
et al. (26).]

It was estimated that the use of prefabricated abutment
units allowed the bridge to be opened approximately 2
weeks earlier than would have been possible if a standard
cast-in-place abutment system had been used.

Prefabricated Piers and Caps

The substructure often consumes 60% to 70% of the time
required to construct a bridge (27). Significant reductions
in the time required to construct a bridge may be achieved
by using prefabricated elements in the substructure. This
section of the chapter focuses on improving bridge sub-
structures by developing attractive and rapidly constructed
substructure systems for short- and moderate-span bridges.
The importance of the improved substructure design is dis-
cussed. A specific proposal for a prefabricated segmental
substructure system is described including methods of fab-
rication and erection (21).

The Ferguson Structural Engineering Laboratory at the
University of Texas at Austin conducted a research project
through the Center for Transportation Research, with the
goal of improving the efficiency, appearance, and durabil-
ity and reducing the time required for the construction of
short- and moderate-span bridge systems. The TxDOT and
the FHWA sponsored this project. One of the outcomes of
the study was a proposed segmental prefabricated concrete
substructure system for standard highway bridges.

Proposed Prefabricated Segmental Substructure System for
Standardization

The substructure system must be developed with forms and
details that can easily be standardized. By enabling wide
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T cap match cast, cap and pier cross sections. [Source: Billington et al. (27).]

reuse, standardization will bring costs down over time, and
it can make a prefabricated substructure system economi-
cally competitive with cast-in-place substructure systems
for many bridge projects. Also, a prefabricated system
should make use of existing prefabricated plant facilities
and equipment. The construction equipment, predomi-
nantly cranes, required for substructure erection should be
compatible with the equipment requirements for the erec-
tion of the superstructure. The economics of a design
should consider not only the initial dollar costs, but also
the indirect costs and benefits to the public associated with
the reduction in construction time and impact at the site.

The prefabricated substructure system proposed in 2001
is made up of three basic segment types: match-cast col-
umn segments, a “template” segment, and an inverted-T
cap match cast to the template (Figure 37a) (217). Inverted-
T caps are proposed to improve visibility through the
bridge, as well as increase the clearance underneath the
substructure. Details are developed for the inverted-T caps
supporting simply supported girders without provision of
continuity.

Four column sizes were designed to produce varying
bent configurations (Figure 37b). The pier segments are
hollow, high-performance concrete segments with a wall
thickness of 13.8 in. (350 mm) to accommodate inserts in
the formwork for exterior relief or texture. Hollow sections
keep the weight of the elements low for hauling and erec-
tion. The walls of the hollow pier segments provide enough
room for the posttensioning bars, as well as for the multi-

strand tendons. The hollow pier segments also provide
room for internal drainage ducts.

The proposed system has been designed to produce a
wide range of straight and skewed substructure units, in-
cluding single-column, straddle, and frame bents (Figure
38). The bents can support roadways up to 105 ft (32 m)
wide and up to 59 ft (18 m) high. All bent caps can be fab-
ricated in single elements up to 42.7 ft (13 m) long. All
single-column bents are constructed with only one cap
segment. Cap segments may be pretensioned or postten-
sioned. Straddle and frame bents each consist of two piers
with two caps joined by a cast-in-place joint and continu-
ous longitudinal posttensioning. These wider bents can ac-
commodate caps up to 88.6 ft (27 m) in length with only
two cap segments.

Four template segment sizes were designed, each corre-
sponding to one of the four pier segments. The template
segment is basically a construction aid. The template is
used as the central base of the form for match casting the
pier cap. During erection, the light template piece can be
quickly aligned and cast into place on top of the pier. The
larger and heavier cap segment that had previously been
match cast to the template is then easily placed on and
posttensioned down to the prefabricated pier. The erection
time is greatly reduced and the geometry control is im-
proved by having the prefabricated cap match cast to a
template. Construction speed and efficiency are further im-
proved with a prefabricated system when the cap can be
prefabricated and handled as one segment. To obtain a sys-
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FIGURE 39 Erection sequence for a single-column bent. [Source: Billington et al. (27).]

tem whereby the cap could be one single prefabricated
element up to 43 ft (13 m) in length, the standard inverted-
T cap section was modified by removing the nonstructural
material (Figure 38) (28).

Fabrication and Erection

The erection sequence for a single-column bent is shown in
Figure 39. The first column segment is placed and aligned
on adjustable supports on a previously cast footing. Post-
tensioning ducts are spliced, internal drainpipes are placed,
and joint reinforcement is tied. This first segment is then
locked into position with a cast-in-place high-quality con-
crete joint. With the first segment set, the next pier seg-
ments can be lowered into place. Posttensioning bars are
coupled, and epoxy is placed on the faces of adjoining

segments. The segment is then lowered into position and
posttensioned. The match-cast joints with aligning shear
keys allow rapid placement. No further field alignment
changes are needed.

With the final pier segment in position, the template
segment is then placed. The template is set on adjustable
supports, then the ducts are spliced, and the segment is
aligned to provide the proper cross slope for the match-cast
cap. The small joint [3 to 4 in. (75 to 100 mm)] is then
filled with a high-strength epoxy grout. Next, the template
segment is posttensioned down to the pier and the cap is
then placed. Epoxy is applied between the cap and the
template immediately before setting the cap into position.

Pier erection of frame bents is the same as that for the
single-column bents. After the piers are constructed,

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22025

match-cast cap segments are set on their templates and
posttensioned to the piers. Any additional segments re-
quired between the cap segments would be added in a
manner similar to that done for balanced cantilever con-
struction. The remaining joint between the segments is
then cast and the entire cap is posttensioned.

Edison Bridge Replacement

The Edison Bridge, named after Thomas A. Edison, carries
US-41 over the Caloosahatchee River in Fort Myers, Flor-
ida. The original structure, 4,623 ft long, was built in 1931
and replaced with dual structures in 1991. The new struc-
tures consist of continuous posttensioned bulb-tee girder
superstructure spans with a cast-in-place deck, prestressed
concrete piling foundations, cast-in-place pier caps, and
prefabricated reinforced concrete pier columns and caps
(Figure 40). The structure was designed to accommodate
vessel impact loading in accordance with the AASHTO
Guide Specification and Commentary for Vessel Collisions:
Design of Highway Bridges (29).

FIGURE 40 View of prefabricated substructure
and girders of Edison Bridge.

One of the most unique aspects of the new structures is
that the substructure above the footings is entirely prefab-
ricated. All columns and cap beams are prefabricated in
one piece and weigh up to 90 tons (Figure 41). The prefab-
ricated elements are connected with a unique bar-splicing
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system. With prefabrication of the substructure, the erec-
tion of the columns and caps was completed quickly and
contributed substantially to the early completion of the
project. The construction for both bridges—9,850 ft of
structure—was completed in 25 months (7he Edison
Bridge, special brochure, 1992).

FIGURE 41 Installation of prefabricated bent cap in Edison
Bridge.

INNOVATIVE PREFABRICATED SYSTEMS AND
ELEMENTS: INTERNATIONAL EXPERIENCE

A limited number of publications were found on the use of
prefabricated systems as common practice in the bridge
construction industry. The redecking of Jacques-Cartier
Bridge in Montreal, Canada, presents an interesting exam-
ple of using the prefabricated systems to minimize traffic
disruption (Figure 42). The Jacques-Cartier Bridge is a
five-lane bridge, 11,236 ft or 2 1/6 mi (3.4 km) in length,
spanning the St. Lawrence River between the cities of
Montreal and Longueuil. Approximately 43 million vehi-
cles cross the bridge every year.

During two construction seasons in 2001 and 2002, the
71-year-old Jacques-Cartier Bridge underwent complete
redecking of the five-lane-wide, 2.7-km-long bridge deck.
The new deck is constructed of prefabricated, prestressed,
and posttensioned panels (Figure 43) made of high-
performance concrete that were prefabricated at a tempo-
rary plant installed near the south end of the bridge. Ex-
actly 1,680 prefabricated deck units, representing a surface
area of about 667,000 ft* (62,000 m”) were installed prin-
cipally during nighttime from April to October during 2001
and 2002. The new prestressed concrete deck panels were
posttensioned transversally and longitudinally to control
water infiltrations, through construction joints made of rap-
idly setting mortar. The entire project was completed with-
out disturbing normal peak hour traffic.
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FIGURE 42 Jacques-Cartier Bridge. (Source: www.pjcci.ca.)

H

FIGURE 43 Prefabricated deck panel. (Source: www.pjcci.ca.)

Case studies about large bridge projects using the seg-
mental construction method have been reported. The case
of the Nesenbachtalbruecke Bridge in Germany is pre-
sented as an innovative composite bridge (30). The bridge
consists of a welded box girder and high-tensile fine-
grained steel connected with steel tubes, which support
transverse steel girders at a distance of approximately 13 ft
4 in. (4 m). These transverse girders support 4.8-in. (120-
mm)-thick prefabricated concrete slabs, which will be
completed at a later time with in situ concrete to a total
thickness of 16 in. (400 mm). The composite action is se-
cured by stirrups. This innovative system requires neither
falsework nor formwork. Also, the use of prestressed pre-
fabricated concrete for parts of bridges has been reported
in Germany with very positive results (37).

Large bridge projects have used prefabrication to
accelerate construction. The case of the A13 Viaduct in the
United Kingdom is an example. This project used 1,030
prefabricated prestressed glued segmental units, giving a
5,833-ft (1750-m)-long continuous structure to provide a
low-maintenance structure with minimum joints and bear-
ings (32).

In Japan, a new method for the construction of bridge
piers using prefabricated prestressed concrete panels as
formwork was proposed to increase the efficiency of con-
struction (33). Experiments were carried out on six differ-
ent reinforced concrete column specimens. These experi-
ments were performed to check whether the panels acted as
an integral part of the structure with a good bond between
panels and core concrete. It was observed that the use of
the prefabricated prestressed panels did not create any
weakness in the structural behavior of the specimen and
can be used effectively for the construction of bridge piers.

USE OF FIBER-REINFORCED POLYMERS FOR
PREFABRICATED SYSTEMS AND ELEMENTS

FRP composite materials have shown potential as alterna-
tive bridge construction materials compared with conven-
tional ones. The acceptance of composites in the highway
bridge industry is primarily because of their high strength,
low density, better durability, and corrosion resistance
when compared with steel and concrete. Moreover, FRP
materials lend themselves to prefabrication and mass pro-
duction; they are easily formed into structural shapes,
transported, and erected. In recent years, innovative sys-
tems of prefabricated FRP decks were developed and some
pilot projects were constructed; some of them are continu-
ously being monitored to obtain maximum performance in-
formation.

Prefabricated Superstructures
Advanced Composite Deck Panels

FRP panels offer lightweight, superior corrosion resistance,
and ease of erection. Several systems, most of which are
composed of conventionally pultruded triangular or tube
sections with a deck, bottom plates, and polymer concrete
riding surfaces, are under evaluation at this time. Among
the issues being investigated in the development of these
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FIGURE 44 FRP deck panels made in a tongue and groove
design for easier installation.

structures are environmental ones other than corrosion,
connections for the members and the supporting beams,
and the attachment of crashworthy barriers. An example of
an FRP deck replacement is shown in Figure 44.

FRP Decks
FRP decks have been used recently in pilot projects and are

still being monitored to evaluate their behavior under ser-
vice. For them to become as popular as conventional
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(ASTM) tests for FRP materials and details need to be im-
plemented. The experience and knowledge gained from the
construction of four bridges in West Virginia and Pennsyl-
vania and many other FRP bridges built in the United
States can be used to develop future FRP deck construction
standards. Also, the ongoing monitoring of these bridges
will validate the long-term performance of FRP decks.

The installation time for FRP bridge decks is very brief
compared with that for conventional decks. For example,
the erection time of an FRP composite deck is about one-
eighth to one-tenth of that necessary for a conventional
concrete deck. The construction crew required for FRP
decks is also smaller than that for conventional decks. The
experience of four FRP bridges in West Virginia showed
that a typical construction crew of six people (without any
special training) needed 1 day to install the FRP deck
modules for a bridge of about 500 ft* (46 m?) like that of
Wickwire Run Bridge. However, on a large job such as the
Market Street Bridge, a 10,800 ft* (1003 m?) deck was in-
stalled by a crew of five people working 6 h a day, for 6
days, with an additional 200 h needed to provide glass fab-
ric reinforcement over field joints (34).

A number of projects have been completed or are under
way. Table 4 cites FRP pilot bridge projects that have been
executed in the United States up to 2001. Table 5 lists the
FRP composite decks installed in Ohio under Project 100,

and Table 6 records the FRP composite decks being in-
stalled in Ohio in 2002 and 2003 under the Composites

decks, standardized construction procedures, quality con-
trol and quality assurance criteria, and standardized

TABLE 4
COMPLETED BRIDGE PROJECTS UP TO 2001
Completion
Bridge Location Description Date
Test panels Univ. of California, Steel girders, polymer concrete wear surface 1996
San Diego
All-composite bridge Idaho Falls, Idaho Composite girders, asphalt wear surface 1997
Tech 21 all-composite bridge Butler County, Ohio Composite girders, asphalt wear surface 1997
Darke County Ohio Steel girders, micro silica-modified concrete wear surface 1999
Warrensburg New York Steel girders, polymer concrete surface 2000
Riverside County California Carbon tube girders, polymer concrete wear surface 2000
Six Ohio bridges Ohio 2001
TABLE 5
FRP COMPOSITE DECKS INSTALLED IN OHIO UNDER PROJECT 100
Total Completion
Bridge Name Owner Dimensions (ft%) Manufacturer Date
Westbrook Road Montgomery Co. 34°3” x 32°8” 1,119 Hardcore April 2000
Elliot Run Knox Co. 38°10” x 25°6” 975 Hardcore July 2000
Sintz Road over Rock Run Clark Co. 62’ x 30’ 1,860 Hardcore Nov. 2000
Five Mile Road Bridge #0171 Hamilton Co. 44> x 28’ 1,232 Hardcore Nov. 2000
Five Mile Road Bridge #0087 Hamilton Co. 47 x 30’ 1,410 Hardcore May 2001
Spaulding Road Montgomery Co. 83’17 x 56’ 4,653 Hardcore May 2001
Hebble Creek Wright Patterson AFB 32°x 17°2” 544 Comptek/Webcore July 2001
Five Mile Road Bridge #0071 Hamilton Co. 43’ x 30’ 1,290 Hardcore Aug. 2001
Shaffer Road Ashtabula Co. 175 x 17° 2,975 Hardcore Oct. 2001
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TABLE 6
FRP COMPOSITE DECKS BEING INSTALLED IN OHIO IN 2002 AND 2003
Total Completion
Bridge Name Owner Dimensions (f) Manufacturer Date
Fairgrounds Road Bridge Greene Co. 221’ % 31°7.66” 6,851 Martin Marietta April 2002
Composites
Hudson Road/Wolf Creek Bridge Summit Co. 117° x 33’87, 7.66” deep 3,938 Martin Marietta TBD
Composites
Hotchkiss Road Bridge Geauga Co 65’ x 28°5” deep 1,820 Martin Marietta 2003
Composites
Cats Creek Bridge Washington Co. 80°4.5” x 24°5” deep 1,929 Martin Marietta October
Composites 2002
Hales Branch Road Bridge Clinton Co. 65°6” x 24°5” deep 1,572 Martin Marietta 2003
Composites
County Line Road over Tiffin Defiance Co. 186.5’ x 28°7.66” deep 5,222 Martin Marietta 2003
River Composites

Notes: The Composites FOR Infrastructure (C4I) effort is administered by the National Composite Center. TBD = to be determined.

FOR Infrastructure (C4I) effort administered by the Na-
tional Composite Center (http://epointl.iserver.net/ncc/in-
frastrl.php, previously named www.compositecenter.org).

FRP Modular Decks for Highway Bridges

A bridge deck is generally defined as a structural element
that transfers loads transversally to supports such as longi-
tudinal girders, cross beams, or stringers that bear on the
bridge’s abutments. Two types of FRP deck bridges are
commercially available, the sandwich and pultruded shapes
(35). Sandwich construction (Figure 45) implies the use of
strong, stiff face sheets that carry flexural loads, and a low-
density, bonded core material that separates the face sheets
and ensures composite action of the deck. Because of the
ease with which face sheets and core materials can be
changed in manufacturing, sandwich construction provides
great flexibility in designing for varied depths and deflec-
tion requirements. Face sheets of sandwich bridge decks
are primarily composed of E-glass mats and/or roving, in-
fused with a polyester or vinylester resin. Current core ma-
terials are rigid foams or thin-walled cellular FRP materials
such as those shown in Figure 45. Changes in details re-
lated to materials, orientations, and thickness of the FRP
face sheets or core can be determined analytically.

FIGURE 45 Sandwich construction.

The most currently available commercial decks are con-
structed using assemblies of adhesive-bonded pultruded
shapes. Such shapes can be economically produced in con-
tinuous lengths by numerous manufacturers, with the use
of well-established processing methods. Design flexibility
in this type of deck is obtained by changing the constitu-
ents of the shapes (such as fiber type and fiber orientation)
and, to a lesser extent, by changing the cross section of the
shapes. Because of the potentially high cost, variations in
the cross section of shapes are feasible only if sufficiently
high production warrants the equipment investments. Al-
though systematic methods of optimizing pultruded shapes
have been developed, optimized deck designs are largely
derived by trial and error. Several examples of decks with
pultruded shapes are shown in Figure 46.

X X X
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FIGURE 46 FRP decks produced from adhesive-
bonded pultruded shapes.

FRP Decks Supported by Steel or FRP Stringers

Pultruded shapes have been used as modular decks sup-
ported on steel stringers for highway bridges. The Con-
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FIGURE 47 Cross section of composite bridge deck. [Source: Shekar et al. (34).]

structed Facilities Center of West Virginia University, in
cooperation with the FHWA and West Virginia DOT-
Division of Highways, has been involved in rehabilitation
(either replacement or strengthening) of approximately 20
bridges using FRP composite materials (34). The implementa-
tion of FRP modular decks on four bridges was adopted. The
FRP deck was about 20% of the weight of a typical reinforced
concrete deck. The cross section was made of a hexagon and
double trapezoids, as shown in Figure 47. The fiber architec-
ture consisted of E-glass multiaxial stitched fabrics with
chopped strands and continuous roving. The matrix was
made of vinylester resin, which has good weatherability
and good resistance to harsh environments. The construc-
tion of the four bridges is detailed here to discuss the dif-
ferent aspects related to FRP bridges (34).

The double trapezoid and hexagonal components were
assembled at the manufacturing plant under controlled
conditions using a two-part polyurethane adhesive between
the individual components to form a deck module. The
deck modules were available in standard 8-ft (2.43-m)
widths along the bridge span direction with variable
lengths equal to the required bridge width. The thickness of
the deck modules was maintained at 8 in. (203 mm). The
FRP deck modules were transported to the bridge site
without any special permit, because the modules were ei-
ther 7 or 8 ft (2.13 m or 2.43 m) wide and their length was
equal to the bridge width, which was less than 29 ft (8.8
m).

Before the deck modules were connected to the string-
ers, the surfaces of the composite deck modules and the
stringers, over which the deck was to be seated, were pre-
pared—that is, sandblasted to remove grease and dirt. The
FRP composite deck was placed transversally to the span
direction (flow of traffic) and was supported by longitudi-
nal steel stringers (FRP stringers for Laurel Lick Bridge,

West Virginia) (Figure 48). The FRP composite deck mod-
ules were joined in the field using shear keys that provide
mechanical interlocking and an adhesive-bonded surface.
The sequence of assembly of the FRP deck modules on the
steel or FRP stringers was the same as for each of the four
composite deck bridges. Once the first deck module was
placed on the stringers and bonded and bolted with Huck
bolts (Figure 48), the subsequent deck module was placed
next to the first module and the two modules were
“squeezed” together to establish a good bond and full shear
transfer with the remaining modules.

T

FIGURE 48 Placement of FRP deck modules over FRP
stringers (Laurel Lick Bridge). [Source: Shekar et al. (34).]

For the Laurel Lick, Laurel Run, and Wickwire Run
bridges, the deck was connected to the stringers, using both
adhesive bonding and mechanical fasteners. Before the ap-
plication of the adhesive, the bottom of a deck module was
drilled and the module was placed on the predrilled loca-
tions of the top flanges of the stringers. To ensure a good
bond between the deck and a stringer, a primer adhesive
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FIGURE 49 Deck to stringer connection using BOM blind bolts. [Source: Shekar et al. (34).]

was first applied on the top surface of the sandblasted
stringer. The adhesive was also applied to the bottom
flange of the deck surface and on the expansion dams. The
first deck module was aligned with the stringers and was
placed in position with the use lifting hooks. A hydraulic
jack was used to push the deck module against the expan-
sion dam. The deck was then connected to the stringers us-
ing BOM blind bolts, as shown in Figure 49.

For the Laurel Lick, Laurel Run, and Wickwire Run
bridges, the FRP deck modules were interconnected using
both adhesive bonding and mechanical fasteners. The ad-
hesive was applied to the tongue and groove joints of the
first module before the adjacent module was bonded to it.
In addition to the adhesive bonding, mechanical fasteners
(blind bolts) were provided in the shear keys for adequate
transfer of shear between the modules. In the Market Street
Bridge, the modules were interconnected by adhesive
bonding only. The modules were held together with a spe-
cial device (using the wrench mechanism) after applying
the adhesive and positioning the modules properly on the
steel girders (Figures 50 and 51).

Pulling Mechanism

FIGURE 50 Special pulling mechanism. [Source: Shekar
etal. (34).]

Pulling
Mechanism

FIGURE 51 Pulling mechanism of modules. [Source: Shekar
etal. (34).]

The open edges of the FRP decks for the Laurel Lick,
Laurel Run, and Wickwire bridges were closed with pul-
truded FRP angles to prevent moisture from entering into
the deck cells. In the case of the Market Street Bridge, in-
stead of FRP angles, a pultruded channel section was used
at the edges of the FRP deck, and it was bonded to the deck
with an adhesive.

Permanent FRP Deck Forms

The proposed innovative construction technologies should
improve on current construction practices. One proposed
technology is to simplify the concrete reinforcement as-
sembly process and therefore speed up construction. The
pultruded SIP FRP deck form and the pultruded grid panels
will be prefabricated and presized units delivered to the job
site. The deck forms will be rapidly placed without the
need of time-intensive falsework or formwork, which is
usually needed in conventional concrete deck pours. The
system proposed by Dieter et al. (36) will be used in the
following sections to explain and describe the permanent
FRP deck forms.
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The proposed FRP-reinforced concrete system is made
up of two layers, one top and one bottom (see Figure 50 for
a picture of a FRP system mock-up). The bottom tensile re-
inforcement consists of a pultruded SIP FRP deck form
(Figure 52) spanning between, but not continuously over,
the girders. The FRP deck form is analogous to the main
positive steel reinforcement typically placed perpendicular
to the girder system. Each deck form is 18 in. (457.2 mm)
wide and overlaps with adjacent deck forms by means of a
shiplap joint. The SIP forms are stiffened by two 3-in.
(76.2-mm) hollow square corrugations centered 9 in.
(228.6 mm) apart. To ensure composite action through
horizontal shear transfer between the deck form and the
concrete, 0.25-in. (6.35-mm) aggregate is bonded with ep-
oxy to most of the horizontal surface area of the deck.

Bi-Directional Grid |

FIGURE 52 Mock-up of FRP reinforcement system. [Source:
Dieter et al. (36).]

The bottom reinforcement layer contains no longitudi-
nal reinforcement, which would be analogous to the distri-
bution reinforcement typically seen in a traditional steel-
reinforced deck. However, the actual bridge deck design
will contain FRP reinforcement bars for negative moment
continuity reinforcement over the middle pier. Beyond the
negative moment envelope, a percentage of the FRP rein-
forcement bars will continue to the abutments. A bidirec-
tional FRP grid panel provides the top transverse and the
top longitudinal (direction with respect to the girders) ten-
sile reinforcement. The transverse reinforcement for nega-
tive moment over the girder is provided by I-shaped FRP
bars. The longitudinal reinforcement, commonly referred
to as temperature and shrinkage reinforcement, is supplied
by oval FRP bars (dark bars in Figure 52). The oval FRP
bar stays in the plane of the I bars by penetrating through
and mechanically locking with the I bar web. The orthogo-
nal members of the grid are spaced at 4 in. (101.6 mm) on
center in each direction. Both bars are quite smooth and
cannot develop adequate bond to the concrete. However,
because they lie within the same plane and are inherently
connected, they mechanically anchor one another.

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

29

Prefabricated Substructures
FRP Composite Piles

There are considerable problems associated with the use of
traditional piling materials in corrosive soils and marine
environments. The durability of concrete, corrosion of
steel, and vulnerability of timber piles to marine borers
are serious hindrances to construction in these environ-
ments. Composite materials, such as FRP, offer per-
formance advantages over steel, concrete, or timber.
These advantages include corrosion resistance, high-
oriented-strength structural shapes, durability, and low
maintenance. The main polymers currently in use in plastic
piling include fiberglass high-density polyethylene com-
bined with stabilizers and fiberglass reinforcement. The
products available in the market can be classified into the
following types:

e Steel pipe core piling—Steel core piling, the first
product in the American market, consists of a recy-
cled plastic shell encasing a steel pipe core. The steel
pipe core provides all of the structural strength. In
1997, the piles were available in 8 to 24-in. (20 to 60-
cm)-outer diameter and up to 75 ft (23 m) long (37).
The structural pipe cores ranged from 4 to 16-in. (10
to 40-cm)-outer diameter, with wall thickness ranging
from 0.237 to 1.594 in. (6 to 40 mm). The product is
guaranteed for a period of 5 years against shrinkage
and expansion cracking—problems encountered in
the earlier version of the product.

o Structurally reinforced plastic matrix—These piles
typically consist of recycled plastic matrix rein-
forced with fiberglass or steel rods. Typically, the
plastic matrix is chemically treated with antioxi-
dants and ultraviolet inhibitors to retard the effects
of ultraviolet light on the plastic. Such piles are cur-
rently used by naval facilities for fender applications,
and they are being pilot tested for bearing loads of up
to 10 tons (37).

e Fiberglass pipe pile—Fiberglass pipe piles typically
consist of an acrylic-coated fiberglass tubular section.
The fiberglass (glass and vinylester) shell provides
structural strength, and the acrylic coating protects
the pile against abrasion, ultraviolet light, and chemi-
cal attacks. These piles are typically filled with con-
crete after installation to improve their structural per-
formance, or they are filled with concrete and cured
before driving (37).

e FRP—FRP piling consists of a recycled plastic ma-
trix with randomly distributed fiberglass reinforce-
ment in the matrix. The available product consists of
20% glass fiber-reinforced, high-density, extruded
recycled polyethylene with an outer solid section and
a foam center (38—41).
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International Experience in Using FRP

An innovative application of FRP in new bridge construc-
tion occurred in the 1990s in Europe and Japan (42). In the
United Kingdom, an innovative modular-glass, reinforced-
polyester pultruded construction system has been devel-
oped, called ACCS (advanced composite construction sys-
tem). It enables bridges to be built by bonding together
simple cellular components using epoxy adhesives. The
components incorporate a keyway, which enables compo-
nents to be connected quickly and accurately. The system
was installed when it had competed successfully with tra-
ditional solutions. Some bridges using FRP materials have
been constructed in the last decade, examples of which are
briefly described here.

West Mill Bridge, Oxfordshire, England

The first vehicular bridge in Western Europe constructed
with composite deck was open to traffic on October 2002
in Oxfordshire, England (43). Below the deck is a com-
posite support structure consisting of four pultruded
glass and polyester box beams that are spaced 6.5 ft
(2 m) apart and attached to concrete abutments (Figure
52). The deck structure is bonded to the box beams with
epoxy. The wear surface is a polymer concrete and epoxy
material. The bridge weighs approximately 41 tons, one-
third of which is the weight of the composite materials.
The light weight of the deck enabled the use of a mobile
200-ton crane, which lifted the deck into position in under
30 min.

Aberfeldy Footbridge, Scotland

The previously mentioned new footbridge joining two
halves of a municipal golf course over the Tay River at
Aberfeldy was built entirely from composite materials. The
main span of 210 ft (64 m) consists of GFRP deck with
GFRP towers. The stay cables consist of Aramid fiber par-
allel-lay ropes.
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Bond’s Mill Lifting Bridge, England

This lifting bridge providing access over a canal to an in-
dustrial estate in Stonehouse, Gloucestershire, can carry
full U.K. highway loading with vehicular weights of up to
38 tons. The light weight of the GFRP structure allows
simple hydraulic machinery to be used to lift the structure.
Savings in machinery and foundations made the total cost
competitive.

A19 Viaduct, Middlesbrough, Cleveland, England

The A19 Viaduct over the Tees River in Cleveland consists
of steel plate girders and a composite deck, the underside
of which has been completely enclosed with a GFRP struc-
ture to protect the primary structure from the elements, and
from which further maintenance can be carried out.

Pedestrian Bridge, Switzerland

Switzerland, a pioneer country in FRP use for construction
strengthening and rehabilitation, built the first GFRP pe-
destrian bridge in Pontresina in 1997 (44). The bridge has
two spans of 41 ft 8 in. (12.5 m) and a width of 5 ft (1.5 m).
The bridge was constructed in 1 week by 25 architecture stu-
dents. The bridge was then tested under a load of 5 kN/m”.

Pedestrian Test Bridge, Japan

In Japan, a full-scale pedestrian test bridge was built in the
Public Works Research Institute in Tsukuba (45). This
bridge is a three-span continuous cable-stayed structure
that is 65.5 ft (20 m) long, with an effective central span of
36 ft (11 m) and a deck width of 6.5 ft (2 m). The axial
deck slab beams are fabricated by pultruded GFRP hollow
panel members placed side by side, and then the cross
girders suspended from the stay cables support the axial
deck beams. Carbon FRP cables were used as stay cables.
The bridge was designed to support a live load of 3.43 kN/m’.
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PRESENTATION AND ANALYSIS OF THE SURVEY

This chapter discusses the survey questionnaire addressed
to the state and provincial DOTs, which was devised to
evaluate the practices in the states and provinces on the use
of innovative prefabricated systems and elements for
bridge construction, rehabilitation, and replacement. This
chapter also analyzes the questionnaire responses.

SCOPE AND OBJECTIVES OF THE SURVEY
QUESTIONNAIRE

The use of innovative prefabricated systems and elements
in bridge design and construction can limit traffic disrup-
tion and improve workzone safety. The survey question-
naire solicited information on the use of such systems and
elements in new bridge construction, and in the rehabilita-
tion and replacement of commonly used bridges. A “sys-
tem” is defined as a combination of prefabricated elements
(concrete, steel, or any advanced materials) that eliminates,
or considerably limits, cast-in-place concrete. The use of
prefabricated elements, such as pier caps, columns, full-
depth decks, etc., can effectively minimize construction
time, traffic disruption, and the impact of construction ac-
tivities on the environment. Elements in this context ex-
clude common ones, such as typical beams. Information on
new construction techniques and innovative use of materi-
als that have not been fully implemented was also solic-
ited.

FEATURES OF THE SURVEY QUESTIONNAIRE

The complete survey questionnaire is presented in Appen-
dix A. It states the problem, outlines the scope and the ob-
jectives of the survey, and provides the contact’s address.
The body of the survey consists of 16 questions, which can
be divided into 4 series, covering 4 areas of interests. The
first series of questions attempts to identify the type and
the frequency of use of prefabricated systems and elements
for bridge construction, rehabilitation, or replacement to
accelerate construction time and to have a minimum im-
pact on traffic and the environment. It also aims to identify
the reasons for using such innovative prefabricated systems
and elements. The second series addresses the locations of
the prefabrication plants, their distances to the bridge sites,
and the means used to transport the prefabricated systems
and elements to the sites. The third series is concerned with
the cost of the systems and elements when compared with
alternative solutions in first costs, life-cycle costs, mainte-

nance and removal, and lane closure time. The last series
of questions addresses successful pilot projects and incen-
tive contracts that may accelerate bridge construction, re-
habilitation, or replacement.

EVOLUTION OF PREFABRICATED SYSTEMS AND
ELEMENTS

A nationwide questionnaire was used in 1984 to evaluate
the use of prefabricated elements and systems in bridges
(27). The 36 agency responses covered a total of 229,000
bridges. Approximately 35,000 of the bridges covered in
the survey (15%) had prefabricated elements. Prestressed
I-beams, prefabricated concrete slabs, prefabricated box
beams, steel SIP forms, partial- and full-depth prestressed
subdeck panels, double-tees and channels, and prefabri-
cated parapets were the most popular prefabricated ele-
ments according to responses to that survey. In addition,
the responses indicated that only about 1,200 bridges
(0.5%) contained completely prefabricated superstructures.
They also revealed that only eight bridges contained full-
depth prefabricated concrete deck panels, and less than
0.1% had prefabricated substructures. The present survey
aims to identify the extent of prefabrication used in bridge
construction, rehabilitation, or replacement. Emphasis was
placed on innovative systems in which the systems are pre-
fabricated and then transferred and assembled in place,
thereby limiting construction delay and traffic disruption in
the case of rehabilitation or replacement. Construction ma-
terials and prefabricated components of bridges that sig-
nificantly accelerate the construction were included. Typi-
cal prefabricated elements such as beams and piles were
excluded; only the quasi-totally prefabricated superstruc-
ture and substructure were targeted.

The present survey received 23 responses from 19 U.S.
DOTs and 4 Canadian provinces. From these, 18 responses
were usable; the remaining responses were determined to
be unusable owing to the lack of information. Note that a
response did not necessarily include an answer to each of
the 16 questions. Table 7 shows the states and provinces
that completed the survey questionnaire and the percentage
of answered questions. Table 8 lists the number of answers
for each of the main aspects of the survey discussed in this
chapter.

Although the questionnaire reflects an emphasis on in-
novative bridges, such as full-depth deck panels, completely
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TABLE 7

STATES AND PROVINCES THAT COMPLETED THE

QUESTIONNAIRE

No. of Percentage of
Answered Answered

State/Province Questions Questions
Texas 16 100
Virginia 13 81
New Mexico 13 81
Tennessee 11 69
Pennsylvania 11 69
New Hampshire 11 69
Connecticut 10 63
Ilinois 9 56
Minnesota 9 56
Iowa 7 44
Ohio 6 38
Kansas 5 31
Georgia 5 31
Wisconsin 2 13
Alberta 9 56
Nova Scotia 14 89
Saskatchewan 13 81
Quebec 11 69

TABLE 8

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

prefabricated superstructures or substructures, and FRP
deck bridges, it also covers conventionally prefabricated
bridge elements and systems that lead to significantly re-
duced construction time. Steel deck forms, partial-depth
deck panels, and transversely posttensioned boxes elimi-
nate formwork and therefore are good examples of such
conventional systems. Figure 53 shows the distribution of
these bridges, according to survey responses. It can be ob-
served that innovative bridges present a small percentage
(2%) of the total bridges constructed, from the perspective
of minimum construction delay. However, responses indi-
cated that the states do plan to use such innovative bridges
in the future, particularly in the cases of rehabilitation and
replacement of bridges with a high volume of traffic. The
partial-depth deck panels were mainly reported in Texas
and Tennessee, whereas the permanent steel form was re-
ported in Tennessee only.

Prefabricated bridge systems are used on all types of
roads, from Interstate roads to secondary roads, as indi-
cated in Figure 54. However, the majority of these
bridges (53%) are used on Interstate and primary roads

with high traffic volume (i.e., more than 10,000 daily vehi-

NUMBER OF ANSWERS FOR EACH OF THE MAIN ASPECTS cles)

OF THE SURVEY

No. of Useful Related Aspect Related

Question Answers of Survey Figures Figure 55 presents the geographical distribution of pre-
2 14 Reason for use 56 fabricated bridges and covers in only those states that re-
3 17 Prefabricated systems 53 sponded to the survey questionnaire. As indicated in the
3 13 Inn(l’lvit.ilf' e systems for 55 :15672’ figure, innovative prefabricated bridges are concentrated in
e taonormew - an Texas (21%), Virginia (19%), and Tennessee (13%). States
5 12 Distance 58 having less than 2% of such bridges were omitted from the
6 12 Means of transportation 59 reported distribution. However, as mentioned in chapter
8 13 Roads . >4 two, pilot projects using FRP materials have been con-

12 11 Aspects needing 61 . . .
development structed in Ohio, and more are being planned for future
13 16 Portions suited to 60 construction (see Tables 3—5 based on information from the

prefabrication website: www.compositecenter.org).

Stay-in-place
steel deck form
9%
Transversely
posttensioned
box 5%
Deck panels
(not full depth) Innovative
84% 2%

FIGURE 53 Distribution of conventional and innovative bridges.
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Roads
Secondary Interstate
500-2,500 >15,000
18% 21%
Secondary Interstate
>2,500 5,000-15,000
16% 10%
Primary Primary
3,000-10,000 >10,000
13% 22%

FIGURE 54 Distribution of prefabricated bridge system on roads.

Alberta
6%

Saskatchewan
11%

Nova Scotia
4%

Texas
21%

lllinois
5%

CT 7%
6%

Virginia
19%

Tennessee
13%

Pennsylvania
6%

New Mexico

FIGURE 55 Distribution of innovative bridges among states.

USE OF PREFABRICATED SYSTEMS IN NEW BRIDGE
CONSTRUCTION, REHABILITATION, AND REPLACEMENT

The major reasons for using prefabricated systems, accord-
ing to survey respondents, are presented in Figure 56 and
include to facilitate construction (28%), to minimize con-
struction delay (22%), and to minimize lane closure time
(17%). Other reasons were to improve quality and durabil-
ity, to increase safety, and to minimize environmental im-
pact and costs.

The analysis of these responses shows that the bridges
were mainly developed to overcome construction difficul-
ties and to minimize the lane closure time. This is evident,
because approximately two-thirds (63%) of these systems
were used in rehabilitation or replacement of bridges in the
United States alone (Figure 57). This finding also explains
why cost may become a secondary criterion for selecting
the bridge construction method and materials. Figure 57
excludes bridges with partial-depth deck panels, transver-
sally posttensioned boxes, and SIP steel forms. Instead, it
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Environmental
Impact Others Construction
4% 2% Delay
22%
Facilitate
Construction
28%
Lane Closure
17%
Cost
6% Safety Quality and
10% Durability
11%

FIGURE 56 Reasons for using innovative prefabricated bridges.

Rehabili-

New
tated bridges
bridges 499,
51%

New
bridges
Rehabili- 37%
tated
bridges
63%

FIGURE 57 Use of innovative prefabricated bridges in rehabilitation and new construction: (a) United States plus

Canada; (b) United States only.

focuses on innovative bridges recently developed and used
as pilot projects, on quasi-totally prefabricated bridges, or
on bridges using advanced composite materials.

It should be mentioned that although environmental im-
pact was commonly given by the survey respondents as a
reason for using prefabricated bridges, it remains of a sec-
ondary order (Figure 56). This result can be partially ex-
plained because these systems are generally used in special
conditions, such as in urban centers or on highway roads
where traffic lane closures and the economic consequences
predominantly govern the choice. Nevertheless, the interest
in environmental impact when choosing a bridge construc-
tion method is clearly indicated.

FABRICATION AND TRANSPORTATION OF
PREFABRICATED BRIDGE UNITS

One major advantage of using prefabricated bridges is to
limit work at the bridge site, which minimizes traffic dis-
ruption, minimizes environmental impact, increases safety,
and enhances the quality of construction under controlled
conditions. Prefabrication proceeds in an established, re-
petitive, and systematic manner regardless of bad weather.
Furthermore, high-quality concrete can more easily be ob-
tained. That is, the allowable tolerance is achieved by a
systematic supervision of the fabrication process and by
using precise forms. The survey responses did not reveal
any problems related to the tolerance in the fabrication and
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More than
200 miles
25%

51-200 miles
29%

Less than 1
mile
15%

1-50 miles
31%

FIGURE 58 Distance between prefabrication plant and bridge site.

Barge
11%

On site
11%

Truck
78%

FIGURE 59 Means of transportation of prefabricated elements.

the assembly of the prefabricated elements that make up
the innovative bridge systems. This can be explained be-
cause the emphasis was placed on prefabrication systems,
which include the assembly process and the connections as
an integral part of the system design.

As shown in Figure 58, the distance between the fabri-
cation plant and the bridge site is generally more than 50
mi (54%). Approximately one-third (31%) of the bridges
are prefabricated at a distance of between 1 and 50 mi from
the bridge site. A limited number of bridges (15%) are pre-
fabricated on-site or less than 1 mi from the bridge site.

The majority of these bridges are fabricated at temporary
plants next to the bridge site, as can be deduced from Figure
59, where it is indicated that 11% of bridges are fabricated on-
site and did not need any special means of transportation.

The survey responses revealed that the large majority of
prefabricated elements of the different innovative systems
were transported to the bridge site by trucks (78%), as
shown in Figure 59. Only 11% of the cases used barges to
transport the prefabricated elements. Some bridges were
prefabricated next to the bridge site and were assembled
on-site; hence, transportation was not required. Rail was a
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Others

Abutments
3% None 8%
3%
Parapets
3%
Pier Caps
8%
Piers
8%
Girders
17%

Total
Superstructure
17%

Total
Substructure
11%

Decks
22%

FIGURE 60 Most suitable component of a bridge for prefabrication.

possible means of transportation, but it was not reported in
this survey (27). The development of the prefabrication
process and of elaborate systems allowed these systems to
be made of elements with dimensions and weights easily
transportable by truck. Therefore, the survey responses did
not reveal any problems related to transportation.

PREFABRICATION SUITABILITY AND NEED FOR
DEVELOPMENT

The literature review showed that the prefabrication proc-
ess has been developed to cover both superstructure and
substructure components of bridges. The survey results
confirmed this extent of prefabrication use for all parts of
bridges (Figure 60). However, responses revealed that the
deck still remains the portion of a bridge that is most suit-
able for prefabrication (22%). Some responses were more
detailed and cited precise parts of the superstructure, such
as girders (17%). Of the responses, 59% and 30%, respec-
tively, qualified the superstructure and the substructure as
the most suitable for prefabrication. One possible explana-
tion for this observation is the repeatability and the mass
production possible of the superstructure compared with
that of the substructure. Another explanation lies in the im-
provement in the quality of construction and the cost-
effectiveness related to the superstructure of a bridge—
thanks to the experience gained in that area and the level of
standardization achieved in superstructure prefabrication.

Figure 61 shows the relative importance of other aspects
in the bridge prefabrication industry that require further

development. Concerns raised among the survey respon-
dents are related to the initial cost (22%), design and stan-
dardization (22%), experience of contractors (21%), and
connections (18%). Despite the great effort that has been
dedicated to the development of connections and stan-
dardization in the field, old connection problems are still
not fully solved. Clearly, there is an urgent need for sus-
tained research and development efforts in these aspects.
Furthermore, initial cost presents a continuing disadvantage of
the prefabricated systems (22%), compared with that of con-
ventional methods. The high initial cost of these prefabricated
systems is related to the lack of standardization and because
these systems are innovative and imply new expensive mate-
rials and specialized equipment. However, the introduction of
the life-cycle cost attenuates the effect of the initial cost in-
convenience.

The problem of durability seems to be of lesser impor-
tance, because it is mentioned in only 8% of the survey
responses. Also, the problems related to the weight and
length of elements has become less important, owing to
the development of better-performing installation
equipment.

EFFECTIVENESS OF PREFABRICATED SYSTEMS AND
ELEMENTS

The prefabricated systems most used, according to the sur-
vey respondents, are presented in Figure 62. It can be ob-
served that prefabricated caps are used in 16% of the sur-
veyed prefabricated bridges included in the survey,

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22025

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

None
0,

Experienced
Contractors
21%

Initial Cost
22%

Connections Length/Weight
18% 5%
Durability
0,
Design/Speci- 8%
fication
22%

FIGURE 61 Aspects in bridge prefabrication requiring further development.
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Precast concrete
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Full-depth deck panel

Total precast % Full-depth deck slab
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Segmental columns
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2%

3%

Concrete deck w/steel
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FIGURE 62 Distribution of the most used innovative bridge systems.

followed by prefabricated concrete frame systems (14%);
steel columns (12%); concrete bridge decks with steelgird-
ers (10%); full-depth, prefabricated, prestressed concrete
deck panels (7%); and segmental concrete bridges (6%).
Other systems, such as totally prefabricated superstruc-
ture/substructure bridges, steel decks, FRP decks, prefabri-
cated columns, segmental columns, and FRP composite
piles represent 2% to 5% of the surveyed bridges. Some pi-
lot projects, less than 2% of bridges, are not reported in the
figure. The effectiveness of these systems is discussed here

in terms of the following aspects: traffic disruption, quality
assurance, ease of construction, costs, and environmental
impact.

Traffic Disruption

The results of the survey showed that the main reason for
the use of prefabricated systems is to minimize construc-
tion delay and lane closure time, and hence, to minimize
traffic disruption. The new orientation toward the devel-
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opment of totally prefabricated systems contributes to im-
proving the performance of the prefabrication industry,
with regard to minimizing traffic disruption. Thus, negative
economic consequences for nearby commercial activities
and the disturbance for motorists (including time wasted
and fuel costs) are significantly reduced. Examples pre-
sented in chapter two with regard to this aspect showed the
possibility of replacing a bridge or building a new bridge
within a few days instead of months.

Quality Assurance

The quality of prefabricated bridges is found to have im-
proved with the increasing use of advanced materials and
high technologies. The repeatability and the automation of
the prefabrication industry in controllable conditions con-
tribute to improving the quality and precision of prefabri-
cated segments. This was apparent from the survey re-
sponses, because the increase in quality and durability
were indicated as reasons for the use of prefabricated
bridge systems. Also, durability was less emphasized in the
survey responses when respondents were asked about the
aspects that need more attention and more development in
bridge prefabrication.

Ease of Construction

The survey responses revealed that the first reason for the
use of prefabricated systems is to facilitate construction.
Safety improvement at the bridge site was also reported as
a reason. The high-precision technologies used in the fabrica-
tion of units facilitate assembly and reduce construction delay.

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

Installation was also facilitated by the use of better-
performing equipment and the use of lightweight materials.

Costs

Initial cost is still seen as a disadvantage for implementing
innovative prefabricated systems. Few responses pertained
to initial and life-cycle costs. These responses indicated
that the initial cost of prefabricated bridges is generally
equal to or greater than those of alternative solutions.
However, the survey responses revealed that if practitio-
ners take into account the life-cycle cost, in addition to the
savings from reduced lane closure time, prefabricated sys-
tems may become an economical solution, as indicated in
the literature review (chapter two).

Environmental Impact

The survey responses showed that the environmental im-
pact is greatly reduced with the use of prefabricated sys-
tems, owing to the shorter construction period. Respon-
dents indicated that environmental considerations are a
specific reason for choosing prefabrication in 4% of the
cases. This small percentage is not reflected in the informa-
tion collected, in which the environmental aspect is often
used as a major argument for the adoption of prefabricated
systems. That the focus of the survey was on innovative
prefabricated bridge systems may explain this low percent-
age, because such systems are relatively few and are often
used to solve a local, specific problem. Therefore, in this
context, environmental impact remains a secondary reason
for using prefabricated systems.
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CHAPTER FOUR

CONCLUSIONS

This synthesis report has presented the findings of an in-
vestigation on the use of innovative prefabricated elements
and systems to limit traffic disruption during the construc-
tion, rehabilitation, widening, or replacement of bridges.
This chapter summarizes the conclusions reached, present-
ing findings from the literature review, as well as conclu-
sions drawn from the survey.

From the literature review, the following observations
were made:

e New systems have been developed to prefabricate
bridge decks, superstructures, and substructures. The
new orientation is toward the development of totally
prefabricated systems that minimize traffic disrup-
tion.

e Prefabricated elements are manufactured at the fac-
tory or near the job site under tight quality control.
Controlling the various aspects of manufacturing can
enhance durability in comparison with cast-in-place
elements.

o [Initial cost and lack of standardization were reported
as the main disadvantages for prefabricated systems.
This lack of standardization most often results in a
higher construction cost. However, the initial higher
cost may be justified by the enhanced durability,
briefer construction time, and longer life cycle of the
systems.

e Fiber-reinforced polymer bridges are gaining in
popularity. However, many questions related to long-
term performance, durability, standard specifications,
and cost remain unanswered. An increasing use of fi-
ber-reinforced polymer materials was reported. Pilot
bridge projects were constructed and are being moni-
tored to better understand their long-term behavior.

From the survey responses, the following conclusions
were drawn:

e Respondents gave three major reasons for using in-
novative prefabricated systems: (1) faster construc-
tion, (2) minimizing construction delay, and (3)
minimizing lane closure time. Each of these principal
reasons can lead to minimizing traffic disruption.

e The survey responses confirmed that prefabrication is
done for all parts of bridges. However, the super-
structure remains the bridge component most suitable
for prefabrication. Approximately two-thirds of the
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prefabricated systems were used in rehabilitation or
replacement of bridges.

e There is a general agreement that prefabricated
bridges may have higher quality than those with cast-
in-place construction. This quality may be further en-
hanced through the use of new advanced materials.

e Improved safety at the bridge site was also reported
as a reason for using prefabrication.

e The problems of weight and length of elements ap-
pear to be less important, owing to the development
of better-performing erection equipment.

e Generally, the distance between the fabrication plant
and the bridge site is more than 50 mi. The majority
(78%) of prefabricated units are transported by
trucks.

e According to the survey responses, aspects of the
bridge prefabrication industry still requiring devel-
opment include connections, design, standardization,
and contractor experience.

e Initial cost was often sited as a disadvantage for pre-
fabricated systems, when compared with the cost of
conventional methods. However, the survey re-
sponses in some cases revealed that the initial cost
was equal to or less than that of alternative solutions.

Overall, the use of prefabricated elements and systems
is increasing. However, this increase is concentrated in a
limited number of states that appear to have easier access
to new technologies and innovative systems. The major
problems that inhibit the widespread use of innovative sys-
tems and elements were identified as follows: initial cost,
lack of standardization, lack of specialized contractors, and
problems with connections. Nevertheless, the advantages
of prefabricated systems in the reduction of lane closure
time and low maintenance costs increase the competition
of these systems compared with conventional solutions. To
overcome the problems raised in the survey responses, re-
search should be undertaken to develop more reliable con-
necting devices, standard sections, and better-performing
materials.

Finally, emphasis should be placed on efficient commu-
nication and collaboration between departments of trans-
portation, engineering consultants, researchers, and con-
tractors to share concerns, orient research projects, and
generalize the successful aspects, which could lead to stan-
dardization and the design of guidelines for practicing en-
gineers.
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APPENDIX A

Survey Questionnaire

PREFABRICATED BRIDGE ELEMENTS AND SYSTEMS TO LIMIT TRAFFIC
DISRUPTION DURING CONSTRUCTION

NCHRP PROJECT 20-5, TOPIC 33-02

QUESTIONNAIRE

Increased emphasis is being placed on improving workzone safety and minimizing traffic disruption associated with
highway bridge construction projects, while maintaining construction quality. The use of innovative prefabricated
systems/elements in bridge design and construction can limit traffic disruptions and improve workzone safety. This survey
solicits information on the use of innovative prefabricated systems*/elements** in the new bridge construction and
rehabilitation and replacement of commonly used bridges using the “Get in, Get out, and Stay out” philosophy.
Information on new construction techniques and innovative use of materials that have not been fully implemented is also
solicited.

*4 system is an innovative combination of prefabricated elements (concrete, steel, or any advanced materials) eliminating
(or considerably limiting— see note below) cast-in-place concrete.

**Innovative use of prefabricated elements such as pier caps, columns, and full-depth decks, etc., can effectively minimize
construction time, traffic disruption, and the impact of construction activities on the environment. Elements in this context
exclude common elements such as typical beams.

Note: “considerably limiting” means, for example, cast-in-place closure pours only. Also, “cast-in-place” concrete means
concrete that is cast at its final location.

The information provided by you will be invaluable to the development of a summary report on the current research and
practices used in this important area.

Please return your completed questionnaire, along with any supporting documents, to:

Mohsen A. Shahawy, Ph.D., PE.

SDR Engineering Consultants Inc.

2434 Oakdale Street

Tallahassee, Florida 32308

Tel. (850) 386-9197 Fax (850) 385-0695
E-mail: shahawy@sdrengineering.com

If you have any questions, please call Dr. Shahawy, or e-mail him.

Below, please provide the name of the person completing this questionnaire or someone else who may be contacted to
obtain any needed follow-up information.

Name and title:

Phone, e-mail:

Agency:
Address:

Thank you very much for your valuable input.
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1. Did you use any innovative prefabricated systems or elements in new bridge construction, rehabilitation, and
replacement?
2. What are the primary reasons for selecting the innovative systems/elements? (Check all that apply.)
Specify To To improve
System/ To minimize minimize quality To To To minimize Proposed
element construction lane and improve facilitate environmental by Other
Used delays closure durability safety Cost construction impact contractor® specify
()
(®)
(©)
(d)

* Please provide contractor contact information.

3. Please specify the type and number of bridges where innovative prefabricated systems/elements were used? The types
listed in the table below are examples and for different types, please provide summary on a separate page. If the total
number in any category is a high number, please feel free to estimate.

No. No. of
Total of rehabilitated/ Date of
number of new replaced first Fabricator
System/Element Type bridges bridges bridges installation produced

(a) Bridge Deck

Deck panels (not full depth)

Full-depth prefabricated, prestressed deck
panel

Steel decks

Full-depth FRP decks

Permanent FRP deck form

Other (specify)

(b) Composite
Superstructure
Systems
(prefabricated deck
and girder units)
Note: Indicate with
“*” if suitable for
direct contact
traffic.

Concrete deck with concrete girders

Concrete deck with steel girders

Steel decks with steel girders

Steel decks with concrete girders

FRP decks with concrete girders

FRP decks with steel girders

FRP decks with FRP girders

Transversely post-tensioned double-tee

Transversely post-tensioned box

Other (specify)

(c) Substructures

Prefabricated caps

Prefabricated columns

Segmental columns

Steel columns

Prefabricated cap/column system

FRP composite piles

Other (specify)

(d) Total Bridge
System

Prefabricated super/substructure with steel
girders

Prefabricated super/substructure with
concrete girders

Other (specity)

(e) Miscellaneous

Innovative girders (specify type)

Diaphragms

Other (specify)
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4. Did you utilize the techniques where a complete bridge span is assembled off-site and transported to the site and erected
into place? If yes, please provide a summary of the application and whether it was successful in terms of construction
time and cost. (Use a separate page if necessary.)

5. How far from the bridge were the innovative systems/elements fabricated?

Specify
System/Element
Used
(a)

(®)

(©)

(d)

Less than one mile 1 to 50 miles 51 to 200 miles More than 200 miles

6. How were the elements transported from the plant to the site? Please elaborate on any special issues that came up
on the job. (Use separate sheet if necessary.)

Specity
System/Element
Used
(a)

()
©
(d)

Truck Rail Barge Other

7. What is the lane closure time, in days per foot of lane, required for the installation of the system/element and the
conventional alternative solution?

Specify
System/Element
Used
(a)

(b)

(©)

d

Lane closure time for

Lane closure time for the system/element the alternative

8. In which of the following roadway systems were the innovative prefabricated systems/elements used?

ADT/lane

Interstate

Specify
System/Element
Used

Primary

Secondary

5,000
to
15,000

>15,000

3,000
to
10,000

>10,000

500
to
2,500

~2.500 Other

(a)

(b)

(©)

(d)
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9. What is the cost differential in dollars per square foot of deck surface for the innovative prefabricated systems/
elements compared with the other type of possible alternatives? What is the saving in time lane closure in percent
compared with other types of possible alternatives? (If numbers not available, please give savings in percent with
respect to alternatives.)
Cost differential for the system with respect to alternative
Specify (sign convention: — = prefab costs less; + = prefab costs more) Time lane closure saving
System/Element Annual with respect to alternative
Used Initial Life cycle maintenance Removal Other (%)
(a)
(b)
()
(d)
10. Do you know of any associated maintenance problems or other drawbacks that might impact the life-cycle cost of
these innovative prefabricated systems/elements? If yes, please specify. (Use separate page if necessary.)
11.  What is the number of bridges using innovative prefabricated deck/girder systems with and without overlay, and
what is the satisfaction rate of high-speed rideability on bridges with direct traffic application (i.e., no overlay)?
With overlay Without overlay
Specify With grinding Others
Deck/Girder System Polymer Rideability Rideability
Used Asphalt concrete Number rate (%) Number rate (%)
(@)
(b)
©
(d)
12.  In your opinion what areas need further attention to encourage a wide use of these innovative systems/elements?
Specity Areas requiring further attention
System/Element Initial Length/ Design/ Experienced Others
Used None cost weight” Durability specifications Connections contractors (specify)
(a)
(b)
©
()

Relates to transportation/erection.

13.

reduction in construction time?

In your opinion, what portions of the bridge are most suited for prefabrication and could result in significant

Copyright National Academy of Sciences. All rights reserved.



http://www.nap.edu/22025

Prefabricated Bridge Elements and Systems to Limit Traffic Disruption During Construction

48

14. Do you know of any innovative system/element or method used in your state or elsewhere in a DOT project or other
agencies (e.g., railroad industry) that can be of interest? Please provide information on the system and contacts.

15. Are you aware of any preassembly methods that have been tried successfully or any new assembling techniques that
could be used to accelerate the construction time?

16. Were any innovative contracting methods, such as incentives and disincentives, important to the successful use of the
innovative prefabricated elements or systems used? Please specify.

Thank You!
Remember! Please feel free to add comments by referring to the relevant question and enclose any information you

believe is relevant to the answers given in the questionnaire, including applicable research results, policies,
specification language, case law, and other information that might be of interest to other states.
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AASHO
AASHTO
APTA
ASCE
ASME
ASTM
CTAA
CTBSSP
FAA
FHWA
FMCSA
FRA
FTA
IEEE
ITE
NCHRP
NCTRP
NHTSA
NTSB
SAE
TCRP
TRB
U.S.DOT

Abbreviations used without definition in TRB Publications:

American Association of State Highway Officials
American Association of State Highway and Transportation Officials
American Public Transportation Association

American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials
Community Transportation Association of America
Commercial Truck and Bus Safety Synthesis Program
Federal Aviation Administration

Federal Highway Administration

Federal Motor Carrier Safety Administration

Federal Railroad Administration

Federal Transit Administration

Institute of Electrical and Electronics Engineers
Institute of Transportation Engineers

National Cooperative Highway Research Program
National Cooperative Transit Research and Development Program
National Highway Traffic Safety Administration
National Transportation Safety Board

Society of Automotive Engineers

Transit Cooperative Research Program
Transportation Research Board

United States Department of Transportation
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