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Presentation Outline

• Part 1 – Fundamental concepts for steel bridge layout

• Part 2 – Standard Plans review
• An overview of the NSBA Standard Plans
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You Want to Design a Steel Bridge?
What is required?
• Span arrangement
• Beam spacing and overhang
• Bracing type and spacing
• Flange and web sizing
• Stiffeners, splices, shear 

connectors, etc.
• Other new and “fun” checks

• Wind on the erected steel
• LRFD 10th edition stability 

requirements
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What is Bridge 
Design ?

Bridge design is a unique combination of

• Shall / Must
• AASHTO

• Should
• AASHTO Commentary

• It would be good if …
• NSBA Collaboration Documents

• I wish you would …
• other guidance, fabricator and erector preferences

• Don’t you dare …
• avoid this at all costs

There are many good answers, my goal is help you 
avoid the bad ones

4



Let’s Begin at the End
https://www.aisc.org/nsba
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Bridge Layout and Planning



Span Layout for Continuous Spans

• For multi-span bridges, continuous spans are generally preferred
• A balanced span arrangement is also preferred

• Peak positive and negative moments nearly equal in all spans

• End spans 75% - 82% of center span
Balanced Span Arrangement

It would be good if …
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Spacing & Overhangs

• Goal – 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

It would be good if …
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Depth to Span Ratio
Bare Girder (LRFD 2.5.2.6.3)
• Suggested minimum depth of I-beam portion only

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

L= Total span length

Must or should 
depending on 

your owner
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DECK

Depth to Span Ratio
Composite Section (LRFD 2.5.2.6.3)

• Suggested minimum depth of composite I-beam

• 0.040L (L/25)    Simple Spans
• 0.032L (80% * L/25)   Continuous Spans
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Must or should 
depending on 

your owner



When to Use an X-Frame, S/D ≈ 1.5 max.
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When to Use a K-Frame, S/D ≈ 1.5 – 3.5
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When to use a Solid Diaphragm, S/D > ≈ 3.5
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Other Considerations…

• Torsion / deck overhang loading
• Wind on the erected steel
• Stability of partly erected steel
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Deck Overhang Loading

• Significant Effects for Exterior 
Beams

1 ,
3bu f ncf f F+ ≤ φ

,bu f h ycf f R F+ ≤ φ
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So Where Are We ?

• We have a “good design”
• Practical and simple layout

• We chose a rational layout of spans
• Beam spacing and overhangs make sense
• We chose a reasonable girder depth
• Practical bracing layout was provided
• All of this can be designed with a line girder, LRFD SIMON

• Are we done?
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Wind Loads During Construction Stability Bracing Requirements
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Some Other Things to Consider / New 
Requirements



Strength Loads Service
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AASHTO Wind Loads During Construction



Wind Load Behavior 
– Single Spans

• Wind loas applied to the open 
framing cause lateral deflection, 
and flange lateral bending 
stresses

• These must be checked as part 
of girder strength / stress 
analysis

• Deflections “might be” a 
concern
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Lateral Behavior of Continuous Spans
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• Deflection and stresses in continuous spans are dependent on many 
factors.

• A grillage or even a single line girder should be used to estimate the 
deflections and flange lateral bending stresses.
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AASHTO 10th Edition Stability 
Bracing Requirements
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Requirements for Bracing Systems

• Effective bracing must satisfy both strength and stiffness 
to have a safe system.

• Provisions outlined in the following slides allow engineers 
to verify the adequacy of the bracing. 
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Torsional Bracing of Beams

• The fundamental concept with 
torsional bracing is:

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

• Stiffness requirement

𝛽𝛽𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎 ≥ 𝛽𝛽𝑇𝑇 𝑟𝑟𝑟𝑟𝑟𝑟
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Minimum Stiffness Requirements

𝛽𝛽𝑇𝑇 𝑟𝑟𝑟𝑟𝑟𝑟 =
2.4𝐿𝐿

𝜙𝜙𝑠𝑠𝑠𝑠𝑛𝑛𝑛𝑛𝐼𝐼𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

𝑀𝑀𝑢𝑢

𝐶𝐶𝑏𝑏

2

• L = Span length
• n = Num of braces in the span, excluding 

end braces
• Mu = factored deck casting moment
• Iyeff

Minimum Strength Requirements
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New AASHTO 10th Edition Stability Bracing 
Requirements, 6.7.4.2.2

𝑀𝑀𝑏𝑏𝑏𝑏 =
2.4𝐿𝐿

𝑛𝑛𝑛𝑛𝐼𝐼𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

𝑀𝑀𝑢𝑢

𝐶𝐶𝑏𝑏

2 𝐿𝐿𝑏𝑏
500ℎ𝑜𝑜

• Lb = brace spacing
• ho = distance between flange centroids



System Buckling 
Illustrated
• Girders are “just fine”
• Cross-frames carry all the 

“usual loads”
• 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

• Actual torsional bracing stiffness of the entire system:

𝜷𝜷𝑻𝑻 𝒂𝒂𝒂𝒂𝒂𝒂  = Total system stiffness, where 

 𝜷𝜷𝒃𝒃𝒓𝒓 = Stiffness of cross-frame or diaphragm
 𝜷𝜷𝒔𝒔𝒔𝒔𝒔𝒔  = Cross-sectional stiffness (web and connection plate)
 𝜷𝜷𝒈𝒈 = In-plane stiffness of the girder system
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𝛽𝛽𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎 =
1

1
𝛽𝛽𝑏𝑏𝑟𝑟

+ 1
𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠

+ 1
𝛽𝛽𝑔𝑔

Springs in series

𝑘𝑘𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
1

1
𝑘𝑘𝑘 + 1

𝑘𝑘𝑘 + 1
𝑘𝑘𝑘



Cross-Frames & Diaphragms
Stiffness Model
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S

Fbr

Fbr

Fbr

Fbr

θ

𝛽𝛽𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎 =
1

𝟏𝟏
𝜷𝜷𝒃𝒃𝒓𝒓

+ 1
𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠

+ 1
𝛽𝛽𝑔𝑔



Stiffness of a Cross-Frame, βbr
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Cross-Sectional Stiffness, βsec

• If the cross-section can distort at the point of bracing, the flexible 
portions of the web must be considered.

• For diaphragms or cross-frames at least 0.8 web depth, this can be 
ignored

• Recall, AASHTO requires a cross-frame brace for a plate girder to be 75% of the 
web height.

• Recommendation – For plate girders, just meet the 80% rule
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𝛽𝛽𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎 =
1

1
𝛽𝛽𝑏𝑏𝑟𝑟

+ 𝟏𝟏
𝜷𝜷𝒔𝒔𝒔𝒔𝒔𝒔

+ 1
𝛽𝛽𝑔𝑔



In-Plane Girder Stiffness, βg
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𝛽𝛽𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎 =
1

1
𝛽𝛽𝑏𝑏𝑟𝑟

+ 1
𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠

+ 𝟏𝟏
𝜷𝜷𝒈𝒈



Summary of New Stiffness Requirements

𝛽𝛽𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎 =
1

1
𝛽𝛽𝑏𝑏𝑏𝑏

+ 1
𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠

+ 1
𝛽𝛽𝑔𝑔

≥ 𝛽𝛽𝑇𝑇 𝑟𝑟𝑟𝑟𝑟𝑟 =
2.4𝐿𝐿

𝜙𝜙𝑠𝑠𝑠𝑠𝑛𝑛𝑛𝑛𝐼𝐼𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

𝑀𝑀𝑢𝑢

𝐶𝐶𝑏𝑏

2

• This is an interactive / iterative problem
• Flange proportions (b/t) directly influences Iyeff
• Number of braces, n, influences the required stiffness of each brace
• βbr is related to girder web height, spacing, and stiffness of bracing elements
• βsec can be commonly ignored
• βg is related to Ixx of the girder

31



Summary of New Strength Requirements

𝑀𝑀𝑏𝑏𝑏𝑏 =
2.4𝐿𝐿

𝑛𝑛𝑛𝑛𝐼𝐼𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

𝑀𝑀𝑢𝑢

𝐶𝐶𝑏𝑏

2 𝐿𝐿𝑏𝑏

500ℎ𝑜𝑜

 
 = K * θ

Fbr = Mbr/hb

hb

Mbr Mbr

Fbr = Mbr/hb

-Fbr

-Fbr

S

2Fhb/S 2Fhb/S

Fbr

Fbr

0

0

Fbr

Fbr

2Fhb/S 2Fhb/S

Fbr

Fbr

0

+Fbr

Fbr

Fbr

-Fbr

2Fhb/S 2Fhb/S

X-Frame: Tension-Only Diagonal System

X-Frame: Compression Diagonal System

K-Frame

Fbr

Fbr

32



What if it Doesn’t Work?

• A few suggestions
• If it doesn’t work, and it’s close…

• Wider / thinner flange if possible to increase Iyeff
• Deepen the girder to increase Ixx
• Add a line or two of bracing, to increase “n” in the stability 

equations
• If it’s “way off”

• Add top flange level lateral bracing for one or two bays at the end 
of the span

• Which end(s)
• The discontinuous ends

• And then remember to check the wind loads that will now 
accumulate at the braced end 33



Standard Design and Plans for 
Modern Steel Highway Bridges
What is this project about? What are the deliverables?



Project Team

35

• Russo Structural Services
• Prime consultant
• Lead Designer

• Genesis Structures
• Constructability advisors
• CAD / drawing preparation

• M A Grubb & Associates
• Independent design review and quality control
• AASHTO code compliance



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

• 80 – 300 ft (10 ft increments)
• Cross-frame & Diaphragm Details
• Lateral Bracing Details
• Bolted Field Splices
• Deck Details
• Link Slab Details

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

• Equal Spans, 100 – 250 ft (15 ft increments)
• Deck Pouring Sequence
• Cross-frame & Diaphragm Details
• Lateral Bracing Details
• Bolted Field Splices
• Deck Details

• 28 sheets
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Standard Designs for Straight I-Girder 
Bridges 

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

• Center spans, 150 – 300 ft (15 ft increments)
• End span = 78% of center span
• Deck Pouring Sequence
• Cross-frame & Diaphragm Details
• Bolted Field Splices
• Deck Details

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

• Two center spans = 150 – 300 ft (15 ft increments)
• End span = 78% of center span
• Deck Pouring Sequence
• Cross-frame & Diaphragm Details
• Bolted Field Splices
• Deck Details

• 33 sheets
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8 ft beam spacing 10 ft beam spacing
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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 and 
Preliminary Studies
What important questions were asked and 
answered to develop the standards?



Fabricator Outreach
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Efficient Plate Sizing

• Design direction
• Flanges in any width are acceptable
• Use as few thicknesses as possible

• Flanges in 1/4” thickness increments, 1” minimum
• Webs in 1/8” increments, ½” minimum
• Flange thickness 3” maximum preferred (or switch to HPS 70W)
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Cost Effectiveness of HPS 70W and Gr 50W

• Use Gr 50W until about 3” thick
• An “over 3” flange” has a cost premium even in Gr 50W so HPS 

70W can be used to offset this premium and save weight
• Go wider to stay under 3” when possible
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How Many Unique Plate Sizes?

• 2 webs and 6 unique flanges 
seem reasonable

• The fewer the better, and at 
least 10T minimum for any 
thickness

46



Preferred Field Section Lengths

• Length
• 120 ft – no problems
• 130 – 140 generally not a problem
• Some fabricators have access challenges even getting out of their own plants 

and on the roads > 150 ft
• Decision – maximum field section, 140 ft long

• Depth
• Girders under 10 ft deep – no problem for anyone
• Girders under 12 ft deep definitely preferred
• Decision – Maximum web depth, 11 ft

• Weight
• Decision – 50T field section limit – influences the longest spans only and 

drove the decision to switch to HPS 70W in some cases
47



Cost Effective Diaphragms and Cross-
Frames

48



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

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

• Center spans, 150 – 300 ft (15 ft increments)
• End span = 78% of center span
• Deck Pouring Sequence
• Cross-frame & Diaphragm Details
• Bolted Field Splices
• Deck Details

• 33 sheets
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Special Topic: Multi-Span Bridges with 
Simple Spans and Link Slabs
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Link Slab Details
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Link Slab Details
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Link Slab Details
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Link Slab Details
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Conclusions
• Modern, cost-effective, and comprehensive standard plans have been 

developed
• Simple spans from 80 – 300 ft and continuous spans as long as 300 ft are 

included
• Four unique beam spacings are covered
• Design of the final beams is performed / checked using NSBA LRFD SIMON
• Extensive checking of stability during deck casting, stresses from overhang 

brackets, and stresses / deflections under wind load are considered
• Many additional design elements are fully designed and detailed including 

splices, cross-frames, lateral bracing, and shear connectors
• Designs are “near final” and require only the adaptation to specific site 

requirements that may differ from the standard plans.
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Assessment Question 1

• The Standard Plans can be used for

A. Simple and continuous span bridges
B. Beams spacing of 8, 10, 12, 14 ft
C. Simple span bridges converted to continuous units with link 

slabs
D. All of the above
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Assessment Question 2

• True or False

A continuous steel bridge of three or or more spans is most 
economical when all spans are equal
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Assessment Question 3

• True or False

For an economical steel bridge, engineers should strive to achieve 
the lightest weight even when that means adding frequent flange 
plate transitions and transverse stiffeners to thin webs

81



Thank You
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