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You Want to Design a Steel Bridge?
What is required?
ÅSpan arrangement
ÅBeam spacing and overhang
ÅBracing type and spacing
ÅFlange and web sizing
ÅStiffeners, splices, shear 

connectors, etc.
Å§ƣőĲƖШŰĲƽШċŰĬШљŉƨŰњШĦőĲĦťƚ
ÅWind on the erected steel

ÅIs lateral bracing required?
ÅAASHTO LRFD 10th edition Stability 

design for deck casting
ÅMultiple checks related to girder and 

bracing stiffness and strength
ÅIs lateral bracing required?
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What is Bridge 
Design ?

Bridge design is a unique combination of

ωShall / Must

ωAASHTO

ωShould

ωAASHTO Commentary

ωLǘ ǿƻǳƭŘ ōŜ ƎƻƻŘ ƛŦ Χ

ωNSBA Collaboration Documents

ωL ǿƛǎƘ ȅƻǳ ǿƻǳƭŘ Χ

ωother guidance, fabricator and erector preferences

ω5ƻƴΩǘ ȅƻǳ ŘŀǊŜ Χ

ωavoid this at all costs

There are many good answers.

My goal is help you avoid the bad ones
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xĲƣќƚШ7ĲŊŔŰШċƣШƣőĲШEŰĬ
https://www.aisc.org/nsba
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ÅContents

ÅNearly 300 full bridge designs

ÅSpans range from 80ft to 300ft

ÅGirder spacings = 8ft, 10ft, 12ft, 14ft

ÅGirders

ÅStiffeners

ÅShear Studs

ÅField Splices

ÅBearing Reactions

ÅCamber

ÅCross-frames & Diaphragms

ÅDeck Pour Sequence Considerations

Åand much, much moreéé.

Standard Plans for Steel Bridges
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Bridge Layout and Planning
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Span Layout for Continuous Spans

ÅFor multi-span bridges, continuous spans generally preferred
ÅA balanced span arrangement is also preferred
ÅPeak positive and negative moments nearly equal in all spans

ÅEnd spans 75% - 82% of center span
Balanced Span Arrangement

fƣШƽŸƨũĬШĤĲШŊŸŸĬШŔŉШв

7



-40000

-30000

-20000

-10000

0

10000

20000

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4

Positive and Negative STR I Envelope Moments

Balanced Spans т Example 4-Span
Strength Envelope

8



Spacing & Overhangs

ÅGoal т relative balance of total forces among the beams

S S S S

0 .28 S 

TO 

0 .35 S

0 .28 S 

TO 

0 .35 S

fƣШƽŸƨũĬШĤĲШŊŸŸĬШŔŉШв
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What are Practical Beam Spacings?

Å8 т ΝΜШŉƣШвШEƻĲƖǃĤŸĬǃШĬŸĲƚШƣőŔƚШċŰĬШőċƚШƣőĲƚĲШŔŰШƣőĲШŔŰƻĲŰƣŸƖǃ
ÅΝΞШŉƣШвШ9ŸůůŸŰЯШŰŸƣШċƚШĦŸůůŸŰ
ÅΝΠШŉƣШвШŊĲƣƣŔŰŊШƣŸШĤĲШċШůŸƖĲШƨŰŔƕƨĲШĬĲƚŔŊŰ
Å>14 ft, rare, limited by deck designs
ÅSome other considerations
ÅDo you anticipate half width deck reconstruction in the future?
ÅIf so, you need a odd number of beams to have one down the middle.

ÅHow are your decks formed (SIP or lumber ?)
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Depth to Span Ratio
Bare Girder (LRFD 2.5.2.6.3)
ÅSuggested minimum depth of I-beam portion 

only:

0.033L (L/30)    Simple Spans
0.027L (80%  * L/30)   Continuous Spans

Must or should 
depending on 
your owner
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DECK

Depth to Span Ratio
Composite Section (LRFD 2.5.2.6.3)
ÅSuggested minimum depth of composite I-

beam:

0.040L (L/25)    Simple Spans
0.032L (80% * L/25)   Continuous Spans

Must or should 
depending on 
your owner

12



AASHTO LRFD 

Article 6.10.2.2
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Flange Proportioning Limits

AASHTO / NSBA Suggestion

Must

It would be good if / 
ĬŸŰќƣШĬċƖĲШŰŸƣШƣŸШĬŸШƣőŔƚ
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Steel-Girder Bridge Components т Bracing

14
DiaphragmsCross-frames



Cross-Frames & Diaphragms т Layout

ÅCross-frames / diaphragms in straight or slightly skewed bridges 
ŊĲŰĲƖċũũǃШĬŸШŰŸƣШőċƻĲШљċƚ-ĬĲƚŔŊŰĲĬШŉŸƖĦĲƚњ
ÅWhat governs their size if there are no computed loads?
ÅYou will soon find out
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Strength of Compression Flanges & 
Sections in Bending

1
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Deck Overhang Loading

ÅSignificant Effects for Exterior 
Beams

1
,

3
bu f ncf f F+ ¢f

,bu f h ycf f R F+ ¢f
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Deck Overhang Loading

ÅDeck weight
ÅForms
ÅScreed rail
ÅWalkway
ÅFinishing machine
ÅStresses are commonly 10 т 15 ksi
ÅThese are additive to stresses 

during deck casting
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So Where Are We ?

ÅìĲШőċƻĲШċШљŊŸŸĬШĬĲƚŔŊŰњ
ÅPractical and simple layout
ÅWe chose a rational layout of spans
ÅBeam spacing and overhangs make sense
ÅWe chose a reasonable girder depth
ÅPractical bracing layout was provided
ÅAll of this can be designed with a line girder

Å~ĲĲƣƚШ ÉcÑ§ШĤĲĦċƨƚĲШљxÅ[?ШÉf~§ Шƚċǃƚњ

ÅAre we done?
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Wind Loads During Construction Stability Bracing Requirements

20

Other Things to Consider



Strength Loads Service

21

AASHTO Wind Loads During Construction



Wind Loads т Guide Specifications (Strength)

8/27/2025 22

1    0    0.5  0.5   0.5

1       0    0.25  0.25 0.25

ÅAssumptions (things you need to know)
ÅInactive wind speed (115 mph)
ÅR factor (reduction in wind risk due to period of 

exposure)
Å0.73 used, 6 wks т 1 yr construction

ÅHeight corrections
Å1.0 if less than 33 ft above ground

ÅDrag coefficient
Å2.2 for I-beam



Service Wind Load 
Behavior
ÅSome owners (e.g. PennDOT) 

require that wind deflections 
and stresses in the open framing 
be calculated and limited.

ÅThis check is considered good 
practice and was used in the 
development of the standard 
bridges.

ÅRefer to PennDOT BD-620M for 
additional details
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Lateral Behavior of Single Spans

8/27/2025 24

For a simple span, the force is easy, M = wl2/8

But, because of changes in plate sizes in the span, deflection calculations, even for a simple span, are NOT easy



Lateral Behavior of Continuous Spans
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ÅDeflection and stresses in continuous spans are dependent on many 
factors.

ÅA grillage or even a single line girder should be used to estimate the 
deflections and flange lateral bending stresses.
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Strength of Compression Flanges & 
Sections in Bending
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Service Wind Load Behavior

Å~ŔĬƚƓċŰШĬĲŉũĲĦƣŔŸŰШӀШΝΠЮΦњ
ÅÂĲƖůŔƚƚŔĤũĲШӀШxоΝΡΜШӀШΝΠЮΠњ
ÅSlightly over
ÅSolutions could be
ÅRevise flanges
ÅAdd bracing

ÅExamine what happens if we add 
WT bracing at the end
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Service Wind Load Behavior

Å~ŔĬƚƓċŰШĬĲŉũĲĦƣŔŸŰШӀШΝЮΟњ
ÅÂƖĲƻŔŸƨƚШΝΠЮΦњ

ÅWhat happened?
ÅBridge has 6 bays @ 30 ft each
Å1 bay each end now has lateral 

bracing
Åљ[ƖĲĲШũĲŰŊƣőњШŰŸƽШΝΞΜШŉƣ
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A Helpful Design Aid

29

AISC Engineering Journal 
/ Second Quarter / 2010

Tables for Eccentrically Loaded 
WT Shapes in Compression



AASHTO 10th Edition Stability 
Bracing Requirements

New fun for designers !!!
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Requirements for Bracing Systems

ÅEffective bracing must satisfy both strength  and stiffness  
to have a safe system.
ÅProvisions outlined in the following slides allow engineers 

to verify the adequacy of the bracing. 
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Torsional Bracing of Beams

ÅThe fundamental concept with 
torsional bracing is:

ÅThe beam or girder is fully 
braced at a location if twist is 
prevented.

ÅStiffness requirement

‍ ‍
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Minimum Stiffness Requirements

‍
ςȢτὒ

‰ ὲὉὍ

ὓ

ὅ
ÅL = Span length

Ån = Num of braces in the span, excluding 
end braces

ÅMu = factored deck casting moment

ÅIyeff

Minimum Strength Requirements

33

New AASHTO 10th Edition Stability Bracing 
Requirements, 6.7.4.2.2

ὓ
ςȢτὒ

ὲὉὍ

ὓ

ὅ

ὒ

υππὬ
ÅLb = brace spacing

Åho = distance between flange centroids



System Buckling 
Illustrated
Å ]ŔƖĬĲƖƚШċƖĲШљŢƨƚƣШŉŔŰĲњ

Å Cross-ŉƖċůĲƚШĦċƖƖǃШċũũШƣőĲШљƨƚƨċũШ
ũŸċĬƚњ

Å Yet the entire system fails by buckling 
as a more-or-less rigid body rolling and 
displacing laterally
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Provided Bracing Stiffness

ÅActual torsional bracing stiffness of the entire system:

♫╣ ╪╬◄  = Total system stiffness, where 

 ♫╫► = Stiffness of cross-frame or diaphragm
 ♫▼▄╬  = Cross-sectional stiffness (web and connection plate)
 ♫▌ = In-plane stiffness of the girder system
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Stiffness of a Cross-Frame, ͉ br
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Cross-Frames & Diaphragms
Stiffness Model
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Cross-Frames & Diaphragms
X-Frame Tension & Compression Diagonal Stiffness Model

38

hb

S

Ld, Ad

‍          (6.7.4.2.2-7)



Cross-Frames & Diaphragms
K-Frame Stiffness Model
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S

‍  (6.7.4.2.2-8)

Ld, Ad

S, As



Cross-Frames & Diaphragms т Diaphragm 
Stiffness

40

‍       (6.7.4.2.2-9)



Cross-Sectional Stiffness, ͉ sec

ÅIf the cross-section can distort at the point of bracing, the flexible 
portions of the web must be considered.
ÅFor diaphragms or cross-frames at least 0.8 web depth, this can be 

ignored
ÅRecall, AASHTO requires a cross-frame brace for a plate girder to be 75% of the 

web height.
ÅRecommendation т For plate girders, just meet the 80% rule

41
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In-Plane Girder Stiffness, ̡g
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In-plane girder stiffness, ‍

S S S

‍ is a function of the stiffness of the individual girders as well as 

the number of girders across the width of the bridge: 

L

Ὅὼ= in-plane moment of 
inertia of girders

ὲὫ= number of girders 
across the width of the 
bridge that are 
interconnected by the 
braces.  

‍
ὔὛὉὍ

ὒ

ὔ
ςτὲ ρ

ὲ
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Summary of New Stiffness Requirements

‍
ρ

ρ
‍

ρ
‍

ρ
‍

‍
ςȢτὒ

‰ ὲὉὍ

ὓ

ὅ

ÅThis is an interactive / iterative problem
ÅFlange proportions (b/t) directly influences Iyeff

ÅNumber of braces, n, influences the required stiffness of each brace
Å͉ br is related to girder web height, spacing, and stiffness of bracing elements
Å͉ sec can be commonly ignored
Å͉ g is related to Ixx of the girder
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Summary of New Strength Requirements

ὓ
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 =  + ɕ ʃ

Fbr = Mbr/hb
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K-Frame
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Summary т Good News

ÅAASHTO now has REQUIREMENTS (in the 10th edition) requiring 
that flexural members be braced with members of sufficient 
stiffness and strength
ÅStiffness is required to control distortion (twist) in girders.
ÅRestraint of twist requires a strength design check of the bracing 

system
ÅCalculations on approximately 200 bridges show that typical 

crossframes, designed for kl/r requirements meet or come 
close to meeting the stiffness and strength requirements for a 
skew up to 20 degrees.
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7ƨƣШìőċƣШŔŉШŔƣШ?ŸĲƚŰќƣШìŸƖťе

ÅA few suggestions
ÅfŉШŔƣШĬŸĲƚŰќƣШƽŸƖťЯШċŰĬШŔƣќƚШĦũŸƚĲв
ÅWider / thinner flange if possible to increase Iyeff

ÅDeepen the girder to increase Ixx

Å ĬĬШċШũŔŰĲШŸƖШƣƽŸШŸŉШĤƖċĦŔŰŊЯШƣŸШŔŰĦƖĲċƚĲШљŰњШŔŰШƣőĲШƚƣċĤŔũŔƣǃШĲƕƨċƣŔŸŰƚ
ÅfŉШŔƣќƚШљƽċǃШŸŉŉњ
ÅAdd top flange level lateral bracing for one or two bays at the end of the span
ÅWhich end(s)
ÅThe discontinuous ends

ÅAnd then remember to check the wind loads that will now accumulate at the braced 
end
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Standard Design and Plans for 
Modern Steel Highway Bridges
What is this project about? What are the deliverables?
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Project Team

49

ÅRusso Structural Services
ÅPrime consultant
ÅLead Designer

ÅGenesis Structures
ÅConstructability advisors
ÅCAD / drawing preparation

ÅM A Grubb & Associates
ÅIndependent design review and quality control
ÅAASHTO code compliance



Standard Designs for Straight I-Girder 
Bridges 
ÅSingle Span Bridges (8, 10, 12, 14 ft spacing):

Å80 ï 300 ft (10 ft increments)

ÅCross-frame & Diaphragm Details

ÅLateral Bracing Details

ÅBolted Field Splices

ÅDeck Details

ÅLink Slab Details

Å39 sheets
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Standard Designs for Straight I-Girder 
Bridges 
Å2-Span Continuous Bridges (8, 10, 12, 14 ft spacing):

ÅEqual Spans, 100 ï 250 ft (15 ft increments)

ÅDeck Pouring Sequence

ÅCross-frame & Diaphragm Details

ÅLateral Bracing Details

ÅBolted Field Splices

ÅDeck Details

Å28 sheets
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Standard Designs for Straight I-Girder 
Bridges 

Å3-Span Continuous Bridges (8, 10, 12, 14 ft spacing):

ÅCenter spans, 150 ï 300 ft (15 ft increments)

ÅEnd span = 78% of center span

ÅDeck Pouring Sequence

ÅCross-frame & Diaphragm Details

ÅBolted Field Splices

ÅDeck Details

Å33 sheets
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Standard Designs for Straight I-Girder 
Bridges 
Å4-Span Continuous Bridges (8, 10, 12, 14 ft spacing):

ÅTwo center spans = 150 ï 300 ft (15 ft increments)

ÅEnd span = 78% of center span

ÅDeck Pouring Sequence

ÅCross-frame & Diaphragm Details

ÅBolted Field Splices

ÅDeck Details

Å33 sheets
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8 ft beam spacing 10 ft beam spacing

54

Final Cross-Sections

0.31S 0.35S



12 ft beam spacing 14 ft beam spacing
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Final Cross-Sections

0.29S 0.32S



Fabricator Outreach

ÅStandard plate widths

ÅStandard web thickness

ÅStandard flange thickness

ÅDetermination of optimal web depth

ÅStiffened vs unstiffened web design

ÅTop and bottom flange optimization

ÅField section length and weight limitations

ÅOther project details (studs, splices, 
cross-frame, etc.)
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Presentation of Selected 
Portions of the Standards

57



Walk-thru of the Standard Plans
3-Span continuous, 12 ft spacing
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Scope of Work Reminder

Å3-Span Continuous Bridges (8, 10, 12, 14 ft spacing):

ÅCenter spans, 150 ï 300 ft (15 ft increments)

ÅEnd span = 78% of center span

ÅDeck Pouring Sequence

ÅCross-frame & Diaphragm Details

ÅBolted Field Splices

ÅDeck Details

Å33 sheets
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