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This report contains the findings of research performed to develop recommended
load and resistance factor design procedures for achieving longer spans using precast
prestressed concrete bridge girders. Standard details and examples illustrating the
design of three typical bridges were also developed. The material in this report will be
of immediate interest to bridge designers.

Each year, 200 to 300 bridges are built with spans exceeding 160 feet.  Gener-
ally, these spans are not designed with precast prestressed concrete girders because
of limited experience and limited information. In addition, the size and weight of
many precast sections precludes land transportation. Limited choices lead to
decreased competition between bridge types and materials, which results in higher
costs to owners.

Solutions to increase the span range of precast prestressed concrete girders used
in the United States and abroad include splicing segments for longer simple or con-
tinuous spans, connecting simple spans for continuity, and assembling haunched pier
segments in the field. However, this experience and the technology for applying these
solutions are fragmented and job-specific.

The objective of this research was to develop recommended load and resistance
factor design procedures, standard details, and design examples for achieving longer
spans using precast prestressed concrete bridge girders.  This research was performed
by Ralph Whitehead Associates, Inc. The report fully documents the research leading
to the conclusion that spliced-girders are the design option with the greatest potential
for extending span length. Detailed design examples for one-, two-, and three-span
spliced-girder bridges are included as appendixes.

FOREWORD
By David B. Beal

Staff Officer
Transportation Research

Board
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Precast prestressed concrete girder bridges have proven to be economical, exhibit-
ing good structural performance and requiring minimal maintenance. Improvements in
materials, the introduction of new girder shapes, and advances in design methods have
increased the span range of precast prestressed concrete girders over the years. How-
ever, these girders are still used infrequently for spans in excess of 160 feet. This upper
limit of practical application exists for several reasons, including material limitations,
structural considerations, size and weight limitations on girder shipping and handling,
and a general lack of information and design aids necessary to design longer spans
using concrete girders. 

Eliminating precast prestressed concrete girders from consideration for spans beyond
160 feet limits the options available to designers for this span range. This lack of available
options results in decreased competition between bridge types and materials, which can
lead to higher costs for bridge owners. It also denies owners the long-term benefits of pre-
stressed concrete girder structures, such as durability, low maintenance, and aesthetics.

Some designers, fabricators, and contractors, however, have successfully collabo-
rated to extend span lengths for precast prestressed concrete girders to distances greater
than 300 feet and expand their use to other applications not normally associated with
precast prestressed concrete girder construction. In these cases, the introduction of
another material and structure type into the long-span bridge market has already
improved the economy of long-span bridges. Unfortunately, the experience, informa-
tion, and methods used on these projects have tended to be job-specific, and the knowl-
edge gained has not been made widely available for use on similar projects. 

NCHRP Project 12-57, “Extending Span Ranges of Precast, Prestressed Concrete
Girders,” was initiated to address these issues by collecting prior experience and infor-
mation and then developing design recommendations and specifications so that owners,
designers, fabricators, and contractors would be prepared to make more effective use of
precast prestressed concrete girder bridges for new applications and longer spans. The
objectives of the research project are specifically stated in the Research Project Statement:

The objective of this research is to develop recommended load and resistance factor
design (LRFD) procedures, standard details, and design examples for achieving longer
spans using precast, prestressed concrete bridge girders.

SUMMARY

EXTENDING SPAN RANGES OF PRECAST 
PRESTRESSED CONCRETE GIRDERS
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The full spectrum of approaches for extending the span ranges of precast prestressed
concrete girders was considered in the research. However, it was found that incremen-
tal changes in conventional design methods and materials generally result in relatively
small increases in the span range for precast prestressed concrete girders. Information
required to implement these techniques is also generally available in the literature.
Therefore, although the research findings include listings and comparisons of these
conventional techniques, the further development of these techniques was not the focus
of the study.

It was found that the splicing of precast prestressed concrete girders could increase
span ranges significantly. A spliced girder is a precast prestressed concrete member that
is fabricated in several relatively long pieces (i.e., girder segments) that are assembled
into a single girder for the final bridge structure. Post-tensioning is generally used to
reinforce the connection between girder segments. Splicing allows designers to over-
come limitations of fabrication, shipping, and erection that have prevented the use of
very long precast prestressed concrete girders in the past. 

Spliced girder construction shares several features with segmental box girder con-
struction, including the fact that spans are made up of several pieces or segments and
the significant issues of post-tensioning and grouting. Where possible, experience and
design methods from segmental box girder construction should be used for spliced
girder construction. However, the researchers found that a distinction needs to be made
between the two types of construction to avoid confusion of terminology and to clar-
ify the application of the design specifications. Several ways in which spliced girder
construction differs from segmental box girder construction include the following:
girder segments are a greater portion of the span length; joints between girder segments
are generally cast-in-place, rather than match-cast and epoxied; spliced girder segments
do not incorporate a full-width deck; and bulb-tee or U-beam sections are used rather
than closed-box girder shapes.

This study identified over 250 spliced precast prestressed concrete girder bridges that
have been designed in the United States, Canada, and other areas of the world. Although
this number is significant, it is a very small fraction of the total inventory of bridges in
these areas. Use of spliced girders is also not widespread, with most spliced girders
located in a few regions. Implementation of this technology requires consideration of
various issues with which the designer of conventional precast prestressed concrete
girders typically is not familiar. Furthermore, information regarding the implementa-
tion of spliced girder construction is limited and the design specifications do not clearly
address the design of spliced girder bridges. Therefore, the main focus of this research
was to address issues related to the design and construction of spliced precast pre-
stressed concrete girder bridges.

The products of this research project include the following:

• A listing of spliced girder bridges was developed to provide ideas and a level of
comfort regarding the design and performance of these structures. Key informa-
tion is given for each project in the list. The data are summarized by region. It was
found that few precast prestressed concrete spliced girder bridges have been con-
structed in other countries.

• Listings of design options for extending span ranges of precast prestressed con-
crete girder bridges are given. The options include material-related options, design
enhancements, methods using post-tensioning, and spliced girder construction. A
limited comparative design study was performed to demonstrate the effectiveness
of several of the most promising material-related and design enhancement options
for a specific bridge.

2
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• An extensive list of design issues and details that should be considered when design-
ing extended spans for both conventional and spliced girder construction is provided.
The issues and details are discussed, giving possible options along with advantages
and disadvantages. Some of the major issues are cost data, deck replacement, post-
tensioning and grouting, staged construction, curved bridges, and diaphragms at clo-
sure pours. A method for splicing haunched pier segments is proposed. An overview
of the development of spliced girder construction in Florida is also provided.

• The tabulated results of a review of the AASHTO LRFD Bridge Design Specifica-
tions, conducted to identify obstacles to implementation of long-span solutions,
are included. The most significant issues identified related to the refinement of the
Specifications for the design of spliced girders. Proposed revisions to the Specifi-
cations are included and address some of the concerns related to clarifying the
Specifications for application to spliced girder construction.

• Comprehensive spliced girder design examples were developed to illustrate spliced
girder design for a long simple-span bridge, a two-span bridge in a seismic region,
and a three-span bridge with haunched pier segments.

• A list of issues that need to be addressed in order to encourage and permit wider
use of extended-span precast prestressed concrete girder bridges was developed.
Resolution of these issues will require action by owners and industry rather than
designers. Types of issues discussed include general items, specifications, design
and detailing, fabrication, transportation and construction. Hauling restrictions
were identified as a major issue. 

• A list of design resources, including design programs and other documents, is
provided.

This research provides the information and tools required for implementation of
spliced girder technology and other methods for extending the span ranges of precast
prestressed concrete girders. Implementation of the findings of this research should be
aggressively pursued through a partnership between owners and industry.

Extending Span Ranges of Precast Prestressed Concrete Girders
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CHAPTER 1

INTRODUCTION AND RESEARCH APPROACH

1.1 PROBLEM STATEMENT

Since its first use for bridges in 1950 (1), precast prestressed
concrete has gained rapid acceptance as the preferred material
for short- to medium-span bridges in the United States (2).
Bridges built using prestressed concrete girders have proven
to be economical, exhibit good structural performance, and
typically require minimal maintenance. Through the use of
improved materials, the introduction of more efficient girder
shapes, and the development of other enhancements, the range
of spans for which precast prestressed concrete girders are
used has increased over the years. However, such girders are
still used infrequently for spans in excess of 160 feet. This
upper limit of practical use exists for several reasons, including
material limitations, structural considerations, size and weight
limitations on girder shipping and handling, and a general lack
of information necessary to design and build longer spans.

Eliminating precast prestressed concrete girders from con-
sideration for spans beyond 160 feet limits the options avail-
able to designers for this span range. This lack of available
options results in decreased competition between bridge types
and materials, which can lead to higher costs for bridge own-
ers. It also denies owners the long-term benefits of prestressed
concrete girder structures, namely durability, low mainte-
nance, and aesthetics.

Some designers, fabricators, and contractors, however, have
collaborated successfully, using various approaches, to extend
the span lengths for precast prestressed concrete girders to dis-
tances in excess of 300 feet. In other cases, where shorter spans
were more appropriate, special techniques have enabled the
use of precast concrete girders in situations where they typi-
cally would not have been considered. In many cases, these
precast prestressed concrete bridges have been constructed as
alternate designs, where the bid documents indicated a dif-
ferent type of structure. Unfortunately, the experience, infor-
mation, and methods used on these projects have tended to
be job-specific, and, in general, the knowledge gained has not
been made widely available for use on similar projects. 

1.2 RESEARCH OBJECTIVES AND TASKS

NCHRP Project 12-57, “Extending Span Ranges of Precast
Prestressed Concrete Girders,” was initiated to address these

issues by extending the practical use of prestressed concrete
girders to longer spans and to applications not normally asso-
ciated with precast prestressed concrete girder construction.
The major goal of the research was to provide the necessary
information to owners, designers, fabricators, and contractors
so as to enable them to consider and design precast prestressed
concrete girders for these new applications and longer spans. 

The objective of the research project is clearly stated in the
Research Project Statement:

The objective of this research is to develop recommended
load and resistance factor design (LRFD) procedures, stan-
dard details, and design examples for achieving longer spans
using precast, prestressed concrete bridge girders.

To accomplish this objective, NCHRP Project 12-57
included the following tasks:

• Task 1. Review relevant foreign and domestic practice,
performance data, research findings, design examples,
design software, and other information related to long-
span precast prestressed girder bridges. This information
shall be assembled from technical literature and from
unpublished experiences of engineers, bridge owners,
precasters, and others. Information on actual field expe-
rience is of particular interest.

• Task 2. Identify and describe existing or new methods for
extending the span length of precast prestressed bridge
girders. These methods shall include, as a minimum,
splicing, post-tensioning, and enhanced concrete proper-
ties. List the advantages and limitations of each method,
and identify critical issues for design, fabrication, trans-
portation, and construction.

• Task 3. Determine if revisions to the AASHTO LRFD
Bridge Design Specifications (3) are needed in order to
address the issues identified in Task 2. Recommend a
course of action to develop each specification change
identified.

• Task 4. Identify other actions needed in order to address
the issues identified in Task 2 and make recommenda-
tions on implementation of these actions. 

• Task 5. Submit an interim report to document Tasks 1
through 4 for review by the NCHRP. The report shall
include a prioritized list of alternatives for extending the
span length of concrete girders. 

Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


5

• Task 6. Develop comprehensive design procedures for
each of the alternatives approved by the project panel in
Task 5. Illustrate these procedures with design examples. 

• Task 7. Prepare recommended changes to the AASHTO
LRFD Bridge Design Specifications (3) to address the
issues identified in Task 3 as approved by the project
panel. 

• Task 8. Revise the Task 6 and 7 deliverables in accor-
dance with project panel comments.

• Task 9. Submit a final report that documents the entire
research effort and includes the design procedures and
recommended specification changes as appendixes. In
addition, provide a companion executive summary that
outlines the research results.

The execution of the project was divided into two phases.
Phase I, which included Tasks 1 through 5, was concluded
with the submittal of the Interim Report. Phase II, which
included Tasks 6 through 9, was concluded with the submit-
tal of the Final Report. The contents of the Interim Report
have been incorporated into the Final Report.

1.3 MAIN FOCUS OF RESEARCH—
SPLICED GIRDERS

The project statement and tasks address the full spectrum
of possible approaches for extending the span ranges of pre-
cast prestressed concrete girders. Although this wide focus
was retained for portions of the study, it was determined that
narrowing the focus of the study would provide the greatest
benefit. This decision was based on the following findings
from the early stages of the research:

• Most of the techniques and approaches for extending
span ranges involve incremental changes in conventional
design methods and materials. These changes generally
result in relatively small increases in the span range for
precast prestressed concrete girders. Information required
to implement these techniques is generally available in
the literature or from commercial sources. Therefore,
although it is important to identify and evaluate these
approaches to make more designers aware of the poten-
tial benefit in their use, a significant research effort is not
required before these techniques can be used. 

• One technique, the splicing of girders, was found to allow
significantly increased span ranges for precast prestressed
concrete girder bridges. This technique involves the fab-
rication of the girders in segments that are then assem-
bled into the final structure. Although many spliced
girder bridges have been constructed, the use of this
technique is not widespread. Use of this technology also
requires consideration of various issues with which the
designer of conventional precast prestressed concrete
girders typically is not familiar. Furthermore, the infor-

mation available in the literature regarding the imple-
mentation of spliced girder construction is limited. 

Based on these findings, it was determined that the main
focus of this study would be to address issues related to the
design and construction of spliced precast prestressed con-
crete girder bridges.

1.3.1 Definition of Spliced Girders

For the purposes of this study, a spliced girder is a precast
prestressed concrete member fabricated in several relatively
long pieces (i.e., girder segments) that are assembled into a
single girder for the final bridge structure. Post-tensioning is
generally used to reinforce the connection between girder
segments.

Other characteristics of precast concrete spliced girders
are discussed in the next few sections. Splicing girders is
simply an approach to make possible the use of longer or
heavier girders than can otherwise be used. Therefore, the
technique is often used in conjunction with other approaches
for extending span ranges to achieve the maximum benefit.

1.3.2 Reasons for Using Spliced Girders

1.3.2.1 Design Issues

Structural design issues are often significant factors in
the selection of a spliced girder system for a bridge. Com-
mon issues that may lead a designer to consider the use of
precast prestressed concrete spliced girders for a project are
as follows:

• Increasing span lengths to reduce the number of sub-
structure units and the total project cost;

• Increasing the girder spacing to reduce the number of
girder lines and the total project cost;

• Increasing span lengths to improve safety by eliminat-
ing shoulder piers or interior supports;

• Minimizing structure depth through the use of long,
continuous members to obtain required vertical clear-
ance for traffic, waterways, and so forth;

• Avoiding the placement of piers in water to reduce envi-
ronmental impact and total project cost;

• Placing piers to avoid obstacles on the ground, such as
railroad tracks, roadways, and utilities;

• Improving aesthetics through various design enhance-
ments, such as more slender superstructures, longer spans,
or haunched sections at piers;

• Eliminating joints for improved structural performance,
reduced long-term maintenance/increased service life,
and improved rideability;
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• Eliminating falsework that may restrict the flow of traf-
fic beneath a structure and may pose a safety hazard for
traffic and construction workers; and

• Increasing speed of construction through the use of pre-
cast elements to reduce congestion and traffic delays.

1.3.2.2 Construction Issues

Spliced precast concrete girders may also be selected as
the preferred superstructure system for a bridge in order to
deal with significant construction issues. The most common
is that the girders, if manufactured and installed as full-span
elements, are too large to handle at one or more of the fol-
lowing points in the construction sequence:

• Manufacturing,
• Handling,
• Transportation, and
• Erection.

Contractor preferences and/or the availability of equip-
ment, as well as the means of delivery and access to the site,
may also affect the use of spliced girders.

Although span lengths for spliced girder bridges may be
comparable to those of segmental box girder bridges, con-
struction is generally more conventional. This allows bridge
contractors to pursue spliced girder projects rather than requir-
ing specialty contractors to perform the work. A specialty
contractor typically is still required to perform the operations
related to post-tensioning and grouting. Furthermore, fabrica-
tion of girder segments can be performed in existing precast-
ing plants with existing or modified forms, rather than requir-
ing the purchase and setup of custom forms for a segmental
box girder project. Erection typically also can be accom-
plished with standard equipment, rather than the specialized
equipment often required for segmental box girder construc-
tion. These advantages may lead to better competition and
reduced project cost.

1.3.2.3 Cost Issues

Typically, a compelling reason is needed to justify the
added costs for post-tensioning and temporary supports, if
required. Reduced construction costs, resulting from the
advantages listed in Section 1.3.2.1, and reduced fabrication
time may help off set these increased costs. There are many
examples of spliced concrete girders providing economical
solutions when bid in competition with other solutions and
materials.

With the increased use of design/build contracts and
value engineering proposals, it appears likely that more spliced
girder bridges will be used as designs are tailored to contrac-
tors’ preferred methods and equipment. The increased speed
of fabrication and erection for spliced concrete girders is def-

initely attractive to contractors participating in design/build
ventures or for contractors seeking cost or schedule reduc-
tions through value engineering proposals.

1.3.3 Typical Applications for Spliced Girders

1.3.3.1 Simple Spans

Simple-span prestressed concrete girders have been widely
used across the country. However, in situations where full-
length girders cannot be easily handled or hauled to the proj-
ect site, splicing can enable the use of precast prestressed
concrete girders.

Some examples where simple spans may require splicing
are as follows:

• Remote sites or locations where access to the site is
restricted. In these cases, the roadway access to the bridge
site may not be adequate to support the load of a full-span
girder, or the alignment of the road may not allow the
transportation of a full-span girder.

• Situations where available or preferred equipment is
inadequate to handle, transport, and/or erect a full-span
girder. An example is where a contractor would prefer
to use a smaller crane at the erection site, rather than rent
a large crane only required for setting the girders.

• Single-point urban interchanges (SPUIs). Long, single-
span bridges are required to span an intersection beneath
the structure. A bridge with a minimum structure depth
is often a requirement. If a one-piece girder were used
to provide the required span, it would be well beyond
typical hauling and handling capabilities.

1.3.3.2 Continuous Spans

The most common application for spliced concrete girders
has been for multiple-span bridges where the girders are con-
tinuous for the deck, superimposed dead loads, and live loads.
Typical examples where continuous spans use splicing are as
follows:

• Crossings where long spans are required, especially over
waterways or for viaducts;

• Sites where overhead clearances are restricted;
• Sites with limited substructure locations; and
• Situations where the number of girders or substructure

units can be reduced to improve economy.

Spliced concrete girders that are continuous over interior
supports may be constructed using a wide variety of config-
urations. The most common configurations are as follows:

• Full-span girders that are spliced at interior supports;
• Partial-span girder segments that are spliced within the

span and over the interior piers;
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• Partial-span girder segments that are continuous over
the interior piers, but spliced within the span; and

• A special case of the preceding configuration where
the pier segments are haunched to improve structural
performance.

In some cases, a single bridge may use several of the con-
figurations listed above to address special design require-
ments. An example is the Main Street Viaduct in Pueblo,
Colorado (see Section 1.3.4.2.2).

1.3.3.3 Seismic Applications

Spliced concrete girders are becoming more widely used
where seismic activity must be considered. Attractive fea-
tures of spliced girder bridges for these locations include the
following:

• Continuous superstructure to resist seismic loads and
• Integral connection (cap) between superstructure and

substructure. 

For seismic locations where cast-in-place concrete bridges
are commonly used, precast concrete spliced girder bridges
also offer the following advantages:

• Elimination of falsework that may restrict traffic beneath
a structure or pose a safety hazard to traffic and con-
struction workers and

• Increased speed of construction, which reduces conges-
tion and traffic delays.

1.3.4 Examples of Spliced Girders

Several examples of projects using spliced girders are pre-
sented in the following sections for each of the three cate-
gories of applications discussed in Section 1.3.3. Only a brief
description of each bridge is given here. Details are available
in the references cited.

1.3.4.1 Simple Spans

These bridges illustrate some of the issues that affect the
decision to use spliced girders in special situations and high-
light the versatility of splicing for simple spans—with appli-
cations for long and short spans and with locations at remote
sites or in the middle of major cities.

1.3.4.1.1 Klickitat County, Washington. A spliced girder
bridge was built in Klickitat County, Washington, in 1954,
making it one of the first spliced girder bridges constructed
in the United States (4). The simple-span bridge is also prob-
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ably one of the shortest spliced girder bridges in the United
States with a final girder length of 90 feet. The girder was
fabricated in three 30-foot segments by inserting separator
plates in the girder forms. Splicing was used because the con-
tractor did not have a large enough crane to lift the entire
girder. The segments were erected on falsework as shown in
Figure 1, then post-tensioned.

1.3.4.1.2 Rock Cut Bridge, Washington. The Rock Cut
Bridge, which crosses the Kettle River in a remote area of
Washington State, was constructed in just 31/2 months in
1995 (5, 6). The total girder length was 190.5 feet, which was
divided into three nearly equal girder segments. Access to the
site was very difficult, eliminating the use of full-length gird-
ers. However, because of stringent environmental constraints,
no construction could take place in the river. Therefore, the
three segments for each girder were assembled on the ground
near the bridge site, then trucked to the site and launched
across the river using a launching truss, as shown in Figure 2.
The use of this innovative construction approach to meet dif-
ficult site conditions and a very tight construction schedule
and budget earned the bridge the PCI Harry H. Edwards Indus-
try Advancement Award in 1997, as well as the PCI Award
in the “Bridges with Spans Greater than 135 ft” category (5).

Figure 1. Bridge in Klickitat County, WA (4).

Figure 2. Rock Cut Bridge, WA (6).
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1.3.4.1.3 I-15 Bridges, Salt Lake City, Utah. The recon-
struction of Interstate 15 through the heart of Salt Lake City
was a huge design/build project performed on a very tight
schedule. Bridges over 17 SPUIs were to be constructed as
part of this project (7, 8). These bridges had simple spans of
up to 220 feet that were required to span all of the traffic
flow patterns of an interchange beneath the bridge. The
design/build team, which could have selected any available
material or concept to construct these bridges, selected
spliced concrete girders to satisfy the design and scheduling
requirements. For each line of girders, the three segments
were erected on falsework as shown in Figure 3. Girder
splices and intermediate diaphragms were then cast, fol-
lowed by placement of the concrete deck before the girders
were post-tensioned. 

1.3.4.2 Continuous Spans

These bridges illustrate additional concepts and advantages
of spliced girder bridges where multiple continuous spans are
required. These projects also indicate that the spliced girders
may use constant depth or haunched sections, or even a com-
bination of the two, to achieve the spans necessary to satisfy
the design requirements.

1.3.4.2.1 US 231 over the White River, Indiana. The
bridge carrying US 231 over the White River in Indiana was
bid as an alternate to steel plate girders in the early 1990s (9).
The multi-span spliced concrete girder alternate used con-
stant depth, full-span girders spliced at interior piers and post-
tensioned for continuity as indicated in Figure 4. The low
bid for the concrete alternate was more than 10 percent
below the low bid for the steel alternate. Using this system,
the bridge was divided into three-span continuous units.
The continuity allowed a very wide girder spacing to be
employed, which added to the economy of the system. Semi-
lightweight concrete was used in the girders to reduce the
dead load. Several bridges in Florida have also been con-
structed using a similar approach (10).

1.3.4.2.2 Main Street Viaduct, Pueblo, Colorado. The
Main Street Viaduct in downtown Pueblo, Colorado, crosses
12 railroad tracks, the Arkansas River and its dike, and a city
street (11). The locations for piers were severely limited
because of the obstacles beneath the bridge. Full-span pre-
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stressed concrete girders were not used because close girder
spacings were required for the long spans. Steel plate girders
were also eliminated because of higher initial costs and the
requirement for long-term maintenance. The bridge has five
spans ranging from 88 to 174 feet. The designers creatively
used both haunched girders and thickened webs at piers to sat-
isfy vertical under-clearance and structural requirements. Two
falsework towers were used during erection of the pier seg-
ments, one of which is shown in Figure 5. The remaining
girder segments were erected using strong-backs attached to
the girders. Construction of the bridge was completed in 1995.

1.3.4.2.3 Highland View, Florida. The Highland View
Bridge is a three-span, high-rise bridge over the Gulf Intra-
coastal Waterway in Florida. It is typical of several similar
bridges constructed in recent years in coastal areas (10, 12).
The bridge has a main span of 250 feet, which was a record
for this type of structure at the time of its construction. The
constant depth end and drop-in girder segments are 6 feet deep,
with the haunch over the piers increasing to 10 feet deep. Two
falsework towers were erected outside the channel span to sta-
bilize the pier segments, to support the reactions from the end
span girders, and to resist uplift when the drop-in segments
were placed (see Figure 6). Strong-backs were attached to the
drop-in segments to support them from the ends of the pier
segments. This erection scheme kept all falsework out of the
channel. The bridge construction was completed in 1994.
Recently, a similar spliced concrete girder bridge with a main
span of approximately 320 feet was constructed in Florida.

1.3.4.3 Seismic Applications 

Bridges constructed in seismic regions often require a
rigid or integral connection between the superstructure and

Figure 3. I-15 Bridge, Salt Lake City, UT (7).

Figure 4. Schematic of bridge over White River, IN (9).
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the supporting substructure. The following examples show
that spliced girder concepts can be used to satisfy this
requirement.

1.3.4.3.1 Research at the University of California at
San Diego. Between 1996 and 1998, tests were conducted at
the University of California at San Diego (UCSD) on the con-
nection between precast prestressed concrete spliced bridge
girders and their supporting columns (13, 14). Two types of
bridges were tested: (1) bulb-tee girders with a girder segment
crossing the pier and splices within the span and (2) open-top
trapezoidal box beams (bathtubs) with splices at the pier and
at midspan. Both systems used an integral pier cap with the
girders passing through or embedded into the pier cap. A
schematic of the prototype structure for the test program is
shown in Figure 7.
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The tests of these spliced concrete girder concepts demon-
strated that these structural systems significantly exceeded the
minimum ductility requirements. Furthermore, the superstruc-
ture and bent cap response was essentially elastic during the
simulated seismic loading. These results are very promising
and should open up a significant new area of application for
spliced girder bridges.

1.3.4.3.2 H-3/Lower Halawa Valley Viaduct, Hawaii.
A good application of one of the systems tested at UCSD is
the mile-long Lower Halawa Valley Viaduct in Hawaii (15).
The spliced girder was a value engineering solution proposed
by the contractor’s engineer to reduce the cost of the dual
bridges and the time required to build them. Each bridge was

Figure 5. Main Street Viaduct, Pueblo, CO (11).

Figure 6. Highland View Bridge, FL.

(a) Elevation 

(b) Bathtub bent elevation (c) Bulb-tee bent elevation 

Figure 7. Schematic of prototype structure for tests at UCSD (14).
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divided into five-span units, with each span approximately
200 feet long. The pier segments were haunched. A single
falsework tower was used at each pier to stabilize the pier
segments, as shown in Figure 8. Integral pier caps were used
to make a positive connection between the superstructure and
substructure to resist the seismic design forces.

1.3.5 Comparison of Spliced Girders 
and Segmental Box Girders

Although spliced girder construction is similar to segmen-
tal box girder construction in many ways, there are significant
differences. It became clear during this study that it is impor-
tant to distinguish between the types of construction where
appropriate and to emphasize the similarities in other areas.

A first step in comparing the two types of construction is
establishing practical terminology that distinguishes spliced
girder construction from segmental box girder construction.
It is recommened that the individual elements of a spliced
girder be called “girder segments” to distinguish them from
the segments used for segmental box girder construction and
to avoid potential confusion. This terminology is used
throughout this report.

To distinguish further between the types of construction, the
following definitions are proposed for use in the AASHTO
LRFD Bridge Design Specifications (3). (It should be noted
that the definition for “Spliced Precast Girder” is only intended
to apply to superstructure elements, while the definition for
“Segmental Construction” is intended to be more general,
applying to superstructure and other types of elements.)

• Spliced Precast Girder—A type of superstructure in
which precast concrete beam-type elements are joined
longitudinally, typically using post-tensioning, to form
the completed girder. The bridge cross section is typically
a conventional structure in which multiple precast girders
support a cast-in-place concrete composite deck. This
type of construction is not considered to be segmental
construction for the purposes of these Specifications.

• Segmental Construction—The fabrication and erec-
tion of a structural element (i.e., superstructure and/or
substructure) using individual elements, which may be
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either precast or cast-in-place. The completed structural
element acts as a monolithic unit under some or all design
loads. Post-tensioning typically is used to connect the
individual elements. For superstructures, the individual
elements typically are short (with respect to the span
length) box-shaped segments with monolithic flanges
that comprise the full width of the structure. 

1.3.5.1 Differences

The typical differences between spliced girder and seg-
mental box girder technology and construction are summa-
rized in Table 1. 

Several of the differences listed in Table 1 have special sig-
nificance for the corrosion resistance and, therefore, the long-
term performance of a bridge. Differences that may provide
an added measure of corrosion resistance for spliced girder
bridges compared to segmental box girder bridges include
fewer joints, joints protected by the cast-in-place (and often
post-tensioned) deck, internal fully bonded tendons, and the
redundancy of multiple webs and tendons. 

1.3.5.2 Similarities

Despite the many differences between spliced girders
and segmental box girders, the two types of girders share
the following:

• Longitudinal post-tensioning with multi-strand tendons,
• Grouting of tendons,
• Staged construction methods, and
• The occasional use of match casting for spliced girder

construction.

1.3.5.3 Recommendations

Based on these comparisons, three significant recommen-
dations are as follows:

1. Make use of similar technology wherever possible to
advance the use of spliced girder construction by using
proven technology from the segmental construction
industry.

2. Distinguish between the types of construction to elim-
inate confusion for the designer.

3. Distinguish between the types of construction to avoid
unnecessary focus on corrosion issues for spliced girder
construction.

1.4 RESEARCH APPROACH

Research objectives were fulfilled by addressing each of
the research topics listed in Table 2. Each research topicFigure 8. Lower Halawa Valley Viaduct, HI (15).
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focused on a different area of investigation and development
required to extend the span ranges of precast prestressed con-
crete bridges. The topics were selected as the best way to
organize the findings of the study to facilitate their practical
use. The topics are related to the project tasks listed in Sec-
tion 1.2, but there is no one-to-one correspondence between
tasks and research topics. The tasks related to each research
topic are indicated in Table 2.

For each research topic, appropriate activities were per-
formed such as the collection of information or the devel-
opment of recommendations. Two or more activities were
defined for most of the research topics to improve access to
the information and recommendations that have been devel-
oped. Brief descriptions of the research topics and activities
are given in this section.

A listing of the research topics with their activities and the
chapters in which the results are described and summarized
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is shown in Table 3. This table also indicates the appendix
that contains the complete presentation of related results for
each topic or subtopic.

A brief discussion of each research topic and its associated
activities follows. The discussion of the first research topic,
Project Information (Section 1.4.1), includes a detailed dis-
cussion of the data collection activity that provides the foun-
dation for many of the research findings and applications
reported in Chapters 2 and 3.

1.4.1 Project Information 

One of the goals of the project was to collect data on proj-
ects that had been designed or constructed using various
methods for extending span ranges of precast prestressed

TABLE 1 List of differences between spliced girders and segmental box girders

Issue Spliced Girders Segmental Box Girders 

Size of segments relative to 
span 

Large - 2 to 3 segments / span Small - 8 to 10 segments / span 

Joints between segments Field cast with concrete             
6 to 24 in. wide 

Match cast, with epoxy     
Essentially no joint width 

Girders Standard girder shapes Customized girder shapes 

Number of girders Multiple lines of girders in each 
span 

Single girder line in each span 

Deck A composite deck is typically 
cast on spliced girders 

The deck is cast as an integral 
part of the box girder segments 

Hauling issues Length and sometimes weight 
and height 

Weight and height 

Contractors Bridge contractors Specialty bridge contractors 

Fabricators Bridge girder fabricators Specialty bridge fabricators 

Redundancy Many webs and post-tensioning 
tendons 

Generally two webs with post-
tensioning tendons 

Corrosion Splices are typically protected 
by the composite deck 

Splices penetrate through the 
entire depth of the structure 

Erection Conventional equipment Often specialized equipment 

Post-tensioning Typically one or two stages for 
the full length of bridge 

May include many stages of 
post-tensioning as segments are 
erected 

Longitudinal prestressing Combined pretensioning and 
post-tensioning 

Only post-tensioning 

Number of splices in ducts Few, with splices accessible 
during construction 

Many, with inaccessible splices 
at match-cast joints 

Tendon locations Internal  Combination of internal and 
external (within the box) 

Section type Bulb tee or U-beam Box 
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concrete girders. This information is valuable to demonstrate
the variety of applications and approaches for which extended-
span concepts have been used. Data collection efforts focused
on spliced concrete girders. A list of spliced girder bridges
with basic project information was developed. A summary of
the bridge list with comments on the significance of the data
was also prepared. A discussion of the process used to col-
lect project information follows. 
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A literature search identified published sources of project
information in technical journals, presentations, marketing lit-
erature, and project award submissions for extended-span
prestressed concrete girder projects. Some references were
project specific, while others addressed more generally appli-
cable details of a particular design or construction method.
References used to obtain project data are included in the
bibliography provided in Appendix G2. In some cases, ref-
erences may not be generally accessible to the public.

Published information on projects using extended spans
for precast prestressed concrete girders is limited. Therefore,
data for many projects could only be collected through direct
interaction with the participants in the project or others who
had access to project documents. Details of projects, includ-
ing information on the selection of the particular method or
methods for extending girder spans, design methods, details
of fabrication, and methods of construction and erection were
collected. An attempt was also made to collect the experi-
ences of participants in the projects in order to use this infor-
mation to identify important factors that need to be consid-
ered in the design and construction of spliced girder and other
long-span concrete girder bridges.

A data collection form was developed as a Microsoft
Excel spreadsheet. The single-page form and two pages of
instructions that accompanied it are shown in Appendix A1.
Macros in the spreadsheet enabled the user to enter data for
up to nine bridges in a single file. The form was distributed
via email to project participants, including owners, design-
ers, contractors, fabricators, and post-tensioning suppliers. A
form was sent to the department of transportation in each
state. Initially, the form was sent to a list of contacts com-
piled by the research team. Additional contacts were identi-
fied as the data collection effort progressed.

The form was used to collect project information, includ-
ing dimensions, design procedures, costs, project partici-
pants and methods of construction. Respondents were also
asked to provide comments regarding reasons for selecting
spliced girders and any other special project features. When
provided, this information gave valuable insight into the
process of design and selection of extended-span or spliced
girder bridges. Where possible, information on the perfor-
mance of the completed structure was obtained. Because of
the great variety in types of bridges that have been designed
and constructed, some difficulties were encountered in obtain-
ing consistent and meaningful data.

Although the form was titled “Spliced I-Girder Data Col-
lection Form,” indicating its primary focus on spliced girder
bridges, information was also collected for bridges where
other methods were used to extend spans beyond the limits
of conventional simple-span prestressed girders, such as
shoring for deck placement and continuity for live load.

Use of the data collection form enabled the research team
to collect detailed project data in a uniform format for a
large number of extended-span and spliced girder bridges and
to accomplish the following:

TABLE 2 List of research topics and tasks

Research Topic Related Task 

Project Information 1 

Design Options 2 

Issues and Details for Extended Span Bridges 2 

Design Examples 6 

Design Specifications 3 & 7 

Issues Requiring Additional Action 4 

Design Software and Other Resources 1 

TABLE 3 List of research topics and location of discussion
and results

Research Topic or Activity Chapter Appendix 

Project Information 
  

 Data Collection Form 1 A1 

 Evaluation of Data Collection Results 2 A2 

 Listing of Spliced Girder Bridge Projects 2 A3 

Design Options   

 Design Options for Extending Spans 2 B1 

 Comparative Design Study 3 B2 

Issues and Details for Extended Span Bridges   

 Issues and Details for Extended Span Bridges 2 C1 

 History of Florida's Spliced Girder Bridges 2 C2 

Design Examples   

 Design Example 1 – Single Span Spliced     
PCI BT-96 Girder 

3 D1 

 Design Example 2 – Two-Span Spliced          
U-Beam Girder 

3 D2 

 Design Example 3 – Continuous Three Span 
Girder 

3 D3 

Design Specifications   

 Proposed Revisions to the AASHTO LRFD 
Bridge Design Specifications 

2 E1 

 List of Potential Issues in the AASHTO LRFD 
Specifications 

2 E2 

Issues Requiring Additional Action 2 F 

Design Software and Other Resources   

 Design Software and Other Resources 2 G1 

 Bibliography 2 G2 
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• Facilitate the compilation and organization of significant
data on a large body of bridge projects, both domestic and
foreign;

• Facilitate classification of projects according to parame-
ters such as by location (state, country, region), chrono-
logically by design/construction year, by splice loca-
tion (in-span, at piers or both), and by contract method
(design/bid/build, design/build, and value engineering
change proposals [VECP]);

• Facilitate evaluation of project data to determine the evo-
lution of trends and common practices, both globally and
within particular regions;

• Provide insight into challenges in the areas of design,
detailing, construction, specifications, and software use;
and

• Serve as a springboard for gathering additional and more
specific information concerning details and methods used
on individual projects of interest. 

In some cases, telephone interviews were conducted to
obtain additional information about projects for which data
collection forms were received. Designer respondents were
asked to provide information concerning the type of design
software used and their opinions concerning it, whether they
thought available specifications addressed all design issues
sufficiently, and how they handled time-dependent effects,
temperature gradient, composite sections, and stress and cam-
ber histories during design. Conversations with owner and
on-site owner representative respondents were used to gather
information concerning the quality of the design plans, the
adequacy of plan details, particular problems during con-
struction, and what aspects they would like to see improved
on future jobs. Similar inquiries were made of contractors
and precast concrete fabricators to obtain their perspectives
and suggestions regarding ways to make a particular con-
struction method more competitive in the future.

Response to the data collection effort was generally good,
resulting in the collection of completed data forms, contract
plans, plans from VECPs, photographs, other documents,
and personal recollections. In some cases, the research team
became aware of an existing project but was not successful
in obtaining data.

1.4.2 Design Options

Combining information collected from various sources
regarding projects and design procedures with their experi-
ence, the research team developed a discussion of design
options for extending span ranges of precast prestressed con-
crete girders. These options included both enhanced tech-
niques and spliced girder construction. A prioritized list of
these options was then developed for members with and
without post-tensioning. To better understand how different
options affect designs, a limited comparative design study
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using several design options from the prioritized list was con-
ducted for a single bridge typical section by determining the
maximum span for different design options. 

1.4.3 Issues and Details 
for Extended Span Bridges

This activity was also based on the compilation and eval-
uation of information collected from various sources and the
experience of the research team. A comprehensive listing of
topics to be considered in the design, fabrication, and con-
struction of spliced girder bridges was developed. Several
options are presented where available, with advantages and
disadvantages given. 

1.4.4 Design Examples

Based on the listing of design options, three spliced girder
bridges were selected for the development of comprehensive
design examples. The examples focused on aspects of design
unique to spliced girder construction and illustrate the appli-
cation of many of the design issues listed in the Design Issues
and Details section. 

1.4.5 Design Specifications

Design specifications can affect the success of a design
methodology significantly. Therefore, the evaluation of the
current LRFD Specifications was given a high priority in the
project. 

Early in the project, the existing LRFD Specifications were
thoroughly reviewed to identify any provisions that may
need revision, deletion, and/or reorganization and to identify
provisions that may need to be added to the Specifications to
address issues related to extended-span ranges and spliced
girder construction properly. The results of the review were
tabulated.

Based on the review of the Specifications and the experience
of the research team developing the design examples, it was
determined that the Specifications needed revision. Proposed
revisions were prepared to clarify the applicable provisions for
spliced girder construction and to improve the organization of
the provisions that apply to spliced girder construction. Few
new provisions were introduced in the proposed revisions.

1.4.6 Issues Requiring Additional Action

During the course of the research, issues that needed to be
addressed for spliced girder construction to advance quickly
were identified and compiled. 
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1.4.7 Design Software and Other Resources 

The design of spliced girder bridges can be quite complex.
Therefore, the design is generally executed using a computer
program or series of spreadsheets. Information was obtained
from users and suppliers of several computer programs. Spe-
cific information on commercially available software is not
provided in this report.

Design resources in the literature and on the web were
identified and have been listed. These include design exam-
ples for spliced girders and DOT websites that have design
manuals, details, or specifications for spliced girder construc-
tion. Website links are given rather than repeating the infor-
mation in this report. The use of website links will enable
readers to find current information on the websites rather
than information that will rapidly become out of date if
repeated in this report. 

A literature review was conducted to identify design guides,
design examples, project information, and other existing infor-
mation that could be used by the designer of spliced girder
bridges. All cited references and other identified resources are
included in the bibliography in Appendix G2. 

1.5 REPORT ORGANIZATION

This report presents the results of the work conducted by the
research team on NCHRP Project 12-57. Given that the goal
of the project was to provide practical guidance to designers
regarding the design of longer span precast prestressed con-
crete bridge girders, the report is organized to make the prod-
ucts of the research easily accessible to those who may use it.
This was accomplished by separating the body of the report,
which describes and summarizes the design resources, from the
resources themselves, which are presented in the appendixes.

The body of this report presents the approach and evalua-
tion of the activities of the project. An overview of the con-
tents of each chapter follows.

Chapter 1 (this chapter) provides an overview of the project
objectives and the activities used to achieve the objectives. 

Chapter 2 contains the findings of the study. The chapter
contains summaries of most of the major activities of the
research project as well as prioritized lists of design options
and detailed discussions of several items of special interest,
such as cost comparisons, post-tensioning and grouting, deck
replacement issues, and splicing of haunched pier girder seg-
ments. The issues are presented in the same order as the activ-
ities are introduced in Chapter 1. 

Chapter 3 presents summaries of the applications of the
findings that were developed in the research. These include a
discussion of the results of the comparative design study, an
introduction to the three design examples, and a summary of
the proposed revisions to the AASHTO LRFD Bridge Design
Specifications.

Chapter 4 contains conclusions and issues for additional
study or further action. Implementation of the project prod-
ucts is also discussed.
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A list of references cited in the body of the report follows
Chapter 4. A separate reference listing is provided for each
appendix, where required.

The appendixes contain the products and supporting doc-
umentation for this research project. In most cases, an appen-
dix is divided into several sections.

Appendix A contains a listing of spliced girder projects
and the survey form used to collect the data. A summary with
comments on the data is also given.

Appendix B contains a discussion of design options that
have been or may be used to extend the span ranges for pre-
cast prestressed concrete girders. A prioritized listing of the
design options is presented and discussed. A comparative
study is included to demonstrate the effect of using different
options for a single-span bridge.

Appendix C contains a detailed discussion of issues that
need to be considered in the design and construction of spliced
girder bridges. An overview of the extensive experience with
spliced girder bridges in Florida is provided for historical
perspective.

Appendix D contains the three design examples prepared
for this project.

Appendix E contains proposed revisions to the LRFD
Specifications addressing the design of spliced girder bridges.
A list of provisions in the Specifications that may need revi-
sion to enhance design for extended-span precast prestressed
concrete bridges is also included.

Appendix F contains a list of issues that need to be addressed
to maximize the potential for extending the span ranges of
precast prestressed concrete girders.

Appendix G contains information on design software and
additional resources for the design of spliced girder bridges
and a bibliography.

1.6 OTHER ITEMS

1.6.1 Design Specifications

The AASHTO LRFD Bridge Design Specifications, 2nd
Edition, with interims through 2003 (3) was used as the doc-
ument governing design for this report, including the design
examples. The AASHTO Standard Specifications for High-
way Bridges, 16th Edition (16) may be cited as a reference in
some cases.

1.6.2 Terminology

The following terminology is used in this report:

• The AASHTO LRFD Bridge Design Specifications cited
above are referred to as the “LRFD Specifications,” or
simply as the “Specifications.” 

• The AASHTO Standard Specifications for Highway
Bridges cited above are referred to as the “Standard
Specifications.” 
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• The commonly used terminology of “post-tensioning”
or “post-tensioned” is used in this report. However, the
LRFD Specifications depart from this standard termi-
nology by using “posttensioning” and “posttensioned.”
Where quoting from the LRFD Specifications, the usage
of the Specifications is retained.

15

• The term “prestressing” is taken to be a general term
which includes both pre-tensioning and post-tensioning. 

• The terms “beam” and “girder” are used interchangeably.
• The terms “fabricator,” “producer,” and “precaster” are

used interchangeably to indicate the party responsible for
the manufacture of precast prestressed concrete girders.
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CHAPTER 2

FINDINGS

The findings of this project address the broad range of
design options that can be used to extend span ranges of pre-
cast prestressed concrete bridges. However, as discussed in
Chapter 1, spliced girder construction was identified as pro-
viding the greatest potential for increasing spans and has the
greatest need for design guidance, so much of the following
discussion is focused on spliced girder construction.

Items appear in this chapter in the same order in which
they were introduced in Chapter 1.

2.1 PROJECT INFORMATION

Information was collected to document existing projects in
which extended-span precast prestressed concrete girders have
been used and to document the experience related to these
structures. 

2.1.1 Results of Data Collection

Through the process of gathering completed data collec-
tion forms and following up with individual respondents,
information on between 185 and 190 bridges was obtained
from 57 survey participants. Combining these projects with
additional projects identified using other means, the research
team identified more than 250 extended-span or spliced girder
bridges around the world. Table 4 (from Appendix A3) sum-
marizes the number of extended-span bridges for which data
were collected by country, state, region, and decade of con-
struction. Additional details for each bridge represented in
Table 4 are given in Appendix A3.

In compiling a quantitative list of project data reported, an
attempt has been made to eliminate overlap from bridges iden-
tified by more than one individual, although each individual’s
comments have been retained in the database. Appendix A2
contains an evaluation and discussion of the collected data. 

2.1.2 Focus on Spliced Girder Construction

The research team determined that data from spliced girder
bridges were most significant (compared with other extended-
span methods) for the following reasons:

• Other methods for extending span ranges, such as those
involving material enhancements or improved girder sec-
tions, are generally modifications of current technol-
ogy and procedures and can be used without significant
changes to normal design and construction methods.

• For some of the materials-related issues, such as high-
performance concrete and specified density concrete,
information is already available or research is under-
way by other agencies to make information available to
designers to assist them in implementing these methods.

• The evolution of experience and necessity has led the
industry in the direction of spliced girder construction
as a means to achieve significantly longer spans than
those previously achieved using single-piece, full-span
precast prestressed concrete girders.

• Spliced girder construction requires consideration of a
significant number of additional issues with which many
designers are not familiar.

• Many owners, designers, and contractors are not famil-
iar with the large number of projects that have been con-
structed using spliced girders, nor with the great variety
of situations and conditions in which they have been suc-
cessfully used.

Therefore, data collection efforts concentrated on gathering
information on spliced girder bridges without neglecting the
contribution of other methods in achieving longer spans. A
concerted effort was made to collect data on the entire range
of extended-span girder bridge projects from the earliest
examples [North Africa, 1944(17)] to the most recent (several
currently under design); from the shortest spans (three seg-
ments for a 60-ft-long span in Medicine Hat, AB, built in 1954
and still in service [18, 19]) to the longest span (Moore Haven,
Florida) with a main span of 320 feet (20); from constant-
depth simple-span structures to five-span continuous struc-
tures with haunched girders and multi-staged post-tensioning
(20); and from a bridge in Pike County, Kentucky (21) to ones
in Taiwan and New Zealand (22).

2.1.3 Foreign Projects

Data collection for foreign projects was difficult, and infor-
mation gathered on such projects was limited. Part of the
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TABLE 4 List of bridges—summary

Constructed by Decades Contract Type 
Region State/  

Province 

Total 
Number of 

Bridges 1950's 1960's 1970's 1980's 1990's 2000's Design/ 
Bid/Build 

Design/
Build VECP 

West 26 0 0 0 1 19 6 4 8 0 

 AZ 1      1 1   

 CO 17    1 11 5 3   

 UT 8     8   8  

Midwest 20 0 0 2 5 8 5 6 0 0 

 IL 2   2   0 1   

 IN 4     4     

 KY 3    2 1     

 TN 1      1 1   

 MO 2    2      

 NE 1     1     

 OH 3      3 3   

 MN 1     1  1   

 TX 1    1      

 WV 2     1 1    

Northeast 23 1 3 3 1 6 9 4 4 0 

 CT 0      0    

 NJ 4      4 2 2  

 NY 12 1 3 2 1 4 1 1   

 MA 4     1 3 1   

 PA 1   1  0   1  

 RI 1 1    

 VT 1     1   1  

Northwest 41 0 2 3 7 23 6 1 0 0 

 OR 21  2 2 1 13 3    

 WA 20   1 6 10 3 1   

Far West 20 0 1 6 0 5 8 13 0 1 

 CA 14  1 5  2 6 10   

 NV 3     1 2 3   

 HI 3   1  2    1 

Southeast 51 0 2 3 9 19 18 18 5 5 

 AL 3     3   2 1 

 FL 36  2 3 7 14 10 14 2 3 

 GA 1     1     

 LA 1 1    

 NC 2 2    

 MS 3 1 2 1 1 1 

 SC 1 1 0     

 VA 4    1  3 3   

Canada 67 0 0 3 31 24 9 0 0 0 

 AB 31   1 16 5 9    

 BC 29    13 16     

 MB 2    1 1     

 ON 4   2 1 1     

 SK 1     1     

Other Countries 3 0 0 0 1 2 0 0 0 0 

 New 
Zealand 1     1     

 Taiwan 1    1      

 Bahamas 1     1     

Total 251 1 8 20 55 106 61 46 17 6 
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problem was a general lack of knowledge concerning the
existence or location of such projects in other countries. His-
torically, different methods of contracting bridge projects
(i.e., design/build versus design/bid/build) have been used in
European countries as compared with the United States, which
means that a different course of action needed to be taken and
different sources had to be investigated to gather information
concerning projects in these and other countries. Literature
searches of foreign projects or construction methods were
often not successful because of differences in nomenclature—
in part, because of confusion between the U.S. use of the
term “spliced girders” and the foreign literature definition of
“segmental” to define a particular type of construction. The
lack of understanding about what constitutes a “spliced
girder” bridge became apparent when engineers from other
countries were contacted. After pursuing all known leads,
correspondence with post-tensioning personnel and engineers
in Switzerland, France, New Zealand, and Japan eventually
led to the conclusion that splicing of precast multi-girder
bridges is not very common in other parts of the world.
Although the Data Collection Form served as a starting
point in generating a large inventory of data on domestic
projects built using extended-span methods, it was of little
value in gathering information on projects in other countries.

2.2 DESIGN OPTIONS 
FOR EXTENDING SPANS

Design options for extending span ranges of precast pre-
stressed concrete girders are summarized in this section, fol-
lowed by prioritized lists of the options. The correlation
between design options in the prioritized lists and the design
options used in the comparative design study is also presented,
although the summary of the comparative study appears in
Chapter 3.

2.2.1 Design Options for Extending Spans

From the data collected about projects and design proce-
dures, a wide variety of design options were identified that
can be used to extend span ranges of precast prestressed con-
crete girders. Additional design options were developed by
the design team by considering the range of possible vari-
ables involved in bridge design. Characteristics of each design
option are described in Appendix B1, with advantages and
disadvantages. An introduction to and brief summary of the
information presented in Appendix B1 are presented in the
following.

The variety of identified design options is the result of dif-
ferences in experience, equipment, site constraints, and other
conditions. 

The design options identified for extending spans vary sig-
nificantly in degree of complexity, effectiveness, and practi-
cality. It was found that combining several design options may

prove more effective than using the design options alone.
Some design options listed may not be feasible in all areas or
they may fail to produce a significant economical advantage
for a particular set of circumstances. Therefore, designers are
encouraged to consult with owners, fabricators, and contrac-
tors before implementing extended-span design options to
ensure that the use of a selected option will offer the poten-
tial for greater economy without introducing unmanageable
risk, uncertainty, or adverse effects. 

The design options identified are divided into four groups:

• Material-related options,
• Design enhancements,
• Methods utilizing post-tensioning, and
• Spliced girder construction.

A brief discussion of the design options in each group is
presented below.

2.2.1.1 Material-Related Options

Design options for extending span ranges related to mate-
rial properties can usually be implemented with standard
design procedures and software.

• High-Strength Concrete. High-strength concrete (HSC)
has been used successfully to extend the span ranges of
precast prestressed concrete bridge girder bridges. It is
generally used to the greatest advantage in girders, but
may also be used in decks. This option has also been used
successfully in conjunction with other design options.

• Specified Density Concrete. Specified density concrete
(SDC) has been used to reduce design loads to extend
span ranges of precast prestressed concrete bridge girder
bridges, but has also been used to reduce the shipping
weights to facilitate use of longer girders. SDC may 
be traditional lightweight concrete, or it may be used to
reduce the unit weight of the concrete as required for
shipping. 

• Increased Strand Size. The use of a larger strand size
at the same strand spacing improves the efficiency of
pre-tensioned girders. This design option frequently is
combined with HSC to obtain a significant increase in
girder spans. Standard strand sizes must still be used. 

• Increased Strand Strength. Strand producers have been
developing strands with strengths of 300 ksi or greater.
Increased strand strength, accompanied with a propor-
tional increase in initial strand stress, will increase span
ranges for precast prestressed concrete girder bridges.
However, revisions to material specifications and research
in areas such as transfer and development length must
be completed before use of higher strength strand will
be approved. 

Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


19

• Decks of Composite Materials. In recent years, several
concepts have been introduced for using composite mate-
rials, typically developed in the defense industry, for the
construction of highway bridge decks. Although several
important issues remain to be addressed, bridge decks
constructed using composite materials may be used to
extend span ranges of precast prestressed concrete beams
by significantly reducing the weight of the deck structure. 

2.2.1.2 Design Enhancements

Several design options for extending span ranges are related
to modifications or enhancements of design parameters or pro-
cedures. In most cases, these methods can be implemented
with standard design procedures and software.

• Modified Standard Girder Sections. A wide variety of
options exist for modifying existing girder cross sections
to extend span ranges of precast prestressed concrete
beams. These include the following:
– Moving side forms in or out to reduce section weight

or increase section properties;
– Increasing the depth of the bottom flange to add a row

of strands;
– Increasing the depth of a girder section for increased

section properties;
– Increasing the width of the top flange to reduce deck

forming, improve lateral stability of the girder for han-
dling, and increase section properties;

– Increasing the thickness of the top flange to improve
section properties;

– Casting some or all of the deck with the girder, which
improves efficiency of prestressing and allows for
more rapid construction by eliminating deck forming.
This type of section is called a “decked bulb tee.”

• New Standard Girder Sections. Precast prestressed
concrete girders have become an economical bridge solu-
tion in large part because girder shapes are standardized.
However, in recent years, several new girder cross sec-
tions have been introduced that generally are more effi-
cient than the existing shapes, but the difference is not
large. Given that precasters will have to purchase forms
to manufacture new girder shapes, the cost of the forms
must be considered when evaluating the benefit of new
girder sections.

• Modify Strand Pattern or Utilization. Several design
options involving strands have been identified. These
include the following:
– Reducing strand spacing to increase the eccentricity

of the prestress force;
– Bundling strands at drape points to increase the eccen-

tricity of the prestress force;
– Debonding top strands at the center of a girder to

improve stress conditions at ends without disturbing

stress conditions at the center of the girder (this option
also improves lateral stability of long girders); and

– Transforming strands to improve section properties.
• Enhanced Structural Systems. Several design options

for increasing span ranges have been identified that
involve modifications of or improvements to structural
systems. These include the following:
– Making girders continuous for live loads by placing

a continuity diaphragm betweens ends of girders at
interior piers;

– Shoring girders during placement of deck concrete;
– Fixing the ends of spans at abutments for frame action;
– Using cantilevered girders to extend spans beyond

interior piers;
– Using pier tables to shorten the span of precast pre-

stressed girders; and
– Using integral caps to provide a fixed connection

between superstructure and substructure for frame
action.

• Enhanced Design and Analysis Methods. Several
design options for increasing span ranges have been iden-
tified that involve modifications or improvements to
design and analysis methods. These include the following:
– Improving deck design to reduce required deck thick-

ness and
– Using refined methods for computing live load distri-

bution to reduce design loads.

2.2.1.3 Methods Using Post-Tensioning

The addition of post-tensioning significantly increases span
lengths beyond conventional prestressed girder limits. How-
ever, the design and construction of such bridges is signifi-
cantly more complex. Several design options have been iden-
tified that have been used successfully on projects to extend
span ranges of precast prestressed concrete girder bridges. 

A major disadvantage of adding post-tensioning to a girder
is increased complexity in forming and the additional work
that must be done in either the plant or field to stress and
grout the post-tensioning tendons. Where post-tensioning
tendons are anchored in the girder, anchor blocks must be
formed to provide additional section width and reinforce-
ment fabricated to resist concentrated loads at the anchor-
ages. If post-tensioning is done at the site, the contractor
should hire a specialty subcontractor to perform the tendon
installation, stressing, and grouting. This adds complexity to
the construction process and may add uncertainty to the con-
struction schedule.

• Combined Pre- and Post-Tensioning. Post-tensioning
can be effectively combined with pre-tensioning to
increase span ranges for single-piece girders or for spliced
girders. The post-tensioning may be applied to the final
composite cross section where it is most effective. 
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• Staged Post-Tensioning. Staged post-tensioning per-
mits a significant increase in the amount of prestress that
can be applied to a girder cross section, which makes
possible longer spans. This increase is possible because
a portion of the post-tensioning is applied to the bare
girder, with the remainder of post-tensioning applied to
the completed structure, which also places the deck into
compression, enhancing its durability.

• External Post-Tensioning. External post-tensioning
of girder bridges, where the tendons are stressed after
the girders are erected and diaphragms with anchorages
and deviation points are installed, is not common in the
United States. This method may hold promise for some
special situations, but construction appears to be more
complex and post-tensioning ducts may be exposed.

• Longitudinal Post-Tensioning in the Deck over Inte-
rior Piers. Longitudinal post-tensioning in the deck over
interior piers has been used in a few projects to counter-
act the tension that develops in continuous structures over
interior supports. Significant issues exist regarding loca-
tion and protection of tendon anchorages.

2.2.1.4 Spliced Girder Construction

Several types of spliced girder construction and the advan-
tages associated with spliced girder construction have been
identified. Given that most of the issues presented in Appen-
dix B1 regarding spliced girder construction are discussed in
Section 1.3, they are not repeated here. 

2.2.2 Prioritized Lists of Design Options 
for Extending Spans

From the design options identified, two prioritized lists are
presented below. The first list is for design options without
post-tensioning and the second list is for design options with
post-tensioning and splicing. Prioritization of these lists of
design options for extending the span ranges of precast pre-
stressed concrete girders is an uncertain task because of the
great variety and number of alternatives available. Comments
on use of the prioritized lists are also given to close this section. 

2.2.2.1 Design Options Without Post-Tensioning

This prioritized list contains methods that can be used for
bridges without the addition of post-tensioning to the struc-
ture. These techniques use improved material properties,
improved analysis methods, and new construction methods.
No spliced girder techniques are included in this list, although
some of the methods can be used with splicing to achieve
even greater spans.

The list was prioritized considering the benefits of the tech-
nique (i.e., the relative increase in maximum span length); the
effect of the technique on design or construction; and how

available, acceptable, and understandable the approach is
expected to be to the typical owner, designer, and contractor.
Comparative analyses were not performed to assist in the pri-
oritization of the list, so the placement in the list is com-
pletely subjective. 

Using this approach, the prioritized list in Table 5 was
developed. All design options included in the “Material-
Related Methods” and “Design Enhancements” groups are
represented by at least one entry in the table. The highest
priority methods are listed first. The advantages and dis-
advantages of each design option have been identified in
Appendix B1.

Some design options appear lower on the list than would
be expected by the anticipated benefit. Several factors that
resulted in lower rankings are listed below, with examples. 

• Uncertainty. An example is the use of increased strand
strength where the benefit of using 300-ksi strand instead
of the standard 270 ksi strand would be similar to using
an increased strand size, which is a highly ranked design
option. However, the availability and acceptance of the
higher strength strand is uncertain, so it is not ranked as
a high-potential design option. A second example is the
use of composite material for decks, which has only been
used for demonstration projects at the writing of this
report. 

• Complexity. Several options introduce significant addi-
tional complexity to design or construction. Such options
include refined methods for computing live load distri-
bution factors, improved deck design, and the use of
cantilever spans or pier tables. 

• Acceptance. The design specifications or local practice
may not allow options such as decreased strand spacing.
Although a strand spacing of 1.75 inches is allowed by
the LRFD Specifications for 0.5-inch-diameter strands,
the cost to implement this closer spacing would be pro-
hibitive for fabricators. It would be better to use larger
strand at the current 2.0-inch spacing. 

2.2.2.2 Design Options with Post-Tensioning 
and Splicing

Post-tensioning and splicing appear to have the greatest
potential for extending span ranges of precast prestressed con-
crete girder bridges. The benefits of using post-tensioning and
splicing have been demonstrated many times, as indicated by
the data that have been collected on existing spliced girder
bridges. These design options are significantly more complex
than are those that do not employ post-tensioning and splicing.
Design and construction details can have a significant effect on
the success and economy of a spliced concrete girder bridge
project. 

A separate prioritized list, shown in Table 6, was devel-
oped for these methods to emphasize these design options
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TABLE 5 Prioritized list of alternatives without post-tensioning

Highest Rank 1 Deck cast with girders (decked bulb tee) 

2 Touch shoring under girders during placement of deck 

3 High-strength concrete girder 

4 Deeper sections in existing girder families 

5 Girders made continuous for composite loads 

6 Increased strand size 

7 Lightweight concrete deck 

8 Lightweight concrete girder 

9 Bundle strands drape points 

10 Deeper bottom flange to add a row of strands 

11 Top strands debonded 

12 Increased beam width (side forms moved apart) 

13 Increased top flange width 

14 Transformed strands 

15 High-strength concrete deck 

16 Increased top flange thickness 

17 
Integral cap with fixed connection between superstructure and 
substructure 

18 Reduced strand spacing 

19 Refined methods for computing live load distribution factors 

20 Cantilever spans 

21 Pier tables 

22 Improved deck design 

23 Ends of spans fixed at abutments 

24 Decks composed of composite materials 

Lowest Rank 25 Increased strand strength 

TABLE 6 Prioritized list of alternatives with post-tensioning and splicing

Highest Rank 1 Pier segments with end segments and drop-in spans 

2 Simple-span, spliced girder bridges 

3 Multiple segments in each span with splices at piers 

4 Full-span girders with splices at piers  

5 Staged post-tensioning of simple-span, full-length girders 

6 
Combined pre- and post-tensioning in simple-span, full-length 
girders with post-tensioning applied after deck is placed and 
cured 

7 
Combined pre- and post-tensioning in simple-span, full-length 
girders with post-tensioning applied to bare girder 

8 Longitudinal post-tensioning in the deck over interior supports 

Lowest Rank 9 External post-tensioning 

Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


and to recognize their significantly greater complexity com-
pared with the simpler methods shown in Table 5. Again, com-
parative analyses were not performed. However, the method
used to extend the span range of girders for a given project is
generally selected based on consideration of specific project
criteria rather than a quantitative comparison. 

The prioritized list of design options for these design
options shown in Table 6 was developed using the same
approach used to develop Table 5. All design options included
in the “Methods Utilizing Post-Tensioning” and “Spliced
Girder Construction” groups are represented in Table 6. The
highest priority methods are listed first. The advantages and
disadvantages of each design option have been identified in
Appendix B1.

For the design options in this list, complexity was not con-
sidered as significant a factor in the ranking as it was for the
list in Table 5. The most complex design options were ranked
the highest, because all of the design options in this group
require greater complexity, but the greater complexity results
in greater benefit.

2.2.2.3 Comments on Prioritized Listings 
of Design Options

The prioritization of design options in Tables 5 and 6 was
performed without a quantitative basis. Furthermore, the effect
of each design option was considered individually. A signifi-
cant finding of the comparative design study was that combi-
nations of design options may provide significant advantages,
possibly well beyond the advantage gained from individual
design enhancements. It is also the experience of the research
team that specific project characteristics, such as girder cross
section, girder spacing, or span lengths, significantly affect
the relative improvement achieved using different design
options. One example is that bundling of strands does not
provide a significant improvement in the comparative design
study, although it has been shown to be very beneficial in
other designs.

Therefore, designers are urged to consider these lists not as
indicating tested and definite rankings, but as approximate and
subject to change when the effect of specific project require-
ments and the combination of different design options is con-
sidered. Designers should evaluate the benefits for the listed
design options by performing their own comparative design
studies using specific project requirements and considering
any limitations on available design options that may apply
because of local conditions or practice. Practical combina-
tions of design options should also be considered to gain the
greatest benefit. 

When performing a comparative design study, designers
should consider the effect of relatively small incremental
increases in quantities such as the girder concrete strength
rather than making a large increase in the quantity. This is
encouraged because, in some cases, a smaller increase in con-
crete strength may provide essentially the same benefit as a
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larger increase because of limitations of the capabilities of
the girder cross section or some other design parameter.

2.2.3 Comparative Design Study

The design options considered in the comparative design
study, which is discussed in Chapter 3, were taken from the
prioritized lists of Tables 5 and 6. The correlation between
the design options in the comparative design study and the
prioritized design options is shown in Table 7.

2.3 ISSUES AND DETAILS 
FOR EXTENDED-SPAN BRIDGES

Using information collected from various sources and the
experience of the research team, a comprehensive listing of
issues that should be considered in the design, fabrication, and
construction of spliced girder bridges was developed. When
available, several options are presented along with advantages
and disadvantages. The complete results of this portion of the
study are presented in Appendix C1. Appendix C2 is included
to provide a historical perspective on the development of
spliced girder construction in Florida.

TABLE 7 Correlation between comparative design study
cases and prioritized listings

Design Case in Comparative Design Study 
Priority 
Ranking 

No.  Description  

1  Base Design - 

2  Increased f’
ci - 

3  High Strength Concrete (HSC) 3 

4  Lightweight Concrete Deck 7 

5  Lightweight Concrete Beam 8 

6  Lightweight Concrete Deck & Beam 7 & 8 

7  Deeper Bottom Flange 10 

8  Increased Beam Width 12 

9  Bundled Strands 9 

10  Top Strands Debonded 11 

11  0.6"φ Strands 6 

12  0.6"φ Strands and HSC 3 & 6 

13  Decked Bulb Tee 1 

14  Touch Shoring 2 

15  Added Post-Tensioning 6 

All Priority Rankings shown are for design options appearing in 
Table 5 "Prioritized List of Alternatives without Post-Tensioning" 
except for Design Case 15, which appears in Table 6 "Prioritized 
Listing of Alternatives with Post-Tensioning and Splicing." 
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Several issues of special significance are discussed below.
These discussions are not repeated in Appendix C1, although
some additional information may be provided on the issues.

2.3.1 Cost Data

Detailed construction cost information for post-tensioned,
spliced girder bridges is somewhat difficult to obtain. Most
states only track cost data on a project basis, or at best, sep-
arate bridge and roadway costs. Detailed cost tabulations seem
to disappear quickly once a bridge has been constructed.
Even when bid tabulations are available for a particular proj-
ect, it is often difficult to determine which pay items repre-
sent the spliced girder unit and which ones represent the
approach units. Other items, such as concrete and reinforc-
ing steel, may be lumped together without regard to their func-
tion in the bridge, so it is hard to distinguish superstructure
costs from substructure costs. Alternative project delivery
methods, such as design/build and VECPs, complicate mat-
ters further when trying to isolate costs for a certain portion
of the bridge.

Nonetheless, the research team was able to gather cost data
from a sampling of post-tensioned spliced girder bridges
around the country, including a significant number of bridges
in Florida. The data collected in Florida is sufficient to char-
acterize the state of practice and assign costs for estimating
purposes in the Southeast region of the country. However,
because construction costs differ significantly between regions
of the country (e.g., labor costs, materials costs, and special
design requirements), between different methods of project
delivery (e.g., design/bid/build, design/build, and VECP), and
as the result of local contracting practices (e.g., expertise,
experience, and available equipment), it is difficult to assign
meaningful cost parameters that are universally relevant.

2.3.1.1 Available Cost Data

The most relevant parameter for gauging the competitive-
ness of a spliced girder bridge alternative and for estimating
construction costs on future projects is the square foot (of
bridge deck) cost for the spliced girder superstructure. Using
this parameter greatly reduces the potential for skewed results
because of unusual substructure/foundation conditions or
from unrelated approach structure costs. The square foot super-
structure cost can be used to compare various superstructure
types with similar span lengths. Because different superstruc-
ture alternatives impose different loads on substructure units,
the cost of the substructure should still be considered when
comparing bridge alternatives.

Table 8 shows square foot superstructure costs obtained
during the data collection phase of the project for a number of
spliced girder bridges. Data shown as “Construction Year $”
were extracted directly from project cost data or respondent
data collection forms and represent dollar values at the time
of construction. Data shown as “2002 $” have been indexed

to represent Year 2002 dollar values using the cost indexing
methods described in “Civil Works Construction Cost Index
System (CWCCIS)”(23). 

In general, the square foot superstructure costs shown in
Table 8 include the following items (if applicable), unless
noted otherwise:

• Deck, buildup and diaphragm concrete (volume);
• Deck, buildup and diaphragm steel (weight);
• Prestressed girders (length);
• Traffic railing (length);
• Post-tensioning tendons (weight of strand);
• Bridge floor grooving (area);
• Reinforced elastomeric pads (volume) or multi-

rotational bearings (each);
• Expansion joints (length); and
• Mobilization (percentage of project lump sum amount).

To facilitate the comparison of similar bridges, additional
features are presented for the bridges listed in Table 8, namely:

• The configuration of the bridge (e.g., three-span river
crossing; two-span structure with integral piers; single-
span urban interchange; long, multi-unit viaduct struc-
ture over land; long, multi-unit water crossing);

• The maximum span length used;
• The type of girders used (e.g., bulb tees, AASHTO gird-

ers, open top tub girders, closed box girders); and
• The number and uniformity of spliced girder spans (i.e.,

quantity of girder, repetition).

Other data from past projects that may be relevant for eval-
uating costs on future projects include bid prices for com-
peting alternative structure types, such as steel plate or box
girder bridges or concrete segmental bridges. Where this infor-
mation is available, it has also been shown in Table 8.

2.3.1.2 Preliminary Cost Estimating

When developing a preliminary cost estimate for a post-
tensioned spliced girder bridge alternative, it may seem log-
ical to begin with an estimate for a conventional prestressed
girder bridge to which is added the supplemental cost of post-
tensioning. However, this type of incremental cost approach
is rarely valid. In most instances where a spliced girder bridge
is being considered, the primary benefit of such an alterna-
tive comes from being able to extend the span lengths beyond
the capabilities of a conventional pre-tensioned girder bridge.
For a post-tensioned spliced girder alternative to be compet-
itive against a conventional girder design, the cost of splic-
ing and post-tensioning must be offset by savings in sub-
structure costs due to longer spans and/or in girder costs by
reducing the number of girder lines or some other significant
cost item. Alternatively, a spliced girder superstructure may
be the preferred choice when compared with other viable
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TABLE 8 Comparative cost data

Cost Comparison w/ 
Alternative; Cost 
Data Comments 

Calculated from bid 
tabs, inc. 
mobilization 

Calculated from bid 
tabs, inc. 
mobilization 

Calculated from 
owner info., inc. 
mobilization; all 11 
bidders chose 
concrete alt. over 
steel 

VECP saved 
$621,000 over steel 
superstructure 

Calculated from bid 
tabs, inc. 
mobilization 

FDOT cost data, inc. 
mobilization 

General Bridge 
Configuration 

3-span over 
river; 72" bulb 
tee w/haunched 
pier 

3-span over 
river; modified 
78" bulb tee 
w/haunched 
pier 

3-span over 
river; modified 
78" bulb tee 
w/haunched 
pier 

3-span over 
river; modified 
78" bulb tee 

3-span over 
ICWW; 78" bulb 
tee w/haunched 
pier 

3-span over 
water; Type IV 
simple spans, 
but VECP w/ 
78" BT simple 
spans was used 

Total Quantity 
of spliced 

girders 

10,206 

2,832 

10,400 

3,175 

2,070 

29,600 

Max Span 
Length (ft) 

250 

210 

250 

320 

250 

235 

Spliced Girder SF 
Superstructure 
Cost (2002 $)1,2

$39.27 

$77.85 

$41.19 

 

$48.81 

 

Spliced Girder SF 
Superstructure Cost 
(ConstructionYear $) 

$38.09 

$77.85 

$39.53 

 

$45.23 

$50 for simple-span 
78" BT 

Spliced Girder 
Bridge Deck 

Area (SF) 

87,954 

27,494 

102,700 

 

27,305 

22,500 

Spliced Girder 
Superstructure 

Total Cost 

$3,350,362 

$2,140,310 

 

 

$1,235,103 

 

Comp-
letion 
Year 

2002 

2003 

2001 

2000 

1999 

1998 

Location 

Pascagoula, 
MS 

Pensacola, 
FL 

Jacksonville, 
FL 

Moore 
Haven, FL 

St. 
Augustine, 

FL 

Tampa / St. 
Petersburg, 

FL 

Bridge 
Name 

US 90 Over 
East 
Pascagoula 
River 

SR 10 Over 
the 
Escambia 
River 

Fuller 
Warren 
Bridge over 
St. John's 
River 

Moore 
Haven 
Bridge / 
US27 over 
Caloosahat
-chee River 

SR 312 
Bridge Over 
Intracoastal 
Waterway 

Gandy 
Bridge WB  
/  SR-600 
Over 
Tampa Bay 

1 2002 costs are derived from Construction Year costs by factoring the latter value by the ratio of the 2002 cost index over the index from the fiscal year prior to the completion of construction. Index values   
are from the "Civil Works Construction Cost Index System (CWCCIS)", Manual EM 1110-2-1304, U.S. Army Corps of Engineers, March 31, 2000 w/Tables Revised as of March 31, 2003. 

2 Left-aligned values indicate two- to five-span structures, usually over water. 
 Center-aligned values indicate long repetitive-span structures, usually over water. 
 Right-aligned values indicate single-span structures. 

3 Data derived from two different sources resulted in vastly different average costs for the same structure. 
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TABLE 8 (Continued)

Cost Comparison w/ 
Alternative; Cost 
Data Comments 

FDOT cost data, inc. 
mobilization 

FDOT cost data, inc. 
mobilization 

FDOT cost data, inc. 
mobilization 

FDOT cost data, inc. 
mobilization 

Calculated by 
respondent; 
mobilization 
probably not 
included 

General Bridge 
Configuration 

Approx. 15 
spans x 145' 
over water; 72" 
bulb tee; Span-
by-span 
segmental 
alternative (no 
bidders) 

3-span over 
ICWW; 72" bulb 
tee w/haunched 
pier 

Approx. 26 
spans x 148' or 
137' over water; 
72" bulb tee 

27spans x 142' 
over water, 72" 
bulb tee 

3-span over 
river; 72" bulb 
tee w/haunched 
pier 

Total Quantity 
of spliced 

girders 

6,000 

23,000 

23,000 

38,200 

4,680 

Max Span 
Length (ft) 

145 

230 

148 

142 

200 

Spliced Girder SF 
Superstructure 
Cost (2002 $)1,2

$33.54 

$55.90 

$38.23 

$38.45 

$47.57 

Spliced Girder SF 
Superstructure Cost 
(ConstructionYear $) 

$30.00 

$50.00 

$30.00 

$33.00 

$39.61 

Spliced Girder 
Bridge Deck 

Area (SF) 

290,000 

51,000 

204,000 

376,000 

44,243 

Spliced Girder 
Superstructure 

Total Cost 

 

 

 

 

$1,752,250 

Comp-
letion 
Year 

1997 

1997 

1996 

1995 

1994 

Location 

Miami, FL 

Flagler 
Beach, FL 

St. 
Augustine, 

FL 

Vero Beach, 
FL 

Seminole / 
Volusia 
Cos., FL 

Bridge 
Name 

MacArthur 
Causeway 
Bridge  /  
US-41 Over 
ICWW 

Flagler 
Beach 
Bridge 
EB/WB / 
SR-100 
Over ICWW 

Vilano 
Beach 
Bridge  /  
SR-A1A 
Over ICWW 

Merrill 
Barber 
Bridge 
NB/SB  /  
SR-60 Over 
ICWW 

US-17/92 
Bridge Over 
St. Johns 
River at 
Lake 
Monroe 3 

1 2002 costs are derived from Construction Year costs by factoring the latter value by the ratio of the 2002 cost index over the index from the fiscal year prior to the completion of construction. Index values   
are from the "Civil Works Construction Cost Index System (CWCCIS)", Manual EM 1110-2-1304, U.S. Army Corps of Engineers, March 31, 2000 w/Tables Revised as of March 31, 2003. 

2 Left-aligned values indicate two- to five-span structures, usually over water. 
 Center-aligned values indicate long repetitive-span structures, usually over water. 
 Right-aligned values indicate single-span structures. 

3 Data derived from two different sources resulted in vastly different average costs for the same structure. 
(continued on next page)
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TABLE 8 (Continued)

Cost Comparison w/ 
Alternative; Cost 
Data Comments 

Calculated by 
respondent; 
mobilization 
probably not 
included 

FDOT cost data, inc. 
mobilization 

FDOT cost data, inc. 
mobilization 

FDOT cost data, inc. 
mobilization 

FDOT cost data, inc. 
mobilization; 
Segmental 
alternative: 1 of 8 
bids (25% higher) 

General Bridge 
Configuration 

3-span over 
river; 72" bulb 
tee w/haunched 
pier 

3-span over 
river; 72" bulb 
tee w/haunched 
pier 

3-span over 
ICWW; 72" bulb 
tee 

32 spans x 143' 
over water; 72" 
bulb tee 

36 spans x 143' 
over water; 72" 
bulb tee 

Total Quantity 
of spliced 

girders 

4,680 

4,650 

3,200 

27,300 

30,700 

Max Span 
Length (ft) 

200 

200 

250 

143 

143 

 Spliced Girder SF
Superstructure 
Cost (2002 $)1,2

$47.57 

$62.45 

$50.12 

$32.43 

$34.72 

Spliced Girder SF 
Superstructure Cost 
(ConstructionYear $) 

$39.61 

$52.00 

$40.00 

$27.00 

$27.00 

Spliced Girder 
Bridge Deck 

Area (SF) 

44,243 

44,200 

30,200 

298,000 

304,000 

Spliced Girder 
Superstructure 

Total Cost 

$1,752,250 

 

 

 

 

Comp-
letion 
Year 

1994 

1994 

1993 

1994 

1992 

Location 

Seminole / 
Volusia 
Cos., FL 

Seminole / 
Volusia 
Cos., FL 

Port St. Joe, 
FL 

Ft. Myers, 
FL 

Ft. Myers, 
FL 

Bridge 
Name 

US-17/92 
Bridge Over 
St. Johns 
River at 
Lake 
Monroe 3 

US-17/92 
Bridge Over 
St. Johns 
River at 
Lake 
Monroe 3 

Highland 
View Bridge 
/ SR-71 
Over ICWW 

Edison 
Bridge SB / 
US-41 Over 
Caloosahat
-chee River 

Edison 
Bridge NB / 
US-41 Over 
Caloosahat
-chee River 

1 2002 costs are derived from Construction Year costs by factoring the latter value by the ratio of the 2002 cost index over the index from the fiscal year prior to the completion of construction. Index values   
are from the "Civil Works Construction Cost Index System (CWCCIS)", Manual EM 1110-2-1304, U.S. Army Corps of Engineers, March 31, 2000 w/Tables Revised as of March 31, 2003. 

2 Left-aligned values indicate two- to five-span structures, usually over water. 
 Center-aligned values indicate long repetitive-span structures, usually over water. 
 Right-aligned values indicate single-span structures.

3 Data derived from two different sources resulted in vastly different average costs for the same structure. 
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TABLE 8 (Continued)

Cost Comparison w/ 
Alternative; Cost 
Data Comments 

FDOT cost data, inc. 
mobilization 

FDOT cost data, inc. 
mobilization; 
Alternatives: steel 
plate girders / 
segmental box (5% 
higher) 

FDOT cost data, inc. 
mobilization 

Probably includes 
abutment costs but 
no mobilization 
(Caltrans practice) 

Probably includes 
abutment costs but 
no mobilization 
(Caltrans practice) 

General Bridge 
Configuration 

42 spans x 143' 
& 160'-200'-160' 
main unit over 
water; 72" bulb 
tee 

111 spans x 
143' over water; 
72" bulb tee 

20 spans x 145' 
over water; 72" 
bulb tee 

145' single-span 
over road; 84" 
bulb tee 

4-span over 
river, 72" bulb 
tees 

Total Quantity 
of spliced 

girders 

1,110,000 

1,110,000 

25,900 

2,030 

1,892 

Max Span 
Length (ft) 

200 

143 

145 

145 

132 

 Spliced Girder SF
Superstructure 
Cost (2002 $)1,2 

$40.23 

$26.82 

$28.88 

$70.25 

$75.91 

Spliced Girder SF 
Superstructure Cost 
(ConstructionYear $) 

$30.00 

$20.00 

$20.00 

$70.25 

$75.88 

Spliced Girder 
Bridge Deck 

Area (SF) 

1,127,000 

1,127,000 

263,900 

15,515 

11,825 

Spliced Girder 
Superstructure 

Total Cost 

 

 

 

$1,090,000 

$850,000 

Comp-
letion 
Year 

1990 

1990 

1988 

2003 

2000 

Location 

Destin/Pana-
ma City, FL 

Tampa to St. 
Petersburg, 

FL 

Melbourne, 
FL 

Truckee, CA 

Southgate, 
CA 

Bridge 
Name 

US-331 
Over 
Choctaw-
hatchee 
Bay 

Howard 
Frankland 
Bridge  /  I-
275 Over 
Tampa Bay 

Eau Gallie 
Bridge  /  
SR-518 
Over Indian 
River 

Trout Creek 
Under-
crossing / I-
80 

Firestone 
Boulevard 
Bridge over 
Los 
Angeles 
River 

1 2002 costs are derived from Construction Year costs by factoring the latter value by the ratio of the 2002 cost index over the index from the fiscal year prior to the completion of construction. Index values   
are from the "Civil Works Construction Cost Index System (CWCCIS)", Manual EM 1110-2-1304, U.S. Army Corps of Engineers, March 31, 2000 w/Tables Revised as of March 31, 2003. 

2 Left-aligned values indicate two- to five-span structures, usually over water. 
 Center-aligned values indicate long repetitive-span structures, usually over water. 
 Right-aligned values indicate single-span structures.

3 Data derived from two different sources resulted in vastly different average costs for the same structure. 
(continued on next page)
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TABLE 8 (Continued)

Cost Comparison w/ 
Alternative; Cost 
Data Comments 

Includes "assumed 
5' deep" abutment 
costs (actual 
abutments 22' deep) 

Lump sum 
superstructure bid, 
no mobilization 

Steel plate girder 
(price was $300K 
over $1.8M winning 
bid) 

Twin CIP boxes 
(price was $200K 
over $1.0M winning 
bid) 

Steel plate girder 
price was CAD-
$500K (US$364K) 
over CAD$5.5M 
(US$4.0M) winning 
bid 

Steel plate girder 
(price was $125K 
over $1.2K winning 
bid) 

General Bridge 
Configuration 

148' single-span 
w/50 deg. skew; 
tub girders 

2-span tub 
girders 
w/integral piers 

3-span w/int. 
piers over river; 
BC Type 6 I-
girder 

3-span highway 
interchange; BC 
54" U-girder 

3-span over 
creek; 90" bulb 
tee 

3-span highway 
interchange; BC 
54" U-girder 

Total Quantity 
of spliced 

girders 

444 

1,950 

2,053 

455 

3,984 

734 

Max Span 
Length (ft) 

148.17 

164 

 

124.67 

174 

141 

Spliced Girder SF 
Superstructure 
Cost (2002 $)1,2

$77.20 

44.53 

 

 

 

 

Spliced Girder SF 
Superstructure Cost 
(ConstructionYear $) 

$71.54 

$42.74 

 

 

 

 

Spliced Girder 
Bridge Deck 

Area (SF) 

6,150 

35,100 

28,300 

15,325 

39,840 

13,850 

Spliced Girder 
Superstructure 

Total Cost 

$440,000 

$1,500,000 

 

 

 

 

Comp-
letion 
Year 

1999 

2001 

1998 

1997 

1996 

1990 

Location 

San Diego, 
CA 

Tacoma, 
WA 

Courtenay, 
BC 

Nanaimo, 
BC 

Vancouver, 
BC 

Surrey, BC 

Bridge 
Name 

Via de la 
Amistad 
Undercross-
ing 

South 38th 
St / I-5 
Interchange 

Trent River 
Bridge No. 
3078 - 
Inland 
Island 
Highway 

Duke Point 
Underpass 
No. 3121 - 
Trans 
Canada 
Highway 
No. 1 

Nile Creek 
Bridge 

King 
George 
Flyover No. 
2908 - King 
George 
Flyover 

1 2002 costs are derived from Construction Year costs by factoring the latter value by the ratio of the 2002 cost index over the index from the fiscal year prior to the completion of construction. Index values   
are from the "Civil Works Construction Cost Index System (CWCCIS)", Manual EM 1110-2-1304, U.S. Army Corps of Engineers, March 31, 2000 w/Tables Revised as of March 31, 2003. 

2 Left-aligned values indicate two- to five-span structures, usually over water. 
 Center-aligned values indicate long repetitive-span structures, usually over water. 
 Right-aligned values indicate single-span structures.

3 Data derived from two different sources resulted in vastly different average costs for the same structure. 
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TABLE 8 (Continued)

Cost Comparison w/ 
Alternative; Cost 
Data Comments 

Steel plate girder 
(price was $100K 
over $800K winning 
bid) 

Details of cost data 
unavailable 

Cost data 
extrapolated by 
reviewer, probably 
does not include 
mobilization 

$2,784,041 / 67,908 
SF=$41.00/SF 
($944,330 total 
savings on bridge) 

Steel plate girder 
(price was $1.432M 
over $38.543M  
winning bid) 

Details of cost data 
unavailable 

General Bridge 
Configuration 

164' simple 
span over RR 
tracks; BC Type 
7 I-girder 

140' single-span 
over RR track & 
access road 

4-span over RR 
tracks; modified 
82" bulb tee 

9 spans x 
133.75' + 2 
Type IV simple 
spans over river 

5-span over 
river valley; 
102" modified 
bulb tee 

4-span over 
highway; 71" 
bulb tee 

Total Quantity 
of spliced 

girders 

644 

700 

4,840 

6,500 

12,600 

3,480 

Max Span 
Length (ft) 

164.04 

140 

175 

133.75 

200 

138 

Spliced Girder SF
Superstructure 
Cost (2002 $)1,2

 

$129.68 

$97.95 

$35.10 

 

(appr. US$66.50) 

Spliced Girder SF 
Superstructure Cost 
(ConstructionYear $) 

 

$119.19 

$95.00 

$28.02 

 

NZ$104.30       
(appr. US$59.50) 

Spliced Girder 
Bridge Deck 

Area (SF) 

6,600 

5,950 

50,000 

67,908 

113,700 

21,100 

Spliced Girder 
Superstructure 

Total Cost 

$230,000 
(girders) 

$709,200 

$4,750,000 

$1,902,560 

 

NZ$2,200,000 

Comp-
letion 
Year 

1990 

1998 

2002 

1993? 

2004 

1997 

Location 

Terrace, BC 

Milton, VT 

Cranston, RI 

Indiana 

Summit Co., 
OH 

Auckland, 
New 

Zealand 

Bridge 
Name 

Esker 
Overhead 
No. 2928 - 
Yellowhead 
Highway 16 

Husky 
Entrance 
Road 
Overpass 

Cranston 
Viaduct 
(twin 
bridge), Rt. 
10 over 
Amtrak 
R/W 

US 231 
over the 
White River 

I-80 over 
Cuyahoga 
River Valley 

I-80 over 
Cuyahoga 
River Valley 

1 2002 costs are derived from Construction Year costs by factoring the latter value by the ratio of the 2002 cost index over the index from the fiscal year prior to the completion of construction. Index values   
are from the "Civil Works Construction Cost Index System (CWCCIS)", Manual EM 1110-2-1304, U.S. Army Corps of Engineers, March 31, 2000 w/Tables Revised as of March 31, 2003. 

2 Left-aligned values indicate two- to five-span structures, usually over water. 
 Center-aligned values indicate long repetitive-span structures, usually over water. 
 Right-aligned values indicate single-span structures.

3 Data derived from two different sources resulted in vastly different average costs for the same structure. 
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superstructure options capable of achieving the desired span
length, such as steel girders or concrete segmental box gird-
ers. In either event, it is difficult to generate valid cost esti-
mates for spliced girder bridges based on general cost data or
“rules-of-thumb” derived from pre-tensioned girder bridges.

The square foot cost data presented in Table 8 can be used
to develop preliminary cost estimates for post-tensioned
spliced girder bridges. In order for the estimates to be rea-
sonable, the following guidelines should be adhered to:

• Because different states and owner agencies use differ-
ent methods of tracking project costs, it is important to
understand which items are included in a bridge cost esti-
mate. Some state DOTs include abutment costs in their
superstructure cost summaries; others may include bridge
bearings, expansion joints, or wearing surfaces.

• The historic cost data should come from a structure that
is similar in span length, span configuration, and project
size to the structure being designed. The uniqueness or
repetitiveness involved in the construction of a particu-
lar bridge unit affects the average cost. For example, the
design of a three-span, spliced girder unit over a river
should be compared with a similar three-span structure,
whereas a long, repetitive span bridge over open water
should be compared with a bridge of similar length. A
single-span bridge with approach roadways on fill at
either end should only be compared with another single-
span bridge with a similar span length and geometric
conditions.

• Where a large body of historic cost data exists for a par-
ticular type of spliced girder structure (e.g., a three-span
channel unit), the average of values near the median of
the cost distribution should be used unless special con-
ditions warrant otherwise. Individual bridge costs that
are significantly higher or lower than the main distribu-
tion of data for a particular bridge configuration should
be disregarded as anomalies. Where only a few sample
projects exist for a particular bridge type, the estimator
should make a special effort to ensure that these projects
offer a valid comparison with the bridge being designed. 

• Project cost estimates should be based on past projects in
the same geographic region whenever possible. Different
regions of the country are characterized by specific con-
struction practices, material costs, and labor rates. There-
fore, construction costs will differ from region to region.
Despite these differences, it is possible to extrapolate cost
data from some regions to other regions based on regional
cost indices. In addition to indexing costs on a year-to-
year basis, CWCCIS also presents “state adjustment fac-
tors,” which break down labor, material, and equipment
costs for the purpose of comparing construction costs
between different states. These adjustment factors can be
used satisfactorily in many situations. Nonetheless, it is
important to ensure that the necessary equipment, manu-
facturing capabilities, and expertise exist in a particular
region when assessing the viability of a spliced girder
bridge alternative.
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• Superstructure costs should never be evaluated inde-
pendently of substructures costs, or more importantly,
total project costs. The proposed spliced girder alter-
native must provide an overall project benefit in order
to be competitive.

Despite the documented advantages of post-tensioned
spliced girder bridges, as evidenced by the large number that
have been constructed across the country, there are still regions
of the country where contractors and/or owners are resistant
to their use. In these areas, it is very difficult to assign mean-
ingful costs to an alternative that may not attract any bidders.
Some state DOTs have designed spliced girder bridges with
the result being that all the contractors bid the other alterna-
tive, largely because the contractors were not familiar with
spliced girder construction. Owners in this situation may find
it necessary to prevent alternative structure types from being
used on the first few projects until contractors develop a
certain level of familiarity and expectation. The long-term
benefit should be increased competition with greater contrac-
tor participation on future projects involving spliced girder
alternatives.

2.3.2 Deck Replacement

In many northern and mountainous areas of the country,
corrosion of deck reinforcement resulting from the use of
deicing chemicals and multiple freeze/thaw cycles has caused
serious premature deterioration of many decks. Since the sup-
porting girders remain intact and serviceable, many decks
have been completely removed and replaced. Because of the
widespread deterioration of decks, the complete removal and
replacement of decks has come to be expected as a future
maintenance procedure for bridges in some areas. Therefore,
many owners now require bridges to be designed so that the
decks can be completely removed and replaced at some point
in the future when the anticipated deterioration occurs.

However, for bridges where post-tensioning tendons have
been stressed after the deck has been cast, the complete
removal of the deck in the future has significant consequences
for the bridge. The removal of the prestressed area of the
deck, and its associated dead load, may lead to significant
overstress or even possible failure in the girders. Further-
more, the precompression that existed in the original deck is
lost, so the replacement deck is not expected to have the same
life expectancy as the original precompressed deck.

In regions where deck replacement is typically considered
in bridge design, there are three basic approaches to address
this issue for spliced girders:

1. Require design for deck removal and prohibit stressing
of post-tensioning tendons with the deck in place.

2. Require design for deck removal but allow stressing of
post-tensioning tendons with the deck in place.

3. Allow stressing of post-tensioning tendons with the
deck in place but use alternate deck protection or reha-
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bilitation measures to avoid complete removal of deck
during service life of the structure.

Each of these approaches is discussed below.

2.3.2.1 Require Deck Replacement 
and Prohibit Stressing of Deck

The approach of requiring complete removal and replace-
ment of the deck and prohibiting the stressing of post-
tensioning tendons with the deck in place could be considered
as the conventional approach, because it does not differ from
other conventional types of composite construction. Because
the post-tensioning force was only applied to the girders, the
removal of the deck has little or no effect on the girders. If
the stresses were within allowable limits during construction,
they should remain within the limits during deck removal
and replacement. However, it is recommended that stress
conditions at deck removal be evaluated since additional pre-
stress losses have occurred.

Although removal of the deck does not affect the girder
significantly, prohibiting stressing of the post-tensioning ten-
dons with the deck in place does have a significant detrimen-
tal impact on the efficiency of the bridge design. In most cases,
a design with post-tensioning applied only to the girder will
require an increased quantity of post-tensioning (more strands
or tendons), an increased girder depth, added girder lines, or
other design enhancements to achieve the same span as a
design in which some or all of the post-tensioning is applied
to the girder with the deck in place. 

A second significant disadvantage to this approach is that
the deck is not precompressed. Without precompression of
the deck from post-tensioning, the deck can be expected to
experience transverse cracking similar to other conventional
bridges. This cracking may be a significant contributor to the
deterioration of the deck. If the deck is in place when post-
tensioning tendons are stressed, the resulting precompression
of the deck reduces or eliminates the transverse deck crack-
ing, thus improving the durability of the deck. 

Although it is generally possible to design spliced gird-
ers for complete deck removal and replacement if the gird-
ers are post-tensioned before the deck concrete is placed,
this approach results in reduced efficiency and economy in
design and reduced durability of the deck.

2.3.2.2 Require Deck Replacement 
and Allow Stressing of Deck 

When an owner requires spliced girder bridges to be
designed for the future complete removal and replacement of
the deck but allows the stressing of post-tensioning tendons
in the girders with the deck in place, the designer must show
a strategy on the contract drawings for removal of the deck
while maintaining stresses in the girders within allowable
limits. The plans should state any special conditions required
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to accomplish the complete deck removal and replacement,
which may include items such as providing a deck removal
sequence, installation of temporary supports, installation of
ballast or counter weights, and installation of temporary
external prestressing. In most cases, the spliced girder design
will have to be altered from the optimum design in order to
make future deck removal feasible.

Allowing the deck to be present when some or all of the
post-tensioning tendons are stressed precompresses the deck.
This precompression is expected to extend the life span of the
original deck by preventing or limiting transverse cracks in
the deck that may hasten the deterioration of the deck. How-
ever, the replacement deck will generally not be precom-
pressed, so it cannot be expected to be as durable as the orig-
inal deck.

Spliced girders may be designed for complete deck removal
and replacement when the original deck was precompressed
by stressing the post-tensioning tendons in the girders after the
deck concrete was cast and cured. However, this approach
results in significant complications during the deck replace-
ment, may reduce the efficiency of the spliced girder design,
and is expected to reduce the durability of the replacement deck. 

2.3.2.3 Allow Stressing of Deck 
and Use Alternate Deck Protection 
and Rehabilitation Measures

Several options for extending and maintaining the life of the
bridge deck have been developed that allow the optimal design
of spliced girder bridges, including the stressing of post-
tensioning tendons with the deck in place, without requiring
the complexities and inefficiencies of complete deck removal.
Implementation of these alternate strategies greatly enhances
the potential for spliced girder construction.

The alternate strategies to complete deck replacement are
based on improving the durability of the decks through
increased resistance to corrosion and the resulting deteriora-
tion. These alternate strategies include the following:

• Precompress the deck concrete with post-tensioning after
the deck is poured.

• Use highly durable high-performance concrete (HPC)
for decks.

• Include an “integral” overlay with the initial deck place-
ment. This additional thickness of deck concrete can be
removed and replaced as chlorides penetrate the concrete.

• Add a non-structural sacrificial concrete overlay on the
deck. This overlay can be removed and replaced if con-
ditions indicate an increasing potential for initiation of
corrosion, but the structural deck is not affected. 

• Add an asphaltic concrete pavement (ACP) overlay
with a continuous waterproof membrane system. This
approach has been widely used in Europe (24). The long-
term performance of the waterproof membrane is criti-
cal to the success of this system, because the ACP allows
penetration of water and salt.
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• Remove only the top cover of the deck as chlorides pen-
etrate the concrete (also known as “partial deck replace-
ment”). The concrete cover is removed to the top layer
of reinforcement; then the concrete cover is replaced.
This does not have a significant effect on the structure
even if the deck was present when post-tensioning ten-
dons were stressed.

• Transversely post-tension deck to reduce or eliminate
potential longitudinal cracks.

• Use other measures, such as corrosion-inhibiting admix-
tures in the concrete, protective coatings on steel rein-
forcement, or alternate deck reinforcement materials.

Using one or more of these alternate strategies, it appears
possible to design spliced girders to provide the desired dura-
bility so that complete replacement of the deck is unnecessary.
This will allow for the greatest economy of design for spliced
girder bridges, including the application of post-tensioning
after the deck is cast to provide precompression in the deck. 

2.3.2.4 Example of Alternate Deck Protection
Measures with Stressing of Deck

An example of an approach where alternate deck protection
measures are used is found in Section 9.17 of the New York
State DOT Bridge Manual (25). This section, which addresses
requirements for post-tensioned spliced girder designs, rec-
ognizes the benefit of precompressing the deck by stating the
following:

Whenever possible, part of the longitudinal post-tensioning
shall be applied after the hardening of the deck concrete so
that net tension on top of the deck surface is less than or equal
to the modulus of rupture as per section 8.15.2.1.1 of the
Standard Specifications for Highway Bridges for the life of
the bridge at service load limits, with effects of creep and
shrinkage of deck concrete also considered.

The New York State DOT Bridge Manual (25) also dis-
cusses deck replacement and durability in Section 9.4.4, which
addresses segmental precast box girders. This section recog-
nizes the difficulty of requiring deck removal for replacement:

Since the deck slab is an integral part of the box girder sys-
tem, the complete replacement of the deck is nearly impossi-
ble. To reduce this risk, the structure should be designed so
there is no tensile stress at the top surface of the segment
under service load conditions both including and excluding
time dependent effects.

Although the Bridge Manual expects segmental box gird-
ers to have decks post-tensioned in both directions, a feature
not generally found in spliced girder bridges, the reasoning
used in this section could be applied to spliced girder con-
struction as well. The requirements are stricter for segmental
construction, because no tension is allowed in the deck.
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Other sections of the New York State DOT Bridge Man-
ual (25) address additional issues related to the durability of
the deck. 

2.3.2.5 General Issues Related to Deck Removal

Where the deck must be completely removed for replace-
ment, care must be taken to avoid distress in diaphragms or
girders due to differential movements of girders as the deck
is removed. If the deck removal is staged and the deck will
be left on part of the structure, the designer should evaluate
whether a portion of any diaphragm connecting the girders
should be removed to allow relative movement between the
two parts of the bridge. The diaphragm connection would then
be restored when the deck closure is poured after the deck has
been replaced on both sides of the structure. 

2.3.2.6 Conclusion

The efficiency of spliced girder designs is impaired by the
requirement that a bridge must be designed to allow the com-
plete future removal and replacement of the deck. Alternate
strategies for extending the service life of bridge decks are
available that may be used instead of relying on complete
deck replacement. Additional studies should be conducted
to demonstrate the effect of the three approaches discussed
above on spliced girder designs.

2.3.3 Post-Tensioning and Grouting

Corrosion of prestressing steel has always been an area
of concern for prestressed concrete bridges. However, over
50 years of performance data clearly demonstrate that corro-
sion of prestressing steel is not a significant issue in any type
of prestressed concrete bridge. The concern about corrosion
is heightened for post-tensioning tendons and anchorages,
which appear to have a greater potential for corrosion when
compared with pretensioned strands for several reasons:

1. Strands are exposed within ducts for several days prior
to grouting. During this period, the strands cannot be
inspected.

2. Ducts are grouted after the tendons are stressed, but the
quality of grouting cannot be determined along the
length of the tendon.

3. Anchorages are encased after grouting, but may be sub-
ject to infiltration by water.

4. Where metal ducts are used, the duct can become the
site where corrosion is initiated.

Several instances of problems with corrosion in post-
tensioning tendons have recently been discovered in Florida
and other states. These discoveries have caused the industry
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to reexamine practices. The problems have highlighted the
need for improved grouting materials and procedures, and sig-
nificant progress has been made in addressing the concerns.
The cost of implementing improved practices during design
and construction is small compared with the costs of repairing
grouting deficiencies. Therefore, the best possible practices
should be used and specified during design and construction.

The following discussion provides historical background
to current grouting concerns and focuses on issues related to
post-tensioning tendons used in spliced girder construction.

2.3.3.1 Historical Background 
for Current Concerns

Corrosion has not been a significant problem with pre-
stressed concrete bridges, either pre- or post-tensioned. No
known structural failures of bridges in the United States have
been attributable to corrosion of post-tensioning tendons.
However, a few isolated, but well-publicized, instances of
tendon corrosion have occurred in both the United Kingdom
and the United States. In the United Kingdom, the failure of the
Bickton Meadows footbridge in 1967 and the collapse of the
Ynys-Y-Gwas Bridge in 1985 resulted in a ban on the con-
struction of post-tensioned bridges in the United Kingdom from
1992 to 1996. The ban was subsequently lifted based on rec-
ommendations published in Concrete Society Technical Report
No. 47, “Durable Bonded Post-Tensioned Bridges” (26).

In the United States, problems with a few grouted post-
tensioned bridges have recently been discovered, most
notably in Florida, a state with more than 70 major post-
tensioned bridges (27). Inspections beginning in 1992 of the
post-tensioned segmental box girder bridges in the I-595/
I-75 interchange near Fort Lauderdale routinely reported water
leakage through epoxy joints in the deck and efflorescence
coming from the top slab continuity tendons. Additional inves-
tigations revealed one 300-foot-long top slab continuity
tendon substantially without grout. During the spring of
1999, a corrosion-related failure of an external tendon was
found in the Niles Channel Bridge, a low-level segmental
box girder bridge in the Florida Keys. An investigation by the
Florida Department of Transportation (FDOT) indicated that
cyclical recharge of water in a grout void in the anchor head
was the primary cause of the tendon corrosion. Water conta-
minated with salt spray leaked through the expansion joints
and ran down the inside faces of the segment diaphragms
onto the anchorages. In August 2000, corrosion-induced fail-
ures of one external tendon and part of a second external ten-
don were found in the Mid-Bay Bridge, a post-tensioned seg-
mental box girder bridge near Destin, Florida. The failure of
one of the tendons involved corrosion of strands at the anchor
head, similar to the Niles Channel Bridge. Failure of the other
tendon was traced to a breach in the duct itself, which per-
mitted access to moisture and the development of isolated
corrosion. In September 2000, corrosion damage was found
in two of the four legs of vertical looped tendons in a seg-
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mentally constructed pier on the Sunshine Skyway Bridge
over Tampa Bay, Florida (28). The corrosion resulted from
several deficiencies, including the intrusion of salt water into
the ducts during construction, poor-quality grout at the anchor
heads, splitting of the tendon ducts, and leaky segment joints
in the pier.

As a result of these isolated incidents, FDOT investigated
the cause of the problems at each of the bridge locations and
took measures to repair the deficient tendons. FDOT imple-
mented a series of interim measures beginning in 1999 to
strengthen design, specification, construction, and inspection
requirements for all types of new post-tensioned bridge con-
struction. Post-tensioning tendons in all existing structures
were subsequently inspected using nondestructive testing
methods. It was determined that corrosion in grouted post-
tensioning tendons was not a widespread problem and, in fact,
showed a very low frequency of occurrence. However, the
Department realized that the potential for corrosion existed in
other locations (depending on conditions at the tendon loca-
tion) and that improvements in design details, materials, and
grouting practices were necessary to decrease the likelihood
of corrosion in post-tensioning tendons and anchorages on
future bridge projects.

As a result of the isolated problems discovered in Florida,
several other states with post-tensioned bridges have inspected
the post-tensioning tendons and anchorages in their bridges.
Inspections performed by the Texas DOT on several post-
tensioned bridges identified grouting deficiencies in some
structures. The deficiencies included grout voids, split exter-
nal tendon ducts, and tendon corrosion similar to the deficien-
cies noted in some of the Florida bridges. The Massachusetts
Highway Department also investigated the post-tensioning
tendons on the newly constructed segmental bridges for the
Central Artery and Tunnel project (CA/T or “The Big Dig”).
They discovered several locations where the potential for cor-
rosion existed because of poor-quality grout and/or voids in
the tendon anchor heads. The Department proceeded to repair
the deficiencies at those locations and instituted new grouting
practices for the remainder of the project.

On a worldwide basis, experience with grouted post-
tensioning tendons over more than one-half a century has
proven that post-tensioned concrete structures are inherently
cost-effective to build and provide excellent long-term dura-
bility. On a national basis, the American Segmental Bridge
Institute (ASBI) published a report, “Durability Survey of
Segmental Concrete Bridges” (29), in September 2000, which
indicated that the National Bridge Inventory inspection reports
indicated no structurally deficient segmental bridges in the
United States. Despite the excellent performance of most of
the post-tensioned bridges in service around the world, the
discovery of any corrosion problem tends to generate con-
cern with regard to all post-tensioned construction. 

Although it is not the intent of this research report to pre-
sent a complete discussion of the issues surrounding corro-
sion in post-tensioning tendons, it is important to address con-
cerns as they apply to the use of post-tensioning in spliced
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girder bridges. Corrosion of post-tensioning tendons is not a
widespread problem and is believed to be a concern primarily
for segmental bridges. Although there were dramatic exam-
ples of tendon corrosion and tendon failure in some of the
Florida segmental bridges and evidence of grouting deficien-
cies in some of the Texas and Boston CA/T structures, other
states have not reported similar problems.

2.3.3.2 Differences between Spliced Girder and
Segmental Construction

Spliced girder bridges differ from segmental bridges with
regard to post-tensioning as follows:

• The joints between the precast elements in spliced girder
bridges do not extend through the deck, as they do for
segmental box girder construction. Instead, the joints
(splices) are protected by the cast-in-place deck.

• Spliced girder bridges use relatively few joints between
the precast elements, so leakage at joints and result-
ing contaminant intrusion into post-tensioning ducts is
minimized.

• Spliced girder bridges do not generally use external
ducts, which have experienced some problems with dam-
age during construction and splitting with time.

• Spliced girder bridges offer additional redundancy (mul-
tiple girder webs) instead of concentrating tendons in
only a few webs.

2.3.3.3 Progress in Addressing Concerns

The recent problems in Florida related to grouting have
caused the industry to reexamine past material specifications
and grouting practices. The problems reported, most of which
are specific to precast segmental construction, have been
traced to identifiable causes associated with poor design
details, low-quality materials, and improper grouting proce-
dures combined with inadequate inspection practices. This
has highlighted the need for using improved technology in
the quality of grouting materials and procedures.

Industry and owners have addressed the challenge of
improving post-tensioning details and practices in the follow-
ing ways: 

• The Post-Tensioning Institute (PTI) has published a
guide specification, “Specification for Grouting of Post-
Tensioned Structures” (30), which addresses many of the
issues of proper grouting and inspection practices.

• The American Segmental Bridge Institute (ASBI) formed
a grouting committee consisting of owners, designers,
contractors, and suppliers to address the problem and
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issued an interim statement on grouting practices in
December 2000 (31).

• ASBI now offers a grouting certification training course,
which follows the recommendations of the PTI Guide
Specifications.

FDOT recently published “New Directions for Florida Post-
Tensioned Bridges” (27), which summarizes their new poli-
cies and procedures developed in response to the discovery
of the problems and describes FDOT’s five-part strategy to
produce more durable post-tensioned bridges: 

1. Enhanced post-tensioning systems: All post-tensioning
tendons shall be fabricated using enhanced post-
tensioning systems.

2. Fully grouted tendons: All post-tensioning tendons shall
be completely filled with grout during construction.

3. Multi-level anchor protection: All post-tensioning ten-
don anchors shall have a minimum of four levels of
corrosion protection.

4. Watertight bridges: All bridge decks of post-tensioned
bridges shall be watertight.

5. Multiple tendon paths: Post-tensioned bridges shall
be designed to provide multiple tendon paths using a
greater number of smaller sized tendons.

Volume 4 of the FDOT publication is “Design and Con-
struction Inspection of Precast Concrete Spliced I-Girder
Bridges.” This comprehensive document provides detailed
recommendations for the application of the five-part strategy
specifically to post-tensioned spliced girder bridges. Specific
details are provided in many areas, including duct spacing and
clearances in the web of post-tensioned girders (Figure 9),
grout vent and drain locations (Figure 10), and anchorage
encasement (Figure 11). It is strongly recommended that the
designer of a spliced girder bridge obtain a copy of the report
(27), which is available at no charge on the FDOT website. 

Grouting specifications and design recommendations are
also available from other state DOTs, including California,
Massachusetts, Texas, and Washington, which have consid-
erable experience with post-tensioned structures.

Recent research (32, 33) has demonstrated that satisfac-
tory tendon grouting can be achieved with a high level of per-
formance assurance. 

2.3.3.4 Conclusion

Although concerns have been raised about the durability
and construction of post-tensioned concrete bridges, it has
been found that corrosion of post-tensioning tendons and
anchorages is not widespread. However, in response to the
concerns raised, improved grouting materials and procedures
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have been developed and research has been conducted on the
performance of grouts. In addition, owners and industry have
recognized the need for appropriate attention to grouting con-
trol during the construction process. Many states now require
grouting supervisors and inspectors to have a requisite level
of training and experience to ensure compliance with recom-
mended practices and specifications.

Based on these efforts, it appears that the overall excellent
performance of post-tensioned concrete bridges, specifically
spliced girder bridges, should continue and be enhanced by
the improvements now being made. 
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2.3.4 Staged Construction

Spliced girders may be used for bridges where staged con-
struction is required. Eventually, spliced girder bridges may
also be widened, which will require some of the same con-
siderations as required for staged construction.

As with any staged construction, the main concern is match-
ing grades between the stages. However, matching grades with
post-tensioned members is complicated by the fact that the ele-
vations of the girder change when post-tensioning tendons
are stressed. Therefore, the construction sequence affects the

  Previous Experience Proposed 

  honeycomb or void 

  longitudinal crack 

Ducts too 
large for 
available 
width 

Provide clearance for concrete 
placement and consolidation 

Minimum (center to center) spacing of ducts to 
be the greatest of: 

• 2*inside diameter of ducts 
• Outside diameter of duct (across rib) + 2” 
• O.D. duct + 1.5*maximum aggregate size 
• 4” 

Ducts in 
contact 

Figure 9. Duct spacing and clearances in post-tensioned girders (27).
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Figure 10. Grout vent and drain locations (27).
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issues that must be addressed when using spliced girders with
staged construction.

2.3.4.1 Single-Stage Post-Tensioning Applied
Before Deck Is Cast

If all of the post-tensioning tendons are stressed before the
deck is cast, the design of a spliced girder bridge for staged
construction is essentially the same as staged construction for
conventional girders because all of the deformations caused
by stressing the post-tensioning tendons occur before the deck
is cast. The variation of the camber along the length of the
spliced girder can then be accounted for when the deck forms
and screed elevations are set, as is done in construction of
conventional precast prestressed concrete girder bridges. An
additional buildup thickness and additional allowances for
grinding the deck to match the profile should be considered,
to allow for any unexpected variation in the girder profile.

The spliced girder may be subject to deflections because
of time-dependent effects (e.g., creep and shrinkage) during
the period between completion of the first stage and erection
of the second stage. A survey of the first stage should be con-
ducted as described in the following section.

2.3.4.2 Post-Tensioning Applied 
After Deck Is Cast

If some or all of the post-tensioning tendons are stressed
after the deck is cast, the spliced girder needs to be designed
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with details that provide for possible elevation adjustments
during construction and that allow for the movement of the
spliced girder during stressing of the post-tensioning tendons. 

All post-tensioning tendons must be stressed before making
any permanent connections between the stages of construc-
tion. Any temporary connections between new and existing
construction must be capable of allowing relative movement
during stressing of post-tensioning tendons or must be loos-
ened or disconnected to allow movement during tendon
stressing. 

A detailed survey of first stage or existing structure should
be made to define the grades that must be matched. A survey
should be conducted when the first stage is completed, and
then a second survey prior to erecting the second-stage girder
segments. The design and details of the second or later stages
should then be reviewed and adjustments made to grades,
seat elevations, and temporary support elevations to account
for the actual conditions.

The designer should consider one or more of the follow-
ing options to allow for adjustments during construction for
any unexpected variation in the girder profile:

• Setting the girders in the second or later stages at slightly
lower elevations;

• Designing the post-tensioning tendons with the capacity
for slightly increasing or decreasing the post-tensioning
force (by adding or removing strands from the tendon or
partially stressing the tendon) to adjust the camber;

• Providing additional buildup thickness;

Minimum 1-1/2" over grout cap
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Figure 11. Anchorage encasement details (27).
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• Providing additional slab thickness and cover to allow
for grinding the deck to match the profile; and

• Providing a wearing surface that can be used to match
the final grades.

It is much easier to provide extra allowances in the design
and concrete in the deck and buildup than to try to correct a
problem in the field after all bearing elevations have been
established and the girder segments have been set.

2.3.4.3 Reducing Differential Elevations

In some cases, it may be desirable or necessary to reduce
or eliminate the differential elevation between the stages of
construction. Although this is not generally done, options to
do so exist. In many cases, these actions could be avoided by
providing adequate allowances for construction tolerances as
discussed above.

Depending on the details of the bridge and its flexibility,
differences in elevation between the stages could be reduced
or eliminated by attaching temporary cross beams to the
bridge and pulling the two stages into alignment. This could
be accomplished by attaching a cross beam to the bottom of
the diaphragms, spanning across several girders in each stage.
The adjusted alignment would be maintained until the closure
between the stages was poured and cured. A similar system
has been widely used to eliminate the differential camber
between decked bulb tee girders before making the connection
between adjacent units. 

Other options for reducing the differential elevation between
stages include hanging weights from one structure or changing
the temperature of some portion of one structure (this has been
done in a few cases to improve the alignment of very-long-span
structures at the closure of joints between cantilevers).

Long-term effects of pulling out the difference in elevation
should not be significant because of the flexibility of spliced
girder structures. Furthermore, it is expected that the stresses
would equalize with time between the stages because of creep
effects.

2.3.5 Curved Bridges

Spliced girders have been used successfully on bridges
with a radius as small as 500 feet (22) (Figure 12). The basic
concept remains the same as for straight spliced girders, with
only a few additional details and design considerations.

To provide curvature in the plan, straight girder segments
are generally used to approximate the curve. Therefore,
angle changes occur at the splice locations (Figure 13). This
means that the splice must be wide enough for the post-
tensioning ducts to be curved at an acceptable radius in the
plan. Estimates of friction losses must also account for the
loss at this curvature in the plan. 
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The tendon curvature in the plan will cause a transverse
force that must be considered in the design. This force will be
most significant at the splice for the interior girder where the
surface of the concrete could spall off without proper detailing.

A three-dimensional structural analysis may be required
for small-radius ramps.

2.3.6 Splicing of Haunched Girder Segments

Some of the longer-span spliced girder bridges have used a
haunched pier girder segment to improve the structural effi-
ciency of the girder. With the increased depth, these girder
segments often become very heavy and can also be very tall.
As a result, most haunched pier girder segments cannot be
transported on land and must be delivered by barge, which
limits their use to sites crossing navigable waterways.

Figure 12. Curved spliced girder bridge (22).

Figure 13. Curved spliced girder bridge using straight
girder segments (34).
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Spliced girders that are haunched at the interior piers may
be an economical solution to long-span bridges at other types
of sites. Therefore, the issue of transportation of large pier
segments on land must be solved if this is to be feasible. The
idea of splicing the pier girder segment to enable shipping
has been suggested as one solution. Pier girder segments
could be spliced using either a vertical or a horizontal joint. 

2.3.6.1 Type of Splice

Although a horizontal joint could be used, several issues
complicate its use. With a horizontal splice, the simplest con-
cept would be to use a girder with the same depth as the other
girder segments for the pier girder segment and splice a piece
on the bottom of the girder segment. This would require a
connection at the bottom of the girder capable of transferring
horizontal shear between the two elements. This is expected
to present design and fabrication problems. Erecting the
long, shallow-tapered haunch and then making the necessary
connections between the haunch and girder along a lengthy
interface appear to be problematic. Furthermore, it appears
that such a design would require testing to demonstrate its
performance before it could be used. 

Use of a vertical joint allows any type of section to be
used, such as sections where the web height varies and the
bottom flange dimensions remain constant or nearly con-
stant. Existing forms for one-piece haunched segments could
easily be used or modified for use with vertically spliced
girder segments. 

Standard techniques can be used for erection of the girder
segments. For the vertical splice, one-half of the pier girder
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segment would be erected on the pier and a temporary sup-
port, as is typically done. Then, the other half of the girder
segment would be raised into position and attached to the
first half, completing the pier segment. With the halves of the
pier girder segment being relatively deep for their short length,
it is possible that the halves could be conventionally rein-
forced, eliminating the need for pre-tensioning the pier girder
segments. Given that the use of the vertical splice appears to
have more benefits and fewer complications, only the use of
a vertical splice is considered further in this study.

A haunched pier girder segment can be spliced with a ver-
tical splice using standard splicing procedures. Two options
are available: girder segments with a cast-in-place closure,
and match-cast girder segments (typical of segmental box
girder construction). With proper consideration of construc-
tion issues, either detail may be used. However, a major con-
cern for detailing either type of splice is the ease and speed
with which the contractor can make the connection in the
field, because a crane would be required to hold the girder
segment until a connection adequate to hold the second girder
segment in place is made.

2.3.6.2 Cast-in-Place Vertical Splice

A possible set of details for a vertical splice in a haunched
girder segment is shown in Figure 14. These details dem-
onstrate a splice with a cast-in-place closure joint (splice)
between girder segments, which would be very similar to
other splices on the bridge. To facilitate erection, the use of
alignment plates is recommended. The alignment plates are
machined with one or more shear keys that provide fast and

Figure 14. Proposed details for cast-in-place vertical splice for pier girder segment.
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accurate alignment of the segments in the field. The two halves
of the pier girder segment are temporarily erected and care-
fully aligned in the fabrication plant. Then alignment plates
at both the top and bottom flange are welded to plates embed-
ded in the two halves of the pier segment. Although addi-
tional effort is required in the plant, the alignment plates facil-
itate erection, because the alignment of the halves in the field
will be quick and accurate, allowing the crane to release the
girder segment after a high-strength bolted connection is
made. The speed of the connection is important for efficiency
in erection.

Erection of the haunched girder segments begins by placing
one-half of the girder segment on the interior pier with its other
end resting on and tied down to a temporary support tower.
The second half is then erected, using bolted connections and
alignment plates at the top and bottom of the girder to ensure
proper positioning. Formwork would then be installed for
the splice, which would typically be contained within a pier
diaphragm. Once the splice and diaphragm have been cast
and have reached minimum strength, the two pieces of the
haunched girder segment would be post-tensioned using
straight tendons in the top flange to provide the necessary
prestress to support the weight of the drop-in span. The pier
girder segment tendons must be located so they do not con-
flict with the main continuous post-tensioning tendons. After
the girder segments are erected, the contractor would form
and pour the cast-in-place splice, then wait for curing before
stressing the post-tensioning tendons in the pier girder seg-
ment. The time required for these steps would delay the erec-
tion schedule for the drop-in girder segments, which might
pose a difficulty for the contractor.

2.3.6.3 Match-Cast Vertical Splice

This method uses established procedures from segmental
box girder construction. When the girder segments are match-
cast, alignment plates are not required because the faces of the
matching girder segments have alignment keys cast into them. 

Use of match-casting of the pier girder segment pieces
would require careful alignment of the halves of the pier
girder segment as the second half is cast. After erection of the
first half of the haunched pier girder segment, the mating sur-
faces of the splice would be coated with epoxy as the second
half is erected. When positioned, post-tensioning tendons in
the top flange would be stressed to hold the two girder seg-
ments and apply a minimum clamping pressure across the
epoxy joint. As with the splice using the cast-in-place closure,
post-tensioning would be used to provide the necessary capac-
ity for the girder segment to resist the load of the drop-in girder
segment.

2.3.6.4 Conclusion

The concepts presented here have not been used for con-
struction of haunched pier girder segments, but both types of
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vertical splices use standard procedures that could be easily
implemented for a spliced girder project. Therefore, it appears
that the use of such a concept is reasonable, with proper atten-
tion to the details required to facilitate quick and accurate erec-
tion of the pieces of the haunched pier girder segment.

With either method of making the vertical girder segment
splice, the geometry of the girders can be adjusted to com-
pensate for the deflection in the tips of the pier girder seg-
ment when the drop-in is placed or to make allowances or
corrections for the profile of the structure. This feature allows
the pier girder segment to better fit the final profile of the
completed structure.

2.3.7 Diaphragms at Closure Pours

A diaphragm has typically been installed between girders
at splice locations, with the diaphragm and splice cast at the
same time. 

Providing a diaphragm at the splice location provides the
following benefits:

• Improved consolidation of concrete in the splice, given
that the volume of concrete being cast with the splice is
much larger and more accessible for placement and vibra-
tion. (Splice locations tend to be congested with spliced
post-tensioning ducts and possibly other reinforcement,
so having the splice within a diaphragm provides for much
better flow of concrete into the splice area. It also gives
much better access for vibration, without having to pass
the vibrator between the side form and spliced duct.)

• Additional stability for girders during stressing of post-
tensioning tendons.

• Improved confinement of the concrete in the splice,
because the splice is surrounded on all sides with 
concrete.

• Opportunity to provide a visual break in the exterior face
of the girder if the diaphragm is extended beyond the
face of the girder (Figure 15). (This can mask any dif-
ference in color of the concrete in the girder and splice.)

Figure 15. Diaphragm at splice extended beyond face of
exterior girder.
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Potential disadvantages of providing a diaphragm at the
splice location are as follows:

• Additional weight of concrete in the diaphragm;
• Difficult detailing for skewed bridges; and
• Potential distress in diaphragms during stressing of post-

tensioning tendons as girders camber.

In addition, diaphrams are unnecessary for added stability
for cross sections with greater stability, such as U-beams. 

Although potential disadvantages exist to providing dia-
phragms at spliced locations, it is recommended that dia-
phragms be provided at splice locations unless special provi-
sions are made to enhance the consolidation of concrete.

2.4 DESIGN SPECIFICATIONS

Design specifications can affect the success of a design
methodology significantly. Therefore, the evaluation of the
current LRFD Specifications was given a high priority in the
project. Two activities addressed the Specifications. A sum-
mary of the results of a review of the Specifications is pre-
sented here, while a summary of the proposed revisions to the
Specifications is presented in Chapter 3.

2.4.1 Review Existing LRFD Specifications

The existing LRFD Specifications were thoroughly reviewed
to identify any provisions that may need revision, deletion,
or reorganization and to identify provisions that may need to
be added to the Specifications to address issues related to
extended-span ranges and spliced girder construction. The
complete list of items identified and a discussion of the for-
mat of the list are given in Appendix E2.

During the review of the Specifications, the following
issues were identified as having special significance. Several
items listed in Appendix E2 may be associated with each of
the following issues.

2.4.1.1 Integration of Provisions
for Segmentally and Other Than
Segmentally Constructed Bridges

It is not clear how spliced concrete girders are to be consid-
ered in the Specifications. It appears that spliced girder con-
struction would currently be classified as “Segmentally Con-
structed” or “Segmental Components,” which would appear
to make them subject to all the requirements of segmental
bridges. However, many of the articles in the Specifications
that apply to segmentally constructed bridges appear to be
intended for bridges where the segments are relatively short,
and match-cast joints are typically used. Many provisions for
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this type of construction are not appropriate, necessary, or
applicable for spliced concrete girder bridges.

A particular area of concern is the limiting stresses, which
are given in Article 5.9.4. Limiting stresses are provided for
two categories of bridges: “Other than Segmentally Con-
structed Bridges” and “Segmentally Constructed Bridges.” By
definition, spliced girders appear to fall into the category of
“Segmentally Constructed Bridges.” However, the only limit-
ing tensile stresses given for this type of construction are for
the joints. This is appropriate for bridges with short segments,
but is not appropriate for bridges with long segments where
limiting stresses for “Other than Segmentally Constructed
Bridges” should apply at locations away from the splices.

A second significant area of concern is Article 5.14, which
presents provisions for specific structure types. As identified
in the listing of issues in Appendix E2, spliced girder con-
struction is mentioned in the Specifications, but the designer
is left to choose which of the articles apply. There is an arti-
cle for “Beams and Girders” (5.14.1) and an article for “Seg-
mental Construction” (5.14.2). Both articles contain provi-
sions that can be applied to spliced girder construction. 

2.4.1.2 Definitions of Lightweight Concrete

The Specifications are not consistent or clear in their treat-
ment of lightweight concrete. This includes definitions of the
different types of lightweight concrete and corrections for
different quantities, such as shear capacity and resistance fac-
tors, that depend on the type of lightweight concrete.

This lack of clarity and consistency makes it difficult to
use specified density concrete, which may have a range of
unit weights and compositions. The Specifications need to be
revised so that any special considerations required for using
a reduced-density concrete to extend span ranges will be sim-
ple, clear, and rational.

2.4.1.3 Partial Prestressing

Partial prestressing has been introduced to U.S. bridge
design practice for the first time in the LRFD Specifications.
However, complete direction for its implementation has not
been provided. There have been no known problems to date
concerning this because owners and designers do not have
applications where the concept can be applied.

One possible application where the implementation of par-
tial prestressing may be beneficial is the design of bridge
decks in the negative moment region over interior supports.
Using this concept could clarify the issue concerning tensile
stress limits in the deck at these locations for continuous
bridges (see next item). However, given that the concept of
partial prestressing has not been well developed in the Spec-
ifications, considerable effort may be required to identify
design methods and understand the advantages and disad-
vantages of this approach.
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2.4.1.4 Deck Design for Continuous Members

In continuous members post-tensioned after the deck has
been added, the deck may be subject to tensile stresses as a
result of continuity moments at interior pier locations. As a
result, tensile stress limits may be applied to the deck. This
may lead to additional prestress (post-tensioning) being pro-
vided to satisfy the tensile stress limits in the deck. However,
tensile stresses in the deck are not subject to limiting stresses
in other types of continuous bridges, such as those constructed
on steel girders. 

2.4.1.5 Conclusion

The first of the issues listed above, which relates to the
clear integration of spliced girder into the Specifications,
was selected as the highest priority for continued work. The
remaining issues discussed above are significant, but effort
focused on them will not bring the benefits that would be
realized by improving the Specifications for the design of
spliced girder bridges.

2.5 ISSUES REQUIRING ADDITIONAL ACTION

During the course of this research project, issues and obsta-
cles were identified that need to be addressed and resolved
before the full potential of extended-span and spliced girder
designs can be realized. In most cases, resolution of these
issues will involve owners, fabricators, and other industry
interests, rather than designers. 

The issues can be categorized as follows:

• General,
• Specifications,
• Design and detailing,
• Fabrication,
• Transportation, and
• Construction.

One of the more significant issues is discussed below. The
remaining issues are presented in Appendix F.

2.5.1 Hauling Issues

An important factor to be considered when evaluating the
cost-effectiveness of spliced girders or other very long pre-
cast girders is the hauling requirements of individual states
through which the girders have to be transported to reach the
project site. Because of the wide variety of hauling require-
ments and restrictions, the potential for the effective use of
extended spans and spliced girder technology varies greatly
from state to state. 

A brief discussion of this issue is presented to highlight
these differences and to provide suggestions regarding what
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actions are needed to encourage the use of spliced girders
where appropriate. This discussion includes information from
several girder producers and designers regarding their per-
spectives on this issue and recommendations to owners to
avoid possible pitfalls encountered if the hauling issue is not
addressed properly.

2.5.1.1 Girder Producer Perspective

From a producer’s perspective, the varying hauling require-
ments for different states are frustrating and can prove very
costly. For example, one producer had to haul a girder from a
plant in Ohio to a project site in West Virginia. Because of dif-
ferent trailer requirements, the girder was hauled from the
plant where the girder was fabricated in Ohio to anther plant
in Kentucky, where it was loaded on a different trailer and then
transported to West Virginia. In other instances, where girders
needed to be hauled across several states, permits were issued
in some states and not others for the same load on the same
route. In addition, states that have a length restriction, such as
North Carolina (currently 120 feet), force shorter piece lengths
and therefore more hauls are necessary to a particular site.

Differences in weight limitations, axle arrangements, length
restrictions, and even escort requirements cause many prob-
lems and increase the costs for producers, contractors, and
owners.

Some of the differences in permit approvals relate to the
method used by the bridge engineer to evaluate the effect of
the overweight loads. Without getting into a detailed discus-
sion of the different methods, it is apparent that some states
are allowing much heavier loads on the same type of facility
than others. The design codes should be the same, but there
are large variations of allowable loads and axle configura-
tions. Allowable girder weights range from 120 kips to over
200 kips. To date, the longest single-piece girder delivered
by truck appears to be a 209-foot, 260-kip NU 2800 girder in
British Colombia. Another recent example is the transport-
ing of 14 precast prestressed concrete girders, each of which
were 170 feet long and weighed 190,000 pounds, 250 miles
across the state of Washington (35). It may be helpful to
investigate methods used by states like Washington and
Pennsylvania, which seem to allow larger loads, and com-
pare these methods with those of other states. However,
where higher loads are allowed, it is necessary to have
enough truckers with adequate trailers in the area. If there is
not enough competition among hauling companies, the
transport costs could consume some of the savings from an
economical design. For example, Washington State had been
allowing girders to be designed with weights up to 200 kips,
but, given the limited availability of adequate trailers, the state
has decided to reduce the maximum girder weight to 165 kips.

Hauling issues should be an important part of the designer’s
bridge type study. However, even though most states have
adequate instruction in policy memos or design manuals for
selection of girder type, many designers are not familiar with
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the different states’ hauling requirements and methods used
to evaluate overweight loads. This can result in an efficient
design being completed that cannot be economically trans-
ported to the site. The cost of transporting the longer girders
may, in some instances, outweigh the savings supposedly
realized by the design of longer spans. For this reason, com-
munication between the designer and producer is very impor-
tant when determining girder types, especially when cross-
ing state lines.

2.5.1.2 Suggestions for Owners

Some suggestions for owners to ensure that hauling issues
are addressed adequately when considering use of longer or
spliced girder design are as follows:

1. Make designers aware of hauling requirements and
encourage them to communicate with the producers
when there is a question about getting a certain length
and weight of girder to the site. This should be a regu-
lar part of the project scoping procedure and included
in the girder type selection decision.

2. Get input from producers and contractors when devel-
oping details for longer or spliced girders. Their expe-
rience can provide valuable information and avoid
unnecessary costs. 

3. Work through industry groups, such as PCI and AGC,
to encourage the states to consider standardization of
some of the hauling requirements. In North Carolina,
DOT representatives meet regularly with PCI and AGC
to discuss common issues and solve problems. This is
an excellent forum to collect ideas and work toward get-
ting them implemented. 

4. Owners such as DOTs need to work within their own
organizations to revise any hauling requirements that
are restricting the designer’s ability to use the latest
technology to provide the most economical design. For
example, in states where shorter lengths are required,
the design office needs to work with the permit office
to set a reasonable length.

5. Look at methods used to evaluate overweight loads and
ensure that they are based on a rational design proce-
dure. Compare with other states where larger loads are
allowed and revise methods if necessary.

2.5.1.3 Conclusion

Because of the complexity of issues surrounding this topic,
it is impractical to require all states to use the same criteria.
However, any effort that can be made to relieve some of the
problems will benefit the producers, designers, owners, and
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ultimately, the taxpayers. The hauling issues need to be
addressed in order to take full advantage of any innovations
involved with extending span or girder lengths.

2.6 DESIGN SOFTWARE 
AND OTHER RESOURCES 

The final area in which information was collected in this
study was related to software and other design resources or
tools that are available for designers of spliced girder bridges.

2.6.1 Review of Design Software

In most cases, conventional bridge design software can be
used to design bridges that use the identified design options
for extending span ranges of precast prestressed concrete
bridges. Simplified design methods can be used to design some
spliced girder bridges, but most are complex enough that the
design is executed using specialized computer programs or
spreadsheets. Custom spreadsheets and commercially avail-
able programs were used to complete the design examples
and comparative design study. Both types of software prod-
ucts served their intended function, simplifying the design
process. 

As part of this study, information on design software
used for past and ongoing spliced girder bridge projects was
obtained from the project data collection effort, from expe-
riences of the researchers and other designers, and from sup-
pliers of several computer programs. However, specific infor-
mation concerning commercially available software is not
provided in this report.

The findings of this study regarding software resources
used to date for spliced girder bridge design are summarized
in Appendix G1. Appendix G1 also provides direction regard-
ing when the use of software may be beneficial and what fea-
tures should be considered when purchasing software for
spliced girder bridge design.

2.6.2 Other Resources

A literature review was conducted to identify existing
design guides and examples that could be used by the designer
of spliced girder bridges. In most cases, the existing resources
are not readily available or address only limited portions of
the design. A discussion and listing of the other resources
identified appear in Appendix G1.

2.6.3 Bibliography

Appendix G2 is a bibliography containing all cited refer-
ences and other identified resources.
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CHAPTER 3

INTERPRETATION, APPRAISAL, AND APPLICATIONS

Several of the products of this research study have imme-
diate or future application for the design of extended span
precast prestressed concrete bridge girders. These include a
comparative design study, three design examples, and pro-
posed revisions to the AASHTO LRFD Specifications. These
products are discussed in this section.

3.1 COMPARATIVE DESIGN STUDY

The comparative study was prepared in order to demon-
strate and compare the effectiveness of several of the highest
ranked design options that have been identified for extending
span ranges of precast prestressed concrete girders. A corre-
lation between the design options in the comparative design
study and the design options in the prioritized lists of Section
2.3.2 was given in Table 8. The complete comparative design
study is presented in Appendix B2. Portions of the study are
repeated here to summarize its content.

A single-span, simply supported bridge was selected as the
subject of the comparative design study. The bridge’s typical
section and dimensions are shown in Figure 16, with PCI
BT-72 precast prestressed concrete girders at a constant spac-
ing of 8 feet, 0 inches. For the comparative design study,
maximum spans were computed for the bridge using the
selected design variations. Most design variations considered
the effect of changing individual design parameters, but sev-
eral combinations of design variations were also evaluated.
Two additional girder types were also considered in the study.
Calculations were performed using a commercially available
software package. 

The results were compiled and compared to give an indi-
cation of the effectiveness of each design option for increas-
ing the maximum span. Results from this study should be
considered as giving an indication of trends. For other situa-
tions, where girder spacing, section type, and other conditions
are changed, the relative effect of different alternatives may
vary from what is reported in this study. Combinations of dif-
ferent design cases are expected to provide additional bene-
fit, although the effect may vary.

This study only considered flexural design of the precast
prestressed girders. For the parameters considered in this
study, the service limit state governed all designs. Conditions
along the girder were evaluated. 

A brief summary of the study follows, with an introduction
to the design parameters considered and a summary of the
results. Complete details of the study and a listing of the design
assumptions and parameters used in preparing the study are
given in Appendix B2. 

3.1.1 Design Cases for PCI BT-72 Girder

The first set of designs uses the PCI BT-72 girder. Four-
teen design variations on the base design were considered for
this section. The variations ranged from examining the effect
of concrete strength to modifying the girder cross section.
The basic design information for the base design and each
variation is summarized in Table 9. See Appendix B1 for a
more detailed description of each case. Brief descriptions of
the less obvious variations are as follows:

• Deeper Bottom Flange (Case 7)—The girder cross sec-
tion was modified by adding 2 inches to the depth of the
bottom flange of the precast girder, which also increases
the total height of the section by 2 inches. The increased
depth of the bottom flange allowed the use of an addi-
tional row of strands.

• Increased Beam Width (Case 8)—The girder cross sec-
tion was modified by the addition of 2 inches to the width
of the girder web along the full height of the girder.
Therefore, the top and bottom flange widths were also
increased by 2 inches. 

• Bundling of Strands (Case 9)—The draped strands
were bundled between hold-down points, rather than
maintaining the 2-inch spacing. This approach, which
is permitted by the current Specifications, increases the
eccentricity, and therefore the effectiveness, for the
draped pre-tensioning strands.

• Debonding of Top Strands (Case 10)—To reduce con-
crete stresses at release, girders were designed with addi-
tional top strands that were debonded at the center of the
span with 30 feet bonded at each end. After erection of the
girders, these strands were de-tensioned by torch through
an access hole using typical de-tensioning procedures.

• Decked Bulb Tee (Case 13)—The cross section of the
girder was modified by the addition of an 8-inch-thick
(structural thickness) deck to the top of the standard PCI
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BT-72 as shown in Figure 17. The deck is present when
the girder is prestressed at the release of the pre-tensioned
strands. 

• Touch Shoring (Case 14)—Before placement of the
reinforced concrete deck, temporary shoring towers are
installed to support the girder at midspan. The tempo-
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rary tower is placed so it supports the girders without
applying an upward load prior to placement of the deck
concrete. This changes the span resisting the weight of
the fresh deck concrete from a simple span to a two-
span continuous structure, which reduces the effect of
the weight of the deck on the bare girder. After the deck

Figure 16. Typical section of bridge.

TABLE 9 Basic design information for designs using PCI BT-72 girder

Design Case f'ci f'c f'cd wc wcd 
Web 

Width 

Bottom 
Flange 
Depth 

Strand φ 

No. Description (ksi) (ksi) (ksi) (kcf) (kcf) (in.) (in.) (in.) 

1  Base Design 5.0 6.5 4.5 0.150 0.150 6.0 6.0 

2  Increased f’
ci 6.0 6.5 4.5 0.150 0.150 6.0 6.0 

3  High Strength Conc. (HSC) 8.0 10.0 4.5 0.150 0.150 6.0 6.0 

4  Lightweight Conc. Deck 5.0 6.5 4.5 0.150 0.120 6.0 6.0 

5  Lightweight Conc. Beam 5.0 6.5 4.5 0.120 0.150 6.0 6.0 

6  Lightweight Conc. Dk. & Bm.  5.0 6.5 4.5 0.120 0.120 6.0 6.0 

7  Deeper Bottom Flange 5.0 6.5 4.5 0.150 0.150 6.0 8.0 

8  Increased Beam Width 5.0 6.5 4.5 0.150 0.150 8.0 6.0 

9  Bundled Strands 5.0 6.5 4.5 0.150 0.150 6.0 6.0 

10  Top Strands Debonded 5.0 6.5 4.5 0.150 0.150 6.0 6.0 

11  0.6"φ Strands 5.0 6.5 4.5 0.150 0.150 6.0 6.0 0.6 

12  0.6"φ Strands and HSC 8.0 10.0 4.5 0.150 0.150 6.0 6.0 0.6 

13  Decked Bulb Tee 5.0 6.5 6.5 0.150 0.150 6.0 6.0 

14  Touch Shoring 5.0 6.5 4.5 0.150 0.150 6.0 6.0 

15  Added Post-Tensioning 5.0 6.5 4.5 0.150 0.150 8.0 6.0 

 Shaded cells indicate values that differ from Base Design. 
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cures and reaches a specified minimum strength, the tem-
porary shoring is removed and the bridge acts again as a
simple span. The reaction present in the shoring is then
transferred to the composite girder section. Therefore, the
stresses at midspan caused by the deck concrete are
reduced, because some of the effect of the weight of the
concrete had been placed and had reached a specified
strength. Applying the post-tensioning to the full cross
section, rather than to the bare girder, makes it more
effective. To accommodate the post-tensioning ducts, the
cross section of the girder was modified by the addition
of 2 inches to the width of the girder along its full height
as described in Case 8. 

The results of designs for all of the design cases are listed in
Table 10 and include maximum spans, the absolute and per-
centage increase in maximum spans compared with the Base
Design, and notes concerning governing design condition(s).
The maximum spans for each design case are presented graph-
ically in Figure 18 and the percent increase in maximum spans
compared with the Base Design are shown in Figure 19.

A discussion of the results for each design case is given in
Appendix B1. The general conclusions and comments are
summarized as follows:

1. The greatest increase in maximum span length was
obtained by casting the deck with the girder (decked
bulb tee—Case 13) and by adding post-tensioning to a
pre-tensioned girder (Case 15), with increases in max-
imum spans of 33.1 and 24.6 percent, respectively. These
design variations are out of the ordinary and require
significant additional effort in design and construction.
However, they have been used successfully in some sit-
uations and regions. 

2. The next most effective strategy for increasing the max-
imum span length was the combination of increased
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strand size with high-strength concrete (Case 12), with
an increase in the maximum span of 16.9 percent. The
use of this strategy has become common and has served
to increase span ranges for precast concrete girders sig-
nificantly. Other design comparisons achieved increases
in maximum spans from 0 to 10 percent.

3. A significant finding was the increase shown in Case 12,
where two strategies were combined to produce a much
higher increase in maximum span than either strategy
alone. Although other combinations of strategies were
not investigated in this study, it appears possible that
the combination of different strategies could provide
impressive additional gains in maximum spans. There-
fore, designers are encouraged to consider combinations
of strategies.

4. A final comment addresses the limitations of this study.
These results are based on maximum span designs. The
use of maximum spans results in designs that are gov-
erned by several stress conditions simultaneously. For
most designs, only one design condition governs, or
steps may be taken to prevent other conditions from
governing (such as draping strands). Furthermore, this
study is limited in scope, considering only one bridge
cross section. Therefore, the results from these com-
parisons, while instructive, may not reflect the potential
for bridges where the parameters differ and the design
span is not at the maximum span. Each situation must
be considered individually.

3.1.2 Comparison of PCI BT-72 
with Different Girder Types

The second set of designs compares designs using the 
PCI BT-72 girder to designs using the NEBT 1800 and
AASHTO Type VI girders. These girders are of equal or
nearly equal height, as shown in Figure 20, but they differ in
other dimensions.

To compare the effect of design cases on different girder
types, four of the cases discussed above were repeated using
NEBT 1800 and AASHTO Type VI girders. These four cases
were as follows:

1. Base Design Case 1
2. High-Strength Concrete Case 3
3. 0.6-inch-Diameter Strands Case 11
4. 0.6-inch-Diameter Strands and Case 12

High-Strength Concrete

In the discussion of the results of these designs, the cases
will be identified using the numbers of the cases as used in
the PCI BT-72 girder designs. The design information for
each design combination is summarized in Table 11.

The results of the comparison of different girder types are
shown in Table 12, which include maximum spans, span

Figure 17. Girder dimensions for decked bulb tee.
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TABLE 10 Summary of results for PCI BT-72 girder design cases

Design Case 
Maximum 

Span 
Span Increase 

Percent 
Increase in 

Span 
Notes 

No.  Description (ft) (ft) (%)  

1  Base Design 118 0 0.0 A 

2  Increased f’
ci 126 8 6.8 A 

3  High Strength Conc. (HSC) 130 12 10.2 B 

4  Lightweight Conc. Deck 119 1 0.8 A 

5  Lightweight Conc. Beam 122 4 3.4 A 

6  Lightweight Conc. Dk. & Bm. 124 6 5.1 A 

7  Deeper Bottom Flange 126 8 6.8 A 

8  Increased Beam Width 124 6 5.1 A 

9  Bundled Strands 118 0 0.0 A 

10  Top Strands Debonded 122 4 3.4 A 

11  0.6"φ Strands 118 0 0.0 A 

12  0.6"φ Strands and HSC 138 20 16.9 A 

13  Decked Bulb Tee 157 39 33.1 A,E 

14  Touch Shoring 130 12 10.2 C 

15  Added Post-Tensioning 147 29 24.6 D 

Notes: 

A Critical stresses occur at release at midspan bottom in compression and at Service III at midspan 
bottom in tension. 

B Critical stresses occur at midspan at Service III despite room for additional strands.  Additional 
strands do not provide sufficient precompression to offset the tension stresses due to applied 
moments. 

C Critical stresses occur at release at end of girder in compression in spite of draping and debonding. 

D Critical stresses occur at midspan in compression at the top of the girder. 

E Total weight of girder is 251 kips.  Splicing may be required to address handling and 
transportation issues. 
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Figure 18. Maximum span for each design case.
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increase, and percent increase in maximum span over the
Base Design for each girder type, and over the same design
case for the PCI BT-72 girder. Results for the PCI BT-72
girder design cases are identical to those presented in the pre-
ceding section.

3.1.2.1 Comparisons for Different Girder Types

The maximum spans for each design case, grouped by
girder type, are presented graphically in Figure 21, and the
percent increase in maximum spans compared with the Base
Design for each girder type is shown in Figure 22.

The increase in maximum span for the three design varia-
tions over the Base Design for each girder type indicates a
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similar relationship for the different girder types. The trends
can be summarized as follows: 

1. High-strength concrete increased the maximum span
length. The span increase ranged from 4.4 percent to 10.2
percent with both the PCI BT-72 and AASHTO Type VI
girders experiencing the same increase of 10.2 percent.

2. The use of 0.6-inch-diameter strands with normal-
strength concrete was not effective for increasing max-
imum span for these girders for the bridge cross section
considered.

3. The combination of high-strength concrete and 0.6-inch-
diameter strands was most effective for increasing the
maximum span for all girder types. The span increase
ranged from 14.8 percent to 16.9 percent. The PCI
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Figure 19. Percentage span increase for each design case.
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Figure 20. Dimensions for different girer types.
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TABLE 11 Basic design information for designs using different girder types

Girder Type and Design Case f'ci f'c f'cd wc wcd 
Web 

Width 

Bottom 
Flange 
Width 

Strand  φ 

No. Description (ksi) (ksi) (ksi) (kcf) (kcf) (in.) (in.) (in.) 

 PCI BT-72 Girder 

1  Base Design 5.0 6.5 4.5 0.150 0.150 6.0 26.0 

3  High Strength Conc. (HSC) 8.0 10.0 4.5 0.150 0.150 6.0 26.0 

11  0.6"φ Strands 5.0 6.5 4.5 0.150 0.150 6.0 26.0 0.6 

12  0.6"φ Strands and HSC 8.0 10.0 4.5 0.150 0.150 6.0 26.0 0.6 

 NEBT 1800 Girder 

1  Base Design 5.0 6.5 4.5 0.150 0.150 7.1 31.9 

3  High Strength Conc. (HSC) 8.0 10.0 4.5 0.150 0.150 7.1 31.9 

11  0.6"φ Strands 5.0 6.5 4.5 0.150 0.150 7.1 31.9 0.6 

12  0.6"φ Strands and HSC 8.0 10.0 4.5 0.150 0.150 7.1 31.9 0.6 

 AASHTO Type VI Girder 

1  Base Design 5.0 6.5 4.5 0.150 0.150 8.0 28.0 

3  High Strength Conc. (HSC) 8.0 10.0 4.5 0.150 0.150 8.0 28.0 

11  0.6"φ Strands 5.0 6.5 4.5 0.150 0.150 8.0 28.0 0.6 

12  0.6"φ Strands and HSC 8.0 10.0 4.5 0.150 0.150 8.0 28.0 0.6 

 Shaded cells indicate values that differ from Base Designs. 
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TABLE 12 Summary of results for different girder types

Girder Type and Design Case 
Maximum 

Span 

Span 
Increase  for 
Each Girder 

Type 

Percent 
Increase   for 
Each Girder 

Type 

Span 
Increase 

Compared to 
PCI BT-72 
Same Case 

Percent 
Increase 

Compared to 
PCI BT-72 
Same Case 

No. Description (ft) (ft) (%) (ft) (%) 

 PCI BT-72 Girder 

1  Base Design 118 ---- ---- ---- ---- 

3  High Strength Conc. (HSC) 130 12 10.2 ---- ---- 

11  0.6" φ Strands 118 0 0.0 ---- ---- 

12  0.6" φ Strands and HSC 138 20 16.9 ---- ---- 

 NEBT 1800 Girder 

1  Base Design  135 ---- ---- 17 14.4 

3  High Strength Conc. (HSC) 141 6 4.4 11 8.5 

11  0.6" φ Strands 135 0 0.0 17 14.4 

12  0.6" φ Strands and HSC 155 20 14.8 17 12.3 

 AASHTO Type VI Girder 

1  Base Design  137 ---- ---- 19 16.1 

3  High Strength Conc. (HSC) 151 14 10.2 21 16.2 

11  0.6" φ Strands 138 1 0.7 20 16.9 

12  0.6" φ Strands and HSC 159 22 16.1 21 15.2 
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BT-72 girder showed the greatest increase despite its
having the smallest bottom flange, which limits the pos-
sible number of strand locations. 

3.1.2.2 Comparisons of Different Girder Types
with PCI BT-72 Girder

The maximum spans for each design case, grouped by
design case, are presented graphically in Figure 23, and the
percent increase in maximum spans compared with the Base
Design for each girder type is shown in Figure 24.

The increase in maximum span for the three girder types
over the Base Design for each design variation indicates a

49

similar relationship for each design variation. The trends can
be summarized as follows: 

1. The NEBT 1800 and AASHTO Type VI girders have a
greater maximum span for all design cases investigated.

2. The NEBT 1800 and AASHTO Type VI girders have
maximum spans 17 feet and 19 feet larger, respectively,
than the Base Design for the PCI BT-72 girder.

3. The use of high-strength concrete and 0.6-inch-diameter
strands increased the maximum spans of the NEBT 1800
and AASHTO Type VI girders by 20 and 22 feet, respec-
tively, over the Base Design for the PCI BT-72 girder.
This strategy for increasing span range is clearly the
most effective of those considered.
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Figure 22. Percent increase in maximum spans for different girder types.

Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


3.1.2.3 General Conclusions and Comments

The comparison of designs for different girder types indi-
cates that the AASHTO Type VI girder has the largest maxi-
mum span and the PCI BT-72 girder has the smallest maxi-
mum span for all design cases. The NEBT 1800 girder does
not experience as great a percentage increase in maximum
spans from the Base Design for any of the design cases con-
sidered when compared with the other girders (see Figure 22).

These conclusions tend to indicate that the AASHTO
Type VI girder would provide the most efficient designs
given that it had the longest maximum spans. However, the
Type VI girder is a much larger cross section. Therefore, more
information must be considered when comparing the perfor-
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mance of different girder sections to determine the most effi-
cient and economical designs.

3.2 DESIGN EXAMPLES

Design examples are important resources that enable a
designer to approach a new type of design with increased con-
fidence because the examples present clearly all of the required
issues and procedures necessary to complete a design. Design
of spliced girder bridges, which is the major focus of this
study, involves greater complexity in design than is required
for conventional precast prestressed concrete girder designs.
Therefore, design examples were developed to facilitate the
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use of this type of construction, which has great potential
for extending the span ranges of precast prestressed concrete
bridges.

Three design examples are presented in Appendix D. Each
design example represents a spliced girder bridge concept that
can be applied to a wide range of applications. Following sev-
eral general comments, a brief introduction to each design
example is presented.

3.2.1 General Comments

The level of detail differs among the three design exam-
ples. In the first design example, which represents the sim-
plest structure, the basic concepts are thoroughly presented
for all aspects of spliced girder design. For aspects of design
where the design of spliced girders is the same as conventional
precast prestressed concrete girders, detailed design calcula-
tions are generally not given. The subsequent design exam-
ples focus on the issues specific to multiple-span spliced
girder bridges and generally refer to Design Example 1 rather
than repeating detailed discussions of the basic concepts that
have already been presented. In all examples, an effort has
been made to state all assumptions, so that the examples will
be as clear and useful as possible for the user.

The examples are intended to be a reasonable solution for
the site and conditions described. Many aspects of design can
be altered, such as the cross-section type, the sequence and
method of construction, and the sequence and quantity of post-
tensioning. For example, priorities of design, such as deck
removal for replacement, may dictate the use of a different
construction sequence. Therefore, the most appropriate choice
for these and other details must be established considering
the specific constraints for each project. To illustrate this
point, some details of design and construction differ between
the design examples. Several options that could have been
employed in the design are discussed at the end of Design
Examples 1 and 2. The user is encouraged to consider the
design options in light of the specific requirements and con-
straints to obtain the best solution for the project rather than
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to repeat the design solutions presented here. The concepts
presented should enable the user to extend the use of the
example to other situations.

The design examples were prepared using the AASHTO
LRFD Bridge Design Specifications with Interims through
2003. Where the Specifications are unclear or do not pro-
vide requirements necessary for the design, assumptions are
made and explained. Article and equation references are
given where appropriate to assist the designer in applying
the Specifications. 

Each design example is numbered separately and has its
own table of contents to assist the user in finding sections of
interest and to give an overview of the organization of the
design process. Each design example also has a list of the
references cited in the example.

3.2.2 Design Example 1—
Single-Span Spliced PCI BT-96 Girder

The first design example is the simplest example, addressing
a long simple-span bridge. The elevation of the girder is shown
in Figure 25 with the typical section shown in Figure 26. This
could represent a long-span bridge over a stream crossing or
over a wide “single-point urban interchange” (SPUI). The spe-
cific application illustrated is an SPUI over an existing roadway
where traffic must be maintained during construction. Details
of the construction sequence are summarized in Figure 27.

Details of this design example include the following:

• The span is simple.
• There is a 96-inch-deep modified PCI BT girder with an

8-inch web
• The three girder segments are pre-tensioned.
• Girder segments are erected on permanent abutments

and temporary towers.
• Splices between girders are cast when the deck is cast

on the girder segments.
• Six post-tensioning tendons are used with 12- to 0.6-inch-

diameter strands in each tendon.

Figure 25. Design Example 1: elevation.
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• All post-tensioning tendons are stressed after the deck
and splice concrete are placed.

• Post-tensioning tendon anchorages are located in end
blocks at the end of each spliced girder.

• Conventional abutments and bearings are used.
• Design was performed using a custom spreadsheet.

Several special issues or features encountered during the
development of this design example are discussed in the
following.

1. The original bridge length and splice locations were set
considering minimum traffic clearance requirements.
However, it was found during design that the service
limit state design of the girder was being governed at
the splice locations, where only post-tensioning tendons
were available to prestress the cross section. Therefore,
the splice locations were moved closer to the ends of the
bridge to improve the stress conditions at the splice.
However, as the splice locations were moved outward,
the center girder segment length increased. The center
girder segments in the final bridge layout weigh approx-
imately 125 kips, which is close to the maximum prac-
tical shipping weight for a girder segment. Therefore,
the final girder segment layout was affected by traffic
clearances, service limit state stress conditions, and
girder weights for shipping.

2. Post-tensioning ducts were laid out using straight seg-
ments with short curves connecting them. All straight
duct segments were parallel as shown in Figure 28. Also,
the splice location was placed so that all ducts were
straight as they crossed the splice, which simplifies
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splicing of the ducts. Given that this duct layout closely
approximates a parabolic tendon profile, as shown in
Figure 29, a parabolic profile was used to simplify fric-
tion and anchorage set loss computations. Although this
type of duct layout has not been used for any bridge, it
appears that fabrication of girder segments would be
simplified by its use.

3. The number of pre-tensioned strands in the girder seg-
ments was selected to satisfy stress limits for handling
and placing of deck concrete.

4. Stress limits for intermediate construction stages are
not provided in the LRFD Specifications. Stress limits
were assumed for the design based on the stress limits
provided in the Specifications.

5. Equations in the LRFD Specifications for estimating
prestress losses were modified to include the effects of
using two types of prestressing. Instantaneous and long-
term losses in both pre-tensioned strands and post-
tensioning tendons were increased by the presence of
the other type of prestressing.

6. The elevation of the bearings at the temporary shoring
towers was raised to create additional camber in the
structure. This additional camber offset the deflection
resulting from creep and shrinkage to provide an accept-
able deformation of the bridge at the end of the service
life, as shown in Figure 30. The build-up required dur-
ing construction was also reduced as a result of this ele-
vation adjustment. 

7. Post-tensioning tendons were only stressed from one
end of the bridge. Stressing from both ends was inves-
tigated, but this approach did not provide a significant
improvement in tendon force.

TYPICAL HALF SECTION  HALF SECTION AT SPLICE 

Figure 26. Design Example 1: typical section of bridge.
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8. The jacking stress for post-tensioning tendons was
reduced below the limiting stress because the stress limit
at the dead end governed.

9. It was found that the total moment due to deck dead load
was the same with the girder shored at splice locations
as it would be if the girder were not shored, since the
shoring locations were symmetrical about the center of
the span. With the bare girder segments supported by
shoring, the moments caused by the deck dead load
were a relatively small fraction of the total deck dead
load moments. Therefore, most of the moment caused
by the deck dead load was resisted by the composite
section, which improved stress conditions significantly.
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Although shoring during placement of deck concrete
was unavoidable for the construction sequence used in
the example, this information is useful when consider-
ing use of shoring for other bridges.

3.2.3 Design Example 2—
Two-Span Spliced U-Beam Girder

The second design example is more complex, representing
a two-span bridge crossing an existing interstate, where main-
tenance of traffic issues is very important. The elevation of
the girder is shown in Figure 31 with the typical section shown

Figure 27. Design Example 1: construction sequence.
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Figure 28. Post-tensioning duct layout—elevation.
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in Figure 32. This example also illustrates the application of
spliced girder construction to sites where seismic design must
be considered. Details of the construction sequence are sum-
marized in Figure 33.

Details of this design example include the following:

• Two unequal spans are used.
• There are 6-foot-deep U-beams. 
• There are five girder segments, with several lengths.

Three are pre-tensioned.
• Girder segments are erected on temporary towers and

the interior pier.
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• Splices between girders are cast after the girder segments
are erected.

• Eight post-tensioning tendons are used with ten 0.6-inch
diameter strands in each tendon.

• After splicing, first stage post-tensioning tendons are
stressed.

• The deck is cast on the continuous girders.
• Second-stage post-tensioning tendons are stressed after

the deck concrete is placed.
• Post-tensioning tendon anchorages are located in the

cast-in-place end diaphragm, which rests on conven-
tional bearings.

Figure 31. Design Example 2: elevation.

Figure 32. Design example 2: typical section.
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• The interior pier cap is integral, providing a fixed con-
nection between the superstructure and substructure.

Several special issues or features encountered during the
development of this design example are discussed in the
following.

1. Careful attention must be paid to the post-tensioning
path and the influence on deflections. In particular, the
prestress eccentricity or drape must be reduced in shorter
spans to balance the prestress deflections and camber. 

2. The effect of unbalanced prestressed deflection can
result in an initial downward deflection that has the
effect of pinning or holding down the falsework shoring
towers, which could result in overloading and difficulty
in removal of the towers after post-tensioning. 

3. Several construction sequences are suitable for this
example. Multi-stage post-tensioning was selected for
this example to minimize shoring costs, because the
falsework towers are designed to support girder self-
weight only. 

4. Continuity of the columns with the superstructure results
in substantial economy in high-seismic regions because
the foundations are designed to resist the reactions
developed in the bent frame due to seismic forces and
not the overstrength moment due to plastic hinging. In
high-seismic regions, it is not uncommon for ordinary
freeway bridges to have the substructure make up more
than one-half of the overall bridge cost. 

5. The LRFD equations for calculating nominal flex-
ural resistance can result in the section being over-
reinforced in the negative bending regions. Although
over-reinforcement is allowed for prestress sections,
meeting the demand requirements could be difficult and
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may control the design. Prior to increasing the dimen-
sions of the concrete sections to meet this requirement,
the designer should consider alternatives such as using
strain compatibility analysis (moment-curvature pro-
grams) in lieu of code equations or adding mild rein-
forcement in the compression flange. 

6. Given that U-beam sections are heavier than I or bulb-
tee sections, weight is an important consideration in
selecting segment joint locations. The upper limit for
standard lifting and hauling equipment is approximately
80 tons (U.S. Customary). With the segment weighing
approximately 1 ton per foot, the upper limit is 80 feet.
Although heavier sections could be constructed, their
use may slow the construction schedule and substan-
tially increase costs. 

7. With shorter segments, some girder segments may not
require pre-tensioning, as demonstrated in this example.
However, if the smaller girder segments are to be cast
with the longer girder segments, equal pre-tensioning
for all girder segments may be desirable to improve
constructability.

8. An elastic analysis was performed to develop design
moments and stresses, where time-dependent losses
were estimated as a lump-sum value. A time-dependent
analysis (TDA) substantially increases the design effort
and complexity. This level of complexity has prevented
some owners and designers from using this technology.
One way to get around this is use a dead-load envelope
(i.e., design for both full continuity and simply sup-
ported conditions of the dead load). This envelope
could be used in place of the full TDA. Obviously,
more efficient designs could result by performing a
TDA, but using an envelope could allow for a more
widespread use of this technology. 

STAGE 2 P/T 

PRETENSION 

STAGE 1 P/T 

Figure 33. Design Example 2: construction sequence.
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9. Post-tensioning should be designed with standard hard-
ware in mind. 

3.2.4 Design Example 3—
Continuous Three-Span Girder

The third design example, the most complex of the three,
addresses a three-span bridge. A half-elevation of the bridge
is shown in Figure 34 with typical sections shown in Fig-
ures 35 and 36. This type of structure has most often been used
for crossings over navigable waterways, but can be used for
any multi-span crossing where spans are greater than can be
achieved using a constant depth cross section. The concepts of
the example can also be extended for use on bridges with more
than three spans. Details of the construction sequence are sum-
marized in Figure 37.
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Details of this design example include the following: 

• There were three spans, with equal end spans (symmet-
rical about the center of the bridge).

• There were 78- and 90-inch-deep Florida-modified bulb-
tees with a 9-inch web, haunched to 15-feet deep at the
interior piers

• The five girder segments are each pretensioned.
• The girder segments are erected on permanent piers,

temporary towers, and strongbacks.
• Splices between girders are cast after the girder segments

are erected.
• Four post-tensioning tendons are used with two tendons

with twelve 0.6-inch-diameter strands and two tendons
with fifteen 0.6-inch-diameter strands.

• After splicing, first-stage post-tensioning tendons are
stressed.

• The deck is cast on the continuous spliced girders.

      END SEGMENT   PIER SEGMENT DROP-IN SEGMENT

These dimensions are set. Other 
dimensions shown have been 
determined through optimization. 

Figure 34. Design Example 3: half elevation of bridge girder layout.

 END SEGMENT  DROP-IN SEGMENT 

Figure 35. Design Example 3: typical section at positive moment locations
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• Second-stage post-tensioning tendons are stressed after
the deck concrete is placed.

• Post-tensioning tendon anchorages are located in end
blocks at the end of each girder.

• Design was performed using a commercial software pro-
gram that employed time-dependent analysis, including
the effects of creep and shrinkage of concrete.

Several special issues or features that were encountered
during the development of this design example are discussed
in the following.

Despite meeting service limit state requirements, the design
of the bridge girders was governed by live load deflection lim-
its and the strength limit state. To address the live load deflec-
tions, the depth of the pier girder segments was increased from
12 feet 6 inches to 15 feet 0 inches. To improve the strength
of the girder at the interior pier, the depth of the bottom
flange was made to vary along the length of the girder seg-
ment so that it was slightly deeper at the interior pier in order
to provide an increased compression area that could handle
the negative moments (Figure 38). The drop-in girder seg-
ments were initially assumed to be the same cross sections as
the end girder segments (78 inches deep), but the live load
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deflection at the center of the bridge exceeded the optional
limit specified by the LRFD Specifications (Table 13). The
depth of the drop-in girder segment was increased to 90 inches
to bring the deflection of the structure within the allowable
limit (Figure 39). 

In order to minimize the amount of build-up required and
to better match the girder profile to the roadway profile, the
bearing elevations at the interior piers and temporary sup-
port towers were adjusted. The bearing elevations at the
temporary support towers were lowered by 0.5 inches while
the bearing elevations at the interior piers were raised 0.5
inches (Figure 40). A major reason for the correction is the
nearly 1-inch downward deflection of the tip of the pier
girder segment when the drop-in girder segment is placed.

Calculations using the LRFD equations for nominal flex-
ural resistance indicated that the section was over-reinforced
in the negative moment regions (c/d > 0.42). Although over-
reinforcement is allowed for prestressed sections, meeting the
demand requirements could be difficult and may control the
design. Prior to increasing the dimensions of the concrete sec-
tions to meet these criteria, the designer should consider alter-
natives such as adding mild reinforcement in the compression
flange. In some cases, the amount of mild reinforcement

HALF SECTION AT INTERIOR PIERS    HALF SECTION AT SPLICE LOCATIONS 

Figure 36. Design Example 3: sections at critical locations.
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required in the compression flange can hinder constructabil-
ity, and the designer should consider modifying the compres-
sion flange.

Pre-tensioned strands were added to the drop-in girder
segment to increase the camber and improve the final girder
profile.

Under full dead loads, the deck remained in compression,
except at the ends of the bridge where the prestress effect
was apparently reduced because of the end blocks. Under
full service loads with live load, the deck only went into
tension at the splice locations. Therefore, the goal of pro-
viding a deck that is always in compression (longitudinally)
or is subject to only a minor tension under service loads was
achieved.
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Post-tensioning tendons for both stages were stressed from
both ends of the bridge. Stressing from one end was investi-
gated, but this approach did not provide an acceptable tendon
force along the bridge.

Because of the long spans and deep girder segments, the
weight of the girder segments ranged from 109 to 121 tons.
These weights significantly exceed typical weight restrictions
for highways, so these girder segments would have to be
shipped by barge to the job site. Special lifting equipment
might be required to place the girder segments.

Before using a software package for design, the designer
must understand the methodology behind the analysis per-
formed by the software and the proper method of constructing
a model. This may require communicating with the technical

Erect Piers and Temporary Supports 
Erect Pier Girder Segments [Stage 1] 

Erect End Girder Segments [Stage 1] 

Cast Deck Slab [Stage 4] 
Stress Stage 2 Tendons [Stage 5] 

Cast Splices [Stage 2] 
Stress Stage 1 Tendons [Stage 3] 

Erect Drop-in Girder Segments [Stage 1] 

Cast Barriers/Parapets [Stage 6] 
Open Bridge to Traffic [Stage 7] 

Sym. about 
Center of 
Bridge 

Figure 37. Design Example 3: construction sequence.
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support for the software or seeking the advice of a person
familiar with that particular package. Details of the results
should be carefully reviewed to satisfy the designer that the
software is performing the analysis and design properly.

3.3 PROPOSED REVISIONS TO 
THE AASHTO LRFD SPECIFICATIONS

A major goal for this research project was to develop pro-
posed revisions to the AASHTO LRFD Bridge Design Spec-
ifications where needed to allow, facilitate, or clarify the use
of extended spans for precast prestressed concrete bridge
girders. To fulfill this project goal, the Specifications were
reviewed to identify provisions that need revision. The review
revealed that the most significant issues were related to the
refinement of the Specifications for the design of spliced gird-
ers. Significant revisions do not appear necessary to imple-
ment strategies for extending span ranges other than the splic-
ing of girders. Therefore, proposed revisions were prepared
to clarify the applicable provisions for spliced girder con-
struction and to improve the organization of the provisions
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that apply to spliced girder construction. Few new provisions
were introduced in the proposed revisions. Additional revi-
sions are needed to refine the specifications for use with
spliced girder bridges.

The proposed revisions are presented in Appendix E1
using the same format as the LRFD Specifications, including
a column for commentary. The proposed revisions are pre-
sented in two formats: one with revisions marked using stan-
dard typographical conventions to indicate areas of change
and the second with revisions incorporated to present the
intended form and content of the revised Specifications.

The most important issue identified to improve the Speci-
fications for application to spliced girder design is to clarify
the distinction between spliced girder and segmental con-
struction. Revision of the Specifications in this area is essen-
tial so that designers can easily find and interpret the require-
ments that apply to spliced girder construction. The most
reasonable approach to making the distinction was to treat
spliced girder bridges as conventional prestressed concrete
girder bridges with additional design requirements for the
splice locations where some provisions related to segmental
construction are applicable. This distinction prevents the

Figure 38. Cross sections of pier girder segments.

TABLE 13 Live load deflections and limits

Maximum  
Live Load  
Deflections 

Initial Design 

Maximum  
Live Load  
Deflection 

Final Design 

Allowable  
Live Load  
Deflection Span 

(in.) (in.) (in.) 

  Exterior Span 3.7 3.16 3.15 

  Interior Span 5.2 4.00 4.20 
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unnecessary and inappropriate application of requirements
for segmental construction, which appear to be intended for
short-segment cast-in-place or match-cast box girder bridges,
to spliced girder bridges. Revisions have been worded to pre-
serve as much flexibility in design options as possible to allow
cases in which the boundaries between spliced girder and seg-
mental construction, and other concepts, may be blurred.

Definitions have been proposed for the LRFD Specifica-
tions to clarify the distinction between the two types of con-
struction. The definition for “Spliced Precast Girder” is only
intended to apply to superstructure elements, while the defi-
nition for “Segmental Construction” is intended to be more
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general, applying to superstructure and other types of ele-
ments. The definition of “Segmental Construction” is pro-
posed to replace the definition of “Segmental Components”
currently appearing in Article 5.2. 

• Spliced Precast Girder—A type of superstructure in
which precast concrete beam-type elements are joined
longitudinally, typically using post-tensioning, to form
the completed girder. The bridge cross section is typically
a conventional structure in which multiple precast girders
support a cast-in-place concrete composite deck. This
type of construction is not considered to be segmental
construction for the purposes of these Specifications.

• Segmental Construction—The fabrication and erection
of a structural element (superstructure and/or substruc-
ture) using individual elements, which may be either pre-
cast or cast-in-place. The completed structural element
acts as a monolithic unit under some or all design loads.
Post-tensioning typically is used to connect the individ-
ual elements. For superstructures, the individual elements
are typically short (with respect to the span length), box-
shaped segments with monolithic flanges that comprise
the full width of the structure. 

The major points of the proposed revisions may be sum-
marized as follows: 

• Article 5.14.1.3, Spliced Precast Girders, has been added
to address the detailing and design of spliced girder
bridges specifically. This new article contains provisions
from Article 5.14.1.2.6, Transverse Construction Joints,
and some appropriate provisions related to spliced girder
construction from Article 5.14.2, Segmental Construc-
tion. Additional information from other articles in the
Specifications and other sources has also been added. 

Figure 39. Cross sections of end girder and drop-in
girder segments.
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Figure 40. Final design—deflection of girder segments at erection (adjusted).
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• Article 5.14.2.4.7, Precast Segmental Beam Bridges,
has been deleted, with its contents distributed to the new
Article 5.14.1.3 as appropriate.

• The provisions of Article 5.14.1.2.7, which address pre-
cast girders made continuous, have been moved to a new
Article 5.14.1.4, Simple Span Precast Girders Made Con-
tinuous. The introduction to the article has been revised
to reflect the intent of this type of construction more
clearly, limiting it to simple-span construction with clo-
sure joints at interior piers and to coordinate its require-
ments with the new section on spliced precast girders.
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• Article 5.14.1.2.8, Longitudinal Construction Joints,
has been moved to Article 5.14.4.3.3d, which is a sub-
article related to precast slab bridges. 

• With the addition of Articles 5.14.1.3 and 5.14.1.4, cur-
rent Article 5.14.1.3, Cast-in-Place Girders and Box and
T-Beams, must be renumbered as Article 5.14.1.5.

• Several other articles have been revised to address addi-
tional issues and concerns. Some others have been
included for comment or to note ongoing revision activ-
ity by the AASHTO Subcommittee on Bridges and Struc-
tures Technical Committee for Concrete Structures, T-10.
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CHAPTER 4

CONCLUSIONS AND SUGGESTED RESEARCH

4.1 CONCLUSIONS

4.1.1 General Conclusions

The objective of this research project was to identify options
and provide resources that would encourage the use of longer
spans for precast prestressed concrete girders. The research
has focused on spliced girder technology because it has the
greatest potential for increasing the span ranges of precast
prestressed concrete girders. 

This research has fulfilled the objective of the research
by bringing together into a single report the full range of
information required for designing and constructing precast
prestressed concrete girders with extended spans, including
spliced girder bridges. This report has demonstrated that this
assembled information can be applied to design a wide range
of applications from single spans to multiple spans, from urban
interchanges to remote highways. This report reflects the expe-
rience and recommendations of a team of experts having
extensive experience in the design, fabrication, and construc-
tion of different types of spliced girder bridges in different
parts of the country. The report also includes significant con-
tributions from other experts in this type of construction from
across the country and Canada.

Much of the information compiled in this report has not
been previously available. Without this information, the use
of extended-span and spliced girder technology has been lim-
ited in many areas, which denies owners and the public the
benefits of spliced girder construction. However, the success-
ful implementation of the products of this research can be
expected to result in an increase in the number of projects
designed using longer-span precast prestressed concrete gird-
ers and spliced girders, especially in states or regions where
they have not been previously used.

The use of the technology presented in this report will result
in extending the spans achievable by precast prestressed con-
crete girder structures, meeting the needs of longer spans that
are more frequently being required for safety, aesthetic, envi-
ronmental, and economic reasons. Furthermore, with longer
spans from precast prestressed concrete girder bridges, the
economy of long-span bridges will be improved by increased
competition between different types of long-span structures.

The design and construction recommendations provided by
this research project will be useful to owners, designers, fabri-

cators, and contractors (1) to learn how to use spliced girder
technology or (2) to improve their current understanding of
spliced girder technology. Many aspects of design and con-
struction have been addressed to give a complete under-
standing of spliced girder technology.

4.1.2 Specific Conclusions

The following specific conclusions can be drawn from the
research performed as part of NCHRP Project 12-57:

• Spliced girder bridges have a proven track record, with
more than 250 spliced girder bridges having been con-
structed, some of which were constructed as early as
1952, shortly after the first prestressed concrete bridge
in the United States was built.

• Various options are available for increasing the spans of
precast prestressed concrete bridge girders. These options
range from the enhancement of material and design
parameters to the addition of post-tensioning and splic-
ing of girders.

• For the specific conditions of the comparative design
study (Appendix B2), an increase in the maximum span
of up to 17 percent was achieved using a combination of
enhanced material properties, and an increase of 33 per-
cent was achieved using a decked bulb tee.

• Spliced girders can be successfully designed using the
existing AASHTO LRFD Specifications.

• The AASHTO LRFD Specifications should be revised to
clarify and improve their usefulness for spliced girder
bridges. An improved specification will facilitate the
application of the LRFD Specifications to the design of
spliced girder bridges.

• Design resources are available for design of spliced
girder bridges, including computer design programs. 

4.2 SUGGESTED RESEARCH

It appears that research to remove major obstacles to the
use of the various approaches to extending the span ranges of
precast prestressed concrete bridge girders is not urgently
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needed because most approaches to increasing span lengths
are extensions of current materials and procedures, rather than
introductions of new concepts or materials. The only signif-
icant exception to this appears to be decked bulb-tee girders,
where research is needed to develop and demonstrate a con-
nection between units that will allow the use of such girders
on primary roads. This research has already been approved
for FY 2004 as NCHRP Project 12-69, “Design and Con-
struction Guidelines for Long-Span Decked Precast, Pre-
stressed Concrete Girder Bridges.”

Research is needed in some areas to refine design proce-
dures or results of design requirements, such as the following:

• Continue review and revision of AASHTO LRFD Spec-
ifications to refine the Specifications for use with spliced
girder and other long-span girder bridges.

• Develop and/or evaluate alternatives to full deck removal
and replacement for extending the service life of bridge
decks.

• Perform a comparative design study of post-tensioned
bridges designed for full deck replacement, with and
without the deck in place when the post-tensioning
tendons are stressed. The goal of the research would be
to quantify any increased cost and decreased structural
efficiency that results from prohibiting the stressing 
of post-tensioning tendons on bridges with the deck 
in place.

• Develop design procedures and specifications for reduced
(or specified) density concrete, including evaluation of
prestress losses and long-term deflections.

• Develop and/or evaluate methods to estimate long-term
deflections (currently multipliers are used).

• Verify prestress losses, especially for long-span post-
tensioned members.

• Review methods for evaluating the effect of overweight
loads on roads and bridges leading to recommendations
that could result in more uniform hauling requirements
across the country.
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4.3 OTHER ACTION ITEMS

This study has identified several issues that are not mater-
ial or design related and would require cooperation from all
of the parties involved in the design and construction of
bridges to resolve. Many of these issues are covered in Appen-
dix F, so they will not be repeated here. 

It is also recognized that impediments to the implementa-
tion of spliced girder technology in areas where it is not cur-
rently used may include the following: 

• Reluctance of owners to use technology with which they
and their consultants, fabricators, and contractors are
unfamiliar;

• Reluctance of designers, fabricators, and contractors to
use technology with which they are unfamiliar;

• Reluctance of contractors to use technology that may
add risk, additional subcontractors, and other compli-
cating factors to a project;

• Limitations on transportation of girder segments, because
of weight or length, in the jurisdiction of the project or
in adjacent jurisdictions through which girder segments
must be transported;

• Reluctance of owners to use post-tensioned concrete
structures because of concerns regarding inspection of
ducts after grouting and for the life of the structure;

• Lack of availability of design tools (software);
• Concern about performance of spliced girders in extreme

events, such as earthquakes and vessel impact;
• Concern about availability of erection equipment for

large segments or use of temporary supports;
• Lack of cost-estimating data to allow appropriate com-

parisons of design alternatives; and
• Lack of clarity or restrictive provisions in the LRFD

Specifications addressing spliced girder technology.

These concerns have been addressed by this report. There-
fore, an aggressive implementation and distribution strategy
is recommended in order to fully realize the potential for the
technologies discussed in this report.
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C1-37 

Figures:

 

a) Constant Web Depth  

 
b) Varying Web Depth  

Figure C1-1:    Haunched Girder Segments  
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C1-38

Figure C1-2:    Combined Pretensioned Strands and Post-Tensioning Tendons  
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  C1 -39 

a) Elevation  

 b) Section B-B c) Section C-C  

d) Section E-E  

Figure C1-3:    Details of Stitched Splice   
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Figure C1-4:     Cast-in-Place Splice  

 

Figure C1-5:    Match-Cast Splice 

a) Lap Spliced Mild Reinforcement  b) Mechanically Spliced Mild
Reinforcement

 

a) Machined Bulkhead  b) Applying Compression Across Splice  
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Figure C1-6:    Examples of Temporary Shoring Towers 

Figure C1-7:    Details of Temporary Shoring Towers  
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a) Anchorage in End of Girder  

b) Anchorage in End and Top of Girder  

Figure C1-8:    Details of Anchorages in Girders (FDOT, 2002)  
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Figure C1-9:    Anchorage in Girder  

Figure C1-10:   Secondary Cast End Block in Girder  

a) Reinforcement in Anchorage b) Completed Anchorage

  a) Anchorage Reinforcement   b) Completed Anchorage
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C1 -44 

Figure C1-11:   Strongbacks  

Figure C1-12: Details of Strongback  

a) Installed on Girder Segment  b) After Erection and Splicing  
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C1-45

Figure C1-13:   Anchorage Protection (FDOT, 2002)   
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Single Span Spliced PCI BT-96 Girder  Design Example 1 

  D1-2 

The number of girders in the typical section was optimized during the preliminary design
process. 

This design example demonstrates the design of an interior girder. Design of an exterior girder
would be similar except for loads. For this bridge, the design of the interior girder governs.

 

 
Figure 2-1 Elevation – Girder Erection – Initial Design 

 1'–4"

 43'–6"

 44' – 4"  44' – 4"109' – 10"

198' – 6"

90° (Typ.)

 43'–6"
End of
Girder

 1'–4"

 55'–2"

1'–2"
Splice

1'–2"
Splice

1'–2"
Splice

1'–2"
Splice

90'–0"

200'–0"

202'–8"

55'–2"

108'–8"

195'–4"

198'–0"

CL Bearing

CL Bearing

CL Bearing

CL Bearing

CL Bridge

CL Bridge

CL Bridge

CL Splice &
CL Temporary
Tower (Typ.)

CL Splice &
CL Temporary
Tower (Typ.)

CL Temporary Pier &
CL Splice (Typ.)

CL Exp. Jt.
(Typ.)

End of
Girder

 1'–4"

 1'–4"

End of
Girder

End of
Girder

 
Figure 2-2 Elevation – Girder Erection – Final Design 

 

 
Figure 2-3 Plan View of Bridge
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                       TYPICAL HALF SECTION                       HALF SECTION AT SPLICE 

Figure 2-4 Typical Section of Bridge 

3 DESIGN ASSUMPTIONS 
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D1-6

single piece. While this has been done, it requires either one or more very large cranes to
handle the spliced girder, or a launching truss for supporting the girder as it crosses the feature
below. A third option is to make the splice prior to deck placement, but delay post-tensioning
until after the deck is placed. While these options were considered, the one used appears to be
the most efficient and reasonable for this situation. 

Placing the concrete in the splices and diaphragms during the placement of the deck concrete
requires consideration of the end rotations of the center girder segment as the deck concrete is
applied. Measures that can be taken to avoid possible distress at the splice includes placing
only a portion of the deck at one time (see Section 14.6) or significantly retarding the concrete
in the splice so that it remains plastic while the deck is placed on the center girder segment. 

Figure 3.1-1 Construction Sequence 

option is that the girders could be post-tensioned on the site and then lifted into place in a
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5.5.1 Service Limit State 

The following tables list service limit state moments for each component of the applied load.
Tables 5.5.1-1 and 2 contain both the moments on the individual girder segments and the
moments applied to the entire spliced girder. These moments are shown in Figure 5.5.1-1 to
illustrate the moments acting on the girder segments and those acting on the spliced girder.
The total service limit state moments are not given in the tables, but the total moment,
including the Service I live load moment is shown on Figure 5.5.1-1. 
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Figure 5.5.1-1 Service I Moments 
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6 PRESTRESS LAYOUT AND DATA 

6.1 PRETENSIONED STRANDS 
The number of pretensioned strands in the girder segments was selected to provide enough
prestress to maintain concrete stresses within stresses limits at release and when deck concrete
was placed. The net camber of the girder segments after the deck was placed was also
considered in setting the number of strands. 

All pretensioned strands are straight, since strands cannot be draped with post-tensioning ducts
occupying the web. No debonding is required.  Strands are placed in the bottom and top
flanges as shown in Figure 6.1-1. All strands are fully stressed to a force of 0.75 fpu or 31
kips. Four top strands were required for Girder Segment 2 to control tensile stresses near the
end of the beam. 

 

GIRDER SEGMENTS 1 AND 3 GIRDER SEGMENT 2 

Figure 6.1-1 Layout of Pretensioned Strands 

Table 6.1-1 Pretensioned Strand Data for Girder Segments 

Girder 
Segments  

No.   
Strands  Aps C.G. from Bottom 

Eccentricity
(Noncomposite Section) 

Eccentricity
(Composite Section) 

  (in2) (in.) (in.) (in.) 

1 & 3 10 2.170 20.40 28.07 48.84 

2 20 4.34 21.00 27.47 48.24 

 

6.2 POST-TENSIONING TENDONS 
The post-tensioning tendons are contained in ducts. The layout of the ducts is discussed
below, followed by the adjustment required to determine the location of the centroid of the
post-tensioning tendons based on the duct locations. 

End block and post-
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6.2.1.4 Final Duct Layout 

Initial duct locations were defined considering the original girder segment lengths.  As the
design was refined and the girder segment lengths and overall span were adjusted, the duct
layout was also adjusted.  The ducts were laid out so that all ducts would be straight as they
crossed the splice with at least 9 in. of straight duct at the end of the girder segments.  The
duct layout was also adjusted slightly to improve the agreement between the average tendon
profile and the parabolic tendon profile. 

The final duct layout is shown in Figure 6.2.1.4-1. 

Figure 6.2.1.4-1 Post-Tensioning Duct Layout – Elevation  

6.2.1.5 Details of Duct Layout 

Section views showing details of the tendon layout at ends of girders segments and at midspan
are presented in Figures 6.2.1.5-1 and 6.2.1.5-2.  It can be seen that the circular and parabolic
profiles are very closely approximated by the average of the profiles obtained using straight
segments of duct with short curves between. 

 

                 AT END                                               AT SPLICE 

Figure 6.2.1.5-1 Post-Tensioning Duct Layout - Sections- Girder Segments 1 and 3
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                    AT SPLICE                                              AT MIDSPAN 

Figure 6.2.1.5-2 Post-Tensioning Duct Layout -Sections- Girder Segments 2

6.2.2 Tendon Profile 

6.2.2.1 Determination of Tendon Profile 

The center of a post-tensioning tendon is offset by a distance, Z, from the center of the duct
when the tendon is curved.  This is caused by the bunching of the strands on one side of the
duct, as shown schematically in Figure 6.2.2.1-1.  For a 3.15 in. diameter duct with 12-0.6 in.
diameter strands, it is recommended that the offset between the center of duct and tendon (Z)
be taken as 0.625 in.  A different value is used from the 0.75 in. given in LRFD Figure
C5.9.1.6-1 for ducts with an outside diameter between 3 and 4 in. because the duct is slightly
undersized for the number of strands, which reduces the Z value. 

 

Figure 6.2.2.1-1 Offset between C.G. of Duct and C.G. of Tendon 

The location of the center of the tendon is computed for each duct assuming that the full value
of the offset, Z, is taken for the horizontal portion of the tendon, and that after the curve, the
offset reduces linearly from the full value to zero at the end of the girder.  An average
eccentricity is then computed for all tendons. The eccentricity of each tendon, with the
average eccentricity for all ducts are shown in Table 6.2.2.1-1. The eccentricity of the
parabolic tendon layout discussed in the next section is also shown. The eccentricity is
computed from the centroid of the composite section, since the post-tensioning is applied to
the composite section. 
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The profiles for each tendon and the average of all tendons are shown in Figure 6.2.2.1-2.
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Figure 6.2.2.1-2 Post-Tensioning Tendon Profiles 

The procedure for computing the average tendon eccentricity will be demonstrated for
midspan.  

g =  distance from bottom of girder to average tendon 

=  

( )

N

zg
N

i
i∑

=

+
1  

=  [(31⁄2 + 5⁄8 ) + (81⁄2 + 5⁄8 ) + (131⁄2 + 5⁄8 ) + (181⁄2 + 5⁄8 ) + (231⁄2 + 5⁄8 ) + (281⁄2 + 5⁄8 )]/6
=  16.625 in.  

e =  ybc – g 

=  69.24 – 16.625 

=  52.62 in. 
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Figure 6.2.2.2-1 Comparison of Average and Parabolic Tendon Profiles  

6.2.2.3 Post-Tensioning Tendon Information at Critical Locations 

The eccentricity of the average tendon profile is shown for critical locations in Table 6.2.2.3-1.

Table 6.2.2.3-1  Average Tendon Profile at Critical Locations 

Location C.G. from Bottom Eccentricity 

 (in.) (in.) 

End 55.4 13.8 

Center of Girder Segments 1 and 3  40.8 28.4 

Center of Splice 28.0 41.2 

Midspan 16.6 52.6 

  Note: Eccentricity is measured from centroid of composite  section 
 

Additional post-tensioning tendon information: 

• Number of 0.6 in. diameter strands in each tendon = 12 

• Number of tendons = 6 

• Total number of strands = 72 

• Total are of strands = 15.624 in2 
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arrangement of girder segments, adjustments would be computed separately for each tower,
and the correction would vary along the length of a center girder segment. 

Without any elevation adjustment, the camber after post-tensioning and placement of the
composite dead loads was only 0.02 in. upward (see Table 11.1-2, neglecting the elevation
adjustment).  With time, the bridge is expected to sag, with the final (long-term) deflection
estimated to be a downward sag of 2.12 in.  The bridge roadway profile was assumed to be a
level grade.   

Raising the bearing elevations at the temporary supports 1.00 in. changes each of the 
deflections mentioned above by that amount, resulting in a camber at midspan after post-
tensioning and placement of the composite dead loads of 1.02 in. upward and a final deflection
of 1.12 in. downward (as shown in Table 11.1-2).  This results in the profile of the bridge
being within about 1.00 in. (±) of the intended elevation at midspan for the life of the bridge.
Figure 11.1.2-1 shows the deflected shape of the bridge with and without an elevation
adjustment for two stages of construction. 
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Figure 11.1.2-1 Cambers with and without Elevation Adjustment 

The average of the deflections after placement of the composite dead loads and the final
condition is used as the design condition for setting deck slab elevations during construction.

11.1.3 Verification of Build-up 

Considering the average final deflection condition as the design condition for setting final
grade, the variation of the camber along the length of the girder is at most about 0.5 in.  This
verifies that assumed value of build-up of 2 in. is adequate to provide camber tolerance during
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The taper at the start of the end blocks is shown at a 2:1 slope to reduce the stress 
concentrations due to change in section.  A gradual transition is also recommended in LRFD
Art. C5.10.9.6.1. 

 

             END VIEW                                                         ELEVATION VIEW 

Figure 12.2.2-1 End Block Details
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Figure 12.2.2-2  Anchorage Detail 

12.2.3 Local Zone Design 

Reinforcement of the local zone, which is defined in LRFD Articles C5.10.9.2.3 and
5.10.9.7.1, is generally detailed by the post-tensioning supplier for a specific anchorage
device.  The bridge designer usually does not perform the design of this reinforcement but is
still responsible for ensuring that it meets the requirements of LRFD Article 5.10.9.7.

12.2.4 General Zone Design 

The general zone is defined in LRFD Article C5.10.9.2.1. The design and detailing of
reinforcement for the general zone is the responsibility of the bridge designer. Because a
detailed treatment of this subject cannot be adequately covered in this report, the reader is
urged to consult other references  (6, 7, 8) in addition to LRFD Article 5.10.9.3.

Design of the general zone includes the following three considerations, as described in LRFD
Article 5.10.9.3.2: 

1) Design of reinforcement to resist bursting forces in front of the anchorage device
(Note: This may also include a check of compression stresses ahead of the
anchorage device.) 

2) Design of reinforcement to resist spalling forces on the back face (or anchor face) of
the member. 

3) Design of reinforcement to resist longitudinal edge tension forces for eccentrically
loaded anchorage zones. 

CL Brg.

Encasement
Concrete
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These bars must be developed within the splice.  The required length to develop a hooked bar
is computed to be 11.2 in. for a #5 bar with f'c = 4.5 ksi (LRFD Art. 5.11.2.4).  Therefore, the
bars are detailed as projecting 12 in. from the end of the girder prior to a standard hook. 

 

 

                      Elevation                                                        End View 

Figure 13.1-1  Details of Reinforcement in Splice 

As required by LRFD Art. 5.14.1.2.6b, stirrups shall be provided in the splice with a spacing
not to exceed the least of the spacing in the adjacent girder segments. The same stirrup size
and detailing should be used. 

Reinforcement in the splice should be detailed so that access to splicing the post-tensioning
ducts will not be significantly restricted. 

13.2 DUCT SPLICING DETAIL 
The detail for splicing of the duct should be obtained from a supplier. The length of the
coupler and other duct splice details are important factors in determining the width of the
splice.   

The system recommended for this project is a split coupler that is placed over the ducts
projecting from the end of the girder segments. The coupler is then taped to seal the 
connection after being placed on the projecting ducts. The splice is 8 in. long. The ducts
should extend approximately 3 in. into the coupler, so they must project at least 6 in. from the
end of the girder segment. 
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  D2-1

1 INTRODUCTION 
The bridge in this example represents a structure carrying a multi-lane cross street over an
interstate.  An integral cap is used at the interior pier, which is an advantage for sites with
significant seismicity, as discussed in Section 11 of this example.  The second splice location
and asymmetrical girder segments in one span are included to represent a real-world condition
where maintenance of traffic requirements during construction limit placement of temporary
supports. The bridge is also skewed to illustrate another condition often found in bridges of
this type. The girders are spliced over the interior pier, where the segments terminate a short
distance (6 in.) beyond the face of the bent cap. 

An elastic design is presented to illustrate the effects of staging prestress and gravity load
applications. Prestress forces and compressive strength requirements are developed from this
analysis at service limit states.  Safety of the structure is evaluated at strength limit states.   

Shear design is presented to illustrate the effects of splicing on the shear response. Of
particular interest is the interface shear capacity at the bent caps. 

The emphasis of this example is on issues related to two-span spliced girder bridges, which
are not covered in Design Example 1.  In order to prevent repetition, this example does not
cover as much detail related to the basics of spliced girder design as Design Example 1.
Where applicable, appropriate sections of Design Example 1 will be referenced for further
details. 

2 DESCRIPTION OF BRIDGE 
As shown in Figure 2-1 and 2, the location of the existing traffic lanes and orientation of the
roadway improvements dictate splice layout, bent location and skew of the bridge. The new
structure must accommodate future widening of both the southbound and northbound lanes of
Route 78 to the east, thus resulting in unsymmetrical span lengths.   

 

Figure 2-1 Elevation 

As shown in Figure 2-3, the bridge is 70.0 ft wide with a constant cross-slope of 2%. The
girders are spaced at 14.0 ft on center and are set with the soffit parallel to the deck cross-
slope. This orientation allows the web widths and associated stirrups to have equal lengths,
thus simplifying girder segment construction. The girder segments terminate a short distance
into the cast-in-place bent cap and at the cast-in-place end diaphragms. This termination
allows the post-tension anchorages to be located in the cast-in-place diaphragms. Also, this
termination allows level bearing surfaces to be field constructed with greased galvanized
bearing pads that allow initial prestress shortening displacements without a significant amount
of temporary bracing. The bent cap is 9 in. deeper than the superstructure to improve
constructability and seismic performance.
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Figure 2-2 Plan View of Bridge

The two 7 ft circular columns supporting the bent cap are pinned at the footing in both the
longitudinal and transverse directions.  Ideally, this pin transfers column axial load and shear,
but no moment to the footing, and all lateral resistance is provided by frame action. The
primary benefit of using a flexural pin at the column base is the significantly reduced 
foundation size over a fixed base detail, because the footings do not have to resist the
overstrength moments due to plastic hinging. However, the superstructure and bent cap must
be designed to resist these plastic hinge moments. The structural design and detailing aspects
of developing these moments are the subject of Section 11.
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3 DESIGN ASSUMPTIONS
In this example, there are five segments per girder line. The center segment of Span 1 and all
of the segments in Span 2 are pretensioned. After transfer, the girder segments making up a
span are placed on falsework towers, as shown in Figure 3-1.

 

Figure 3-1 Construction Sequence 

Post-tensioning is applied in two stages. After casting the bent caps, the splices and end-
diaphragms, the girder segments are made continuous by applying the first stage of post-
tensioning to both the girders and the bent cap, where post-tensioning is first applied to the
bent cap and then the girders. This first stage of post-tensioning (Stage 1 P/T) resists moments
and forces developed from releasing the falsework towers, the fluid weight of the deck and
associated construction loads.  After application of Stage 1 P/T, the falsework towers are
removed completely (including the falsework for Bent 2) and the deck can be constructed
from the girders and bent caps.   

Second stage post-tensioning (Stage 2 P/T) is intended limit the tensile stress in the concrete
deck below cracking levels at negative bending regions over the bent. Therefore, the use of
gross section properties is correct. This post-tensioning is applied to both the superstructure
and bent cap after the deck has reached the specified strength and age requirements. In this
stage, post-tensioning of the bent cap can occur either before, or after stressing the girders. 

The primary benefits of this construction staging are that the shoring towers only have to
support the weight of the girders, and the deck remains crack free under service loading.
These advantages are at the cost of an additional construction step of applying post-tensioning
twice to the structure. A discussion on alternative construction staging is presented in Section 13.

3.1 
CONSTRUCTION SCHEDULE

Table 3.1-1 lists the assumed construction schedule used for this example, with the age in
days representing an average age for all girders in the bridge.

 

PRETENSION 

STAGE 1 P/T 

STAGE 2 P/T

C.G. Pretension
Strands

CIP Splice

Stage 2 P/TBent cap P/T Anchorages

Stage 1 P/T
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Figure 4.3-1 Post-Tensioning Duct Layout

It is assumed that standard flare forms for U-beam girders are available with the 12 ft flare
starting and ending normal to the girder centerline. Hence, because of the skew, the flare for
each web within the girder have unequal lengths, as shown in Figure 4.3-2. This figure also
shows that the acute corner of the girder has been eliminated, as this corner typically spalls off
during transfer of the pretension force. To further simplify the bulkhead forms, both webs
terminate normal to the girder centerline, and the skew is taken up in the soffit.

Figure 4.3-2  Girder End-Diaphragm Detail

4.4 DIAPHRAGMS
In an effort to minimize girder segment lengths, the precast girder segments extend a short
distance (6 in.) into the end diaphragms, as shown in Figure 4.4-1. This configuration
requires post-tensioning anchorages to be located in cast-in-place end diaphragms, which has
the primary benefit of not requiring flares or anchorage reinforcement in the girder webs.
Further, the cast-in-place diaphragms allow for casting of a level bearing surface for the
elastomeric pads, considering the soffit cross-slope and roadway profile and skew. Also, the
end-diaphragms provide stability for the girders during stressing.

3'–0"

6" Embedment

6" Embedment

#5 Stirrup Typ.

(a)  Midspan (b)  Face of Bent Cap (c)  Face of End Diaphragm

8" web

5"

1'–2"

Stage 2 P/T

Stage 2 P/T Ducts

Stage 1 P/T Ducts

Stage 1 P/T

CL Stage 2 P/T

CL Stage 1 P/T

CL Girder

31
4" Diameter

Ducts Tot. 4

Prestress
Blockout

Prestress
Blockouts

Bearing
Pads Typ.

13
4" Clear

Spacing

Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Two-Span Spliced U-Beam Girder Design Example 2

D2-12

-6,000

-4,000

-2,000

0

2,000

4,000

6,000

0 50 100 150 200 250 300

Girder segment

Falsework release

Deck fluid weight

Figure 5.5-1 Dead Load Moments on Non-Composite Section

Live load moments for one lane of traffic are shown in Figure 5.5-2. For comparison
purposes, the HL-93 loading used for this example is plotted with an HS-20 live load lane
using the AASHTO Standard Specifications for Highway Bridges (10). As shown, there is a
considerable difference between the two Specifications. For positive bending, the HL-93
moments are 70% greater than the HS-20 moments, and for negative bending, the moments
are 50% greater. 

Figure 5.5-2 Live Load Moments
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Figure 6.2-1  Prestressing Steel Estimating Chart from [3]

Arrangement of these prestress ducts is shown in Figure 4.3-1 at two locations.  At midspan,
the ducts are stacked along the web centerline, and the clearance between the ducts is 1.75 in.,
which exceeds the minimum requirements of LRFD Article 5.10.3.3. The lower two ducts are
for Stage 1 P/T and the upper two are for Stage 2 P/T.
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Figure 6.2-2 Prestress Layout

7 PRESTRESS FORCES AND MOMENTS
Prestress losses for both pretension and post-tension tendons are calculated using simplified
long-term loss tables in the LRFD.  Short-term losses including elastic shortening, friction and
anchor set are calculated in this section. Verification of the elastic shortening losses is
provided in Section 8.   

Prestress losses including friction and anchor set are calculated using the assumed stress
profile shown in Figure 7-1. Each tendon is divided into three sections per span and the
losses are assumed to be linear within these sections. Friction and anchor set losses vary along
the tendon length, while the elastic shortening and long term losses are assumed to be constant
along the tendon length.  
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Figure 7-1 Post-Tensioning Tendon Stress Profile for Span 1 

7.1 FRICTION AND ANCHOR SET
Friction loss is calculated along the length of the bridge with a friction coefficient µ = 0.2 and
wobble factor k = 0.0002 per foot of tendon length. Friction values are calculated at the low
point, the inflection point and the high point of both spans. These values are shown in Table
7.1-1. The angle change is cumulative of the total angle change within the bridge. As shown
in Figure 7-1, the angle change can be approximated for small angles as the vertical distance
between points divided by half of the cable segment length (i.e. αBC = 2∆YBC/LBC).

The total displacement of the strand associated with seating of the anchors is 0.375 in. For
both tendons, the length of the anchor set loss exceeds the distance to the first control point.
The release of prestress to set the wedges in the anchor plate is assumed to have the same
friction loss as the initial stressing profile (i.e., fA' -  fB' = fB - fA). The total shaded region AF

divided by the modulus of elasticity of the strand is equal to the anchor set displacement. This
area can be calculated using the following: 

( ) )LX)(ff2(L)ff(Xf12A ABXBABBAXF −−−−−−−=  Eq. 7.1-1

where 

( )( )
BC

CBAB
BX L

ffLX
ff

−−
−=  Eq. 7.1-2

The only unknown in this equation is X, or the length of influence the anchor set has on the
prestress profile. Through trial and error, X is calculated and the initial stress profile is
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Figure 7.4-1 Node Layout and Coordinates

Calculation of the prestress secondary moments is illustrated in Figure 7.4-2 and the tabulated
moment areas are listed in Table 7.4-1. In this Figure, prestress moments for Span 1 are
shown with only friction and anchor set losses. The simple-span moments (also referred to as
primary moments) are the prestress eccentricity multiplied by the jacking stress including
friction and anchor set loss. The first moment of area of the simple-span moment curve about
Node 1 (total of Column 8 in Table 7.4-1) divided by the span length is the free rotation of
Span 1. A similar procedure is performed for Span 2.  
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Figure 7.4-2  Stage 2 P/T Moment Profile for Span 1

The sum of the free rotations at Bent 2 is multiplied by the stiffness to get the secondary
moment at Bent 2. This total stiffness is calculated using the following: 
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Table 8.1.1-1 Pretension Calculations with Losses @ Day 60

Combined Stress 
Girder 

Segment 
Length Moment 

No. of        
0.6 in. 

Diameter 
Strands  

Top Bottom 

Flange 
Rebar 

 (ft) (k-ft)  (psi) (psi) (in2) 

1 46.5  698 0 342 -278 3.48 

2 64.5  1,343 4 566 -284 3.40 

3 45.5  668 0 328 -267 3.33 

4 71.5  1,651 5 694 -344 4.11 

5 71.5  1,651 5 694 -344 4.11 

* Moments include 1.5 impact factor 

8.1.2 Stage 1 P/T, Falsework Release and Deck Pour 

The construction schedule shown in Table 3.1-1 indicates Stage 1 P/T is applied at Day 60
and Stage 2 P/T is applied at Day 90. Within that interval, the falsework is released and the
deck is poured. Therefore, Stage 1 P/T counters tensile stresses induced by these action
including prestress losses to Day 90.  The jacking force (PJack) is determined by trail and error
and is equal to 2,300 kip. The jacking force is assumed, and the associated stresses are
checked to verify if they are within allowable limits. 
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Figure 8.1.2-1  Girder Stress Immediately After Deck Pour

The combined stress profile of Figure 8.1.2-1 shows the point of maximum tension, which is
the controlling location for prestress, is the top fiber at the face of bent cap in Span 2. It
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Figure 8.1.3-1 Service III (D + P/S + 0.8L) Maximum Tension Stress at Service

Table 8.1.3-1 Prestress Force Summary 

Jacking Force 
Prestress 

(kips) 

Pretension 

Girder Segment 1 0 

Girder Segment 2 176 

Girder Segment 3 0 

Girder Segment 4 220 

Girder Segment 5 220 

Post-Tension 

 Stage 1 2300 

  Stage 2 1600 

The mild reinforcement required to pass into the bent cap is calculated as using the following
stress 

Top fiber stress (ft) = -255 psi

Bottom fiber stress (fb) = 1,464 psi

The depth of the tension zone at the top of the girder, dt, is computed as: 

79.9
)1255157(

)66(157
dt =

+
= in. 

b is conservatively assumed to be 17 in. 
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2t
s in71.0

2(30,000)

)17)(79.9(157

2(fy /2)

dbf
A ===

Three #5 rebar extending from the face of each web is sufficient to transfer that tension force
at this final service stage of loading.   

The compressive strength assumption must be verified based on the allowable stress for three
different load cases. The maximum compressive stress profile for the D + L + P/S load
combination shown in Figure 8.1.3-2, indicates that the top fiber of the girder at Node 4
(66.0 ft from Centerline of Abutment 1) controls the girder strength, and the deck compressive
stress is far less than the allowable of 3,000 psi.   
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Figure 8.1.3-2  Service I (D+P/S+L) Maximum Compressive Stress 

The maximum stress for the components within the bridge are listed in Table 8.1.3-2 along
with the corresponding required 28-day compressive strength. The underlined numbers
represent controlling load cases for that particular component, and the bottom line has the
required compressive strength based on these stresses.   

Table 8.1.3-2 Maximum Concrete Compressive Stress 

Load Case Girder Splice Bent Cap End Diaphragm  

 (psi) (psi) (psi) (psi) 

D + P/S 2,681 2,646 1,500 2,160 

D + P/S + L 3,364 3,278 2,460 2,167 
1⁄2(D + P/S) + L  2,028 1,951 1,715 1,090 

Required f'c 6,000 5,900 4,300 4,800 
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Table 10.1-1 Initial Midspan Segment Deflection after Transfer 

Segment L Pf  ∆ 

 (ft) (kip) (in.) 

1 44.0 0 -0.03 

2 62.0 162 -0.06 

3 43.0 0 -0.03 

4 69.0 202 -0.09 

5 69.0 202 -0.09 

Note: Positive is upward. 

10.1.2 Girder Deflections after Falsework Release

When Stage 1 P/T (1) is applied, the structure will lift off of the falsework supports within
each span, as shown in Profile (1) of Figure 10.1-1. Deflection at this load stage includes the
self weight of the girders. The total cumulative deflection profile immediately after the deck
pour (see Profile (2)) shows a relative downward deflection from the previous load interval to
the lowest point through out the loading history. This downward deflection is followed by a
net upward deflection from Stage 2 P/T [Profile (3)]. This deflection profile is from prestress
forces with no Long-Term losses. A combination of prestress losses and the addition of
superimposed dead load (SDL) brings the deflection to its final service condition [Profile (4)]. 
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Figure 10.1-1 Girder Deflection Profiles
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struts D2 and D3. The vertical and horizontal components of D2 are resisted by the vertical
and horizontal legs of the joint shear stirrups, respectively, while the horizontal component D3
is resisted by the column hoops.   

Figure 11.2-1 Joint Shear Force-Transfer Mechanism

There are several references (6, 7, 8) that offer prescriptive amounts of reinforcement required
for standard joint dimensions assuming circular columns with column reinforcement
extending to the top of the joint, and there are slight differences between them. The California
Department of Transportation recommends the following (6): 

For joint shear reinforcement resisting the horizontal and transverse components of D2, 

0.2AA SC
JV
S = 2  Eq. 11.2-3

0.1AA SC
JH
S = 0.1(112.5) = 11.3 in

= 0.2(112.5) = 22.5 in

= 2 Eq. 11.2-4

This reinforcement is required on each side of the bent cap and distributed over twice the
width of the column. 

To control cracking within the column core region, and to prevent buckling and assist in
providing bond transfer to the top of the superstructure longitudinal reinforcement, j-bars
should extend at least 2/3rds of the height of the bent cap.  

9.0)5.112(08.0A08.0A SC
barJ

S ===− in2  Eq. 11.2-5

The column hoop reinforcement ratio required in the joint region is calculated using the
following: 

2
a

SC
s

l

A
4.0=ρ = 0067.0

)5.81(

5.112
4.0 2 =   Eq. 11.2-6

However, it has been a general rule by Caltrans that the amount of transverse reinforcement in
the joint region should be equal to or greater than amount of transverse reinforcement in the
column.   

To prevent rebar buckling, it is suggested that: 

0.0002nS ≥ρ Eq. 11.2-7

where n is the number of bars.  Therefore, 

joint shear
stirrups

D3

Cc

Vc

Tc

Cb

Tc'

D2

D1 Tc' portion of column tension force clamped by D1.

Tc remaining column tension force clamped by D2
 and D3 assumed to be 25% of the total column
 longitudinal reinforcement.
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010.0)50(0002.0S =≥ρ   

The transverse reinforcement ratio is 

sD

A4

C

h
s =ρ    Eq. 11.2-8 

By rearranging terms, the spacing of the column hoops within the column core region can be
computed as 

00.4
)010.0)(0.79(

)79.0(4

D

A4
s

s

h ==
ρ

≤ in. Eq. 11.2-9

The joint shear reinforcement details are shown in Figure 11.2-2.

Figure 11.2-2 Bent Cap Joint Reinforcement Details 

11.3 BENT CAP TORSION 
As mentioned previously, the column plastic moment is resisted by the bent cap through
torsional mechanisms. The peak torque MoCG acts on a small section of bent cap between the
column and side of the adjacent girder. This section is too small to form a spiral crack around
the perimeter. Hence, a torsion-shear friction mechanism, as developed in reference (6) is
used to compute the resistance.  
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Figure 11.3-1 Torsion-Shear Friction Mechanism

The mechanism shown in Figure 11.3-1 can be described using the sand-heap analogy, where
the shear stress has a constant magnitude, or slope in the analogy. However, the section resists
not only torque from the plastic hinge but also, dead load shear acting vertically and the
column shear acting horizontally. This requires that the apex of the triangle be set of center.
The coordinates of this apex are located through trail and error. The spread sheet calculations
for developing the coordinates of the apex and the associate required axial load are shown in
Tables 11.3-1 and 11.3-2.

Table 11.3-1 Parameters for Torsion-Shear Friction Analysis

h (ft) 7.52 

b (ft) 9 

P (kip) 6000 

Xo (ft) 5.55 

Yo (ft) 2.93 

µ  1.4 

Table 11.3-2 Torsion-Shear Friction Analysis

Quad Area Force xi,yi Moment 

 (ft2) (k)  (k-ft) 

1 20.87 2590 2.65 6864 

2 20.66 2564 2.23 5717 

3 12.97 1610 3.35 5394 

4 13.19 1636 2.78 4555 

Total 67.68  Tn = 22528 

 Vv = 980   

 Vh = 927   

 

Sectional Force Equilibrium:
T = F1x1 + F2y2 + F3x3 + F4y4
VT = F1−F3, VL = F2−F4

Assumptions:

PG

VG

PG

VG

PG

A2
F2

XD

F4

F
1 F
3 h

Y
o

A1
A3

A4

x1 x3

y 4
y 2VG

VT

T

b

VL

VL
VT

P T

2. Quadrant forces proportional to normal force P and
 respective area (e.g. F4 = A4µP/A)

1. Shearing stress is constant over section
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D3-2

minimum of 5% of the compression force in the flange, similar to lateral bracing of a column.
After the deck slab has been cast and cured, the temporary diaphragms are removed.

If the bridge were on an alignment with horizontal curvature, permanent concrete intermediate
diaphragms at the closure pour locations may be required to resist “kinks” at the post-
tensioning tendons at those locations. However, experience with bridges constructed has
proven that permanent intermediate diaphragms are otherwise not required nor or beneficial
for stability or live load distribution.

The design example uses a center span (Span 2) length of 280 feet.  This is a fixed parameter
based on the required horizontal clearance of the main pier locations. For a waterway 
crossing, the clearance is based on the minimum navigational channel width required by the
U.S. Coast Guard for the fender system and the offset of the centerline of piers from the fender
system. For other locations, the main span length may be determined by clearances needed
over a roadway corridor or a railroad right-of-way. Also, the main span length may be
affected by the cost of foundations due to ship impact or extremely tall piers.

The end spans (Spans 1 and 3) used in the example are 210 feet each, or 0.75 of the main span.
Existing bridges of this type have used end spans ranging from about 0.70 to 0.85 of the main
span, the differences being due to end span pier location restrictions or preferences of the
designers. The ratio of 0.75 used is based on the researchers' personal experiences with this
type structure and on the culmination of research done for this report. The layout and cross-
sections of the five sections of concrete girder to create the three-span continuous unit are
shown in Figures 2-1, 2-2 and 2-3.

                           END SEGMENT                             PIER SEGMENT DROP-IN SEGMENT

Figure 2-1 Half Elevation of Bridge Girder Layout

  

These dimensions are set. Other
dimensions shown have been
determined through optimization. Unit Symmetrical

about CL
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E

F
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          HALF SECTION AT END SEGMENT HALF SECTION AT DROP-IN SEGMENT

Figure 2-2 Typical Section for Constant Depth Girders 

       HALF SECTION AT INTERIOR PIERS           HALF SECTION AT SPLICE LOCATIONS 

Figure 2-3 Sections at Critical Locations 
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5.4 SECTION PROPERTIES

5.4.1 Noncomposite Section (Girder only) 

Table 5.5.1-1 Section Properties of Florida 78 in. Bulb Tee with Variable Web Depth

Section Depth Area 
Moment of   

Inertia Yb Yt Sb St 

 (in.) (in2) (in4) (in.) (in.) (in3) (in3) 

BT-78 78 1,261 1,014,899 40.21 37.79 25,237 26,859 

BT-84 84 1,315 1,223,135 43.19 40.81 28,317 29,974 
BT-90 90 1,369 1,455,041 46.18 43.82 31,511 33,201 

BT-96 96 1,423 1,711,587 49.16 46.84 34,818 36,540 
BT-102 102 1,477 1,993,747 52.14 49.86 38,237 39,989 
BT-108 108 1,531 2,302,492 55.13 52.87 41,767 43,548 
BT-114 114 1,585 2,638,794 58.11 55.89 45,407 47,217 

BT-120 120 1,639 3,003,626 61.10 58.90 49,159 50,996 
BT-126 126 1,693 3,397,960 64.09 61.91 53,020 54,884 
BT-132 132 1,747 3,822,766 67.08 64.92 56,990 58,882 
BT-138 138 1,801 4,279,019 70.07 67.93 61,071 62,989 

BT-144 144 1,855 4,767,689 73.06 70.94 65,260 67,204 
BT-150 150 1,909 5,289,749 76.05 73.95 69,559 71,529 
BT-156 156 1,963 5,846,170 79.04 76.96 73,966 75,962 

BT-162 162 2,017 6,437,925 82.03 79.97 78,483 80,504 
BT-168 168 2,071 7,065,986 85.02 82.98 83,108 85,155 
BT-174 174 2,125 7,731,324 88.01 85.99 87,842 89,914 
BT-180 180 2,179 8,434,913 91.01 88.99 92,684 94,782 

Section properties of the precast prestressed girders may be required as input data to the
computer program being used in design.   

                      OTHER LOCATIONS                                      AT ANCHORAGES

Figure 5.4.1-1 Cross Sections of End Girder and Drop-in Girder Segments
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                              AT SPLICE                                                    AT PIER

Figure 5.4.1-2 Cross Sections of Pier Girder Segments

The height of the bottom flange varies in the pier girder segment to provide an increased 
compression zone at the pier for design at the strength limit state. 

5.4.2 Composite Section (Girder with Deck Slab)

The composite deck slab is transformed using the modular ratio, n, for computing stresses at
the service limit state. Composite section properties are calculated by the computer program
being used in design. 

The build-up is not considered in computing these section properties (see Section 3.2). 

5.5 DESIGN MOMENTS
The following sections present the computed design moments along the span for service and
strength limit states.  

5.5.1 Service Limit State

The following figures show service limit state moments for several of the construction stages.
The moments due to self weight of the spliced girder and additional dead loads applied to the
structure are shown in Figure 5.5.1-1. The moments due to the HL-93 live load, as computed
by the computer program, are shown in Figure 5.5.1-2. The total service limit state moments
are shown in Figure 5.5.1-3 for Stages 7 and 9.
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                   AT ANCHORAGE                                                          MIDSPAN

Figure 6.1-1 Prestress Layout for End Girder Segments

                END GIRDER SEGMENT                                  PIER GIRDER SEGMENT

Figure 6.1-2 Prestress Layout for Girder Segments at Splices in Spans 1 and 3
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                            AT PIER                                                    

Figure 6.1-3  Prestress Layout for Pier Girder Segments 

AT SPLICE IN SPAN 2 

7'
–6

"

1'
–3

"

2'–6"

5'–2"5'–2"

15
'–

0"

8'
–9

"

3 
S

pa
.

@
 6

"

3 
S

pa
.

@
 6

"

28–0.6" Dia.
LR Strands Stressed

To 43,950# Ea.

10–0.6" Dia. LR Strands
Stressed To 43,950# Ea.

TENDON 1
TENDON 2

TENDON 3

TENDON 4

TENDON 1
TENDON 2

TENDON 3

TENDON 4

2
1 2"

13
'–

3
1 2"

3'
–4

16
"

13
2'

–7
16

"
3

4 
S

pa
.

@
 2

"

4 
S

pa
.

@
 2

"
9"

9"

2'–6"

Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Continuous Three Span Girder Design Example 3

D3-23

                        AT SPLICE                                                               MIDSPAN

Figure 6.1-4 Prestress Layout for Drop-in Girder Segments

6.2 POST-TENSIONING TENDON LAYOUT 
Post-tensioning tendons in this girder are designed to provide the prestress required to resist
the live load and the dead load. Section views showing details of the tendon layout at ends of
girders segments and at midspan are presented in Figures 6.1-1 to 6.1-4.  The tendon profile is
shown in Figure 6.2-1. The layout shown is the tendon layout used for analysis. An
adjustment is required to determine the duct layout. See Section 6.2.1 for a brief discussion of
the adjustment. 
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Figure 6.2-1 Post-Tensioning Tendon Layout

Figure 6.2.1-1 Offset between C.G. of Duct and C.G. of Tendon

6.2.1 Determination of Duct Profile
The center of a post-tensioning tendon is offset by a distance, Z, from the center of the duct
when the tendon is curved. This is caused by the bunching of the strands on one side of the
duct, as shown schematically in Figure 6.2.1-1.

The location of the center of the duct is computed for each tendon assuming that the full value
of the offset, Z, is taken for the extreme portions of the tendon layout, and a proportional
fraction of Z between the high and low points along the tendon layout. 
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7 PRESTRESS LOSSES AND EFFECTIVE PRESTRESS 
The estimation of prestress losses for the design of a spliced girder bridge is significantly
different from the design of typical pretensioned girders because prestressing is applied at

Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Continuous Three Span Girder Design Example 3

D3-25

three different times and in two different ways. A rigorous time-step approach is used by the
software to estimate losses. The results are discussed in the following sections.

7.1 LOSSES IN PRETENSIONED STRANDS 
Prestress losses in the pretensioned strands are computed according to the time step analysis
utilized by the software package. The effects of the staged post-tensioning are included in the
loss analysis for the pretensioned strands.  

The effective stress in the pretensioned strands along the spliced girder for selected load stages
is shown in Figure 7.1-1. The losses increase with time as is expected due to time dependent
losses such as creep and shrinkage. The only exception to the increase in prestress loss occurs
when the deck is cast. The additional dead load increases the stress in the pretensioned strands.
The effect of the transfer length is also clearly seen as the stress drops to zero at the end of
each girder segment. 
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Figure 7.1-1 Stress in Pretensioned Strands 

7.2 LOSSES IN POST-TENSIONING TENDONS 
The effective stresses in Tendons 1 and 3 are shown along the length of the spliced girder for
selected load stages in Figures 7.2-1 and 7.2-2, respectively. The stresses are only shown for
one tendon in each stage of post-tensioning to more clearly demonstrate the anchor set loss
and the effect of stressing the second tendon in a stage. Stresses are shown for intermediate
stages as tendons are stressed and anchored for each stage of post-tensioning. The significant
jump in the stress in tendons at each end of the continuous girder are apparently caused by the
change in cross-section properties at the end block. The increased section reduces both short
and long-term losses. 
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Figure 7.2-1 Stress in Tendon 1 
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Figure 7.2-2 Stress in Tendon 3
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7.2.1 Anchorage Set Loss

Friction and anchorage set losses are closely related. They are estimated using an iterative
process that continues by reducing the assumed temporary jacking stress, fpj, until all stress
limits are satisfied at the critical locations. 

Anchorage set loss is computed by estimating the loss that occurs when each strand pulls into
the anchorage at seating. This pull in reduces the stress at the anchorage and for a distance
that depends on the rate of friction loss in the tendon. The jacking stress was initially assumed
to be its maximum value, 218.7 ksi (see Table 7.2.1-1). It was then reduced until the stress
limit was satisfied at the stressing end anchorage, which was the location that governed this
design. The stress limits, critical locations, and the stresses after the final iteration are shown
in Table 7.2.1-1. The variation in tendon stress before and after anchorage set are shown in
Figure 7.2.1-1 for the final jacking stress.

Table 7.2.1-1 Limiting Anchorage Set Stresses

Location  or 
Condition  

Stress                                   
Limit 

Final         
Stress 

Description 

   (ksi) (ksi) 

1 0.90 fpy 218.7 202.5   Temporary Jacking Stress at Stressing End Anchorage 

2 0.70 fpu 189.0 188.5   Stress after Seating at Stressing End Anchorage 

3 0.74 fpu 199.8 195.5   Stress after Seating at End of Anchorage Set Loss  

Shaded cells  govern. 
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Figure 7.2.1-1 Stress in Tendon 1 Before and After Anchorage Set
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Figure 7.3-1 Effective Force in Pretensioned Strands – Stages 1, 7, and 9  
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Figure 7.3-3 Effective Force in Post-Tensioning Tendons 3 and 4 

8  DESIGN FOR FLEXURE
The design of this bridge for flexure is the focus of the design process. The process differs
from typical designs because of the combination of pretensioned strands and post-tensioning
tendons and the various stages of construction.  

The service limit state requirements for flexure govern the required prestress force during the
early stages. In the latter stages, flexural strength and deflection limits governed the prestress
force required. 

As noted in Section 1, due to the voluminous output generated by design programs for this
type of structure, the most important data has been transferred to a commonly used 
spreadsheet/chart generating program. The information contained in this section provides a
concise visual summary of the design quantities along the structure. 

Information is provided in this section for the majority of the stages of construction, which are
defined in Section 3.1 and summarized in Table 3.1-1.

8.1 SERVICE LIMIT STATE 
For the service limit state, concrete stresses in the girder segments and deck slab must remain
within specified stress limits for tension and compression. Therefore, for this bridge, as with
most pretensioned and post-tensioned concrete structures, providing adequate prestress force
to satisfy the specified stress limits is the first step in design.  

Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Continuous Three Span Girder  Design Example 3

D3-34 

-6.00

-5.00

-4.00

-3.00

-2.00

-1.00

0.00

1.00

0 50 100 150 200 250 300 350

Location from End (ft)

S
tr

es
s 

(k
si

)

Top of Girder
Bottom of Girder
Allowable Compression Girder
Allowable Tension Girder

Center of Pier

Center of Splice (Typ.)

Center of Bridge

Figure 8.1-1 Girder Stresses for Service I - Stage 1 [Girder Segment Erection]  
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Figure 8.1-2  Girder Stresses for Service I - Stage 3 [PT Stage 1] 
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Figure 8.1-3 Girder Stresses for Service I - Stage 4 [Deck Slab Cast]  
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Figure 8.1-4 Girder Stresses for Service I - Stage 5 [PT Stage 2]  
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Figure 8.1-5 Slab Stresses for Service I - Stage 5 [PT Stage 2]   
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Figure 8.1-6 Girder Stresses for Service I (DL + PS + LL) - Stage 7 [Bridge Open]
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Figure 8.1-7 Slab Stresses for Service I (DL + PS + LL) - Stage 7 [Bridge Open] 
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Figure 8.1-8 Girder Stresses for Service I (DL + PS ) - Stage 7 [Bridge Open] 
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Figure 8.1-9 Slab Stresses for Service I (DL + PS) - Stage 7 [Bridge Open] 
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Figure 8.1-10  Girder Stresses for Service I (0.5(DL + PS) + LL) - Stage 7 [Bridge Open] 
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Figure 8.1-11 Slab Stresses for Service I (0.5(DL + PS) + LL) - Stage 7 [Bridge Open] 
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Figure 8.1-12 Girder Stresses for Service III - Stage 7 [Bridge Open] 
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Figure 8.1-13 Slab Stresses for Service III- Stage 7 [Bridge Open]  
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Figure 8.1-14 Girder Stresses for Service I (DL + PS + LL) - Stage 9 [Service Life]
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Figure 8.1-15  Slab Stresses for Service I (DL + PS + LL) - Stage 9 [Service Life]
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Figure 8.1-16 Girder Stresses for Service I (DL + PS) - Stage 9 [Service Life] 
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Figure 8.1-17 Slab Stresses for Service I (DL + PS) - Stage 9 [Service Life] 
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Figure 8.1-18 Girder Stresses for Service I (0.5(DL + PS) + LL) - Stage 9 [Service Life] 
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Figure 8.1-19 Slab Stresses for Service I (0.5(DL + PS) + LL) - Stage 9 [Service Life]
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Figure 8.1-20 Girder Stresses for Service III- Stage 9 [Service Life]  
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Figure 8.2-1 Moment Capacity and Demand for Load Combination Strength I –  
Stage 7 

-60000

-40000

-20000

0

20000

40000

0 50 100 150 200 250 300 350

Location from End (ft)

M
om

en
t (

k-
ft)

Moment Capacity Required

Moment Capacity Provided

Center of Pier

Center of Splice (Typ.)

Center of Bridge

Figure 8.2-2 Moment Capacity and Demand for Load Combination Strength I –  
Stage 9 

Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Extending Span Ranges of Precast Prestressed Concrete Girders

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23375


Continuous Three Span Girder Design Example 3

D3-48

11.2 FINAL DESIGN

11.2.1 Dead Load Deflection

The dead load deflection of the final design improved over that of the initial design shown in
Figure 11.1-1. The dead load deflection of the bridge when first opened is 0.4 in. and at the
end of the service life is only 1.2 in. as shown in Figure 11.2.1.1-2. These deflection can be
accommodated by the build-up initially estimated for the design. However, it is preferable to
have camber when the bridge opens to traffic and at the end of the service life. This can be
achieved by adjusting bearing elevations at the permanent piers and the temporary support
towers. 

11.2.1.1 Unadjusted Dead Load Deflections

Figures 11.2.1.1-1 and 11.2.1.1-2 show the unadjusted dead load deflection of the bridge. The
first figure shows the deflections during the stages of the girder erection process used for this
design. The second figure shows the deflections at different stages of construction similar to
Figure 11.1-1.

-5

-4

-3

-2

-1

0

1

2

0 100 200 300 400 500 600 700

Location from End (ft)

D
ef

le
ct

io
n

 (
in

.)

Erect End Segments

Erect Drop-in Segment

Center of Pier (Typ.)Center of Splice (Typ.)

Figure 11.2.1.1-1 Final Design - Deflection of Girder Segments at Erection (Unadjusted)
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Figure 11.2.1.2-1 Final Design - Deflection of Girder Segments at Erection (Adjusted)
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Figure 12.3-1  Tensioning Both Ends vs. Left End Only (Stage 3) 
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APPENDIX A
The initial design of the bridge was very similar to that of the final design. The span
arrangement and dimensions were unchanged between the two designs. The differences 
between the initial design and the final design include: 

1. The drop-in segment of the initial design was a Florida Modified 78" BT.

2. The pier segments were 12'-6" deep with a constant bottom flange depth and equal
cross-section at the splices.

3. The concrete strength of the deck and splice were 0.5 ksi lower than in the final
design. 

4. The drop-in segment had 20 pretensioned strands instead of 30. 

5. The build-up height was initially assumed to be 1.5 in. 

The figures in this appendix demonstrate these differences when compared to the 
corresponding figures in the body of the design example as indicated in Table A-1.

Table A-1 Figure Reference

Final Design Initial Design 

Figure Page # Figure Page # 

2-1 D3-2 A-1 D3-57 

2-2 D3-3 A-2 D3-58 

2-3 D3-3 A-3 D3-58 

5.4.1-2 D3-15 A-4 D3-59 

6.1-3 D3-22 A-5 D3-59 

6.1-4 D3-23 A-6 D3-60 

Figure A-1 Initial Design – Half Elevation of Bridge Girder Layout

END SEGMENT                             PIER SEGMENT DROP-IN SEGMENT

These dimensions are set. Other
dimensions shown have been
determined through optimization.
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Figure A-2 Initial Design – Typical Section for Constant Depth Girders 
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Figure A-3 Initial Design – Sections at Critical Locations
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Continuous Three Span Girder Design Example 3

D3-59 

                              AT SPLICE                                                    AT PIER

Figure A-4 Initial Design – Cross Sections of Pier Girder Segments

                            AT PIER                                                    

Figure A-5 Initial Design – Prestress Layout for Pier Girder Segments
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Continuous Three Span Girder Design Example 3

D3-60

      AT SPLICE                                                               MIDSPAN

Figure A-6 Initial Design – Prestress Layout for Drop-in Girder Segments
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Abbreviations used without definitions in TRB publications:

AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
IEEE Institute of Electrical and Electronics Engineers
ITE Institute of Transportation Engineers
NCHRP National Cooperative Highway Research Program
NCTRP National Cooperative Transit Research and Development Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
SAE Society of Automotive Engineers
TCRP Transit Cooperative Research Program
TRB Transportation Research Board
U.S.DOT United States Department of Transportation
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