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Foreword

Concrete bridges are an important part of today's road infrastructure. An important part
of those concrete bridges is to a large extent prefabricated. Precast concrete enables all
the advantages of an industrialized process to be fully utilized. Contemporary concrete
mixtures are used to realize high-strength bridge girders and piers that exactly meet the
requirements set, both structurally and aesthetically, with a small ecological footprint.
Sustainable and durable! On the construction site, there is no need for complex formwork,
the execution time is drastically reduced and where road, water and rail traffic on or
under the bridge has to be temporarily interrupted, it is only minimally inconvenienced
during the execution of the project.

Bridges capture the imagination. In addition to their pure functionality, overcoming
a height difference, they offer designers unprecedented opportunities to shape their
creativity, including when using precast concrete.

This bulletin, prepared by the experts of Task Group 6.5 'Precast concrete bridges',
takes a closer look at the conceptual (preliminary) design of prefabricated concrete
bridges. The bulletin does not have the ambition to define the umbrella term 'conceptual
design' but shows in a pragmatic way, using 24 examples spread all over the world, how
leading designers use this methodology to select from the many possibilities to arrive at
an ideal solution taking into account all design conditions.

One often reads that experience is a necessary condition for good conceptual design.
The pooled knowledge and experience in this bulletin already provide the reader with a
good head start.

Commission 6 thanks the former convener of the Task Group Hugo Corres, editor of
this document, and the current co-conveners Marcello Waimberg and Ken-ichi Kata as
well as all active members of the Task Group for sharing their knowledge and experience
and for the successful realization of this bulletin.

Stef Maas Harry Gleich

Chair of Commission 6 Prefabrication Chair of PCl Technical Activities
Council
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1. Scope

The purpose of this document is to present preliminary design procedures for
bridge superstructures that are made partially or completely of precast concrete. This
document deals with continuous and simply supported superstructures, used in integral
or nonintegral bridges.

The document is intended for engineers with limited experience who will find it an
instructive detailed guide to carry out conceptual design of superstructures of these types.

Additionally, it is intended for experienced engineers who are interested in learning
how different countries solve similar conceptual design problems.

Finally, it is intended to enrich the knowledge of precasters everywhere, to be able
to enhance their own designs with ideas and methods from many different countries.

https://doi.org/10.35789/fib.BULL.0099.ChO01

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures 1
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2. Introduction

Preliminary or conceptual design of precast concrete superstructures is a process that
is similar to that used for design of other types of structures.

The fib Model Code for Concrete Structures 2010 defines, in general terms, this process,
which is summarized in the flowchart in Fig. 2-1. More detailed information on this subject
was published in fib Bulletin 511221,

Start External Input
x//\
JP\
INPUT / Service criteria
\/—/\
\_/f—\
D Performance
m —  Activities requirement
No
Approval
Output:
Basis for design

( Stop )

Fig. 2-1 Flowchart that summarizes the conceptual design process*" 3!,

The conceptual design process begins with the definition of the problem to be solved,
followed by the collection of all pertinent information for the details of the design to be
executed. During this process, the bridge engineer must interact with other professionals such
as geotechnical, hydraulic engineers, etc. and thoroughly evaluate all existing conditions.
Unfortunately, this process is not always carried out with adequate thoroughness, which
often strongly impacts the final solution due to incomplete definition of the problem.

When searching for a solution, the bridge engineer often uses available tools, general
geometrical proportions, criteria for estimation of the different solutions, as well as
experience with similar projects®# !,

Preliminary design is an iterative process. It begins with the definition and detailed
evaluation of all possible solutions. Possible solutions include details about the longitudinal
and transverse definition of the superstructure, and proposed primary details of support
conditions, including longitudinal continuity or simply supported systems, and precast
bridge elements and/or systems.

https://doi.org/10.35789/fib.BULL.0099.Ch02

2 Introduction
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Possible solutions are strongly influenced by local conditions, such as cost and availability
of materials, labor, equipment, and available technology and skills.

Each possible solution must be compared with others according to established
criteria—such as some measure of performance, economy, aesthetics, and durability—
in order to choose the optimum solution.

Once the conceptual design has been selected, it is then developed in greater detail.

Bridges with precast concrete superstructures are very popular and known practically
the world over. Nevertheless, it is interesting to observe how different countries often
use different precast concrete superstructure solutions. In some cases, the differences are
radical.

This document presents examples of precast concrete superstructures developed
in different countries that correspond to real bridges or ideal bridges that have been
specifically studied for this report.

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures 3
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3. Input—General design considerations

As described in the previous chapter, when the preliminary design of a structure is
not approached carefully and responsibly, it can lead to inadequate data and inefficient
solutions that may need to be reevaluated more than once.

This chapter describes the typical, relevant considerations for preliminary design and
their effects on the final design.

Superstructures that are usually constructed of precast concrete are underpasses,
overpasses, interchange bridges, water crossings, and viaducts. In general, these bridges
are a part of a larger project and interact with and affect other structures or elements of the
project. Therefore, bridges are never isolated elements that can be designed with complete
freedom, but instead a series of related project considerations must be evaluated. Some of
these considerations include:

- layout

- geological and geotechnical

- code limits or design criteria for structural materials
- legal

- construction

- aesthetics

- environmental

- sustainability

- maintenance

- functional

From these considerations, the designer generally can choose:
- cross-section type
- preferred materials
- construction methods
- details of the primary elements

For precast concrete solutions, options are often impacted by construction or other specific
limitations, which are explained in the following sections. Precast concrete superstructures
are also affected by code limits, including the components that are able to be fabricated,
erected, and transported in the country where the structure is to be built, and the equipment
available.

For example, precasters in some countries have absolute freedom to define the shape of
the prefabricated elements. In other countries, there are predefined standard cross-section
shapes of the elements (Fig. 3-1). In many countries, both possibilities exist.

In some countries, the prefabrication industry is well developed and able to offer a variety
of solutions. In some countries, the prefabrication industry regularly develops innovative
precast concrete solutions that are atypical, to create extraordinary solutions such as the ones
shown in fib bulletin 295" This may be the future of prefabrication, where precasters adopt
new industry developments to produce groundbreaking solution®®%3-1.

https://doi.org/10.35789/fib.BULL.0099.Ch03
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(a) 15m span length, Brazil (Stucchi & Waimberg)

T I I

980 | b) 30m span length, Belgium (van der Zee)

2000

(d) 40m span length, Taiwan (Chen)

Fig. 3-1 Various girder cross sections used in different countries. Note: Dimensions in single cross sections
on left are in millimeters. T mm = 0.0394 in.; T m = 3.281 ft.

3.1 Layout

Layout considerations are those that affect the structure and are typically caused by the
geometry of the road to be connected and the obstacles to be bridged, including highways,
railways, or bodies of water. Additionally, the following should be considered:

- Plan and elevation geometry
For precast concrete superstructures, this consideration is relevant because there
are some limitations for these structures. For example, for sharply curved bridges,
if the girders are straight, they must be arranged in the form of a polygon that
approaches the desired layout.

- Unusually large longitudinal or transverse slopes

- Transverse cross-section geometry
This includes superstructure width, road width, requirements for pedestrian or some
other types of lanes, requirements for large variations in width due to merging or
exiting lanes.

- Vertical and horizontal clearances
- Need for longitudinal or transverse drainage
- Skewed layouts

In the design of a highway bridge, it is common practice to first define the plan and
elevation, and later define the structures. However, from the very beginning, there should
be a coordinated analysis between the highway engineers and the structural engineers to
reach a common preliminary layout for the structure while aiming for the optimization
of the solution.

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures 5
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3.2 Geological and geotechnical factors

Geology and terrain not only dictate the layout of the structure, but also can affect the
position of the piers, and therefore the span lengths.

Geotechnical conditions can heavily influence some solutions, for example limiting the
span length to reduce the loads transferred to the foundations or increasing the number of
spans and the length of the bridge to reduce the height of abutments.

3.3 Codes

Every country has its codes that define the loads to be supported and the combinations to
be taken into account, both at ultimate limit state (ULS) and serviceability limit state (SLS).
The codes often define the expected behavior of the structure during its service life in terms
of functionality, durability, sustainability, and robustness. There are also constraints reflecting
each country’s tradition and experience.

Many codes have been developed to define the forces to be considered in both highway
and railway bridges, and codes that control structural concrete construction®+3-53-¢:3-7:38 The
general principles are often similar.

3.4 Construction factors

Construction issues are important in the preliminary design of a precast concrete
superstructure. Fabrication conditions at the precast concrete manufacturing facilities,
and transportation conditions of the elements and their installation at the jobsite should
be considered.

The fabrication conditions at the precast concrete manufacturing facilities must consider
local practice. Sometimes, fabrication at the jobsite offers a different set of possibilities, as
well as constraints.

Some countries use post-tensioned or pretensioned draped (also known as deflected or
harped) strands, while other countries only consider straight pretensioned strands. In some
countries, the strands may be debonded, while other countries do not allow it.

Different countries have different weight limits that can be transported on their highway
networks. This aspect is very important because these limits are often very different and
control the size of the precast concrete elements that may be used. Precasters often solve
these limitations by transporting segments of the precast concrete longitudinal elements
and later joining them with post-tensioning at the project site.

In many cases the dimensions of the precast concrete elements, particularly their length
and weight, require evaluation of highway conditions and transportation with specialized
hauling equipment.

The transportation of precast concrete pieces is also strongly influenced by the accessibility
to the jobsite. In many cases it is not possible to access the jobsite because there is no highway
network that allows adequate road transportation. In other cases, it is necessary to construct
access for the hauling vehicles to the location of the bridge. All these challenges must be
adequately considered and solved.
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Finally, the installation of the precast concrete elements should be studied in detail. It is
necessary to account for the following:

- height of the structure
- accessibility and topography
- feasibility of creating detours when traffic is affected
- layout geometry and compatibility with the potential installation measures
- deadline and work schedules to consider solutions compatible with these needs
- equipment availability
In many locations, the use of high-capacity cranes allows the installation of large and

heavy elements. With these possibilities, it is necessary to carry out a detailed study to ensure
access conditions for the cranes for the installation of the precast concrete elements.

In some cases, the cranes can be moved directly on the bridge under construction,
especially for the installation of elements such as deck panels or slabs. Naturally, this aspect
must be considered at this level of study.

3.5 Aesthetics

Structures must be integrated with their surroundings and, as much as possible, they
should be pleasing to neighbors and the traveling public. However, aesthetics is subjective,
and constraints are often linked to cultural issues that vary with time. It is necessary to
consider this aspect in the conceptual design process.

Precast concrete structures can be designed to meet aesthetic requirements for their
environment.

An aesthetically pleasing structure is not necessarily more expensive.

Proportions are crucial in bridge aesthetics. Adopting proportions compatible with
structural behavior usually results in pleasing forms.

In precast concrete girder superstructures, the selection of the shape of the piers to be
compatible with the superstructure is important to provide an aesthetic solution.

Details are paramount in the appearance of the bridge.

Using slabs with overhangs can create a pattern of shadows, which can considerably
improve the appearance of the structure. In addition, this solution allows defining the pier,
which can also improve the overall appearance of the project.

The use of safety barriers at the edges of the superstructure should be avoided, if possible,
to enhace the appearance of the bridge. In urban bridges, with pedestrian lanes at the edges
of the superstructure, the safety barrier is automatically placed in a more interior area of the
bridge, which reduces its impact on the appearance of the structure. Furthermore, when the
railings are incorporated into the design, the aesthetic quality is also improved.

The definition of an aesthetically pleasing solution should be a goal of every designer and
can be accomplished every time that this aspect is seriously considered in the design process.
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3.6 Environmental factors

A structure should be designed to respect specific environmental conditions, which
are usually defined in the applicable environmental impact studies (earthquake, wind,
temperature, freezing and thawing, deicing chemicals, and the like). Environmental
factors should be considered not only for the finished bridge, also during construction,
when the environmental requirements are often very important.

Another aspect that should be considered in detail in the design is the environment
that determines durability conditions. Different elements of a bridge can have different
requirements. For example, the substructure of bridges over seawater will very likely
need to meet harsher durability requirements than the superstructure.

3.7 Sustainability

In nearly every new project, sustainability must be considered in the selection of the
structure type, the materials, and the construction processes used.

Producing sustainable structures should be an important goal of designers to minimize
environmental, economic, and social impacts.

A sustainable solution requires a global concept that integrates the different structural,
environmental, economic, and social aspects. In this context, it is important to minimize the
consumption of natural resources compatible with the required service life and behavior
of the structure.

In some ways, the adoption of sustainability as a design criterion has led to a design
paradigm shift. Whereas the previous philosophy saw that the challenge was to obtain
greater benefits (more resistance, less cost, etc.), sustainable design moves the target
towards finding equilibrium between the potential benefits and necessary resources, such
as discussed by Voo and Foster*-1.

This entails a challenge that can only be met with an experienced structural and
technological knowledge and with a new sensitivity towards these other aspects that
define the service life of the structure.

In many scenarios, structures form part of a much larger project (for example, a highway,
and a railway line). In this sense, a sustainable approach should also link the sustainability of
the structure with the sustainability of the balance of the project.

A good conceptual design process is the best guarantee of sustainable solutions.

3.8 Maintenance

It is important to consider the maintenance requirements of the structure during its design.

Ideally, the proposed solution should require minimum maintenance. However, the
structure also has certain service life demands, usually established in the relevant codes, that
are greater than those that correspond to nonstructural elements, such as bearings and joints.
The use of elements with a shorter service life than the structure results in maintenance needs,
and thus should also be considered.
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Finally, from the beginning, the proposed solution should consider which measures are
necessary for the structure to accommodate inspection and ordinary maintenance tasks,
such as control and cleaning of transverse and longitudinal drainage, and inspection and
replacement of bearings and joints.

3.9 Economy

The project budget must always be considered. Minimizing costs often results in the
optimal solution and is an important task when funds are scarce.

Costs should be evaluated for the life of the bridge not merely based on initial cost,
considering the construction costs, material costs, and maintenance costs.

3.10 Safety in construction, operation, and maintenance

It is important for the bridge engineer to consider how the design will be safely
constructed, operated, and maintained when developing the design concept. Producing
designs that are safer to build or maintain helps accomplish the objective of every worker
going home uninjured at the end of every day. This is different from structural reliability,
which is adequately covered by design standards. A safe design gives attention to the choice
of materials, details, and construction methods, well in advance of the start of construction.
Good design practice in this way can often also produce cost and program benefits.

Safe design needs to be determined in accordance with local customs and practices, but at
the same time strive to minimize the risk of accidents during construction and maintenance.
Examples of this could be the reduction of exposure to working at heights using precast
concrete deck panels, eliminating the use of hand-held texturing equipment by roughening a
joint during initial curing, or cutting off piles using passive or active integrated pile-breaking
methods. Increasing off-site manufacturing is seen as one of the ways of improving safety,
as fabrication can be done in controlled factory conditions compared to exposed and less-
well-controlled field conditions. Safe maintenance should also be considered during the
design. Some examples could be the provision of secure access to components for regular
inspections, or the design of designated lifting points for jacks when replacing bearings.

3.11 Other considerations

Because every bridge is unique, there is no exhaustive checklist that can cover all cases. In
many cases it will be necessary to identify additional constraints.

The result of this stage is the design solution that optimally satisfies all of the issues
identified for the particular challenge.
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4. Activities—Preliminary Design Guidelines

4.1 Scope

This chapter presents guidelines for the preliminary design of bridge superstructures
made of precast, prestressed concrete girders, with or without composite deck slabs. Both
simple and continuous spans are considered.

Design aids are provided to help establish cost-effective arrangements for superstructure
framing.

The different criteria presented in this section correspond to recommendations applied
in some of the member countries of fib Task Group 6.5 "Precast Concrete Bridges” that
have prepared this document.

These are general guidelines and initial guiding steps in the design process but should
not be taken as requirements.

4.2 General Design Considerations for Selecting Precast Concrete
Girder Systems

4.2.1 Girder length and depth

If clearance and other constraints allow (usually related to higher bridges such as
more earthwork, more fuel consumption, etc.), it is generally more economical to use a
deeper section of a given girder type, if it meets local handling and shipping limitations.
A 2'000 mm (79 in.) deep section costs only slightly more than a 1'000 mm (39 in.) deep
section in the same family of girders because the cost of additional concrete is more
than offset by the reduction in cost due to less prestressing steel and possibly lower
concrete strength. Also, manufacturing steps are essentially the same, which works in
favor of deeper sections in high-labor-cost regions. For example, in the United States
most highways have vertical clearance limits of 4.3 to 5.5 m (14.1 to 18 ft) overall. Weight
limits vary from country to country, even in different regions of the same country, and
often depend on the equipment available from the precast manufacturer. In the United
States, girder weights of up to 100 tonnes (110 tons) are typically allowed on most roads,
with weights of up to 150 tonnes (165 tons) allowed with special permits in selected
areas. A plant equipped with two 50 tonne (55 ton) cranes would require a girder weight
limit of 90 tonnes (99 tons) to allow for the spreader beam weight. Gantry cranes of 75 to
100 tonne (83 to 110 ton) capacity are used in precast concrete manufacturing facilities
with increasing frequency.

Another consideration is the length of the precast concrete girders. Normally, girder
length should not exceed approximately 50 times the widest flange width for stability
during shipping, handling, and erection*'#2.For girders near or exceeding this ratio,
analysis for lateral stability should be conducted™**+#4+31 Bracing the top flange with a
horizontal steel truss, or other means, can be used to overcome lateral stability concerns*2!.

https://doi.org/10.35789/fib.BULL.0099.Ch04
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Girders as long as 65 m (213 ft) have successfully been transported on the roads in the
United States and Canada. Transporting such long girders must be planned carefully and
analyzed for stability especially if sharp road curvatures and sloped roadways and terrain
are anticipated.

For I-girders with composite deck slabs, it is recommended to limit the overhang
length, from centerline of exterior web to edge of deck, to 50% of the girder spacing. The
length should in no case be less than half of the top or bottom flange width, whichever is
greater, to avoid reducing the width of the top flange. Doing so might impact stability and
cause stormwater to drip directly on the bottom flange. An overhang width of between
0.75 and 1.50 m (2.46 to 4.92 ft) is reasonable in most applications.

The following sections discuss common situations for typical length bridges.

4.2.1.1 Water stream crossing

For water stream crossings of relatively short length, the most efficient arrangement is a
single span to avoid placing piers in the water. Piers constructed within the water channel
are more expensive than those on dry land. Also, they result in hydraulic inefficiencies and
there is higher risk that piers might become unstable. However, because the superstructure
depth is often restricted to avoid bridge flooding, it is often necessary to construct the bridge
with more than one span. A common arrangement is three spans, because two-spans would
place the pier in the deep-water zone.

For example, given a 58 m (190 ft) long water crossing and a maximum allowed
superstructure depth of 1'200 mm (4 ft), a single span precast concrete girder system would not
be economically feasible, as it would result in a span-to-depth ratio of 48.3 (58 x 1'000/1'200).

Reasonable span arrangements for this bridge are to use three spans with the largest
center span allowed for the 1'200 mm (47 in.) depth. Three options are shown in Table 4-1.
The maximum recommended span-to-depth ratio depends on the girder type and spacing,
as shown later in this section. For a superstructure 1'200 mm deep and a girder separation of
1500 mm (59 in.), it is assumed to be 22, 25, or 30, depending on the degree of continuity.
As will be shown later, it is possible to build the superstructure as a series of simple spans,
or to make the girders continuous for live loads only, or for all superimposed loads applied
to the girder after the girder is set on the supports (CSDL). A large central span appears to be
inefficient if only the amount of concrete and steel in the girders is considered. However, a
large central span may offer great benefits in terms of construction and hydraulics.

Table 4-1 Possible span arrangements for a three-span bridge based on different continuity
conditions, 58 m (190 ft) long bridge with 1'200 mm (47 in.) depth limits

Assumed maximum Center span End span
span-to-depth ratio length, m length, m
Simple span system 22 26 16
Simple for dead loads, continuous for live 25 30 14
loads system
Simple for self-weight, continuous for 30 36 11
superimposed loads system

Note: T m = 3.281 ft.
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Nevertheless, these options should be carefully studied by the bridge engineer, in
particular the third option in Table 4-1, where it is likely that uplift of extreme bearings
will occur due to superimposed and live loads.

4.2.1.2 Roadway overpass crossing

For a roadway overpass crossing, in most cases, the arrangement of a two-span bridge
is the most favorable option due to the central pier location being in the median of the
roadway under the bridge, although often a four-span bridge is used for visibility. For
example, for an 85 m (279 ft) long roadway crossing with a 1500 mm (59 in.) superstructure
depth limit, and using the same assumed span-to-depth ratios as in the preceding example,
the only economically feasible option is the simple span for self-weight, continuous for
superimposed loads system, available span-to-depth ratio = 42.5/1.5 = 28 < 30 allowed
for the CSDL system. More detailed discussion is given in Section 4.3. Due to roadway
constraints, a two-span overpass bridge often has unequal spans. The longer span would
control the minimum depth criteria for preliminary design purposes. As will be shown in
the following sections, some cross-section shapes, such as adjacent box beams and slabs,
allow for shallower depths than others, such as I-girders.

4213 Long bridges

For relatively long bridges, whether crossing major bodies of water or bridging over
an extended surface obstacle, a decision must be made relative to division of the bridge
into reasonable span lengths. Pier locations depend on the conditions of the area being
bridged. Locating piers in deep water or too close to railroad tracks, for example, should
be avoided. Pier locations that negatively impact sight distance or other safety issues
should be avoided.

Other than natural site limitations, the bridge is divided into “frames” of multiple
girder spans, separated by expansion joints. The frames for a concrete girder bridge are
generally limited to 230 to 350 m (755 to 1'148 ft) in length, although longer frames have
been successfully built.

When the superstructure is continuous, the ratio of end span to interior span should be
balanced to give the same size and approximately the same reinforcement for all spans.
The ratio is typically 0.80 to 1.00 depending on the level of continuity achieved.

4.2.1.4 Skewed, curved, and variable-width bridges

Modern roadway design requires that a bridge generally follow the roadway geometry
on which it is located. As such, it is possible that the bridge must accommodate skews,
curvatures, and variation in deck width. Stringer type bridge superstructures can be designed
to accept these conditions. One such bridge is shown in Fig. 4-1.

Skew angle between the bridge and its supports can, in some cases, be as large as
70 degrees. For bridges with skews less than 30 degrees, there is no need for special
considerations during the preliminary design stage. For larger skews, more care should
be given to assess the system being chosen and more detailed analysis may be warranted,
even at the preliminary stages.

Horizontally curved bridges are treated differently for different degrees of curvature. It
is generally accepted to use straight concrete girders between the supports and to curve
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the deck slab edge to match the roadway, but only if the curve is 3 degrees or smaller, for
example, for a 30.480 m (100 ft) span length,

Note that to convert from degree of curvature to radius of curvature, divide 30.480 m
(100 ft) by the degree in radians. Thus a 3-degree curve corresponds to a 582 m (1909.45 ft)
radius. The radius depends on the span and vice-versa. For curvatures larger than
3 degrees, until recently, curved steel I-girders were generally thought of as the obvious
solution. However, several U-shaped girders of relatively sharp curvatures, with radii as
short as 200 m (656 ft) have recently been successfully built in the United States, often as
much as 30% below the cost of steel U girders. Box girders or U girders with integral lid
slabs to create torsionally stiffer members are suitable for curved bridges.

In recent years, rising structural steel costs and improved precasting technologies have
resulted in several innovative precast concrete girder solutions that have mostly been
implemented as a result of value engineering on individual projects. The designer is advised
to consider these solutions in the preliminary stages and to provide them as alternatives to
steel in the initial bidding package to maximize owner value.

In the United States, these innovative solutions have one common aspect. The precast
concrete girders are made as a chorded (rather than true) curve, with each chord length
being about 6 to 12 m (20 to 39 ft) long to be modular with standard straight girder form
lengths™**. Kinks between the straight chords are seldom noticed by the traveling public
or even the trained engineer’s eyes. These girders are currently precast and post-tensioned
in the precast concrete plant*°.

Fig. 4-1 Precast concrete superstructure with chord length concrete girders*”! Source: fib Bulletin 29,
Precast concrete bridges (Lausanne, Switzerland: International Federation for Structural Concrete, 2004).

Pretensioning of curved girders is common practice in the European countries. An
example of a curved girder bridge is shown in Fig. 4-2.
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Fig. 4-2 Precast concrete superstructure with curved concrete girders*” Source: fib Bulletin 29, Precast
concrete bridges (Lausanne, Switzerland: International Federation for Structural Concrete, 2004).

4.2.2 Girder spacing arrangement

The following are some of the considerations that influence the selection of the number
of |-girders with composite decks, and similar beam sections in a bridge cross section.

- The number of girder lines should not be less than four, to allow deck replacement
on one-half the bridge at a time.

- The overhang length should be about 40% of the girder spacing for all girder lines
of the bridge to have approximately the same design. However, this depends on
truck load, which varies significantly in different codes.

Some codes, including the American Association of State Highway and Transportation
Officials” AASHTO LRFD Bridge Design Specifications*®, stipulate a maximum overhang
length before the exterior girder is required to have a live load distribution factor other
than the one used for the interior girder design.

Many U.S. states enforce an overhang length that makes the exterior girder design match
that of the interior girder. This simplifies the design, especially because some bridges might
be required to be widened in the future, in which case the exterior girder becomes an
interior one. However, for some applications with relatively heavy truck loads, the exterior
girder may carry a significantly heavier load than the interior ones**. In all situations, it
would be simpler to balance the overhang length and girder spacing to achieve uniform
girder loading, for the sake of simplified initial construction and future widening.

4.3 Preliminary design

In nearly every country, in accordance with applicable design codes, many different
types of precast concrete elements are available. These elements result in different solutions
depending on such issues as span lengths, superstructure width, number of precast concrete
girders used, and type of continuity.
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The Appendices provide useful information to consider for preliminary design.

Appendix A Preliminary design charts for different precast concrete sections used
in the United States.

Appendix B Preliminary design criteria used in Spain.

Appendix C Comparison of vertical live loads. The general provisions of the load

models specified in three design codes: Eurocode EC1, AASHTO
LRFD HL-93, and NBR 7178, followed by graphs comparing the
moments, shear forces, and torsion moments that result in girders in
a typical bridge superstructure.

Appendix D Summary table of preliminary design examples. The table gives the
following information for the 28 design examples.
- author
- country of origin
- number of spans
- span length
- girder depth
- deck slab depth
- span/depth ratios
- web widths
- girder spacing
- girder weight
- straight or draped prestressing strands or tendons
- design concrete strength for the girder and deck slab
- ultimate strength of prestress and mild steel
- type of girder continuity
- diaphragms used at supports and intermediate

4.4 Continuity methods

The simple span system can be structurally optimized by increasing the degree of
continuity, leading to longer spans or wider spacing for the same girder depth. Increasing
the girder span or spacing for the same depth greatly reduces the bridge cost. In addition,
continuous precast, prestressed concrete girders can be used in long bridges.

Bridge design loads can be categorized into three major components: girder weight, deck
slab weight, and superimposed dead and live loads. Each of these components comprises
about one-third of the total loads, for spans in the short-to-medium range encountered in
girder-type bridge superstructures (see Appendix C of this document).

Continuity for girder weight can be achieved through post-tensioning using a precast
concrete pier segment.

Continuity for deck weight and live loads can be achieved with threaded rod continuity
methods or post-tensioning.
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Continuity for live loads only, can be achieved using reinforcement in the deck slab over
the pier. Table 4-2 shows different methods of continuity and their efficiency effects. For
example, threaded rod continuity for deck weight, superimposed dead load and live load,
allows for the maximum span length to increase by 20 percent, compared to the conventional
system of providing continuity only for superimposed dead load and live load™*'?.

Table 4-2 Efficiency improvement due to degree of continuity

Loads on Loads on Span efficiency e?fl[i)gcef:cg
Continuity method simple continuous improvement | . Y
" improvement
span system span system (multipliers) (multipliers)
Reinforcement in the deck slab GW, DW SIDL, LL 10% 4%
Threaded rod GW DW, SIDL, LL 20% 8%
Post. One precast concrete CW DW, SIDL, LL 20% 8%
> beam per span
tensioning
system Pier + span GW, DW SIDL, LL 25% 10%
segments

Note: DW = deck weight; GW = girder weight; LL = live load; SIDL = superimposed dead load.

4.4.1 Conventional deck reinforcement

For multispan bridges, prestressed concrete girders are generally designed as simple spans
for self-weight and deck weight, and continuous for superimposed dead loads and live loads.

Cast-in-place (CIP) pier diaphragms and longitudinal reinforcement in the deck over
the piers serve as means of resisting the negative continuity moment (Fig. 4-3). With this
continuity method, the prestressed girders are made continuous for only about one-third
of the total load. Additionally, because virtually all dead load is applied before continuity
is put into effect, some bridges have experienced bottom fiber cracking near the piers due
to high positive time-dependent restraint moments caused by creep camber, especially
with large prestressing forces.

Deck bars

for Sidl + LLE

Fig. 4-3 Conventional deck reinforcement continuity method. Note: LL = live load; SIDL = superimposed
dead load.

This method is the simplest and least costly compared to other continuity methods.
Additional reinforcement does not require extra equipment or specialized labor. In this
method, the precast concrete girders are installed on the abutments and the piers, the
diaphragm is formed and reinforced, and then two-thirds of the diaphragm height is cast.
The deck slab is then formed. The reinforcement is installed and then cast with the haunch
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(space between the top of girder and bottom of slab) and the balance of the diaphragm. The
barriers are installed, and the railing and wearing surface are cast after that. The bridge is
then ready to be opened to traffic.

Additional continuity for the deck weight can be achieved by casting slab concrete in
two steps. Detailed description of this system is given in a 2016 study™'. In the first step,
once reinforcement over piers is provided, only a small volume of concrete sufficient
to ensure overlap between that reinforcement and bars on top of the girder should be
placed. With this approach, reinforcement for deck continuity is available when the
deck is placed. For the remaining second step concrete, continuity is already provided.
Obviously, the convenience of having two steps should be evaluated in consideration of
the next solution.

4.4.2 Continuous bridge using threaded rods

A continuity system was introduced in Nebraska and received attention in the United
States. The “threaded rod continuity system” allows the girders to be continuous for deck
weight as well as live loads.

Hence, the bridge is continuous for about two-thirds of the total load. In this system,
the precast concrete I-girders are fabricated with high-strength threaded rods located at
the top flange and projecting from the girder ends.

This solution has several significant advantages over the continuous-for-live-load system:

- Because the girders are continuous for most of the load, the maximum positive
moment is significantly reduced, resulting in reduced prestress demand and reduced
demand for high-strength concrete at release.

- The same girder size will span about 15% more than the conventional continuous-
for-live-loads system only.

- The increased dead load negative moment with this system guarantees no net
positive moment at piers and no possibility of cracking due to creep restraint.

- The continuity of negative moment reinforcement in the girders at time of deck
placement ensures adequate resistance to girder end rotation and no diaphragm
distress or cracking, which has occasionally occurred with the continuous-for-
live-load method.

In this method, I-girders are fabricated with 1034 MPa (150 ksi) high-strength threaded
rods embedded in the top flange. The threaded rods are mechanically spliced in the
field at the diaphragms over the piers (Fig. 4-4). This study™ ' gives full details of this
system including photographs of actual bridges. The diaphragm concrete is then placed,
and the deck slab is cast after the diaphragm concrete gains the required strength. This
continuity reinforcement is designed to resist the negative moment due to the weight
of the deck slab. Conventional longitudinal reinforcement is placed in the deck in the
negative moment regions to resist the additional negative moments due to superimposed
dead and live loads.
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Conventional
longitudinal reinforcement

TR Embedded inthe /
| - girder top flange

Fig. 4-4 Threaded rod continuity schematic.

In places with extreme environmental conditions, the continuity reinforcement is specified
to be of corrosion-resistant steel.

4.5 Spliced girders

An established system for creating continuity of the girder before the deck is placed is
to introduce full-bridge-length post-tensioning. This method is particularly cost-effective
when girder splicing is not over the piers, due to length or weight limits (Fig. 4-5). Post-
tensioning has been used economically even when the splice joints are over the piers.

This does, however, require widening of the usually thin webs of I-girders and other
stemmed members, to accommodate post-tensioning ducts and to offset the shear capacity
reduction due to using the ducts inside the precast concrete girder webs. A post-tensioning
anchorage block is added cost and weight to the precast concrete members. Also, post-
tensioning is a specialty skill generally not provided by most local contractors.

Field Segment Pier Se?ment Field Segment

\ L | L

Fig. 4-5 Splicing away from piers using post-tensioning.

Adequate pretensioning is required only to support the self-weight of the girder during
shipping, handling, and erection. This relatively small prestress results in small cambers
and minimizes the need for high-strength concrete at transfer of pretensioning. The girder
segments are erected first, and then the diaphragms are formed, cast, and cured.

Some or all the post-tensioning tendons may then be installed and tensioned. If the
proper level of post-tensioning is introduced at this stage, the girders are continuous for
the deck weight and construction loads. Such post-tensioning must be large enough to
produce concrete stresses of acceptable levels in the continuous member for the loads
that are applied before the next post-tensioning stage, if one is included in design. This
second post-tensioning stage is generally introduced after the deck has cured and before
the application of live loading.
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Deck bars

Post-tensioning

|
|

Fig. 4-6 Post-tensioning continuity method over piers.

Refer to NCHRP Report 517" for more information about spliced-girder systems.
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5. Output—Examples From Several Countries

fibTask Group 6.5 has been fortunate to encompass colleagues from numerous countries
and almost all continents in the world. Moreover, task group members from 11 countries
have provided conceptual design examples of precast concrete bridges. These contributions
by various designers from very different places give a special value to this document.

Fig. 5-1 Countries of origin of authors of included conceptual design examples.

Figure 5-2 summarizes the different girder types used in examples presented in the
following subsections of Section 5. The girders are organized by span length to identify
similarities and differences. All girders are shown to the same scale.

https://doi.org/10.35789/fib.BULL.0096.Ch05
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Fig. 5-2 Different girder sections used in the examples included in Section 5. Note: Girder dimensions in
the cross sections are in millimeters. T mm = 0.0394 in. 1 m = 3.281 ft.
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In addition, Table 5-1 shows the various span lengths of the designs and the corresponding
number of the example.

Table 5-1 Span lengths and example numbers

Span lengths, m Number of example
15 2,4,12,15,16, 19
16 7
18.75 22B

25 5,10,13, 17
25.9 23

30 1,8, 11, 20, 21

35 22A, 28
37.5 6

40 9, 14, 25

50 3,18, 26
53.34 24

60 27

Note: T m = 3.281 ft.

The superstructures of the examples are framed by adjacent girders in Examples 1, 4,
and 12; I-girders in Examples 1, 6, and 21; and U girders in Examples 9, 14, and 18.

Most of the examples use pretensioned strands and, in some cases, post-tensioned
tendons, such as Examples 7, 8, and 9, or transverse post-tensioning to join different
segments of girders, such as in Examples 13 and 14.

In all the cases, the examples assume prestressing strands with a strength of 1860 MPa
(270 ksi). In addition, the reinforcing steel in the girders and the top slab is assumed to
have yield strengths of 345, 414, 450, and 500 MPa (50, 60, 65, and 73 ksi).

The examples have been developed considering different local design codes. Many of
them have used the AASHTO LRFD specifications® " or Eurocode 1-252531 for vertical
live loads. Appendix C of this document presents a comparison of these live loads.

All of the information available related to the different examples is summarized in
Appendix D, which is a table that shows geometry, material characteristcs, continuity
method adopted, etc. Furthermore, Figures 5-3, 5-4, 5-5, 5-6, 5-7, and 5-8 show some
of the main characteristics of the precast concrete structures studied in the examples to
have a broader view of their parameters. The numbers shown in the figures correspond
to the example number.
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There is a wide range in girder slenderness. I-girders, in general, show span length/
depth ratios on the order of 16 to 25. U girders, in general, show span length/depth ratios
of 14 to 21, which is generally smaller than I-girders.

Figure 5-4 shows the ratio between the span length and the total height of the superstructure
(precast concrete girder plus haunch and top slab). In the cases that do not consider the use
of a top slab, the values are identical to ones shown in the previous figure.
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Fig. 5-4 Span length/girder + slab height ratio by span lengths of the design examples. Note: 1 m = 3.281 ft.

Figure 5-4 shows the same trends discussed for Fig. 5-3.
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The examples with small distances between longitudinal elements correspond to precast
concrete elements placed side by side (adjacent girders) and often represent solutions for
short span lengths, where the superstructure behaves like a slab.
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Fig. 5-6 Concrete strength of the girder by span lengths of the design examples. Note: f = Unfactored
compressive strength of concrete. 1 m = 3.281 ft; 1 MPa = 0.145 ksi.

Figure 5-6 shows that, in general, the precast concrete elements are fabricated with
concrete with a compressive strength between 35 to 80 MPa (5 to 12 ksi), except for the ultra-
high-performance concrete structures with a compressive strength of 165 MPa (24 ksi).
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Figure 5-7 shows that, in general, the deck slabs are fabricated with concrete with
compressive strength between 30 to 40 MPa (4 to 6 ksi).
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Fig. 5-8 Total web width by span lengths of the design examples.

Figure 5-8 compares the total web width by span lengths, this dimension is often
conditioned by practical production aspects of the cross section of the girder, because a
minimum web width is necessary to ensure ease of concrete placement.

On the other hand, ultra-high-performance concrete girders usually have narrow webs
because these elements do not have vertical stirrups and the concrete has a compressive
strength of 140 to 165 MPa (20 to 24 ksi) and a tensile strength of 15 to 20 MPa (2 to
10 ksi), enough to resist shear forces acting on the structure without reinforcement.
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Example 1: bridge with five 30 m (98 ft) long spans in Belgium

This example was furnished by Pieter van der Zee.

The bridge is in the city of Grobbendonk in Belgium and spans the “Kleine Nete” river.

Fig. 5-9 Photo of the bridge in Example 1.

5.1.1 Considerations identified

5.1.2

Bridge layout: The structure has a total length of 210 m (689 ft) and a total width
of 13.2 m (43.3 ft).

Geological and geotechnical factors: Over a small river which made the average
30 m (98 ft) span length necessary.

Codes: Loads according to EN 1990 and EN 1991-252:design according to
EN 1992-1-15" and EN 1992-21531,

Construction factors: The bridge was required to look like the CIP bridge proposed
by the architect, which was a massive continuous slab deck bridge. Furthermore,
the general contractor was not allowed to place temporary construction in the
river. Because the contractor could not find a method to cast the bridge in place,
he sought a precast concrete solution.

Aesthetics: This solution uses two U girders to improve the appearance of the
elevation of the bridge.

Environmental factors: The general contractor could not place any temporary
construction in the river because it is a protected area. For durability the bridge is
considered to be XC4, XD3, and XF4 following the specifications in EN 1992-1-11>1,

Proposed solution

This bridge consists of seven spans with variable span length, from 21.5 to 36.0 m
(70.5 to 118 ft). The cross section of the superstructure consists of 12 precast concrete
girders with a depth of 1000 mm (3.3 ft), comprising 10 I-girders and two U girders
placed at the edges of the superstructure to modify its appearance. To obtain a closed
soffit and eliminate the need for deck slabs or deck forming, the precast concrete girders
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are adjacent to each other (placed side by side) and the concrete placement of the top
slab takes place directly on top of the precast concrete girders, except for the side U
girders, which needed reinforced concrete deck slabs.

\

(a) Closed soffit

(b) Top of the slab form

Fig. 5-10 Photos showing the closed soffit and top of the slab form provided by the adjacent (edge-to-edge)
girder placement in Example 1.
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5.1.2.1 Plan

: 21500 5 30000 20000 30000

Fig. 5-11 Plan of the bridge in Example 1. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.1.2.2 Elevation
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Fig. 5-12 Elevation of the bridge in Example 1. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.1.2.3 Superstructure cross section

A) 13180

Fig. 5-13 Cross-section view of the bridge in Example 1: (a) without diaphragm between piers and (b) with
diaphragm over the piers. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.1.3 Superstructure

5.1.3.1 Precast concrete girders

5.1.3.1.1 Materials
Concrete: 50 MPa (7 ksi)
Prestressing steel: 1860 MPa (270 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)
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5.1.3.1.2 Description of the cross section

Ten I-girders, 1'000 mm (39 in.) deep, placed side by side, and two U girders, one at each
edge of the bridge. The I-girders are symmetric, and when placed adjacent to each other, form
a closed superstructure that eliminates the need of deck panels and facilitates the concrete
placement of the deck slab. The U girders are asymmetric and modify the appearance of the
structure as well as reduce the required length of the crossbeam over the piers.

Close to the supports, the cross section of the precast concrete girders transitions to form
a solid rectangular block and becomes part of the end diaphragms. At midspan, the cross
section of the girders also transitions to a solid block and forms an intermediate diaphragm.

5 0

410 150 410

| E s L .
g: g I
] 3
' }
E.
4
e i

380 20 = 50

Fig. 5-14 Cross-section dimensions of precast concrete girders.Note: All dimensions are in millimeters.
1T mm =0.0394 in.

Fig. 5-15 Elevation and plan of precast concrete I-girder.
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Fig. 5-16 Photo of the bridge that shows the overhang formed by the edge U girder.

5.1.3.1.3 Prestressing

The precast concrete girders are pretensioned. There is a total of 26 straight strands:
24 strands in the bottom flange and two strands in the top flange of the I-girders.
5.1.3.2 Deck slab
5.1.3.2.1 Materials

Concrete: 30 MPa (4 ksi)

Mild reinforcing steel: 500 MPa (73 ksi)
5.1.3.2.2 Deck slab description

The deck is a CIP slab with a thickness of 25 cm (10 in.), cast on top of the I-girders
without the need of deck panels or formwork. To place the concrete over the U girders,
precast reinforced concrete deck panels were used.

5.1.3.3 Details
5.1.3.3.1 Vertical alignment

i —J S —

O

Fig. 5-17 Detail of the varying bearing elevations of the girders.
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Fig. 5-18 View of a mortar bed and neoprene bearings on a precast pier beam accommodating the slope
of the girders.

The vertical alignment of the bridge requires the use of piers with varying heights and
differing elevations for the bearings of the girders across a precast concrete pier beam. The
longitudinal slope across a precast concrete pier beam is accomplished with neoprene
bearings placed on mortar pads of varying thickness and dapped ends on the girders.

5.1.3.3.2 Typical continuity detail over a pier

Fig. 5-19 Continuity detail over a pier showing the mortar bed, neoprene bearing, precast concrete pier
cap beam, dapped girder ends, and reinforcement.
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Fig. 5-20 Reinforcement detail of the girder at a dapped end. Note: All dimensions are in millimeters. T mm =
0.0394 in.

Fig. 5-21 Photo of the precast concrete pier beam at the edge of the bridge.

Fig. 5-22 Typical reinforcement extending vertically from the precast concrete pier beam.
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Fig. 5-23 Another view of the continuity reinforcement extending from the pier cap and dapped ends of
the U girders.

Full structural continuity. On top of the support bearings there are 700 x 1200 mm
(276 x 472 in.) precast concrete pier beams that eliminate the need for formwork for the

CIP concrete at the piers.

The pier beams have evenly spaced vertical reinforcement that matches the horizontal
bars extended from the beams. CIP concrete is used in the diaphragm over the piers.

5.1.3.3.3 Transverse slopes

25% 25%

Fig. 5-24 Bridge superstructure with 2.5% transverse slopes.

The bridge deck has 2.5% transverse slopes formed by the concrete deck slab.

5.1.3.3.4 Transverse diaphragms

This solution uses diaphragms over the supports as well as intermediate transverse
diaphragms at two locations between supports. The diaphragms are reinforced concrete
without transverse post-tensioning.

Fig. 5-25 Intermediate diaphragm detail. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.
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Fig. 5-26 Typical diaphragm reinforcement at a pier.

5.1.3.4 Summary of the preliminary design
Number of spans 7
Continuity Full structural continuity
Average span length L, m 36
Girder depth G, mm 1'000
Slab depth H, mm 250
Total depth D =G + H, mm 1'250
Web width W, mm 160
Girder spacing S, m 1
Precast concrete girder weight, tonnes 38.2
/D 28.8
L/G 36
Average depth, mm/m? 750
Prestressing steel, kg/m? 28.34
Reinforcing steel — girder, kg/m? 34
Reinforcing steel — top slab, kg/m? 251
Reinforcing steel in a diaphragm, kg 678

Note: 1 mm =0.0394 in.; 1 m =3.281 ft; 1 mm/m? = 0.0037 in/ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft3;
1 kg/m* = 0.0624 Ib/ft’; 1 tonne = 1.102 tons.

5.1.4 Construction sequence

- Piers were cast in place.
- Neoprene bearings were placed on top of the piers.
- Precast concrete pier beams were installed on top of the neoprene bearings.

- Precast concrete girders were installed on the precast concrete pier beams,
eliminating the need for falsework and temporary structures.

- Reinforcement was installed for the deck slab and the slab concrete was placed.

- A few weeks later, to avoid creep problems, the concrete for the continuity
connection between girders was placed.
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Fig. 5-27 Top flanges of girders just before installation of slab reinforcement. Holes in flanges provide ac-
cess to place intermediate diaphragm connection concrete.

Fig. 5-28 Elevation view of the bridge before casting deck slab.

5.1.5 Substructure

The substructure of this bridge was constructed of CIP concrete.

5.1.5.1 Piers

The piers consist of two inclined reinforced concrete columns that share the same
foundation. In general, on top of each column there are two neoprene bearings.

The height of the piers varies from 2.8 to 5.6 m (9.2 to 18.4 ft).

Fig. 5-29 Typical bridge pier.
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5.1.5.2 Foundations

The piers are supported by reinforced concrete shallow footings. Generally, they
measure 1000 x 480 cm (394 x 189 in.) by 160 cm (63 in.) deep.

| 1000 | 4100 | 1000 |

+5.407

Fig. 5-30 Cross-section and elevation views of piers and shallow foundations. Note: All dimensions are in
millimeters. T mm = 0.0394 in.)

5.1.5.3 Abutments

The abutments are CIP reinforced concrete structures. On top of the abutments, the
structure is supported by three neoprene bearings, and the back wall of the abutment
supports the approach slab.

Fig. 5-31 Bridge cross section and abutment cross-section views.
5.2 Example 2: bridge with ten 15 m (49 ft) long spans in Belgium

This example was furnished by Pieter van der Zee.

5.2.1 Considerations identified

- Bridge layout: This structure has a total length of 150 m (492 ft) and a total width
of 15 m (49 ft).

- Geological and geotechnical factors: Spans a small river, which made the span
of 15 m necessary.

- Codes: Loads according to EN 19908 and EN 1991-221 and design codes
EN 1992-1-15-Tand EN 1992-26-31,

- Construction factors: The bridge needed to replicate the appearance of the CIP
bridge proposed by the architect, which was a massive continuous plate deck.
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Furthermore, the general contractor was not permitted to place falsework in the
river, and he could not find a method for the CIP solution. Therefore, he sought a
precast concrete solution.

- Aesthetics: At the edges of the superstructure, this solution uses two U girders to
achieve the required appearance.

- Environmental factors: The general contractor could not place any temporary
construction in the river because it is a protected area. For durability, the bridge is
considered to be XC4, XD3, and XF4 following the specifications in EN 1992-1-15-1,

5.2.2 Proposed solution

This bridge has 10 spans, each with a length of 15 m (49 ft). The cross section of the
superstructure uses 14 precast concrete girders with a depth of 600 mm (24 in.), twelve
inverted T girders and two U girders placed at the edges of the superstructure to modify
its final appearance. To obtain a closed soffit, the precast concrete girders are placed
adjacent to each other (side by side) and the concrete placement of the deck slab takes
place directly on top of the precast concrete girders.

The CIP deck slab is 25 cm (10 in.) thick and provides 2.5% transverse slopes.
The superstructure includes reinforced concrete diaphragms over piers and abutments.

The precast concrete girders are pretensioned and the layout of the prestressing
reinforcement consists of straight strands in the bottom flanges and top of the web of the
inverted T girders.

This solution provides full continuity over the piers. There is an end-block in the
T section where the slab can be connected with the beam, so a linked-slab system is used

5.2.2.1 Plan

15000 15000 _ 15000 i ‘ ‘ ‘ ‘ 15000 _ 15000

Fig. 5-32 Plan of the bridge in Example 2. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.2.2.2 Elevation

15000 15000 15000 15000 __ 15000 __ 15000 __ 15000 15000 15000 15000
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Fig. 5-33 Elevation of the bridge in Example 2. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.
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5.2.2.3 Superstructure cross section

1 Girder 7] Slab & Diaphragm

Diaphragm Section Center Span Section

Fig. 5-34 Cross-section view of the bridge illustrating both with and without diaphragm.

5.2.3 Superstructure

5.2.3.1 Precast concrete girders

5.2.3.1.1 Materials
Concrete: 50 MPa (7 ksi)
Prestressing steel: 1860 MPa (270 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.2.3.1.2 Description of the cross section

Twelve inverted T girders, 600 mm (24 in.) deep, placed adjacent to each other (side
by side), and two U girders at the edges of the bridge.

50 80
2180] 0 10012
- 40 160 410

1380 1200 90

Fig. 5-35 Cross-section dimensions of precast concrete girders. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

5.2.3.1.3 Prestressing

The precast concrete girders are pretensioned. For this structure, there is a total of
16 straight strands in the bottom flange and the web of the precast concrete girders.
5.2.3.2 Deck slab
5.2.3.2.1 Materials

Concrete: 30 MPa (4 ksi)

Mild reinforcing steel: 500 MPa (73 ksi)
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5.2.3.2.2 Description of the deck slab

The CIP deck slab has a thickness of 250 mm (10 in.) and is cast on top of the girders,
including 80 mm (3 in.) thick precast concrete deck panels.

5.2.3.3 Details
5.2.3.3.1 Vertical alignment

15000 15000 _ 15000 15000 15000 15000 15000 15000 _ 15000 15000

e

Neoprene | Adjusting|
SUppOrt G T Lo Mortar

Fig. 5-36 Detail of the bearings. Note: All dimensions are in millimeters. T mm = 0.0394 in.

The precast concrete pier caps are placed on neoprene bearings. The longitudinal slope
of the bridge is adjusted by a variable thickness mortar bed under the bearings and dapped
ends on the girders.

5.2.3.3.2 Continuity detail over the pier

SLOPE 2.31%

|
1 115
9 90: 140

Couplers Above ’\

SLOPE 2.31%

Fig. 5-37 Continuity detail over the pier. Note: All dimensions are in millimeters. T mm = 0.0394 in.
Full structural continuity. The bearings on the piers, support precast concrete pier beams

and on these, the continuity is achieved by a linked-slab method.

5.2.3.3.3 Transverse diaphragms

This solution incorporates diaphragms over the supports. There are no diaphragms at
midspan. The diaphragms are reinforced concrete elements without transverse post-tensioning.
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Summary of the preliminary design

Number of spans 10
Continuity Full structural continuity
Span length [, m 15
Girder depth G, mm 600
Slab depth H, mm 250
Total depth D =G + H, mm 850
Web width W, mm 200
Girder spacing S, m 1
Precast concrete girder weight, tonnes 11
L/D 17.65
L/G 25
Average depth, mm 509
Prestressing steel, kg/m? 11. 68
Reinforcing steel — girder, kg/m? 65
Reinforcing steel — top slab, kg/m’ 251

T mm = 0.0394 in; T m = 3.281 ft; 1 kg/m? = 0.2048 Ib/ft’; 1 kg/m* = 0.0624 Ib/ft5;

1 tonne = 1.102 tons.

5.3 Example 3: bridge with three 50 m (164 ft) long spans in
Belgium

This example was furnished by Pieter van der Zee.

5.3.1 Considerations identified

Bridge layout: The structure has a total length of 150 m (492 ft) and a total width
of 15 m (49 ft).

Geological and geotechnical factors: Spans a small river that requires the 50 m
(164 ft) span.

Codes: Loads according to EN 1990 and EN 1991-2"-% and design codes
EN 1992-1-151 and EN 1992-215-31,

Construction factors: The bridge was required to appear like the CIP bridge proposed
by the architect, which was a massive continuous slab deck bridge. Furthermore,
the general contractor was not permitted to place temporary construction in the
river. Because the contractor could not find a method to cast the bridge in place,
he sought a precast concrete solution.

Aesthetics: At the edges of the superstructure this solution uses two U girders to
modify the appearance of the elevation of the bridge.

Environmental factors: The general contractor could not place any temporary
construction in the river because it is a protected area. For durability, the bridge is
considered to be XC4, XD3, and XF4 following the specifications in EN 1992-1-1551.
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5.3.2 Proposed solution

This bridge has three spans, each with a length of 50 m (164 ft). The cross section of the
superstructure consists of 14 precast concrete girders with a depth of 1600 mm (63 in.).
There are twelve I-girders and two U girders placed at the edges of the superstructure to
modify its final appearance. To obtain a closed soffit and eliminate the need for precast
concrete deck slabs, the precast concrete girders are placed adjacent to each other (side
by side) and the concrete placement of the deck slab takes place directly on the top
flanges of the precast concrete I-girders.

The CIP deck slab is 25 cm (10 in.) thick and has 2.5% transverse slopes.
CIP reinforced concrete diaphragms are used over piers, abutments, and at midspan.

The precast concrete girders are pretensioned and the layout of the prestressed
reinforcement consists of both straight and draped strands placed in the top and bottom
flanges of the I-girders.

This solution incorporates full continuity over the piers, which is accomplished by a
linked-slab system.

5.3.2.1 Plan

50000 50000 50000

Fig. 5-38 Plan of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.3.2.2 Elevation

50000 50000 50000

G “ m H I

d

Fig. 5-39 Elevation of the bridge.

5.3.2.3 Superstructure cross section

1 Girder

Slab & Diaphragm

Diaphragm Section Center Span Section

Fig. 5-40 Cross-section view of the bridge illustrating both with and without diaphragms.
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5.3.3 Superstructure

5.3.3.1 Precast concrete girders
5.3.3.1.1 Materials

Concrete: 50 MPa (7 ksi)

Prestressing steel: 1860 MPa (270 ksi)

Mild reinforcing steel: 500 MPa (73 ksi)
5.3.3.1.2 Description of the cross section

There are twelve I-girders, 1600 mm (63 in.) deep, placed side by side, and two U
girders at the edges of the bridge.

50 80
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1600

1360 }200} \ %0 \

Fig. 5-41 Cross-section dimensions of precast concrete girders. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

5.3.3.1.3 Prestressing

The precast concrete girders are pretensioned. There are 28 straight strands: 26 strands
in the bottom flange and 2 strands in the top flange of the I-girders. There are 20 draped
strands. No post-tensioning is used.

5.3.3.2 Deck slab

5.3.3.2.1 Materials
Concrete: 30 MPa (4 ksi)
Reinforcing steel: 500 MPa (73 ksi)

5.3.3.2.2 Deck slab description
The CIP deck slab has a thickness of 25 cm (10 in.) and cast directly on the I-girders.
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5.3.3.3 Details
5.3.3.3.1 Vertical alignment

50000 50000 50000

Neoprene Adjusting
Support Mortar

Fig. 5-42 Bearing detail. Note: All dimensions are in millimeters. T mm = 0.0394 in.

Precast concrete pier beams are placed on neoprene bearings on the piers. To fine-
tune the longitudinal slope of the bridge, a variable-depth mortar bed was used under

the bearings.
5.3.3.3.2 Typical continuity detail over a pier

SLOPE2.31% | SLOPE2.31%

90
95 \ 115
Couplers Above-\ 10 140
\1 /TW Couplers Below
HHE

Fig. 5-43 Continuity detail over the pier. Note: All dimensions are in millimeters. T mm = 0.0394 in.

Full structural continuity. On top of the bearings on the piers, precast concrete pier
beams were placed. Superstructure continuity over the piers is engaged by extending the
prestressing strands from the girders and bending them as seen in the detail in Figure 5-43.

5.3.3.3.3 Diaphragms

This solution uses diaphragms over the supports as well as intermediate diaphragms
at midspan. The diaphragms are reinforced concrete elements without post-tensioning.
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Summary of the preliminary design

Number of spans 3
Continuity Full structural continuity
Span length [, m 50
Girder depth G, mm 1600
Slab depth H, mm 250
Total depth D =G + H, mm 1850
Web width W, mm 160
Girder spacing S, m 1
Precast concrete girder weight, tonnes 76.8
L/D 27
L/G 31.25
Average depth, mm/m? 812
Prestressing steel, kg/m? 52.32
Reinforcing steel — girder, kg/m? 76
Reinforcing steel — top slab, kg/m? 251
Reinforcing steel in a diaphragm, kg 678

Note: T mm =0.0394 in.; T m =3.281 ft; 1 mm/m? = 0.0037 in./ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft;

1 kg/m® =

0.0624 Ib/ft?; 1 tonne = 1.102 tons.

5.4 Example 4: Bridge with ten 15 m (49 Ft) long spans in Brazil

This example was furnished by Fernando Stucchi and Marcelo Waimberg.

This is a theoretical example created for comparison with different practices, but a
possible solution for a precast concrete bridge in Brazil.

5.4.1 Considerations identified

fib Bulletin

Bridge layout: This example is a bridge with a total length of 150 m (492 ft) and
a total width of 15 m (49 ft).

Codes: Loads according to NBR 7188"; design according to NBR 611857 and
NBR 868158,

Construction factors: Typical precast concrete girders weighing up to 120 tonnes
(132 tons) and 45 m (148 ft) long are achievable because of available launching
or erecting equipment. By installing girders side by side, no additional formwork
is required for the deck slab.

Maintenance: Simple neoprene profiles are installed at expansion joints. Thus,
a large number of these joints should be avoided, because this is a critical point
in terms of maintenance.

Functional factors: Reducing expansion joints also improves driver comfort.
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- Economy: In Brazil, most precast concrete bridges are built in a precasting yard
near the jobsite. Nevertheless, there are some commercially manufactured products
that would fit this range of spans.

5.4.2 Proposed solution

This bridge has ten spans, each 15 m (49 ft) long. The superstructure comprises 550 mm
(22 in.) wide precast concrete hollow-core girders that are assembled side by side,
transversely prestressed and covered by a 10 cm (4 in.) thick CIP concrete deck slab. These
girders are produced by a centrifugal casting process.

At midspan and over each pier, transverse diaphragms are used, providing adequate
lateral stiffness and strength to the deck, working as an orthotropic slab. Because the
girders are installed side by side, these diaphragms are constructed by grouting the joints
between girders, casting the top slab and post-tensioning them.

The deck has a transverse slope of 2%, obtained by staggering the girders’ bearings at
appropriate heights.

Expansion joints are installed every five spans.

This solution uses partial continuity over the piers with link slabs.
5.4.2.1 Plan
@ 2 3 4 5 6

15000 15000 15000 15000 15000

Abutment

Fig. 5-44 Plan of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.4.2.2 Elevation
@ 15000 @ 15000 @ 15000 @ 15000 @ 15000 @
‘:[ ]

Fig. 5-45 Elevation of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.4.2.3 Superstructure cross section

‘ 500 25 X560 = 14000 ‘ 500,
a) Without diaphragm

2%

‘ 500] 25 X 560 = 14000 ‘ @J

| b) Over the piers and at midspan

Fig. 5-46 Cross-section view of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.4.3 Superstructure

5.4.3.1 Precast concrete girders

54.3.1.1 Materials
Concrete: 35 MPa (5 ksi)
Prestressing steel: 1'900 MPa (276 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.4.3.1.2 Description of the cross section

There are 26 hollow-core girders, 550 mm (217 in.) deep, 550 mm wide, placed adjacent
to each other (side by side).

25 25 25
I
/@00 ©|

0\ 80127 mm
5! h =60 mm
B bt I

LITLY i
75 400 75

Fig. 5-47 Cross-section dimensions of precast concrete girder. Note: h = strand spacing. Dimensions are
in centimeters unless otherwise indicated. T cm = 0.3937 in.; 1 mm = 0.0394 in.
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54.3.1.3 Prestressing

The precast concrete girders are pretensioned. There is a total of eight 12.7 mm
(0.5 in.) diameter straight strands per girder. Two straight post-tensioned tendons are
used in each diaphragm.
5.4.3.2 Deck slab
5.4.3.2.1 Materials

Concrete: 35 MPa (5 ksi)

Mild reinforcing steel: 500 MPa (73 ksi)

Deck slab description: The deck slab is a 100 mm (4 in.) thick, CIP concrete slab that
also fills the joints between adjacent girders. The deck has a transverse slope of 2%,
achieved by varying the bearing elevation of each girder.
5.4.3.3 Details

5.4.3.3.1 Bearings

Adjusting
[ ] Mortar

Variable ¢

—

Fig. 5-48 Bearing detail.

The vertical alignment of the bridge varies along its length. Longitudinal slopes can be
achieved with variable height piers. Neoprene bearing pads are placed on top of adjusting
mortar. Over these devices a CIP mortar layer is provided to ensure compatibility with
the bottom of the girder.

5.4.3.3.2 Continuity

Partial structural continuity is provided by link slabs over piers. At midlength and at
both abutments, expansion joints are used every five spans, 75 m (246 ft) apart.

To allow flexibility in the deck slab, a polystyrene plate is placed on top of the girders
under the slab, and between the two adjacent diaphragms at a pier for the full width of
the bridge. See Figures 5-49 and 5-51 for details.

Additional reinforcement is placed at this point to resist bending moments and tension
arising from direct truck load and rotation compatibility of the girders.
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Fig. 5-49 Continuity detail over the pier.

5.4.3.3.3 Transverse slope

500/ 25 X 560 = 14000 ‘ 500

Fig. 5-50 Bridge superstructure with 2% transverse slope. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

The bridge has a 2% transverse slope formed by installing each girder at a different
elevation.

5.4.3.3.4 Transverse diaphragms

This solution includes diaphragms at every midspan and over the piers, providing
transverse strength and stiffness to the deck. These elements are partially precast together
with the girders. After grouting the interface between girders and casting the deck slab,
these diaphragms are post-tensioned with two straight tendons.

Post-tensioned Tendons

b) Post-tensioning in the diaphragm

Fig. 5-51 Diaphragms. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.
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5.4.3.4 Summary of the preliminary design

Number of spans 10
Continuity Partial with link slab
Span length [, m 15
Girder depth G, mm 550
Slab depth H, mm 100
Total depth D=G + H, mm 650
Web width W, mm 2@75
Girder spacing S, m 0.560
Precast concrete girder weight, tonnes 6
L/D 23.08
L/G 27.27
Average depth, mm 410
Prestressing steel, kg/m? 12.5
Reinforcing steel — girder, kg/m? 43
Reinforcing steel — top slab, kg/m? 10
Reinforcing steel in a diaphragm, kg 130

Note: 1T mm =0.0394 in.; 1 m=3.281 ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft>; 1 tonne = 1.102 tons.

5.4.4 Superstructure construction sequence

- Following construction of the piers, neoprene bearing pads are installed on
mortar beds.

- Typically, girders are transported by truck and installed with cranes.

- Girders are placed on temporary supports on the piers, allowing the placement
of mortar on the neoprene pads. Temporary supports are removed.

- Reinforcement is installed for the deck slab and CIP concrete is placed, completing
the deck.

- When the deck concrete has reached a predetermined strength, post-tensioning
tendons are installed and tensioned in each diaphragm.

5.5 Example 5: bridge with six 25 m (82 ft) long spans in Brazil

This example was furnished by Fernando Stucchi and Marcelo Waimberg.

This is a theoretical example created for comparison with different practices, but a
very typical solution for precast concrete bridges in Brazil. Some of the following pictures
show an example of a similar solution used in Trensurb, a suburban railway system in
Porto Alegre, Brazil.
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5.5.1 Considerations identified

- Bridge layout: This example considers a bridge with total length of 150 m (492 ft)
and total width of 15 m (49 ft).

- Codes: Loads according to NBR 7188 and design according to NBR 611857
and NBR 8681581,

- Construction factors: Typical precast concrete girders weighing up to 120 tonnes
(132 tons) and 45 m (148 ft) long are achievable because of available launching
or erecting equipment. To avoid additional formwork and reduce activities at the
jobsite, the deck slab is almost entirely precast.

- Aesthetics: Considering construction in a populated area, U girders are more
aesthetically appealing than I-girders.

- Construction factors: In a densely populated area, girders would be launched
with steel truss travelers, rather than cranes, reducing traffic interference.

- Maintenance: Simple rubber devices are installed at expansion joints. Therefore,
an excessive number of these joints should be avoided, because this is critical in
terms of maintenance.

- Functional: Reducing expansion joints also improves driver comfort.

5.5.2 Proposed solution

This solution has six spans, each 25 m (82 ft) long. The superstructure consists of five
precast concrete U girders with a depth of 1500 mm (59 in.) with a spacing of 2.7 m
(8.9 ft) on center. In the Brazilian experience, the spacing of girders can be up to 4 m
(13 ft) or sometimes more, but some authorities limit this distance to a lower value.

The deck slab is precast concrete. The panels are 20 cm (8 in.) thick, bearing on the top
flange of the girders and a CIP concrete layer is placed connecting the panels and girders.
The deck has a 2% transverse slope, accomplished by varying girder bearing elevations.

By using a 1.35 m (4.43 ft) deck cantilever, five girders are used in the 15 m (49 ft)
wide deck.

Expansion joints are used every three spans.

Over each pier, transverse diaphragms are provided adding torsional strength and stiffness
for the girders and the entire deck when subjected to lateral forces. The diaphragms are cast
in place, together with the 10 cm (4 in.) thick panel topping. Intermediate diaphragms are
not used, simplifying deck construction.

This solution employs partial continuity over the piers using link slabs.
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5.5.2.1 Plan
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Fig. 5-52 Plan of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.5.2.2 Elevation
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Fig. 5-53 Elevation of the bridge. Note: All dimensions are in millimeters. 1T mm = 0.0394 in.

5.5.2.3 Superstructure cross section .
7500 15
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a) Cross section near midspan
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(b) Cross section at a pier

Fig. 5-54 Cross section of the bridge. Note: All dimensions are in millimeters . 1 mm = 0.0394 in.
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5.5.3 Superstructure

5.5.3.1 Precast concrete girders

5.5.3.3.1 Materials
Concrete: 40 MPa (6 ksi)
Prestressing steel: 1'900 MPa (276 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.5.3.3.2 Description of the cross section

Five U girders, 1500 mm (59 in.) deep, placed 2.7 m (8.9 ft) on center, with constant
cross-section properties.

ROUGH SURFACE

200 1100 200

Fig. 5-55 Cross-section dimensions of the precast concrete U girder. Note: All dimensions are in centimeters.
1cm=0.3937 in.

553.1.3 Prestressing

Each precast concrete girder is pretensioned with 34 12.7 mm (0.5 in.) diameter straight
strands. No additional post-tensioning in girders or diaphragms is provided.

34 x12.7mm

\. .‘\‘\.. s e o Q D
Cooe . 0. X

Fig. 5-56 Prestressing in the precast concrete girders. Note: T mm = 0.0394 in.
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5.5.3.2 Deck slab
5.5.3.2.1 Materials
Concrete: 40 MPa (6 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)
5.5.3.2.2 Deck slab description

The deck slab is precast using 20 cm (8 in.) thick panels bearing on the top flanges of
the girders. CIP concrete is placed between the panels on the girders. To reduce the risk

of misalignment of bearings, two panels are used to cover the deck width. This permits
lighter panels to be installed.

The deck has a 2% transverse slope, achieved with varying bearing elevations.

Fig. 5-57 Example precast concrete erection photos of a similar bridge.

5.5.3.3 Details
5.5.3.3.1 Bearings

Adjustin
Mortar

Variable

Fig. 5-58 Bearing detail
The elevation of the bridge varies along its length and is achieved with piers of different

heights. Neoprene bearing pads are placed on mortar pads on the piers. A CIP mortar is
provided to ensure full contact with the bottom of the girder.
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5.53.3.2  Continuity

Partial structural continuity is accomplished with link slabs over the piers. Expansion
joints are installed at midlength of the bridge and at both abutments every three spans or
75 m (246 ft) apart.

At every other pier, the slab is continuous over the transverse inverted T pier cap beam.
This geometry ensures that the slab allows the girders to rotate.

Additional reinforcement is placed at this point to resist bending moments and tension
arising from direct truck load and rotation of the girders.
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Fig. 5-59 Continuity detail over a pier. Note: All dimensions are in millimeters. T mm = 0.0394 in.
5.5.3.3.3 Transverse slope

7500 7500

2100 \ 42700 = 10800 \ 2100 \

Fig. 5-60 Bridge superstructure with 2% transverse slope. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

The bridge has a 2% transverse slope formed by installing each girder at a different
elevation.

For larger slopes, closed box girders can be installed rotated around their longitudinal
axes. This would simplify installation of the precast concrete panels.
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5.5.3.3.4 Transverse diaphragms

This solution uses reinforced concrete diaphragms over the piers that are cast in place
just before installing precast concrete deck panels. Diaphragm concrete is placed both
inside and outside the girders.

These diaphragms provide torsional strength and stiffness to the girders.

No intermediate diaphragm is used.
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Fig. 5-61 Diaphragm detail. Note: All dimensions are in millimeters. 1T mm = 0.0394 in.

5.53.4 Summary of the preliminary design
Number of spans 6
Continuity Partial with link slab
Span length [, m 25
Girder depth G, mm 1'500
Panel depth H, mm 200
Total depth D=GC + H, mm 1'700
Web width W, mm 2 @ 200
Girder spacing S, m 2.70
Precast concrete girder weight, tonnes 49
L/D 14.70
L/G 16.67
Average depth, mm 460
Prestressing steel, kg/m? 9
Reinforcing steel — girder, kg/m? 45
Reinforcing steel — top slab, kg/m? 35
Reinforcing steel in a diaphragm, kg 740

Note: 1 mm =0.0394 in.; 1 m=3.281 ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft>; 1 tonne = 1.102 tons.
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5.5.4 Construction sequence

After completing CIP construction of the piers, neoprene bearing pads are installed
on mortar beds.

Typically, girders are transported by truck and launched with truss travelers.

Girders are placed on temporary devices on top of the piers, allowing placement
of adjusting mortar on the neoprene pads.

Precast concrete panels are erected on tops of the girders.

Additional reinforcement is installed both for diaphragms and continuity between
adjacent deck panels. Concrete is placed in diaphragms.

The connection is made between the girders’ flanges and deck panels with concrete
placed through panel blockouts.

Fig. 5-62 Examples of transporting and installing girders.
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5.6 Example 6: bridge with four 37.5 m (123 ft) long spans in
Brazil

This example was furnished by Fernando Stucchi and Marcelo Waimberg.

This is a theoretical example created for comparison with different practices, but a very
typical solution for precast concrete bridges in Brazil.

5.6.1 Considerations identified

- Bridge layout: This example considers a bridge with a total length of 150 m
(492 ft) and a total width of 15 m (49 ft).

- Codes: Loads according to NBR 7188"°, and design according to NBR 611857
and NBR 868154

- Construction factors: Typical precast concrete girders weighing up to 120 tonnes
(132 tons) and 45 m (148 ft) long were considered because of available launching
or erecting equipment. To avoid additional formwork, no lateral overhangs were
considered.

- Maintenance: Simple neoprene profiles are installed at expansion joints. Therefore,
a large number of these joints should be avoided, because this is a critical point in
terms of maintenance.

- Functional: Reducing expansion joints also improves driver comfort.

5.6.2 Proposed solution

This example bridge has four spans, each 37.5 m (124 ft) long. The cross section
comprises six precast concrete |-girders with a depth of 1'950 mm (77 in.), 2.77 m (9 ft)
on center. In the Brazilian experience, the transverse spacing can be up to 3.2 m (10.5 ft)
sometimes higher, but some authorities would limit the spacing to 3.0 m (9.8 ft).

The deck slab is partially precast with 70 mm ( 3 in.) thick panels placed on the top
flanges of the girders. Concrete topping, 130 mm (5 in.) thick, is added. The deck has a
2% transverse slope, obtained by varying the girders’ bearing elevations.

In this example, there is no deck overhang, avoiding the use of formwork for that
section of the deck. Transverse bottom reinforcement in the slab is provided in the precast
concrete panels.

Over each pier, transverse diaphragms are assumed, providing adequate torsional
strength and stiffness for the girders and the whole deck when subjected to lateral forces.
The diaphragms are cast in place together with the deck topping. Intermediate diaphragms
are not used, which simplifies deck construction.

This solution assumes partial continuity over the piers using link slabs.
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5.6.2.1
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Fig. 5-63 Plan of two spans of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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Fig. 5-64 Elevation of two spans. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.6.2.3
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Fig. 5-65 Cross-section view of the bridge. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.
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5.6.3 Superstructure

5.6.3.1 Precast concrete girders

5.6.3.1.1 Materials
Concrete: 40 MPa (6 ksi)
Prestressing steel: 1'900 MPa (276 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.6.3.1.2 Description of the cross section

Six I-girders, 1'950 mm (77 in.) deep, placed 2.77 m (9.09 ft) on center, with a constant
cross section over the full length, except at supports, where the flared-end section widens
to 600 mm (24 in.).

200
220
0

70
w)

1300

T T T T

Fig. 5-66 Cross-section dimensions of precast concrete girder. Note: All dimensions are in centimeters.
1ecm=0.3937in.

5.6.3.1.3 Prestressing

Each precast concrete girder is pretensioned with a total of 32 15.2 mm (0.6 in.) diameter
straight strands. No additional post-tensioning for girders or diaphragms is provided.
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Fig. 5-67 Prestressing strand layout in precast concrete girders. Note: All dimensions are in centimeters.
1cm=0.3937 in.

5.6.3.2 Deck slab
5.6.3.2.1 Materials
Concrete: 35 MPa (5 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)
5.6.3.2.2 Deck slab description

The deck slab is partially precast using 70 mm (3 in.) thick panels placed on the edges of
the top flanges of the girders. Concrete topping, 130 mm (5 in.) thick, is placed afterwards.
The deck has a 2% transverse slope, achieved by varying the bearing elevations.

Transverse bottom reinforcement for the deck is provided in the precast concrete
panels. No transverse reinforcement is used, but the top surface of the panels is left
intentionally rough to ensure composite action with the CIP concrete.

i

o & .
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Fig. 5-68 Typical precast concrete panel installation.
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5.6.3.3 Details
5.6.3.3.1 Bearings

Variable

Mortar

- \ Adjusting

Fig. 5-69 Bearing detail

The elevation of the bridge varies along its length. This is achieved with piers of different
heights. Neoprene bearing pads are placed on top of mortar pads. A CIP mortar layer is
provided to ensure full contact with the bottom of the girder.

5.6.3.3.2 Continuity

Partial structural continuity is provided by link slabs over piers. At midlength and at
both abutments, expansion joints are installed 75 m (246 ft) apart.

To provide flexibility in the slab, bearings are not allowed between adjacent diaphragms.
This is achieved with of a polystyrene plate placed before casting the deck topping.

Additional reinforcement is placed at this point to resist bending moments and tension
from direct truck load and rotation of the girders.

Top Reinforcement Link Slab
Slab Reinforcement @125 CI10 \
\ | | /7
Polystyrene fééf ;Q}, Bottom Reinforcement
o i @100
‘ |
. 100 .
000 o

Fig. 5-70 Continuity detail over a pier. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.6.3.3.3 Transverse slope

Fig. 5-71 Bridge superstructure with 2% transverse slope.

The bridge has a 2% transverse slope formed by installing each girder at a different
elevation.

5.6.3.3.4 Transverse diaphragms

This solution uses reinforced concrete diaphragms over the piers that are cast in place
at the same time as the topping slab.

These diaphragms provide torsional strength and stiffness to the girders.

No intermediate diaphragm is used.

Castin Place

15 Diaphragm and Slab
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Fig. 5-72 Diaphragm detail. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.6.3.4 Summary of the preliminary design

Number of spans 4
Continuity Partial with link slab
Span length [, m 37.5
Girder depth G, mm 1'950
Deck slab depth H, mm 200
Total depth D =G + H, mm 2'150
Web width W, mm 250
Girder spacing S, m 2.77
Precast concrete girder weight, tonnes 68
L/D 17.44
L/G 19.23
Average depth, mm 500
Prestressing steel, kg/m? 16
Reinforcing steel — girder, kg/m? 74
Reinforcing steel — deck slab, kg/m? 35
Reinforcing steel in a diaphragm, kg 260

Note: T mm = 0.0394 in.; 1 m =3.281 ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft*; 1 tonne = 1.102 tons.

5.6.4 Construction sequence

- After completing CIP construction of the piers, neoprene bearing pads are installed
on mortar beds.

- Typically, girders are transported by truck and installed with cranes.

- Girders are placed on temporary devices on top of the piers, allowing placement
of adjusting mortar on neoprene pads.

- Precast concrete panels are installed on top of girders and additional reinforcement
is installed, both for panels and diaphragms.

- Topping concrete is placed completing the deck.
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Fig. 5-73 Transporting and installing girders.
5.6.5 Substructure

5.6.5.1 Piers
The previous three examples disregard the substructure.

Usually, in Brazilian bridges these are CIP structures. However, precast concrete
elements are sometimes considered for pile caps, columns, or pier caps.

Fig. 5-74 shows an example of precast concrete columns.
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Fig. 5-74 Example of precast concrete columns.

5.7 Example 7: bridge with ten 16 m (52 ft) long spans in China

This example was furnished by Bao-Chun Chen.

This is a theoretical example developed with solutions commonly adopted in China.

5.7.1 Considerations identified

- Bridge layout: This example considers a bridge with total length of 150 m (492 ft)
and a total width of 15 m (49 ft).

- Codes: This example uses the following codes: JTG B01-2003", JTG D60-20045%,
JTG D62-2004511, JTJ041-2000551, JTG D81-2006513!,

- Aesthetics: The two precast concrete edge girders have asymmetric overhangs
to improve the appearance of the bridge as well as reduce the formwork needed.

5.7.2 Proposed solution

This solution has 10 spans, each with a length of 16 m (52 ft). The cross section of
the superstructure consists of nine precast concrete hollow-core girders with a depth of
800 mm (31 in.) and variable length. The nine girders form a slab bridge joined with infill
concrete, deck panels, and a CIP topping slab.

The CIP topping slab is 18 cm (7 in.) thick and the bridge has a 2% transverse slope.

Reinforced concrete diaphragms are used over piers and abutments but there are none
at midspan.

The precast concrete girders are post-tensioned. The tendons are single strands with a
parabolic profile along the length of the girder.
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5.7.2.1 Superstructure cross section

500 11000 500

100 mm C40

800

30 9x1240= 11240 30

Fig. 5-75 Cross section of the bridge between diaphragms. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

5.7.3 Superstructure

5.7.3.1 Precast concrete girders

5.7.3.1.1 Materials
Concrete: 40 MPa (6 ksi)
Prestressing steel: 1'860 MPa (270 ksi)
Mild reinforcing steel: 335 MPa (49 ksi)

5.7.3.1.2 Description of the cross section

Nine hollow-core girders form a slab bridge superstructure with varying cross-section
dimensions (Fig. 5-76). The two edge girders have overhangs that improve the appearance
of the bridge and reduce the need for formwork for the deck slab.
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c) Exterior girders

Fig. 5-76 Dimensions of precast concrete girders. Note: All dimensions are in millimeters. 1T mm = 0.0394 in.

5.7.3.1.3 Prestressing

The precast concrete girders are post-tensioned. The post-tensioning tendons consist
of four strands, 15.2 mm (0.6 in.) diameter in each precast concrete girder (Fig. 5-77 and
5-78). These figures also show the mild reinforcement in the precast concrete girder.
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b) Plan of reinforcement

Fig. 5-77 Reinforcement layout of the interior girder. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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Fig. 5-78 Reinforcement layout of exterior girder. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.7.3.2 Deck slab
5.7.3.2.1 Materials
Concrete: 40 MPa (6 ksi)
Mild reinforcing steel: 335 MPa (49 ksi)
5.7.3.3.2 Deck slab description

CIP slab with a thickness of 18 cm (7 in.) and cast on top of deck panels placed on the
girders with the reinforcement (Fig. 5-79 and 5-80).

15960
50 130 156X100 130 50
il T
) e ——— e
Shear
Reinforcement

Fig. 5-79 The connection detail between the deck panels and the cast-in-place slab. Note: All dimensions
are in millimeters. 1 mm = 0.0394 in.
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Fig. 5-80 Plan view of the reinforcement of the top slab.Note: B = Slab width ; n = number of rebars;
o = skew angle. Il dimensions are in millimeters. T mm = 0.0394 in.

5.7.3.3 Details

Continuity
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Fig. 5-81 Continuity detail over the pier. Note: d = tablet thickness; h = distance between tablets. All
dimensions are in millimeters. T mm = 0.0394 in.

Full structural continuity was used in this example.

5.7.3.4 Summary of the main information

Number of spans 10
Continuity Structural continuity
Span length L, m 16
Girder depth G, mm 800
Slab depth H, mm 180
Total depth D =G + H, mm 980
Web width W, mm 270
Girder spacing S, m 1.25
Precast concrete girder weight, tonnes 28.9
L/D 13.33
L/G 16.32
Prestressing steel, kg/m? 9.32

Note: T mm = 0.0394 in.; T m = 3.281 ft; 1 kg/m? = 0.2048 Ib/ft3; 1 tonne = 1.102 tons.
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5.8 Example 8: bridge with five 30 m (98 ft) long spans in China

This example was furnished by Bao-Chun Chen. This is a theoretical example developed
with solutions commonly adopted in China.

5.8.1 Considerations identified

- Bridge layout: This example is a bridge with total length of 150 m (492 ft) and a
total width of 15 m (49 ft).

- Codes: This example uses the following codes: JTG BO1-20035, JTG D60-2004519,
JTG D62-200451, JTJ041-200051%, JTG D81-2006>'7.

5.8.2 Proposed solution

This example has five spans, each 30 m (98 ft) long. The cross section of the
superstructure consists of five precast concrete T-girders with a depth of 2000 mm
(79 in.). There are two types of precast concrete girders, interior and exterior “edge”
girders. Precast reinforced concrete deck panels are placed on top of the girders and a
topping slab is cast on the deck panels.

The CIP topping slab is 8 cm (3 in.) thick. A bituminous wearing course is used over
the concrete. The deck has a 2% transverse slope.

Mildly reinforced concrete diaphragms are used over the piers and abutments as well
as at three intermediate locations at midspan and quarter points of the girders.

The precast concrete girders are post-tensioned. The layout of the tendons is a
parabolic profile.

5.8.2.1 Superstructure cross section
150 10500
- 1%
g 200 S 5
S 700 500
1200 | 2400 | 2400 | 2400 | 2400 1200 |

a) Cross section at midspan diaphragm showing cast-in-place and precast
concrete portions of diaphragm
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b) Cross section at supports

Fig. 5-82 Cross section at diaphragms.Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.8.3 Superstructure

5.8.3.1 Precast concrete girders

5.8.3.1.1 Materials
Concrete: 50 MPa (7 ksi)
Prestressing steel: 1'860 MPa (270 ksi)
Mild reinforcing steel: 335 MPa (49 ksi)

5.8.3.1.2 Description of the cross section

Five T girders, three interior and two exterior girders spaced at 2.4 m (7.9 ft) on center. As
can be seen in Fig. 5-83, the cross section of the precast concrete girders varies along the
length of the bridge, with flared end sections the same width of the bottom flange at supports.
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b) Plan of an exterior and one interior girder
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Fig. 5-83 Cross-section dimensions of precast concrete girders. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

5.8.3.1.3 Prestressing

The precast concrete girders are post-tensioned. The longitudinal prestressing consists
of three parabolic tendons with 15.2 mm (0.6 in.) diameter strands. Figure 5-84 shows
the location of the longitudinal post-tensioning and the location in the cross section at
midspan and supports.
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Fig. 5-84 Post-tensioning layout of precast concrete beams. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

5.8.3.2 Deck slab
5.8.3.2.1 Materials
Concrete: 50 MPa (7 ksi)

Mild reinforcing steel:
5.8.3.2.2

335 MPa (49 ksi)
Deck slab description

An 8 cm (3 in.) thick slab is cast on top of deck panels on the girders with the reinforcement
shown in Fig. 5-85.
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a) Plan view
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Fig. 5-85 Deck panels and topping slab. Note: All dimensions are in millimeters. 1T mm = 0.0394 in.

5.8.3.3 Details
5.8.3.3.1 Continuity
20 1200012
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a) One-half transverse section
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b) Partial longitudinal section at the pier showing link slab

Fig. 5-86 Continuity detail over the pier. Note: All dimensions are in millimeters. T mm = 0.0394 in.

This solution develops partial continuity with a link slab.
5.8.3.3.2 Transverse diaphragms.

This solution uses CIP reinforced concrete diaphragms over all supports as well as
intermediate diaphragms at midspan and quarter points of the T girders.
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a) One-quarter section A-A through a diaphragm, showing an exterior and b) Vertical section B-B through
one interior girder, the partial precast concrete diaphragms and cast-in- a precast concrete diaphragm
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c) Section C-C looking down near the

‘ 2400 ‘ 240072 bottom of a diaphragm

Fig. 5-87 Diaphragm details. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.
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5.8.3.4 Summary of the preliminary design

Number of spans 5
Continuity Partial with link slabs
Span length [, m 30
Girder depth G, mm 2'000
Slab depth H, mm 80
Total depth D = G + H, mm 2'080
Web width W, mm 240
Girder spacing S, m 2.4
Precast concrete girder weight, tonnes 76.5
L/D 14.42
L/G 15
Prestressing steel, kg/m? 9.32

Note: T mm = 0.0394 in.; 1 m = 3.281 ft; 1 kg/m? = 0.2048 Ib/ft?; 1 tonne = 1.102 tons.

5.9 Example 9: bridge with four 40 m (131 ft) long spans in China

This example was furnished by Bao-Chun Chen.

This is a theoretical example developed with solutions commonly adopted in China.

5.9.1 Considerations

- Bridge layout: This example is a bridge with a total length of 150 m (492 ft) and
a total width of 15 m (49 ft).

- Codes: This example uses the following codes: JTG B01-2003"*, JTG D60-20045%,
JTG D62-2004>",JTJ041-2000""?, JTG D81-20065"3,

5.9.2 Proposed solution

This example has four spans, each with a length of 40 m (131 ft). The cross section of
the superstructure consists of four precast concrete trapezoidal box girders with a depth
of 2'000 mm (79 in.). There are two types of precast concrete girders, two interior and
two exterior (edge) girders.

Reinforced concrete deck panels are placed on top of the girders and a topping slab is
cast on the deck panels. The topping slab is 18 cm (7 in.) thick and the deck of the bridge
has a 2% transverse slope.

The superstructure has reinforced concrete diaphragms over piers and abutments as
well as an intermediate diaphragm at midspan.

The precast concrete girders are post-tensioned. The tendons have a parabolic profile.
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5.9.2.1 Superstructure cross section

500 11000 500
80 mm C50 Insitu Deck Slab

160mmTransversal
H‘iﬁé— 0 2% 50 2% WetJointJ

=

Precast

32900 Box Girder 160
a) Cross section at the diaphragm at midspan
5500 ‘ 5500 500

80 mm C50 Insitu Deck Slab !
160mmTransversal
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Box Girder 3X 2900 60

b) Cross section at supports

Fig. 5-88 Cross section of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.9.3 Superstructure

5.9.3.1 Precast concrete girders

5.9.3.1.1 Materials
Concrete: 50 MPa (7 ksi)
Prestressing steel: 1'860 MPa (270 ksi)
Mild reinforcing steel: 335 MPa (49 ksi)

5.9.3.1.2 Description of the cross section

There are four trapezoidal box-girders, two interior girders and two exterior girders
spaced at 2.9 m (9.5 ft) on center. The interior girders have symmetric top flanges, and the
exterior girders have asymmetric top flanges to provide support for the deck overhangs.

The cross section of the precast concrete girders varies along the length of the bridge,
with thicker webs at the supports.
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f) Plan of an interior girder in an end span
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Fig. 5-89 Details and dimensions of precast concrete girders. Note: All dimensions are in millimeters.
1 mm=0.0394 in.

5.9.3.1.3 Prestressing

The precast concrete girders are post-tensioned. The longitudinal prestressing consists
of 12 draped parabolic tendons in each precast concrete element as seen in Fig. 5-90 and
5-91. These figures also show the reinforcement in the precast concrete girder.

The Center Line The Center Line
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N
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-

a) Longitudinal layout of post-tensioning tendons
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b) Section A-A showing tendon anchorage locations 10002 | 100072

c) Section B-B showing tendon locations
at midspan

Fig. 5-90 Post-tensioning locations in precast concrete girders. Note: All dimensions are in millimeters.
1 mm =0.0394 in.
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Fig. 5-91 Top tendon locations in the flange of an interior girder. Note: All dimensions are in millimeters.

T mm =0.0394 in
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5.9.3.2 Deck slab
5.9.3.2.1 Materials

Concrete: 50 MPa (7 ksi)

Mild reinforcing steel: 335 MPa (49 ksi)
5.9.3.2.2 Deck slab description

Slab with a thickness of 18 cm (7 in.) and cast on top of deck panels placed on the
girders with the reinforcement shown in Fig. 5-92 and 5-93.

. 500

L

-

The Stesl of
Preformed Box Girder

Fig. 5-92 Reinforcement in the area formed between girder flanges. Note: All dimensions are in millimeters.
1T mm =0.0394 in.
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Guardrail {77 Guardrail

80mm C50 _='°§ T e T e
Insitu Deck Slab “\ — —% g

D6 Weld Fabrics of Cold

Rolled Ribbed Bars

Fig. 5-93 Elevation of cast-in-place slab. Note: All dimensions are in millimeters. T mm = 0.0394 in

5.9.3.3 Details
5.9.3.3.1 Bearings
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b) Plan details for an interior girder of an interior span
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Fig. 5-94 Details of the bearings of the bridge.Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.9.3.3.2 Continuity detail over piers
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a) Elevation of a diaphragm at a pier
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c) Section B-B through a diaphragm between girders

Fig. 5-95 Continuity details over the pier. Note: All dimensions are in millimeters. T mm = 0.0394 in.

This solution provides full structural continuity.
5.9.3.3.3 Transverse diaphragms

This solution uses reinforced concrete diaphragms over the supports as well as an
intermediate diaphragm at midspan.
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d) Elevation of the reinforcement in the precast concrete
portion of a midspan diaphragm of an interior girder
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Fig. 5-96 Details of intermediate diaphragms. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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a) Elevation of an end diaphragm
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Cast In Situ The Center Line of Bridge
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c) Section B-B
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Fig. 5-97 End diaphragm details. Note: All dimensions are in millimeters. T mm = 0.0394 in.
5.9.3.4 Summary of the preliminary design
Number of spans 4
Continuity Full structural continuity
Span length L, m 40
Girder depth G, mm 2'000
Slab depth H, mm 180
Total depth D =G + H, mm 2'180
Web width W, mm 200
Girder spacing S, m 2.9
Precast concrete girder weight, tonnes 153.1
L/D 13.76
L/G 15
Prestressing steel, kg/m? 9.32
Note: T mm = 0.0394 in.; 1 m =3.281 ft; 1 kg/m? = 0.2048 Ib/ft}; 1 tonne = 1.102 tons.
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5.10 Example 10: Bridge with Six 25 m (82 ft) long spans in France

This example was furnished by André de Chefdebien.

This example is inspired by an actual bridge with similar considerations that resulted
in 2 x 3 spans of 22 m (72 ft).

5.10.1 Considerations identified

- Bridge layout: This example is a bridge with a total length of 150 m (492 ft) and
a total width of 15 m (49 ft).

- Codes: Loads according to EN 1990%* and EN 1991-252 and design according to
EN 1992-1-15-" and EN 1992-215-31,

- Aesthetics: A combination of a shallow superstructure with slender piers is required
to minimize the visual impact of the bridge.

- Environmental factors: Piers are not permitted in the water of a 22 m (72 ft)
wide river.

- Sustainability factors: Corrosion induced by carbonation and relative humidity
of 70%.

- Maintenance: To reduce maintenance costs, the number of bearings must be
minimized.

- Safety: The bridge is an overpass on a regional road with heavy traffic.

5.10.2 Proposed solution

The aesthetic and environmental considerations droved the choice for equal spans
with 1/20 slenderness ratio.

To reduce the visual mass at the top of the pier, girders are supported by a recessed pier
cap between the ends of the girders. The girders are made continuous for superimposed
dead load and live load by mean of this CIP connection. The continuity also allows a
wider beam spacing.

Soft soil conditions do not permit shoring, so temporary supports are fixed to the piers.

The concrete diaphragms cast over the piers and abutments are mildly reinforced. No
intermediate diaphragms are used at midspan.
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Fig. 5-98 Example of temporary support fastened to the pier.

The top flanges of the girders are placed adjacent to each other (side by side). Once the
beams are erected on the temporary support and stabilized by struts or temporary transverse
rods, the safety of workers is greatly improved. This is important especially when the deck
is over a heavily used road during construction.

The transverse pier beam atop the temporary supports is precast, providing for more
rapid construction. When joined compositely with the diaphragm concrete, fewer bearing
pads than the total number of beams are required, which reduces maintenance costs.

The choice of six 25 m (82 ft) spans limits the transportation and erection costs. The deck
cross section consists of 12 precast concrete bulb-tee girders with a depth of 1000 mm (39 in.),
a top flange width of 1'230 mm (48 in.), and a CIP deck slab thickness of 250 mm (10 in.).

A 2% transverse slope is necessary to deal with runoff. It is achieved by positioning the
bearings of the girders with the slope (using a precast concrete supporting beam with the
slope included or with a stepped top surface).

Fig. 5-99 Example of a precast concrete soffit beam with transverse slope.

To minimize the work required on-site, there is no intermediate diaphragm at midspan.
Intermediate diaphragms are very unusual for these kinds of decks despite the advantages
provided.

The precast concrete girders are pretensioned. Prestressing uses straight strands in the
bottom flanges of the bulb-tee girders. Partial debonding is achieved with plastic tubes on
some strands near the beam ends.

This solution provides full continuity over the piers.
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5.10.2.1 Plan
25000 25000

T

T

Fig. 5-100 Plan of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.10.2.2 Elevation

|
|
i

Fig. 5-101 Elevation of the bridge.

5.10.2.3 Superstructure cross section

15000

-

Fig. 5-102 Cross section near midspan.Note: All dimensions are in millimeters. 1 mm = 0.0394 in.

Fig. 5-103 Cross section through a pier cap diaphragm.
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5.10.3 Superstructure

5.10.3.1 Precast concrete girders

5.10.3.1.1  Materials
Concrete: 60 MPa (9 ksi)
Prestressing steel: 1'860 MPa (270 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.10.3.1.2  Description of the cross section

Twelve deck bulb-tee girders, 71000 mm (39.37 in.) deep, placed adjacent to each
other (side by side).

= 1230
- 150
550

Fig. 5-104 Cross-section dimensions of deck bulb-tee girders. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

5.10.3.1.3  Prestressing

Each precast concrete girder is pretensioned with a total of 18 straight strands with
15.7 mm (0.6 in.) diameter — 150 mm2 (0.2 in.2). Fifty percent of the strands are debonded
at the ends of the girders to reduce the top tensile stresses at release and to reduce long-
term redistribution sagging moment due to creep under the prestress forces. Asymmetric
debonding is used for the first and end span to fit with prestress demand.
5.10.3.2 Deck slab
5.10.3.2.1  Materials

Concrete: 35 MPa (5 ksi)

Mild reinforcing steel: 500 MPa (73 ksi)
5.10.3.2.2  Deck slab description

A 25 cm (10 in.) thick slab is cast directly on top of the girder flanges.

The CIP slab is considered composite with the precast concrete girder in the longitudinal
direction. In the transverse direction, the top flange of the girder does not resist the transverse
bending moment.
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5.10.3.3 Details
5.10.3.3.1  Bearings

The precast concrete pier soffit beam is supported on four steel-reinforced neoprene
pads. The elevation of the pad is adjusted by reinforced concrete blocks glued on the
piers and abutments. The longitudinal alignment (for example, 3%) is maintained by
sloping the precast concrete girders. The bearing pads and the soffit of the crossbeam
remain horizontal.

3%

————

Fig. 5-105 Detail of the vertical alignment of the bridge.

5.10.3.3.2  Continuity

_m 2025@110mm

1400

1800 2020

Fig. 5-106 Continuity top and bottom reinforcement in a cast-in-place pier cap and diaphragm. Note: All
dimensions are in millimeters. T mm = 0.0394 in.

The deck is considered fully continuous after casting the top slab and pier beams.
The precast concrete girders are shorter than the span length to allow casting the 0.7 m
(2.3 ft) wide recessed pier beam. Reinforcement extending from the bottom of the girders
is required to resist sagging moments at supports and approximates end struts, while
negative moments are resisted by longitudinal reinforcing bars embedded in the CIP slab.
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Fig. 5-107 Example of bottom positive moment continuity reinforcement in a bridge girder.

5.10.3.3.3  Transverse slopes

Transverse slopes can be achieved by positioning the precast concrete girders on a
transverse pier beam with stepped bearings.

r- -
|
|
|
|

Fig. 5-108 Bridge superstructure with 2% transverse slopes.

5.10.3.3.4  Transverse diaphragms

This example assumes diaphragms over the supports. The diaphragms are reinforced
concrete elements without post-tensioning. They have a width of 700 mm (28 in.) and
a total height of 1'400 mm (55 in.) after becoming composite with the precast concrete
soffit beams.
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5.10.3.4 Summary of the main information
Number of spans 6
Continuity Full structural continuity
Span length [, m 25
Girder depth G, mm 1'000
Slab depth H, mm 250
Total depth D= G + H, mm 1'250
Web width W, mm 150
Girder spacing S, m 1.25
Precast concrete girder weight, tonnes 19.3
L/D 20
L/G 25
Average depth, mm 518
Prestressing steel, kg/m? 16.8
Reinforcing steel — girder, kg/m? 36.2
Reinforcing steel — top slab, kg/m? 220
Reinforcing steel in a diaphragm, kg 3'000

Note: 1 mm =0.0394 in.; 1 m=3.281 ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft}; 1 tonne = 1.102 tons.

5.10.4 Construction sequence

- The girders, weighing 20.5 tonnes (22.5 tons), can be transported by truck, two
at a time.

- The precast concrete transverse soffit beam is placed atop the pier and stabilized
by mechanical devices.

- The girders are positioned on the precast concrete soffit beam and braced at the top.

- Longitudinal and transverse slab reinforcement, as well as diaphragm reinforcement,
is placed.

- The deck slab and pier beam/diaphragm are cast.

- After the CIP concrete has reached its design strength, mechanical devices under
the pier beams allow transfer to the final bearings.
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Fig. 5-109 Transverse precast concrete soffit beam and mechanical supports.

5.11 Example 11: bridge with five 30 m (98 ft) long spans in Italy

This example was furnished by Mario Petrangeli.
This proposed cross section has been recently adopted for the construction of the following
Italian viaducts:
- Rome, Italy: five new viaducts, most of which are 268 m (879 ft) long, along the
new carriageways of the A24 urban highway, between the Lunghezza and Palmiro-
Togliatti junctions.
- Teramo, Italy: St. Antonio Viaduct (2'400 m [7'874 ft] long) and Vomano Viaduct,
along the A24 Highway between L'Aquila and Teramo.

Fig. 5-110 St. Antonio Viaduct in Teramo.

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures 95



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

Fig. 5-111 Vomamo Viaduct in Teramo.

5.11.1 Considerations identified

- Bridge layout: This example considers a bridge with a total length of 150 m
(492 ft) and a total width of 15 m (49 ft).

- Codes: Loads according to EN 19905 and EN 1991-25% and design according to
EN 1992-1-15-1 and EN 1992-2131,

- Construction and functional factors: It is desired to establish continuity of the
deck for the entire length of the viaduct.

- Maintenance: Low maintenance costs for expansion joints.

- Economy: Low construction costs for the deck.

5.11.2 Proposed solution

This solution has five spans, each 30 m (98 ft) long. The superstructure comprises two
or three precast concrete U girders (depending on width), 1600 mm (63 in.) deep, with
wide flanges. The girders are placed side by side to eliminate the need for deck forms.
Precast concrete deck panels are placed to close the tops of the girders.

The CIP deck slab is 25 cm (10 in.) thick with a 2.5% transverse slope. The transverse
slope is obtained by placing the girders at different elevations and inclined at the slope.
Therefore, the single inclined surface of the deck slab has a constant thickness.

Due to the torsional stiffness of the box girders no intermediate diaphragms are
required.

This solution provides partial continuity over the piers with link slabs and the
superstructure can accommodate unexpected vertical settlements of the foundations.

The design can also be efficiently adapted for span lengths up to 38 m (125 ft), using
girders 2'000 mm (79 in.) deep.
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Full continuity may be achieved by introducing CIP segments at piers and “external”
two-stage post-tensioning tendons. This solution has been used for the new “Quattro
Querce” Viaduct along highway A3 Salerno-Reggio Calabria (see Fig. 5-112 below and
for five viaducts along the SS675 Highway Rieti-Orte-Viterbo-Civitavecchia.

Fig. 5-112 Example of full continuity in the “Quattro Querce” Viaduct .

5.11.2.1 Plan

TRAVE 2 =28300 mm

Fig. 5-113 Plan of an 11.25 m (37 ft) wide bridge with two girders. Note: T mm = 0.0394 in.
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5.11.2.2 Elevation
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Fig. 5-114 Elevation of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.
5.11.2.3 Superstructure cross section
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b) Cross section over piers

Fig. 5-115 Cross section of a bridge 15.00 m wide with three girders. Note: All dimensions are in millimeters.
1 mm =0.0394 in.
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5.11.3 Superstructure

5.11.3.1 Precast concrete girders
5.11.3.1.1  Materials

Precast concrete girders: 45 MPa (7 ksi)
CIP diaphragms: 32 MPa (5 ksi)
Prestressing steel: 1'860 MPa (270 ksi)
Post-tensioning bars: 1'030 MPa (149 ksi)

5.11.3.1.2  Description of the cross section

The cross section consists of two or more U girders, depending on the width, with
wide top flanges, placed side by side. The width of the girder can be varied from a
minimum of 2.7 m (8.9 ft) up to a maximum of 5.61 m (18.41 ft) to accommodate several
deck configurations.
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Fig. 5-116 Cross-section dimensions of precast concrete girders. Note: All dimensions are in millimeters.
1 mm = 0.0394 in.

5.11.3.1.3  Prestressing

The precast concrete girders are pretensioned. In this structure there is a total of
82 straight strands.

At the ends of the girder, for a length of 1.6 to 2.6 m (5.2 to 8.5 ft), some of the strands
are unbonded using sheaths. This allows bending moment reduction at support sections.
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Fig. 5-117 Prestressing strand layout. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.11.3.2 Deck slab
5.11.3.2.1  Materials
Slab: 32 MPa (5 ksi)
Mild reinforcing steel: 450 MPa (65 ksi)
5.11.3.2.2  Deck slab description

The bridge deck is a CIP slab, 25 cm thick. Formwork is not needed because of the
adjacent girder flanges and precast concrete deck panels that close the top of the U
girder (Fig. 5-115).

The slab is continuous throughout the bridge. To increase its free length and reduce
the stiffness of the continuous slab segment, it is debonded from the girder with a 1 cm
(0.4 in.) thick polystyrene layer.

The necessary free length of the slab obtained in this way (2.00 m [6.56 ft] in this
example) depends on the rotation of the ends of the girders. This rotation is in fact what
induces bending moment and stresses in the slab, proportional to its stiffness.
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Fig. 5-118 Continuous slab details. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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Fig. 5-119 Continuous slab reinforcement. All dimensions are in millimeters. T mm = 0.0394 in.

The superstructure continuity over the piers with a continuous slab maintains many
of the advantages of continuous girders in terms of rideability, lower maintenance costs
for the deck joints, longitudinal and transverse continuity of the viaduct, but it is easier
to build. On the other hand, the structural behavior for vertical loads is less favorable
compared to continuous girders, even if, in the case of precast concrete girders made
continuous on-site, a percentage of the advantage is lost due to long-term effects.

5.11.3.3 Bearings

Guided or free-sliding pot bearings are used. The longitudinal and transverse slope
of the girder is adjusted by means of temporary steel wedge plates placed between the
bearing and the bottom of the girder.
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5.11.3.3.1  Diaphragms

This solution uses diaphragms between girders over the supports only. These are
reinforced concrete elements with post-tensioning applied with two tendons of two
36 mm (1.4 in.) diameter threaded bars. Due to the torsional stiffness of the box girders, an
efficient transverse distribution of live load is ensured, and no intermediate diaphragms are
needed. To increase precast concrete girder stability during construction, two intermediate
diaphragms inside the girders are present.
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Fig. 5-120 End diaphragms detail.

5.11.3.4  Summary of the preliminary design

Number of spans 5
Continuity Partial with link slab
Span length L, m 30
Girder depth G, mm 1'600
Slab depth H, mm 250
Total depth D = G + H, mm 1'850
Web width W, mm 190
Girder spacing S, m 4.98
Precast concrete girder weight, tonnes 110
L/D 16.22
L/G 18.75
Average depth, mm 500
Prestressing steel in girders, kg/m? 15
Reinforcing steel — girders, kg/m? 50
Reinforcing steel — top slab, kg/m? 60
Reinforcing steel — diaphragms, kg 5

Note: T mm = 0.0394 in.; 1 m =3.281 ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft>; 1 tonne = 1.102 tons.

5.11.4 Construction sequence

- In this solution, the roughly 28 m (92 ft) long U girders must be manufactured in
a CE (European Community )- certified factory.

- The girders are shipped to the construction site by trucks and installed by means
of specialized launching equipment (Fig. 5-122).
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- Temporary bearings and restraints are needed to ensure the stability of the girders
until the completion of the diaphragms.

- After installation of the precast concrete deck panels over the open girders followed
by reinforcement, the deck slab is placed, finished, and cured.

H “H'i'm:

Fig. 5-122 Launching the U girder under a trussed steel launching beam.

5.11.5 Substructure

Due to the large variability of the seismic hazard along the Italian peninsula, it is not
possible to define a typical solution.
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To provide some guidance for the present example, due to the designed deck continuity,
the following are general structural concepts:

- To minimize the reactions on piers it is possible to connect the deck to one of
the abutments with seismic isolators and connect the deck to the abutments only
to resist transverse seismic loads. This leaves the piers free of horizontal forces
with the only exception of friction at bearings and seismic reactions due to the
pier self-weight.

- If the purpose is, instead, to distribute the seismic loads to the substructures,
shock transmission unit (STU) devices can be adopted to connect the deck
to the piers for longitudinal seismic restraint and transversally, by calibrating
the stiffness of seismic isolators, it is possible to optimize the design loads on
the substructures.

It is also possible to combine the two suggested solutions to obtain several others that
might fit the specific site conditions.

In the present example, there was a specific necessity to minimize loads on piers
because of the presence of adjacent substructures of an existing highway and railway.
Therefore, structural scheme No. 1 was adopted.

5.12 Example 12: bridge with ten 15 m (49 ft) long spans in Japan

This example was furnished by Kenichi Kata.

For 15 m (49 ft) long spans, slab bridge structure is typically used in Japan. This
solution is one of the typical structures for short-span bridges in Japan. This structure type
is authorized by the Japan Industrial Standards (JIS) for single-girder bridges®-'..

5.12.1 Considerations identified

- Bridge layout: This example bridge has a total length of 150 m (492 ft) and a total
width of 14.3 m (47 ft).

- Codes: This example uses the following standard codes: Specifications for Highway
Bridges in Japan®®'¥. The precast concrete section was approved by the Japanese
Industrial Standards>-'*l.

5.12.2 Proposed solution

This solution has 10 spans, each with a length of 15 m (49 ft). The cross section of the
superstructure consists of 19 precast, prestressed concrete hollow-core girders with a
depth of 600 mm (24 in.). Concrete diaphragms are constructed over the piers and every
span has three intermediate diaphragms. The 19 precast concrete girders are installed
adjacent to each other and form a slab bridge. The joints are filled with concrete and
transverse prestressing is applied at the diaphragms.

The precast concrete girders are prefabricated at the factory and transported by trucks.
Usually, transportation companies have license to transport payloads under 30 tonnes
(33 tons) when using public roads. Therefore, it is one of the criteria for planning and
designing precast concrete bridges in Japan.
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The precast concrete girders are pretensioned with straight strands. Four strands are
partially debonded to control the compressive stresses in the girder.

This solution applies full structural continuity over the piers, which is accomplished
with mild steel reinforcement and CIP concrete.

5.12.2.1 Plan

10@15000=150000
15000 15000

Fig. 5-123 Plan of one span of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.12.2.2 Elevation

15000 15000

Fig. 5-124 Partial longitudinal section of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.12.2.3 Transverse cross section

400 2500 ‘ 8500 ‘ 2500 400
Pier Head Standard Section
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Transverse Prestressing Infil Concrete Precast Girder

Fig. 5-125 Cross section of the bridge (left: diaphragm at a pier; right: between diaphragms). Note: All
dimensions are in millimeters. T mm = 0.0394 in.
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5.12.3 Superstructure

5.12.3.1 Precast concrete girders
5.12.3.1.1  Materials and allowable stresses
Concrete: Compressive strength 50 MPa (7 ksi)

Allowable compressive stress 16 MPa (2 ksi) (under
service load)

Allowable tensile stress 1.8 MPa (0.3 ksi) (under
service load)

Prestressing steels: Yield strength 1'860 MPa (270 ksi)

Allowable tensile stress 1'100 MPa (160 ksi) (under
service load)

Mild reinforcing steel:  Yield strength 295 MPa (43 ksi)

Allowable tensile stress 180 MPa (26 ksi) (under
service load)

5.12.3.1.2  Description of the cross section

There are 19 hollow-core girders that form a slab bridge superstructure.

Pier Head Standard Section Span Center
580 30 640 30 60 580 60
| Prestressing I
B i F = T Steel Y S
S o 20 0 o
3 S S
— 4 - — AT
\ Prestressing Steel regtreSiSIng /
Bond Controlled ee

Fig. 5-126 Cross-section dimensions of precast concrete girders. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

5.12.3.1.3  Prestressing

The precast concrete girders are pretensioned with 14 straight strands, 15.2 mm
(0.6 in.) in diameter. Transverse post-tensioning is applied at the diaphragms to connect
each precast concrete girder.

5.12.3.2 Deck slab

This solution does not have a CIP slab over the precast concrete girder. The pavement
on the precast concrete girder is 75 mm (3 in.) thick. CIP concrete properties (joint infill
concrete, diaphragm concrete) are as follows:

106 Output-Examples from several countries



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

Concrete: Compressive strength 30 MPa (4 ksi)

Allowable compressive stress 12 MPa (2 ksi) (under
service load)

Allowable tensile stress 0 MPa (under service load)

5.12.3.3 Details
5.12.3.3.1  Bearings

Neoprene bearings are typically used for the shoe. It is set level on a mortar seat and
the longitudinal slope is adjusted by the concrete layer between the bearing and the
underside of the girder.

O
o
L npn La er
R ’
Rubber J w Rubber
Mortar Seat —— —— Mortar Seat

Fig. 5-127 Detail of the bearings. Note: o = Distance between abutment and girder end.

5.12.3.3.2  Continuity

This solution requires neoprene bearings for the precast concrete girders. Fig. 5-127 shows
the position of the neoprene pads. Mild steel reinforcement is used in the diaphragms over
the piers to attain the superstructure continuity.

— S [y —

Connecting
Reinforcement

Fig. 5-128 Continuity reinforcement in the diaphragm over the pier.

5.12.3.3.3 Transverse slope

400 2500 8500 ‘ 2500 400
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Fig. 5-129 Cross section showing 2.5% transverse slope. Note: All dimensions are in millimeters.
1T mm = 0.0394 in.
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If the transverse slope of the deck is 4.0% or less, the precast concrete girders are
rotated about their longitudinal axes and set on the pier cap. Therefore, the thickness of
the pavement is usually constant.

With a slope over 4.0%, precast concrete girders are rotated as previously described
and set on the pier head with 4.0% slope and additional adjustment is applied by the
surface concrete or pavement thickness.

5.12.3.3.4  Transverse diaphragms

This solution has diaphragms over the supports and three intermediate transverse
diaphragms. The diaphragms are CIP concrete that includes transverse post-tensioning.

Cross Section Longitudinal View Castin Situ Concrete
[F s i T i i O TN
~~" N U N lﬂl ’ u 1 o o o \\

L Precast Girder \ Transverse Prestressing \Jrar:sverse
restressing

Fig. 5-130 Diaphragm details.
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15.12.3.4  Summary of the preliminary design

Number of spans 10
Continuity Full structural continuity
Span length L, m 15.0
Girder depth G, mm 600
Slab depth H, mm No slab
Total depth D =G + H, mm 600
Web width W, mm 240
Girder spacing S, m 0.77
Precast concrete girder weight, tonnes 11
L/D 25
L/G 25
Average depth, mm 477
Prestressing steel, kg/m? 25.1
Reinforcing steel — girder, kg/m? 22.1
Reinforcing steel — top slab, kg/m? n/a
Prestressing steel in a diaphragm, kg 23.9

Note: n/a = not applicable. T mm =0.0394 in.; 1 m =3.281 ft; 1 kg = 2.205 Ib; 1 kg/m?> = 0.2048 Ib/ft>;
1 tonne = 1.102 tons.

Prestressing steel: Weight of longitudinal prestressing steel/area of precast concrete
girder.
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5.12.4 Construction sequence

- This type of precast concrete girder is usually erected by truck crane.

- Concrete is placed between girders, and the end and intermediate diaphragms
are constructed.

- Then transverse prestressing steels are tensioned.

- CIP concrete pavement is installed.

Fig. 5-131 Transporting the precast concrete girder by truck.

Fig. 5-132 Erection by a single crane.
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Fig. 5-133 Concrete is being placed between precast concrete girders and will be followed by casting
concrete in the diaphragms.

5.13 Example 13: bridge with six 25 m (82 ft) long spans in Japan

This example was furnished by Kenichi Kata.

The T-girder bridge structure in this example is one commonly found in Japan. T girders
are generally used in bridges with span lengths from 20 to 40 m (66 to 131 ft). This
structure type is approved for use by the Japan Industrial Standards (JIS)®-4.

5.13.1 Considerations identified

- Bridge layout: This example is for a bridge with a total length of 150 m (492 ft)
and a total width of 14.3 m (47 ft).

- Codes: This example considers the following standard codes: Specifications for
Highway Bridges in Japan®'¥. The precast concrete section was approved by the
Japanese Industrial Standards®'*.

- In addition, in Japan the maximum weight for transportation on the highway is
generally limited to 30 tonnes (33 tons).

5.13.2 Proposed solution

This solution has six spans, each 25 m (82 ft) long. The superstructure comprises
14 precast concrete T girders, 800 mm (31 in.) wide with a depth of 1'300 mm (51 in.).
They are installed spaced at 1.015 m (3.33 ft) on center. The concrete diaphragm
is constructed over the pier and an intermediate concrete diaphragm is cast in place
at midspan. The 14 precast concrete girders form a bridge with 215 mm (8 in.) wide
joints between flanges that are joined with CIP concrete and transverse post-tensioning
through the flanges and diaphragms.
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The precast concrete girders are pretensioned and the layout consists of a combination
of straight and draped strands.

This solution considers full structural continuity over the piers, which is accomplished
with mild steel reinforcement and CIP concrete.

5.13.2.1 Plan

6@25000=150000
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Fig. 5-134 Plan of two spans of the bridge. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.

5.13.2.2 Elevation
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Fig. 5-135 Elevation of two spans of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.13.2.3 Cross section
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Fig. 5-136 Cross-section view of the bridge (left: through the diaphragm over a pier; right: between
diaphragms). Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.13.3 Superstructure

5.13.3.1 Precast concrete girders

5.13.3.1.1 Materials and allowable stresses

Concrete: Compressive strength 50 MPa (7 ksi)
Allowable compressive stress 17 MPa (2 ksi) (under
service load)
Allowable tensile stress 1.8 MPa (0.3 ksi) (under
service load)
Prestressing steels: Yield strength 1'860 MPa (270 ksi)

Allowable tensile stress 1'100 MPa (160 ksi) (under
service load)

Mild reinforcing steel:  Yield strength 345 MPa (50 ksi)

Allowable tensile stress 180 MPa (26 ksi) (under
service load)

5.13.3.1.2  Description of the cross section

There are 14 T girders set at 1.015 m (3.33 ft) on center leaving a 215 mm (8 in.) wide
space between flanges. The flanges are connected with CIP concrete and transverse post-
tensioning in the top flanges and diaphragms.

Precast Girder Section Pier Head Span Center
800
¢
%L L L. L
RN

Prestressing Steel
Draped Layout \

1300

Prestressing Steel
Straight Layout

300

Fig. 5-137 Cross sections of precast concrete girders. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.

5.13.3.1.3  Prestressing

The precast concrete girders are pretensioned. The longitudinal prestressing consists
of 22 straight and draped strands, 15.2 mm (0.6 in.) in diameter. At the diaphragmes, this
solution also uses transverse post-tensioning.

Due to the weight restrictions established by Japanese highway authorities, if the weight of
the precast concrete girder is more than 30 tonnes (33 tons), then the girder must be divided
into segments during manufacture and assembled on-site using post-tensioning techniques.
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5.13.3.2 Deck slab

This solution does not use a CIP slab over the precast concrete girder. The pavement
wearing course on the precast concrete girder is 75 mm (3 in.) thick. CIP concrete
properties (infill concrete, diaphragm concrete) are as follows:

Concrete: Compressive strength 30 MPa (4 ksi)

Allowable compressive stress 12 MPa (2 ksi) (under
service load)

Allowable tensile stress 0 MPa (under service load)

5.13.3.3 Details
5.13.3.3.1  Bearings

Neoprene pads are used for the shoe. They are set level on a mortar seat and the
longitudinal slope is adjusted by the CIP concrete layer on the underside of the girder.

Layer

Rubber {/ )
Mortar Seat — Mortar Seat

Fig. 5-138 Bearing detail. Note: o= ?.

5.13.3.3.2  Continuity

This solution requires neoprene bearings for each girder. Fig. 5-138 shows the arrangement
of the neoprene pads. Longitudinal reinforcement extends from the girders. Additional mild
steel reinforcement is added, and CIP concrete is used to attain the superstructure continuity
through the diaphragms over the piers

Connecting
Reinforcement

Fig. 5-139 Continuity detail over the pier.
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5.13.3.3.3  Transverse slope

400 2500 ‘ 8500 ‘ 2500 400

Pier Head \ Standard Section
2.5% \‘

Fig. 5-140 Bridge superstructure with 2.5% transverse slope. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

The T girders are set on the piers. If the transverse slope of the deck is under 4.0 %, the
slope is formed by the concrete thickness in the flange of the precast concrete girders.
Therefore, the thickness of the pavement is usually constant.

In the case of a slope over 4.0%, additional adjustment is made by CIP topping or the
pavement thickness.

5.13.3.3.4  Transverse diaphragms

This solution uses diaphragms over the supports and one intermediate transverse
diaphragm at midspan. The diaphragms are CIP concrete and include transverse post-
tensioning, primarily in the top flange of the T girders and through their webs (Fig. 5-141).

Cross Section Longitudinal View Cast in Situ Concrete
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kTransverlse Precast Girder " Diaphragm Transverse
Prestressing

Prestressing

Fig. 5-141 Diaphragms detail.
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Summary of the preliminary design

Number of spans

6

Continuity Full structural continuity
Span length L, m 25.0
Girder depth G, mm 1'300
Wearing course depth H, mm (160)
Total depth D = G + H, mm 1'300
Web width W, mm 300
Girder spacing S, m 1.015
Precast concrete girder weight, tonnes 29.4
L/D 19.23
L/G 19.23
Average depth, mm 503
Prestressing steel, kg/m? 30.0
Reinforcing steel — girder, kg/m? 35.1
Reinforcing steel — top slab, kg/m? n/a
Prestressing steel in a diaphragm, kg 132.5

Note: n/a = not applicable. T mm = 0.0394 in.; 1 m =3.281 ft; 1 kg = 2.205 Ib; 1 kg/m? = 0.2048 [b/ft};
1 tonne = 1.102 tons.

5.13.4

Construction sequence

- Usually this type of precast concrete girder is erected by crane or erection girder.

- Next, CIP concrete is used to fill the space between and connect the flanges of
the girders.

- Then transverse post-tensioning is applied.

Pier diaphragms and intermediate diaphragms are constructed.

- The wearing course pavement is constructed.

- When transportation limitations are encountered, precast concrete girder segments
are assembled at the construction site using conventional post-tensioning techniques.
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Fig. 5-143 Erection using an erection girder.

Fig. 5-144 Transportation of a precast concrete girder segment by truck.
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5.14 Example 14: bridge with four 40 m (131 ft) long spans in Japan

This example was furnished by Kenichi Kata.

For 40 m (131 ft) long spans, the U girder bridge structure is common in Japan. This
structure comprises open-topped U girders plus a precast concrete lid panel, or “plate,”
over and between girders, finished with a CIP concrete deck slab. As stated in Example 12,
Japan has severe weight restrictions for transportation using public highways. This solution
has the advantage of lower precast concrete girder weight. Therefore, this method can
reduce the required capacity of the erection equipment, such as the launching girder. This
solution was applied to the “Atsugi Second Viaduct” in Kanagawa prefecture in Japan.

5.14.1 Considerations identified

- Bridge layout: This example considers a bridge with a total length of 160 m (525 ft)
and a total width of 14.3 m (47 ft).

- Codes: This example is governed by the following standard codes: Specifications
for Highway Bridges in Japan®®'#. The precast concrete profile was approved by
the Japanese Industrial Standards®>'.

- In Japan, the maximum weight for transporting using the highway is generally
limited to 30 tonnes (33 tons).

5.14.2 Proposed solution

This solution has four spans, each with a length of 40.0 m (131.2 ft) . The cross section
comprises three precast concrete, open-topped U girders with a depth of 2600 mm
(102 in.) and a 200 mm (8 in.) thick CIP deck slab. Precast, prestressed concrete deck
panels are placed in ledges cast into the edges of the girder flanges to close the top of
the girders and the space between girders. A CIP deck is constructed on the panels.
Due to the weight restrictions established by Japanese highway authorities, the girders
are transported in segments, 5.0 m (16.4 ft) long. The precast concrete girders are then
assembled using post-tensioning techniques at the project site.

CIP diaphragms are built over piers and abutments, and two intermediate diaphragms
are constructed at splice points of segments between piers. The pier beam is designed
to establish full structural continuity over the piers and also serves as anchorage for the
post-tensioning tendons.
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5.14.2.1 Plan

Fig. 5-145 Plan of one span of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.14.2.2 Elevation

40000

Fig. 5-146 Elevation of one span of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.14.2.3 Cross section
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Transverse Prestressing Precast Girder

Fig. 5-147 Cross-section view of the bridge (left: through the pier beam; right: typical section between
diaphragms). Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.14.3 Superstructure

5.14.3.1 Precast concrete girders

5.14.3.1.1  Materials and allowable stresses

Concrete: Compressive strength 40 MPa (6 ksi)
Allowable compressive stress 14 MPa (2 ksi) (under
service load)
Allowable tensile stress 1.5 MPa (0.2 ksi) (under

service load)

0.0 MPa (segment joint;
under service load)

Prestressing steels: Yield strength 1'860 MPa (270 ksi)

Allowable tensile stress 1'100 MPa (160 ksi)
(under service load)

Mild reinforcing steel:  Yield strength 345 MPa (50 ksi)

Allowable tensile stress 180 MPa (26 ksi) (under
service load)

5.14.3.1.2  Description of the cross section

The cross section consists of three open-topped U girders installed with a girder
spacing of 4.65 m (15.26 ft) with internal and external post-tensioning tendons. The
precast concrete girder has ledges at the upper edges of its top flanges to receive the
precast concrete deck panel or “plate.”

Pier Head Span Center
3000

Pier Head Span Center

2600

300
230

Fig. 5-148 Cross sections of the precast concrete girder. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

5.14.3.1.3  Prestressing

The precast concrete U girders are post-tensioned. The longitudinal prestressing consists of
four straight internal tendons in the bottom flange and four draped external tendons located
inside the U girder. Transverse post-tensioning is used in the pier beam.

The internal tendons in the bottom flange are used to connect the individual segments
together to permit the single-span girder to be erected. This is necessary when shorter
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segments are required to maintain weights under the 30 tonne (33 ton) limit established
by the Japanese highway authorities.

5.14.3.2 Deck slab

5.14.3.2.1  Materials and allowable stresses

Concrete: Compressive strength 36 MPa (5 ksi)
Allowable compressive stress 12.8 MPa (1.9 ksi) (under
service load)
Allowable tensile stress 1.38 MPa (0.2 ksi) (under

service load)

0.0 MPa (segment joint: under
service load)

Mild reinforcing steel:  Yield strength 345 MPa (50 ksi)

Allowable tensile stress 180 MPa (26 ksi) (under
service load)

5.14.3.2.2  Deck slab description
The CIP deck slab has mild steel reinforcement and is 200 mm (8 in.) thick.

5.14.3.3 Details
5.14.3.3.1  Bearings

A seismic base isolation rubber bearing is typically used for the shoe. It is set level on
a mortar seat and the longitudinal slope is accommodated with a tapered concrete layer
on the underside of the pier beam.

5.14.3.3.2  Continuity

The pier beam is cast in place. The CIP diaphragms and U shaped girders are connected
using mild steel reinforcement in the CIP deck slab and the external post-tensioning
tendons are anchored at the pier beam. Fiber-reinforced CIP concrete fills the joint
between the precast concrete girder and CIP diaphragm.

Cast in Situ
L[t | Concrele Siab

E

Reinforcement

L Precast Girder

Prestressing Steel

Fig. 5-149 Pier beam, tendon anchorage and diaphragm detail over the pier.

120 Output-Examples from several countries



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

Full structural continuity was used.
5.14.3.3.3  Transverse slope

Precast concrete girders are rotated along their longitudinal axes and set on and parallel
to the pier head. Therefore, the thickness of the pavement is usually constant without regard
to the transverse slope.

40 2500 | 8500 | 2500 40

Pier Head Standard Section

. Precast Girder
Transverse Prestressing

Fig. 5-150 Bridge superstructure with 2.5% transverse slope. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

5.14.3.3.4  Transverse diaphragms

This solution uses diaphragms over the supports and two intermediate transverse
diaphragms within the span. The diaphragms are reinforced concrete elements that
include transverse post-tensioning.

Pier Head P Plate Cagt in Siu Concrete Slab

r

I A S L L s |

Peecasi Girdes Il Concrode

Transverss Preskessing

Fig. 5-151 Diaphragms detail.

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures 121



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

5.14.3.4  Summary of the preliminary design

Number of spans 4
Continuity Full structural continuity
Span length L, m 40.0
Girder depth G, mm 2'600
Slab depth H, mm 200
Total depth D = G + H, mm 2'800
Web width W, mm 300
Girder spacing S, m 4.65
Precast concrete girder weight, tonnes 24
L/D 14.28
L/G 15.38
Average depth, mm 616
Prestressing steel, kg/m? 19.7
Reinforcing steel — girder, kg/m? 67.7
Reinforcing steel — top slab, kg/m? 35.5
Prestressing steel in a diaphragm, kg 213

Note: T mm = 0.0394 in.; 1 m =3.281 ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft*; 1 tonne = 1.102 tons.

Prestressing steel: Weight of longitudinal prestressing strands/concrete deck area of a
precast concrete girder .

5.14.4 Construction sequence

- Usually, precast concrete U girder segments are fabricated at the factory and
transported to the site by truck.

- Each segment is arranged and internal post-tensioning tendons in the bottom
flange are tensioned.

- The U girder is erected by an erection truss or girder and connected to the pier
beam diaphragm by tensioning the external post-tensioning tendons.

Following erection of the U girder, the precast concrete deck panel or “plate” is
set, and deck slab reinforcement is arranged.

Finally, deck concrete is cast.

This structure can be constructed not only by using an erection girder, but also by
crane and temporarily support of the segments.

If there is enough space to fabricate the precast concrete girder at the construction site, it
may be fabricated full length. This eliminates the issue of weight restrictions on the highways.
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Cast in situ concrete

Erection Girder

PC plate

U shaped Girder

Fig. 5-152 Depiction of the construction process by erection girder.
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Fig. 5-153 Transporting the U girder segments.
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Fig. 5-155 Transporting a precast concrete girder fabricated at the jobsite.

5.15 Example 15: bridge with ten 15 m (49 ft) long spans in Malaysia
using UHPFRC

This example was furnished by Voo Yen Lei.

This theoretical example was based on a real project designed by the author to replace
the road bridge crossing the Bukit Merah spillway at Perak.

The following figure shows a picture of the finished structure that inspired this example.
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Fig. 5-156 View of the Bukit Merah Dam Bridge.

The original structure was built about 15 years ago, however, the local authority
decided to demolish the superstructure due to severe corrosion issues detected in the
soffit of the precast girders.

5.15.1 Considerations identified

- Bridge layout and headroom: This bridge has a total length of 150 m (492 ft) and
a total width of 15 m (49 ft).

- Codes: This example is governed by the following codes: BS 5400 Parts 1 to 105!
and live load requirements of MoT, UK BD37/015-1¢1,

- Maintenance: UHPFRC girders are nearly impermeable, which leads to reduced
maintenance requirements.

5.15.2 Proposed solution

The proposed example has 10 spans, each with a length of 15 m (49 ft). The cross
section consists of 10 precast UHPFRC I-girders, 650 mm (26 in.) deep. The 10 girders
are spaced at 1.5 m (4.9 ft) on center. Twenty-five millimeter (1 in.) thick, UHPFRC stay-
in-place deck form panels are placed between the I-girders and a 200 mm (8 in.) thick,
CIP concrete deck is added.
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b) Plan of the bridge
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c) Cross-section view

Fig. 5-157 Typical elevation, plan, and cross-section view of the superstructure. Note: All dimensions are
in millimeters. 1 mm = 0.0394 in.

The precast concrete girders are fabricated with UHPFRC 150 with a 28-day characteristic
compressive strength of 150 MPa (22 ksi). The CIP deck slab is a 40 MPa (6 ksi) normal strength
concrete 200 mm (8 in.) thick and the deck of the bridge has 2.5% transverse slopes each
way from centerline. The superstructure uses reinforced concrete diaphragms over piers and
abutments but no intermediate diaphragms at midspan. All the precast UHPFRC I-girders are
pretensioned with straight strands without debonding of the strand at the anchorage zones.

This solution provides full structural continuity over the abutments and piers by making
the deck continuous, and the diaphragms are integral with the substructure.

5.15.3 Superstructure

5.15.3.1 Precast concrete girders
5.15.3.1.1  Materials

Table 5-2 Material properties of precast concrete girder

UHPFRC150

Characteristic cylinder compressive strength £, MPa 150
Characteristic cube compressive strength f, , . MPa 165
Characteristic tensile limit of elasticity f_, ,, MPa 7.0
Characteristic post-cracking tensile f_ ., MPa 8.0
Characteristic modulus of rupture f_, ;, MPa 20
Mean value of Modulus of elasticity £, GPa 50
Poisson’s ratio of UHPFRC v 0.2
Basic creep coefficient ¢, ,,, 0.2
After curing shrinkage €, 0

Note: UHPFRC = ultra-high-performance fiber-reinforced concrete. 1 MPa = 0.145 ksi; 1 GPa = 145 ksi.
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Table 5-3 Material properties of steel reinforcement used

Grade 270 strands Grade 460 steel reinforcement
(ASTM A416-85%) (BS 4449%)
Type $15 Type TI0O | T12 | Ti6 | T20 | T25 | T32
Diameter, mm 15.2 Diameter, mm 10 12 16 20 25 32
Ap, mm? 140 A, mm? 79 113 201 314 491 804
Ep, GPa 195 E, GPa 200 200 200 200 200 200
o, MPa 1750 o, MPa 460 460 460 460 460 460
€, 0.01 g, 0.002 0.002 | 0.002 | 0.002 0.002 0.002
oy kN 250 Fsy, kN 36 52 92 115 226 370
. MPa 1888 o, MPa 550 550 550 550 550 550
£, 0.06 €, 0.1 0.1 0.1 0.1 0.1 0.1
Fpu, kN 270 F., kN 43 62 110 172 270 442

Note: A = area of prestressing tendons; A, = cross sectional area of reinforcing steel; £, = modulus of
elasticity of prestressing steel; £ = modulus of elastiticy of reinforcing steel; F_ = ultimate tensile force
of prestresssing steel; F = 1% proof-force of prestressing steel ; F, = ultimate tensile force of reinforcing
steel; F = yield force ofyreinforcing steel; €, = ultimate tensile strain of prestressing steel; €, = 1% strain
of prestressing steel; £ = ultimate tensile strain of reinforcing steel; € = yield strain of reinforcing
steel; o, = ultimate tensile strength of prestresssing steel; o, = 1% proof-stress of prestressing steel;
o,, = ultimate tensile strength of reinforcement; o, = yield strength of reinforcement. 1 mm = 0.0394 in.;
1 mm? =0.00155in.2; 1 kN = 0.225 kip; T MPa = 0.145 ksi; 1 GPa = 145 ksi.

* ASTM A416/A416M-18. Standard Specification for Low-Relaxation, Seven-Wire Steel Strand for Pre-
stressed Concrete.

t BS 4449:2005, Steel for the reinforcement of concrete. Weldable reinforcing steel. Bar, coil and de-
coiled product.

5.15.3.1.2  Description of the cross section

Ten I-girders, 650 mm (26 in.) deep with a bottom flange larger than its top flange. The
bottom flange is 500 mm (20 in.) wide and the top flange is 300 mm (12 in.) wide. The
web is 100 mm (4 in.) thick.
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b) Girder elevation

Fig. 5-158 Cross section of I-girder and girder elevation. Note: All dimensions are in millimeters.
1T mm =0.0394 in
5.15.3.1.3  Prestressing

The precast concrete I-girders are pretensioned with 18 straight strands, 15.2 mm
(0.6 in.) in diameter. There are two strands in the top flange and 16 strands in the bottom
flange. As a direct benefit of the use of UHPFRC, the precast concrete girders do not have
any additional longitudinal reinforcement or any shear reinforcement in any part of the
beam, except for the extended bars at the top flange (designed for composite action with
the CIP deck). There are extended reinforcing bars at the ends of the girders (Fig. 5-158b).

5.15.3.2 Deck slab
5.15.3.2.1  Materials
Concrete: 40 MPa (6 ksi)
Mild reinforcing steel: 460 MPa (67 ksi)
5.15.3.2.2  Deck slab description

The deck is a CIP slab with a thickness of 200 mm (8 in.). It is cast on the precast concrete
deck panels that were placed between the girders. The deck is designed to have allowable
crack width of 0.2 mm (0.08 in.) under SLS condition according to Eurocode 253!,
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T16-150/c/c (T&B)
T16-150/cfc (T&B)

15000

Fig. 5-159 Reinforcement detail of the cast-in-place deck slab. Note: All dimensions are in millimeters.
1T mm = 0.0394 in.

5.15.4 Substructure

5.15.4.1 Piers

Fig.5-160 shows the piers of the structure are one large reinforced concrete column
that is cast on the pile cap. In general, on top of each column there is a pier cap. The
height of the piers varies and is determined by the vertical alignment.
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a) Typical transverse elevation of pier

130 Output-Examples from several countries



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

¢ of Bridge 200 mm RC Deck

| Cast In Situ

RENERE e
i e T

200

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
,,,,,,,,,,,

Precast UHPC |-Beam

650

Precast UHPC I-Beam

700

b) Cross section of pier with pier cap and diaphragm

Fig. 5-160 Typical transverse elevation of pier and cross section of pier with pier cap and diaphragm.
Note: UHPC = ultra-high-performance concrete. All dimensions are in millimeters. T mm = 0.0394 in

The following shows a schematic diagram of the continuity of the UHPFRC girders over
the pier and pier cap. The superstructure is made continuous at both piers and abutments
by casting 40 MPa (6 ksi)concrete end diaphragms. Mild steel reinforcement is provided
between and alongside the girders to provide negatvie moment reinforcement to make
the connection continuous at the pier or abutment sections (Fig. 5-161). All girders are
set on a thin plinth and rubber strips (not elastomeric) placed on the abutments and piers.
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a) Continuity detail over the pier between the precast concrete beams
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b) Continuity detail over the pier inside the beam

Fig. 5-161 Continuity detail over the pier between the precast concrete beams and inside the beam.
Note: UHPC = ultra-high-performance concrete. All dimensions are in millimeters. T mm = 0.0394 in.

Fig. 5-162 Connection over piers.

5.15.4.2 Abutments

The abutments are reinforced concrete structures. On top of the abutments, the girders
are supported by a plinth and rubber strip. The opposite side of the abutment supports an
approach slab to the bridge (Fig. 5-162).
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Fig. 5-163 Views of abutment. Note: UHPC = ultra-high-performance concrete. All dimensions are in
millimeters. 1T mm = 0.0394 in.
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5.15.5 Transverse slopes
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Fig. 5-164 Bridge cross section showing 2.5% transverse slopes. Note: All dimensions are in millimeters.
1 mm =0.0394 in.
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9x 1500

The deck of the bridge has 2.5% transverse slopes formed by varying the thickness of
plinths beneath the beams.

5.15.6 Transverse diaphragms

This solution uses diaphragms over the supports but no intermediate transverse
diaphragms at midspan. No post-tensioning is used.
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a) End diaphragm integrated with piers
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b) End diaphragm integrated with abutments

Fig. 5-165 End diaphragm integrated with piers and abutments. Note: All dimensions are in millimeters.

T mm =0.0394 in.

5.15.7 Summary of the preliminary design

Number of spans 10
Continuity Fully integral
Span length [, m 15
Girder depth G, mm 650
Slab depth H, mm 200
Total depth D = G + H, mm 850
Web width W, mm 100
Girder spacing S, m 1.5

Precast concrete girder weight, tonnes

340 kg/m x 14.5 = 4.93 tonnes per girder

L/D

17.65

L/G

23.1

Average depth, mm

(0.2 m x 15 m wide + 0.14 m? x 10 girders) /

(15 m wide) =293 mm

Prestressing steel, kg/m?

18 strands /girder x 1.12 kg/m x 14.5 m x 10 girders/(15 m x

15 m) = 13 kg/m?

Reinforcing steel — girder, kg/m?

(horz. Reo.) 120 kg x 10 girders/ (15 m x 15 m) = 5.33 kg/m?

Reinforcing steel — top slab, kg/m?

200 kg/m* x 0.2 m thick = 40 kg/m?

Reinforcing steel in a diaphragm, kg/m?

120 kg/m? x 0.7 m x 1T m x 15 m/(area 15 m x 15 m) = 5.6 kg/m?

Note: T mm = 0.0394 in.; 1 m =3.281 ft; 1 kg = 2.205 Ib; 1 kg/m? = 0.2048 Ib/ft>; 1 tonne = 1.102 tons.

5.15.8

Construction sequence

This type of bridge is built with the following typical construction procedure.

- The construction starts with the installation of piles.

- Construction of pile caps, abutments, and piers follows.
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- Columns and pier caps or pier beams are cast in place using conventional concrete
at piers and abutments. Reinforcement from pier caps is extended for embedment
in the diaphragm. The girders are fabricated in a factory. They are transported to
the site and erected by crane on the piers and abutments.

- After erecting girders, UHPFRC stay-in-place deck panels are placed between beams.

- Temporary timber formwork is installed at both edges of the bridge, after which
reinforcement is installed for the deck and diaphragms.

- The concrete deck and diaphragms are then cast together with conventional concrete
to provide continuity at connections.

by

sl

=

Fig. 5-167 Example of execution of superstructure
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5.16 Example 16: bridge with ten 15 m (49 ft) long spans in Malaysia
using UHPFRC

This example was furnished by Voo Yen Lei.

This theoretical example was based on a real project designed by the author in Kampung
Banir, Daerah Batang Padang, Perak D.R.

The following figure shows a picture of the finished structure that inspired this example.

Fig. 5-168 View of Kampung Banjar Bridge.

5.16.1 Considerations identified

- This example considers a bridge with total length of 150 m (492 ft) and a total
width of 15 m (49 ft).

- Codes: This example is governed by the following codes: BS 5400 Parts 1 to 105
and live load requirements of Ministry of Transport UK BD37/01571.

- Maintenance: UHPFRC girders are nearly impermeable, which leads to reduced
maintenance requirements.

5.16.2 Proposed solution

This solution uses 10 spans, each with a length of 15 m (49 ft). The cross section
consists of 10 precast UHPFR concrete T girders with a depth of 875 mm (34 in.). The T
girders are 1'200 mm (47 in.) wide and spaced 1.5 m (4.9 ft) on center. They have a wide
top flange and are erected leaving a 250 mm (10 in.) wide space between flanges. These
joints are joined together with UHPFRC. The wearing course layer is placed directly on
top of these top flanges. There is no structural top slab.
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Fig. 5-169 Typical elevation, plan, and cross-section view of the bridge. Note: UHPC = ultra-high-performance
concrete. All dimensions are in millimeters. T mm = 0.0394 in.

The precast concrete elements are fabricated with UHPFRC150 with a 28-day
characteristic compressive strength 150 MPa (22 ksi). The deck has 2.5% transverse
slopes in both directions from centerline formed by tapering the wearing surface. The
superstructure uses CIP reinforced concrete diaphragms over piers and abutments. The
precast UHPFRC T girders are pretensioned with straight strands without the need for
debonding. This solution provides full structural continuity over the abutments and
piers by making the deck continuous and casting the end diaphragm at the pier integral
with the substructure.

5.16.3 Superstructure

5.16.3.1 Precast concrete girders
5.16.3.1.1  Materials

Table 5-4 Material properties of precast concrete beam

UHPFRC150

Characteristic cylinder compressive strength f, MPa 150
Characteristic cube compressive strength £ ., MPa 165
Characteristic tensile limit of elasticity 1, , MPa 7.0
Characteristic post-cracking tensile f_ , MPa 8.0
Characteristic modulus of rupture f_, ,, MPa 20
Mean value of Modulus of elasticity £, GPa 50
Poisson’s ratio of UHPFRC v 0.2
Basic creep coefficient @, ,,, 0.2
After curing shrinkage €, 0

Note: UHPFRC = ultra-high-performance fiber-reinforced concrete. 1 MPa = 0.145 ksi; 1 GPa = 145 ksi.
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Table 5-5 Material properties of the steel reinforcement used.

Grade 270 strands Grade 460 steel reinforcement
(ASTM A416-85%) (BS 4449%)
Type S15 Type T10 T12 T16 T20 125 132
Diameter, mm 15.2 Diameter, mm 10 12 16 20 25 32
Ap, mm? 140 A, mm? 79 113 201 314 491 804
Ep, GPa 195 £, GPa 200 200 200 200 200 200
o, MPa 1750 o, MPa 460 460 460 460 460 460
£, 0.01 £, 0.002 | 0.002 | 0.002 | 0.002 | 0.002 | 0.002
oy kN 250 Fsy, kN 36 52 92 115 226 370
G, MPa 1888 c,, MPa 550 | 550 | 550 | 550 | 550 | 550
£, 0.06 €, 0.1 0.1 0.1 0.1 0.1 0.1
F kN 270 F,, kN 43 62 110 | 172 | 270 | 442

Note: A = area of prestressing tendons; A_= cross sectional area of reinforcing steel; £ = modulus of
elasticity oipprestressing steel; £, = modulus of elastiticy of reinforcing steel; F = ultimate tensile force of
prestresssing steel; F_ = 1% proof-force of prestressing steel; F_, = ultimate tensile force of reinforcing steel;
F,, = yield force of reinforcing steel; ¢, = ultimate tensile strain of prestressing steel; €, = 1% strain of prestressing
steel; & = ultimate tensile strain of reinforcing steel; g, = yield strain of reinforcing steel; o, = ultimate
tensile strength of prestresssing steel; o, = 1% proof-stress of prestressing steel; o, = ultimate tensile
strength of reinforcement; o, = yield strength of reinforcement. 1 mm = 0.0394 in.; 1 mm? = 0.00155 in.%;
1 kN =0.225 kip; 1 MPa = 0.145 ksi; 1 GPa = 145 ksi.

* ASTM A416/A416M-18. Standard Specification for Low-Relaxation, Seven-Wire Steel Strand for
Prestressed Concrete.

t BS 4449:2005, Steel for the reinforcement of concrete. Weldable reinforcing steel. Bar, coil and
decoiled product.

5.16.3.1.2  Description of the cross section

Ten T girders , 875 mm (34 in.) deep, spaced 1.5 m (4.9 ft) on center, with a single thin
web 100 mm wide. The top flanges of the precast concrete girders are typically 1.2 m
(3.9 ft) wide and therefore provide for 300 mm (12 in.) wide, CIP UHPFRC130/145 stitches
(except the edge beam, where the top flange is 1350 mm [53 in.] wide). The wearing
surface is placed directly on the top flanges of the girders and no CIP concrete structural
deck slab is needed.
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Fig. 5-170 Cross section and elevation of the T girder. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.16.3.1.3  Prestressing

The precast concrete girders are pretensioned with two strands in the top flange and
16 straight strands in the bottom flange. All strands are 15.2 mm (0.6 in.) in diameter. The
precast UHPFRC girders do not have major longitudinal or shear mild reinforcing steel at
any part of the girders, with the exception of continuity bars at the top flanges, minimal
bursting reinforcement, and continuity bars at the anchorage zone (Fig. 5-170b).

5.16.3.2 Slab
5.16.3.2.1  Materials
Concrete: 150 MPa (22 ksi)
Reinforcing steel: 460 MPa (67 ksi)
5.16.3.2.2  Deck slab description

The slab is integrated as the top flange of the precast girder—sometimes referred to
as a “decked” T girder. During design, for simplicity, the section properties contributed
by the 300 mm (12 in.) wide UHPFRC joint (that is composite with the top flanges) is
neglected because it does not offer a significant contribution to the moment capacity of
the section.
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5.16.4 Substructure

5.16.4.1 Piers

The piers of the structure consist of one solid reinforced column that is founded on a
pile cap (Fig. 5-171a). In general, on top of the pier, there is a pier cap. The height of the
piers varies as required by the vertical alignment.
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b) Cross section of pier top, pier cap, diaphragm connection

Fig. 5-171 Transverse elevation of pier and cross section of pier top, pier cap,diaphragm connection.
Note: UHPC = ultra-high-performance concrete. All dimensions are in millimeters. 1T mm = 0.0394 in.
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The following shows a schematic diagram of the continuity connection of the UHPFRC
girders over the pier and pier cap. The superstructure is made continuous at both piers and
abutments by casting 40 MPa (6 ksi) concrete end diaphragms. Mild steel reinforcement
is provided between and alongside the girders to provide negative moment reinforcement
to make the connection continuous at the pier or abutment sections . All girders are set
on a thin plinth and rubber strips (not elastomeric) placed on the abutments and piers.
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b) Through the girder

Fig. 5-172 Cross section of the continuity connection over the pier between precast concrete girders and through
the girder. Note: UHPC = ultra-high-performance concrete. All dimensions are in millimeters. 1 mm = 0.0394 in.

The abutments are CIP reinforced concrete structures. On top of the abutments, the
girders are supported by a plinth and rubber strip. The opposite side of the abutment
supports an approach slab to the bridge (Fig. 5-173).
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Fig. 5-173 Views of abutment. Note: UHPC = ultra-high-performance concrete. All dimensions are in millimeters.
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5.16.5 Transverse slopes
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Fig. 5-174 Bridge cross section showing 2.5% transverse slopes. Note: UHPC = ultra-high-performance concrete.
All dimensions are in millimeters. T mm = 0.0394 in.

The deck of the bridge has 2.5% transverse slopes formed by varying the thickness of
plinths beneath the girders.

5.16.6 Transverse diaphragms

This solution uses diaphragms over the piers and abutments. No post-tensioning is used.
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a) End diaphragm integrated with piers
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Fig. 5-175 End diaphragm integrated with piers and abutments. Note: UHPC = ultra-high-performance concrete.
All dimensions are in millimeters. 1 mm = 0.0394 in.

5.16.7 Summary of the preliminary design

Number of spans 10
Continuity Fully integral
Span length L, m 15
Girder depth G, mm 875
Slab depth H, mm No slab
Total depth D =G + H, mm 875
Web width W, mm 100
Girder spacing S, m 1.5

Precast concrete girder weight, tonnes

850 kg/m x 14.5 m = 12.33 tonnes
(include stitching)

L/D

17.14

LG

17.14

Average depth, mm

(0.348 m? x 10 beams)/15 m width = 232 mm

Prestressing steel, kg/m?

(2+16) strands/beam x 1.12 kg/m x 14.5 m x 10 beams/(per
span area 15 m x 15 m) = 13 kg/m?

Reinforcing steel — girder, kg/m?

450 kg x 10 beams/(per span area 15 m x 15 m) = 20 kg/m?

Reinforcing steel — top slab, kg/m?

n/a

Reinforcing steel in a diaphragm, kg/m?

120 kg/m?* x 0.925 x 1 x 15 m/(per span area 15 m x 15 m) =
7.4 kg/m?

Note: n/a = not applicable. T mm =0.0394 in.; T m =3.281 ft; 1 kg/m* = 0.2048 Ib/ft?; 1 tonne = 1.102 tons.

5.16.8

Construction sequence

- This type of bridge is built with the following construction procedures:

- The construction starts with the installation of piles.

- The pile cap is constructed on the piles.
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Columns and pier caps or pier beams are cast in place using 40 MPa (6 ksi)
normal concrete at piers and abutments where the reinforcement from pier caps
is extended for the composite connection with the diaphragm.

The T girders are fabricated in a factory and transported to the site and erected
on the piers and abutments.

Following erection of the girders, joints between the T girders will be stitched
using CIP UHPFRC150(22 ksi).

The diaphragm is then CIP with normal 40 MPa (6 ksi) concrete to provide continuity
using laps of reinforcement extended from the faces of girders and from the joints.

5.17 Example 17: bridge with ten 25 m (82 ft) long spans in Malaysia
using UHPFRC

This example was furnished by Voo Yen Lei.

This theoretical example was based on a real project designed by the author in Sungai
Nerok, Kota Tampan Air (Muaran), Jalan Lenggong, Gerik, Hulu Perak District, Perak D.R.

The following figure shows a picture of the finished structure that inspired this example.

Fig. 5-176 View of Sungai Nerok Bridge.

5.17.1

Considerations identified

Bridge layout: This example bridge has a total length of 250 m (492 ft) and a total
width of 15 m (49 ft). The actual completed Sungai Nerok bridge that this
example is based on is three spans of 30 or total 90 m (98 or 295 ft) long and
15 m (49 ft) wide.

Codes: This example is governed by the following codes: BS 5400 Parts 1 to 105!
and live load requirements of MoT, UK BD37/0157".

Maintenance: UHPFRC girders are nearly impermeable, which leads to reduced
maintenance requirements.
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5.17.2 Proposed solution

This example has ten spans, each with a length of 25 m (82 ft). The cross section
consists of ten precast UHPFRC decked T girders 1'325 mm (52 in.) deep. The 1.2 m
(3.9 ft) wide girders are spaced at 1.5 m (4.9 ft) on center leaving 300 mm (12 in.) wide
joints. These spaces are later filled with UHPFRC stitching concrete. The wearing course

is placed directly on top of the top flanges.
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Fig. 5-177 Typical elevation, plan, and cross-section views of the bridge. Note: UHPC = ultra-high-performance
concrete. All dimensions are in millimeters. T mm = 0.0394 in.

The girders are fabricated with UHPFRC 150 having a 28-day characteristic compressive
strength of 150 MPa (22 ksi). The deck of the bridge has a 2.5% transverse slope on both
sides of center formed by the wearing surface on top of the flanges. The superstructure
uses CIP reinforced concrete diaphragms over piers and abutments and CIP UHPFRC
intermediate diaphragms at midspan. The UHPFRC T girders are post-tensioned with
straight tendons. This solution provides structural continuity over the abutments and
piers, accomplished by making the deck continuous and the end diaphragms at piers
together with the extended reinforcement from the girders.

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures 149



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

5.17.3 Superstructure

5.17.3.1 Precast concrete girders
5.17.3.1.1  Materials

Table 5-6 Material properties of precast concrete girders.

UHPFRC150

Characteristic cylinder compressive strength £, MPa 150
Characteristic cube compressive strength 7, ., MPa 165
Characteristic tensile limit of elasticity /_, , MPa 7.0
Characteristic post-cracking tensile f ., MPa 8.0
Characteristic modulus of rupture f_, ., MPa 20
Mean value of Modulus of elasticity £, GPa 50
Poisson’s ratio of UHPFRC v 0.2
Basic creep coefficient @, 0.2
After curing shrinkage ¢, 0

Note: UHPFRC = ultra-high-performance fiber-reinforced concrete. 1 MPa = 0.145 ksi; 1 GPa = 145 ksi.

Table 5-7 Material properties of the steel reinforcement used

Grade270 strands Grade 460 steel reinforcement
(ASTM A416-85%) (BS 4449
Type 515 Type T10 T12 T16 | T20 125 132
Diameter, mm 15.2 Diameter, mm 10 12 16 20 25 32
Ap, mm? 140 A, mm? 79 113 201 314 491 804
Ep, GPa 195 E, GPa 200 200 200 200 200 200
O, MPa 1750 o, MPa 460 460 460 460 460 460
- 0.01 £, 0.002 | 0.002 | 0.002 | 0.002 | 0.002 | 0.002
pr, kN 250 Fsy, kN 36 52 92 115 226 370
O, MPa 1888 o, MPa 550 550 550 550 550 550
£, 0.06 e, 0.1 0.1 0.1 0.1 0.1 0.1
Fpu, kN 270 F., kN 43 62 110 172 270 442

Note: A = area of prestressing tendons; A_= cross sectional area of reinforcing steel; £ = modulus of
elasticity ofprestressing steel; £, = modulus of elastiticy of reinforcing steel; F = ultimate tensile force of
prestresssing steel; £ = 1% proof-force of prestressing steel ; F = ultimate tensile force of reinforcing steel;
F,, = yield force of reinforcing steel; £, = ultimate tensile strain of prestressing steel; €, = 1% strain of prestressing
steel; €, = ultimate tensile strain of reinforcing steel; € = yield strain of reinforcing steel; o, = ultimate tensile
strength of prestresssing steel; 0, = 1% proof-stress of prestressing steel; o, = ultimate tensile strength of
reinforcement; o, = yield strength of reinforcementT mm = 0.0394 in.; T mm? = 0.00155 in.2; 1 kN = 0.225 kip;
1 MPa = 0.145 ksi; 1 GPa = 145 ksi.

* ASTM A416/A416M-18. Standard Specification for Low-Relaxation, Seven-Wire Steel Strand for
Prestressed Concrete.

t BS 4449:2005, Steel for the reinforcement of concrete. Weldable reinforcing steel. Bar, coil and
decoiled product.
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5.17.3.1.2  Description of the cross section

Ten decked T girders, 1325 mm (52 in.) deep spaced at 1.5 m (4.9 ft) on center and
with a single thin web 100 mm (4 in.) wide. The top flanges of the precast concrete girders
are typically 1.2 m (3.9 ft) wide and provide for 300 mm (12 in.) wide CIP UHFRPC
stitches (except the edge beam where the top flange is 1350 mm [53 in.] wide). The
wearing surface is placed directly on the top flanges of the girders and no forms or CIP
structural deck is needed.
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a) Cross-section dimensions
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b) Elevation

Fig. 5-178 Cross-section dimensions of T girder and elevation. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

5.17.3.1.3  Prestressing

The decked T girders are post-tensioned. The two straight tendons use 15.2 mm (0.6 in.)
diameter strands: four strands in the tendon in the top flange and 19 strands in the tendon
in the bottom flange. The precast UHPFRC girders do not have any major longitudinal
or shear reinforcing steel at any part of the beams, with the exception of extended bars
at the top flanges for composite connection purposes for the deck and minimal bursting
reinforcement and extended bars at the anchorage zone of the beams
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5.17.3.2 Slab
5.17.3.2.1  Materials
Concrete: 150 MPa (22 ksi)
Mild reinforcing steel: 460 MPa (67 ksi)
5.17.3.2.2  Deck slab description

The slab is integrated with the decked girder during manufacturing in the factory. During
structural design, for simplicity, the engineer has neglected the 300 mm wide UHPFRC
stitching concrete that is composite with the top flange as it does not add significant moment
capacity to the section.

5.17.4 Substructure

5.17.4.1 Piers

The piers consist of one solid reinforced column that is CIP on the pile cap. In general,
on top of each column there is a pier beam or pier cap. The height of the piers varies
according to the vertical alignment.
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¢) Example of typical diaphragm pier connection

Fig. 5-179 Typical transverse elevation of a pier, cross section of pier cap and diaphragm, and picture of
a typical diaphragm pier connection. Note: UHPC = ultra-high-performance concrete. All dimensions
are in millimeters. 1T mm = 0.0394 in.

Figure 5-180 shows the schematic diagram on the continuity connection over the
pier and pier cap. The superstructure is made continuous and integral at both piers and
abutments by casting 40 MPa (6 ksi) concrete end diaphragms where reinforcement is
provided between and alongside girders to provide negative moment reinforcement. The
girders are seated on a thin plinth and rubber strips (not elastomeric) that are added on
the abutments and pier caps.
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b) Section through the beam

Fig. 5-180 Continuity detail over the pier: section between precast concrete girders and section through the
beam. Note: UHPC = ultra-high-performance concrete. All dimensions are in millimeters. 1 mm = 0.0394 in.

5.17.4.2 Abutments

The abutments are CIP reinforced concrete structures. On top of the abutments, the
superstructure is supported by a plinth and rubber strip. The opposite side of the abutment
supports the approach slab. See Fig. 5-180 for details.
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a) Transverse elevation view of abutment
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b) Section through abutment

Fig. 5-181 Transverse elevation view of abutment and section through abutment. Note: UHPC = ultra-high-
performance concrete. All dimensions are in millimeters. T mm = 0.0394 in.

5.17.5 Transverse slopes
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Fig. 5-182 Transverse elevation view of abutment and section through abutment. Note: UHPC = ultra-high-
performance concrete. All dimensions are in millimeters. 1 mm = 0.0394 in.
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Figure 5-182 shows the bridge with 2.5% transverse slopes on both sides of centerline
formed by varying the thickness of the wearing surface.

5.17.6 Transverse diaphragms

This solution uses diaphragms over the piers and abutment and intermediate transverse
diaphragms at midspan. No post-tensioning is used.
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a) End diaphragm integrated with piers
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b) End diaphragm integrated with abutments

Fig. 5-183 End diaphragm integrated with piers and abutments. Note: UHPC = ultra-high-performance concrete.
All dimensions are in millimeters. T mm = 0.0394 in.

156

Output-Examples from several countries



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.

This document may not be copied or distributed without prior permission from fib.

5.17.7 Summary of the preliminary design
Number of spans 10
Continuity Fully integral
Span length L, m 25
Girder depth G, mm 1'325
Slab depth H, mm No slab
Total depth D =G + H, mm 1325
Web width W, mm 100
Girder spacing S, m 1.5
Precast concrete girder weight, tonnes 1'000 kg/m x 24.5 m = 24.5 tonnes (include stitching)
L/D 18.86
L/G 18.86
Average depth, mm (0.418 m? x 10 girders)/15 m width = 278 mm
. 23 strands/girder x 1.12 kg/m x 24.5 m x 10 girders/(per span
2
Prestressing steel, kg/m area 25 m x 15 m) = 16.83 kg/m?’
. . . 760 kg x 10 girders/
_ 2
Reinforcing steel - girder, kg/m (per span area 25 m x 15 m) = 20.3 kg/m?
Reinforcing steel — top slab, kg/m? n/a
. . . . 120 kg/m?® x 1.375 x 1 x 15 m/
2
Reinforcing steel in a diaphragm, kg/m (per span area 25 m x 15 m) = 6.6 kg/m?

Note: n/a = not applicable. T mm =0.0394 in.; T m =3.281 ft; 1 kg/m? = 0.2048 Ib/ft2; 1 tonne = 1.102 tons.

5.17.8

Construction sequence

This type of bridge is built with the following typical construction procedure.

The construction work starts with the installation of piles.
The pile cap is constructed on the piles.

Abutments, columns, and pier caps or pier beams are cast in place using conventional
concrete. Reinforcement from pier caps and abutments is extended for embedment in
the diaphragm.

The girders are fabricated in a factory and are transported directly to the site, where
they are erected on the piers and abutments.

After erecting girders on the piers and abutments, joints between the girders will
be stitched using CIP UHPFRC.

After erecting girders, they will be connected with CIP UHPFRC in the joints.

The joint will be filled with UHPFRC and the diaphragm is constructed with
conventional CIP concrete. The UHPFRC provides complete transverse continuity
across the deck. The connection at the diaphragm provides continuity using
extended reinforcement from the faces of beams.
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Fig. 5-186 Example of Transporting a decked T girder by truck and trailer.
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Fig. 5-187 Girder arriving at bridge construction site, where it will be placed in temporary storage until needed
for installation.

Fig. 5-188 Girders in temporary storage. Shores under flanges ensure stability.

In Fig. 5-188, note the post-tensioning anchorages in top and bottom flanges and the
thickened bottom flange for strength around the anchorage there.
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Fig. 5-191 The 300 mm (12 in.) wide spaces will be filled with ultra-high-performance fiber-reinforced
concrete and will develop the bars in that distance.
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Fig. 5-192 Edges of the flanges are shown here having been protected, bottom forms are suspended from the
wooden strong backs, and reinforcement is at the ready to extend from the joints at the ends.

Fig. 5-194 Final hand-finishing of the joint.
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Fig. 5-195 Application of curing compound.

Fig. 5-196 Applying curing cover.

5.18 Example 18: Bridge with three 50 m (164 ft) long spans in
Malaysia using UHPFRC

This example was furnished by Voo Yen Lei.

This theoretical example was based on a real project designed by the author in
Section 49, Freeway 4 (KM157 Gerik-Kota Bahru), Corridor Ecology of Central Forest
Spine (CFS), Gerik, Perak D.R.

The following figure shows a picture of the finished structure that inspired this example.
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a) Aerial view of the CFS Bridge on which this example was based

b) Under view of CFS Bridge

¢) Elevation view of CFS Bridge

Fig. 5-197 Various views of the CFS Bridge on which Example 18 is based.
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5.18.1 Considerations identified

Bridge layout: This example bridge has a total length of 150 m (492 ft) and a total
width of 15 m (49 ft). The actual completed CFS bridge consists of five 40 m (131 ft) long
spans and 17.6 m (57.7 ft) wide deck and it is fully integral with the abutments and piers
without expansion joints.

Codes: This example is governed by the following codes: BS 5400 Parts 1 to 10" and
live load requirements to MoT, UK BD37/015-1°1,

Maintenance: UHPFRC girders are nearly impermeable, which leads to reduced
maintenance requirements.

5.18.2 Proposed solution

This solution has three spans, each with a length of 50 m (164 ft). The cross section
consists of three precast, prestressed UHPFRC U girders with a depth of 2'000 mm (79 in.).
The three precast concrete elements are spaced 5 m (16 ft) on center and a 200 mm (8 in.)
thick CIP deck slab is used.

@ 50000 ® 50000 ® 50000
| |
‘ T T ‘

a) Elevation of the bridge
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' "Shoulder ' Carriageway Carriageway ‘ Carriageway Carriageway "Shoulder !
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1200

0

5000 5000

b) Cross-section view

Fig. 5-198 Typical elevation and cross-section view of the bridge. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

The U girders are fabricated with UHPFRC 150 with a 28-day characteristic compressive
strength above 150 MPa (22 ksi). The CIP conventional concrete deck slab is 200 mm (8 in.)
thick. The bridge has 2.5% transverse slopes on both sides of centerline. CIP reinforced
concrete diaphragms are used at piers and abutments, but no intermediate diaphragms are
used at midspan. The precast UHPFRC U girders are post-tensioned. This solution provides
structural continuity at the abutments and over piers. This is accomplished by making the
deck continuous and by casting the end diaphragm at pier together with the deck.
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5.18.3 Superstructure

5.18.3.1 Precast concrete girders
5.18.3.3.1  Materials

Table 5-8 Material properties of precast concrete beam.

UHPFRC150

Characteristic cylinder compressive strength £, MPa 150
Characteristic cube compressive strength 7, , MPa 165
Characteristic tensile limit of elasticity f[k . MPa 7.0
Characteristic post-cracking tensile f_,, MPa 8.0
Characteristic modulus of rupture f_, ;, MPa 20
Mean value of modulus of elasticity E_, GPa 50
Poisson’s ratio of UHPFRC v 0.2
Basic creep coefficient ¢, ,,, 0.2
After curing shrinkage ¢, 0

Note: UHPFRC = ultra-high-performance fiber-reinforced concrete. 1 MPa = 0.145 ksi; 1T GPa = 145 ksi.

Table 5-9 Material properties of the steel reinforcement used.

Grade 270 strands Grade 460 steel reinforcement
(ASTM A416-85%) (BS 44491
Type 515 Type TI0 | T12 | Ti6 | T20 | T25 | T32
Diameter, mm 15.2 Diameter, mm 10 12 16 20 25 32
Ap, mm? 140 A, mm? 79 113 201 314 491 804
Ep, GPa 195 E, GPa 200 200 200 200 200 200
c,, MPa 1750 G, MPa 460 460 460 460 460 460
€, 0.01 £, 0.002 0.002 | 0.002 0.002 0.002 0.002
F kN 250 F kN 36 52 92 115 | 226 | 370
c,, MPa 1888 ., MPa 550 | 550 | 550 | 550 | 550 | 550
£, 0.06 e, 0.1 0.1 0.1 0.1 0.1 0.1
F . kN 270 F., kN 43 62 110 172 270 | 442

Note: A = area of prestressing tendons; A, = cross sectional area of reinforcing steel; £, = modulus of
elasticity of prestressing steel; £ = modulus of elastiticy of reinforcing steel; F = ultimate tensile force
of prestresssing steel; F, = 1% proof force of prestressing steel; F_ = ultimate tensile force of reinforcing
steel; F = yield force of reinforcing steel; ¢ , = ultimate tensile strain of prestressing steel; € = 1% strain
of prestressmg steel; g, = ultimate tensile strain of reinforcing steel; & = yield strain of reinforcing steel;
o , = ultimate tensile strength of prestresssing steel; 6, = 1% proof-stress of prestressing steel; o, = ultimate
tensile strength of reinforcement; o, = yield strength of reinforcement 1 mm =0.0394 in.; 1 mm? = 0.00155 in. %
1 kN =0.225 kip; 1 MPa = 0.145 ksi; 1 GPa = 145 ksi.

* ASTM A416/A416M-18. Standard Specification for Low-Relaxation, Seven-Wire Steel Strand for
Prestressed Concrete.

t BS 4449:2005, Steel for the reinforcement of concrete. Weldable reinforcing steel. Bar, coil and
decoiled product.
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5.18.3.1.2  Description of the cross section

Three U girders 2000 mm (79 in.) deep. The bottom flange is 1'400 mm (55 in.) wide
and the top flanges are each 355 mm (14 in.) wide. The web is 150 mm (6 in.) thick.

3000
355 2290 355
| Horizontal
=] Shear Reo.
2 |
! 70
g s—\@ ® © @
1525 | 365 | 365 | 365 | [1525
a) Cross section
‘ Full Bridge Girder = 49500 ‘
| t}' — X

b) Elevation

Fig. 5-199 Cross section and elevation of U girder. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.18.3.1.3  Prestressing

The precast concrete U girders are post-tensioned with six straight tendons of 15.2 mm
(0.6 in.) diameter strands. The tendon in each top flange has four strands and each of the
four tendons in the bottom flange contains 27 strands. Otherwise, the precast concrete
girders do not have any other longitudinal or shear reinforcement, except for extended
vertical rebars at the top flange (to ensure composite action with the CIP concrete deck)
and extended tie bars at the ends of the girders.
5.18.3.2 Deck slab
5.18.3.2.1  Materials

Concrete: 40 MPa (6 ksi)

Mild reinforcing steel: 460 MPa (67 ksi)
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5.18.3.2.2  Deck slab description

A CIP concrete deck slab with a thickness of 200 mm (8 in.) is cast on top of precast
concrete deck panels. These panels serve as stay-in-place forms. They are placed on ledges
cast on both top edges of the top flanges of the girders, both over and between the girders.
Conventional deck slab reinforcement is placed on top of the panels.
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15000

l
T12450/cfe (T&B) |  142-150(c/c (T88) T12-150 c/c|(T&B)
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|

|
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|

|

Fig. 5-200 Reinforcement details of the cast-in-place deck. Note: All dimensions are in millimeters.
1T mm = 0.0394 in.

5.18.4 Substructure

5.18.4.1 Piers

Figure 5-201 shows an elevation of a pier and a section through a pier cap and diaphragm.
The pier is one solid reinforced column cast on a pile cap. On top of each column there is a
CIP pier cap. The height of the piers varies as determined by the vertical alignment.
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a) Typical cross section of pier cap and diaphragm
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b) Transverse elevation of the structure at a pier

Fig. 5-201 Typical cross section of pier cap and diaphragm and transverse elevation of the structure at a
pier. Note: UHPC = ultra-high-performance concrete. All dimensions are in millimeters. T mm = 0.0394 in.

Figure 5-202 shows the schematic diagram of the continuity connection of the UHPFRC
beams over the pier and pier cap. The superstructure is continuous and integral at piers
and abutments by casting 40 MPa (6 ksi)concrete end diaphragms where reinforcement
is provided between and alongside girders to provide negative moment reinforcement.
The girders sit on thin, variable depth plinths and rubber strips (not elastomeric), which
placed on the abutments and pier caps.
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a) Between precast concrete girders
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b) Through the girder

Fig. 5-202 Continuity detail shown in a section through the pier capbetween the precast concrete girders

and through the girder. Note: UHPC = ultra-high-performance concrete. All dimensions are in millimeters.
1 mm =0.0394 in

Fig. 5-203 Preparing to form a diaphragm on a pier beam on this bridge, similar to the example.

5.18.4.2 Abutments

The abutments are CIP reinforced concrete structures. On top of the abutments, the

superstructure is supported by variable thickness plinths and rubber strips. The opposite
side of the abutment supports the approach slab.
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b) Section through abutment

c) Construction of similar bridge nearly ready for forming the diaphragm

Fig. 5-204 Transverse elevation view of abutment, section through abutment, and construction of similar
bridge nearly ready for forming the diaphragm. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.
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5.18.5 Transverse slopes
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Fig. 5-205 Bridge superstructure showing 2.5% transverse slopes. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

The bridge has transverse slopes created by varying the thickness of plinths beneath
the girders. Girders are erected plumb.

5.18.6 Transverse diaphragms

This solution uses diaphragms over the supports but no intermediate diaphragms at
midspan. No post tensioning is used.

500 1000 3000 3000 3000 3000 1000 500
" Shoulder Carriageway Carriageway ‘ Carriageway Carriageway "Shoulder "
5 C of Bridge
S 50 mm Premix . . 200 mm C40
= _25% 25% _ [ CastnSiu
g 2500 25000 2500
|
] 3K 3K ik ik 3K 3K ]
Fd Fil Fil L L Fil Fil Fd
] ] ] Ul Ul ] ] ]
J J J L L J J J

a) End diaphragm integrated with piers
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b) End diaphragm integrated with abutments

Fig. 5-206 End diaphragms integrated with piers and abutments. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

5.18.7 Summary of the preliminary design

Number of spans 3
Continuity Fully integral
Span length L, m 50

Girder depth G, mm 2'000

Slab depth H, mm 200

Total depth D = G + H, mm 2'200

Web width W, mm 2 webs x 150 = 300
Girder spacing S, m 5

Precast concrete girder weight, tonnes 2300 kg/m x 49.5 m = 114 tonnes
L/D 22.73

LG 25

(0.2 m x 15 m wide + 0.95 m? x 3 girders) /
(15 m wide) = 390 mm

(2 x 4 + 4 x 27) strands/girder x 1.12 kg/m x 49.5 m x 3
girders/(15 m x 50 m) = 25.72 kg/m?

Reinforcing steel — girder, kg/m? 3'500 kg x 3 girders/ (50 m x 15 m) = 14 kg/m?
Reinforcing steel — top slab, kg/m? 314 kg/m* x 0.2 m thick = 63 kg/m?

140 kg/m?® x 2.25 x 1.5 x 15 m/
(area of each span 50 m x 15 m) = 9.45 kg/m?

Note: 1T mm =0.0394 in.; 1 m=3.281 ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft}; 1 tonne = 1.102 tons.

Average depth, mm

Prestressing steel, kg/m?

Reinforcing steel in a diaphragm, kg/m?
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Construction sequence

This type of bridge is built with the following construction procedure.

The construction work starts with the installation of piles.
Pile caps are cast on the piles.

Abutments, columns, and pier caps or pier beams are CIP conventional concrete.
Reinforcement from the pier caps and abutments extends out for embedment in
the diaphragm.

The girders are fabricated in a factory and are transported directly to the site,
where they are erected on the piers and abutments.

After erecting girders, precast concrete stay-in-place forms are placed over and
between the girders.

Formwork is installed at the edges of the bridge and reinforcement is installed for
the CIP concrete deck and diaphragms.

The concrete deck and diaphragms are then cast at one time using conventional
concrete to provide continuity.

Fig. 5-207 Forms for the construction of the pier beam have been removed. Girders are staged nearby ready
to be put in place.
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Fig. 5-210 This bridge, like the example bridge, has three girders in the cross section and vertical curvature.
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Fig. 5-211 Edge forms for the deck and curb have been built and reinforcement placed awaiting casting of
the deck concrete.

Fig. 5-212 The completed bridge in service.

Fig. 5-213 An aerial view of the completed bridge.
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Fig. 5-214 Aerial view of completed bridge constructed in a very rural environment.

Fig. 5-215 Underside view of the finished bridge showing an integral pier connection.

5.19 Example 19: bridge with ten 15 m (49 ft) spans in New Zealand

This example was furnished by Alessandro Palermo.

5.19.1 Considerations identified

- Bridge layout: This example bridge has a total length of 150 m (492 ft) and a total
width of 15 m (49 ft). The deck carries two lanes of traffic. There are sidewalks
for pedestrians and cyclists on each side of the bridge. All spans are equal in
length and all piers are the same height.

- Geological and geotechnical factors: The soil is Class D (soil) and the site is
20 km (93 mi) from any known fault.
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- Codes: This example is governed by the action code NZS 1170.5 (2004)">'7, the
concrete design code NZS 3101 (2006)%'¥,and the New Zealand Transport Agency
Bridge Manual®"'.

- Environmental: The structure does not span flowing water.

5.19.2 Proposed solution

This solution has 10 spans, each with a length of 15 m (49 ft). The cross section chosen
consists of 15 single hollow-core units which are commonly used for short-span bridges
in New Zealand. The single hollow-core units are designed to carry HN-HO-72 loading
in accordance with the New Zealand Transport Agency Bridge Manual®'?. Single hollow-
core units have the following advantages:

- They are seated on rubber strip bearings, which are much less expensive than
elastomeric bearings required for other designs.

- No CIP structural deck is required, reducing dead load demand and the depth
of girders.

For this bridge, a set of 13 x 650 mm (26 in.) deep single hollow-core girders, 11 interior
and 2 exterior girders, prestressed longitudinally with straight strands and designed as
simply supported elements. No top slab is required, and the asphalt wearing surface is
placed directly on the single hollow-core girders. The bridge has 3% transverse slopes,
on both sides of centerline. An asphalt concrete course is needed.

The spans are seated on 15 mm (0.6 in.) thick rubber strip bearings built up with mortar
as required.

Transversally bonded post-tensioned diaphragms are used.

5.19.2.1 Plan

Bridge Symmetrical
15000 15000 15000 15000 15000 About G

—

ABUTMENT A PIERB PIERC PIERD PIERE PIERF

Fig. 5-216 Plan of one-half of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.19.2.2 Elevation

Bridge Symmetrical
15000 15000 15000 15000 15000  About®
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PIERC PIERD PIERF PIERE

Pile Cap b' » Ground Level

Foundation

Fig. 5-217 Elevation of one-half of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.19.2.3 Cross section

475 1200 5825 ‘ 5825 1200 _ 475

Road Surfacing +30 NOM. Thik.
/ Asphaltic Concrete Leveling Course 3.0,

‘ 11 Inngr Unite

TI-4 Concrete Barrier Designed in Accordance
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Continuous Over Deck. Full Height Expansion
Joints to be Provided At 6m Intervals Max

Bearing Transverse Movement of Deck

|
Outer Unit Rubber Strip Shear Key to Prevent
|

Fig. 5-218 Cross-section view of the bridge .Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.19.3 Superstructure

5.19.3.1 Precast concrete girders

5.19.3.1.1  Materials
Concrete: 50 MPa (7 ksi)
Prestressing steel: 1'840 MPa (269 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.19.3.1.2  Description of the cross section

Thirteen single hollow-core girders, 650 mm (26 in.) deep, placed adjacent to each
other (side by side). There are 11 interior and two exterior girders.
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Fig. 5-219 Cross-section dimensions of precast concrete girders. Note: All dimensions are in millimeters.
1T mm=0.0394 in.

5.19.3.1.3  Prestressing

The single hollow-core units are partially prestressed longitudinally with straight strands.
For each girder there is a total of twenty 12.7 mm (0.5 in.) diameter, seven-wire, super
special, prestressing strands, two in the top flange and 18 in the bottom flange.
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Fig. 5-220 Precast elements reinforcement detail. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.19.3.2 Deck slab
No deck slab is used with this solution.

5.19.3.3 Details
5.19.3.3.1  Continuity

Galvanised linkage ber " Soft Debonding Sleeve
\ ler

I ==
:%E S

100] | Lp\ Type 'C' Construction Joint With Shear
Plasti joint Bituminous MIN. i Key (100 wide x 50 deep min.)
Putty or Approved Equivalent 250 MIN.
To Suit Span

Fig. 5-221 Continuity detail over the piers. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.19.3.3.2  Transverse diaphragms

This solution uses post-tensioned diaphragms.

PRA 16 FP Footplate 2 SetsRB19
or Approved Equivalent ¢ Unit /?-740mm Long
'\l L] L I/’
T < (-]
e e
.oooooooo||oooo\pooo.J
\ |

Reidbar or Approved Equivalent \ \Plastic Sleeve
Positioned in Two Layout Offset One
Ber Dimeter to Allow Bars to Pass

Fig. 5-222 Diaphragm detail at interior girder. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.19.3.4  Summary of the preliminary design

Number of spans 10
Continuity Structural continuity
Span length [, m 15
Girder depth G, mm 650
Slab depth H, mm 0
Total depth D = G + H, mm 650
Web width W, mm 300
Girder spacing S, m 1.2
Precast concrete girder weight, tonnes 20
L/D 23.08
L/G 23.08

Note: T mm = 0.0394 in.; 1 m = 3.281 ft; 1 tonne = 1.102 tons.

5.19.4 Substructure

5.19.4.1 Piers

This solution assumes precast concrete pier columns, 7 m (23 ft) tall. The columns
are 1.5 m (4.9 ft) diameter with forty 32 mm (1.25 in.) reinforcing steel bars. The precast
concrete piers weigh a total of 40 tonnes (44 tons).

1500 |

— FRMW TH, CONMC CONVER

& &0 ¥ DH3Y MAIN BAHRS

Fig. 5-223 Cross-section of piers. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.

5.20 Example 20: bridge with five 30 m (98 ft) long spans in New
Zealand

This example was furnished by Alessandro Palermo.
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5.20.1 Considerations identified

- Bridge layout: This example bridge has a total length of 150 m (492 ft) and a total
width of 15 m (49 ft). The deck carries two lanes of traffic. There are sidewalks
for pedestrians and cyclists on each side of the bridge. All spans are equal in
length and all piers are the same height.

- Geological and geotechnical factors: The soil is Class D (soil) and the site is 20 km
(93 mi) from any known fault.

- Codes: This example is governed by the action codes NZS 1170.5 (2004)"'" the
concrete design code NZS 3101(2006)%'¥ and the New Zealand Transport Agency
Bridge Manual®".

- Environmental: The structure does not span flowing water.

5.20.2 Proposed solution

This solution has five spans, each with a length of 30 m (98 ft). The only precast
concrete section commonly used for spans of this length in New Zealand is the 1'225 mm
(48 in.) deep Super T girder. However, it should be noted that 900 mm (35 in.) deep
single hollow-core units are used for spans up to 27 m (86 ft) and I-girders span up to
30 m. Super T girders were selected here as they are more common than I-girders. Many
contractors have forms allowing for competitive pricing of the Super T. Aesthetics and
health and safety were not explicitly considered in this design.

This solution adopts seven 1'225 mm (48 in.) deep, Super T girders designed as simply
supported elements. There is a 180 mm (7 in.) thick CIP reinforced concrete deck slab.
The bridge has 3% transverse slopes on both sides of centerline.

The structure uses internal web stiffeners ata 10 m (33 ft) spacing.
The spans are seated on elastomeric bearings, built-up with mortar as required.

At the supports, this solution uses reinforced concrete diaphragms.

5.20.2.1 Plan

4t

150-250 mm TH. Web
Stiffners at 5 Span

AJTMENT A

Fig. 5-224 One-half plan view of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.20.2.2 Elevation
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Fig. 5-225 One-half elevation view of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.20.2.3 Cross section

‘475‘ 1200 ‘ 5825 ‘ 5825 ‘ 1200 ‘475‘

180 NOM Insitu Deck Slab
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(for bearing replacement)
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(for bearing replacement)
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Fig. 5-226 Cross-section view of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.20.3 Superstructure

5.20.3.1 Precast concrete girders

5.20.3.1.1  Materials
Concrete: 50 MPa (7 ksi)
Prestressing steel: 1'840 MPa (269 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.203.1.2  Description of the cross section

This solution uses seven, 1225 mm (48 in.) deep Super T girders designed as simply
supported. A precast concrete stay-in-place deck panel is placed in ledges cast into the
interior edge of the top flanges to close the top of the girder. There is a 180 mm (7 in.)
thick reinforced conventional concrete deck slab cast on the precast concrete panel and
the top flanges. The bridge has 3% transverse slopes on both sides of centerline.
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Fig. 5-227 Cross-section dimensions of precast concrete Super T girders. Note: All dimensions are in
millimeters. T mm = 0.0394 in.

5.20.3.1.3  Prestressing

Each girder is prestressed with a total of forty 15.2 mm (0.6 in.) diameter, super seven-
wire, straight prestressing strands.

60, 495

96| 275 |110[_ 275 |96
5EQCRS = 5EQCRS

Fig. 5-228 Cross section of precast concrete Super T girder showing typical reinforcement and strand locations.
Note: All dimensions are in millimeters. 1T mm = 0.0394 in.
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5.20.3.2 Deck slab

The 180 mm (7 in.) thick CIP deck slab is reinforced with mild steel and uses conventional
concrete.

5.20.3.3 Summary of the preliminary design

Number of spans 5
Continuity Structural continuity
Span length [, m 30
Girder depth G, mm 1'225
Slab depth H, mm 180
Total depth D =G + H, mm 1'405
Web width W, mm 200
Girder spacing S, m 2.0
Precast concrete girder weight, tonnes 41
L/D 24.5
L/G 21.35

Note: T mm = 0.0394 in.; 1 m = 3.281 ft; 1 tonne = 1.102 tons.

5.20.4 Substructure

5.20.4.1 Piers

This example assumes precast concrete piers 7 m (23 ft) tall. The piers are 1.5 m (4.9 ft)
in diameter with forty 32 mm (1.25 in.) diameter reinforcing steel bars. The precast concrete
piers weigh a total of 40 tonnes (44 tons).

| 1500

TouM TH. C08C COVER

& 40 = DHIZ MUH BARS

Fig. 5-229 Cross-section of piers. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.
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5.21 Example 21: bridge with two 30 m (98 ft) long spans in Spain

This example was furnished by David Fernandez-Ordonez.

5.21.1 Considerations identified

- Bridge layout: This example bridge has a total length of 60 m (197 ft) and a total
width of 11.3 m (37 ft).

- Geological and geotechnical factors: The bridge is in an area of very low seismic
activity.

- Code: This example is governed by the action codes EN 1990°* and EN 1991-252,
and the design codes EN 1992-1-15" and EN 1992-25731.

- Construction factors: The speed of construction and erection is considered.

- Environmental factors: Consider a minimal use of materials.

- Maintenance: Low maintenance is desired. Check supports and for cracking in
the beams regularly.

- Economy: Minimum cost for construction.

- Functional factors: There is a longitudinal gradient. Provide adequate clearance
beneath.

5.21.2 Proposed solution

This example has two spans, each with a length of 30 m (98 ft). The cross section
consists of five precast concrete I-girders with a depth of 1'400 mm (55 in.), spaced at
2.5 m (8.2 ft) on center. Precast concrete deck stay-in-place deck panels are proposed to
facilitate casting the deck slab.

The two edge girders have an L-shaped top flange to minimize formwork for casting
the deck slab.

The CIP deck slab is 250 mm (10 in.) deep and the superstructure has 2% transverse
slopes on both sides of centerline formed by varying the height of the neoprene bearings
and by varying the thickness of the CIP concrete deck.

This example assumes an area of very low seismic activity. Therefore, it does not use
a diaphragm over the piers or the abutments. Intermediate diaphragms are not used.
Transverse distribution of the load is considered to be achieved with the rigidity of the slab.

The precast concrete I-girders are pretensioned and the layout of the prestressed
reinforcement consists of straight strands placed in the top and bottom flanges of the
I-girders.

Expansion joints are used in the abutments and a link slab is used at the intermediate
support.
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5.21.2.1 Plan

11300

Fig. 5-230 Plan of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.21.2.2 Elevation
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Fig. 5-231 Elevation of the bridge. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.

5.21.2.3 Cross section
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Fig. 5-232 Cross-section view of the bridge. No diaphragms are used in this bridge. Note: All dimensions are in
millimeters. T mm = 0.0394 in.
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5.21.3 Superstructure

5.21.3.1 Precast concrete girders

5.21.3.1.1  Materials
Concrete: 55 MPa (8 ksi)
Prestressing steel: 1'860 MPa (270 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.21.3.1.2  Description of the cross section

Five I-girders, 1400 mm (55 in.) deep and 1200 mm (47 in.) wide, are spaced either
2.50r2.55m (8.2 or 8.37 ft) on center. The two edge girders have an L-shaped top flange
to facilitate the casting of the deck slab and reduce the need for formwork. There is no
additional cantilever of the deck slab for ease of construction and economy.

C o 1200 ‘ ‘ 1200 ‘
- ? ann A * ann

Fig. 5-233 Cross-section dimensions of precast concrete girders. Note: All dimensions are in millimeters.
1 mm =0.0394 in.
5.21.3.1.3  Prestressing

The I-girders are prestressed longitudinally with straight strands. In each girder there is
a total of 28 15.2 mm (0.6 in.) diameter prestressing strands, 2 in the top flange and 26 in
the bottom flange. Of these, eight strands are debonded near the ends.
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Fig. 5-234 Cross section of the I-girders showing typical reinforcement and location of the strands.
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5.21.3.2 Deck slab
5.21.3.2.1  Materials
Concrete: 30 MPa (4 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)
5.21.3.2.2  Deck slab description

The deck is a CIP slab with a minimum thickness of 250 mm (10 in.) and cast on top
of the girders as well as on top of precast concrete stay-in-place deck panels bearing on
the top edges of the girder flanges. The deck has 2% transverse slopes from the center of
the deck.

5.21.3.3 Details
5.21.3.3.1  Bearings

The girders are placed on neoprene pads. Due to slab continuity at the center pier, the
center of movements is at this pier. Therefore, the movements for creep, shrinkage, and
temperature considered for the neoprene pads take into account the total length of the
bridge. The movements at the abutments are related to the center pier.

5.21.3.3.2  Continuity
5@ 16 p.m.l
e

\7@16 p.mll 8210 p.m.l |

Fig. 5-235 Continuity detail over the pier. Note: p.m.l. = per linear meter. All dimensions are in millimeters.
1T mm = 0.0394 in.

Slab continuity is achieved with a fixed slab at both spans by taking into account the
rotations of each deck and the local load of the design truck of 10 kN (2.25 kips). The slab is
disconnected from the beams to achieve a higher flexibility and to take these deformations
into account.

5.21.3.3.3  Transverse slopes

Fig. 5-236 Bridge superstructure with 2.0% transverse slopes. Note: p.m.l. = per linear meter. All dimensions
are in millimeters. T mm = 0.0394 in.
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The deck of the bridge has 2% transverse slopes formed by varying the height of the
neoprene bearings under the precast concrete girders and the thickness of the deck slab.

5.21.3.3.4  Transverse diaphragms
This solution does not consider transverse diaphragms over the supports or between
piers.

5.21.3.4  Summary of the preliminary design

Number of spans 2
Continuity Partial using a link slab
Span length [, m 30

Girder depth G, mm 1'400

Slab depth H, mm 250

Total depth D =G + H, mm 1'650

Web width W, mm 120

Girder spacing S, m 2.50 or 2.55
Precast concrete girder weight, tonnes 29

L/D 21.43

L/G 18.18
Prestressing steel, kg/m? +26 x 5/11.30=11.50
Reinforcing steel — girder, kg/m? +16(5/11.30) = 7.08
Reinforcing steel — top slab, kg/m? 22

Note: T mm = 0.0394 in.; 1 m =3.281 ft; 1 kg/m* = 0.2048 Ib/ft>; 1 tonne = 1.102 tons.

5.22 Example 22: bridges with 18.75 m (61.52 ft) long spans and
35 m (115 ft) long spans in the United Kingdom

This example was furnished by Robert Wheatley.

5.22.1 Considerations identified

- Bridge layout: This example bridge has a total length of 150 m (492 ft) and a
total width of 15 m (49 ft). Headroom is not a constraint. There are no obstructions
that require a special span arrangement. There is easy access for equipment and
materials throughout the length of the bridge. There is no skew. Deck cross slopes
are 2.5% equally about the centerline

- Geological and geotechnical factors: Foundation design is not considered in this
example.

- Codes: This example is governed by the following action codes: EN 1991-1529,
EN 1991-252 and the following design codes: BS EN 1992-1-15"and EN 1992-25-
and BS NA EN 1991-2521 LM1 and LM3 (Special Vehicle SV196).

In addition, the following manufacturer’s reference was considered: Bridge
Beam Manual, 2" ed. Banagher, Co. Offaly Ireland: Banagher Precast Concrete
Ltd. Other manufacturers produce similar bridge girders.
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Construction factors:

The end spans would be simply supported at the abutments. Internal spans
would be continuous over the piers.

Health and safety are increasingly important to both contractors and clients,
with many initiatives to promote better site safety culture. The greater use
of precast concrete elements is seen as a way of improving safety and this
comes into consideration when selecting bridge designs and the use of precast
concrete girders.

For example; SY girders (the largest type of Y-shaped girders) are seen by
some as too tall and the potential for lateral instability during erection requires
additional shoring and bracing. U girders are often preferred for stability and
the interior can be used as a walkway for erecting permanent formwork.

Other safety practice that affects design includes:

> Girders can be erected with cantilever formwork and edge protection
already attached.

> Girders can have parapet and edge details precast before lifting over
railways.

» Precast concrete deck panels are being adopted more widely for steel-
concrete composite designs.

> Precast concrete plinths on which to construct parapets help reduce
the amount of work near the edge and reduce the risk of a workman
falling during construction.

Aesthetics: Aesthetic requirements are usually defined by bridge owners as high-
level priorities. Details would be locally defined by the designer or architectural
advisor. Consultation may be required with the citizen organizations that safeguard
appearance. Good aesthetic practice is considered advisory, except for major
structures.

Environmental factors: Environmental conditions are an important set of constraints
on designs from an early stage. They are considered in depth at the preliminary
stage and become part of the evaluation of the design, often determined at
ministerial level. Environmental conditions are not easily altered after the planning
stage. Typically, the environmental conditions could dictate where a bridge is
required, what must be crossed, and what clearance may be needed.

Construction factors: Construction methods must limit or prevent disturbance to
protected areas. However, the construction considerations do not usually dictate
the materials or form of bridge, except where future painting of steel girders would
be a major disruption of, or risk to, the environmentally protected area. In these
cases, precast concrete is usually preferred.

Proposed solution

With a total length of 150 m (492 ft), this bridge is too long to be considered as
an integral structure by typical UK practice. There are few integral bridges over 100 m
(328 ft) in length in the UK, although this number may increase as design confidence
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is built up with this type. It would be preferable to have shorter end spans than interior
spans, as the positive moment is higher in the end spans. The end span could be typically
assumed to be two-thirds the length of the main span.

However, for the short-span bridge, it was preferred to resort to eight equal spans, each
with a length of 18.75 m (61.52 ft). The simplicity and repetitive nature of the design make
it cost effective, provided that substructure costs and appearance are not significant. For the
35 m (115 ft) span solution, it was preferred to resort to three spans, each with a length of
35 m (115 ft) and two spans, each with a length of 22.5 m (74 ft) because it is a reasonable
balance of available girders that can be supplied and erected using standard techniques
and equipment.

Selection of common types of UK precast concrete girders is based on the manufacturer’s
catalogue of available shapes. Span, available construction depth and girder spacing affect
the choice. Equally important are the contractor’s preferences over the cost, the available
cranes, the erection plan, and the ease of securing road or railway possessions for the beams
to be lifted into place. For most bridges, the choice is between Y and U girders, which have
superseded the less efficient T and M girders. Special types exist for very shallow depth
girders and for long-span girders.

U girders have some advantages overY girders: they are more stable during construction,
offer smaller spans for deck formwork, and are easier to fit formwork around. They can have
longitudinally extended internal end diaphragms, which help with defining the extent of the
beam considered as a prestressed beam design and the extent considered as a reinforced
section design.

Solid deck construction is appreciated for smaller spans where the simplicity of avoiding
formwork and having a simple top mat of reinforcement helps reduce costs. Transverse
bottom bars are required, placed through regular holes in the web. This detail may need some
careful reinforcement planning and detailing to get the bars in place during construction.
Edge beams can have cast-in couplers to connect the transverse bars. Transverse post-
tensioning is not typically used owing to historic concerns over durability and having to get
access to the outer face of the girders.

Permits to use parts of the obstacle crossed by the bridge have a major influence in the
choice of design solutions. Where the obstacle is a live road or railway, it is usually cost-
effective to minimize the quantity of assets required for construction work to be completed.
Erecting precast concrete girders that only need permanent formwork to be installed above
the obstacle is a significant advantage compared to having transverse post-tensioning
installed from outside the bridge. Taking the earliest opportunity to seal the interface
between construction operations and the user below is often a cost-effective solution.

Edge cantilever dimensions are decided early in the design process. Aspect ratios
of girder depth to cantilever distance are sometimes specified by owners. UK industry
proprietary edge falsework system can work with deck cantilevers up to 2.5 m (8 ft) but
are effective with a 2.0 m (6.6 ft) cantilever from the girder centerline and still leave room
for construction access. Girders with integral bridge decks often have shorter cantilevers,
typically with a cantilever length to girder depth ratio of 1:1. The edge formwork is often
installed before girder erection for ease of access and to have the edge protection in place
immediately when the girder is erected. The girder will require a check that it can carry
the weight of the formwork without splitting (for example, U girders) or rotating.
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Deck slope is typically chosen to match the highway alignment, except on narrow
bridges, to reduce the additional surfacing material necessary to match the highway
slopes. For UK highways, slopes can vary from 2.5% balanced slopes, up to 7% where
highway superelevation is applied. Girders are often erected to match the cross slope and
avoid step changes in the abutment construction joint. The stability of the girders that are
super-elevated needs to be checked during deck erection. Where the girders follow the
deck cross slope the deck can be kept at a constant depth.

Tight vertical curvature may need additional deck thickness to accommodate the
difference between the nominally straight girders and the highway alignment. The additional
thickness is usually included in the carriageway as a regulating course. The design needs to
allow for the construction depth as a result of adding the regulating course.

Curvature and change in width can be accommodated by varying the width between
girders or by having variable width edge cantilevers.

Changes in highway slopes as a result of application of superelevation, or the intersection
of a ramp with different slopes, needs to be carefully checked so that the change in slope
of the deck does not conflict with the straight girders.

Deck panels can be fabricated from several materials: glass-fiber-reinforced cement, glass-
fiber-reinforced plastic, fiber-reinforced concrete, and reinforced concrete slabs have all been
used as stay-in-place formwork. Key considerations are the span required between supporting
beams, the deflection of the panel when the deck is cast and the thickness of the stiffening ribs
above the panels affecting the position of the deck reinforcement. The deck reinforcement
also needs to prevent longitudinal shear in precast concrete composite beam decks and the
position of the deck reinforcing bars relative to both the beam shear links and the deck panel
ribs influences the early sizing of the bridge deck.

Bridges that are continuous over intermediate piers are usually fully built into (integral
with) the substructure. Continuity of bridge decks wherever possible has been a requirement
since 1996 as a result of much better durability of continuous structures compared to simply
supported spans. Options are available for achieving continuity, but by far the most common
is to have full continuity with the pier and deck. The advantages of full continuity are:

- The structural framing helps redistribute moments at the support, provides greater
robustness in case of collision, and acts as a restraint to thermal movement.

- The rigid diaphragm improves load distribution across the deck.

- Bearings and the means to replace them are not required. This reduces the need
for lane closures for maintenance.

- There are fewer site operations, which simplifies construction although the risk
of a clash with reinforcement needs to be addressed.

- The beams can be supported directly on the pier to reduce the need for temporary
supports. Using the permanent support for the temporary condition can be safer
than using temporary supports.
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5.22.2.1 Plan
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Fig. 5-237 Plan of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.22.2.2 Elevation
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Fig. 5-238 Elevation of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in

5.22.2.3 Cross section
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a) Cross-section of bridge with U11 girders at midspan

500 3350 7300 3350 500
C Ver. Roadway Ver. .
¢ Deck
25% 2.5% ! 25% 2.5%

b) Cross-section of bridge with MY7 girders at midspan
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c) Cross-section of bridge with U11 girders over piers
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d) Cross-section of bridge with MY7 girders over piers

Fig. 5-239 Cross-section view of the proposed bridges. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

5.22.3 Superstructure

5.22.3.1 Precast concrete girders

5.22.3.1.1  Materials
Concrete: 50 MPa (7 ksi)
Prestressing steel: 1'860 MPa (20 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.22.3.1.2  Description of the cross section

For the UT1 girders (35 m [115 ft] long spans): six beams at 2.12 m (6.96 ft) centers,
using two 1.5 m (4.9 ft) long cantilevers.

For the MY7 girders (18.75 m [61.52 ft] long spans): 14 beams at 0.985 m (3.232 ft)
centers, using two 0.61 m (2 ft) long cantilevers.
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Fig. 5-240 Cross-section dimensions of the precast concrete girders. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

5.22.3.1.3  Prestressing

The seven-wire strands are typically 15.2 mm (0.6 in.) diameter standard or 15.7 mm
(0.62 in.) special diameter drawn strands set at prescribed locations in the beam cross
section in accordance with the manufacturer’s catalogue. The strand complies with
class 2 relaxation and is stressed to 174 kN (39 kip) for standard and 210 kN (47 kip)
for drawn strand.

The prestress layouts comprise straight strands, with debonding used to change the
prestress along the beam length.

Beams are pretensioned at the casting facility before truck transfer to the site. Post-
tensioning is comparatively rare and used in box girder bridges either as segmental
construction with external post-tensioning or CIP construction with internal post-tensioning.
5.22.3.2 Deck slab
5.22.3.2.1  Materials

Concrete: 40 MPa (6 ksi)

Mild reinforcing steel: 500 MPa (73 ksi)
5.22.3.2.2  Deck slab description

The CIP deck slab has a thickness of 200 mm (8 in.) for the 35 m (115 ft) long spans
solution, and 100 mm (4 in.) CIP on top of the girders on deck slabs for the 18.75 m (62 ft)
long spans solution.
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5.22.3.3 Details
5.22.3.3.1  Bearings

¢ Bearing
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640x340x172 N ™ Epoxy Mortar

Epoxy Mortar
Bedding Min. 15 thk.

Bedding Min. 15 thk.

Fig. 5-241 Detail of the bearing and detailfor girder slopes. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

Some beams will need bearing supports where integral bridges cannot be used because
of overall length or high skew. Typically, these are elastomeric bearings for the span ranges
being considered. The elastomeric bearings will require positive fixity to the beams. Fixity
through friction is permitted in some cases, but it is more usual to use an epoxy mortar to
provide the positive fixity. Bearings glued down by epoxy mortar would need to have the
mortar cut through if it were planned to replace the bearings at a future date.

For the case study, the bridge is considered too long to be an integral bridge, so expansion
joints will be provided at each abutment.

The bearing could be located on bearing plinths to lift the bearing above the bearing
shelf that may be wet or have accumulated debris. It also allows space for jacks to be
installed should the bearings require replacement. Where a pot bearing is used, the plinth
is useful for final adjustment of the bolt anchorage cradle that is to be cast into the plinth.
The bearing shelf can also serve as a place to locate jacks for supporting the deck when
replacing the bearings.

The jacking arrangement needs to allow adequate space to free the bearing. This can
be as little as 2 mm (0.08 in.), but the elastic recovery of the bearing also needs to be
included, which may mean that a greater vertical allowance is required. The condition of
the deck joint above the bearing also must be considered when the deck is lifted, if live
traffic is permitted. The allowable vertical movement of the expansion joint may be small.
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5.22.3.3.2  Details of the continuity connection over the piers
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b) At the abutment

Fig. 5-242 Section through the diaphragm at the pier and at the abutment. Note: All dimensions are in
millimeters. T mm = 0.0394 in.

Fully integral designs are common and mandatory for bridges less than 60 m (197 ft)
long and that have a small skew angle. Integral bridges are regularly used up to 100 m
(328 ft), and this length is expected to increase in the future. The field connections are full
depth and extend into the span to deal with positive moments as reinforced sections and
negative moments as precast concrete section (that is, prevent decompression). Intermediate
diaphragms between piers are not used; the precast concrete manufacturers do not indicate
that this is possible in their catalogues. The exception is for shallow construction depth
solid slab bridges, where transverse reinforcement is placed through regularly spaced holes
in the webs.

Connections at supports make use of holes cast in the girder web or couplers where holes
are not permitted. Reinforced concrete is detailed around the beams and this can be
difficult to detail and awkward to build. Continuity at the soffit of the girder is provided
to cater for positive moments from creep rotation. Two methods are used: casting additional
bars into the beams or leaving the prestressing strand protruding so that it can be cast into
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the diaphragm. Abutments are provided with diaphragms to enclose the ends of the beam:s,
seal the ends of the prestressing strand, and provide jacking points for bearing replacement.

Some designers prefer not to have slabs extend between the carriageway and the integral

bridge abutment.
5.22.3.3.3

Transverse diaphragms

These bridges have diaphragms over the supports but no intermediate transverse

diaphragms.

Extent of Diaphragm Inside Beams

Extent of Diaphragm Between Beams

i 4 | o i
| | | |
L1 = ° I
| | | |
| | | |
I e o I
| | | |
1 ‘ ‘ 1
! - ° 900 | I |00 @ !
o [ 1
******* 1 o e ol Fmmm T
:::::::1‘ ,,,,,,,,,,, 7'7fj7f7?7E77: ’7:7777:7’\{7?7?7f777'7 ,,,,,,,,,,, ‘::::::::
2 xB32 Coupledin | Wall Reinforcement
Transverse Ducts Anchored in to Diaphragm

Fig. 5-243 Diaphragm detail. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.22.3.4

First solution:

Summary of the preliminary design

Eight 18.75 m (61.52 ft) long spans

Number of spans 8
Continuity Structural continuity
Span length L, m 18.75
Girder depth G, mm 600
Slab depth H, mm 100
Total depth D =G + H, mm 700
Web width W, mm 300
Girder spacing S, m 0.99
Precast concrete girder weight, tonnes 13.88
L/D 26.79
L/'G 31.25

Note: 1 mm = 0.0394 in.; T m = 3.281 ft; 1 tonne = 1.102 tons.
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Second solution: Five 35 m (115 ft) long spans

Number of spans 5
Continuity Structural continuity
Span length [, m 35
Girder depth G, mm 1'500
Slab depth H, mm 200
Total depth D =G + H, mm 1'700
Web width W, mm 165
Girder spacing S, m 2.12
Precast concrete girder weight, tonnes 62.3
L/D 20.59
L/G 23.33

Note: T mm = 0.0394 in.; 1 m = 3.281 ft; 1 tonne = 1.102 tons.
5.22.4 Substructure

5.22.4.1 Piers

Few precast concrete piers and abutments have been used in the UK. These are normally
cast in place and arranged to permit continuity over piers and abutments (where integral).

Pier heights normally suit the highway geometry and clearance required over the
obstacle crossed. For instance, a crossing of a road would require minimum designed
clearance of 5.3 m (17 ft). Additions arise from deck deflection, construction tolerance
and vertical curvature of the road beneath. Construction tolerance is typically 100 mm
(4 in.). The highway geometry will require that the clearance is calculated to take into
account the gradient and superelevation of the road over as well as the road below, to
come up with the critical dimension for the clearance.

Piers can come in many forms and are frequently used to express architectural intent
as well as simple functionality.

Column structures are often capped with a pier beam that is wide enough to support
the girders. This improves the practicality of construction but sometimes is considered
to detract from the appearance. The owner’s requirements for vehicle clearance beneath
may also apply to the pier beam, which can affect the span or height of the bridge.

Circular column pier sections are typically at least 1.2 m (3.9 ft) in diameter for resistance
to vehicle collision. Other variations such as leaf piers with patterned finishes depend on
aesthetic choice. A plain finish to concrete is usually ruled out by the owner’s specification.
Vehicle restraint barriers affect the highway cross section at the base.

In the examples presented in this section, pier height is taken as 6 m (20 ft) from pile
cap to deck soffit with piers cast in place.

5.22.4.1 Abutments

The abutment will be provided with a gallery to allow inspection access to the expansion
joint and to the bearings. The inspection galleries and bearing shelves are waterproofed
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for improved durability and provided with drainage if water were to leak through a failed
expansion joint. Where subsurface drains are provided, these would also discharge into the
gallery drainage.

In the examples proposed in this section, the abutment is assumed as CIP concrete and
its wing walls comprise mechanically stabilized (reinforced soil) earth walls with precast
concrete facing. The facing can be reinforced precast concrete panels or unreinforced
concrete blocks

5.22.4.3 Foundations

The column footing or pile cap would be buried. The depth of the footing is a design
judgement. Starting from the principle that the least excavation required is best, other
construction practicalities will often change this. Fitting in the necessary infrastructure
(for example, highway drainage, communication ducts, or underground services) may
require deeper footings or pile caps. Founding strata and piling platform level are also
important considerations.

Precast concrete driven piles are typically limited to 355 mm (14 in.) square cross
sections. The low bending capacity of these piles limits their use to areas that are not
subject to impact forces. They are not commonly used in bridge design where integral
designs increase bending capacity on piles. Continuous flight auger (CFA) piles are cost
competitive with driven precast concrete piles and can carry greater moment.

5.23 Example 23: bridge with a single 25.9 m (85 ft) long span in
the United States

This example was furnished by Maher Tadros and William Nickas.

This example is a completed project: the St. Clair Road Bridge Over the Maple River,
Clinton County, Michigan, United States. The bridge was open to traffic in July 2014.

5.23.1 Considerations identified

- Bridge layout: The structure has a total span length of 25.9 m (85 ft) and a total
width of 7.67 m (25.2 ft).

- Codes: The bridge was designed in accordance with the AASHTO LRFD
specifications ',

5.23.2 Proposed solution

This is a very shallow simple-span bridge with a length of 25.2 m (83 ft) and a width
of 7.67 m (25.2 ft). The bridge superstructure has six adjacent precast concrete box
beams (Fig. 5-245), 1.22 and 0.84 m (4 and 2.75 ft) wide. This results in a span-to-depth
ratio of 31 (Fig. 5-244). It also includes a 100 mm (4 in.) thick hot mix asphalt (HMA)
wearing surface installed over a waterproofing membrane. The bridge has a skew angle of
12 degrees (Fig. 5-245).

This bridge features an innovative transverse post-tensioning system. The tendons
comprise three strands, each strand is encased in grease, then a polyethylene sheath, which
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is in turn encased in a polyvinyl chloride (PVC) tube. This duct-in-duct system is used
to connect the top flanges of the boxes and the bottom flanges of the boxes. Not only is
the post-tensioning placed where it is needed the most (the extreme fibers), but also the
webs are free of ducts. This allows for total elimination of the heavy intermediate diaphragms
and thus reduces the precast concrete weight, concrete quantities, and the final load on
the bridge. The system also eliminates the need for a CIP deck slab in accordance with
the bridge owner’s standard practice for a low-volume bridge. No need for field concrete
placement and curing results in accelerated bridge construction (ABC), as promoted by the
U.S. Federal Highway Administration. Use of unbonded post-tensioning allows for possible
removal of the post-tensioning and widening of the bridge in the future. Most importantly,
the post-tensioning is not performed until the longitudinal joints are grouted. Thus, the

joints are in permanent compression and fear of water leakage at the joints is essentially
eliminated. More details on the system innovation are provided in Section 5.23.4.

25-2"
| 22-0"
J:E |
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Topof | |
Bank

Cofferdams

Fig. 5-245 Plan of the bridge.
5.23.2.1

Precast concrete box beam

Figure 5-246 shows a three-dimensional model of two beamlines, including an
edge beam and its adjacent interior beam. Dimensions of the beams are illustrated in
Figure 5-247 and Figure 5-248, away from the post-tensioning location and at the post-
tensioning location, respectively.
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The interior box beam is 1.22 m (4 ft) wide at the bottom flange and 1.17 m (3.83 ft) wide
at the top flange. The flange thickness is 150 mm (6 in.) at the bottom and 165 (6.5 in.) at the
top. Both webs are 125 mm (5 in.) thick at the interior beam.

The edge beam section is similar to the interior beam except the following:

- The width of its top flange is 1.19 m (3.92 ft), slightly wider than that of the
interior beam, because the exterior face of the fascia beam does not have vertical
shear keys.

- The top flange thickness is increased to 200 mm (8 in.), which allows for sufficient
embedment of anchor bolts used for connecting the bridge railing.

- The exterior web is widened from 125 to 250 mm (5 to 10 in.) to accommodate
the transverse post-tensioning anchorages.

The beam concrete strength is 55 MPa (8 ksi) at 28 days and 41 MPa (6 ksi) at prestress
release. The interior beam includes 21 bottom strands in two rows and 2 top strands
(Figure 5-249). The strands are 15.2 mm (0.6 in.) diameter, Grade 1860 MPa (270 ksi),
low-relaxation strands. The edge beam includes 22 bottom strands in three rows and 2 top
strands (Figure 5-250). The number and locations of the strands at the edge beam differ
slightly from the interior beam. The strand locations are arranged to avoid conflicts with
the post-tensioning anchorages while satisfying the unique loads on the edge beam. Also,
it is intended to design the strand layout in the beams so that the calculated differential
cambers between the interior and edge beams is no more than 3 mm (0.125 in.) at the
time of beam erection.

Fig. 5-246 Three-dimensional model of an edge and an interior beam.
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Fig. 5-247 Cross-section dimensions (in.) of an edge and an interior beam away from the post-tensioning
location (section A-A). Note: 1"=1in. =254 mm; 1' =1 ft = 0.305 m.
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Fig. 5-248 Cross section of an edge and an interior beam at the post-tensioning location (section B-B).
Note: 1"=1in. =254 mm; 1' =1 ft = 0.305 m.
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Fig. 5-249 Typical reinforcement and strand locations in an interior beam. Note: 1" = 1 in. = 25.4 mm;
1'=1ft=0.305 m.
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Fig. 5-250 Typical reinforcement and strand locations in an edge beam. Note: 1" = 1 in. = 25.4 mm;
1'=1ft=0.305 m.

5.23.2.2 Shear key

Both vertical and horizontal shear keys (Figure 5-253) are cast in the beams to allow
for overall structural integrity. At the shear key locations away from the post-tensioning
tendons, the width of the vertical shear key is 57 mm (2.25 in.) at the bottom of the beams
and is widened to 133 mm (5.25 in.) at the beam webs (Figure 5-247). The width of the
shear key is then reduced to 108 mm (4.25 in.) at the top of the beams. At the transverse
post-tensioning locations, the shear key is 133 mm (5.25 in.) wide along most of the beam
height (Figure 5-248). The shear key is widened at the post-tensioning locations to allow
for access and space to maneuver the tendons at the joint so that they can be inserted
through all beams properly. Furthermore, horizontal shear keys are created at the post-
tensioning locations due to the widened joint as compared to the typical shear keys. The
described system requires that the longitudinal joints be grouted fully before transverse
PT is introduced. Some bridge contruction in the US, especially for small projects, still
continues to apply transverse post-tensioning before the longitudinal joint is grouted. This
practice has created considerable considerable leakage as the grout is not compressed in
this sequencing of construction.

5.23.2.3 Unbonded post-tensioning system

A total of six pairs of transverse post-tensioning tendons are used in this bridge. The
tendons are spaced at approximately 4.9 m (16 ft) along the beam length. Each pair of
tendons consists of one tendon at the beam top and bottom flanges. Each tendon comprises
three 15.2 mm (0.6 in.) diameter monostrands (Figure 5-251). The individual seven-wire
strands are coated with corrosion-inhibiting grease and encased in polyethylene sheaths
in accordance with ASTM 416 (Figure 5-252).

Corrugated steel ducts, 60 mm (2.375 in.) outside diameter, were originally specified
in the Contract Drawings. To reduce the fabrication cost, the corrugated steel ducts were
replaced by PVC pipes after consultation with the precaster. Also, PVC ducts are much
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stiffer than the corrugated steel ducts, which avoids possible deformation along the ducts
during concrete placement. The ends of the PVC ducts were firmly secured by attaching
them to the steel forms. It is critical to place the PVC ducts properly in the box beams to
ensure proper installation of tendons at the site. The location tolerance of PVC ducts was
specified to be 6 mm (0.25 in.) in the Contract Drawings. Before placement in the forms,
the ends of the ducts were required to be sealed to prevent entry of water and debris.

Because the post-tensioning tendons are located at the beam top and bottom flanges only,
no intermediate diaphragms are required in this bridge. The most important advantage of
this post-tensioning system is that the longitudinal joints are grouted before post-tensioning
without locking the strands in place, which allows the joints to be in permanent compression
and therefore essentially eliminates possible water leakage at the joints (Figure 5-253). In
addition, no grouting is required in the PVC ducts after the transverse post-tensioning.
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@ O
PVC PIPE (2378 IN. Q.D.)

0.6 IN. DIA. STRAND COATED WITH
CORROSION INHIBITING GREASE

Fig. 5-251 Unbonded post-tensioning monostrand tendon. Note: 1 in. = 25.4 mm.

Fig. 5-252 Monostrand tendon: 0.6 in (15.2 mm). diameter strand coated with corrosion-inhibiting grease
and encased in a polyethylene sheath.

PVC Pipe Non-Shrink Grout
T
X
} B { 08 In. Dia. Strand Coated
B With Corrosion Inhibiting
— Grease

Fig. 5-253 The shear key is grouted before post-tensioning. Note: 1 in. = 25.4 mm.
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5.23.2.3.1  Beam fabrication

Figure 5-254 shows the reinforcement being tied in a box beam before concrete
placement. Also shown are the PVC ducts that house the transverse post-tensioning
tendons. Figure 5-255 illustrates a side view of two interior beams that are stored in the
precast concrete yard. Figure 5-256 shows the shear key at the location of the transverse
post-tensioning.

Fig. 5-254 Partial reinforcement setup in a beam form before concrete placement. Top and bottom PVC
post-tensioning ducts are visible.

Fig. 5-255 Side view of interior beams in the precast concrete storage yard.
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Fig. 5-256 Vertical and horizontal shear keys at the post-tensioning location.

5.23.2.3.2  Construction sequence
The superstructure construction sequence is listed as follows:

- Install the precast concrete box beams (Figure 5-257).
- Seal the longitudinal joints between beams.
- Insert the transverse post-tensioning tendons.
- Grout the longitudinal joints.
- Tension the transverse tendons.
- Encapsulate the post-tensioning anchorages with high-strength nonshrinkage grout.
- Pour concrete brush block for bridge railing.
- Place the bridge railings (Figure 5-258).
- Install the waterproofing membrane and HMA wearing surface.

The most critical construction step is related to the transverse post-tensioning, particularly
installation of the post-tensioning tendons. Every post-tensioning tendon was inserted after
each individual beam was installed in its position. As a result, the transverse post-tensioning
procedure was performed successfully (Figure 5-259 and Figure 5-260).
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Fig. 5-257 Erection of the first edge beam.

Fig. 5-258 Subsequent beams are installed.
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Fig. 5-259 The completed bridge.

Fig. 5-260 The bridge open to traffic.
5.23.3 Key design challenges

5.23.3.1 Need for intermediate diaphragms for transverse post-tensioning

The bridge owner’s standard practice for a conventional adjacent box beam system
requires the use of transverse post-tensioning tendons or high-strength threaded rods that
are housed in the intermediate diaphragms and are located at or near middepth of the
box beams. These heavy intermediate diaphragms increase the precast concrete weight,
concrete quantities, and the final load on the bridge.
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5.23.3.2 Dilemma of including a composite deck slab

The bridge owner specifies a 150 mm (6 in.) thick reinforced concrete deck that is
made composite with the box beams unless the bridge carries a low volume of traffic.
Even though this composite deck requirement can be waived for this bridge due to its low
traffic volume, the designers are concerned about potential water leakage between box
beams. A composite deck slab provides a reasonable insurance against longitudinal joint
cracking. However, it introduces an extra step of placing the deck slab, and therefore, it
slows down the construction and increases the construction cost.

5.23.3.3 Construction complexities related to grouting longitudinal joints

Because the adjacent box girders are erected edge to edge, they do not allow for sufficient
space for splicing the post-tensioning ducts in the field. Before the longitudinal joints are
grouted, extreme caution must be exercised to prevent grout from entering post-tensioning
ducts. A possible method includes the placement of seal washers to seal the post-tensioning
tendons at the shear keys, which is not construction-friendly and is sometimes ineffective.

To overcome these challenges, the designers were motivated to develop a unique
transverse post-tensioning system that allowed enhanced structural performance, increased
durability, and accelerated bridge construction.

5.23.4 Innovations and accomplishments

Precast concrete adjacent box beams were used in this bridge due to their relatively
shallow structural depth and low cost. An innovative transverse post-tensioning system
was successfully implemented. The innovations and accomplishments in this project are
summarized as follows:

- The transverse post-tensioning strands are each coated with grease and encased
in a polyethylene sheath, which in turn is encased in a PVC duct. This unique
duct-in-duct system is used to connect the top flanges as well as the bottom
flanges of the box beams.

- The box beam webs are free of post-tensioning ducts; therefore, intermediate
diaphragms are unnecessary, which reduces the precast concrete weight, concrete
quantities, and the final load on the bridge.

- Elimination of intermediate diaphragms makes it possible to include a reusable
steel hollow box forming system instead of sacrificial expanded polystyrene (EPS),
which can result in a significant improvement in production economy.

- This system facilitates the bridge construction due to the use of unbonded post-
tensioning tendons without the need for grouting transverse post-tensioning ducts.

- This system accelerates the bridge construction by eliminating the need to form
and cast a concrete deck on top of the box beams.

- The transverse post-tensioning is not performed until after the longitudinal joints
are grouted and reach a required minimum compressive strength. Therefore, the
joints are in permanent compression and the risk of water leakage at the joints is
essentially eliminated.
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- This post-tensioning system greatly enhances the ability to control differential
twisting between adjacent boxes and eliminates reflective cracking above the
longitudinal joints, which results in a virtually maintenance-free structure.

- This simple-span bridge features an extraordinarily economical solution that
results in a span-to-depth ratio of 31.

- This innovative system achieves better cost effectiveness, higher structural
performance, and improved durability.

5.23.5 Summary of the preliminary design

Number of spans 1

Continuity None: simply supported
Span length [, m 259

Girder depth G, mm 840

Slab depth H, mm n/a

Total depth D = G + H, mm 840

Web width W, mm 250

Girder spacing S, m 1.33

Precast concrete girder weight, tonnes 37.8

L/D 30.83

Note: n/a = not applicable. T mm =0.0394 in.; T m = 3.281 ft; 1 tonne = 1.102 tons.

5.24 Example 24: bridge with six spans, two 41.15 m (135 ft) and
four 53.54 m (175.6 ft) in the United States

This example was furnished by Maher Tadros and William Nickas.

This example is a completed project: the Platte River East Bridge, located on the east side
of Interstate Highway 80 between the cities of Omaha and Lincoln, Nebraska, United States.

Fig. 5-261 Photo of the completed Platte River East Bridge.
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5.24.1 Considerations identified

- Bridge layout: The structure has a total length of 295.7 m (970 ft) and a total
width of 14.12 m (46.33 ft).

A nearly level alignment required the use of the shallowest possible structural
depth to avoid the maximum flood levels.

- Codes: The design is governed by the AASHTO LRFD Bridge Design
Specifications® .

- Traffic: The bridge is on a very busy interstate highway. Minimizing traffic
interruption during construction was a priority.

- Community: The bridge serves a large community. Accelerated bridge construction
(ABC) techniques were used to reduce roadway closures.

- Geological and geotechnical factors: The bridge crosses a very wide but shallow
river. Reducing the number of piers would accelerate construction and reduce
the cost of foundations in the water.

5.24.2 Proposed solution

This bridge length was divided into six spans. Because there were no specified locations
for piers, the spans were selected for optimum structural efficiency. The spans were: one
41.15 m (135 ft), four 53.54 m (175.65 ft), and one 41.15 m. The design team also decided
to use only four girder lines in the bridge cross section, resulting in girder spacing of 3.80 m
(12.5 ft) and deck overhangs of 1.35 m (4.43 ft). A special continuity system to make the
girders continuous for deck weight and live loads allowed the girders to be only 1.8 m
(5.91 ft) deep. This corresponded to a slender span-to-depth ratio of nearly 30.

5.24.2.1 Plan

41150 4 x 53540 = 213360 41150
T

Fig. 5-262 Plan of the Platte River East Bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.24.2.2 Elevation

41150 4 x 53540 = 213360 41150

Fig. 5-263 Elevation of the Platte River East Bridge. Note: All dimensions are in millimeters. 1T mm = 0.0394 in.
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5.24.2.3 Cross section

14100

2% of Roadi )

of Girder C of Girder D

of Girder A of Girder B
1900 3800 1350 |

| 1350 3800 1900

Fig. 5-264 Cross-section drawing of the Platter River East Bridge. Note: All dimensions are in millimeters.
1 mm =0.0394 in.

5.24.2.4 Superstructure

5.24.2.4.1 Precast concrete girders
Concrete strength at 56 days: 65 MPa (9.5 ksi)
Concrete strength at prestress release: 38 MPa (5.5 ksi)
Prestressing steel, 15.2 mm (0.6 in.) diameter strands: 1'862 MPa (270 ksi)
Mild reinforcing steel: 414 MPa (60 ksi)
Threaded rods Grade 150: 827 MPa (150 ksi)
5.24.2.5 Description of the cross section

The cross section of the superstructure consists of four I-girders, Type NU1800, 1800 mm
(71 in.) deep. The precast concrete cross section is constant throughout the girder length.

‘ 1225 ‘
; | |
’?3% ﬁ
50
- 200
S 150
S
b
H, mm Weight, kg/m Area, mm? Y, oy MM Inertia, mm*
1'800 1'331 554 x 10° 814 255 x 10°
Fig. 5-265 Cross-section dimensions of precast concrete girders. Note: Y, = distance from centroid to bottom

fiber. Diagram dimensions are in millimeters. T mm = 0.0394 in.; 1 kg/m = 0.67 Ib/ft; T mm? = 0.00155 in.%.
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5.24.2.6 Prestressing

The precast concrete girders are pretensioned. The prestressing steel is low-relaxation,
15.2 mm (0.60 in.) diameter strands with yield strength of 1676 MPa (240 ksi), and
ultimate strength of 1862 MPa (270 ksi). For a typical 53.34 m (175 ft) interior span,
46 bottom strands are required in three rows. Of the 46 strands, six are draped upward
at the ends, and eight are extended and bent into a CIP diaphragm over the pier support.
There are four partially tensioned strands in the top flange to control concrete release
stresses and to support reinforcement in the girder. In addition, four high-strength, 35 mm
(1 3/8 in.) diameter, untensioned threaded rods are embedded in the negative moment
zone at the ends of the girder (Figure 5-268). These bars are coupled with loose bars over
the pier diaphragms to create continuous negative moment capacity for deck weight. For
this goal to be achieved, the loose bars are embedded in a CIP concrete strip, cast at the
same time as the diaphragm concrete and before the deck concrete.
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Fig. 5-266 Locations of strands in the cross section, strand layout information, and strand profile details. Note:
Diagram dimensions are in millimeters T mm = 0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.
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5.24.2.7 Deck slab
5.24.2.7.1  Materials
Concrete: 31 MPa (4.5 ksi)
Mild reinforcing steel: 414 MPa (60 ksi)
5.24.2.7.2  Deck slab description

The slab is CIP concrete with a uniform thickness of 215 mm (8.5 in.). The slab thickness
varies between the two interior girders from 215 to 240 mm (8.5 to 9.84 in.) to form a
crown at the center of the bridge cross section.

5.24.2.7.3  Transverse slopes

The deck of the bridge has a crown with 2% transverse slopes each direction formed
by the deck slab. The slope is achieved by lowering the elevations of the two exterior
girders compared to the two interior girders, and by sloping the top surface of the deck.

14100

2% of RoadA ]

of Girder A of Girder B

of Girder C of Girder D
‘ 1350 3800 1900 1350

1900 3800

Fig. 5-267 Bridge cross section. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.

5.24.2.7.4  Details of the continuity connection over the piers

¢ Girder  100x100x700 Connection Rod Threaded Rod
Steel Bar \ ‘Length=700mm Length = 9140 mm
v L
777777777777777 === o = . B
I I == = = £ =1 I
é;:::::::::::: 7:@3 E@:7 ::::::::::::£;>
= -7 IR —

35mm Hex Nut w/ 3&) 280 |Block Out for Threaded
75mm Washer typ. \ Bars and Nuts.
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Fig. 5-268 Continuity detail over the piers. Note: All dimensions are in millimeters. T mm = 0.0394 in.

This example uses the threaded rod continuity system, which allows the structure to
be continuous for deck weight. In this system, the precast concrete girders are fabricated
with high-strength threaded rods located in the top flange and projecting from the ends
of the girders. The threaded rods are mechanically spliced in the field at the diaphragms
over the piers. The diaphragm concrete is then placed, and the deck slab is cast after
the diaphragm gains the required strength. This continuity reinforcement is designed to
resist the negative moment due to the weight of the top slab. This system is only used
in Nebraska and several other states. It is not as common as the system where all the
continuity reinforcement is placed in the deck and is designed as simple span for the
deck weight and continuous for all additional loads. The Platter River East Bridge with
the continuity system described here allowed for further optimization of the I-girders.
It allowed for relatively wider girder spacing, reduced demand for prestressing, and for
reduction of concrete strength at prestress release. However, it required accuracy of
placement of the threaded rods. It also required an extra step of coupling the rods and
placing the diaphragm and joint concrete before placing

Fig. 5-269 Photo showing the threaded rod connection over the pier.
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5.24.2.8  Transverse diaphragms

¢ Pier
100 457 | 457 100
[ I
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Construction
Joint

Fig. 5-270 Detail of a cast-in-place diaphragm. Note: All dimensions are in millimeters. T mm = 0.0394 in.
1"=1in.=25.4mm.
5.24.2.9 Construction sequence

- Construct CIP abutments and piers.

- Place bearing pads on top of the abutments and piers.

- Erect girders and couple threaded rods over piers.

- Form and cast the diaphragm, enclosing the threaded rods.

- Form and cast the deck slab.

- Form and cast the railing.

5.24.2.10  Substructure

The substructure of this bridge was constructed with CIP concrete. The piers are CIP
wall piers that are supported by steel piles. This is the type used in stream crossings to suit
hydraulics of the flowing water in the stream.

L

i el lepbepleplepiepl
L

e e el e el |

E
—
=
=

Fig. 5-271 Pier details.
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The abutments are CIP reinforced concrete typically supported by steel piles. The backwall
helps retain the earth beyond the bridge.
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Fig. 5-272 Abutment details. Note: 1" =1 in. =25.4 mm; 1' = 1 ft = 0.305 m.

5.24.3 Summary of the preliminary design

Number of spans 6

oy Continuous for degk dead load find live load:
threaded rods and reinforcement in the deck slab

Span lengths L, m 41.15 and 53.34

Girder depth G, mm 1'800

Slab depth H, mm 215

Total depth D =G + H, mm 2015

Web width W, mm 150

Girder spacing S, m 3.8

Precast concrete girder weight, tonnes 52 and 68

L/D 23 and 30

5.25 Example 25: bridge with two 40 m (131 ft) long spans in South
Korea

This example was furnished by Manyop Han.

Precast, prestressed concrete I-girders are widely used in short- and medium-span
bridges. Prestressing in the form of post-tensioning is usually applied once at the first stage
of construction. The magnitude of the prestressing force is limited within allowable stresses
at various construction stages. Consequently, for longer spans, a deeper girder is required.
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To achieve shallower and more economical girders for a given span, or a longer span for
a given girder depth, multistage prestressing at different loading stages is used here. When
prestressing forces are introduced incrementally in multiple steps according to the applied
loading sequence, larger moment capacity of the girder can be achieved. At the first stage,
prestressing force which compensates for self-weight is introduced. After the concrete
deck slab is cast and cured, more prestressing force is applied to compensate for the total
design loads. In this way, final load-carrying capacity increases quite a lot compared to the
traditional one-time prestressing method

5.25.1 Considerations identified

- Bridge layout: This example is a bridge with a total length of 80 m (262 ft) and a
total width of 11.4 m (37.4 ft).

- Codes: This example is governed by the “Korean Highway Bridge Design Code”>2.

5.25.2 Proposed solution

This example has two spans, each with a length of 40 m (131 ft). The cross section of the
superstructure consists of eight precast concrete girders with a depth of 1900 mm (75 in.).

The CIP deck slab is 24 cm (9 in.) thick and the bridge has 2.0% transverse slopes, on
both sides of centerline formed by the concrete slab.

The precast concrete girders are post-tensioned, and the layout of the tendons are both
straight and draped, placed in both the top and bottom flanges.

5.25.2.1 Plan
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Fig. 5-273 Abutment details. Note: 1" =1 in. =25.4 mm; 1' =1 ft = 0.305 m.

5.25.2.2 Elevation
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Fig. 5-274 Elevation of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.25.2.3 Cross section

50 1500 3500 250 3500 1500 450

Fig. 5-275 Cross section of the bridge. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.

5.253 Superstructure

5.25.3.1 Precast concrete girders

5.25.3.1.1  Materials
Concrete: 40 MPa (6 ksi)
Prestressing steel: 1'900 MPa (276 ksi)
Mild reinforcing steel: 300 MPa (44 ksi)

5.25.3.1.2  Description of the cross section

The cross section consists of four I-girders, 1'900 mm (75 in.) deep spaced at 2.9 m
(9.5 ft) on center.
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Fig. 5-276 Cross-section dimensions of precast concrete girder All dimensions are in centimeters.
1 cm=0.3937 in.
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5.25.3.1.3  Prestressing

The precast concrete girders are post-tensioned. The method of multistage tensioning
at different loading stages is introduced8. For each girder there is a total of 70 15.2 mm
(0.6 in.) diameter prestressing strands. In the first stage, 48 strands are tensioned before
casting deck slab. For the second stage, 22 strands are tensioned after the deck slab has
reached the required strength.

5.25.3.2 Deck slab

5.25.3.2.1  Materials
Concrete: 27 MPa (4 ksi)
Mild reinforcing steel: 400 MPa (58 ksi)

5.25.3.2.2  Deck slab description

The deck is a 240 mm (9 in.) thick CIP concrete slab that also spans between girders.
The deck has a transverse slope of 2%, achieved by installing each girder at a different
elevation.

5.25.3.3 Summary of the preliminary design

Number of spans 2
Continuity Link slab
Span length L, m 40
Girder height G, mm 1'900
Slab depth H, mm 240
Total depth D =G + H, mm 2'140
Web width W, mm 200
Girder spacing S, m 2.7
Precast concrete girder weight, tonnes 19.5
L/D 18.7
L/G 21.1
Prestressing steel, kg/m? 29.9
Reinforcing steel — girder, kg/m? 55.2
Reinforcing steel — top slab, kg/m? 48.2
Reinforcing steel in a diaphragm, kg 108.6

Note: T mm =0.0394 in.; 1 m=3.281ft; 1 kg =2.205 Ib; 1 kg/m2 = 0.2048 Ib/ft2; 1 tonne = 1.102 tons.

5.25.4 Construction sequence

- After the CIP construction of the piers, neoprene bearing pads are installed on a
bed of adjusting mortar.

- Typically, girders are transported by truck and erected with cranes.

- Girders are placed on temporary devices on top of the piers, allowing casting of
variable-depth bedding mortar on the neoprene pads.
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- Reinforcement is installed for the deck slab and concrete is placed, completing
the superstructure.

- When the deck concrete is sufficiently strong, post-tensioning tendons are installed
and tensioned in each diaphragm.

5.26 Example 26: bridge with two 50 m (164 ft) long spans in South
Korea

This example was furnished by Manyop Han.

5.26.1 Considerations identified

- Bridge layout: This example bridge has a total length of 100 m (328 ft) and a total
width of 20.4 m (66.9 ft).

- Codes: This example is governed by the “Korean Highway Bridge Design Code”">2%.

5.26.2 Proposed solution
This example has two spans each with a length of 50 m (164 ft). The cross section of the

superstructure consists of eight precast concrete I-girders with a depth of 2'600 mm (102 in.).

The CIP deck slab is 24 cm (9 in.) thick. The bridge has 2.0% transverse slopes on both
sides of centerline formed by the concrete deck slab.

5.26.2.1 Plan

100000

Fig. 5-277 Plan of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.26.2.2 Elevation
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Fig. 5-278 Elevation of the bridge.
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5.26.2.3 Cross section
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Fig. 5-279 Cross section of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.26.3 Superstructure

5.26.3.1 Precast concrete girders

5.26.3.1.1  Materials
Concrete: 40 MPa (6 ksi)
Prestressing steel: 1'900 MPa (276 ksi)
Mild reinforcing steel: 300 MPa (44 ksi)

5.26.3.1.2  Description of the cross section
There are eight I-girders, 2'600 mm (102 in.) deep spaced at 2.55 m (8.37 ft) on center.
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Fig. 5-280 Cross-section dimensions of precast concrete girder. All dimensions are in centimeters.
1cm=0.3937 in.
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5.26.3.1.3  Prestressing

The precast concrete girders are post-tensioned. The method of multistage tensioning at
different loading stages is employed®>2.. For each girder, there is a total of 84 15.2 mm (0.6 in.)
prestressing strands in a total of six post-tensioning tendons. The first stage of prestressing
tensions 58 strands before casting the deck slab. The second stage of tensioning the remaining
26 strands occurs after the deck slab has reached the required strength. Each CIP concrete
diaphragm contains two straight post-tensioning tendons.
5.26.3.2 Deck slab
5.26.3.2.1  Materials

Concrete: 27 MPa (4 ksi)

Mild reinforcing steel: 400 MPa (58 ksi)
5.26.3.2.2  Deck slab description

The deck is a 240 mm (9 in.) thick CIP concrete slab that also spans between girders.
The deck has a transverse slope of 2%, achieved by installing each girder at a different
elevation.

5.26.3.3 Summary of the preliminary design

Number of spans 2
Continuity Link slab
Span length L, m 50
Girder depth G, mm 2'600
Slab depth H, mm 240
Total depth D =G + H, mm 2'840
Web width W, mm 200
Girder spacing S, m 2.55
Precast concrete girder weight, tonnes 23.0
L/D 17.61
L/G 19.23
Prestressing steel, kg/m? 31.3
Reinforcing steel — girder, kg/m? 47.4
Reinforcing steel — top slab, kg/m? 39.2
Reinforcing steel in a diaphragm, kg 196.4

Note: 1 mm =0.0394 in.; 1 m=3.281 ft; 1 kg =2.205 Ib; 1 kg/m? = 0.2048 Ib/ft%; 1 tonne = 1.102 tons.

5.26.4 Construction sequence

- After completing the CIP piers, neoprene bearing pads are installed on a bed of
adjusting mortar.

- Typically, girders are transported by truck and erected with cranes.

- Girders are placed on temporary devices on top of the piers, allowing placement
of variable-depth mortar on neoprene pads.
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- Reinforcement is installed for the deck slab and concrete is placed to complete
the superstructure.

- When the deck concrete is sufficiently strong, post-tensioning tendons are installed
and tensioned in each diaphragm.

5.27 Example 27: bridge with a single 60 m (197 ft) long span in
South Korea

This example was furnished by Manyop Han.

In this project, the concept for a “holed,” incrementally prestressed concrete (H-IPC) girder
represents various advanced design ideas. First, the entire self-weight can be considerably
reduced by casting holes in the web, with minimal effect on the moment of inertia. Also,
prestress can be efficiently introduced in an incremental way by distributing some post-
tensioning anchorages to the holes. The girder can maintain the same section throughout the
span by preventing concentration of the anchorage forces. This can further reduce self-weight,
fabricating time, and cost. Furthermore, the spliced girder system makes it possible to extend
the span to more than the conventional length because the segments can be transported and
assembled on-site.

5.27.1 Considerations identified

Bridge layout: This example bridge has a total length of 60 m (197 ft) and a total width
of 25.5 m (83.7 ft). The structure is over a highway, which made the 60 m span necessary.

Codes: This example is governed by the “Korean Highway Bridge Design Code”>22!.

5.27.2 Proposed solution

This solution is a bridge with a single span of 60 m (197 ft). The cross section of the
superstructure uses eight precast, prestressed concrete girders with a depth of 2500 mm
(98 in.).

Three important concepts were implemented in the design of these I-girders:

- The girders are fabricated as segments and assembled at the site using post-tensioning
before they are erected on the piers.

- In this example, 18 1 m (3 ft) diameter holes were formed in the web of the girder
during manufacture. This reduces not only the self-weight of the girder but also the
wind load acting on the girder. An additional benefit is some of the post-tensioning
anchorages can be moved from the ends of the girder into the openings. In this
way, the magnitude of negative moment developed at girder ends will be reduced.
Furthermore, because anchorage stresses are reduced at ends, the size of diaphragms
may be reduced.

- The prestressing force was applied to the girder in multiple stages®2*. This technique
overcomes the limitation of prestressing force due to allowable concrete stresses.

The CIP top slab is 24 cm (9 in.) thick and the deck of the bridge has 2.0% transverse
slopes formed by the concrete deck slab.
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5.27.2.1 Plan
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Fig. 5-281 Plan of the bridge. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.

5.27.2.2 Elevation

Slab fck = 27 MPa.

i 0000000000000 00000 1
‘! 8355 ‘ 17 x 2500 = 42500 ‘ 8355 !‘

Fig. 5-282 Elevation of a girder. Note: fck = 28 day characteristics strength of concrete. All dimensions
are in millimeters. T mm = 0.0394 in.; 1 MPa = 0.145 ksi.

5.27.2.3 Cross section

¢ of Road
Concrete Pavement End |/|Middle
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Fig. 5-283 Cross section of the superstructure. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.27.3 Superstructure

5.27.3.1 Precast concrete girders

5.27.3.1.1  Materials
Concrete: 80 MPa (12 ksi)
Prestressing steel: 1'860 MPa (270 ksi)
Mild reinforcing steel: 400 MPa (58 ksi)

5.27.3.1.2  Description of the cross section

Eight I-girders, 2'500 mm (98 in.) deep spaced at 2.62 m (8.6 ft) on center. Holes with
1 m (3 ft) diameter are cast through the webs every 2.5 m (8.2 ft) on center.
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Fig. 5-284 Cross-section dimensions of precast concrete girder. All dimensions are in centimeters.
1 cm=0.3937 in.
5.27.3.1.3  Prestressing

The precast concrete girders are post-tensioned. Multistage tensioning at various loading
stages is used. For each girder there is a total of 100 15.2 mm (0.6 in.) diameter prestressing
strands per girder (72 strands are tensioned in the first stage from anchorages installed at the
ends before casting the deck slab; 28 strands are installed in ducts anchored in a hole for
the second stage tensioning after the deck slab has attained the required strength).

5.27.3.2 Deck slab
5.27.3.2.1  Materials
Concrete: 30 MPa (4 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)
5.27.3.2.2  Deck slab description
The deck slab is cast in place, 24 cm (9 in.) thick.
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5.27.3.3

Summary of the preliminary design

This document may not be copied or distributed without prior permission from fib.

Number of spans

1

Continuity n/a
Span length [, m 60
Girder height G, mm 2'500
Slab depth H, mm 240
Total depth D =G + H, mm 2'740
Web width W, mm 200
Girder spacing S, m 2.62
Precast concrete girder weight, tonnes 21.2
L/D 21.9
L/G 24.0
Prestressing steel, kg/m? 32.5
Reinforcing steel — girder, kg/m? 59.8
Reinforcing steel — top slab, kg/m? 33.3
Reinforcing steel in a diaphragm, kg 196.2

Note: n/a = not applicable. T mm = 0.0394 in.; 1 m =3.281 ft; 1 kg = 2.205 Ib; 1 kg/m? = 0.2048 [b/ft};
1 tonne = 1.102 tons.

5.28 Example 28: bridge with ten 35 m (115 ft) long spans in Portugal

This example was furnished by Luis Matute and Helder Figueiredo.

The bridge presented in this example is in the city of Valongo in the northern region of

Portugal crossing over the A4 freeway. It has both vertical and horizontal curvature.

Fig. 5-285 Partial elevation of the finished bridge.

5.28.1

Considerations identified

- Bridge layout: This example is a bridge with a total length of 350 m (1148 ft) and
a total width of 13.1 m (43 ft).

- Codes: This example is governed by the standard code: “Regulamento de Seguranca
e Agoes” (Portuguese standard)®241.
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5.28.2 Proposed solution

Precast concrete superstructures are used in Spain and Portugal in a wide range of
spans and geometric configurations (constant or variable width, straight, skewed or curved
alignment). For spans up to 35 m (115 ft) they are the most used solution in both countries,
either using I-girders or U girders. Traditionally, simply supported solutions are preferred in
Spain, while in Portugal continuous solutions are more common.

The viaduct in this example has two parallel decks with a continuous precast concrete
superstructure. It has 10 continuous spans, each with a length of 35 m. The cross section of
the superstructure consists of four precast concrete I-girders with a depth of 2'000 mm (79 in.).

The CIP top slab is 250 mm (10 in.) thick and the bridge has a minimum 2% transverse
slope.

The precast concrete girders are pretensioned and the strands are all straight and located
in the bottom flange.

5.28.2.1 Plan
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Fig. 5-286 Plan of the bridge.

5.28.2.2 Elevation

11 x 35000 = 385000

P

P2 P3 P4 P5 P6 P7 P8 P9 P10

Fig. 5-287 Elevation of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.
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5.28.2.2 Elevation

b) Cross section through the end diaphragm

Fig. 5-288 Cross sections of the bridge. Note: All dimensions are in millimeters. T mm = 0.0394 in.

5.28.3 Superstructure

5.28.3.1 Precast concrete girders

5.28.3.1.1  Materials
Concrete: 40 MPa (6 ksi)
Prestressing steel: 1'860 MPa (270 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)

5.28.3.1.2  Description of the cross section

Four I-girders, 2000 mm (79 in.) deep, spaced at 3.5 m (11.5 ft) on center.
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2000

800

Fig. 5-289 Cross-section dimensions of precast concrete girder. Note: All dimensions are in millimeters.
1T mm =0.0394 in.

5.28.3.1.3  Prestressing

The precast concrete girders are pretensioned. There are 32 straight prestressing straight
strands in the bottom flange. Several strands are debonded up to 4 m (13 ft) from the supports.

—

1700

0] 1m0

@0.6" Strand

4x50

Fig. 5-290 Prestressing strand layout, (a) side view, and (b) strand locations at the ends. Note: Dimensions
are in centimeters. 1T cm =0.3937 in. 1"=1 in. = 25.4 mm.

232 Output-Examples from several countries



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

5.28.3.2 Deck slab
5.28.3.2.1  Materials
Concrete: 35 MPa (5 ksi)
Mild reinforcing steel: 500 MPa (73 ksi)
5.28.3.2.2  Deck slab description

The deck slab has a thickness of 250 mm (10 in.) and is cast on precast concrete deck
panels placed on the edges of the top flanges of the girders.

5.28.3.3 Continuity

Following the casting of the deck slab, continuity is established for superimposed dead
load and live loads only. The negative bending is resisted with mild steel reinforcement
placed in the slab. The positive bending that can develop due to upward long-term camber
is resisted by reinforcement placed in the bottom of the pier diaphragms.
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Fig. 5-291 Continuity detail over the pier. Note: 1" = 1 in. = 25.4 mm.

5.28.3.4 Diaphragms

Diaphragms are CIP reinforced concrete over the piers and abutments.
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Fig. 5-292 Transverse diaphragm over intermediate pier. Note: All dimensions are in millimeters.
1T mm = 0.0394 in.

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures 233



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

~——
— 5
S——
—
S—

L))

i
L

—
N
250
min
—
R

H\

Fig. 5-293 Reinforcement of the diaphragms. Note: All dimensions are in millimeters. 1 mm = 0.0394 in.

5.28.3.5 Summary of the preliminary design

Number of spans 10
Continuity Partial structural continuity
Span length L, m 35
Girder height G, mm 2'000
Slab depth H, mm 250
Total depth D =G + H, mm 2'250
Web width W, mm 170
Girder spacing S, m 3.5
Precast concrete girder weight, tonnes 64.2
L/D 15.6
L/G 17.5

Note: T mm = 0.0394 in.; T m = 3.281 ft; 1 tonne = 1.102 tons.

5.28.4 Construction sequence

- Phase 1: Erect precast concrete girders on temporary supports (located on pier
beams and abutments).

- Phase 2: Place precast concrete stay-in-place deck panels on the girders over their
total length (with the exception of over the diaphragms on the piers, which are cast
with conventional formwork).

Place deck slab reinforcement; cast and cure the deck concrete.

- Phase 3: Construct the transverse diaphragms over the intermediate piers and
abutments.

- Phase 4: Remove temporary supports and perform final finishing work.
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a) Phase 1

b) Phase 2

d) Phase 4

Fig. 5-294 Phases of the construction sequence.

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures 235



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

6. Final Considerations

Structural design involves a process to determine the best and most suitable solution.
The most important step in the process is preliminary/conceptual design, where precast
concrete is considered and structure type is determined.

Bridge engineers often face unique challenges. Experience and skill are important, but
it is often necessary to be creative and develop an ad hoc solution to address the problem
encountered. It is important to begin every design at the conceptual level, then progress
and refine to a final solution. Appropriate conceptual solutions have shown to be the best
assurance of a successful process.

Decisions made during the important preliminary design phase set the stage and typically
direct the outcome of the final solution. The opportunity for creativity is also available and
bridge engineers should capitalize on this.

This document presents a variety of solutions to various structural challenges from
many different countries. Technical aspects and the reasoning behind the solutions are
made available.

https://doi.org/10.35789/fib.BULL.0099.Ch06

236 Final considerations



© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

A. Appendix A: Preliminary design charts for different
precast concrete sections used in the United States!*"!

A.1 Assumed data for preliminary design charts

A.1.1 Bridge data
Girder spacing: 1.829, 2.438, 3.048, and 3.658 m (6, 8, 10, and 12 ft).

Number of traffic lanes: 4.

Deck slab thickness: 190 mm (7.5 in.) for 1.829 to 3.048 m (6 to 10 ft) spacing,
196 mm (7.7 in.) for 3.658 m (12 ft) spacing. 13 mm (0.5 in.) reduction of deck slab
thickness is assumed in computing composite properties to allow for long-term wear.
No significant loss of accuracy occurs if designers use 196 mm thick slabs with 1.829 to
3.048 m spacing.

Effective top flange width (B) is 1'830, 2'438, 3'048, and 3'658 mm (72, 96, 120, and
144 in.) for girder spacing of 1.829, 2.438, 3.048, and 3.658 m (6, 8, 10, and 12 ft), respectively.

A.1.2 Load data

Superimposed dead load: Future wearing surface is 1.2 kN/m? (0.025 kip/ft?); barrier
load 2.92 kN/m per girder; design live load: AASHTO LRFD HL-93"-21.

A.1.3 Concrete data

Precast: compressive strength varies, see charts; unit weight = 24.03 kN/m? (0.153 kip/f®)

Deck slab (topping): 28-day compressive strength = 28 MPa (4 ksi); unit
weight = 22.43 kN/m? (0.143 kip/ft})

A.1.4 Reinforcement data

Strands: Low-relaxation Grade 1'862 MPa (270 ksi) 13 mm (0.5 in.) diameter for voided
slabs and 15 mm (0.6 in.) diameter for box girders and I-girders. Yield strength = 1'675
MPa (243 ksi). Ultimate strength = 1'862 MPa and £ = 1.96 x 105 MPa (28,427 ksi)
Modulus of elasticity of steel.

Mild reinforcing steel: Grade 60, yield strength = 414 MPa (60 ksi) and £ =2 x 105 MPa
(29,007 ksi)

Threaded rods: Grade 150, yield strength = 827 MPa; ultimate strength = 1'034 MPa
(150 ksi) and £, = 2 x 105 MPa

A.2 Girder profiles

The following tables show the geometric properties of the various girder types used to
develop the charts.
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A.2.1 AASHTO solid and voided slab beams
L
L1 W L2 L1

| | |
I
S\

Fig. A-1 Geometry of AASHTO solid and voided slab beams.

Table A-1 Dimensions and properties of solid and voided slab beams

Type |L, mm H, mm L1, mm|[2, mm NO.' o D71, mm D2, mm Area, mm? Y bottom Inertia, mm*
voids mm
SI-36 900 300 n.d. n.d. 0 n.d. nd. | 279x10° 150 2.15x10°

200 nd. 283 x10°| 190 4.05 x 10°
Sl-36 | 900 460 265 190 250 nd. |317x10°| 230 6.87 x 10°
SIV-36 | 900 530 265 200 300 nd. |342x10°| 265 |[10.72x10°

SHI-36 900 380 265 190 2
2
2
SI-48 | 1'200 | 300 n.d. n.d. 0 n.d. nd. [372x10°| 150 2.88 x 10°
3
3

SII-48 | 1'200 | 380 250 350 200 200 | 367 x10°| 190 5.37 x 10°
SHI-48 | 1200 | 460 240 370 250 250 |405x10%| 230 9.10 x 10°
SIV-48 | 1'200 | 530 250 350 3 300 250 | 453 x10%| 265 |1437 x10°

Note: y, = distance from centroid to bottom fiber; n.d. = no data available. T mm = 0.0394 in.;
T mm? =0.00155 in.2, T mm* =2.4025 x 10-6 in.*

A.2.2 AASHTO box girders
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Fig. A-2 Geometry of AASHTO box girders. Note: T mm = 0.0394 in
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Table A-2  Dimensions and properties of box girders

Type W, mm |H,mm |  Area,mm?’ |y, ~—mm | Inertia, mm* Weight, kg/m
BI-36 900 685 362 x 10° 340 23.03 x 10° 835.234
BI-48 1200 685 447 x 10° 340 27.44 x 10° 1'031.171
BIl-36 900 840 400 x 10° 415 35.44 x 10° 923.907
BIl-48 1'200 840 485 x 10° 415 45.99 x 10° 1'121.274
BIll-36 900 990 439 x 10° 490 54.58 x 10° 1'014.009
BIII-48 1'200 990 524 x 10° 490 70.07 x 10° 1'209.946
BIV-36 900 1'060 458 x 10° 525 66.03 x 10° 1'058.345
BIV-48 1'200 1'060 543 x 10° 525 84.53 x 10° 1'255.712

Note: y, . = distance from centroid to bottom fiber. 1 mm = 0.0394 in.; 1 mm? = 0.00155 in.%; T mm*=

2.4025 x 10-6 in.4; 1 kg/m = 0.67197 Ib/ft.

A.2.3 AASHTO I-girders
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Fig. A-3 Geometry of AASHTO I-girders.
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Table A-3 Dimensions and properties of AASHTO I-girders

Type| D1 | D2 | D3 D4 | D5 | D6 | B1 | B2 | B3 | B4 | B5 | B6 | AT |Vauuor Inertia, Weight,
mm? | mm | mm kg/m

| | 700 |100| 0 | 75 [130|130| 305 |405|150| 75 | 0 |130 11733X 320 2'140(; 410.46

Il |900 (150 0 | 75 | 150|150 305 |460|150| 75 | 0 |150 2?3? 402 211'201X 549.19

Il [1'140/180| 0 | 115|190 /180|405 |560|180|115| 0 |190 3?2; 515 521'102X 833.80
IV [1'370/200| 0 |150|230|200| 510 |660|200 150 0 |230 5?83X 630 13?392 1'175.62
V [1'600/ 130 | 75 | 100|250 2001070, 700 | 200 | 100 | 330 | 250 6?3,* 810 2:?'393 1'508.85

VI 1'830/130| 75 | 100 | 250|200 1'070 700|200 100|330 | 250 7?8;( 925 3351'593 1'616.12

Note: y, . = distance from centroid to bottom fiber T mm = 0.0394 in.; 1T mm? = 0.00155 in.?;
T mm*=2.4025 x 10 in.*

A.2.4 AASHTO-PCI bulb tees
I 3'_6“ I

L

10" |6"
=
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Fig. A-4 Geometry of AASHTO-PCI bulb tees. Note: 1" =1 in. =25.4 mm; 1' = 1 ft = 0.305 m.
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Table A-4 Dimensions and properties of AASHTO-PCI bulb tees

Type :';1 nl;l:;,] Area, mm? Inertia, mm?* Y pottoney MM Weight, kg/ m
BT-54 |1'370| 910 425 x 103 111.60 x 10° 700 981.11
BT-63 |1'600|1'140 460 x 10° 163.42 x 10° 815 1'062.63
BT-72 |1'830|1'370 495 x 10° 227.21 x10° 930 1'142 .72

Note: y, . = distance from centroid to bottom fiber T mm = 0.0394 in.; 1T mm? = 0.00155 in.?;
T mm*=2.4025 x 10-6 in.*.

A.2.5 PCEF bulb tees (XB yy 47)

‘ 1200
50 460
2|8 |
o
=
- I
230, 90
820

Fig. A-5 Geometry of PCEF bulb tees (XB yy 47). Note: T mm = 0.0394 in

Table A-5 Dimensions and properties of PCEF bulb tees (XA yy 46)

Type rrl;lr;1 Znn/; Area, mm? :’r‘;’;‘;']"’ Inertia, mm* | Weight, kg/m
XA 31 46 785 200 430 x 10° 385 32.71 x10° 995.41
XA 39 46 990 405 462 x 10° 475 59.60 x 10° 1'066.92
XA 47 46 1'200 610 493 x 10° 565 95.89 x 10° 1'138.43
XA 55 46 1'400 810 524 x 10° 660 142.26 x 10° 1'209.95
XA 63 46 1'600 1'015 555 x 10° 750 199.37 x 10° 1'281.45
XA 7146 1'800 1'220 586 x 10° 850 267.84 x 10° 1'352.96
XA 79 46 2'000 1'420 616 x 10° 940 348.38 x 10° 1'424.47
XA 87 46 2'200 1'625 648 x 10° 1'040 441.58 x 10° 1'495.98
XA 95 46 2'400 1'830 678 x 10° 1135 548.09 x 10° 1'567.49

Note: Y = distance from centroid to bottom fiber T mm = 0.0394 in.; T mm? = 0.00155 in.%;

bottom

1T mm* =2.4025 x 10-6 in.*; 1 kg/m = 0.67197 Ib/ft.
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A.2.7 NU I-girder
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Fig. A-6 Geometry of NU I-girder. Note: T mm = 0.0394 in.

Table A-6 Dimensions and properties of NU I-girder

Type nl;:; Area, mm? YI’;‘;'%"’ Inertia, mm* “I/(egi/glzt’
NU 900 900 418 x 10° 410 45.89 x 10° 972.53
NU 1100 1'100 448 x 10° 500 75.87 x 10° 1'035.46
NU 1350 1'350 485 x 10° 610 125.84 x 10° 1'120.70
NU 1600 1'600 523 x 10° 720 190.83 x 10° 1'201.36
NU 1800 1'800 553 x 10° 815 254.45 x 10° 1'278.59
NU 2000 2'000 583 x 10° 905 329.06 x 10° 1'347.24

Note: Y, . = distance from centroid to bottom fiber T mm = 0.0394 in.; 1 mm? = 0.00155 in.%;

1 mm*=2.4025 x 10-6 in.%; 1 kg/m = 0.67197 Ib/ft.

A.3 Description of charts

Four design criteria were used to develop the preliminary design charts:
Strength |, Service lll, shear strength, and strength at release.

Shear strength calculations were performed based on a maximum value design shear
strength equal to 0.18f_at the support centerline.
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Note that the 0.18 is lower than the previously allowed 0.25 coefficient due to 2007
revisions to the AASHTO LRFD specifications. Strength at release calculations were
performed at the midspan, with the assumption that strands can be draped or debonded
at the precast concrete member ends.

AASHTO LRFD Service Il calculations were performed at midspan with tensile limit
stress of 0.5(f)1/2 factor. The charts in the following sections were developed for simple
spans. Adjustments for various continuity types are given following the chart presentation.

A.3.1 Voided slab beams

Voided slab beams are commonly used with bridge spans from 6 to 20 m (20 to 66 ft). The
analysis was performed for 0.914 m (3 ft) wide and 1.219 m (4 ft) wide slabs. The analysis
shows that the span length is slightly different between the 0.914 and 1.219 m widths. Two
levels of concrete strength were used at the time of release to create the preliminary design
charts: 42 and 55 MPa (6 and 8 ksi). The corresponding service life (final) strengths are 55
and 69 MPa (8 and 10 ksi), respectively. Figure A-7 shows span ranges for voided slabs of
0.914 m width in the following four different depths: 305, 380, 460, and 535 mm (12, 15,
18, and 21 in.).
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Fig. A-7 Voided slab beams. Note: f'_ = compressive strength of concrete for use in design; f' = compressive
strength of concrete at time of initial loading; ' = compressive strength of concrete at time of prestress
release. T mm = 0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.

AASHTO box girders

Box girders are commonly used for spans from 15 to 45 m (49 to 148 ft). The following
charts were developed assuming adjacent box beams. Figure A-8 shows the possible
span lengths of AASHTO box girders with depths of 685, 840, 990, and 1'070 mm (27,
33, 39, and 42 in.).
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Fig. A-8 AASHTO box girders. Note: f'_= compressive strength of concrete for use in design; f'_, = compressive
strength of concrete at time of initial loading; ', = compressive strength of concrete at time of prestress
release. T mm =0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.

A.3.3 I-girders

Three types of I-girders were assumed for these charts: AASHTO I-girders, AASHTO-
PCI bulb tees and Mid-Atlantic (PCEF) I-girders. I-girders are commonly used for spans
from 9 to 60 m (30 to 197 ft).

The maximum number of strands used to develop the span charts is 62 15.2 mm
(0.6 in.) diameter strands, which is the practical prestressing bed design capacity for most
precasters in the United States. Designers are cautioned to check the capabilities of their
local producers before accepting this assumed limit.

A.3.4 AASHTO I-girder
Figures A-9 and A-10 show the maximum spans for AASHTO I-girders.
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Fig. A-9 Spans for AASHTO I-girders, f = 55 MPa. Note: f' = compressive strength of concrete for use in design;
f' = compressive strength of concrete at time of initial loading; f' = compressive strength of concrete at time of
prestress release. T mm = 0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.
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Fig. A-10 Spans for AASHTO I-girders, f = 70 MPa. Note: f'_= compressive strength of concrete for use in design;
f' ,= compressive strength of concrete at time of initial loading; f' . = compressive strength of concrete at time of
prestress release. T mm =0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.

A.3.5 AASHTO-PCI bulb tee

Figure A-11 shows the span ranges for the AASHTO-PCI bulb tees.
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Fig. A-11 AASHTO-PCl bulb tees. Note: f'_= compressive strength of concrete for use in design; f'_ = compressive
strength of concrete at time of initial loading; f', = compressive strength of concrete at time of prestress release.
1 mm=0.0394in.; T m=3.281 ft; 1 MPa = 0.145 ksi.

A.3.6 PCEF bulb tee

The PCEF bulb tee has been introduced in the Mid-Atlantic region of the United States.
It has reportedly been used, or is planned to be used, in the states of Virginia, Maryland,
New Jersey, Tennessee, Pennsylvania, and Massachusetts. Its general shape represents a
new efficient generation of I-girders that started with the introduction of the NU (Nebraska
University) I-girders in the early 1990s. There are 162 variations of the basic PCEF I-girder
section. The span charts for two series of the PCEF are given here. The first series is the
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one already adopted by the Virginia Department of Transportation and is labeled the
XB yy 47 series. It has a 180 mm (7 in.) thick bottom flange and a 180 mm wide web.
Its results are shown in Fig. A-12 and A-13. The second series has reportedly not been
adopted yet by any highway agency. It is named the XA yy 46 series and it features a
230 mm (9 in.) thick bottom flange and a 150 mm (6 in.) wide web. Its span ranges are
given in Fig. A-14 and A-15. The significant difference in capacity between the two series
is primarily a result of two effects:

- a 150 mm web is more efficient than a wider web as it results in reduction of
weight without much reduction is section properties, and

- the larger bottom flange allows for placement of more strands and thus the ability
to carry more superimposed loads.
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Fig. A-12 PCEF bulb tee, series XB yy 47, f = 55 MPa. Note: f'_ = compressive strength of concrete for use in
design; ', = compressive strength of concrete at time of initial loading; f', = compressive strength of concrete at
time of prestress release. 1 mm = 0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.
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Fig. A-13 PCEF bulb tee, series XB yy 47, f = 70 MPa. Note: f'_= compressive strength of concrete for use in
design; f'_, = compressive strength of concrete at time of initial loading; f' = compressive strength of concrete at
time of prestress release. 1T mm = 0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.
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Fig. A-14 PCEF bulb tees, series XA yy 46, f = 55 MPa. Note: f'_= compressive strength of concrete for use in
design; f' , = compressive strength of concrete at time of initial loading; f' = compressive strength of concrete at
time of prestress release. 1 mm =0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.
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Fig. A-15 PCEF bulb tees, series XA yy 46, f = 70 MPa. Note: ' = compressive strength of concrete for use in
design; f' = compressive strength of concrete at time of initial loading; f' = compressive strength of concrete at
time of prestress release. T mm = 0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.

A.3.7 NU I-girders

The NU I-girders were the first in a series of new generation precast, prestressed
concrete I-girders that have generated considerable popularity since the mid-1990s. The
NU I-girder was developed in hard metric units in anticipation of the U.S. conversion
to the SI system of units, which has not yet materialized. The dimensions of the series
of sections are given in section A2.7. It is noted that the top and bottom flanges are the
same for all girder depths. Therefore, the side forms can be used with proper web form
height extensions to produce any of the sizes. This concept was followed by other regions
in generating unique regional shapes. The NU girder has been adopted with minor or no
changes by other agencies and given local names such as the New England bulb tee, the
Washington super girder, and the Michigan I-girder. The shape has been also in use in
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several other countries, including Canada, Mexico, India, and Panama. Canada has wide
experience with the girder in various provinces. The record longest, single piece NU
I-girder was used for construction of the Bow River Bridge in Calgary. It is an NU2800,
2.8 m (9.2 ft) deep, 65 m (213 ft) long, and weighs 123 tonnes (136 tons).

States including lowa, Wisconsin, Minnesota, and the Mid-Atlantic states have developed
similar sections with similar features to the NU I-girder. Because of the slight changes
from one section to the other, it is more convenient to show examples of regional girders.
Two series of the PCEF are described in the preceding section. This section covers the NU
I-girder. With its limited coverage, it is hoped that the reader will explore the features and
span capacities of this series of girders.

The NU I-girders are distinguishable by their wide bottom flange, which is beneficial
for stability during shipping and handling, and results in long span capabilities due to the
available space for a large number of prestressing strands (a larger prestress force) while
enjoying a relatively low centroid of the force. The relatively thin 150 mm (5.9 in.) wide
web aids in reducing the weight, improving the structural efficiency. The wide, thin top
flange helps improve girder handling stability, and bridge deck forming. The span charts
of the NU I-girder are shown in Fig. A-16 and A-17.
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Fig. A-16 NU I-girder, f_ = 55 MPa. Note: f'_ = compressive strength of concrete for use in design;
f' ,= compressive strength of concrete at time of initial loading; ', = compressive strength of concrete at
time of prestress release. T mm = 0.0394 in.; 1 m = 3.281 ft; 1 MPa = 0.145 ksi.
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Fig. A-17 NU I-girder, f = 70 MPa. Note: f'_= compressive strength of concrete for use in design;
f' ,= compressive strength of concrete at time of initial loading; ', = compressive strength of concrete
at time of prestress release. 1T mm = 0.0394 in.; T m = 3.281 ft; 1 MPa = 0.145 ksi.
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B. Appendix B: Preliminary design criteria used in
Spain'®!l

The use of precast concrete girders in the construction of concrete bridges is a technique
that has been extensively used for some time. These elements are either made in a permanent
precast concrete yard or on-site in temporary precast concrete yards set up for only one
project, due to the expenses and difficulties related to truck transportation.

The superstructure is often completed with a CIP concrete deck slab, although it is also
common to use of full-depth precast concrete deck panels, or a combination solution
such as the use of precast concrete stay-in-place deck panels that serve as formwork and
become composite with a partial-depth CIP slab.

To minimize the maintenance of the structure, the top slab should have the least possible
number of joints compatible with the flexibility of the substructure and with the characteristics
of the supports. In any case, unlike other sections that can reach greater lengths, the maximum
distance between expansion joints usually is less than 100 m (328 ft).

It is very important to adequately determine the camber to prevent functional and
structural problems produced by creep, once the structure has been opened to traffic.

The current trend in Spain consists of the construction of integral bridges using precast
concrete girders and precasting some elements of the substructure such as the piers,
abutments, walls, etc. The trend is to consider ever larger and heavier precast concrete
pieces, limited by the capacity of the installation cranes. In this sense, for longer spans,
there are solutions that facilitate the execution of continuous (statically indeterminate)
structures, for example, using mild reinforcement or prestressing reinforcement to develop
the continuity of the structure.

B.1 Sections and slenderness

A. Side-by-side girders
B. I-girders
C. U girders

Side-by-side girders form cross sections similar to those of slabs with reduced depths
(therefore with high slenderness). The most common cross sections are shown in Fig. B-1.
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Fig. B-1 Common superstructure cross sections — Types A and B.

Cross section A corresponds to traditional I-girders placed side by side with a top slab cast in
place on the girders. Cross section B corresponds to inverted T girders that are monolithically
joined to the top slab with CIP infill concrete. This section, although it can be used for spans
of almost 20 m (66 ft), is not often used for spans longer than 10 to 12 m (33 to 39 ft).

Nowadays, the most used profiles are the I-girders shown in Fig. B-2. Section C
corresponds to girders with a normal depth and section D to girders with reduced depth.
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Fig. B-2 Common I-girder and double-tee girder cross sections — Types C and D.

Many U girders, shown in Fig. B-3, are used increasingly in practice.
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Fig. B-3 Common U girder cross sections — Types E and F.
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The most common solutions are simply supported with the following depth-to-span ratio:

Table B-1 Span length/depth ratios

Cross section type Span length/depth ratio
A 20
B 22
C 16
D 20

In the case of Types C and D these values are conditioned by the number of girders that
form the superstructure. If there are no geometric constraints (that is, restricted vertical
clearances), it is common to use few deeper girders instead of many shallow girders
because the former is, in general, more cost-effective than the latter.

It is important to highlight how important it is for U girders and box-girders to have
openings, with the drainage devices in the correct places in their bottom flanges, depending
on their geometry. This intends to prevent water stagnation inside the girder and initiate the
deterioration of the structure, which is particularly worrisome in the cases of elements with
external prestressing.

B.2 Construction procedures

The most usual construction methods for the installation of precast concrete girder
superstructures are one or more of the following:

- use one or two cranes

- use a launching gantry

- install on the closest edge and move laterally into final position
- hoist from above

The use of one procedure over the other depends on the accessibility to the jobsite, the
height of the superstructure, the length of the bridge, etc.

Precast concrete girder superstructures are, in general, the section type that leads to
better performance regarding the speed of construction.

B.3 Application range
Precast concrete elements can be used for spans that range from 5 to 50 m (16 to

164 ft). Nevertheless, in normal practice in Spain, it is uncommon to work with spans
longer than 45 m (148 ft).

B.4 Reinforcement ratios
The reinforcement ratios of the CIP deck slabs, in the case of types C, D, and E, assume

girder separation and might range from 100 to 175 kg/m? (6 to 11 Ib/ft®). In the case of
U-girder solutions, the reinforcement ratio can be up to 250 to 300 kg/m* (16 to 19 Ib/ft%).
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C. Appendix C: Comparison of Vertical Live loads

A comparison of the effects due to live load on a 37.5 m (123 ft) long (36.5 m (120 ft)
between piers) and a 15 m (49 ft) wide deck comprising precast concrete girders was
carried out according to the provisions of three different codes and is presented in the
following example.

580 | 2768 ‘ 2768 2768 2168 2168 | 580

Fig. C-1 Cross section used in the comparison. Note: All dimensions are in millimeters. T mm = 0.0394 in.

Different countries have very different road traffic conditions, differences in economic
development, transport mode shares and roads network.

Therefore, local codes vary in the way they define live loads to be applied to bridge
design, to produce the expected effects on those structures.

The purpose of this comparison is to show how these differences affect internal forces
on the superstructure, calculated with its characteristic values.

This study should not be taken by itself as an indication of materials consumption or
justification to evaluate preliminary design issues. Determination of preliminary design
questions relies on a much larger number of factors, such as ultimate limit state factors,
resistance factors, and the effect of dead load, just to name a few.

Although every code has numerous specific conditions for application, the general
provisions of the load models of Eurocode 1", the AASHTO LRFD specifications'“?,
and the Brazilian standard NBR 71783 are described in the following sections.

C.1 Eurocode 1

According to load model 1, a maximum of three notional lanes are loaded with one
tandem system per lane and a uniformly distributed load is applied on unfavorable parts
of the deck. Loads values and distribution are as shown in Fig. C-2 and C-3.
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Fig. C-2 Distribution of design trucks according to Eurocode 1.
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Fig. C-3 Vertical live load according to Eurocode 1. Note: o, ,; @, i O 1qisi Ohgaqzi AT€ adjustment load factors

defined in EC1-2!¢4, All dimensions are in millimeters. T mm = 0.0394 in.

To account for a 1000-year return period, these loads should be considered as follows:

Table C-1 Vertical live loads in Eurocode 1

LEsation Tandém fystem (Tl LD §ystam
e leade. Oy (kM) da (o qa ) (RMim’)
Larz Mo, | 300 g
Larm Mo 2 200 15
Lare Mo 3 150 i3
Cbspr laney Q 4.5
Remasneng area (94 ) 4] R

Note: 1 kN =0.225 kip; 1T kN/m? = 0.02 kip/ft®.
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No additional factors should be applied to these loads to account for impact and dynamic
effects on the deck.

It should be understood that Eurocode 1 is the basic document; however, the values in
the different national annexes may vary.

C.2 AASHTO

The so-called HL-93, design vehicular live load, consists of a truck or a tandem combined
with a uniform load per traffic lane. The distance between rear axles should be taken as to
produce maximum effects on the structure, as indicated below.

Fig. C-4 HL-93 Truck AASHTO LRFD. Note: T mm = 0.0394 in.; 1 N = 0.225 Ib.

The tandem load consists of a pair of 110 kN (25 kip) axles, 1.2 m (3.9 ft) apart. As for
the truck load, the transverse distance between wheels should be taken as 1.8 m (5.9 ft).

For both truck and tandem loads, an impact coefficient (dynamic load allowance) should
be considered to account for dynamic effects on the structure. For every limit state on deck
elements other than joints, except for fatigue, this coefficient should be taken as 1.33.

The uniform lane load is 9.3 kN/m (637 Ibf/ft). This load should not be factored by any
impact coefficient and is distributed on a 3.0 m (9.8 ft) width.

An adjusting coefficient should be considered to account for the probability of the
presence of the live load on multiple lanes at a time, as indicated in Table C-2.

Table C-2 Multiple presence factors AASHTO LRFD

MNurmbeer of Multiple
Lanabed Presemce
Lanes | Factors m

| 1.2

2 [ o0

3 [ nss

- ]
ok | LLE e

The loads considered here correspond to a 75-year return period.
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C.3 NBR 7178

This live load, the so-called TT-450, consists of a 450 kN (101 kip), three-axle truck,
with six wheels weighing 75 kN (16 kip) each, surrounded by a 5 kN/m? (0.1 kip/ft?)
uniform load (Fig. C-5). Such values correspond to a 140-year return period.

SECAD AA ;
I 1 TIIIT 1
EEG.EL? EB " o o r
A !_“ Ty Ty A
|
|
N I |
8 I'. ¢ =E t .j' B
00 0 ':-
I 1.3 3 | 1.5 1.5
1 &0

Fig. C-5 Vertical live load in NBR 7178. Note: All dimensions are in meters. 1 m = 3.281 ft.

To account for the dynamic effect on structures, an impact coefficient for vertical loads
should be considered as follows:

ClV=1+1.06 A
Liv+50

For isostatic structures, Liv is the span of the structure, in meters.
According to the number of traffic lanes n, a reduction coefficient may also be considered:
CNF=1-0.05(n-2)>0.9

In this example, maximum n was taken equal to 3, because shoulders should not be
considered (only for CNF calculation).

C.4 Results

The following charts show the difference between maximum values of internal forces
on each girder due to live load according to the three load models.
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Fig. C-6 Comparison of maximum values of internal forces on each girder due to live load. Note:
1 kN =0.225 kip; T kN-m = 0.738 kip-ft.
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C.4.1 Bending moments

Bending moment envelope at external girder

(kNm)
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Fig. C-7 Comparison of bending moment envelopes. Note: T kN-m = 0.738 kip-ft.
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C.4.2 Shear force
Shear force envelope at external girder (kN)
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Fig. C-8 Comparison of shear force envelopes. Note: 1 kN = 0.225 kip.
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C.4.3 Torsion

Torsion envelope at external girder (kNm)
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Fig. C-9 Comparison of torsion envelopes. Note: T kN-m = 0.738 kip-ft.
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D. Appendix D: Summary Table of Preliminary Design

Examples
Example Number Span Girder Slab Total depth
Number Authors Country of Spans Length (L) | depth (G) | depth (H) | (D) G+H

[m] [mm] [mm] [mm]

1 Pieter van der Zee Belgium 36 1'000 250 1'250
2 Pieter van der Zee Belgium 10 15 600 250 850
Pieter van der Zee Belgium 3 50 1'600 250 1'850

4 Fﬁ?ﬁi?ffﬁﬁfﬁﬁ?; Brazil 10 15 550 100 650
5 FS:;‘Z?:&;;ELZ:; Brazil 6 25 1'500 200 1'700
6 Fﬁr:rii?os\t/c;cnﬁ;:gd Brazil 4 37.5 1'950 200 2'150
BaoChun Chen China 10 16 800 180 980

BaoChun Chen China 5 30 2'000 80 2'080

BaoChun Chen China 4 40 2'000 180 2'180

10 Andre de Chefdebien France 6 25 1'000 250 1'250
11 Mario Petrangeli Italy 5 30 1'600 250 1'850
12 Kenichi Kata Japan 10 15 600 N/A 600
13 Kenichi Kata Japan 6 25 1'300 150 1'450
14 Kenichi Kata Japan 4 40 2'600 200 2'800
15 Voo Yen Lei Malaysia 10 15 650 200 850
16 Voo Yen Lei Malaysia 10 15 875 N/A 875
17 Voo Yen Lei Malaysia 10 25 1'325 N/A 1'325
18 Voo Yen Lei Malaysia 3 50 2'000 200 2'200
19 Alessandro Palermo | New Zealand 10 15 650 N/A 650
20 Alessandro Palermo | New Zealand 30 1'225 180 1'405
21 R Crandez- Spain 2 30 1'400 250 1650

Ordofiez

22A Robert Wheatly UK 35 1'500 200 1'700
22B Robert Wheatly UK 8 18.75 600 100 700
23 va/t‘ﬁiﬁd[\rﬁzkﬁd USA 1 25.9 840 N/A 840
24 M@Tﬁéﬁd{\r}?zé:d USA 6 53.34 1'800 215 2015
25 Manyop Han South Korea 2 40 1'900 240 2'140
26 Manyop Han South Korea 2 50 2'600 240 2'840
27 Manyop Han South Korea 1 60 2'500 240 2'740
28 HL;'Se';A;tg”:eeifgjo Spain 10 35 2'000 250 21250

Note: T mm = 0.0394 in.; 1T m = 3.281 ft.

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures

261




© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

Example 'Web Girdgr Pr.ecast
Number Authors Country L/D L/G width (W) | Separation g}rder
[mm] (S) Iml | weight [t]
1 Pieter van der Zee Belgium 28.80 36.00 160 1 38.2
2 Pieter van der Zee Belgium 17.65 25.00 200 1 11
3 Pieter van der Zee Belgium 27.03 31.25 160 1 76.8
4 thr:ri‘ifos\t/\‘jacicmh;:‘; Brazil 23.08 | 27.27 150 5.6 6
5 thr:ri‘ifos\;\‘;;cr:i)‘:; Brazil 1470 | 16.67 400 2.7 49
6 FI\eAr:rE::(i(])oS\t/\L;;icmh;f)Z:g(j Brazil 17.44 | 1923 250 2.77 68
BaoChun Chen China 13.33 16.32 270 1.25 28.9
BaoChun Chen China 14.42 15.00 240 2.4 76.5
BaoChun Chen China 13.76 15.00 200 2.9 153.1
10 Andre de Chefdebien France 20.00 25.00 150 1.25 19.3
11 Mario Petrangeli Italy 16.22 18.75 380 4.98 110
12 Kenichi Kata Japan 25.00 25.00 240 0.77 11
13 Kenichi Kata Japan 17.24 19.23 300 1 29.4
14 Kenichi Kata Japan 14.29 15.38 600 4.65 24
15 Voo Yen Lei Malaysia 17.65 23.08 100 1.5 4.93
16 Voo Yen Lei Malaysia 17.14 17.14 100 1.5 12
17 Voo Yen Lei Malaysia 18.87 18.87 100 1.5 24.5
18 Voo Yen Lei Malaysia 22.73 25.00 300 5 114
19 Alessandro Palermo | New Zealand | 23.08 23.08 300 1.20 20
20 Alessandro Palermo | New Zealand | 21.35 24.49 200 2 41
21 | Fernandez- Spain 18.18 | 21.43 120 2.5 29
Ordonez
22A Robert Wheatly UK 20.59 23.33 165 2.12 62.3
22B Robert Wheatly UK 26.79 31.25 300 0.99 13.88
23 Mvi/?ﬁi;ﬁdNr?zkzzd USA 30.83 30.83 250 1.33 37.8
24 M&?ﬁ;ﬁdﬁzkzzd USA 26.47 | 29.63 150 3.8 68
25 Manyop Han South Korea 18.7 21.1 200 2.7 19.5
26 Manyop Han South Korea 17.6 19.2 200 2.55 23
27 Manyop Han South Korea 21.9 24.0 200 2.62 21.2
28 Luis Matutggly Spain 15.60 17.5 170 3.5 64.2

Helder Figueiredo

Note: T mm = 0.0394 in.; 1 m =3.281 ft; 1 tonne = 1.1 ton.
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Example Authors Country Prestress | fc (Girder) | fc (slab) | Prestressing | Reinforcing
Number layout [MPa] [MPa] | steel [MPa] | steel [MPa]

1 Pieter van der Zee Belgium Straight 50 30 1'860 500
2 Pieter van der Zee Belgium Straight 50 30 1'860 500
3 Pieter van der Zee Belgium Draped 50 30 1'860 500
4 Fﬁr:riifosw;cr:;oz:‘; Brazil Straight 35 35 1'900 500
5 Fﬁ?ii?oswﬁﬁ:iﬁgd Brazil Straight 40 40 1'900 500
6 F:;‘r:rizcl’osw;cr:;:’; Brazil Straight 35 35 1900 500
BaoChun Chen China Straight 40 40 1'860 335

BaoChun Chen China Straight 50 50 1'860 335

BaoChun Chen China Draped 50 50 1'860 335

10 Andre de Chefdebien France Straight 60 35 1'860 500
11 Mario Petrangeli Italy Straight 45 32 1'860 450
12 Kenichi Kata Japan Straight 50 30 1'860 295
13 Kenichi Kata Japan Draped 50 30 1'860 345
14 Kenichi Kata Japan Draped 40 36 1'860 345
15 Voo Yen Lei Malaysia Straight | min 150 40 1'860 460
16 Voo Yen Lei Malaysia Straight | min 150 N/A 1'860 460
17 Voo Yen Lei Malaysia Straight | min 150 N/A 1'860 460
18 Voo Yen Lei Malaysia Straight | min 150 40 1'860 460
19 Alessandro Palermo | New Zealand | Straight 50 N/A 1'840 500
20 Alessandro Palermo | New Zealand | Straight 50 50 1'840 500
21 Davngrl:deorgizdez- Spain Straight 55 30 1'860 500
22A Robert Wheatly UK Straight 50 40 1'860 500
22B Robert Wheatly UK Straight 50 40 1'860 500
23 M@?ﬁ;ﬁﬁiﬁzkﬁd USA Straight 55 N/A 1'860 414
24 M@?ﬁ;ﬁ‘jﬁzkzzd USA Straight 65 31 1'862 414
25 Manyop Han South Korea | Straight 40 27 1'900 400
26 Manyop Han South Korea | Straight 40 27 1'900 400
27 Manyop Han South Korea | Straight 80 30 1'860 400
28 ;;'seﬁ"sit;iﬁgjo Spain Straight | 40 35 1'860 500

Note: fc = compressive design strength of concrete ; N/A = not applicable. 1 MPa = 0.145 ksi.

fib Bulletin 99: Conceptual Design of Precast Concrete Bridge Superstructures

263




© fédeération internationale du béton (fib). This PDF copy of an fib bulletin was purchased from the fib webstore.
This document may not be copied or distributed without prior permission from fib.

Example Continuit Intermediate Supports
p Authors Country Y Transversal . PP
Number System . Diaphragms

Diaphragms
1 Pieter van der Zee Belgium Struc.tur.al YES YES
Continuity
. . Structural
2 Pieter van der Zee Belgium - YES YES
Continuity
. . Structural
3 Pieter van der Zee Belgium - YES YES
Continuity
Fernado Stucchi and . .
4 Marcelo Waimberg Brazil Link Slab NO YES
Fernado Stucchi and . .
5 Marcelo Waimberg Brazil Link Slab NO YES
Fernado Stucchi and . Partial structural
6 Marcelo Waimberg ) continuity NO VES
7 BaoChun Chen China Simply Supported NO YES
8 BaoChun Chen China Link slab YES NO
9 BaoChun Chen China Strugturgl YES YES
Continuity
10 Andre de Chefdebien France Strugturfil NO YES
Continuity
11 Mario Petrangeli Italy Link Slab YES YES
L Structural
12 Kenichi Kata Japan o NO YES
. . Structural
13 Kenichi Kata Japan i1 NO YES
14 Kenichi Kata Japan Stru;turgl NO YES
Continuity
. . Structural
15 Voo Yen Lei Malaysia - NO YES
Continuity
. ) Structural
16 Voo Yen Lei Malaysia - NO YES
Continuity
. . Structural
17 Voo Yen Lei Malaysia . YES YES
Continuity
. . Structural
18 Voo Yen Lei Malaysia o NO YES
Continuity
19 Alessandro Palermo New Zealand Struc.tur.al YES YES
Continuity
20 Alessandro Palermo New Zealand Struc.tur.al YES YES
Continuity
21 David Fernandez-Ordofiez Spain Link Slab NO NO
22A Robert Wheatly UK Structural NO YES
Continuity
22B Robert Wheatly UK Structural NO YES
Continuity
Maher Tadros and .
23 William Nickas USA Simply Supported NO NO
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24 il Nk USA | oty yeem| MO s
25 Manyop Han South Korea Link slab NO YES
26 Manyop Han South Korea Link slab NO YES
27 Manyop Han South Korea | Simply Supported NO YES
| VNt | gy Sl o s
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