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You Want to Design a Steel Bridge?

What Is required?

ASpan arrangement

ABeam spacing and overhang
ABracing type and spacing
AFlange and web sizing

A Stiffeners, splices, shear
connectors, etc.

A8 q6 11 WUWs We Ul Wmwne U

A Wind on the erected steel
A Is lateral bracing required?

A AASHTO LRFD 10th edition Stability
design for deck casting

A Multiple checks related to girder and
bracing stiffness and strength

A Is lateral bracing required?
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What Is Bridge

Bridge design is a unigue combination of

wShall / Must
WAASHTO
wShould
WAASHTO Commentary
wLi ¢2dAZ R 06S 3I22R AT X
wNSBA Collaboration Documents
wL gAEAK &2dz ¢g2dzZ R X
wother guidance, fabricator and erector preferences
w52y Qi @2dz RI NB X
wavoid this at all costs

There are many good answers.

My goal is help you avoid the bad ones

RUSSO



AISC CERTIFICATION MEMBERSHIP MODERN STEEL BRIDGES ARCHITECTURE CONFERENCE

EDUCATION

GET INVOLVED

WHY STEEL BRIDGES? DESIGN AND ESTIMATING

FIND A BRIDGE FABRICATOR

AASHTO/NSBA COLLABORATION

ABOUT NSBA

| ~—~

AWARDS

Be
jo

EMERGENCY SOLUTIONS

il ¥
1A wgé"- )

Uncoated WeES
Guide

If speed is'Y
uncoated weat
best choice! UW4
applied coatir e
spent literal INg paint dry. NSBA's
new Uncoated Weathering Steel
Reference Guide is your go-to resource
for using UWS in a variety of bridges in a
diverse mix of environments.

Uncoated

Weathering Steel! o Single Span Bridges and
Reference o LEARN MORE Multi-span Bridges
® = with Link Slabs o=

Guide

/AISC/NSBA Standard Plans for Steel
Bridges

The AISC/NSBA Standard Plans for Steel
Bridges simplify and speed up the bridge
design process for steel plate girder
bridges. These standard plans provide
numerous straight steel I-girder bridge
plans for a suite of various span
arrangements and lengths--optimized for
cost-efficiency throughout design,
material selection, fabrication, and
construction. They cover one-, two-,
three-, and four-span configurations with
span lengths ranging from 80 ft to 300 ft,
and girder spacings of 8, 10, 12, and 14 ft
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Standard Plans for Steel Bridges

A Contents
A Nearly 300 full bridge designs
A Spans range from 80ft to 300ft
A Girder spacings = 8ft, 10ft, 12ft, 14ft

A Girders

A Stiffeners

A Shear Studs  ul

A Field Splices B oo o= |
A Bearing Reactions s Il
A Camber |

A Cross-frames & Diaphragms fﬁ(égﬁsés\i‘s i, |
A Deck Pour Sequence Considerations | S Bridoes sl
Aand much, much moreéé. L
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Bridge Layout and Planning
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Span Layout for Continuous Spans

AFor multi-span bridges, continuous spans generally preferred

AA balanced span arrangement is also preferred
APeak positive and negative moments nearly equal in all spans

1 1 1

Balanced Span Arrangement

AEnd spans 75% 82% of center span ‘f qWs Yedl LL,,:| 131N Y




Balanced Spanst Example 4Span

Strength Envelope

Positive and Negative STR | Envelope Moments

000000



Spacing & Overhangs

AGoal T relative balance of total forces among the beams

| J
T.I,I,I.T

0285 [t quws Yeal whiuwnv v P aRn ws
TO TO
0.35 S 0.35S
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What are Practical Beam Spacings?

ASTNMWn qWs WE21JI ! HYT ! U

AN M Wn q
A>14 ft, rare,

BLUIOYOOYU4HA

B WNIWKWaqaqRUN

iImited by deck designs

ASome other considerations

ADo you anticipate half width deck reconstruction in the future?
A If so, you needa odd number of beams to have one down the middle.

AHow are your decks formed (SIP or lumber ?)

UY a
qVY W

H1JWe Wa Y |

I YUt Wgd Rt We U
Het WHY OGO YU

JWe U
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Depth to Span Ratio

Bare Girder (LRFD 2.5.2.6.3)

ASuggested minimum depth of dbeam portion
only:

0.033L (L/30) Simple Spans Must or should

0.027L (80% 1/30)  Continuous Spans | 4epending on
your owner

RUSSO
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Depth to Span Ratio

Composite Section (LRFD 2.5.2.6.3)

ASuggested minimum depth of composite- DECK
beam: | |
0.040L (L/25) Simple Spans Must or should

depending on
0.032L (80% * L/25) Continuous Spans| your owner

RUSSO
STRUCTURAL SERVICES 1 2



Flange Proportioning Limits

AASHTO LRFD

Article 6.10.2.2 ‘ Must ‘

o — > AASHTO / NSBA Suggestion

It would be good if /
UsSe TYUquTcluJUYqu

—i(

q6 R1
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Steel-Girder Bridge Componentsr Bracing

99"

£ STRINGER —= { STRINGER |
4-101.2" 4410 1.2" L3,
] L
N7 LEVEL OR SLOPING ! ;i
| w
§ i e
| P [RAN N
! NOTE B I | [
[ | NOTE 4 \ I I | w
| | : } =
L1 E
.! . i .l '
™ CHANNEL :
| < (SEE TABLE-1 THIS SHEET) I
m 3 ¥ % H A ~._ CONNECTION STIFFENER / i:
Steel Angle or Tee (Typ ) INTERMEDIATE DIAPHRAGM :

RUSSO Cross-frames Diaphragms
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Cross-Frames & Diaphragms Layout

ACross-frames / diaphragms in straight or slightly skewed bridges
NUIUPI ¢cda! W -YyImUORGUWEE G Mt

AWhat governs their size if there are no computed loads?
AYou will soon find out

RUSSO
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Strength of Compression Flanges &

Sections In Bending

F,or M, Anchor point 1 1
F__ or + —
M. | 1:bu 2 f/ @ fﬂ:nc}
|
i Anchor point 2
|
|
F,orMAq-------- it
— !

compact |  noncompact

' (inelastic buckling)

nonslender slender

!
»
|- »

(elastic buckling)

Ll

V V [ Lporl L, orl 4 L, or bethcJ
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Deck Overhang Loading

ASignificant Effects for Exterior P
Beams i W

1:bu T f/ ¢ thF

L

. : R /
1 S [ 7 4
1:bu + g f/ ¢ fﬂ:nc’ 1

Source of flange lateral
qﬁﬂ% ) bending moments
RUSSO  m—
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Deck Overhang Loading

ADeck weight -
AForms

AScreed rail

AWalkway

AFinishing machine

AStresses are commonly 10r 15 ksi

AThese are additive to stresses . ¢
during deck casting -

/2
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So Where Are We ?

Al JWéecec210We WwuNRYYT W It RNUmw

APractical and simple layout
A We chose a rational layout of spans
A Beam spacing and overhangs make sense
A We chose a reasonable girder depth
A Practical bracing layout was provided
A All of this can be designed with a line girder

A~1J1Jqt L Ec NE§WHIWHC 2t 1JWmbx A
AAre we done?

STRUCTURAL SERVICES
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Other Things to Consider

Wind Loads During Construction Stability Bracing Requirements

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Proposed Modification
to AASHTO Cross-Frame

o Analysis and Design

GUIDE SPECIFICATIONS FOR WIND LOADS Mt Reichenbach

Joshua White
Sunghyun Park
ON BRIDGES DURING CONSTRUCTION Ercbn e
Matthew Moore
Yangging Lin
Chen Liang
Balazs Kivesdi
Todd Helwig
Michael Engelhardt
Robert Connor
Michael Grubb
FERGUSON STRUCTURAL ENGINEERING LABORATORY
Tue UNIvVERSITY OF TEXAS AT AUSTIN
Aunstin, Texas

Wi
| ) [ %
=% |
% Subseriber Categori

b ries
AMERICAN ASSOCIATION Eridges and Other Structures

oF STATE HIGHWAY ano 1ST EDITION e 2017
Russo TRANSPORTATION DOFFICIALS
Research sponsored by the American Assodiation of State Highway and Transportation Offidals 2 O

STRUCTURAL SERVICES AASHTO PusLicaTION CoDE: GSWLB-1 - .
ISBN: 978-1-56051-651-4 In cooperation with the Federal Highway Administration




AASHTO Wind Loads During Construction

Strength Loads Service

GUIDE SPECIFICATIONS FOR WIND LOADS
ON BRIDGES DURING CONSTRUCTION




Wind LoadsTt Guide Specifications (Strength)

G IRDER NUMBER :i):
1

COEFFICIENT 1_____

S/D>3

Ty

G IRDER NUMBER

|

w DRAG
COEFFICIENT Cobase

STRUCTURAL SEI

0 0.25 0.250.25

8/27/2025 $/D<3

AAssumptions (things you need to know)
Alnactive wind speed (115 mph)

AR factor (reduction in wind risk due to period of
exposure)
A 0.73 used, 6wks T 1 yr construction
AHeight corrections
A 1.0 if less than 33 ft above ground
ADrag coefficient
A 2.2 for Fbeam

22



Service Wind Load
Behavior

STRUCTURAL SERVICES

A Some owners €.g.PennDOT)
require that wind deflections
and stresses in the open framing
be calculated and limited.

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

A Refer to PennDOT BB20M for
additional detalls

23



Lateral Behavior of Single Spans

MAX: -369.9 -369.9

For a simple sparhe force iseasy M =wl4/8

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

/2
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Lateral Behavior of Continuous Spans

LA

A Deflection and stresses @ontinuousspansare dependenton many
factors

A Agrillageor even a single line girder should be used to estimate the

/O deflections and flange lateral bending stresses.

RUSSO
STRUCTURAL SERVICES 2 5



Strength of Compression Flanges &

Sections In Bending

F,or M, Anchor point 1

£ +—f }

|
|
i Anchor point 2
|
Fy, or M7 ————————‘i' ——————————————
;/ | |
compact noncompact :

(melastlc buckllng)

I
nonslender ' slender

AASHTO also limits
f,<0.6Fy

| (elastic buckling)

! .
Vv [ Lporl L, orl 4 L, or bethcJ

STRUCTURAL SERVICES
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Service Wind Load Behavior

A~RITt GeUWI WndWHEqRYULWI WNMOD
AAIL G Rt RHG W Wy mrmreees e

ASlightly over

A Solutions could be
A Revise flanges
A Add bracing

AExamine what happens if we add
WT bracing at the end

RUSSO
STRUCTURAL SERVICES 2 7



Service Wind Load Behavior

A~RTt GeUWI InalJHE
AAl U2 RYet WUNMHKDW

AWhat happened?

ABridge has 6 bays @ 30 ft each

A1 bay each end now has lateral
bracing

Amn[ | JIWIEKXUNq6 wWU

“ b o
N—uj ___,\\-4\\—L\\\— :

N ) =,
|

Frs " 4“'\‘
[ ill ;
g

L
_—

RUSSO
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A Helpful Design Aid

Tables for Eccentrically Loadgd
WT Shapes in Compression

ABSTRACT

WT shapes are often used for bracing, and they are typically connscted to their supports with gusset plates on hs flange. This attschment
creates an sccentric axial load on the WT, which is not cansidered by design tables in the 13th edition AISC Manual of Stesl Construction. This
papar demonstrates one mathod for generating design tables that account for this ecosniric Ioading

Keywords: WT shapes, comprassion, aceentric loading.

H orizontal WT braces commeonly connect to their supports
with gusset plates to the WT flange. This connection cre-
ates an eccentric axial loading. The axial compression tables
in Section 4 of the 13th edition of the AISC Steel Consiruc-
tion Manaal do not consider connection eccentricity. An Ex-
cel spreadshest was developed to generate allowable stress
design (ASD) and load and resistance factor design (LRFD)
tables to assist engineers in considering these eccentric con-
nections using the 13th edition Manual. Tables are located
at the end of this paper. The available strengths in Table |
{ASD) and Table 2 (LRFD} for WTs were determined by
inputting different lengths and loads until a maximom load
was found for which the WT still passed. The reduction fac-
tors in Table 3 (ASD) and Table 4 (LRFDY) were developed
by taking the maximum allowable P load with the eccentric
connection and dividing by the maximum allowable P load
without the eccentric connection. These factors are useful in
reducing the allowable stresses in analysis and design pro-
grams, instead of having to check the WTs with eccentrici-
lies by hand. The tables were developed with the following
assumplions:

1. ASD and LRFID, 2005 AISC Specification for Siruc-
iwral Steel Buildings

2. WT member yield strength, F,, of 50 ksi.

3. The WT members are horizontal. connected toa gusset

plate at the flange, with the gusset plate on tp.

Gusset plates are ¥ in. thick.

5. The ends of the WT are pinned (K= 1)

. Eccentricity taken from centroid of WT to the centroid

of the gusset plate.

o

-3

Mark E Gordon, FE, Serlor Structural Enginesr, Southem Gompany,
42 Wwermess Center Parway, Bin 8453, Srmingham, AL 35242 C-mal:
megomon@souTiemen.com

7. Design moment includes self-weight of WT.
8. For the LRFD method, a dead load factor of 1.2 is ap-
plied 10 the self-weight of the member.

The following examples demonstrate the procedure that
is incorporated in the spreadsheet that was used to make
the tables. Equation numbers refer to the 2005 AISC Speci-
fication.
EXAMPLE 1
Slender WT in Compression Using ASD

19.2 kips Y5 in. gusset plate
192 kips
—

WTTx21.5

Given:

A 25 fi. horizontal WT7x21.5 brace with an axial compres-
sion load of 19.2 kips that is connectad on top of the flange
with a ¥-in. gusset plate.

WTT7x21.5 properties from Table 1-8 of the AISC Manaal
and from the AISC Shapes Database:

AISC Engineering Jour
/ Second Quarter / 2010

Table 2 (LRFD)
——— Horizontal WT Shapes
«—— Available Strength ($.P,)
for Compression Loads* with Connection Eccentricity
(Kips)
Span Length (ft)
Shape
25 | 5.0 | 7.5 | 10.0 | 125 | 15.0 | 17.5 | 20.0 | 22.5 | 25.0 | 275
WT4x9 40.8 | 36.3 | 30.3 | 236 | 17.7 | 135 | 104
WT5x11 47.7 | 453 | 40.6 | 34.5 | 28.1 | 221 | 17.5 | 141
WT5x13 57.8 | 54.5 | 48.3 | 40.7 | 33.1 | 26.0 | 20.7 | 16.6 | 13.4
WT5x15 70.9 | 65.2 | 571|479 |38.8 | 30.5|24.2 | 195 | 15.8
WT6Ex11 451 | 411|335 | 244 | 175
WT6x13 47.5 | 46.3 | 439 | 40.0 | 35.3 | 30.4 | 255|209 | 17.2 | 14.2
WT6x15 61.6 | 59.6 | 55.7 | 49.8 | 43.2 | 36.3 | 29.8 | 24.3 | 19.9 | 165
WTex17.5 | 79.2 | 76.2 | 70.2 | 61.9 | 529 | 43.8 | 35.5 | 28.9 | 23.8 | 19.7
WT6x20 874|841 | 775|673 |56.9| 46.9 | 37.8 | 30.7 | 25.1 | 20.6
WT6x22.5 | 103 | 99.0 | 90.2 | 78.0 | 65.5 | 53.6 | 43.2 | 35.1 | 28.7 | 23.7
WTEx25 117 | 111 | 993 | 86.1 | 72.5 | 59.6 | 48.1 | 839.1 | 32.1 | 26,5
WT7x11 348|336 |31.0| 27.1 | 225 | 17.7
WT7x13 471 | 453 (413 | 356 | 29.1 | 225 | 17.6
WT7x15 56.8 | 55.5 | 52.9 | 48.7| 43.2| 37.1 | 31.0| 254 | 21.0
WT7x17 68.8| 67.0 | 63.5| 57.9| 51.0 | 43.6 | 36.3 | 29.7 | 245 | 204
WT7x19 82.1| 79.8 | 749 | 67.6 | 59.0 | 50.0 | 41.1 | 33.6 | 27.8 | 23.1
WT7x215 | 92.8 | 90.3 | 85.6 | 78.3 | 69.7 | 60.8 | 52.1 | 43.8 | 36.4 | 30.4 | 25.6
WT7x24 110 | 107 | 100 | 91.1 | 80.5| 69.8 | 59.3 | 49.4 | 41.2| 345 | 29.0
WT7x26.5 | 125 | 121 | 113 | 102 | 89.8| 77.3 | 65.2 | 54.2 | 45.2| 37.9 | 31.9
WT7x30.5 | 140 | 136 | 128 | 114 | 98.8 | 83.9 | 69.8 | 57.5| 47.7| 39.8 | 33.3
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AASHTO 10th Edition Stability

Bracing Requirements




Requirements for Bracing Systems

AEffective bracing must satisfy bothstrength and stiffness
to have a safe system.

AProvisions outlined in the following slides allow engineers
to verify the adequacy of the bracing.

RUSSO
STRUCTURAL SERVICES 3 1
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Torsional Bracing of Beams

AThe fundamental concept with
torsional bracing is:

Diaphragms

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

Cross-Frames

A Stiffness requirement
¢ ) ¢ ) Hj D

Through-Girders

32



New AASHTO 10 Edition Stability Bracing
Requirements, 6.7.4.2.2

Minimum Stiffness Requirements Minimum Strength Requirements

c& 0 U . cg 0 [0 U
0 %o & D (6 ) R (6 ) (u n"ﬁ)
AL = Span length AL, = brace spacing
An = Num of braces in the span, excluding A h, = distance between flange centroids
end braces
A M, = factored deck casting moment
A |yeﬁc comp. fig. }
% | ] / : -
qﬂm\? IﬁH br

L J
&H&ﬁg tension flg.

33



System Buckling
Illustrated

STRUCTURAL SERVICES

ATRITUItWe!l JWbTet qWnRULD W

A Crossnl ¢ G It WHE!I | ! WeddWadJlWmbet e¢d LW
aYCclt w

A Yet the entire system fails by buckling

as a moreor-less rigid body rolling and
displacing laterally

34



Provided Bracing Stiffness

AActual torsional bracing stiffness of the entire system:

q‘ ) P Springs in series
( P P b )
I I I fo! i
p P P
Ay .1 & Total system stiffness, where Qp Q¢ Qo |
I+ <

ny, = Stiffness of crossframe or diaphragm

Nygi = Crosssectional stiffness (web and connection plate)

q = In-plane stiffness of the girder system

/2
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H

cnaPafic

3&%%&

| -Ply White Perforated
Roll Towels

 JOrots Towws SEHETE,
S04 29 4223 5mm} 6715071 18
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Cross-Frames & Diaphragm
Stiffness Model Em )

37



Cross-Frames & Diaphragms
X-Frame Tension & Compression Diagonal Stiffness Model

N | (6.7.4.2.27)

STRUCTURAL SERVICES
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Cross-Frames & Diaphragms
K-Frame Stiffness Model

| (6.7.4.2.28)




Cross-Frames & Diaphragms Diaphragm

Stiffness
= I ——  (6.7.4.2.2-9)
A "‘

RUSSO
STRUCTURAL SERVICES 40



Cross-Sectional Stiffness,

= SeC

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

AFor diz%lohragms or crossframes at least 0.8 web depth, this can be
ignore

ARecall, AASHTO requires a crosBame brace for a plate girder to be 75% of the
web height.

A Recommendation T For plate girders, just meet the 80% rule

<7 Il’h__i_;l__-\, :; _L;___\,

Itw_ﬂﬁ_! bs [ . j : [ 7 Iq&“"“'-m-:' +I

D] T £ [ pﬁ,’)i|

o | [ ==L L =

RUSSO \ 41



{

In-Plane Girder Stiffness] |

RUSSO
STRUCTURAL SERVICES 4 2



In-plane girder stiffness, |

I 1s a function of the stiffness of the individual girders as well as
the number of girders across the width of the bridge:

T ===

. C (8 p) ‘@ inplane moment of
U ) inertia of girders
\ o €. number of girders
L YOO across the width of the
T § bridge that are
F interconnected by the
RUSSO

braces. 1a



Summary of New Stiffness Requirements

P c& U 0

AThis is an interactive / iterative problem
AFlange proportions (b/t) directly influences Jest
ANumber of braces, n, influences the required stiffness of each brace
A. . is related to girder web height, spacing, and stiffness of bracing elements
A. ...can be commonly ignored

= SeC

A is related to |, of the girder

RUSSO
STRUCTURAL SERVICES 44
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Summary of New Strength Requirements

] ¢g8 U (U
¢ M 0

4

A

U

L TTG

X-Frame: TensiorOnly Diagonal System
For = Mb,/hb

C 2FhQ/S

X-Frame: Compressioriagonal System

I:br‘ 0 I:br‘
> \(? _% D
2Fh/S SN 2Fh/S
<
83
< 0 <
Fbr \Z I:br
K-Frame
I:br‘ 0 Fbr‘
2Fh/S | \2» @ %ZFholS
@ Q\Q
?@ Q \,@
< +Fbr s 'Fbr a 45
N <
I:br Fbr
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SummaryT Good News

AAASHTO now has REQUIREMENTS (in thé& @0ition) requiring
that flexural members be braced with members of sufficient

stiffness and strength
AStiffness is required to control distortion (twist) in girders.

ARestraint of twist requires a strength design check of the bracing
system

ACalculations 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.

46



72qlli 6¢cqWRNWRaqW? Yt U

AA few suggestions
Af nWRq W YWt Uk qWs YI t AWlc Ul WRaqkt WHGY!t JB
A Wider / thinner flange ifpossible to increase |,
A Deepen the girder to increasd,,
A TTWecWiRUWDWY! Was YWYnWHI ¢HRUNAWqYWRUHAI Jc¢
Af nWRgKt Wmbs ¢! WY nnmw
A Add top flange level lateral bracing for one or two bays at the end of the span

A Which end(s)
A The discontinuous ends

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

RUSSO
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Standard Design and Plans for
Modern Steel Highway Bridges

What is this project about? What are the deliverables?

STRUCTURAL SERVICES



Project Team

VﬂV ARusso Structural Services

APrime consultant

RUSSO ALead Designer

STRUCTURAL SERVICES

AGenesis Structures
A Constructability advisors

>

GENESIS ACAD / drawing preparation

STRUCTURES

A Grubb  AM A Grubb & Associates
ssociates, LLC AlIndependent design review and quality control
N AAASHTO code compliance

RUSSO
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Standard Designs for Straight-Girder

Bridges

A Single Span Bridges (8, 10, 12, 14 ft spacing):

A 8017 300 ft (10 ft increments)

A Cross-frame & Diaphragm Details
A Lateral Bracing Details

A Bolted Field Splices

A Deck Details

A Link Slab Details

A 39 sheets

Standard Plans for Steel Bridges

Single Span Bridges and
Multi-span Bridges
with Link Slabs oy

RUSSO
STRUCTURAL SERVICES 5 O



Standard Designs for Straight-Girder

Bridges

A 2-Span Continuous Bridges (8, 10, 12, 14 ft spacing):

A Equal Spans, 1007 250 ft (15 ft increments)
A Deck Pouring Sequence

A Cross-frame & Diaphragm Details

A Lateral Bracing Details

A Bolted Field Splices

A Deck Details

A 28 sheets

Standard Plans for Steel Bridges
Two-span
Continuous
Span Bridges

RUSSO
STRUCTURAL SERVICES 5 1



Standard Designs for Straight-Girder

Bridges

A 3-Span Continuous Bridges (8, 10, 12, 14 ft spacing): -
pan, ft.
3 _ End-Int.-End
A Center spans, 150 i 300 ft (15 ft increments)
A End span = 78% of center span 117-150-117
A Deck Pouring Sequence 129-165-129
A Cross-frame & Diaphragm Details 141.180.141
ﬁ goltidDFlel_(lj Splices 153195153
eck Detalls 164-210-164
A 23 sheets 176-225-176
188-240-188
199-255-199 Standard Plans for Steel Bridges
211-270-211 Th ree-span
223-285-223 Continuous
Span Bridges
234-300-234

RUSSO
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Standard Designs for Straight-Girder

Bridges

A 4-Span Continuous Bridges (8, 10, 12, 14 ft spacing): span, ft
End-Interi
A Two center spans = 15071 300 ft (15 ft increments) nemEner
A End span = 78% of center span 117-150
A Deck Pouring Sequence 129-165
A Cross-frame & Diaphragm Details 141-180
A Bolted Field Splices 153.195
A Deck Details
164-210
A 33 sheets 7022
188-240
199-255 Standard Plans for Steel Bridges
11970 Four—.span
Continuous
223285 Span Bridges
" 234-300

RUSSO
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Final CrossSections

8 ft beam spacing

37"0“

1'-6" » 34'-0" Roadway 16"

o

[92)

2y}

\ L |
Web Depth S
Varies by o
Span Length — | | 1 i

2'-6" 4 Spaces @ 8'-0" = 32'-0" 26"

0.31S

STRUCTURAL SERVICES

TYPICAL SECTION

10 ft beam spacing

37'-0"

1'-6" v 34'-0 ROadway , 1-6"
%2
@

\ ° [
Web Depth E—\ S——
Varies by
Span Length —— | .|
3-6" L 3 Spaces @ 10'-0" = 30'-0" 36"

TYPICAL SECTION
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Final CrossSections

12 ft beam spacing 14 ft beam spacing

43'-0"
, 510" ,
1'-6" 40'-0" Roadway 16" y — ’
f & 16, 48'-0" Roadway 7 e
e 7 — y
o =
A d /] g
Web Depth M) - — I—\ l:
Varies by J— \?arie:pb
Spambengh Span Lengtﬁ —
L~ 3 S 14|_0n = 420_0n _an
36" L 3 Spaces @ 12'-0" = 36'-0" L 36" //4 6 // paces @ 4-6 ,,
7 7 TYPICAL SECTION

TYPICAL SECTION

0.29S 0.32S

RUSSO
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Fabricator Outreach

A Standard plate widths

A Standard web thickness

A Standard flange thickness

A Determination of optimal web depth

A Stiffened vs unstiffened web design

A Top and bottom flange optimization

A Field section length and weight limitations

A Other project details (studs, splices,
cross-frame, etc.)

56



Presentation of Selected
Portions of the Standards




Walk-thru of the Standard Plans

3-Span continuous, 12 ft spacing

- 4y »
16" ‘L - 407 0" Roadway 'L 5
L q /_P
T ! v T
.
Web Depin g
Vanes by
Span Length
] | _ |
ve 3 Spaces @ 120" = 360" p 1€
& £
1Y cT )
. Span1or 3 pry L2, Span 2
§ Brg Begn Oftset @ Fiekd o
s RN ¢ g s —
. Kote Segment B omitied 1c2 I 9 1 ™ L2, Span 2 & CandAr
{ TA1 _‘ for end spans up 10 255 R -—-__________J \ 1l Plar 10r2 \ Sploe 2 [ ] not shown for clariy
1 -
{ { } E
Transverse stffene: : 'ﬁ'A: I | : : : :
o8 needed =} : H Crossframe ' : : : : We | WO
[~ Tacry
i ; | : : i ; |
1 ' 1 ' 1 [
1 ' I 1 ' 1 [
1 1 1 I} 1 '}
T | i
| \ | f |
BA1 \ \ \— BC2 BC3 j
L Segremnt A BAZ L ec1 L Segment D L
-~ -~ -~
GIRDER ELEVATION INTERIOR SPANS 150-235 FT

— — Span 103 — U2, Span2
Standard Plans for Steel Bridges 5“*‘“;0::; _‘:"T_u! G T8 ‘3-""-‘“{__] L ﬁ‘i&? X i"’" /s'mﬁ'{s"‘:ﬂ Segments C-B-A repeat
g Splice 0 ‘L Spice j [ H . L ot shown for clanity
Three-span — i . .
Continuous } ! H | m
Span Bridges ) Swonger. TN e 17 S AR ISR I )

I
z=” i Steel. L segmema | Segment D L
L4 *

' ’ Y
R ELEVATION INTER 70-300 FY =
A ]""' "'c(‘ THREE SPAN 150-300 FT
£l

12 FT SPACING
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Scope of Work Reminder

A 3-Span Continuous Bridges (8, 10, 12, 14 ft spacing): -
pan, ft.
3 _ End-Int.-End
A Center spans, 150 i 300 ft (15 ft increments)
A End span = 78% of center span 117-150-117
A Deck Pouring Sequence 129-165-129
A Cross-frame & Diaphragm Details 141.180.141
ﬁ goltidDFlel_(lj Splices 153195153
eck Detalls 164-210-164
A 23 sheets 176-225-176
188-240-188
199-255-199 Standard Plans for Steel Bridges
211-270-211 Th ree-span
223-285-223 Continuous
Span Bridges
234-300-234
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GENERAL NOTES: DEE-E] Iﬂad ASSUMmM ptiurlsj
Spacifications:

AASHTO LRFD Bridge Design Sped

For DCA

AASHTO Guide Specifications for V|
Canstruction, 1st Edition

Materials:

Slab thickness as shown in plans
Overhang thickness = slab thickness + 4 in.

Givder Wats and Flanges

ASTM AT09 Gr BOW or Gr HPS 70

S T e Concrete haunch weight, 50 plf per beam
Sifnars Stay-in-place form allowance, 15 psf

ATO9 G 5OW Miscellaneous steel weight:

nlermediate transverse shear stiffe -

'S:iﬂen:?isilze;snmm acs requirc':!“b E ﬂ gir-dEr Epadrllg 3[] plf
i i Dl oo 10 ft girder spacing - 30 plf

ASTM AT09 Gr 50W 12 ﬁ Qil'dﬂr EPHCIHQ = 3':' plf ngelaleralbemri:rlngm'memf from

. ' ing machine. Flange lateral bending

Covicrels Deck 14 ﬁ glrdEr Epa[ﬂng = 45 plf onngweFascia Bear?besggn(:rnerla

fo=4 ks
i Total DC1 loads shown on this sheet are computed with the above

F. =60 ksi ' L . 2 . sa0 General Design Criteria sheet.

: assumptions and assuming equal loading to all beams in the
Bolls a

: cross-section,
ASTM F3125 Grade A325, diameteq
For DC2

Assumed single slope TLS railing
600 plf divided to two beams

For DW
vﬂm\, : GENERAL NOTES
2 in. asphalt at 140 pef
EUHIHASL s§nv9£s ::;‘f:;‘“g“a"’ 2025 | sheet2of32
oo e e s e e w3 PR SRS 2SI S AN




Design Assumptions and Criteria, Continuous Span Bridges:

1.

Girder Design

a. All 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 govermning shear and moment distribution factors for an
interior and exterior beam. The composite slab effective width is based on an exterior beam.

c. 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 normal is assumed for all designs.

e. Live load deflection satisfies AASHTO LRFD 2.5.2.6.2 Criteria for Deflection

irder dep ati O LRFD 2.6 ptiona iteria fo pan-to

for vehicular bridges, L/800.
f Option n apth Ratio

Uepth Rati

fies AA

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 stress.

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.
b. 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.

Design Assumptions and Criteria, Continuous Span Bridges:

1.

Girder Design

d.

All designs performed using NSBA LRFD SIMORN,

b,

w0 ™ o

Interior and exterior beams were designed. In LEFD SIMON, the "BOTH" option is used for the LL distribution
factors. This resulls in a single beam designed for the governing shear and moment distribution factors for an
interior and exterior beam. The composile 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.

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

Live load deflection safisfies AASHTO LRFD 2.5.2.6.2 Criteria for Deflection for vehicular bridges, L/800,
(airder depth satisfies AASHTO LEFD 2.5.2.6.3 Optional Criteria for Span-to-Depth Ratios.

Faligue design based on Calegory C for shear studs welded to top flanges and Calegory C' for welded

transverse stiffeners, ADTTg, = 1,000 vehicles per day and a 75-year design life.

Maximum segment length, 140 feet.

/2

RUSSO

STRUCTURAL SERVICES

i.  Cross-Frame members are designed as secondary members.
Cross-Frame members are designed for tension / compression loading.
Cross-frame member stifiness is based on 0.65AE stiffness reduction factor for eccentrically loaded angles,

et

AASHTO LRFD C4.6.3.3.4,
|, Diaphragms and cross-frames are designed for combined stability-induced loads along with simultaneous deck
casting forces. The finishing machine is assumed to be centered at a brace point location.

GENERAL DESIGN CRITERIA
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Design Assumptions and Criteria, Continuous Span Bridges:

1. Girder Design 3. Wind Load Design
a. Al designs performed using NSBA LRFD SIMON. a. Lateral deflection and flange lateral bending stresses due to wind on the fully erected steel framing were
b. Interior and exterior beams were designed. In LRFD SIMON, the "BOTH" option is used for the LL distribution evaluated. Lateral bracing is not required for the design conditions assumed in 3.1 and 3.2, below. Other

factors. This results in a single beam designed for the governing shear and mement distribution factors for an conditions may require bracing for wind load deflection or stress.
-

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 stress.

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 Aprl 29, 2016 edition.
b. 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.

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,
c.  Wind loads on erected steel determined from the AASHTO Guide Specification for Wind Loads on Bridges
During Constructfion, 2017,
Inactive wind condition, ¥V = 115 mph. Superstructure height, 30 ft
Superstructure construction duration & weeks - 1 year, R = 0.73
K: = 1.0, C, = 2.2 for fascia beam, per AASHTO Guide Specifications for other beams.

RUSSO
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Finishing
- b " Machine ) ) L
. 0" cverhang, braciels @ 43~ cantars Concrete Self Weightand  Wheel Loads Fascla Beam Design Criteria:
. a Construction Live Load . : .
g\ Hetion = " Walkway 1, Finishing machine wheel load, 4 @ 2000 pounds. Loads shown are representative of
o \ Live Load finishing machines used for bridge widths and types shown on these plans.
o 3 == 0 ft brace Lpacing
B —@—15 1t brace spacing 2. Concrete density, 160 pcf, to account for formwork weight allowance.
c o +—10 ft brace spacing I 3. Construction live load on deck, 50 psf.
g T DRI 4. Walkway live load, 50 psf. Assumed walkway width, 2 ft.
:é 1 5. Owerhang slab thickness equals nominal slab thickness + 4 in. assuming slab is flush
® to underside of top flange and an assumed 4 in, haunch,
- 6. Finishing machine is assumed to be midway between cross-frames for lateral bending
i D - ) moment calculations.,
S FWebdepth In. b 18 uA A IR a. Factored load combination: AASHTQ LRFD 3.4.2, 1.25DC + 1.5 LL
nots: Bracket Ht = Wb Dapth minus 6", not to ascesd 907) b. An equivalent service bending moment is computed for LRFD SIMON input. LRFD
& SIMON uses a 1.4 factor on all lateral bending moments. Moments shown on the
accompanying graphs are unfactored and are a total weighted average of the dead
42" overhang, brackets @ 36" centers and live load lateral flange bending moments.
@ 7. Bracket spacing assumed as follows, Bracket spacing is based on limiting capacities of
= Bracket Height = Actual common commercially available hangers and brackets. Assumed safe working load of
Web Depth minus 8", 6,000 Ibs. per hanger. Assumed safe working load of 3,750 Ibs. per diagonal.
4 not to exceed 90" a. 30in. overhangs, 48 in. bracket spacing.
B ! b. 42 in. overhang, 36 in. brackel spacing.
] c. 54 in. overhang, 24 in. bracket spacing.
E3
E 8. Girder service load rotations, @, are limited to 1 degree.
E
® 20 . - . . )
3 - TYPICAL SECTION 9. Lateral deflection at the top of web, A, limited to 0.25 in. Vertical deflection of the edge
- A, of slab, Ay, limited to 0.5 in. Both limits checked for maximum finishing machine loading
4 . 4 and are instantaneous values,
. ~=—— End of Slab
Varies 2'-6"
16 42 48 54 B0 13 78 a4 o 102 108 114 120 12 132 ,Jf to 4'-6"
Web depth, in -
note: Bracket Ht = Web Depth minus 6°, not to exceed 90°) — —--—!;‘;é_ 4 8,000 Ibs
Iz, J *
o £
5" DVSTENEN, ENUENEES B 2% CRTERS 1 '\;" 2,000 Ibs 2,000 Ibs 2,000 Ibs 2,000 Ibs
.'_:' —8— 30 ft brace spacing /
5 . .
.“: == 75 ft brace spacing §
:: +— 20 ft brace spacing L Shear Center L 40" L 34 J' 40" L
g } L A L4 7
Z Tz~ f ASSUMED FINISHING MACHINE
2 - E——1
: =2
q‘ﬂ% - GIRDER ROTATION DIAGRAM FASCIA BEAM DESIGN CRITERIA
Russo 02 108 114 120 126 132
STRUCTURAL SERVICES Inus 6", not to exceed 90° Issued January 2025 Sheet 4 of 32
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" Span 1 , Span 2 , Span 3
End of Unit ¢ Pier E Pier r=——"End of Unit

| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | l | | l |
| | | | | | | |
L ¢ Splice —= [=— ¢ Splice ¢ Splice ——= l=— ¢ sSplice L
) Pour 1 Pour 4 Pour 3 Pour 5 Pour 2 i

3-SPAN UNIT DECK POURING SEQUENCE

DECK POURING NOTES

1. The deck pouring sequence shown 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 casfing positive and negative bending in noncomposite sections
occur during Pour 2 and 5.

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

5. Upliftis prevented in all cases.

DECK POURING SEQUENCE

Naote: An alternate pouring sequence with the deck cast continuously end-to-end is also permitted. All girder designs in
% these standards satisfy stress, strength, uplift, and stability requirements for the alternate pouring sequence.

Issued January 2025
Revision 0
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430"

1g " 40'-0" Roadway o 1-6"
T ! I T
2,
Web Depth %
Varies by =
Span Length
I . -
e 3 Spaces @ 120" = 360 Ly 36
[y IYPICAL SECTION e — ’
Span 1 or 3. .

§ Brg Begin
Span 1/End

SpanS—l-l

Offset

TAQ—;

Note: Segment B omi
for end spans up to 25!

. Field

dSlece 1 | TC1
TCZ
S ———

Offset

H— @ Brg

¢ Field
Splice 2

ey

Symmetric about

L/2, Span 2 Segments C and A repeat,

not shown for clarity

! Pier1orz T1C3 i
1 &

Transverse stiffener,
as needed —

Crossfram

Spacing

il

R

-

\— BAZ

; BC1

| \— BC2 BC3 ] |,

L Segment A L Segment C I!D Segment D |,
”~ # #
GIRDER ELEVATION INTERIOR SPANS 150-255 FT I
Span1or3 - L/2, Span 2
& Brg Begin Offset - Offset
Span 1/End / Symmetric about
Span 3 —— ¢ Field TB  Field | TC1 Teo ’—— ¢ Brg |--— ¢ Field ™ Y L/2, Span 2 Segments C-B-A repeat,
' TA1 V/_ Splice 0 Splice 1 —= —i . Pieriorz TC3 ' Splice 2 f | not shown for clarity
| 1 '!_ I 1 1 T =
1 ]
_ T T I T T T T
Transverse stiffener, I WAl 1 I I I
asneeded — | | ' Crossframe , : i ' : We . WD
i I Spacing | ¥ ! I 0 1 | 1
I I 1 I 1 I
1 I ! 1 I I I '
1 I 1 1 I I
Il Il . I 1 1 I I F=
} 1 L —
! N BA1 | _f - W8 ‘, | ] ! |
| se BB BC1 N BC2 BC3 8D
gment A L Segment B L Segment C L Segment D L
L a C4 L Cd

GIRDER ELEVATION INTERIOR SPANS 270-300 FT

THREE SPAN 150-300 FT
12 FT SPACING
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TYPICAL SECTION

Li2, Span 2

{ Field

Splice 1
| i ‘ el TC2 & Brg |-7 § Field
[ ] i Pier 1 or 2 Splice 2
I

— | TEE-\

e
—— N N N NN R =

)|

| \— BC2 BC3 J

r_._.—.'

BC1
Segment C J'
i

RUSSO GIRDER ELEVATION INTERIOR SPANS 150-255 FT
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SEGMENT A SEGMENT B (as needed)
Span, ft.
WA TAL TA2 BAl BAZ Wwe T8 BE

End-Int.-End

(in.xin. xft) {in.xin. xft.) fin.xin. % ft) {in.xin.xft) {in.®xin, xft.) {in.xin, xft) {in.xin, xft) lin,xin, xft.)
117-150-117 | 54 x0.625x 79 16x1x79 === 22x1.5x79 - -
129-165-129 | 62 x0.625x 89 16x1x89 - 22 x1.5x 89 -
141-180-141 | 66x0.625 % 98 18 %198 22 x 1.25 x 49 22 % 1.5 x 49

S S S
153-195-153 | 74 x 0.625 x 106 18x 1x 106 24 % 1x65 24 % 1.25x 41
164-210-164 | 78x 0.625x 113 18x1x113 24 % 1x57 24 % 1.25% 56 =
176-225-176 | B2 x0.75x122 18x1x61 18x1.25x61 22x1x61 22x15x61
188-240-188 | 88x0.75x 130 20x1x130 24%x1x70 24 % 1.25 x 60 ane
199-255-199 | 94 x0.75x 138 20x1x1318 2% 1x84 24 % 1.25x 54 - .
211-270-211 98 x0.75x 51 20x1x51 - 24%x1x51 —== 98 x 0.75 x 100 20x1.25x100 | 24x1,25% 100
223-285-223 | 102x075x51 22%1x51 == 24 % 1x51 =5 102x075x110| 22x1.25x110 | 24x1.25x 110
234-300-234 | 108 x0.75x 54 24 % 1x54 24 x 1.25 x 54 - 108x0.75x 120 24x1.25%120 | 24x1.25x 120
SEGMENT C SEGMENT
Span, ft. Additional

End-Int.-End WC TC1 TC2 TC3 BC1 BC2 BC3 WD TD BD Footnotes

[in.xin. xft) [in.xin, xft) fin xin, xft.) (in. ®in. xft) {in. ®in. xf.) {in.xin.xft) {in.xin, xft.) {in.xin, xft.) {in.xin, xft) [in. ®inm, xft)
117-150-117 54 x0625% 76 22x1x24 22x1.75x28 22x1x24 22x1.25x24 22w 235w 28 22w125x24 54 x 0,625 x 74 16x1x74 22x125x74
129-165-129 | 62 x0.625x 80 22x1x25 22x2x30 22x1x25 22%1.25% 25 22x% 225530 22%1.25x25 | 62x0.625%85 16x 1x 85 22%1,25x 85
141-180-141 | 66 x0.625 x 86 22x1x27 22x2x32 22x%1%27 24 % 1.25% 27 24 % 2.25 % 32 24x1.25x27 | 66x0.625x%94 16x1x94 22%1,25x94
153-195-153 | 74 x0.625x 94 24x1x28 24x2%38 24%1%28 20 % 1.25% 28 24%25% 38 2x125%28 | 7Ax0625x 101 18x1x101 24%1x101
164-210-164 | 78x0625x%102 | 24x1.25x25 20 x25x47 24 %1.25%30 20%1.25%25 25 25%47 24x125%30 | 78x0625%x108| 18x1x108 22%1.25%108
176-225-176 | 8B2x0.75x 108 | 24x1.25x32 2 x25x44 24 x1.25x%32 24x15x32 2 x275x44 24x15x32 82 x0.75x 117 18x1x117 22%x1.25x%117
188-240-188 | 88x0.75x116 | 26x1.25x34 26x2.5x53 26%1.25x29 26 x1.5x 34 26x2.75x%53 26x15x29 88x0.75x 124 20x1x124 20x 1.25x124
199-255-199 | 94 x0.75 x 122 26 % 1.5x 35 26x 2.75 %52 26x%1.5x35 26 x 1.5 x 35 26 % 2.75x 52 26 % 1.5x 35 94 % 0.75x 133 20x 1x133 24x1x133 a
211-270-211 | 98 x0.75x 125 26 % 1.5x 30 26x3x60 26x%1.5x35 26 % 1.75x 30 26x 3 x60 26x1.75x35 | 98x0.75x 140 20x 1x 140 24 %1% 140 a
223-285-223 | 102x0.75x135| 30x1.25x31 30x2.5x57 30x1.25x47 30x15x31 30x2.75x 57 30x15x47 [102x075x139 | 22x1x139 22x1.25x139 a
234-300-234 | 108x0.75x140| 2Bx15x25 28x3x65 28x% 1.5x30 30x15x25 I0x3InGs 30x15x50 | 108x075x140| 22x1x140 24 % 1x 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.

THREE SPAN 150-300 FT
12 FT SPACING
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