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• Brandon Chavel, PhD, PE - Vice President - Bridge for AISC/NSBA

• Frank Russo, PhD, PE – Russo Structural Services

• AISC/NSBA Resources

But first….credit, where it’s due…

https://www.aisc.org/nsba/design-and-estimation-resources/standard-bridge-plans/
https://www.aisc.org/nsba/design-and-estimation-resources/steel-bridge-design-handbook/
https://www.aisc.org/education/university-programs/ta-fundamentals-of-steel-bridge-engineering/
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• Steel Girder Components / Terminology
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• Steel Girder Components / Terminology
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• Steel Girder Components / Terminology

Introduction
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• Steel Girder Components / Terminology
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• Steel Girder Components / Terminology
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• Steel Girder Components / Terminology

Introduction

DiaphragmsCross-frames



• Steel Girder Components / Terminology

Introduction

• Tub girder internal bracing• I-beam bottom flange bracing
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• As Frank Russo likes to say…

Requirements/Rules of Thumb/Good Practices

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. The goal of this 
presentation is help you avoid the bad ones



Span layout

• For multi-span bridges, continuous layout generally preferred 

• Balanced span arrangement – how?

• End spans 75% - 82% of center span

Requirements/Rules of Thumb/Good Practices

Balanced Span Arrangement

It would be good if …



-14000

-12000

-10000

-8000

-6000

-4000

-2000

0

2000

4000

6000

0 0.5 1 1.5 2 2.5 3 3.5 4

Slab DL 
Moment

Girder DL 
Moment

Barrier DL 
Moment

Requirements/Rules of Thumb/Good Practices

• Balanced spans
• Example 4-Span – Strength I Envelope Moments

199’-255’-255’-199’    (0.78L : 1.0L : 1.0L : 0.78L)
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Requirements/Rules of Thumb/Good Practices

• Balanced spans
• Example 4-Span – DL Moments

199’-255’-255’-199’    (0.78L : 1.0L : 1.0L : 0.78L)



Requirements/Rules of Thumb/Good Practices

• Spacings and overhangs It would be good if …
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0.28 S
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Why?

Balances moments in 
exterior/interior girders



Requirements/Rules of Thumb/Good Practices

• Spacings and overhangs It would be good if …

S S S S

0.28 S

to

0.35 S
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to

0.35 S



Requirements/Rules of Thumb/Good Practices

Practical beam spacings

• 8 – 10 ft …. Everybody does this and has these in the inventory

• 12 ft …. Common, not as common

• 14 ft … getting to be a more unique design

• >14 ft, rare, limited by deck designs

• Some other considerations
• Do you anticipate half width deck reconstruction in the future?

• If so, you need an odd number of beams to have one down the middle.

• How are your decks formed (SIP or lumber ?)



Requirements/Rules of Thumb/Good Practices

Practical beam spacings

• Minimize girder lines
• When depth limitations aren’t a factor

• Fabricator’s perspective
• Less welding per pound of steel

• Fewer cross-frames

• Fewer shop and field splices

• Less material to inspect, coat, ship

• Erector’s perspective
• Fewer girders/field splices/cross-frames/bearings to erect/install

• Stiffer structure – smaller differential deflections



Requirements/Rules of Thumb/Good Practices

Span to depth ratios – suggested 

• AASHTO LRFD 2.5.2.6.3

• Beam portion (web)
• 0.033L = L/30 (single span)

• 0.027L (Continuous)

• Composite I-Beam
• 0.040L = L/25 (single span)

• 0.032L (Continouous)

Note – the continuous span criteria assumes double-end continuity. For example, it can be 
rationalized to use 0.030L for end spans for the beam portion, and thus all spans

Must or should 
depending on owner



Requirements/Rules of Thumb/Good Practices

Flange proportioning limits

• AASHTO LRFD 6.10.2.2

• AASHTO Commentary

(NSBA recommendation)

It would be good if …
Don’t dare not do this

Shall/must



Requirements/Rules of Thumb/Good Practices

Flange proportioning – negative moment regions

• Bottom Flange
• Typically controlled by buckling at strength limit state

• Top Flange
• Typically controlled by tension flange yielding at strength limit state

• Welded shop splice
• Preferably off interior pier near first cross-frame

• Flanges in this region are often wider than positive moment region



Requirements/Rules of Thumb/Good Practices

Flange proportioning – positive moment regions

• Bottom Flange
• Typically controlled by fatigue or tension flange yielding

• Top Flange
• Typically controlled by constructability

• Combined major axis and lateral bending due to deck casting

• Bottom flange will typically be larger than top flange.

• In large spans, there could be additional welded shop splices.



Requirements/Rules of Thumb/Good Practices

Cross-frame & diaphragm layout

• Cross-frames / diaphragms in straight or slightly skewed bridges 
generally do not have “as-designed forces”

• What is “slightly skewed”?

• Skew index =

• Spacing? 

• What governs their size if there are no computed loads?
• You will soon find out



Requirements/Rules of Thumb/Good Practices

Cross-frames & diaphragms

• Geometry
• Depth

• Make them at least 0.8 of girder depth

• Type – V, X, Inv V, Diaphragm
• Aspect ratio (Girder Spa/Girder Depth)



Requirements/Rules of Thumb/Good Practices

Cross-frames & diaphragms

• Aspect ratio ranges of applicability for cross-frame types

1.5D (MAX)

D

1.5D (MIN), 3.5D (MAX)

D



Requirements/Rules of Thumb/Good Practices

Lateral bracing

• Should be investigated for all 
stages of construction

• Stability requirements

• Wind during construction

• When we get up around 200 ft 
spans, take a closer look



Requirements/Rules of Thumb/Good Practices

Variable web depth members

• Clearances, aesthetics, 
economics

• Typical linear or parabolic variation

• Minimum depths previously 
discussed – suggest applying to 10 
percent of span away from bearing.

• AASHTO 6.10.1.4 for guidance



Requirements/Rules of Thumb/Good Practices

Variable web depth members



Requirements/Rules of Thumb/Good Practices

Fit condition

• When is it desired for the girders to be “plumb”?
• The “fit” or “fit condition” of an I-girder bridge refers 

to the deflected girder geometry associated with a 
specific load condition in which the cross-frames or 
diaphragms are detailed to connect to the girders.

https://www.aisc.org/globalassets/nsba/technical-documents/skewed-and-curved-i-girder-bridge-fit-full-2016-revision.pdf



Requirements/Rules of Thumb/Good Practices

Fit condition

• Recommendations

• Article 6.7.2
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• AASHTO standards vs ASTM standards

• ASTM A709 -> AASHTO M270
• Bridge steel

• Additional toughness requirements

• Some ASTMs don’t have an AASHTO counterpart

Material Considerations



• Corrosion Resistance
• Weathering Steel

• Usage guidance in Reference Guide

• Paint coatings

• Galvanizing

• Metallizing (thermal sprayed coatings)

Material Considerations

https://www.aisc.org/nsba/design-resources/uncoated-weathering-steel-reference-guide/
https://www.aisc.org/nsba/design-and-estimation-resources/aashto-nsba-collaboration/aashto-nsba-collaboration2/



• Procurement
• Lead times (grade, thickness, markets, shapes, plate)

• Shape availability 

• Plate availability

Material Considerations



Material Considerations

https://www.aisc.org/nsba/design-and-estimation-resources/plate-availability/



Fabrication

• Flanges
• Flanges of desired thickness are cut 

from the ordered plate into the 
desired segments.

• Preferably, if the design facilitates it, 
slabs are welded together first, and 
then the flanges are cut (“stripped”) 
from the welded slabs (a process 
known as “slab welding”)

• If flange segments are unique, 
flanges are stripped first and then 
welded. 

Material Considerations



Fabrication

• Flanges
• Rules of thumb…

• tf ≥ 0.75 in.; bf ≥ 12.0 in.

• 1/8 in. increments up to 2 ½ in., then ¼ in.

• Practical thickness limit of 3 in. (Spec. up to 4 in.)

• Limit number of plate thicknesses.

• Keep same flange width in field sections. 
• Only change thickness at welded shop splices

• Thinner plate ≥ ½ thickness of thicker plate

• No more than two butt splices in field section

• Think about plate availability lengths 

Material Considerations



Fabrication

• Webs
• Depth considerations

• Avoid longitudinal stiffeners on routine bridges

• Unstiffened or “Partially stiffened”

• Consider fabrication and transportation 

Material Considerations



• Girder field section lengths
• Common field sections are up to 

140 ft long and 50 tons.

• Many owners have guidance on 
max field section lengths.

• Consult fabricators early in the 
design process for constraints.

Material Considerations
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4. Analysis Considerations
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• Appropriate level of analysis?

Analysis Considerations



• Appropriate level of analysis?
• Hand calcs?

• Simple computer models?

• Detailed computer models?

• What do we want out of the model?
• Forces? Displacements? Reactions?

• Understand implications/limitations

In the end, create the simplest model to get the desired results

Analysis Considerations



• Appropriate level of analysis?
• Resources

• NCHRP Report 725 

• AASHTO/NSBA Collaboration G13.1

• Recommendations on methods of analysis
• Ability of 1D and 2D methods compared to 3D

Analysis Considerations
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5. Design Considerations
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Let’s talk about a few topics related to design

• Stability
• Global stability

• Stability bracing

• Wind load during construction

Design Considerations



Global buckling of narrow steel units

• For a twin-girder system: Lb vs Lg 

• Bracing spacing controls individual girder lateral-torsional buckling

• Bracing size and spacing doesn’t control system buckling

Design Considerations



Global buckling of narrow steel units

Design Considerations

Global Buckling 
(��� = 792 k-ft)

Buckling Between Cross-Frames 
(��� = 1384 k-ft)



System buckling of narrow steel units (three or fewer girders)

Design Considerations

Where:
• ��� = nominal buckling resistance of the girder system (k-in)
• ��= spacing of twin girders or for 3 girder system use spacing between 

the two exterior girders (in)
• � = modulus of elasticity of steel girder (ksi)
• � = length of span under consideration (in)



System buckling of narrow steel units (three or fewer girders)

• ��� = system moment gradient modifier
= 1.1 for simply-supported units
= 2.0 for continuous-span units 

• �� = Non-composite single girder strong-axis moment of inertia
• For non-prismatic girder properties – AASHTO recommends a length-

weighted average for ��, and ����. 

Design Considerations



System buckling of narrow steel units (three or fewer girders)

Design Considerations

I��� =  ��� + (�/�)���



System buckling of narrow steel units (three or fewer girders)

Considering all of the girders across the width of the unit within the 
span, the sum of the largest total factored moments during deck 
placement should not exceed 70% of ���.

Design Considerations



System buckling of narrow steel units (three or fewer girders)

• Example:  283 ft single span I-girder bridge

Design Considerations



System buckling of narrow steel units (three or fewer girders)

• Deck cast eigenvalue = 1.68 

Design Considerations



System buckling of narrow steel units (three or fewer girders)

• First stage of construction

Design Considerations



System buckling of narrow steel units (three or fewer girders)

• Deck cast eigenvalue = 0.82 

Design Considerations



System buckling of narrow steel units (three or fewer girders)

• Mu in EACH girder during deck casting = 27,000 ft-kips * 3

= 81,000 >>> 0.7*56,000.   “Overstressed” by 2

• Recall the eigenvalue of 0.82 is in the three-girder system, a desired 
value is 1.5 or better, off by a factor of 1.83, like the 2 from above.

Design Considerations

��� = 1.1
��(16 ��)�

(283 ��)� 2.5�10� ���  ∗ 2.0�10� ���

��� ≅ 56,000 �� − ���� 



Stability bracing requirements

• Bracing forces? 
• Recall from earlier discussion – sometimes 

we don’t have bracing design forces

• Reactions to bracket loads

• Wind load on steel
• During erection

• Final conditions

We might ask…Anything else?

Design Considerations



Stability bracing requirements

• What does AASHTO LRFD 6.7.4.2 say?

• Depth requirements
• Rolled beams – 0.5 x member depth

• Plate girder – 0.75 x member depth

• What about strength or stiffness bracing provisions?
• Except slenderness, we haven’t had any guidance…

…until now.  The 10th Edition now does.

Design Considerations



Stability bracing requirements

• 6.7.4.2.1 … Diaphragms or cross-frames for rolled-beam and plate-
girder bridges shall satisfy the stability bracing stiffness and 
strength requirements specified in Article 6.7.4.2.2, as 
applicable.

• 6.7.4.2.2 Stability Bracing Requirements (new article)

Design Considerations



Stability bracing requirements

Design Considerations



Stability bracing requirements

Design Considerations



Stability bracing requirements

• What are the requirements for bracing systems?
• Bracing plays a major role in the stability of the structural system.

• 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. 

Design Considerations



Stability bracing requirements

• Ideal brace stiffness, 

• Buckling occurs between brace points

• Initial imperfection / out-of-straightness

Design Considerations



Stability bracing requirements

• Fundamental concept with torsional bracing:
• Grider is fully braced at a location if twist is 

prevented.

• Stiffness requirement:

Design Considerations



Stability bracing requirements

Design Considerations



Stability bracing requirements

• Actual bracing stiffness

Design Considerations

Springs in series

������ =  
1

1
�1

+
1

�2
+

1
�3



Stability bracing requirements

• ���, bracing stiffness of cross-frame/diaphragm

Design Considerations



Stability bracing requirements

Design Considerations

Ld, Ad

hb

S

��� =
�������

�

��
� (6.7.4.2.2-8)



Stability bracing requirements

• �sec, cross-sectional distortion stiffness

Design Considerations



Stability bracing requirements

• �g, in-plane girder stiffness is a function of:
• Individual girder stiffness at point under consideration, Ix

• Number of girders in span under consideration, ng

Design Considerations



Stability bracing requirements

• Summary of new stiffness requirements

• 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

Design Considerations



Stability bracing requirements

• Summary of new stiffness requirements

• What if this isn’t satisfied?
• One option:  if flange level lateral bracing is used over 0.2L adjacent 

to the support, required stiffness shall be multiplied by 0.70.

Design Considerations



Stability bracing requirements

• What about strength?

Design Considerations



Stability bracing requirements

• Strength requirement

• Resolved into member forces.

• Required stability bracing forces in each 
member are combined with other force 
effects acting during construction.

Design Considerations



Stability bracing requirements

• DO NOT finalize the design of your girder until you start checking 
these interactions

• The cross-frame itself is unlikely to be “the problem”

• If these checks fail it is much more likely associated with your 
girder properties

Design Considerations



Stability bracing example
• Single span – 200 ft

• 4 beams @ 12 ft on center

• Web depth 86 inches (about L/28 for the web alone)

• Frame depth = 76 in. (web depth minus 10 in.) (88% of web depth)

• Factored construction moment at midspan = 14,448 ft-kips

• S/D = 144 / 86 = 1.67 > 1.5 a K-frame is recommended.

• Minimum size angle to meet kl/r = 6x6x3/8 for the top chord.

• Minimum size angle to meet kl/r = 5x5x5/8 for the diagonals.

• Cross-frames at 25 ft on center

• Cb = 1 for simplicity

Design Considerations



Stability bracing example

Design Considerations

E    = Modulus of elasticity (ksi)
�� = Length of diagonal (in), 105 in.
�� = Area of diagonal member(s) (in), 5.9 sq in. times 0.65 = 3.84
�� = Area of horizontal member(s) (in), 4.38 sq in. times 0.65 = 2.85
ℎ� = Height of brace system (in), 76 in.
� = Spacing of girders (in), 144 in.

�� =
2���ℎ�

�

8��
�

��
+

��

��

F
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144 inches



Stability bracing example

Design Considerations

�� =
2���ℎ�

�

8��
�

��
+

��

��

=  
2(29000)(144�)(76�)

8(105�)
3.84 +

144�

2.85

= 2.0�10� 



Stability bracing example

Design Considerations

=  
24(4 − 1)2(144�)(29000)(222,839)

(4)(2400�)
= 5.2x10�



Stability bracing example

Design Considerations

�� ��� =
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Stability bracing example

Design Considerations

�� ��� ≥
2.4�

����������

��

��

�

4.1�10�  ≥  �� =
2.4(2400) 14,448 ∗ 12 �

0.8(7)(1)(29000)(2693)
= 3.96�10� 

Design is satisfactory even with minimum kl/r angles

If it didn’t work, solutions include:
• Increase the size of the angles
• Add a line of crossframes
• Switch to an X Frame
• Increase Ixx to increase the in-plane girder stiffness



Stability bracing example

Design Considerations

��� = ��� = ���� = ��� =
2.4�

�������

��

��

�
��

500ℎ�
= 2210 �� ∗ ����

��� =  
2210 �� − ����

76 − ��
= 29 ����

29 kips

29 kips

29 kips

29 kips

-29 kips+29 kips

Note: These are JUST the forces 
from stability bracing. To these, 
add in the chord forces from 
other construction loads



Stability bracing summary

• AASHTO now has REQUIREMENTS (in the 10th edition) requiring 
that flexural members be braced with members of sufficient 
stiffness and strength

• Stiffness is required to control distortion (twist) in girders.

• Restraint of twist requires a strength design check of the bracing 
system

• Calculations 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.

Design Considerations



Stability bracing summary

• But what if it doesn’t work?
• 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

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

Design Considerations



Stability bracing summary

• What have we learned?
• Cross-frames using minimum kl/r bracing angles provide a reasonable 

solution in terms of stiffness and strength.

• When a design does not satisfy the stiffness requirements it is usually 
because of the girder stiffness components

• Considering the wind and stability topics together the following are 
important conclusions

• Narrow thick flanges are not an efficient solution. Better performance all 
around is found with wider and thinner flanges

Design Considerations



Wind load during construction

Strength Loads Service Loads

Design Considerations



Wind load during construction

• Guide specifications
• Assumptions (things you need to know)

• Inactive wind speed (115 mph)

• R factor (reduction in wind risk due to period 
of exposure)

• 0.73 used, 6 wks – 1 yr construction

• Height corrections
• 1.0 if less than 33 ft above ground

• Drag coefficients
• CD,base = 2.2 (plate girders during construction)

• Sum of CD for girders at that stage

Design Considerations

1     0   0.5 0.5  0.5  0.5

1      0   0.25 0.25 0.25  0.5



Wind load during construction

• Remember, stress might not be maximum at midspan

• Need to check combined stresses with steel self-wt

Design Considerations



Comments and observations from standards development

• Unless your state requires this check, these are “optional” in the 
sense that a Guide Specifications is not a mandatory 
requirement.

• But what can we learn?
• The development of standards assumed bridges “low to the ground”, 

i.e. < 33 ft.  Bridges much higher than this will change the outcomes
• For single span bridges, Guide Spec wind load stresses are between 5 –

20 ksi
• Recall a limit of 0.6 Fy, 30 ksi commonly for Gr 50W plate
• For single span bridges, deflection became a problem before stress

• For 2, 3, 4-span bridges, Guide Spec wind load stresses approached 
0.6Fy for various designs

• For continuous span bridges, deflection was almost never a problem

Design Considerations



Wind load during construction

• PennDOT criteria
• BD-620M

• Design spans under 200 ft to not need it

• Evaluate between 200-300 ft

• Always provide over 300 ft

• Permissible lateral deflection L/150

• Changes
• Old - only fascia girders are loaded

• New (Nov. 2022) – all girders loaded similar to Guide Spec

Design Considerations



Wind load during construction

• Example bridge
• 5 beams @ 8 ft centers

• Span = 180 ft

• Apply the PennDOT 32 psf wind load to fascia beam only

Design Considerations



Wind load during construction

• Example bridge
• Midspan deflection = 14.9”

• Permissible = L/150 = 14.4”

• Slightly over
• Solutions could be

• Revise flanges

• Add bracing

Examine what happens if we add WT bracing at the end

Design Considerations



Wind load during construction

• Example bridge
• Midspan deflection = 1.3”

• Previous 14.9”

• What happened?
• Bridge has 6 bays @ 30 ft each

• 1 bay each end now has lateral bracing

• “Free length” now 120 ft

• A little bracing can go a long way…

Design Considerations



Wind load during construction

• Some other recommendations
• Do not rely on outer bay bracing only

• Add bracing as the width of the bridge is built out

• As a designer you have no idea what sequence will be used in 
construction

• Provide the greatest degree of safety and stiffness by including 
bracing in all bays

• Each bay added adds wind load area but also capacity

• Look at this early on…wind and constructability can control.

Design Considerations
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6. Design Resources
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Standard Plans for Steel Bridges

• AASHTO 10th Edition

• 1-4 span bridges

• 80-300 ft span lengths

• 8, 10, 12, 14 ft spacing

• Comprehensive

Design Resources

https://www.aisc.org/nsba/design-and-estimation-resources/standard-bridge-plans/



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



Standard Plans for Steel Bridges

Design Resources



• Steel Bridge Design Handbook

Design Resources

https://www.aisc.org/nsba/design-and-estimation-resources/steel-bridge-design-handbook/



• Steel Bridge Design Handbook

Design Resources



• Routine Steel Bridges

Design Resources

https://www.aisc.org/nsba/design-resources/nsba-guide-to-navigating-routine-steel-bridge-design/



• Routine Steel Bridges

• AASHTO references
• Complete discussion of code provisions

• Industry references
• Links to industry publications

• Useful tools
• Design resources

Design Resources



• Steel Span to Weight Curves

Design Resources

https://www.aisc.org/nsba/design-resources/span-to-weight-curves/



• LRFD Simon
• LRFD Simon is a steel line-girder analysis 

and design software program for straight 
steel I-and box-girder bridges with limited 
or no skew.

• AASHTO LRFD 9th Edition

• Great set of release notes

• FREE!

Design Resources

https://www.aisc.org/nsba/design-resources/simon/



• NSBA Splice

Design Resources

https://www.aisc.org/nsba/design-resources/nsba-splice/



• Lean-on bracing reference guide

Design Resources

https://www.aisc.org/nsba/design-resources/lean-on-bracing-reference-guide/



• Lean-on bracing

Design Resources
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7. Conclusions

124



Steel Bridge Design Basics

Use the resources available

Engage fabricators with questions

NSBA can help!

Remember the rules of thumb

Stability needs to be looked at early

Wind during construction – stress and deflections

Use the new steel bridge standards 

1.

2.

3.

4.

5.

6.

7.



Questions?


