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ABSTRACT

Precast spliced girder bridges have been gaining popularity in recent years. Precast spliced
girders allow longer span lengths compared to that of conventional pretensioned girders and
are capable of accommodating structures with plan curvature. In addition, precast spliced
girder systems can provide economy by reducing construction time and impact to the
traveling public. WSDOT has recently developed standard drawings, design charts and
computer software to accommodate the use of spliced girdersin bridge structures.

Spliced tub girders have successfully been used in the HOV Direct Access Bridge over
Interstate 5 in Federal Way, Washington. Thiswas an innovative and unique application of
precast spliced girdersfor a Texas-T configuration with significant plan curvature. Bridges
with significant plan curvature are traditionally built with cast-in-place concrete box girders
or steel girders but this project demonstrated that precast spliced girders could successfully
be used for bridges with plan curvature. Features and capabilities of WSDOT computer
software for spliced girder design are also presented in this paper.
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I ntroduction

A spliced precast girder bridge is defined as atype of superstructure in which precast
concrete beam-type elements are joined longitudinally, typically using post-tensioning, to
form the compl ete girder. The resulting superstructure cross-section is a conventional beam-
and-slab system with a composite cast-in-place deck. Among the reasons to use spliced
girders are reductions in the number of substructure units resulting from increased span
lengths, reduction of girder units due to increased girder spacing, and functional and aesthetic
improvements by reducing superstructure depth.

Spliced girder bridges have a proven track record, with more than 250 spliced girder bridges
having been constructed in the United States, some of them dating back as early as 1952. In
spite of their past and continued use, the application of this technique is not widespread. A
significant reason for their limited use is the ambiguity in their design and analysis, rooted in
the consideration of various issues with which the designer of conventional precast
prestressed concrete girdersistypically not familiar. In addition, the information availablein
the literature regarding the design, analysis and construction of spliced girder bridgesis
limited, as the experience, information, and methods used on these projects have tended to be
job-specific, and the knowledge gained has not been made widely available for use on similar
projects. This situation is gradually improving.

While the design requirements for spliced girder bridges are not significantly different from
conventional prestressed concrete design, the analysis procedure must make additional
considerations. Among the most relevant of these considerations are construction stages,
multiple stressing stages, and combined effects of prestressing and post-tensioning. Thus, the
design of spliced girder bridges involves greater complexity than is required for conventional
precast/prestressed concrete girder designs. Designs are generally executed using a computer
program or a series of spreadsheets.

Precast prestressed spliced trapezoidal girders have successfully been used in the S. 317"
Street HOV Direct Access Bridge over Interstate 5 in Federal Way, Washington. Thiswas an
innovative and unique application of precast splice girdersfor aTexas-T bridge with
significant plan curvature. Bridges with significant plan curvature are traditionally built with
cast-in-place concrete box girders or steel girders. This project has demonstrated that precast
spliced girders can successfully be used for bridges with plan curvature.

To facilitate the design of single span spliced girder bridges, WSDOT has devel oped
standard drawings, design charts, and computer software. The design charts assist planners
in selecting appropriate spliced girder configurations when comparing alternatives. The
standard drawings greatly reduce the effort of plan preparation. The computer software
automates the detailed cal culations required for spliced girder design and analysis reducing
the overal design effort.



S. 317" Street HOV Direct Access Bridge

The S. 317" Street HOV Direct Access Bridge over Interstate 5 in Federal Way, Washington
isasingle span Texas-T style spliced girder structure with significant plan curvature. Bridges
of thistype are traditionally built with cast-in-place concrete box girders or curved steel
girders.

Figure 1 shows the subject structure crossing the southbound lanes of Interstate 5. In the final
configuration there are four lanes and a gore area beneath the structure. The curvature of the
structure can be seen in the right hand side of the image and the tight clearances are readily
apparent.

Figure 1 - Southbound I-5 at S. 317" Street, Looking North

Project Overview

The goal of this project was to create a “flyover stop” for regional mass-transit busses and
other HOV traffic that provides access to surface streets and alarge park and ride facility.
Tight right of way constraints forced the access points into the median between northbound
and southbound Interstate 5. The direct access structure spans four lanes of southbound
Interstate 5.

The structureis 128 feet in overal length. Four spliced trapezoidal tub girders, each
consisting of two precast segments of 35 ft and 88 ft in length, make up the main
superstructure. The segments were temporarily supported on a shoring tower until the
composite deck was placed, the 5 ft wide splices where constructed and the four 22 strand
tendons per girder were stressed. In this particular instance, an unusually wide splice was
used to match the size of atransverse diaphragm that distributes the reactions from curved
edge beams to the main girders.



The elevated T-intersection joins the main span to the interstate access ramps. Turning
movements of mass transit vehicles are accommodated by 50 ft radius flairs at the
intersections of the span and access ramps. Curved edge beams frame into the diaphragm at
the splice location and are supported on an abutment wall at the Eastern pier. This
configuration of straight precast girders with curved edge beams framing into the splice
provide the same plan configuration asis traditionally achieved with cast-in-place box
girders. The framing plan and typical section are shown in Appendix A.

Thetotal bridge cost was $2,286,264. The precast girders cost $347,300 and the post-
tensioning was $68,050.

Selection of Structure Type

Precast prestressed concrete bridges have become the preferred type of bridge construction,
primarily for reasons of economy, savingsin life-cycle costs and their rapid construction.
However, the use of precast/prestressed concrete bridges for longer spans has been limited
primarily due to transportation constraints. In order to overcome these drawbacks and to have
an alternative to compete with steel superstructures, methods to achieve greater span lengths
with precast/prestressed girders have become of great interest.

Spliced precast segments were better suited for this structure than conventional single piece
precast prestressed girders. An open trapezoidal tub section was chosen for aesthetic reasons.
A single piece girder of this type would weight in excess of 200 kips. WSDOT design criteria
states:

e All prestressed girders with shipping weights less than 155 kips are of a conventional
pre-tension design.

e All prestressed girders with shipping weights between 155 and 200 kips are of a
conventional pre-tensioned design with a post-tensioned spliced girder alternative.

e All prestressed girders with a shipping weight in excess of 200 kips are of a post-
tensioned spliced girder design.

In this particular application, the girder splice provides a convenient location to attach the
curve edge beams.

Design

The design of spliced girder bridges depends on several parameters that significantly
influence performance and cost. The most relevant are time dependent effects, splicing
locations, construction sequences, girder segment geometries, number of beams, and the

arrangement of prestress and post-tensioned reinforcement. Normally most design variables
are determined based on the designer’s judgment and on atrial and error processes.

The design of precast segments, as well as precast post-tensioned members, must satisfy the
requirements of both allowable stress design and ultimate strength using the current



AASHTO LRFD Specifications and the additional criteria detailed in the WSDOT Bridge
Design Manual.

The critical construction stages for the S. 317" Street HOV Direct Access Bridge are
generally the same as any other structure of similar construction. The first critical stageis
when the prestressing strands are released. The actual concrete stresses are determined by
summing the stresses due to the girder self-weight and those due to the release of the
prestressing strands. Girder top and bottom stresses are checked with the allowable concrete
stress limits. Critical stage two occurs when the deck and splice joint are cast. Stresses are
determined by summing the stress due to girder self-weight, deck dead load, non-composite
dead load, construction live load, and placement of the deck and splice concrete. Top and
bottom stresses along the segment are checked with the allowable concrete stress limits. The
third critical stage iswhen the post-tensioning tendons are stressed. Concrete stresses are
determined by summing the stresses due to the girder self-weight, deck dead |oad, non-
composite dead load, temporary pier removal, stress on prestressing strands due to post-
tensioning, and stress on post-tensioned strands. Stresses must be checked in the girder
segments and the splices. The fourth critical stage is unique to this structure. The edge beams
for the curved flares are released from their falsework supports. Concrete stresses must be
checked for the applicable loading and limits states. Stresses, moments, and shears due to all
the previously applied permanent loading along with live load must be considered in the fina
configuration of the structure. All strength limit states must be satisfied in this stage.

Construction Sequence

There are many aspects that can be atered in the design of spliced girder bridges. Of
particular importance for this type of construction are the post-tensioning sequence and the
sequence of construction stages. The relative sequence of post-tensioning and deck
placement has a profound effect on the design of the structure. When post-tensioning occurs
prior to deck placement, higher strength concrete is needed for the splice elements. Cast-in-
place concrete strength is generaly limited to 4 KSI in rural areas and can be as high as 6
KSI in urban areas. The strength of the splice concrete can limit the amount of post-
tensioning and ultimately the span length.

When post-tensioned after deck placement, splice concrete stress requirements are reduced
and compression is imparted into the deck. The demand on the prestressing strandsis
increased because the noncomposite girder segments must carry the weight of the deck
concrete before it cures. Though the performance and durability of the deck isimproved by
the compressive stresses due to post-tensioning, future deck replacement scenarios must be
carefully studied.

The post-tensioning was applied after deck placement for this particular structure. The
primary reason for choosing this construction sequence was the limitations on the splice
concrete strength. The required splice concrete strength was 6 KSI.



Prestress L osses

There are several methods available for estimating time dependent prestress losses. Some of
these methods are cumbersome and require in-depth time-dependent analysis to account for
construction stages and materials properties. Estimating time-dependent prestress |osses for
simple span post-tensioned spliced girders are greatly simplified by virtue of the fact that
effects of continuity are not present.

Regardless of the method of predicting time dependent losses, the sequence of application of
prestress forces into the girder must be accounted for. The accuracy of prestress |osses for
spliced-girders required detailed analysis of the time-dependent effects of creep, shrinkage
and relaxation, as well as anchor set, wobble and curvature losses in the post-tensioning
tendons. Additional elastic shortening loss in the prestressing strands occurs as the post-
tensioning tendons are stressed. Creep |osses are affected for both stages of prestress because
additional stresses are present to cause creep at the centroid of the prestressing strands or
tendons.

The refined method of predicting losses presented in the AASHTO LRFD specifications can
be extended to single span spliced-girder bridges where the post-tensioning is donein a
single stage. The loss prediction formulas are summarized in Appendix B.

Detailing

The precast segments are minimally prestressed. The prestressing counteracts the dead |oad
stresses from self-weight and stresses during handling and shipping. If the deck is placed
before post-tensioning, the prestressing must counteract this dead load as well. Prestressing
strands are straight without any draping since they will interfere with the post-tensioning
ducts. Strands may be debonded to control concrete stresses. Strands are placed in the top
and bottom flanges of girder sections and are fully stressed to 0.75f,. Top strands are
generally temporary and serve only to control stresses and improve stability during handling
and shipping. The number of required prestressing strands is selected to provide enough
prestress in the precast beam not to have concrete stresses exceed alowable limits at release
and upon placing the concrete deck.

A parabolic post-tensioning strand layout counteracts the bending moment demands for the
simply supported beam. The number of post-tensioning tendons is selected to provide enough
pre-compression to resist live and dead |oads when they are transferred from the individual
girder segments to the full simple span. Multiple strand tendons are assumed and the distance
between each duct varies along the girder length. Post-tensioning design requirements are
evaluated at the middle of each segment and at the center of the splice joint.

The webs of the segments are thickened to accommodate the post-tensioning anchorage
hardware as well as the bursting stresses and shear forces at the ends of the girder.

Splices are typically two feet wide and are typically located at approximately the V4 and %
points (when three segments are used), but can be shifted to accommodate traffic opening,
stream crossing, or other such requirements. For this structure, asingle splice at the one-third



point was used to accommodate traffic requirements. The size of the splice minimizes the

amount of cast-in-place concrete while allowing ample room to splice the ducts and adjust
for minor variations in tendon profile without introducing angle points which will result in
increased friction loss.

Experience has show that matching the one inch cover of the precast segmentsin the cast-in-
place splicesis problematic. Precasters make use of external form vibrators to achieve good
consolidation of the concrete. The splices are generally formed with plywood and rely on
manually operated stingers to vibrate the concrete. With one inch cover, it is difficult to get
the vibrator between the form and reinforcement and the result is often poorly consolidated
concrete. To aleviate this problem, two inches of cover is provided at splice locations.

A set of standard spliced girder drawings for aWSDOT trapezoidal spliced tub is presented
in Appendix C.

Design Tools

Precast concrete bridge systems are the preferred type of structure in Washington State.
WSDOT has developed aturnkey system to make the design and analysis of precast and
spliced girder bridge systems fast and efficient. In addition to the standard details and
drawings described above, WSDOT has devel oped span capability charts and computer
software.

Span Capability Charts

When determining theinitial size and type of a structure, the combinations are vast. Span
capability charts assist in preliminary design by listing maximum span lengths, concrete
strength requirements, and prestress and post-tensioning requirements for various girder
types and spacing configurations. The span capability chart for WSDOT trapezoidal tub
girdersis showing in Appendix D.

Computer Software

The spliced-girder analysis and design may be done using any program with time-dependent
analysis capabilities. The program must be capable of analyzing a structure that is
constructed in many stages. In addition to the section properties and applied loads, the
program should allow time dependent material properties, prestressing tendons, and multiple
erection phases at different times.

To facilitate the design of prestressed and spliced-girder bridges WSDOT has devel oped the
PGSuper and PGSplice computer programs. PGSuper for the design of simple span
pretensioned girder bridges. PGSpliceis for the design of simple span post-tensioned spliced
girder bridges. Both programs feature support for the AASHTO LRFD Bridge Design
Specifications and WSDOT BDM. PGSplice analyzes simple span spliced girders for
strength and service limit states for flexure and shear. It provides camber and deflection
analysis aswell as girder segment stability analysis for lifting and shipping. Detailed reports



supporting every calculation are generated. The software has afully customizable library for
any |- or U-shaped beams and allows customization of design criteria.

WSDOT software tools are part of its open source software effort, the Alternate Route
Project. This software may be freely downloaded from the WSDOT web site at
http://www.wsdot.wa.gov/eesc/bridge.

Conclusion

Washington State Department of Transportation continues to innovate in the application of
precast girder technology. Through the use of turnkey design systems, standardization and
innovation, the economies and possibilities of precast concrete are virtually endless. The S.
317" Street HOV Direct Access Bridge project illustrates another opportunity to use the
durability, constructability and aesthetic appeal of precast concrete.
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Appendix A — S. 317" Street HOV Direct Access Bridge— Plan and Typical Section
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Appendix B — Prestress L osses

The refined method of predicting losses presented in the AASHTO LRFD specifications can
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be extended to single span spliced-girder bridges where the post-tensioning isdonein a
single stage. The loss prediction formulas for post-tensioning that is applied before deck

placement are summarized below.
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Creep of Girder Concrete caused by Post-Tensioning
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Appendix C—WSDOT Standard Spliced Girder Details
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Appendix D — Typical Span Capability Chart
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