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FOREWORD

It took an act of Congress to provide funding for the development of this comprehensive
handbook in steel bridge design. This handbook covers a full range of topics and design
examples to provide bridge engineers with the information needed to make knowledgeable
decisions regarding the selection, design, fabrication, and construction of steel bridges. The
handbook is based on the Fifth Edition, including the 2010 Interims, of the AASHTO LRFD
Bridge Design Specifications. The hard work of the National Steel Bridge Alliance (NSBA) and
prime consultant, HDR Engineering and their sub-consultants in producing tlis handbook is
gratefully acknowledged. This is the culmination of seven years of effort be ing in 2005.

The new Steel Bridge Design Handbook is divided into several topics and les as
follows:

Bridge Steels and Their Properties
Bridge Fabrication

Steel Bridge Shop Drawings
Structural Behavior

Selecting the Right Bridge Type
Stringer Bridges ‘
Loads and Combinations
Structural Analysis
Redundancy

Limit States

Design for Constructibility

Design for Fatigue
Bracing System Desig
Splice Design
Bearings

Substructure

ridges

Ce-span Continuous Straight [-Girder Bridge

: Two-span Continuous Straight I-Girder Bridge

Design R : Two-span Continuous Straight Wide-Flange Beam Bridge
: Three-span Continuous Straight Tub-Girder Bridge
Design Example: Three-span Continuous Curved I-Girder Beam Bridge
Design Example: Three-span Continuous Curved Tub-Girder Bridge

These topics and design examples are published separately for ease of use, and available for free
download at the NSBA and FHWA websites: http://www.steelbridges.org, and
http://www.thwa.dot.gov/bridge, respectively.



http://www.steelbridges.org/
http://www.fhwa.dot.gov/bridge/

The contributions and constructive review comments during the preparation of the handbook
from many engineering processionals are very much appreciated. The readers are encouraged to
submit ideas and suggestions for enhancements of future edition of the handbook to Myint Lwin
at the following address: Federal Highway Administration, 1200 New Jersey Avenue, S.E.,
Washington, DC 20590.




1.0 INTRODUCTION

Once a bridge type is selected, the designer then advances to the detailed design of the bridge.
Since the vast majority of steel bridges designed today are steel girders made composite with
concrete bridge decks, this module will cover many detail issues that are encountered when
designing a composite deck girder system. This module addresses the design of welded plate
girders. However, many of the principles presented are also applicable to the design of rolled

beam bridges.
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2.0 SPAN ARRANGEMENT SELECTION
When designing a plate girder bridge, the first and most important aspect of the design is to
choose the proper span arrangement. This is accomplished effectively only by considering the

cost of the entire bridge, including both the superstructure and substructure costs.

2.1 Assessing Superstructure Cost

Prior to 1970, the predominant approach to bridge span arrangement was to g
con51st1ng of a series of simple spans w1th small movement capa01ty expansi§

51gn structures
oints at each

made composite with the concrete deck have become the industry standard,
continuous bridges have become the preferred configuration. Continuous s
structure depth and minimize the number of expansion joints and bearings 1
fewer joints reduces future maintenance costs associated with bot
ultimately leak.

Layouts should be developed for various span arrangement minarg@@irder designs
developed for these arrangements. For multi-span continuouSglridg ced span
arrangement with end span lengths approxi he interior span lengths
provides the most economical girder design. nts are also relatively
economical. However, physical constraints may p ent of such ideal span

ns will provide an efficient and cost-
ed with the abutment as a
the adjacent interior span can be economically

effective girder section. Where integral
counterweight, end spans shorte,
feasible.

A few words about appediffice Iso ing@fder regarding the choice of span arrangements. It is
possible to select span geme re attractive and yet cost-effective. As a general rule,
an odd nupaker of spans ides a more desirable appearance than does an even number of

sing longer spans in the deeper part of the valley and decreasing
e bridge decreases provides a pleasing appearance. For the
icture, it 1s visually desirable to use equal span approaches adjacent
to the long-sp¢ cture or to progressively increase the approach span lengths from the
abutments tow 3@l the long-span structure. It is visually unsatisfying to have a short balanced end
span adjacent to\@ong-span structure.

2.2 Assessing Substructure Cost

In order to determine the optimum span arrangement for a bridge, it is important to assess the
total bridge cost, being careful not to confine the comparison of span arrangements to
superstructure cost only. Once a span arrangement is determined and the framing geometry
developed, preliminary pier costs can be estimated reasonably quickly. The pier locations and
out-to-out girder spacing will allow the designer to select an appropriate pier configuration. Once



the pier configuration is determined, basic dimensions can be estimated, quantities computed and
costs estimated for each pier with minimal effort.

The designer should assess the foundation conditions when assessing the pier costs. If poor
foundation conditions are anticipated, the designer should attempt to capture the additional costs
associated with those conditions. It is not imperative that the pier costs be exact, but the general
order of magnitude of cost should be close to the actual costs. Foundations in waterways can
incur added costs for cofferdams, dewatering and barge mounted equipment.
When building new spans over or near railroad tracks, railroad requirements e
barriers and railroad protective insurance should be considered when assessiig

2.3 Assessing Access Cost

will not be significantly different regardless of the span arrangemeg here are
certain constraints that may increase the cost of construction accg8s ong onstraints are
large streams, rivers or lakes; poor soils that cannot support cons A without remedial

work; and deep valleys that result in very high structures. I
access can vary significantly dependent upon the span arran 4
not assess access issues, the true bridge cost w not and the comparisons between
span arrangements will be invalid.

2.4 Cost Comparison Summary

Once the three main components of
developed for all components for each

computed, cost summaries can be
ements studied. These costs can be

graphically which span arrang
the lowest total cost shoul

the compa v : es on a qualitative level. Aesthetics, durability, maintenance,
d ability to widen the structure are among the considerations that
fing factors in making a recommendation for two span arrangements with

PN COStS.

may become &
similar construt



OSt
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Cost
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Figure 1 Graph showing @Rica




3.0 BASIC FRAMING DEVELOPMENT

Development of a well-conceived framing plan is an important first step in designing an
economical bridge. Designers should consider costs from design through fabrication and
construction when developing the framing plan in order to minimize the total cost of the bridge.
Many factors enter into the development of an appropriate framing plan, not the least of which
are owner preferences. Many owners are willing to consider wider girder spacings in an effort to
maximize economy. Others still strive to maintain relatively narrow girder spacings, often in the
range of 8 to 9 feet. This type of spacing was necessary years ago when the cgncrete bridge
decks were formed using removable forms. However, with the development S@@hacceptance of
permanent metal deck forms, larger spacings are feasible and may be economic3

30% to 32% of the girder spacing. This allows similar sectio
exterior girders, thereby allowing greater fab"tio

3.1 Girder Economy

ingers, plate girder spacings in the 11
to 14 feet range provide the most eco ctufe design. The main reason is that the

web steel in the plate girders is not effi ut rather in shear. However, the
significant variations in shear re, nt, or “wasted”, material in the webs. It is not
economical to vary the web th h to truly optimize the design for shear. Thus
fewer lines generally lead eight in the bridge and reduce the number of
members to be fabricate d. RoM@d beam bridges often prove to be more economical
with somewhat closer i for plate girders.

When de } i , 1t is important to consider fabrication and erection of the

[ spective, the use of fewer girders translates to less welding per
. e are also fewer cross-frames/diaphragms to fabricate, and since
¢ among the most labor-intensive fabrication details in a typical girder bridge,
umber of cross-frames may translate to a significant overall savings in
fabrication cost. the erector, fewer girders mean fewer pieces to erect, fewer field splices to
be bolted and few®r cross-frames to install. The reduction in the number of pieces to be installed
may result in a shorter erection schedule, which will minimize crane rental time and associated
labor costs. Lifting heavier pieces, however, may require larger cranes which could reduce the
savings anticipated from erecting fewer pieces.

pound of fab
the cross-fra
a reduction in



3.2 Redecking

In many cases, owners now require designers to develop framing options that will permit a
phased partial-width deck replacement to occur safely while maintaining traffic on the structure.
Depending upon the bridge width, designing to accommodate a staged redecking may require an
additional girder than would be optimal. However, the life-cycle cost savings provided by the
staged redecking may outweigh the cost of the additional girder in the initial design.
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4.0 CROSS-FRAME/DIAPHRAGM SELECTION

Historically, intermediate cross-frames have been assumed to provide intermediate bracing for
the girders during erection, particularly for the top flanges in the positive moment regions. The
live load distribution factors contained in the AASHTO LRFD Bridge Design Specifications, 5t
Edition, (referred to herein as the AASHTO LRFD (5 Edition, 2010)) (1), were based on the
assumption that live load distribution between the girders occurs through the deck stiffness rather
than through frame action provided by the intermediate cross-frames. Cross-frames have not
been assumed to distribute live load except for curved girder bridges.

prior to hardening of the concrete decks. Intermediate cross-frames for contfie
girder bridges also provide bracing against lateral buckling of the compress
negative moment regions both during erection and after the deck is placed. ¥
intermediate crossframes provide bracing for lateral wind loads o i

On skewed composite girder bridges, the cross-frames are assu live load if the
live load distribution is based on the factors found in the A Edition, 2010). If
a grid or refined analysis is used that models the stiffness of in the analysis, then
the intermediate cross-frames should be desiggigd fo mputed from the analysis
results.

For curved girder bridges, the intermediate lay a significant role in the live load
distribution and need to be design ad carrying members.

As with the intermediate cross-frame amcs at abutments and those at the piers
provide bracing during erection of com rs. However, all support cross-frames are
required to distribute lateral loa erstructure to the substructure. These loads
include wind, centrifugal, seis ces for some curved girder bridges. In addition,
end support cross-frames ned to carry direct wheel loads since they are

supporting expansion joi

able Stress Design (ASD) and Load Factor Design (LFD)
o 1 (CO@E longitudinal cross-frame spacing to a maximum of 25 feet. Over
ave performed well under this limitation. The AASHTO LRFD (5™ Edition,
2010) does not@Recify a limit on the cross-frame spacing; it instead requires the designer to
design the girdefglor the unbraced length corresponding to the cross-frame spacing. However,
the intent of the c®de writers was not to encourage overly large spacings, but rather to permit
designers to exceed the traditional 25 feet maximum spacing requirement so that extra frames are
not added into the framing plan solely to meet an arbitrary spacing limit.

Since cross-frames serve as main load carrying members for curved girder bridges, the spacing is
generally reduced from what is common for straight girders to limit the lateral bending stresses
in the girder flanges due to curvature. As the girder radius decreases, a corresponding decrease in
the cross-frame spacing is required in order to limit the lateral flange bending stresses to



acceptable levels. The cross-frame spacing for curved girder bridges is directly related to the
horizontal radius of curvature.

4.2 Orientation
Intermediate cross-frames for tangent and curved bridges should be oriented so that they are

perpendicular to the girder webs. This orientation simplifies fabrication and maximizes the
efficiency of the cross-frame.

parallel to the support skew. This simplifies the detailing since the cross-fra ach at the
same distance into the span for each girder, which minimizes differential d e
ends of the cross-frames.

the skew is greater than 20 degrees. However, turning the cr al to the girder webs
results in relatively large differential deflectiqgfis bet the end of the cross-frames and
may require special guidance to the fabricator an

4.3 Frame Type Selection

Occasionally plate diaphr. i ) have been used, but they make bridge inspections
' s. Access can be obtained by adding manholes

plates. Plat
cross-frame
girder spacing
diaphragms aré
inspection and

erally limited to shallow rolled beams or plate girders where
v transferring forces between girders or in situations where the

0 close that the geometry of a frame becomes unworkable. Sometimes plate

ed at support locations to facilitate future jacking of the girders to permit

ntenance of the bearings.
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frames because the diagonals can remain inc
between 1 and 1.5, the selection of the basic cro
preferences.

egree angle. For aspect ratios
ion may be driven by client

The other key choice that must be es is whether to use assemblies that
are pre-fabricated in the shop (usually “knocked down” frames that are sent to
the field in pieces and erected on time (see Figure 5). Jigs can be set up in the shop
to allow repetition and speed 1 cross-frame assemblies. Once in the field, shop
assemblies reduce the number muSt be lifted with cranes and bolted. Knocked
down frames require ext ion ti the shop because matching the bolt holes between

operation required for s ames. The transportation costs for knocked down frames
may be | i lighter pieces are easier to handle. However, the erection costs
may incre i ust be erected and connected.
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5.0 GIRDER DESIGN

5.1 Selection of Appropriate Analysis Methods

Given the current level of advancement in computer software for girder analysis, as well as the
availability of powerful software tools to the structural engineer, a discussion of analysis

methods is in order.

Line girder analysis is still an appropriate analysis method for many bridges,garticularly tangent

and the deck. Live load distribution to adjacent girders through the deck is he tables
found in the AASHTO LRFD (5™ Edition, 2010).

distributed to the girders based on tributary areas. Load sha
through the beam elements representing the cross-frames.

Three dimensional finite element analysis is tg e common methods used and
models all framing, including the girders, the dis embers and the concrete
deck in three dimensions. Finite element angdssi s a more accurate distribution of loads
through the structure based on the
more labor intensive than the other encrally a material savings realized
through the use of finite element analys ized load distributions occur when the

designer to place the steel wh
that are inherent in the oth ysis. 3D finite element analysis methods can be

g for curved and skewed bridges.

data or utilizing @lepth to span ratio of 1/25 (applied to the distance between points of
contraflexure for ®ontinuous spans) can be used to estimate a starting web depth. The use of
computer software will allow for the efficient refinement of this depth by completing preliminary
girder designs at various increments of depth. The total girder weights computed for each depth
can then be compared to determine the optimum web depth.

Optimizing the depth to minimize the weight is the most common goal for designers but may not

reflect the most cost effective option. However, when comparisons are made between girders
that have similar details (number of transverse stiffeners, flange and web transitions, etc.), the

14



lowest weight girder has historically provided the most cost-effective solution. This is true only
if the girder details are well conceived and the designer is attentive to industry input on cost-
effective details.

In some cases, the girder depth will be determined in order to optimize the appearance of the
bridge. In most cases, more slender bridges are more attractive. Thus, shallower girders tend to
be more appealing than deeper girders for the same span arrangement.
Variable depth girders are sometimes used to achieve a desired appearance, tgpically taking the
form of haunched girders with deeper webs over the interior piers than near

desirable for the interior pier sections to be at least 1.75 ti , Dsitive moment
regions in order to provide a striking appearance. When this
however, shipping and fabrication requireme‘ma ictate a
differential.

Haunched girders have also been used in th it economical girder designs for long-
i th steel used in plate girders,
haunched girders were almost a nece excCss of 400 feet. With the development

of HPS 70W steel, experience has sho

be controlled by depth limitations on the project.

of girder depth. As the girder depth decreases the
ecause the flanges become less efficient in resisting

e design is controlled by a limitation on the web depth, rather than
strength, JEASCEREYi he design. While a design controlled by depth is generally not

ient 1 i ength, accommodating a deeper girder may have other cost
0ject that are more severe than the penalty in girder weight. For
¥Se in girder depth may cause increased approach roadway quantities and right-
of-way takings\@lat will more than offset any girder cost savings.

5.3 Girder Plat® Transitions
Once a girder depth is selected, a key factor in developing an economical design is to determine
the appropriate number of flange transitions for the design. There are several rules of thumb that

are helpful in settling on a girder design with acceptable proportions.

For a tangent structure, it is preferable to set the framing such that all girders in the cross section
use an identical design. If this can be accomplished, the girder flange widths should remain

15



constant within field sections of the girder. This will permit the fabricator to slab and strip the
flanges, as illustrated in Figure 6.

Butt Weld

% = Run-Off Tab (Typ.)

number of run-off tabs (see Fi
handling time.

Figure 7 Photograph showing a run-off tab

16



Handling of the girders during fabrication and erection is an essential constructability issue and
must be considered during design. The NSBA has suggested that the minimum flange width be
greater than L/85, where L is the length of the girder field section. While this is a good rule of
thumb, increasing the flange width beyond this minimum limit is often desirable, either to
improve the lateral stability during fabrication and erection or to avoid flanges that are
excessively thick.

Another rule of thumb is to limit flange transitions such that the smaller flange at a welded
transition is no less than 50% of the area of the larger flange. This accomplisles two things.
First, the bending stress gradient in the girder web due to the change in sectiG@@operties does
not become overly steep when this criterion is met. It has also been demonstratclia past designs
that, if the flange transition results in greater than a 50% reduction in flang -
transition is not in the optimum location or an additional transition may prqs gmical.

proprietary information. However, there are two general app mining the economy
of welded transitions that have garnered som*vel within the design community.

The first method (2) was developed in the 1970s 11 over the years in avoiding
excessive numbers of welded flange transiti
yield strength of the steel. The eq
For 36 ksi steel:

Wt. Savings > 300 + 23@Area of s ange (in.))

For 50 ksi steel:

avings > 0. t. Savings for 36 ksi)

> 0.65(Wt. Savings for 36 ksi)

This approach hi8typically yielded transitions that have been economical and not subject to
redesign. HowevdX, these equations were developed in an era when material was a larger
percentage of the fabrication cost than was the labor cost. In recent years, this trend has changed
to the point that the labor costs during fabrication are a much larger percentage of the total cost,
and thus developing a different method for determining the economy of butt-welded transitions
was needed. As a result of these changes, the AASHTO/NSBA Steel Bridge Collaboration (3)
has developed a method for determining the economy of butt welded flange transitions that
places a higher premium on the labor costs associated with fabrication than the earlier equations

17



do. Table 1 illustrates the suggested criteria for assessment of the economy of welded flange
transitions.

It is prudent to consider both methods when assessing economy of welded plate transitions and
leaning towards one or the other dependent upon the current market conditions. When factors
exist that drive the steel material costs up, such as shortages of available steel scrap that were
seen beginning in late 2002 and extending through 2004, the first method may provide a more
accurate barometer of the economy of welded flange transitions. When plate costs are not being
driven artificially high by market forces, the newer AASHTO/NSBA approagh is more
appropriate.

Table 1 Weight Saving Factor Per Inch of Plate Width for ASTM
Fracture Critical Flanges Requiring Zone 1 CVN Teg
Multiply weight savings/inch x flange width (length of butt

Thinner Plate at Splice
(inches) 1.0 1.5 2.0

1.0 70 70 70
1.5 80 80
2.0 90
2.5

3.0 ’
3.5

4.0

Table Notes:

er than A709 Gr. 50 will have values that will vary from those shown in the table.
e Forinte jate thicknesses, interpolate between closest values.

Where equal plate thicknesses are joined, table values indicate welded splice cost in terms of steel weight.
Steel cost per pound is based on unfabricated steel plate, not the bid price of fabricated, delivered steel.

5.4 Field Splice Location

In general, it is desirable to locate bolted field splices at the dead load inflection points of
multiple-span continuous plate girders. This approach allows the size of the splices to be

18



minimized since the sections are generally small and the applied loads low near the inflection
points. The inflection point areas are usually subjected to high live load stress ranges, but
experience has shown that the stress ranges typically fall within the AASHTO LRFD (5™
Edition, 2010) capacities for bolted splices.

For shorter span structures (with end spans less than 90 feet) it may be feasible to eliminate
certain field splices, which can result in significant cost savings during erection. First, it may
eliminate the need to use pier brackets or hold cranes over the interior supports during erection.
Secondly, the labor to bolt the field splices is reduced, thereby lowering laboacosts.

5.5 Girder Web Design

Once a web depth has been cho

buckling capacity. This is i ension field action, which idealizes the stiffeners as
vertical members of a “t i als comprised of tension fields, or the portion of the

web that extends from ner to the bottom of the adjacent one. The tension field
occurs as les along this line, and thus tension field action allows the designer
to accoun st-buckling strength of the web when computing the shear

There are thr ic options for shear design of the girder webs. A fully stiffened design entails
designing the er webs to be as thin as possible to meet the D/t limitations for girders without
longitudinal sti rs. The necessary shear capacity is achieved by providing enough transverse
stiffeners to meet¥he shear demand due to dead and live loading. A minimum practical
transverse stiffener spacing of 24 inches provides the upper limit to the shear capacity for a given
web thickness and depth. Should that capacity not meet the demand, the web thickness is
increased until the resistance exceeds the demand.

A partially stiffened design entails using a web 1/16 to 1/8 inch thicker than would be used for a

fully stiffened design. This type of design will generally require transverse stiffeners in the first
one or two bays between diaphragms at each end of each span.
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An unstiffened design entails using a web thickness such that the shear buckling resistance of the
web is equal to or greater than the factored shear demand. An unstiffened design would require
only bearing stiffeners at the supports and diaphragm connection plates.

While the material costs do increase when unstiffened webs are used, there may be little change
in the total fabrication cost of the fabricated girder. The amount of welding for the flange-to-web
welds does not increase since minimum welds are generally adequate, thus limiting the increase
in cost for the extra web material to the basic material cost of the steel. Thergamay be a
corresponding decrease in the size of the girder flanges when the thicker we used due to
the increased web stiffness, and this decrease in flange material helps to offset (N@creased web
material cost. Elimination of transverse stiffeners reduces labor costs associ brication,
fit-up and welding of the stiffener plates.

girder is a painted design, minimizing the number of transverse
cost benefit as well as a life cycle cost benefit by reducing the s
The cost of bridge inspections may also be reduced since t
close inspection.

A fully stiffened design will provide the lighteg jen, but will also have the
highest unit fabrication cost of the three options. ign will result in the heaviest
design of the three options, but should have it fabrication cost of the three. The

inant'opinion throughout the fabrication
industry was that partially stiffened gir d the optimum solution. However, the

percentage of cost associated
unstiffened girder webs.
one or possibly two stiff

tiffened webs, especially for spans that only require
the interior supports, should still prove to be cost

fabrication re§ 0 to weld the stiffeners to the girder.

Transverse stiffo@@s are important in minimizing the overall weight of the girders because they
allow the web thi®kness to be minimized. However, there is a distinct cost associated with
transverse stiffeners. There is a relatively large amount of welding associated with transverse
stiffeners for the weight of steel involved, and the process is not as easily automated in the shop
as are flange-to-web welds. Therefore, the increased stiffener cost must be balanced against the
material savings associated with a reduction in web material.

The use of longitudinally stiffened girder webs becomes a consideration for web depths above
120 inches. For girder depths less than 120 inches, it has generally proven more economical to
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increase the web thickness rather than to include longitudinal web stiffeners. Longitudinal
stiffeners are generally placed at approximately D/5 from the compression flange. This forces a
buckling node in the web at the longitudinal stiffener location, allowing the compression depth
of the web to be decreased accordingly when computing a required thickness. The web thickness
can generally be reduced proportionally to this reduction, significantly reducing the amount of
web material used. The AASHTO LRFD (Sth Edition, 2010) now provides a method by which to
compute the optimum vertical location of the longitudinal stiffener as a function of D¢. Since D¢
varies along the length of the girder as the sections vary, the engineer must make an informed
judgment as to the vertical location of the longitudinal stiffener.

There has been vigorous debate within the fabrication industry and the design c®
whether longitudinally stiffened girder webs should ever be used. While th
material can be significant, there are many undesirable details associated
stiffeners that both increase the fabrication cost and result in less than desira
Thus, all aspects of design and fabrication should be considered b
a longitudinally stiffened design.

punity as to

5.6 Material Selection

. Attention to using the best
for the design.

Material selection is a critical aspect of econ’cal r des
details is wasted if the proper materials are not'c

The first, and most important, aspect of matgg is whether the steel will ultimately be
painted or unpainted. For most ca r overall economy is to use an
unpainted design. Unpainted designs | and life cycle costs since the steel does
not require painting. Unpainted designs ture painting and are more
environmentally friendly since pe or sandblasting of an existing paint system
risks environmental impacts. ocations where painted designs perform better
over time, such as overpasgbr i ited vertical clearance over roadways on which de-

0.22, “Uncoated Weathering Steel in Structures,”
nd limitations on the use of unpainted weathering steel designs. In
steel may be restricted for aesthetic reasons.

the year. FHWA Tech
defines thegg

some casciih 0

The next iss u» Ya1s the choice of appropriate steels for the bridge. The most common
bridge steels & tly used are Grade 50, Grade 50W and HPS 70W. These steels are covered by
either the ASTNERA 709 or the AASHTO M270 Specifications. If the ASTM designation is used,
incorporation of @l supplemental requirements regarding fracture toughness should be specified
as necessary in th€ contract plans.

One facet of the decision regarding material selection rests on using an appropriate combination
of materials within the girder. The most common design for plate girders with spans less than
200 feet long has been to use a homogeneous material grade throughout the girder. Currently, the
most common steels used in bridge girders are Grades 50 and 50W. Homogeneous designs in
spans shorter than 200 feet have proven to be reasonably cost-effective over time.
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As the span lengths increase, the use of mixed steel designs may prove to be economical. A
mixed steel design uses homogeneous material grades within each field piece, but may vary the
material strength between field pieces. The most common type of mixed design would use a
lower strength material (such as Grade 50) in the positive moment field pieces and higher
strength material (such as Grade 70) in the negative moment regions, as shown in Figure 8.

[ =50KsI
[ =70KsI

Figure 8 Diagram of a mixed steel I-girder

The use of hybrid designs (see Figure 9), or designs that mix steel grades w
has gained favor within the design community as HPS 70W steel has beco A Iole and

material cost differential of HPS 70W steel has varied in th
differential has hovered around 15 cents per pound above th
fracture toughness of HPS 70W material can 1
of highly stressed fracture critical members in hi

e average
OW. The improved
concerns about sudden fracture

[ =50 KSI
[ = 70 KSI

hybrid steel I-girder

what span lengths and girder configurations lent themselves to the
study funded by the FHWA was performed by HDR
University of Nebraska at Lincoln (4, 5, and 6). Girder

: hogeneous, mixed steel and various hybrid configurations at

to determine optimum ways to incorporate HPS 70W steel into plate girder
dies found that using hybrid girder designs allowed the economical
incorporation of @IS 70W steel into bridge girders. The optimum hybrid section used HPS 70W
material in all theWottom flanges and in the top flanges in the negative moment regions of the
girders. All girder webs and positive moment region top flange plates will use Grade 50 steel. If
the design of the bottom flange plate in positive moment regions is governed by fatigue in lieu of
strength, the use of HPS 70 material may not be cost effective. In general, the hybrid HPS girders
can usually be optimized at a shallower depth than can Grade 50 girders. This more slender
appearance is generally considered to provide favorable aesthetics.

several span
designs. These
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6.0 DETAIL DESIGN ISSUES
6.1 Girder Cambers

Girder cambers are generally considered to be a by-product of the design. The girder sections are
sized to meet the strength and service demands. These demands are dependent upon the span
lengths, girder spacing, design live loading and the analysis method used. The cambers are then
determined based on the deflections of the non-composite and long-term composite sections to
determine the dead load cambers. The plans should also show the camber foggthe geometry of the
roadway profile. This geometric camber assures that once the deck and barriSgha
profile of the top of the girder web will follow the deck geometry.

As refined methods of analysis become more common and higher material
bridge glrders may be more ﬂex1ble than in the past. Slnce cross frames w1

in predlctmg behavior under slab pours. It is increasingly 1mport
attention to cambers for both interior and exterior girders. Desig
girders with different inertias and dead load deflections can
camber between the girders.

Another condition the designer needs to be a\g deflection across the width of
a curved structure. For curved girder bridges, a s¢ ers should be shown in the
design plans for each girder in the Cross sec i bers may vary significantly between
adjacent glrders due to the differi verturning effects that occur in

or skews up to 20 degrees as discussed
nnection plates can be welded to the girder webs
without requiring cost icati res. When the cross-frames are skewed parallel to the

supports, there is mini itional differential camber between girders along the cross-frame
lines, and Tl nt is required

For skews 1 3 g@2tces, AASHTO LRFD (5th Edition, 2010) requires that cross-
frames be tu rrnal to the girder webs. Thls results in 51gn1ﬁcant dlfferentlal carnbers

attributed to the @lect of the bridge skew, the design camber plus allowable fabrication variances
can be on the ordd of 2 or 3 inches on highly skewed bridges in the cross-frame lines closest to
the support locations. The effect of this differential camber on the cross-frame designs needs to
be considered by the designer (3).

Steel bridges, including straight and skewed bridges, should be detailed so they are plumb in the
final condition. For steel girder bridges this means that the girder webs should be plumb after
deck and barrier placement. This is accomplished by detailing the cross-frames to the final
position. The girders are then installed to fit the cross-frames, requiring that for skewed bridges
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they be “rolled” during fit-up so that they are out of plumb under steel dead loads. The design
intent again needs to be spelled out clearly on the plans so that the fabricator and erector are
aware of the intent when bidding and constructing the project.

6.2 Transverse Stiffeners — Web Stiffeners

Transverse stiffeners are typically welded to the girder web and the compression flange while a
tight fit (a gap of up to '/;¢ inch between the stiffener and flange) is recommended for the tension
flange, although some states may require welding to the flange. Stiffeners dogaot need to be in
bearing with the tension flange. A 1 inch wide cope is typically provided at and bottom of
the stiffener so the stiffener clears the flange-to-web welds. AASHTO LRFD
requires that the distance between the ends of the web-to-stiffener welds an t edge of
the web-to-flange welds be greater than 4t,, but not exceed 6t,,.

For transverse stiffeners in the stress reversal areas of continuous g e point
of dead load contraflexure), a tight fit is suggested at both flangeg @ may be in

tension under varying live load conditions.
AASHTO LRFD (5" Edition,

girde s. Welded connections to the
abrication and should be designed to

6.3 Transverse Stiffeners — Connection Plates

Connection plates for cross-frames/diaphragr&
2010) to be rigidly attached to both the top and b
flanges are preferred from the standpoint of

the detail is costly to fabricate. at these locations is to increase the flange size to
reduce the calculated stress ra
unusual to have the Categ bottom tension flange control the design. For

shorter span lengths, Cat, ils will generally govern the design in the positive

r to use bar stock for the stiffener plates. Bar stock can typically
t than plate steel, and the cost of cutting plate to the desired width

Bearing stiffeners are required for all plate girders and for rolled beams where the reaction
exceeds 75 percent of the shear capacity of the beam. The AASHTO LRFD (5th Edition, 2010)
requires that the bearing stiffener extend as close as practical to the edge of the girder flange.
Bearing stiffeners are required on both sides of the beam or girder web.

There are two basic design criteria for bearing stiffeners. First, the bearing stress between the
stiffener and the bottom flange must not exceed the bearing capacity of steel on steel. This check
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is performed based on the area of the bearing stiffeners only, accounting for the width removed
by the chamfer at the base of the stiffener. The girder web is not assumed to contribute to the
bearing capacity of the stiffener.

The second check is a compression check of the column consisting of the bearing stiffeners and a
tributary length of the web equivalent to 18 times the web thickness.

In certain cases, it is advisable to include additional bearing stiffeners to assure that a relatively
uniform bearing pressure is maintained on the bearings. This is of particular goncern when large

6.5 Longitudinal Stiffeners

As noted previously, longitudinal stiffeners generally do not bec
depth exceeds 120 inches or more.

Longitudinal stiffeners require careful detaili?’n 0 fatigue problems. Section
6.6.1.2.1 of the AASHTO LRFD (5™ Edition, 20 regions where the unfactored
permanent loads produce compression, fatigue sh nly if the compressive stress
is less than twice the maximum tensile live ” As long longitudinal attachments, the

fatigue performance of the girder. LoNgtlid1 inations in these areas should be
detailed to provide at least a Category i ioning the fillet welded connection to the

of the stiffener should then be f 6 inches or greater to achieve a Category C
detail at the end of the stif]

Where possible, longi i uld be one-sided and should be placed on the opposite
side of the g e transverse stiffeners. However, cross-frame connection plates

will, out O i ith the longitudinal stiffeners on all interior girders. Interruption
of the long . , d result in Category E fatigue details in zones of applied tensile

ers, therefore, should run continuous for their full length and the
tion plates should be interrupted at the longitudinal stiffener as shown in
yould also be given to any butt welds connecting stiffener sections.

cross-frame c@
Figure 10. Card
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¢  Girder Web

Figure 10 Sketch of a longitudinal and transversé&ti Interg@Etion detail
6.6 Lateral Bracing ‘

Lateral bracing can fulfill an important role in th i jon of a plate girder bridge,

but it also adds cost. The primary purpose o ing for plate girder bridges is to stiffen
the bridge laterally in order to limi@ater: i
whenever possible, but there are ce

Lateral bracing checks require D (5th Edition, 2010) generally provide a
check of the bridge in its figal ndition to assure that lateral stresses in the bottom

stresses. History has s proportioned girder will rarely require lateral bracing
in the finalgondition.

Lateral brat 2y, 1d%8d as a tool to assure proper erection of the bridge and to stiffen
the bridge ag teral movement prior to deck placement. As a general rule, spans
less than 200 K1l not require lateral bracing for successful erection of the girders. Spans
over 200 feet al@all curved spans should be checked for lateral stability during erection and
prior to deck pla@@iment.

When lateral bracing is indicated, it does not necessarily need to be provided for the full length
of the bridge. Very often, providing bracing for a few cross-frame bays on either side of the
interior piers will stiffen the structure adequately to permit safe erection and deck placement.
The stability of the girders prior to completion of the framing erection is primarily the
responsibility of the contractor. However, the designer should assess the site conditions and
provide for lateral bracing to facilitate the erection if engineering judgment warrants this.
Conditions that would lead to the designer requiring lateral bracing would include very long
spans (over 300 feet) or very high structures on which high winds are a significant concern.
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It is advisable that the lateral bracing not be included in the structural analysis of the girders.
When included into a refined analysis, the live load plus dead load forces carried by the lateral
bracing members can exceed those due to wind load. Since many agencies do not want the
primary load-carrying capacity of their bridges to be dependent upon the integrity of the lateral
bracing, lateral bracing should be designed to carry wind loads only. End connections should
then be detailed with oversized holes designed to carry the wind loads only. Slip should be
permitted to occur under loads larger then the wind load to assure that the lateral bracing does
not participate in the load-carrying capacity of the girders.

participation in carrying superimposed dead load and live load stresses. Ho
bracing is used, details should be developed so that the bracing will not inté
support angles that are typically used for the installation of stay-in

‘N
\
™
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