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But first....credit, where it’s due...

- Brandon Chavel, PhD, PE - Vice President - Bridge for AISC/NSBA
- Frank Russo, PhD, PE - Russo Structural Services
. AISC/NSBA Resources Fundamentals of Steel Bridge Engineering

This set of Powerpoint modules can be used to cover a comprehensive bridge course. Each lesson dives into the respective topic in
full detail, and all modules include extensive speaker notes. The slides can be used in parts, and they can be modified or used as-is to
fit the needs and contents for a particular course.

The content is closely tied to the Steel Bridge Design Handbook maintained by the National Steel Bridge Alliance (NSBA). All medules
reflect the AASHTO LRFD Bridge Design Specifications, 9th Edition. Any differences in the 70th Edition are clearly indicated.

« Lesson 1:Intro to Bridges and Bridge Steels

« Lesson 2: Bridge Planning and Layout

* Lesson 3: Loads

« Lesson 4: Methods of Analysis

« Lesson 5: Shear in Girders

« Lesson 6: Flexure Part 1 - Fundamental Calculations

« Lesson 7: Flexure Part 2 - Constructability, Service Limit State, and Fatigue & Fracture Limit States

« Lesson 8: Flexure Part 3 - Strength Limit State: Noncomposite Sections and Composite Sections In Negative Bending
« Lesson 9: Flexure Part 4 - Strength Limit State: Composite Sections in Positive Bending and Shear Connection

» Lesson 10: Flexure Part 5 - Bracing for Flexure

= - ) Steel Bfld e « Lesson 11A: Splices and Connections - General Concepts and Welded Connections
F

Dur—_span Design = Lesson 11B: Splices and Connections - Bolted Connections and Girder Field Splices
Continuous s Handbook f@ S « Lesson 12: Tension and Compression Members
Span Bridges @ 2:"':9-"- N e « Lesson 13: Bearings and Joints

» Lesson 14: Bridge Decks

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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Introduction
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Introduction
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Introduction
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Introduction

- Steel Girder Components / Terminology
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Introduction
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Introduction

- Steel Girder Components / Terminology
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Introduction

Steel Girder Components / Terminology

* |-beam bottom flange bracing * Tub girder internal bracing
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Requirements/Rules of Thumb/Good Practices

- As Frank Russo likes to say...

Bridge design is a unique combination of

e Shall/ Must
* (AASHTO)
e Should
¢ (AASHTO Commentary)
e /t would be good if ...
¢ (NSBA Collaboration Documents)
e | wish you would ...
¢ (other guidance, fabricator and erector preferences)
e Don’tyou dare ...
¢ (avoid this at all costs)

There are many good answers. The goal of this
presentation is help you avoid the bad ones



Reqguirements/Rules of Thumb/Good Practices

[ It would be good if ... ]

Span layout
For multi-span bridges, continuous layout generally preferred
Balanced span arrangement — how?
End spans 75% - 82% of center span

M~y 7 1

I 1

Balanced Span Arrangement




Requirements/Rules of Thumb/Good Practices

Balanced spans

Example 4-Span - Strength | Envelope Moments
199’-255’-255’-199” (0.78L:1.0L:1.0L:0.78L)




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)

Positive and Negative STR | Envelope Moments




Requirements/Rules of Thumb/Good Practices

[ It would be good if ... ]

Spacings and overhangs

| J
T I I I I

0.28 S Why? 0.28 S

to Balances moments in to
0.35S exterior/interior girders 0.35S




Requirements/Rules of Thumb/Good Practices

. Spacings and overhangs it would be good if ... |

2.5.2.7. 1—Exterior Beams on Girder System C2.527.1
Bridges
Unless future widening is virtually inconceivable, the This provision applies to any longitudinal flexural
load-carrying capacity of exterior beams shall not be less members traditionally considered to be stringers, beams, or
than the load-carrying capacity of an interior beam. girders.
— — —— — L

0.28 S 0.28 S
to to
0.35S 0.35S



Requirements/Rules of Thumb/Good Practices

Practical beam spacings
8 -10ft.... 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 |-Beam

0.040L = L/25 (single span)
0.032L (Continouous)

Must or should ]

depending on owner

Table 2.5.2.6.3-1—Traditional Minimum Depths for Constant Depth Superstructures

Minimum Depth (Including Deck)

When variable depth members are used, values may be
adjusted to account for changes in relative stiffness of

Superstructure positive and negative moment sections
Material Type Simple Spans Continuous Spans
Overall Depth of Composite I-Beam 0.040L 0.032L
Depth of [-Beam Portion of 0.033L 0.027L
Steel Composite I-Beam

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




Requirements/Rules of Thumb/Good Practices

Fl‘ange proportlonlng limits Compression and tension flanges shall be
proportioned such that:
b/
—_<12.0, (6.10.2.2-1)
2t,
by=D /6, (6.10.2.2-2)
AASHTO LRFD 6.10.2.2 — [ shall/must |
tr = 1.1 t, (6.10.2.2-3)
I,
0.1< ;—‘ <10 (6.10.2.2-4)

Lg | It would be good if ... )
AASHTO Commenta ry {b{ﬁ = 85 [Don’t dare not do this] (C6.10.2.2-1)
(NSBA recommendation)




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”
- Whatis “slightly skewed”?

. w_tan0
- Skewindex =I-= »; (4.6.3.3.2-2)

© Spacing? I

The arbitrary requirement for diaphragms or cross- / / / / / / /
frames spaced at not more than 25.0 {t in the AASHTO

Standard Specifications for Highway Bridges (2002) has

been replaced by a requirement for rational analysis to

establish the necessary spacing according to the

requirements specified herein.

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




Requirements/Rules of Thumb/Good Practices

. 6.7.4.2.1—General
Cross-frames & diaphragms

Diaphragms or cross-frames for rolled beams and

. plate girders should be as deep as practicable, but at a
Geometry minimum should be at least 0.5 of the beam depth for

. De pth rolled beams and 0.75 of the girder depth for plate girders.
Cross-frames in horizontally curved bridges should

. Make them at least 0.8 of girder depth contain diagonals and top and bottom chords.
Diaphragms or cross-frames for rolled-beam and

* Type _V’ Xa Inv V’ Dlaphragm plate-girder bridges shall satisfy the stability bracing
stiffness and strength requirements specified in Article
6.7.4.2.2, as applicable.

« Aspectratio (Girder Spa/Girder Depth)




Requirements/Rules of Thumb/Good Practices

Cross-frames & diaphragms
Aspect ratio ranges of applicability for cross-frame types

1.5D (MIN), 3.5D (MAX)




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 applyingto 10
percent of span away from bearing.

- AASHTO 6.10.1.4 for guidance




Requirements/Rules of Thumb/Good Practices

Variable web depth members

Linear Taper /—\ Parabclic Haunch ¢- "
Fish Belly Haunc h g fat
‘I‘.\-—;_—-"—'—'ﬂ"




Requirements/Rules of Thumb/Good Practices

Fit condition
- When s it desired for the girders to be “plumb”?

The “fit” or “fit condition” of an |-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.

lable 1 Commen Fit Conditions

Loading Construction o ;
Condition Fit Stage Fit Sssaiphion Feamice
No-Load Fit The cross-frames are detailed to fit to the | The fabricator (detailer) sets the drops
(NLE) Fully-Cambered Fit | girders in their fabricated, plumb, fully- using the no-load elevations of the girders
cambered position under zero dead load. | {i.e., the fully cambered girder profiles).
The cross-frames are detailed to fit to the The fabricator (detailer) sets the drops using
Steel Dead Erected Fit girders in their ideally plumb as-deflected | the girder vertical elevations at steel dead load,
Load Fit (SDLF) positions under the bridge steel dead load | calculated as the fully cambered girder profiles
at the completion of the erection. minus the steel dead load deflections.
y . The fabricator (detailer) sets the drops using
Total Dead " Thesoross-framesarm cetallad to Mt tedhe the girder vertical elevations at total dead load,
Final Fit girders in their ideally plumb as-deflected : :
Load Fit (TDLF) B ] which are equal to the fully cambered girder
positions under the bridge total dead load. - :
profiles minus the total dead load deflections.

Skewed and Curved
Steel I-Girder
Bridge Fit

Smarter.
Stronger.
Stesl.

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

Flt C O n d It I O n lable 3 Recommended Fit Conditions for Straight |-Girder

Bridges (including Curved |-Girder Bridges with L/R in
all spans < 0.03)’

‘ Re commen d at 1oNs Square Bridges and Skewed Bridges up to 20 deg Skew
: Recommended | Acceptable | Avoid

® ArtiCl.e 6.7.2 . Any span length Any | None

Skewed Bridges with Skew > 20 deg and /, < 0.30 +/-

The contract documents should state the fit condition | Recommended | Acceptable | Avoid
gort T}Ei‘h ttlllle tf:rl(l)ss—_fran}es. (()ir (:Ea%hragms are to be | Any span length | TDLF or SDLF | NLE
etailed for the following I-girder bridges: ' :
g ¢ Skewed Bridges with Skew > 20 deg and [, > 0.30 +/-
e straight bridges where one or more support lines are . | Recommencdled | ficceptable | Avoid
skewed more than 20 degrees from normal; gg;n&iij_gths up to SDLF TOLF NLE
e horizontally curved bridges where one or more | - - [ -
support lines are skewed more than 20 degrees from tS}?a ar: zlggazhf /greater SDLF TDLF & NLF|

normal and with an L/R in all spans less than or equal
to 0.03; and
Table 4 Recommended Fit Conditions for Horizontally Curved

e horizontally curved bridges with or without skewed
I-Girder Bridges ((L/R), > 0.03)"

supports and with a maximum L/R greater than 0.03.

| Rac_i_ial or Skewed Supports

Recommended | Acceptable Avoid
| (LR = 0.2 NLF 3 SDLF* TDLF
All other cases SDLF NLF TDLF
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Material Considerations

- AASHTO standards vs ASTM standards

- ASTM A709 -> AASHTO M270
- Bridge steel
- Additional toughness requirements

- Some ASTMs don’t have an AASHTO counterpart

Table 6.4.1-1—Mechanical Properties of Structural Steel by Shape, Strength, and Thickness

SHTO 1 M 270M, M 270M M 270M M 270M M 270M M 270M.
M 270 M 270 M 270 M 270 M 270 M 270 M 270
Grade 36 | Grade 50 Grade 505 Grade Grade Girade Girade
S0W HPS 50W HPS TOW HPS 100W
Equivalent ATOG/ AT09/ ATO9/ ATOR AT09; ATOS AT09;
ASTM ATOAM ATHOM A TOOM AT0UM ATOOM ATOOM ATEM
Designation | Grade 36 | Grade 50 Cirade 505 Girade Girade Girade Girade
S0W HPS 50W HPS T0W HPS [00W
Thickness Upto Up 1o Not Up 1o Upto Up to Up to Owver
of Plates, 4.0 el 4.0 el Applicable 4.0 incl 4.0 inel. 4.0 incl. 2.5 151w
in. inel 4.0
incl
Product All All All N/A N/A N/A N/A
Forms Groups Groups Grosps
Minimum 58 65 70 70 85 140 100
lensile
Strength,
Specified i 50 50 50 50 70 1041 [T
Minimum
Yield Point
or
Specified
Minimum
Yield
Strength,
F ksi




Material Considerations

. Corrosion Resistance

- Weathering Steel

* Usage guidance in Reference Guide
- Paint coatings
Uncoated

- Galvanizing Wenbsnasil e
- Metallizing (thermal sprayed coatings)

Guide @

Specification for Application of
Thermal Spray Coating Systems to

Hot-Dip Galvanizing Specification
5832022

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/




Material Considerations

- Procurement
- Leadtimes (grade, thickness, markets, shapes, plate)
. Shape avallablllty Who makes the shapes you need?

The fellowing search interface g 10 access to AlSC's database of available structural steel shapes in the U.S. from major steel producers as well as which mills are
is availability is useful in the design process as a reference to determine the general availability of specific shapes. Generally, where many

. eyg e
- Plate availabilit
producers are listed, it is an indication that the particular shape is commonly available
ABOUT SIZES & GRADES | STEEL PRODUCER LOGIN

ALL H55 IS COMMONLY AVAILABLE IN AS00 GRADE C. AVAILABILITY OF A1085 IS LIMITED AND SHOULD BE CONFIRMED BEFORE SPECIFYING.

> SUBMIT

W SHAPES -

AISC MEMBERS

Nucor-
Yamato
Steel Co.

30x124x 10.5 AT09 v v v

NON-MEMBERS

ArcelorMittal

International

30x124x 105 AT09 v



Material Considerations

Plate Availability

The length availability for the various plate widths and thicknesses is a very common question engineers have when designing highway structures, Understanding the
availability of plate material while performing design iterations will ensure that the material used can be sourced from at least one of the domestic steel mills and result
in a better economy for the overall bridge superstructure.

View the tables below, and check out our Modern Steel Construction article Steel Plate Availability for Highway Bridges (published October 2023).

MAXIMUM PLATE LENGTH AVAILABILITY (INCHES) -- ASTM A709 GRADE 50 & 50W Steel Plate Availability for Highway Bridges

Christopher Garrell, PE, And Travis Hopper, PE

All lengths are readily available from three domestic mills.

An overview of plate sizes commeonly produced by domestic mills.

Plate Width--Grade 50 & 50W A QUESTION MANY ENGINEERS encounter when designing highway bridge
structures is the availability of various plate lengths, widths, and thicknesses. Thi

Plate possibilities and options can seem infinite and overwhelming. However, under-

Thickness standing the availability of plate material while performing design iterations will

72 78 84 20 9 102 108 114 120 Bnsure lghat the mate:: specified can be rean’ll\,lp:nurced f?am d:mestic stesl
mills, which usually yields improved fabrication speed and better economy for the
overall bridge superstructure.

e 1,034 1,034 1,034 1,034 1,034 1,034 1,034 1,034 1,034 _ o
The information listed in this arti-
cle is not intended 1o be an all-

% 1034 1,034 | 1,034 | 1,034 1034 1,034 1034 1034 1,034 ehckmpessinu sriimany of vl
able plates that a mill may be
able to produce. Itis intended to

%s 1,034 1,034 1,034 1,034 1,034 1,034 1,034 1,034 1,034 provide an overview of where the
thicknesses, widths, and lengths
produced by each mill intersect

£ 1,034 1,034 1,034 1,034 1,034 1,034 1,034 1,034 1,034 with one another resulting in the

Fig. 1 Rananalization of piote thitkness, width, end greatest dimensional availability
(Figure 1}. Other widths, thick-
£ 1,034 1,034 1,034 1 ,034 1,034 1 ,[]34 1,034 1,034 1,034 nesses, and lengths may be avail-
able from one or more of these producers. In cases where a dimension is not
shown, one should consult the steel mill or a local steel bridge fabricator. Maore

% 11034 1a034 11034 11034 1r034 1«034 11026 972 923 information can be found on the AISC Certification page under “Find a Certified

Campany” page (aisc orgleertification). Alternatively, feel free to contact an NSBA
Regional Bridge Steel Specialist (see sidebar on page 19). The AISC Steel
1 1,034 1,034 1,034 1,034 1,034 1,030 980 680 680 Solutions Center can also assist you by phone at B66.ASK.AISC and online at

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




Material Considerations

Fabrication

0
]

™~
37
P

Flanges

Flanges of desired thickness are cut
from the ordered plate into the e W R
desired segments.

Preferably, if the design facilitates it, N Pkl
slabs are welded together first, and | Ty Ceie el
then the flanges are cut (“stripped”) | ' g
from the welded slabs (a process
known as “slab welding”)

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

60" MINIMUM

._\\
R
Pt

Pl %L




Material Considerations

Fabrication TE I/] / |
3L/ / -
. Flanges ,/_/ 7 | [\\
| B s - T '( T
¢ RUleS Of thumb"' - \‘\ PLATE "A" \‘- PLATE "B" PLATE "C* —'I
- t20.75in.;b;212.0in. . i
« 1/8in.incrementsupto2¥%in.,then%in. — N . A _J

*  Practical thickness limit of 3 in. (Spec. upto4in.)
- Limit number of plate thicknesses.
- Keep same flange width in field sections.

*  Only change thickness at welded shop splices
« Thinner plate = 2 thickness of thicker plate

- No more than two butt splices in field section o -
- Think about plate availability lengths S S

\— PLATE "A" ‘L PLATE "B" PLATE "C" —/

\ PLATE & PLATE "C" J




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.







Analysis Considerations
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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 meth

ared to 3D

NATIONAL COOPERATIVE HIGHWAY

RESEARCH PROGRAM

Guidelines for Analysis Methods
and Construction Engineering
of Curved and Skewed
Steel Girder Bridges

Tuble B2-1 Matrix for Recommended Level of Anabysis—I-Girder Bridges, Nos-Composite Dead Load
Analvsis Models

>>>E'§.

Worst-Case Scores

Mode of Scores

Response Geometry Traditional I{D' Improved | Traditional ED' Improved
2D-Grid 2 | 2D-Grid! 2D-Grid -0 | aD-Grid®
Girder Girder

C(1.<1) B B A A B A

C(1.>1) D c A B c A

Major-Axis S (1, <0.30) B B A A A A

Bending

Stresses S (0.30< 7, <0.65) B c A B B A

S (1, 20.65) D D A C (¢ A

C&S (I, >0.5&1, >0.1) D A B c A

TRANSPORTATION RESEA|

WASHINGTON, D.C
2012

Ty g

£S5 R e I 1 5 0l ™) 0 B B 8 8 ) £ B A €% 5 P
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Design Considerations

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

- Foratwin-girder system: L, vs L,
- Bracing spacing controls individual girder lateral-torsional buckling
- Bracing size and spacing doesn’t control system buckling

et s e r
o . p<ini i il
— y — = ~— —
T (a) Individual girder buckling, plan view Lb_)|
X y ¥ (c)Systemcross sectionA-A L —
P — S oy
b 1T 1T T T T T %]
1 LI
L i
g

(b) Global system buckling , plan view



Design Considerations

Global buckling of narrow steel units

AN §1Y455 DISPLACEMENT AN %j_YaSS
ry - STEP=1 ki
\cademic A Academic
2014 2014

Global Buckling Buckling Between Cross-Frames
(M, =792 k-ft) (M, = 1384 k-ft)



Design Considerations

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

2

T W, E
M gy = Cpy ng 151, (6.10.3.4.2-1)

Where:

* Mgs = nominal buckling resistance of the girder system (k-in)

* w,= spacing of twin girders or for 3 girder system use spacing between
the two exterior girders (in)

 E =modulus of elasticity of steel girder (ksi)
* L =length of span under consideration (in)




Design Considerations

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

zrzw E

M gy = Cpy ng Loyl (6.10.3.4.2-1)

= system moment gradient modifier

= 1.1 for simply-supported units

= 2.0 for continuous-span units

Ix = Non-composite single girder strong-axis moment of inertia

For non-prismatic girder properties - AASHTO recommends a length-
weighted average for Ix, and Ief f.

Ch

S



Design Considerations

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

2
T w,E
M 45 = Cpg ng o1, (6.10.3.4.2-1)
comp. flg.
— —1
C
L | Lesr = Lye + (t/0)]ye
y t
[ d l— ¥

tension flg.



Design Considerations

System buckling of narrow steel units (three or fewer girders)
2

T W, E
M gy = Cpy ng 151, (6.10.3.4.2-1)

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 Mgs.



Design Considerations

(three or fewer girders)

System buckling of narrow steel units

girder bridge

Example: 283 ft single span |

]

g
o
1j=
£



Design Considerations

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

1.68©

Deck cast eigenvalue




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 ®

MIDAS/Civil
% Base 3R BOST-PROCESSOR
BUCKLING MODE
1.37102¢-03
1.24635%e-03
1.12175e-03
9.47109e-04
§.724708-04
7.47831e-04
6.231938-04
4.99554e-04
3.73916e-04
2.45277e-02
1.24639e-04
0.00000e+00

CRITICAL LOAD
FACTOR=2.225E-01

MODE 1

MAX : 22

MIN : 1

FILE: AFCO SI<

THIT:

DATE: 11/18/2024
VIEW-DIRECTION

e

2: 0.552




Design Considerations

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

2
T w,E
g
M g :Cbst Vel (6.10.3.4.2-1)

. m*(16 fH)E
Mos = 117283 ft)?

V2.5x105 in* = 2.0x10% in*

Mgy = 56,000 ft — kips

M, 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

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

OOOOOOO

Source of flange lateral
bending moments

. : o
We might ask...Anything else” P




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...

...untilnow. The 10™" 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)

6.7.4.2.2—Stability Bracing Requirements

In addition to the minimum design requirements
specified in Article 6.7.4.1, diaphragms or cross-frames
for all rolled-beam and plate-girder bridges shall satisfy
the following stability bracing stiffness requirement for
the applicable noncomposite DC loads and any
construction loads applied to the fully erected steelwork:



Design Considerations

Stability bracing requirements

See Art. D6.4.1 FLB resistance; LTB
or D6.4.2 resistance in uniform bending
Fncor Mnc | Anchor Point 1 \ __ _ LTBresistance under
EorM moment gradient
max max ~
v‘v‘v‘
Anchor Point 2
v‘vA.v‘ RuF,rOr
- & o S 2
v ~ g v compact' noncompact , ~ §
(inelastic buckling) g |23
vévé.v; 28 |es
[\ —
nonslender slender b N
N » g 3 5 x
(elastic buckling) R
> o

Lp Or Apf Lr OF Aot Lb or bre/2tse



Design Considerations

FLB resistance;

Fnc or Mnc
Fmax OF Mmax
| |
| Rber or
Rbeerc
J/‘ | (inelastic

slender

Resistance

>
>

(elastic buckling)

» X Uniform Bending




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, 3
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

===t

prevented. Diaphragms
Stiffness requirement: E g
(Br)ue 2(Br),e, (6.7.42.2-1)
Cross-Frames

|-

Through-Girders




Design Considerations

Stability bracing requirements

(fr)req= required stiffness of the torsional brace system
(kip-in./rad) calculated as follows:

e For diaphragms and cross-frames whose depth is at
least 0.8 times the beam or girder depth, attached to

full-depth connection plates positively attached to
both flanges:

__24L (M, ) (6.7.4.2.2-2)
¢o,nEl,,

e  Otherwise:

__3.6L [MJ (6.7.42.2-3)
(I)_wb HE [ veff Cb




Design Considerations

Stability bracing requirements Springs in series
- Actual bracing stiffness 1
] k =
(8., = (6.7.4.2.2-6) total = 1 L1 1
{1+1+1J it
ﬁbr ﬂsec )Bg
Py = brace stiffness of the diaphragm or cross-frame

that restrains twist of a beam or girder (kip-
in./rad.) determined as follows:

fsec = cross-sectional distortion stiffness for stability
bracing (kip-in./rad.) determined as follows:

p, = effective in-plane girder stiffness for stability
bracing (kip-in./rad.)



Design Considerations

Stability bracing requirements
- [, bracing stiffness of cross-frame/diaphragm

For an X-type cross-frame, compression-diagonal
system:

A,ES*h}
===

d

(6.7.4.2.2-8)

For a K-type cross-frame:

_ 2ES’h;
8L, §°

A A

d

(6.7.4.2.2-9)

For a diaphragm attached at or above mid-height of
the beam or girder:

_ 6EI,

6.7.4.2.2-10
S ( )



Design Considerations

Py = - (6.7.4.2.2-8)
La




Design Considerations

Stability bracing requirements
L., Cross-sectional distortion stiffness

fsec = cross-sectional distortion stiffness for stability
bracing (kip-in./rad.) determined as follows:

e For diaphragms and cross-frames, whose depth is at
least 0.8 times the beam or girder depth, attached to
full-depth connection plates positively attached to
both flanges:
= 0 (infinity)

e  Otherwise:

2

3E(DY (150 b3

B = 33E(D Cw 57 (6.7.4.2.2-12)
h- \ h 12 12

4 4




Design Considerations

Stability bracing requirements

,Bg, in-plane girder stiffness is a function of:
Individual girder stiffness at point under consideration, |,

Number of girders in span under consideration, Ng

B, = effective in-plane girder stiffness for stability
bracing (kip-in./rad.)

24(n, ~1) S*EI
e 7 (6.74.2.2-13)
n,L

g




Design Considerations

Stability bracing requirements
- Summary of new stiffness requirements

| 2
(ﬁr)m — > _ 2.4L M,
( 1 + : + 1 J (ﬂT)req (I)sbnE]ye_[f Cb
by Be P,

*  Flange proportions (b/t) directly influences |,

. Number of braces, n, influences the required stiffness of each brace

* B, isrelated to girder web height, spacing, and stiffness of bracing elements
*  Bgec €N be commonly ignored

©  Bgisrelatedtol,, of the girder



Design Considerations

Stability bracing requirements
Summary of new stiffness requirements

1 2
(IBT)acr = 2 — 24L Mu
( 1 + : + : J (ﬂT)req (I)sbnE]ye_[f Cb
By Be P,

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?

e For diaphragms and cross-frames, whose depth is at
least 0.8 times the beam or girder depth, attached to
full-depth connection plates positively attached to
both flanges:

i
241 (M, Y ( L,
M,, = ! ! (6.7.4.2.2-14)

e  Otherwise:

3.6L Mu I Lb
= (6.7.4.2.2-15)
nEl g\ G, 5004,




Design Considerations

Stability bracing requirements

- Strength requirement

> ~ = Mo

.
24L (M L N

s 2Fh,/S i /_ér hy/S
nElL, | G, )|\ 5008, ) %
R, ¥ : ;

- Resolved into member forces.

- Required stability bracing forces in each
member are combined with other force —
effects acting during construction. i g oot U g e

Configurations




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
C, =1 for simplicity



Design Considerations

Stability bracing example

F 144 inches

_ 2ES?hj
8Ly , 53
Ad AS

B

E = Modulus of elasticity (ksi)

L, =Length of diagonal (in), 105 in.
A, = Area of diagonal member(s) (in), 5.9 sq in. times 0.65 = 3.84
A, = Area of horizontal member(s) (in), 4.38 sq in. times 0.65 = 2.85
h, =Height of brace system (in), 76 in.

S =Spacing of girders (in), 144 in.




Design Considerations

Stability bracing example

_ 2ES?hj  2(29000)(144%)(76%)
P T8I 537 T B(105%) 148
a, T4, 384 T 285

= 2.0x10°




Design Considerations

Stability bracing example

~24(n, -1) S°EI
lgg B ngL3

24(4 —1)2(144%)(29000)(222,839)
— (24005 = 5.2x10°




Design Considerations

Stability bracing example

1
(,BT)act - 1 . 1 . 1
,Bb ,Bsec ,Bg

(Br)act = 7 11 ] = 4.1x10°
( )

2x106 T © T 52105




Design Considerations

Stability bracing example

2
241 (M,
=

2.4(2400)(14,448 * 12)?
0.8(7)(1)(29000)(2693)

Design is satisfactory even with minimum kl/r angles

41x10° > B = = 3.96x10°

If it didn’t work, solutions include:

* Increase the size of the angles

* Add aline of crossframes

e Switchtoan X Frame

* Increase |, to increase the in-plane girder stiffness



Design Considerations

Stability bracing example

My, = My, = pr0, = M), = cAl (M 2 Ly = 2210 in * ki
= = = = = %

_ 2210in — kips

= = 29 kips
br 76 — in P
29 kips 29 kips
| 7 '
2Fh,/S 2Fh,/S
Note: These are JUST the forces
from stability bracing. To these,
add in the chord forces from
other construction loads
_ _

29 kips 29 kips



Design Considerations

Stability bracing summary

AASHTO now has REQUIREMENTS (in the 10" 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

- Butwhatif it doesn’t work?

- Ifitdoesn’t work, and it’s close...
Wider/thinner flange if possible to increase |
« Deepenthe girder to increase |,
 Add aline or two of bracing, to increase “n” in the stability equations

- Ifit’s “way off”
- Add top flange level lateral bracing for one or two bays at the end of the span

« Andthenrememberto check the wind loads that will now accumulate at the
braced end

yeff



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
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Wind load during construction

Guide specifications e @ ® 998
: . T T T T T T
Assumptions (things you need to know)
Inactive wind speed (115 mph) |0 030k Ji ks
peee il ?>mp | + + + + + T
R factor (reduction in wind risk due to period | o | | |
Of exposu re) CDEF%RIACGIENT Cobase Co?:‘oge Cn?:l:ge Cnob.osso Cn%oio C.g'csse
0.73 used, 6 wks — 1 yr construction /023
Height corrections Sk A S L S
1.0 if less than 33 ft above ground T™ T T T T T
Drag coefficients % 1 0 0.250.250.25 0.5_
Cp pase = 2.2 (plate girders during construction) —l— M J— —L J——F
Sum of C for girders at that stage o | i SPAEe | 0_!25 0'!25 0_15



Design Considerations

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?,
l.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

R

PROJE!

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF TRANSPORTATION
BUREAU OF ECT DELIVERY

Changes
 Old - only fascia girders are loaded
* New (Nov. 2022) - all girders loaded similar to Guide Spec |

STANDARD

STEEL GIRDER BRIDGES
LATERAL BRACING CRITERIA
AND DETAILS

RECOMMENDED APR.29, 2016

1 Thens P Macioca
CHIEF BRIDGE ENGINEER

RECOMMENDED APR.29, 2016

B eond

DIRECTOR , BUR. OF PROJECT DELIVERY

SHEET 1 OF &

BD-620M




Design Considerations

Wind load during construction
- Example bridge

- 5beams @ 8 ft centers
- Span =180 ft
- Apply the PennDOT 32 psf wind load to fascia beam only

{
11400 \‘
| ‘
T
| 11000
{0 00
11000
(7] 1 1 &
i | || L] e
& g ] g & ] & g & ] & g & 3 & & & & & &% & g & - ] & & g & A



Design Considerations

Wind load during construction

- Example bridge
- Midspan deflection =14.9”
- Permissible =L/150 =14.4”
- Slightly over

«  Solutions could be
. Revise flanges
* Addbracing

Examine what happens if we add WT bracing at the end



Design Considerations

Wind load during construction

=1.3”

Midspan deflection

Example bridge

Previous 14.9”
What happened?

Bridge has 6 bays @ 30 ft each

o0
k=
O
@©
| -
o]
©
—
(]
e}
Pa
(2}
@©
£
2
(@)
c
©
c
()]
=
(@]
@©
o
>
@©
o]
A

now 120 ft

“Free length”

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.
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Design Resources

Standard Plans for Steel Bridges
- AASHTO 10 Edition
- 1-4 span bridges

AISC STANDARD PLANS FOR AISC STANDARD PLANS FOR
STEEL BRIDGES STEEL BRIDGES
SINGLE SPAN BRIDGES AND MULTI-SPAN BRIDGES TWO-SPAN CONTINUOUS SPAN BRIDGES
- WITH LINK SLABS
- 80-300 ft span lengths i,
Raleasa Date: January 7075 Relouse Dute: January 2025

- 8,10,12, 14 ft spacing

g - Smartor,
f | Stronger.
k. " | Steel,

AISC STANDARD PLANS FOR AISC STANDARD PLANS FOR
STEEL BRIDGES STEEL BRIDGES
THREE-SPAN CONTINUOUS SPAN BRIDGES FOUR-5PAN CONTINLIOUS SPAN BRIDGES
Design Specication: AASHTO LRFD 1th Edfion Design Specficaton: AASHTO LRFD 10th Edition

Reliase Dale. Jarwary 7025 Raleasa Date. January 2035

G, Smarter.
[ |- Stranger,
Y Stoal,

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



Design Resources

Standard Plans for Steel Bridges

AISC STANDARD PLANS FOR
STEEL BRIDGES

THREE-SPAN CONTINUOUS SPAN BRIDGES

Design Specification: AASHTO LRFD 10th Edition
Release Date: January 2025

DISGLAMER; This documans o prapared for converionsl use a8 an snginesring or :
piirsnrior e s il el upon for any specifc applcatian without : Smarter.
competent profes: it verification of e spplicabllity :

by a licensed en Institute of Steel C » Steel Bridge : Stronger.
Aisnce. a o msc Steel Soluions Center disciim an I3 3 trom Information providad )

by othar: m tha unauthorizod use of tha informatio n this documant H Steel.




Design Resources

Standard Plans for Steel Bridges

GENERAL NOTES:
Specifications:
AASHTO LRFD Bridge Design Specifications, 10th Edition.

AASHTO Guide Specifications for Wind Loads on Bridges During
Construgtion, 1st Edition.

Materials:

Girder Wabs and Flanges
ASTM AT0S Gr 50W or Gr HPS 70W as noted in the plate size tables
Gr HPS 70W flanges are noted with a &

Stitfeners
A708 Gr 50W

Intermediate transverse shear stiffeners, single sided
Stiffener sizes shown as required by design, 3 in. minimum thickness

Leteral Bracing and Disphragm / Crosshrame Members
ASTM AT09 Gr SOW

Conerate Dack
fo=dksi

Relnforeing Steel
Fy =60 ksl

Boits

ASTM F3125 Grade A325, diameter provided on detail sheets

Loading
Live Load
Live load is the controlling force effects from:

HL93
EV3 - Present in mulliple lanes
Fatigue design based on ADTT, = 1000 trucks per day

Dead Load
Dead load assumptions:
For DG

Slab thickness as shown in plans
Overhang thickness = slab thickness + 4 in
Concrete haunch weight, 50 pif per beam
Stay-in-place form allowance, 15 psf
Miscellaneous steel weight:

& ft girder spacing - 30 pif

10 fe girder spacing - 30 pif

12 fe girder spacing - 30 pif

14 ft girder spacing - 45 pif

Total DC1 loads shown on this sheet are computed with the above
assumptions and assuming equal loading 10 all beams in the
cross-section.

For DC2

Assumed single slope TLS railing
600 pif divided to two beams

For DW

2in. asphalt at 140 pef

Final Design Dead Loads

8 fl girder spacing designs:

DC1 =930 pif

10 1 girder spacing designs:
DC1=1,220 pif
DC2 = 300 pif
DW =200 pif

12 ft girder spacing designs:

DW = 280 pif

Note: exterior girders also designed for flange lateral banding moments from
overhang brackets and concrete deck finishing machine. Flange lateral bending
moments for exterior beams are provided on the Fascia Beam Design Criteria
sheet

Wind Load

Wind on cempleted bridge 44 psf
Wind on open framing during construction, see General Design Criteria sheet

GENERAL NOTES

Issued January 2025

Revision 0 Sheet 2 of 32




Design Resources

Standard Plans for Steel Bridges

esign Assumptions and Criteria, Continuous Span Bridges

1. Girder Design

a. Al designs performed using NSBA LRFD SIMON

b. Interior and exterior beams were designed. In LRFD SIMON, the "BOTH" option is used for the LL distribution
factors. This results in a single beam designed for the governing shear and moment distribution factors for an
interior and exterior beam. The composite slab effective width is based on an exterior beam

¢ Live load distribution follows AASHTO LRFD 4,6.2.2 for all beam spacings and span lengths. Designs where
the AASHTO distribution factor equations are used beyond the range of applicability are noted in the design
tables.

d. A skew of 20 degrees from nomal is assumed for all designs.

e. Live Ioad deflection satisfies AASHTO LRFD 2.5.2.6.2 Criteria for Deflection for vehicular bridges, LI800.

f

g

Girder depth satisfies AASHTO LRFD 2.5.2.6.3 Opional Criteria for Span-to-Depth Ratios.
Fatigue design based on Category C for shear studs welded to top flanges and Category C' for welded
transverse stiffeners, ADTTg, = 1,000 vehicles per day and a 75-year design life
h.  Maximum segment length, 140 feet
i Three-span-continuous units are designed for end span lengths equal to 78% of the center span length.
j. All continuous span bridges have field splices adjacent to each pier at approximately 0.7L of the end span
k. Some conlinuous span bridges have addiional splices al approximately 0.25L of the end span lo meet
shipping length requirements. These are noted in the plans.
Maximum shipping weight, 50 tons,

I

m. Maximum web depth, 11 feat,

n. Minimum top flange width, by, > Ly, / 85 where L, is the field section length. AASHTO LRFD (C6.10.2.2-1).

0. Flange widths held constant in a field section.

p. Minimum flange thickness, 1 in. Maximum flange thickness, 3 in. Flange thickness increments, 114 In

q. Minimum web thickness, 1/2 in. Web thickness increments, 1/8 in

r. No mare than two complete joint penetration flange butt welds per flange in any field section.

s. When a single size flange is used in a field section, the weight reduction of a complete joint penetration
transition was first evaluated and then eliminated based on weight, cost, and stress considerations.

t. Single-sided transverse shear stiffeners are used when needed.

u. Longitudinal stifieners are not used

v. Al girders are composite for positive and negative bending

w. Negative moment longitudinal deck reinforcing is 14 of the gross deck cross-section. This reinforcing extends

at least between the field splices, or longer as required by AASHTO LRFD 6.10.1.7 for the Service Il Limit
State. Designer to determine if the factared deck casting and construction loads require this reinforcing steal to
be extended. See the Deck Details sheets for additional details

X Shear slud design based on LRFD SIMON and AASHTO LRFD 8th edition. For flanges < 16 in. wide, three 7/8

in. diameter studs in a transverse row are used, All other flange widths use four studs in a transverse row.
2. Diaphragm and Cross-Frame Design

a. and are designed as below. End diaphragms or cross-frames that

support the deck and/or expansion joint are not considered as part of these standards.

b. Diaphragm and cross-frame spacing varies within in the span. Maximum spacing does not exceed 30 ft.

c. Depth of bracing is at least 0.8 times girder web height,

d. For cross-frame design, the effective depth of the chords was assumed to be 5 in. vertically from the top and
bottom of web. This dimension is used for "D” in the S/D checks. For all SID checks, "S" is S / Cosine 20 deg
assuming a maximum 20 degree skew for all designs.

Solid diaphragms are used when the girder spacing to web depth ratio, S/D > 3.5.

K-frames are used when 1.5 < $/D 5 3.5

X-frames are used when S/D < 1.5

Angles are used for all cross-frame members.

Cross-Frame members are designed as secondary members,

Crass-Frame members are designed for tension / compression loading

Cross-frame member stifiness is based on D.65AE sliffness reduction factor for eccentrically loaded angles,

AASHTO LRFD C4 6.3.34.

. Diaphragms and cross-frames are designed for combined stability-induced loads along with simultaneous deck
casting forces. The finishing machine is assumed to be cantered at a brace point location

ez ma

3. Wind Load Design
a. Lateral deflection and flange lateral bending stresses due to wind on the fully erected steel framing were
evaluated. Lateral bracing is not required for the design conditions assumed in 3.1 and 3.2, below. Other
conditions may require bracing for wind load deflection or siress.

3.1 Service Design Criteria
a. Lateral deflections due to wind loads on the fully erected steel satisfy the Span / 150 requirement establisned
by PennDOT BD-620M. All references to BD-620M are to the April 29, 2016 edition
b. For this deflection check, a 32 psf assumed pressure is applied 1o fascia beams only for a superstructure
height = 30 ft. For other superstructure heights, refer to PennDOT BD-620M

3.2 Strength Design Criteria
Girder flange lateral bending is checked for strength as follows:
a. Maximum wind load positve and negative moment regions were checked. Check other plate transitions in final
design
b. Fascia beam checked for global bending of the span and local bending between cross-frames
¢ Wind loads on erected steel determined from the AASHTO Guide Specification for Wind Loads on Bridges
During Gonstruction, 2017,
Inactive wind condition, V = 115 mph. Superstructure height, 30 ft
Superstructure construction duration 6 weeks - 1 year, R =0.73
K = 1.0, G, = 2.2 for fascia beam, per AASHTO Guide Specifications for other beams.

4. Bolted Field Splices

a. Al bolted field splices use 1 in. diameter ASTM F3125 Grade A325 bolts and standard sized holes.

b. All connection and fill plates are Gr 50W,

e Slip resistance Is based on a Class B surface condition.

d.  For connections where the bottom flange and a portion of the web are reguired 1o be in tension to resist the
factored moments at the point of splice an additional check was made to determine if the slab has adequate
compression strength. This check is not in AASHTO. If the slab is unable to provide a compression capacity
equal to the tensile forces of the bottom flange and web in tension, the connection was designed as a
nencomposite splice. If or when this situation ocours, these splices are neted "Non-Composite” in the Bolted
Field Splices sheets. This candition was not encountered in any of the three-span standard designs

GENERAL DESIGN CRITERIA|

Issued January 2025

Revision 0 Sheet 3 of 32




Design Resources

Standard Plans for Steel Bridges

Assumptions and Criteria, Continuous Span Bridges

Girder Design

a. Al designs performed using NSBA LRFD SIMON

b. Interior and exterior beams were designed. In LRFD SIMON, the "BOTH" option is used for the LL distribution
factors. This results in a single beam designed for the governing shear and moment distribution factors for an
interior and exterior beam. The composite slab effective width is based on an exterior beam

¢ Live load distribulion fallows AASHTO LRFD 4,6.2.2 for all beam spacings and span len
the AASHTO distribution factor equations are used beyond the 1 Bre noted in the design
tables.

d. A skew of 20 de: Zssumed for all designs

ction satisfies AASHTO LRFD 2.5.2.6.2 Criteria for Deflection for vehicular bridges, LS00

f.  Girder depth satisfies ANSHTO LRFD 2.5.2.6.3 Optional Criteria for Span-to-Depth Ratios.

. Fatigue design based on Category C for shear studs welded to top flanges and Category C' for welded

3. Wind Load Design
a. Lateral deflection and flange lateral bending stresses due to wind on the fully erected steel framing were
evaluated. Lateral bracing is not required for the design conditions assumed in 3.1 and 3.2, below. Other
conditions may require bracing for wind load deflection or siress.

3.1 Service Design Criteria
a. Lateral deflections due to wind loads on the fully erected steel satisfy the Span / 150 requirement establisned
by PennDOT BD-620M. All references to BD-620M are to the April 29, 2016 edition
b. For this deflection check, a 32 psf assumed pressure is applied 1o fascia beams only for a superstructure
height = 30 ft. For other superstructure heights, refer to PennDOT BD-620M

3.2 Strength Design Criteria

3.1 Service Design Criteria

a. Lateral deflections due to wind loads on the fully erected steel satisfy the Span / 150 requirement established
by PennDOT BD-620M. All references to BD-620M are to the April 29, 2016 edition.
For this deflection check, a 32 psf assumed pressure is applied to fascia beams only for a superstructure
height = 30 ft. For other superstructure heights, refer to PennDOT BD-620M.

W, Negative moment longltudinal deck reinforaing 1 1% of (e gross dEck cross-Section. This reinforcing extends. noncomposite spiice. If of when (s silualon 00oUrS, these SpICes. are noted omposite” in the Bolted
at least between the field splices, or longer as required by AASHTO LRFD 6.10.1.7 for the Service Il Limit Field Splices sheets. This candition was not encountered in any of the three-span standard designs
State. Designer to determine if the factared deck casting and construction loads require this reinforcing steal to
be extended. See the Deck Details sheets for additional details
X Shear slud design based on LRFD SIMON and AASHTO LRFD 8th edition. For flanges < 16 in. wide, three 7/8
in. diameter studs in a transverse row are used, All other flange widths use four studs in a transverse row.
2. Diaphragm and Cross-Frame Design
a. and are designed as below. End diaphragms or cross-frames that
support the deck and/or expansion joint are not considered as part of these standards.
b. Diaphragm and cross-frame spacing varies within in the span. Maximum spacing does not exceed 30 ft.
c. Depth of bracing is at least 0.8 times girder web height,
d. For cross-frame design, the effective depth of the chords was assumed to be 5 in. vertically from the top and
bottom of web. This dimension is used for "D” in the S/D checks. For all SID checks, "S" is S / Cosine 20 deg
assuming a maximum 20 degree skew for all designs.
e.  Solid diaphragms are used when the girder spacing to web depth ratio, S/D > 3.5.
f. Keframes are used when 1.5 < /D S 3.5
g. X-frames are used when SID < 15
.
i
i
k

b

Angles are used for all cross-frame members.
Cross-Frame members are designed as secondary members.
Crass-Frame members are designed for tension / compression loading
Cross-frame member stifiness is based on D.65AE sliffness reduction factor for eccentrically loaded angles,
AASHTO LRFD C4 6.3.34.

. Diaphragms and cross-frames are designed for combined stability-induced loads along with simultaneous deck
casting forces. The finishing machine is assumed to be cantered at a brace point location

GENERAL DESIGN CRITERIA|
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Design Resources

Standard Plans for Steel Bridges

Finighing

Concrete Sell Weight snd  Whes! Loads e e

. Conatruction Live Load 1
onatruction Live Walkway 1. Finistirg) machine whee! load, 4 @ 2000 pounds. Loads sfiown are representative of
Tinisharyg maschias ubéd ko bridge widlhs and lypes shawn an Bse plar

2. Concrute density, 160 pef, to account for Jormwork welght sllowance

3 Coemtruction ive load on deck. 50 ps!

A Walkway ive load. 50 pef. Assomed walkway widlh, 2 it

&  Owverhang shab shicknass equals naminal siat thicknass + 4 in. assuming siab is thish
16 undarse of tap Nangs and an assumod 4 in. haunch,

6. Finisbing machine is assumed 10 be midway Detween cross-frames. for st bending
marment calculatians.

Factored load combination: AASHTOLRFD 342, 1250C + 16LL

An sgunalond service bending momont is computed for LRFD SIMON input. LRFD

SIMON ubes & 1.4 factor on 8l lserel bending moments. Momsnts hawn on the

secompanyirg Faphe aee unfsctared and are & ot weghled avacsge of h sead

and live laad lateral flange bending moments.

o

Bracknt spacing assumed a5 fakows, Brackat spacing I based on imiting capacies of
! —\ Bracket Meight = Actss comman commertialy avalatia nangers and brackals. Assumed sals working kad af
- Wty Depth minus §° 6,000 s per harger. Assumed sale working load of 3,750 s, per diagonal
ot to excosd S1° a. 30 in, overhangs, 48 in. brackel spacing.

b, 42in averhang. 38 in. bracket spacng

© 54 In. overhang. 74 in. bracket spacing

B Girdur sorvice load rotatons, ©, are bmited 1o 1 degrie
TYPICAL SECTION B Lataral defection al the 1op of wab, &, Smitid to 0.25 in, Vertical deSscton of ihe edgs
of shib. A, linited to 0.5 in. Bom limits checked lar maximum finishing maching loadies
and are rstanianeous values

End of Siab

B000 bs

2,000 Ibs P.IJDFI'I:: 2.000 Ibs 2000 ibs
! \
|

;L war 1‘ o ] o 1

FASCIA BEAM DESIGN CRITERIA
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Design Resources

Standard Plans for Steel Bridges

Span 1 Span 2 Span 3

x

End of Unit ¢ Pier ¢ Pier End of Unit

) A R B

— e ——

— e -

¢ splice ¢ Splice ¢ splice ¢ Splice
Pour 1 Pour 4 Pour 3 Pour 5 Pour 2
# #

#

3-SPAN UNIT DECK POURING SEQUENCE

DECK POURING NOTES

1. The deck pouring sequence shawn is the basis of design.

2. The beams are designed for local and lateral-torsional buckling limits for the specified pour sequence and
additionally for the global stability and cross-frame requirements of AASHTO LRFD 10th edition Article 6.7.4.2.2.

3. For the 3-span unit, the critical checks for deck casting positive and negative bending in noncomposite sections
occur during Pour 2 and §

4. The provisions of AASHTO LRFD 6.7.4.2.2 do not account for the stiffening influence of any praviously cast and
composite deck sections and are conservative for other than Pour 1

5. Upliftis prevented in all cases.

Note: An altemate pouring sequence with the deck cast continuously end-to-end is also permitted, All girder designs in
these standards satisfy stress, strength, uplif, and stability requirements for the alterate pouring sequence.

DECK POURING SEQUENCE
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Design Resources

Standard Plans for Steel Bridges

. arg .
146" 1, 340" Roadway R 'L -
k| i
I | . ! |
Web Depth b
Varies by 2
Span Length s
26 |, 4 Spaces @ 80" = 32.0" |,2-6"
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TYPICAL SECTION
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Span 1/ End o Splice 1 8 tric about
LiEnd e Feld ymmetric aboul
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# # # #
GIRDER ELEVATION INTERIOR SPANS 150-255 FT
Span1or3 U2, Span 2 .,
@ Brg Begin Offset Offset
Span 1/ End 4 Symmetric about
Span3 —= G Field T8 ¢ Field T ¢ Brg ¢ Fiald . / L2, Span 2 Segments C-B-A repeat,
{ TA1 / Splice 0 Splice 1 —= 1‘ Pieriorz T1C3 '\ I Splice 2 [ not shawn for clarity
L1
1
} I E
Transverse sifener, H H I i H i i
asneeded — || 1 |WAT Crossframe ] ! ! ! Ulwe wo
=By I Spacing ‘ I i [ 1
1 i i i i '
) L} H n L} L} )
' i i i i '
1 '} T 1 1 L 1 —
T " F=
h C I3 I \
o BB J‘ we BC Bcz acs BD
| segmema |, Segnent B L Segment C L Segment D |
/ # + # +#

GIRDER ELEVATION INTERIOR SPANS 270-300 FT

THREE SPAN 150-300 FT
8 FT SPACING
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Design Resources

Standard Plans for Steel Bri

dges

SEGMENT A SEGMENT 8 (as needed)
Span, ft.
End It -End wa i A2 BAL BA2 wa i 8
finoxinoxde) | finoxinoxfe) | finoxinocfe) | Gnoxinxfe) | Ginoxinoxfe) | finoxinoxft) | Ginoxinsfe) | Ginoxinxfe)
117-150-117 | $4x05x79 16x1x79 16x125x79 - -
129165129 | 60x 0589 16%1%89 15%1.25x89 -
141180-141 | 66x05x58 16x1x98 16x1.25x98 -
153-195-153 | 72 x 0.625 x 106 - 18 % 1x106 18x1x 106 -
164-210-164 | 760,625 x 113, 18x1x113 18x1x113 - —
176:225-176 | 820625 x122 18x1x122 18x1x122 — .
188-240-188 | 88 x 0.625 x 130 20x1x130 - 20x1x130 - - -
198-255-199 | 920,625 x 138 20x1x138 20x1x138 - - -
211-270-211 96 % 0.75 x 51 20x1x51 - 20x1x51 — 96 x 0.75 x 100 20x 1 x 100 201 x 100
223-285-223 | 102x0.75 x 51 22x1x51 - 22x1x51 - 102x0.752110| 22x1x110 22x1x110
234300234 | 108x0.75x54 | 22%1x54 22x1x54 1082075x120| 24x1x120 | 24xix120
SEGMENT C SEGMENT O
Span, ft. Additional
EnduintoEnd wc o e Tc3 BC1 802 8C3 wo ™ BD Footmates
{in. xin xft} (inoxinoxft) | inoxinoxft) | fin xin xft) fin.xin.xft) | finxinxft) | (inxinoxft) | finoxinxft) | fin.xin xft} | (in xin xft)
117150117 | 54x05x76 22x125x76 22x1x19 | 22x15x38 | 22%1x19 | 54x05x74 | 16x1x72 16x1x74
120165129 | 60x05x80 | 22x1x20 | 22x15xdD | 22x1x20 22x1x20 | 22x175x40 | 22x1x20 | 60x05x85 | 16x1x85 1651 %85
141-180-141 | 66x05x86 | 22x1x26 | 22xL5x34 | 22x1x25 22x1x26 | 22x175x34 | 22x1x26 | 66x05x34 | 16x1x3 1601 %54 -
153195153 | 72x0.625x94 | 24x1x23 | Mx15x48 | 24x1x23 2x1x23 | 24x175x48 | 20x1x23 |72x0625x101] 18x1x201 | 18x1x101 -
164210164 | 76x0625x102| 25x125x35 | 25x15x32 | 25x126x35 | 25x125x35 | 25x175x32 | 25x125x35 |76x0625x108| 18x1x108 | 18x1x108 —
176-225-176 | 82 x 0,625 x 108 24x1x27 24x1.75x54 24x1x27 20x1x27 24x2x54 20x1x27 B2x0625x117| 18x1x117 18x1x117 o
188240188 | 880625 w116 28x125%38 | 28x 15«40 | 28x125x38 | 28x125x38 | 28x175x40 | 26x125x38 |88x0625x124] 20w1x124 | 20x1n1de
199-255-199 | 920625 x122 | 28x1.25x41 | 28x175x40 | 28x125x41 | 28x125x41 | 28x2x40 | 28x125x41 |92%0625x133| 20x1x133 | 20x1x133 a
211270211 | 96%0.75%125 | 28x125x40 | 28x175x40 | 28%125x45 | 28%125%40 | 28x2x40 | 28x1.25x45 | 96%075x140 | 20x1x140 | 20x1x140 a
223285223 | 102x075 %135 28x125x31 | 28x2x62 | 28x125x42 | 28x125x31 | 28x2x62 | 28x125x42 |102x075x139| 22x1x139 | 22x1x139 a
234300234 | 108x075x140] 28x125x30 | 28x2x60 | 28x125x50 | 28x125x30 | 28x2x60 | 28x125x50 |108x075x140| 22x1x140 | 22x1x140 a

Footnotes:

Note: All plates are AT09 Gr 50W.

a. AASHTO distribution factor equations were used with girder stiffness and / or span length exceeding AASHTO limits. Check with refined analysis.

THREE SPAN 150-300 FT
8 FT SPACING
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Design Resources

Standard Plans for Steel Bridges

SEGMENT A SEGMENT 8 (as needed)

Snan, ft. wa TAL TAZ BAL BA2 wB
- - - — — frd ‘""'i'"’ fonincte | mzinaft) Llio sinctc) | finain x| (o ain el [ (nincicl Linxinch) linuin.ch) - — - e - — I E— - —
199-255-199 | 92x0.625x 122 | 28x1.25x41 28 x 1.75 x40 28 x 1.25 x41 28 x 1.25x 41 28 x 2 x 40 28x1.25x41 |92x0.625x133 20x1x133 20x1x133

211-270-211

96 x 0.75 x 125

28 x1.25 x40

28x1.75 x40

28 x 1.25 x 45

28 x 1.25 x 40

28 x 2 x 40

28x1.25x45

96 x 0.75 x 140

20 x 1x 140

20x1x 140

223-285-223

102 x0.75 x 135

28 x1.25x 31

28x2x62

28 x 1.25 x 42

28 x 1.25 x 31

28 x2x62

28 x 1.25x 42

102 x 0.75 x 139

22x1x139

22 x1x139

234-300-234

108 x 0.75 x 140

28x1.25x30

28 x 2 x 60

28 x1.25 x50

28 x 1.25x 30

28 x2x 60

28x1.25x50

108 x 0.75 x 140

22 x1x 140 22 x1x 140 a

Note: All plates are A709 Gr 50W.

Footnotes:
a. AASHTO distribution factor equations were used with girder stiffness and / or span length exceeding AASHTO limits. Check with refined analysis.

153-195-153 | 72x0.625x94 | 24x1x23 Mx15x48 24x1x23 24x1x23 | 24x175x48 | 24x1x23 |72x0625x101| 18x1x101 18 x1x101
164-210-164 | 76x0.625%102 | 25x125x35 | 25x15x32 | 25x125x35 | 25x125x35 | 25x175x32 | 25x1.25x35 |76x0625%108| 18x1x108 | 18x1x108
176225176 |B2x0.625x108| 20x1x27 | M4x175x54 | 24x1x27 Mx1x27 24x2x50 20x1x27  [B2x0625x117| 18x1x117 18x1x117
188240188 | 880,625 x 116 | 28x125%38 | 28x15x40 | 28x126x38 | 28x125x38 | 28x175x40 | 28x1.25x33 |88%0.625%124| 20x1x124 | 20x1x124
199-255-199 | 92x 0,625 122 | 28x125%41 | 28x175x40 | 28x125x4l | 2Bx125x41 | 28x2x40 | 28x1.25x41 |92x0.625%133| 20x1x133 20%1x133 a
211-270-211 | 96x0.75x125 | 28x125%40 | 28x 17540 | 28%125x45 | 28%125x40 | 28x2x40 | 28x1.25x45 | 96x075x140 | 20x1x140 | 20x1x1d0 a
223285223 | 102%0.75%135 | 28x125x31 | 28%2%62 | 28%125x42 | 28x125x31 | 28%2x62 | 28x1.25x42 |102%0.75%139| 22x1x139 | 22%1x139 a
234300234 | 108x0.75 %140 | 28x125x30 | 28x2x60 | 28x125x50 | 28x125x30 | 28x2x60 | 28x1.25x50 |108x0.75x140| 22x1x140 | 22x1x140

Note: All plates are AT09 Gr 50W.

Footnotes:
a._ AASHTO distribution factor equations were used with

irder sfifiness and / or span length exceeding AASHTO limits. Check with refined analysis.

THREE SPAN 150-300 FT
8 FT SPACING
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Design Resources

Standard Plans for Steel Bridges

TRANSVERSE AND BEARING STIFFENERS DEAD AND LIVE LOAD REACTIONS
st Transverse Stiffener Size and Location, Distance From End support, Each Span Bearing Stiffeners, End |Bearing Stiffeners, Piers I P —— rior 182 Reacion
Endetntgnd | Width [Thickness Span 1 Location, ft Span 2 Location, ft Width | Thickness | Width | Thickness En;,m',ﬁd DC | DW | Truck | tane | DC | DW | Truck | Lane
n n n n n " kips | kips | kips | kips | kips | kips | kips | kips
117-150-117 55 05 90, 103.5 135, 27,123, 136.5 7.25 0.75 1025 1 117-150-117 | 60 7 75 30 | 222 | 24 | 130 | s0
129-165-129 | 55 05 75,99, 114 15, 30,135, 150 7.25 015 10.25 1 120165120 | 66 | 7 | 75 [ 33 [ 207 [ 27 | 134 | 88
141-180-141 6 05 875, 24.75, 815, 38, 108, 1245 165, 33, 43, 59.5, 1205, 137, 147, 163.5 7325 ars 1025 1 wis01a1 | 73 | 8 | 76 | 36 | 270 | 29 | 136 | s6
153-195-153 6 05 135 18, 177 825 0715 1125 1 153195153 | 81 | 9 | 76 | 38 | 305 | 31 | 138 | 104
164-210-164 | 625 05 15 19, 191 825 075 1175 1125 164210164 | 88 | 9 | 77 | a1 | 331 | 34 | 138 | 12
176225176 6 05 135,155.5 205,41, 184, 2045 825 ars 1125 1 176225176 | 94 | 10 | 77 | a4 | 359 | 37 | 1a0 | 120
188-240-188 7 05 144, 166 22, 44,195, 218 9.5 0875 13.25 125 18240188 | 103 | 1 | 77 [ a7 [ 3s0 | 39 [ 1e1 | 128
199-255-199 7 05 115,153, 176 23, 45, 209, 232 925 0875 1325 125 199-255-199 | 109 | 11 | 77 | so | 418 | 41 | 182 | 136
211-270-211 7 0.5 187 24, 246 9 0.875 13 1125 211-270-211 | 119 12 77 52 455 43 142 | 143
223-285-223 7 05 197.5 25.5,259.5 0 0875 13 1125 223285223 | 128 | 13 | 77 [ 55 [ 402 | 46 [ 142 | 151
234-300-234 7 05 180, 207 27,54, 245, 273 10 aa7s 13 1125 23030023 | 137 | 13 | 77 | 57 [ s2 | a8 [ 1a1 | 152
Note: Truck and lane reactions include distribution factors, skew
SHEAR STUD LAYOUT correction, and impact on the truck loading
Span 1 Span 2
span fr |9 . Group 1 Group 2 Group 3 » Group 1 Group 2 Group 3 GIRDER WEIGHT
End-int.-End ,:: GT: B Pitch [Length Fitch |Length pitch [Length Fitch [Length Pitch [Length pitch |Length Span, ft. | SegmentA | SegmentB | Segment C | SegmentD | Total
Ll T B i T I i T I R s e, PP n | P e | End-int-End | tons tons tons tons tans
u7150137 | 4 | 0 1 | 12 | 18 | 53 | 16 7067 | 7 | a8 | 28 | 0 | 7 | 48 | 28 | e8 | 16 |9067 | 7 | a8 | 28 117-150-117 | 847 10.60 743 45.57
120165129 | 4 | o0 | 20 | 12 | 20 | s2 | 18 | 78 | 7 | a8 | 28 | 12 | & | 48 | 32 | e | 12 | = 8 | a8 | a2 129165120 | 999 1194 8.7 52.84
11180041 | 4 | o | 1 | 12 [ 14 | 62 | 18 | =3 s | a | m | 0 o [ 48 | 36 | 75 | 18 | 18| o [ a8 | 3 11180141 | 1150 12.86 1040 59.12
153195153 | 4 | 0 8 12 | & 72 | 18 | 108 | 9 | a8 | 3 | 35 | 9 | 48 | 3 | 78 | 18 | 17 | 3 | a8 | 36 153195153 | 1461 17.32 13.92 7178
164210164 | 4 | 0 9 12 [ o 71 | 18 |065| 12 | a8 | a8 | 24 [ 10 | 48 | 2 | s | 18 | 126 | 10 | a8 | 40 164-210-164 | 16,05 - 2011 1534 5167
176225176 | 4 | 12 | 82 | 18 | 123 | 4 | 24 | 8 1 | a8 | 44 | a8 | 10 | a8 | a0 [ o1 [ 18 [135]| 1 | a8 | wa 176-225-176 | 18.11 22.10 1737 9778
188240188 | a4 | o | 19 | 18 [ 285 | 57 | 24 | ma | w | a8 | a1 | 30 | 11 | 48 | a1 | 73 | 24 | w16 | 11 | a8 | 4 188-240-188 | 2101 26.10 2004 11227
199255199 | 4 | o | 14 | 18 [ 21 [ 65 | 24 | 130 | 12 | a8 | a8 [ 6 | 12 | 48 | a8 | 7o | 24 | 158 | 12 | a8 | 48 199255199 | 2289 26.85 2206 12554
211-270-211 4 0 7 18 105 74 24 148 13 48 52 24 13 43 52 81 24 162 13 48 52 211-270-211 9.72 19.06 32.58 26.68 149.39
223285223 | a4 | o0 | 18 | 23 [ 345 | 57 | 28 | 133 | 13 | a8 | s2 | 6 | 14 | 48 | 56 | va | 28 |17ae7| 13 | a8 | w 223285223 | 1046 255 38.08 2850 170.67
234300234 | a4 | o | 18 | 2a [ 35 | s6 | 3w | 140 | 1a | a8 | 56 [ 24 | 14 [ 48 | s6 | 73 [ 30 [1825] 14 | a8 | 56 234300230 | 1148 2634 40.25 2977 185.93
CROSS-FRAME SPACING Note: Girder weight is fotal weight of web and flanges only measured
Span, ft. belween CL brg at each end. Does nol include girder extension at end
End-Int End End Span Interior Span Type bearings, stiffeners, shear studs, bracing, or any other allowances.
17150117 | 4@205+2@125=117 | 2@175+3 @ 2666+2@ 12.5=150 K-Frame
129165129 | 2@23+2@ 185129 208185+ 4@ 2275+ 2 @ 185+ 165 K-Frame
11180191 | 4@2535+2@20=141 2@20+4@325+2@20=180 K-Frame
153195153 | 5@22+42@215=153 2@215+4@27.25+2 @ 215=195 K-Frame
164-210-164 | S@23+3 @ 1633=164 3@ 16.25+5@225+3 @ 16.25=210 K-Frame
176225176 | 5@25+3@17=176 3@ 1666450 25 +3 @ 1666 = 225 X-Frame
188-240-188 | 5@265+3@185=188 | 3@17.91+5@265+3 @ 17.91=240 *-Frame
199255199 | 6@235+3@1933-199 | 3@1875+5@285+3 @ 1875 =255 X-Frame THREE SPAN 150-300 FT
1270211 | 6@ 2467+3@21=211 3@2146@24+3@21=270 X-Frame 8 FT SPACING
223285223 | G@265+3@2133-223 | 4@17546@ 2406+ 4@ 17.5= 285 X-Frame
234300238 | 8@ 23.25+3@ 16=234 40191 6@2466+4 @ 19= 300 X Frame ::5“‘9? Jannuary2025 Sheet 8 of 32
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Design Resources

Standard Plans for Steel Bridges
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bamierrails, in| 200 | 021 | 038 | 049 | 03 | nso | 040 014 | oo |oco | non | 0o | 021 [ 04 | 059 | om
176:225.176 A span - total in| 0.00 | 150 35 | 382 | 357 | 269 099 | 029 000 | noo | oss | 156 | 2es | 302 | a3
188280138 fe_cpan -steel only.in| 000 | 036 | 056 | 086 | 6.93 | 087 | 071 | 048 | 025 | 007 |oon | oon | 013 | 043 | 676 | 102 | 112
stab,in| 600 | 102 [ 247 [ 243 | 262 [ 246 [ 199 [ 235 [ 090 | 020 [o0o [0o0 | 032 | 102 | 203 | 273 [ 300
bamierrails, in| 000 | 022 | 041 | 053 | 057 | 05+ | 044 [ 030 [ 015 | 004 |oco | ooo | 0o | 027 | o9 | oss | om
208200188 f,spon - toral, in| 000 | 161 | 294 | 341 | w32 | 287 | 330 [ 213 [ 110 [ o3 |oco | oo | oss | 192 |38 [ 4s0 | am
199255199t span - steel onlv. in| 600 | 041 | 075 | 097 | 105 [ 098 [ 09 |03 [ 027 | oms [eo0 [ non [ 01e | 046 [ ess | 113 |12
stan.in| 000 | 114 | 208 | 268 | 289 | 270 | 218 | 146 | 074 | 021 000 [ non | 038 | 118 | 219 | 207 | 326
barierrails, in| 600 | 035 | 036 | 059 | 06t | 060 | 045 [ 093 [ 017 | 0os |oco | non | 00s | o0 [ 05 | o7 [ om0
199-255-158 f_span - total,n.| 000 | 160 | 393 | 435 | 456 | 426 | 345 | 292 | 118 | 033 | 000 | 000 | 056 | 195 | 357 | am3 | 53
211270211 frspan -steel oniviin| 000 | 051 | 035 [ 120 | 129 | 121 | 097 [065 [032 | 007 |oco | 000 | 020 | wes [ 112 | 150 [ ame
slab,in| 600 | 124 | 206 | 293 | 336 | 295 | 238 | 159 [ 079 | 020 |oco | 000 | os2 | 139 | 22 | 238 | 3m
bamierrails, in| 900 | 028 | 051 | 066 | 0 | 067 | 054 [ 036 [ 018 | 0o |eco | non | 011 | 03 [0 | os2 | om0
211.270.211 span - total,in| 000 | 202 | 310 | 478 | 516 | 482 | 385 | 260 | 129 | 03t |000 | oo | 073 | 238 | a26 | &1 | 625
1232852231t span -steelonly.in| 000 | 055 | 150 | 129 | 135 | 175 | 104 | 0.65 | 033 | oos |oco | noo | 032 | o7 | 118 | 159 | 17
stan,in| 000 | 125 [ 209 [ 296 | 338 | 297 | 239 [ 160 [00 | 021 [ oo [ 000 | a1 | 130 [ 23 [ 320 [3e2
barierrails,in]| 000 | 029 | 053 | 068 | 074 | 0eo | 056 | 038 | 019 | oos [oco | non | 011 | 035 | os2 | oss | om0
223-285-223 f, span - toual, in.| 000 | 209 | 341 | 493 | 531 | 95 | 398 [ 266 [ 132 [ 034 | 000 | 000 | 074 | 235 [(a2e [ s | 62
234300 234 fe span -steet onlv. in| 600 | 060 | 10 [ 1a1 [ 152 [1e1 [ 134 [0 [037 | om [ooo [ non | 0as |0 | 1w | a2 [1m9
stan.in| 600 | 128 | 234 | 301 | 323 | 301 | 242 | 161 | 079 | 020 |o0n | non | 048 | 153 | 277 | 373 | amo
barierrails, in| 800 | 030 | 055 [ 071 | 076 | 071 | 058 [ 039 [ 019 | oos [oco | non | 013 | 040 [ o | 083 | m
234-300-234 1_span - total,in| 000 | 218 | 398 | 512 | 551 | 514 | 413 275 | 135 | 034 | 000 | 000 | 085 | 270 | a4 | ea9 | 710

DEFLECTION VERSUS SPAN TENTH POINT, SYMMETRIC ABOUT LiZ SPAN 2

Extenior and Firstintenor Girder

Deflection Assumptions
"Steel Only" = self weight of girders

"Slab” = deflection due to user
haunch, allowance for bracing)

put non composite uniform dead load (slab,

"Barrier Rails” = deflection due to barrier r
exterior and first interior girder,

loading distributed evenly to

f‘""’“@g THREE SPAN 150-300 FT
8 FT SPACING

I
3

Issued January 2025
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Design Resources

s
All End and Edge i = Chord and Diagonal
Distances, 13", min. PR sizes. see Table CROSS-FRAME DETAILS
28 Heel aligned with top row of bolts Pre. P
P ° Type Chord Diagonal
B Spacing, ft. | End-Int End
117-150-117
o X
T e through Kframe | LXSXHB | LSKSK3/E
s 164-210-164
@ 2 }9& [——— C.G. of Boll Group 8 176225176
12 o 20 through X-Frame L5X5X3/8 L6x6x3/8
N Center of ~ \ - 234300234
N Cennected Leg -~ g e 117150117
See table for minimum required
o ,/ quantlty. Engineer to adjust quantity through K-Frame LXsX3/8 LXSX3/8
\ g’ and layout based on member sizes, 10 199-255-199
N o’ spacing and sealing requirements 211270211
through X-Frame L5X5%3/8 LEXEX3/B
~=—— Connection stiffener “ Weid 22030022
. . W Weld or Bolt 1 All spans KFrame | L6NGX3/8 | Loxsky/s
size as req'd by Through LmEE
design and for S Chord and diagonal 11180141
connection alz00, 560 tablos 14 through Kframe | LX6XL2 | LSKSK3/E
geometry 5 1 234-300-234
s = Egt \‘\
£5 4 CROSS-FRAME WELD DETAILS
/,/ Comect E 28 " Angle Size Toe Length | _Heel Length
onnection 8
Ly plate, typ. @ e L5x5x3/8 2in. min. 4in
ok Work Points, typ. L6x6i3/8 $ee notes ain
r " regarding toe
5oL — — — LBl 2 weld length 4
t See Table for
req'd weld lengths TME cal X-Frame Toe aligned with
bottom row of bolts CROSS-FRAME BOLTED CONNECTION DETAILS
Normal siifener . Skewed stiffener
with 2 bent L permited up to 20°
Beam Top Connection Bottom Connection
.
Spacing, ft. e
Total Num Vertical Total Num Vertical
\ Bolts Spacing Bolts spacing
‘ ‘ N KFrame 3 6in 2 3in.
%Frame 3 Gin 6 bin.
Girdor Web 10 KFrame 1] Gin. 2 3in.
kFrame 3 Gin 6 6in
4 1 Kframe 6 Gin 2 3in
14 Kframe s arm 4 45
Not 1o Scale
Notes:
1. All bolts for bent plate diaphragms 7/8 in. diameter ASTM F3125 Grade A325 bolts assumed In single shear with threads in the shear plane.
2. Al bolts for K and X cross-frames 7/8 in. diameter ASTM F3125 Grade A325 bolts assumed In single shear with threads in the shear plane
3. Allwelds 516 in. fillet welds. The minimum heel and toe dimensions provided mest load and eccentricity requirements. The toe may be lengthened to equal the heel dimension
provided in the tables; the resulling eccentricity was considered in design. Other weld may be needed for ional or sealing and are to be designed.
4.  Member and connection designs based on stability, construction, and wind forces
5. General layout and details follow industry Provide detalls In with owner pr. and modify these details accordingly
6. Determine cross-frame forces for specific designs and proportion members and conneclions acccrdmgly [y cannecllun layout, quantity and spacing provided on this sheet are CROSS-FRAME &
approximate based on member loads and several Deck s not the detalls. Given a wide range of beam depths and DIAPHRAGM DETAILS 1
spacing, the geometry of each connection was not fully studied. A scale drawing of the Connaion; including chosen wrk points should be used for layout of the members, final bolt
pattemns, and determination of connection plate sizes. The selection of work paints, member axes and orientation shown represent ane acceptable approach. Engineers may choose \ssued January 2025
alternate work point locations and overall connection geametries that consider the effects of ccentricity on the welded and bolted connections. Revision 0 Sheet 22 of 32




Design Resources

Standard Plans for Steel Bridges

Pitch, group
Rows @ 3" TI
|
B &
» &
H —
¢ Girder -i
o N Gage lines
4076, typ
See fables
w —
= All web splices, 2 rows minimum. See
tables If additional rows are required
Top Flange G Web Splice
TOP FLANGE SPLICE PL
Splice PL o GE SPLIC! / Fill PI Rows per side
Gage
Web Splice PL — NOTES:
/ Gage. group —
g All bolted field splices designed using NSBA Splice Version 03_15. Design
5 assumptions listed below. For bolt quantity and plate dimensians, see Sheels
@ splice and o 8 Balted Field Splice Dimensions 1
/4" assumed gap £
= 1. Bolts F3125 Grade A326, Type 3 weathering, 1 in. diameter in 1.125 in
diamater holes. All plates A709 Grade 50W.
2. Threads excluded from fiange shear planes, Threads included in web
shear planes.
3. Class B surface condition for slip resistance.
2 4. Far continuous spans in which *Splice 0 is used to control the field seation
Edge lengths, a large moment must be carried by the web (ASHTO LRFD
Botiom Flange - 6.13.6.1.3¢). If the combined tension due to the botiom flange force plus
Splice PL ELEVATION L the web force, He, exceeds the compression capacity of the slab, these
— WEB SPLICE Py splices are designed as noncomposite and noted in the design tables.
Pitch, group — 5. Topand botiom flange bolt group dimension, "Gage, Group" exceeds the 7
Rows @ 3 nd in. maximum spacing for sealing for some splices (AASHTO LRFD
6.13.2.6.2). This is dUe to girder tension flange net section requirements at
| the splice, the choice of 1 in. diameter balts, and enforced symmetry
il e e reguirements for the inner flange splice plales. The engineer may choose
a to accept the proposed designs. or redesign the splice. Solutions could
@ H include using asymmetric inner plates, staggered bolts, or smaller
8 e S|e—ee diameter fasteners. I additional and smaller diamater bolts are used to
€ Girder -] decrease the "Gage, Group" dimension, check the net seclion. See
o s Slees e & AASHTO LRFD 6.10.1.8.
w S e = age ines.
* Lo o oee oo e oo 4016, typ.
See tables
T —essses seess
|
—eeeeeeeveeeee BOLTED FIELD SPLICE
S LAYOUT
BOTTOM FLANGE SPLICE PL Issued January 2025 | g oc oan
Revision 0




Design Resources

Standard Plans for Steel Bridges

@12 W@
1 £ 2 ]
@ S 2] =
= #H@5 & = war =
[ | [ ‘
A ] T ]
% 4 T % 3\ g
I I_ | T t 1 1
L
war - .
5 @ 5 - #@e §
g 2 | g
s 5 s | 51
F I h 2 ! b
I #@ 10" - Z #@o -
= B
80" Spacing 10-0" Spacing
8FT SPACING 10FT SPACING
#@1z
5 §
@ s
& 1”*@51' L) DECK DESIGN NOTES
f ,
! L ] 1. Deck defails are representative of slab designs for the beam
? ? spacings used in these plans.
L T 2. The gross thickness shown is used for weight calculations. Structural
L . Gapacity assumes a 112 in. loss in deck thickness due to wear
= #5 @5t s 3. The details on this sheet are for positive moment regions of the span
g E and represent an acceplable transverse and longitudinal reinforcing
H B e steel design complying with AASHTO LRFD 9.7.3.
DY 4. The slab thickness, cover, bar sizes and spacing are based on decks
120 Spacing designed using the AASHTO equivalent sirip method.
12 FT SPACING
#M@ 1z
2 7
@ S
& [ @5 l
f /
1 ' i
' i
5 #5@ 57 5
g 8
2 B #@ot bs
B DECK DETAILS
140" Spacing Simple Spans and Positive Moment
Region of Cont Spans
14 FT SPACING \;::miaunuew 2025 | o uia0ora2




Design Resources

Standard Plans for Steel Bridges

Panel 1 Panel 2
1, Panel 1 M Panel 2 i
-
e N
Bearing ~ g < " sean | MUMEEROF | g sean | MUMEEROF | ppaing
& ) N ¢ Bearing smeme | o, | om0 o e i
¥ ey T WiTaT i T T Wi
5 200 T 10 190 v TETTH
5 210 T 10 200 1 Wiz
® 0 1 10 210 y W7
3 ) T 3 220 1 W rxze
3 210 T 3 230 1 Wrixie
© 250 T 3 220 1 WrBx335
& 20 T 3 250 1 Wrgx33s
T 5 270 T 3 260 1 Wrex33s
8FT GIRDER SPACING [ Add Panel 2 Bracing 12 FT GIRDER SPACING o gaana o 20 3 1 [ n T Wrsiss
\when indicated on Ihis sheet w F) 2 i) 280 2 Wiexss
i & 3w 2 Wraxans 0 20 2 Wisxms
this sheet . Panel 1 Panel 2 . it = 2 T
1, Panel 1 " Panel 2 ", 1
- “ - SPAN NUMEER OF BRACING. SPAN HUMEER OF BRAONG
P SPAANG | iengra | BRACED size SPAING | gy | SPeeto sz
S = iz 70 1 Wr7aes 1) 320 1 WiTa
G Bearing Y s ¢ Bearing 12 230 1 WI7x265 g3 240 1 W x4
~ - 12 200 T w7265 1) 250 1 WT7xie
o e 12 250 1 WIBx2335 14 260 1 WT7x34
S o 7 20 i WTaxns 1 0 i W73
I 12 210 1 Wrexms T 80 1 WT7w34
- 12 20 3 W8 x5 ) 300 T Wigiss
!I\ 12 2% 2 WTEx35 1) 300 T Wrexsss
- S 12 300 2 WTBx335
10 FT GIRDER SPACING i Add Panel 2 Bracing
when indicated on
this sheet
NOTES Al 14 FT GIRDER SPACING
8 ¢ Girder
1. Lateral bracing is required for the indicated spans. Bracing shown is needed to control |ateral defiections and flange stresses due to wind on the fully erected g _ ; _ _ _
steel, for global stability during deck placement, or a combination of those factors. =
2. Lateral deflections due to wind loads on the fully erected steel satisfy Span / 150 requirement established by PennDOT BD-620M. Al references to BD-620M S - — Connection
are to the April 28, 2016 edition. _seme) Plate:
21, For this deflection cheek, a 32 psf assumed pressure is applied to fascia beams only for a superstructure height = 30 ft. For other superstructure heights, = wT
refer to PennDOT BD-620M. (See Tables)
3. Girder flange lateral bending is checked and lateral bracing is designed for strength as follows:
3.1, Midspan region checked. Check other plate transitions in final design. Cross-Frame |
3.2, Fascia beam checked for global bending of the span and local bending between cross-frames or Bearing |
3.3 ‘Wind loads on erected steel determined from the AASHTO Guide Specification for Wind Loads on Bridges During Construction, 2017. 10 Bolts, 4 Raqd
331 Inactive wind condition, V = 115 mph. Superstructure height, 30 ft .
332 Supersiructure construction duralion 6 weeks - 1 year, R = 0.73 LATERAL BRACING CONNECTION DETAIL e
333.  Ke=1.0,C,= 2.2 for fascla beam, per AASHTO Guide Specifications for alher beams permitted in one ply
4. Lateral bracing mermbers were desligned to transfer the Guide Specification wind load at each end of the fully eracted span.
5. Bracing members were designed as eccentrically loaded WTs in compression using Tables for Eccentrically Loaded WT Shapes in Compression, AISC LATERAL BRACING DETAILS
Engineering Journal, Second Quarter, 2010,
6. Lateral bracing bolts are designed as bearing type connections for the inactive wind condition, AASHTO LRFD 6.13.2.1.2. Lateral bracing boits additionally
designed to prevent slip during deck casting, AASHTO LRFD 6.13.2.1.1 and 6.10.3.1. For the determination of bolt slip resistance, aversized holes in one ply Issued January 2025 | g iy ong
are permitted. Provide a minimum of a Class A surface eondition. Revision 0




Design Resources

- Steel Bridge Design Handbook

STEEL BRIDGE DESIGN HANDBOOK

= Bridge Steels and Their Mechanical Properties - Chapter 1
» Steel Bridge Fabrication - Chapter 2

= Structural Steel Bridge Shop Drawings - Chapter 3

» Strength Behavior and Design of Steel - Chapter 4

= Selecting the Right Bridge Type - Chapter 5

= Stringer Bridges and Making the Right Choices - Chapter 6

DESIGN CONSIDERATIONS

= Loads and Load Combinations - Chapter 7
» Structural Analysis - Chapter 8

» Redundancy - Chapter 9

+ Limit States - Chapter 10

= Design for Constructability - Chapter 11

« Design for Fatigue - Chapter 12

+ Bracing System Design - Chapter 13

= Splice Design - Chapter 14 Steel Bndge

« Bearing Design - Chapter 15 Desig n

= Substructure Design - Chapter 16 A, | Smartar.
» Bridge Deck Design - Chapter 17 HandbOOk QYY) | Srronger.

= | oad Rating of Steel Bridges - Chapter 18
= Corrosion Protection of Steel Bridge - Chapter 19

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




Design Resources

- Steel Bridge Design Handbook

DESIGN EXAMPLE APPENDICES

¢ Design Example 1: Three-Span Continuous Straight Composite Steel |-Girder Bridge

* Design Example 2A: Two-Span Continuous Straight Composite Steel I-Girder Bridge

» Design Example 2B: Two-Span Continuous Straight Composite Steel Wide-Flange Beamn Bridge

+ Design Example 3: Three-Span Continuous Horizontally Curved Composite Steel I-Girder Beam Bridge
« Design Example 4: Three-Span Continuous Straight Composite Steel Tub-Girder Bridge

* Design Example 5: Three-Span Continuous Horizontally Curved Composite Steel Tub-Girder Bridge

5 & Field € Field
@ 100-0" | Splice 820 | Splice g5
43'-0" [ Field Section 1 Field Section 2 Field Section 3
] (2 Reqg'd) (2 Req'd)
40'-0" Roadway i W Top Lateral
" Bracing (Typ.)
16" 2.0 2
9 1/2" Slab L]
wi 112" Integral ;g‘é—s- ?t .
_\ Wearing Surface —— P /_ i
T { RN T / :
; Cross Frame
= & o (TP !
- = Cross Frame 5 Spa at 2407 200 | 200" 5 Spa at 270" |
™ Spacing |
ke - Span 140-0" 876" ;
¢ Span 1 ] Half Span 2 ‘IE g::';“zm
3-6" 3 Spa at 12-0" = 36'-0" 36" End Bearing t Pier 1
Figure 1: Typical Bridge Cross-Section Figure 2: Framing Plan

Note: Top Lateral Bracing members are shown only for reference and are not included in the
final design.



Design Resources

- Routine Steel Bridges

NSBA Guide to Navigating Routine Steel Bridge Design

Routine steel |-girder bridges--straight bridges with little or no skew, span lengths up to 200 ft,
and routine framing and girder configurations--are the workhorses of the steel bridge world.

That's why the National Steel Bridge Alliance (NSBA) has made it much easier and faster to
design and check these common bridges. We teamed up with two leading consultants, HDR
and MA Grubb and Associates, to make sure that the guide is accurate and practical for design
engineers, DOTs, and fabricators.

Navigating Routine Steel Bridge Design complements the 10th Edition AASHTO LRFD Bridge Design
Specifications and addresses the design of steel superstructures for routine steel |-girder
bridges. This streamlined design guide is a series of hyperlinked checklists that walk engineers
and designers through the process, step by step, focusing on the specific provisions of the
AASHTO Specifications that apply to these routine bridges.

Navigating Routine
Steel Bridge Design

i @ B Download the guide today to start designing and checking routine steel l-girder bridges more
efficiently. We recommend you use Adobe Acrobat to view it.

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




Design Resources

- Routine Steel Bridges ormoER AR DESGH

Quick links to applicable AASHTO LRIFD BDS provisions, with Discussion

Deslgn girders for shear to meet the requitements of the strength Umit state, consbdering the following:
*  General provisions (6.10.9.1), Flowchant (Figure C6.10.9.1-1)
*  MNominal resistance of unstiffened webs (6.10.9.2)

- AASHTO references | > > s i

o General provisions (6.10.9.3.1)

Complete discussion of code provisions [ sish ikl e

o Nominal resistance of end panels (6.10.9.3.3)

Quick links ta helpful industry design guideli £ s, and fi

. Industry references R i e

*  The Reference Manual Tor NHI Course 130061, Load and Resistance Factor Design (LRFD) for Highway
Bridpe Superstruciy

*  Links to industry publications " ® e S e e 1

le | Three-Span Contlmsous Siraight Composlie

seed 1-Glrder Bridps

2A: Twa-Span Confinuous Stralght Compesite Steel 1-Glrdee

L Example 2B: Two-Span Continuous Sirsight Comg
d U S ef u l to O lS *  The AASHTO-NSBEA Steel Bridge Collaboration Guidelines

o G12 1-2020 Gulde

5 for Design for Constructablliy

 Designresources

Quick links to useful tools

INSE AL Shoen line-girder analysis and design software. Simon is avallable for free downboad from the NSEA
webslie Is also a valuable ol for the design of routine sieel I-glrder beidges. 1t calculages the design shear loads, and the
cormesponding shear resisiances. In accordance with the provisions of the AASHTO LRFD BDS, greaily reducing the
time and effort required of the designer. Other commercial sofiware packages with the abllity to-analyze and design
rowtine steel I-girder bridges are als available.

Users should verify the capakbilities, assumptions, and geperal correcmess of any program's calculations prior to initial
use,




Design Resources

- Steel Span to Weight Curves

The Steel Span to Weight Curves are the quickest way to determine the weight of steel per square foot of bridge deck for straight, low
skew, plate girder bridges. The Curves are organized by span arrangement (1, 2 or 3 or more span bridges) and girder spacings.

To use the graphs first determine the bridge span arrangement, then, utilizing the maximum span, find that value along the "x"-axis.

Draw a line straight up until reaching the curve. Follow that line over to the "y"-axis to find the steel weight per square foot of bridge
deck.

The curves are great for comparing various span arrangements and girder spacings. With some additional information the weight per
square foot can easily be converted to a potential dollar value for the steel superstructure. The curves are based upon over 800
preliminary designs the NSBA has done through the years. In each instance the design was optimized for economics and is based
upon standard AASHTQ loading.

Three or More Spans — ANl Girder Spacing

i
I
2
i,
!__., Two Span — All Girder Spacing
i- H
is b
|, R :
fal 3" ) )
I : Single Span — All Girder Spacing
= N i
o
L -
] ="

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



Design Resources

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 9t Edition
Great set of release notes
FREE!

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




Design Resources

- NSBA Splice

UPDATED: NSBA Splice

NSBA Splice takes the time-consuming task of designing and checking a bolted splice connection and rewrites the
process with a simple input page and output form. NSBA Splice can be incorporated as a design tool on plate girder
SPL bridges allowing the designer to quickly analyze various bolted splice connections to determine the most efficient bolt
quantity and configuration. Based upon the updated AASHTO LRFD 8th Edition, NSBA Splice allows the user to
explore the effects of bolt spacing, bolt size, strength, and connection dimensions on the overall splice design.

NSBA Splice is presented in an easy to understand Microsoft Excel spreadsheet format. The download includes a blank design
spreadsheet as well as two completed examples drawn from the inputs and solutions for Examples 1 and 2 presented in Bolted Field
Splices for Steel Bridge Flexural Members design guide. Both the design guide and spreadsheet are current to the AASHTO LRFD

9th Edition specification.

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

/ .'JII
| ssasanan,
1 I

Bolted Field Splices

for Steel Bridge

Flexural Members @ p—
Stronger,

~ Fill Plate
f i~ Top Flange Splice Plates

|
|

{

Bottom Flange Splice Plates



Design Resources

Cross-frames are one of the costliest elements in a steel bridge on a per-pound
basis. Reducing the number and complexity of cross-frames can have a significant
impact on the speed of fabrication, speed of erection, and overall bridge cost. Lean-
on bracing represents a way to do just that and potentially eliminate 50% or more of
the full cross-frames required for a routine steel |-girder bridge without adding any
cost to the girders.

Academic research, including real bridge demonstration projects, has already been
completed; however, the industry has been slow to adopt the concept. The Lean-on
Bracing Reference Guide is written to educate designers and allay concerns about
stability and strength implications. The guide provides design criteria, commentary,
and example designs. It is also intended to show bridge designers how to implement
lean-on bracing in routine bridge designs with confidence and with minimal
computational effort beyond that required for a traditional bracing system.

Lean-on Bracing

: NEED

Reference 6 =,

Guide @ entenid DOWNLOAD THE GUIDE
Steal.

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




Design Resources

- Lean-on bracing

L - =

.F
re—

SCCTION A-A

Leat-sn beiiing svilem

/ 6] v (T) (3}
- | l
'..Q;'E:'J |
g i"'-ﬁ !
1 ——— —————- '} ——
SECTION B-8 SECTION D-D
Ledapd b i prE Lisan-on Brariep mpntes

Lean-on Bracing

NEED
Reference £
Guide 5{“:".. Smarter.

SECTION C-C SECTION E-E

e
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Steel Bridge Design Basics

1. Use the resources available

2. Engage fabricators with questions

3. NSBA can help!

4. Remember the rules of thumb

5. Stability needs to be looked at early

6. Wind during construction — stress and deflections
/. Use the new steel bridge standards




Questions?




