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Foreword

The Steel Bridge Design 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 steetjesid TheHandbook has a long

history, dating back to the 1970s in various forms and publications. The more recent editions of
the Handbook were developed and maintained by the Federal Highway Administration (FHWA)
Office of Bridges and Structures as FHVR&port No FHWA-IF-12-052 published in

November 2012, and FHWA Report No. FHW#HF-16-002 published in December 2015. The
previous development and maintenance of the Handbook by the FHWA, their consultants, and
their technical reviewers is gratefully appiated ad acknowledged.

This current edition of the Handbook is maintained by the National StegjeBAiliance

(NSBA), a division of the American Institute of Steel Construction (AISC). This Handbook,
published in 2021, has been updated and revgsbd consistent with the 9th edition of the

AASHTO LRFD Bridge Design Specifications which was releasetD20. The updates and

revisions to various chapters and design examples have been performed, as noted, by HDR, M.A.
Grubb & Associates, Don Whit€h.D., and NSBA. Furthermore, the updates and revisions have
been reviewed independently by FrancescesBuBh.D., P.E., Brandon Chavel, Ph.D., P.E., and
NSBA.

The Handbook consists of 19 chapters and 6 design examples. The chapters and design examples
of the Handbook are published separatetyease of use, and available for free download at the
NSBA websiteywww.aisc.org/nsha

The users of the Steel Bridge Design Handbook are encouraged to submit ideas astmbsagge
for enhancements that can be lempented in future editions to the NSBA and AISC at
solutions@aisc.org
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1.0 INTRODUCTION

Once a bridge type is selected, the designer then advartbesdetailed design of éhbridge.

Since thevast najority of steel bridges designed today are steel girders made composite with
concrete bridge decks, thislumewill cover many detail issues that are encountered when
designing a composite deck girder system. Vhlsmeaddresss the design of weéd pate

girders. However, many of the principles presented are also applicable to the design of rolled
beam bridges



2.0 SPAN ARRANGEMENT SELECTION
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Figure 1






3.2 Redecking

In many cases, owners waequire designers to develop framing options that will permit a
phased partialvidth deck replacement to occur safely while maintainingitraff the structure.
Depending upon the bridge width, designing to accommodate a stagekingdeay require an
additional girdebeyond whatvould be optimal. However, the I#gycle cost savings provided
by the staged redecking may outweigh the cost@fdditional girder in the initial design.



4.0 CROSSFRAME/DIAPHRAGM SELECTI ON

Historically, intermediaterossframes have been assumed to provide intermediate bracing for
the girders during erection, particularly the top flanges in the positive moment regions. The
live load distribution factors containé@uthe AASHTO LRFBridge Design Specificationg""
Edition (2020) (referred to herein as the AASHTO LRBDYS) (1), were lased on the
assumption that live load distribution between the girders occurs through the decksstithes
than throud) frame action provided by the intermedietessframes Crossframeshave not

been assumed to distribute live load except for aigraler bridges.

Top flanges of composite girders in positive moment regions are braceddrgpsbfFames
prior to haréning of the concrete decks. Intermedatessframesfor continuous composite
girder bridges also provide bracing against latemakbng of the compression flange in the
negative moment regions both during erection and after theisietaced. Additioally,
intermediate crosfames provide bracing for lateral wind loads on deep girders.

On skewed composite girder bridges, thessframes are assumed not to carry live load if the
live load distribution is based on the factors fdumtheAASHTO LRFDBDS. If a grid or

refined analysis is used that models the stiffness afrthesframes in the analysis, then the
intermediaterossframes should be designed for the loads computed from the analysis results.

For curved girder bridgeshe intermediaterossframes play a significant role in the live load
distribution and need to be designed and detailed as maindogthg members.

As with the intermediaterossframes, the endrossframes at abutments and those at the piers
provide bracing during emtion of composite steel girders. However, all supparssframes are
required to distribute lateral loads fronetbuperstructure to the substructure. These loads
include wind, centrifugal, seismic and thermal forces for some cyjivaer bridges. Inddition,
end supportrossframe
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Figure 5 Detail sketch of atypical K nocked-Down crossframe
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5.0 GIRDER DESIGN
5.1 Selection of Appropriate Analysis Methods

Given the current level of advancembén computer softare for girder analysis, as well as the
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lowest weight girder has historically provided the most-effsictive solution. This is true only
if the girder details are wietonceived and théesigner is attentive to industry input on eost
effective details.

In some ases, 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, sha
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constant within field sections of the girder. This will permit the fabricator to slab amdhet
flanges asillustrated inFigure6
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improve the lateral stability during fabrication and erection or to avoid flangeartha
excessively titk.

Another rule of thumb is to limit flange transiti® such that the smaller flange at a welded
transition is no less than 50% of the area of the larger flange. This accomplishes two things.
First, the bending stress gradient in ¢ireler web due tdie change in section properties does

not become overlytsep when this criterion is met. It has also been demonstrated in past designs
that, if the flange transition results in greater than a 50% reduction in flange area, either the
transition is not in te optimum location or an additional transition may primvbe economical.

One important design parameter in providing the appropriate number of welded flange
transitions is to ensure that the fabrication cost associated with thedbdgtdoes not excdehe
material cost savings resulting from the flangesition. Each fabricator has their own
parameters for determining the economy of welded flange transitions, which are considered
proprietary information. However, there are twogel approaches ttetermining the economy

of welded transitions that hagarnered some level of acceptance within the design community.

The first methd (2) was developed in the 1970s and has served well over the yeamsdimg
excessive nmbers of welded flange transitions, and uses equatesedon flange areas and the
yield strength of the steel. The equations are as follows:

For 36 ksi steel:

‘W 6DYLQJV - $UHD (RDVPDOOHU IODQJH
For 50 ksi steel:

W  6DYLQ JWt. Savings for 8 ksi)
For 100 ksi steel:

Wt. SavingV e W 6DYLQJV IRU NVL

This approach has typically yielded transitions that have been economical and not subject to
redesign. However, these equations were developaa @na when materialas a larger

percentage of the fabrication cost tharswee 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 developingdifferent method fodetermining the economy of butielded transitions
wasneeded.As a result of these changes, the AASHTO/NSBA Steel Bridge Collaboration
GuidelineG12.1,Guidelines to Desigfor Constructabilityand Fabrication(3) has deveaiped a
method for determining the economyhuftt-weldedflange transitions that places a higher

premium on the labor costs asstethwith fabrication than the earlier equations dablel

illustrates the sygested criteria foassessment of the economy of welded flange transitions.

It is prudent to consider both methods when assessing economy of waligetlgmsitions and
leaning towards one or the other dependent upon the current market conditiongadttren
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A partially stiffeneddesign entails using a web 1/16 to tiéh thicker than would be used for a
fully stiffened design. This type of design will generally requiredvanse stiffeners in the first
oneor two bays betweenidphragms at each émf each span.

An unstiffeneddesign 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 stiffenerat the supports arglaphragm 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 tiyflaweb

welds dos not increase singainimum welds are generally adequate, thus limiting the increase

in cost for the extra web material to the basic material cost of the steel. There may be a
corresponding decrease in the size of the girder flanges e thicker webare used due to
theincreased web stiffness, and this decrease in flange material helps to offset the increased web
material cost. Elimination of transverse stiffeners reduces labor costs associated with fabrication,
fit-up and weldingf the stiffener pltes.

Other benefit@issociated with unstiffened webs are becoming increasingly important. If the
girder is a painted design, minimizing the number of transverse stiffeners provides both a first
cost benefit as well as a life cycle cbshefit by reducinghe surface areagairing painting.

The cost of bridge inspections may also be reduced since there are fewer details that require
close inspection.

A fully stiffened design will provide the lightest possible web design, but willlzse the

highest uit fabrication cosbf the three options. An unstiffened design will result in the heaviest
design of the three options, but should have the lowest unit fabrication cost of the three. The
partially stiffened option provides a tradé between unit fabridéon cost and mateai cost.
Throughout the late 1980s and the 1990s, the predominant opinion throughout the fabrication
industry was that partially stiffened girder webs provided the optimum solution. However, the
percentage of totajirder cost relatetb fabrication labocost has increased relative to the
percentage of cost associated with material. Consideration should be given to the use of
unstiffened girder webs. However, partially stiffened webs, especially for spans thegaunig

one or possily two stiffeners pr panel near the interior supports, should still prove to be cost
effective.

When comparing the cost of additional stiffeners to the cost of the extra web material associated
with an increase in thickness, thdfster unit materiatost should be assied to be

approximately 4 to 5 times the base material cost of the web to account for the additional
fabrication required to weld the stiffeners to the girder.

Transverse stiffeners are important in minimizing therall weight of thegirders because the

allow the web thickness 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 weightfassteel involved, ath the process is nas easily automated in the shop

as are flange@o-web welds. Therefore, the increased stiffener cost must be balanced against the
material savings associated with a reduction in web material.
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The use of longitudirly stiffened girdemwebs becomes a cadsration for web depths above
120inches. For girder depths less than 120 incitdéms generally proven more economical to
increase the web thickness rather than to include longitudinal web stiffeners. Longitudina
stiffeners are gaarally placed at appximately 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 aedgbickness. The vkethickness

can genmlly be reduced proportionally to this reduction, significantly reducing the amount of
web material used. THRASHTO LRFD BDS now provide a method by which to compute the
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most @mmon steels used in bridge girders are Grades 50 and 50W. Homogeneous designs in
spans shorter than 2@®ethave proven to be reasonably eefféctive over time.
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6.0
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as close as practical to the edge of the girder flange. Beaffiegets are requiredn 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 steeéckhis ch
is performed baslon 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 isiaxial compression clok of the
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Figure 10 Sketch of a bngitudinal and transversestiffener intersection detail
6.6 Lateral Bracing

Lateral bracing can fulfill an important role in the design and erection of a plate girder bridge,
but it also adds cosThe primary purpasof lateral bracingdr plate girder bridges is to stiffen
the bridge laterally in order to limit lateral deflectigar#or to the placement and hardening of
the concrete deck ateral bracing should be avoided whenever possiblehbrd aire certain
situations where its use may be advantageous, such as providing stability leveeadi

sections in erection of long spahistory has shown that a properly proportioned girder will
rarely require lateral bracing in the final condition

Lateral bracing m
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