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" TypialSteel G rderBrdge

Com ponents
* Deck
* Giders

* Cross-fram esordiaphragm s
" Stability Bracig
* Restranns htermltorsional
deflection of Igiders

* Resists htemltorsionalbucklng of
Igiders

* Contnuous bracing by com posie
deck

* Discrete bracihg (‘brace ponts”)
* Cross-fram es — truss fram ework
* Diphragm s-soldweb

= M ostly fam ilmrconcepts...
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" TraditionalDesign Approach —
2 Categores

* Curved orseverely skewed bridges
e V-Load,2D,or3D analysis

* Analysis results mclude cross-
fram e forces

* SynificantDL and LL forces

* Cross-fram e stzrength and
stiffness OK by Inspection
*  Strmyhtbrdgesw ith little orno skew
* Lnegideranalysis

* Analysisdoesntprovide cross-
fram e forces

e DL and LL forces n cross-fram es
neglkected

* Cross fram esdesigned forw ind
Jbading and m axm um m em ber
skndemess lim its
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[ | R ecentA d'vance g CONTENTS: 2000 -2001

Engineering Journal
*  Stability bracing strength and
stiffness requirem ents

First Quarter 2001 Page 50f 8 B>
Volume 38, No. 1 - 9

The Use of Orthotropic Decks in Redecking of Bridges

Wolchuk
Fundamentals of Beam Bracin:
Yura

What You Should Know About Heat Straightening Repair of
Damaged Steel
Avent & Mukai
Steel Plate Shear Walls—An Overview
Kulak, Kennedy, Driver & Medhekar

* Yura, A, ‘Fundam entals of Beam
Bracing’ A BC Engheecring bumal 1t
Quarter2001

* ABC Specifratons forStmuctuial
SteelBuidigs,Appendix 6 3

° Yum,d ,Helw g, TA ,Volum e 13 :Bracihg
System Design, FHW A SteelBrrge
Desxyn Handbook,Novem ber, 2012

WS, Department of Transportation
Federal Highway Administration

Bracing System Design

Publication No FHWA-IF-12-052 -Val 13

e
s
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" Twoprimarydesign
requlrem ents
* Stiffnessrequirem ent

(ﬁT)Teq = &

Bsec

2.4LMj%
PNE leorf Cg

W here: ﬁr

* Strength Requirem ent

(0.005)Lp L M}
(Mbr)'req =

nkE Ieff Cg ho

* Smplkequations.. buthow do
you In pkm ent nbrdge
desgyn?
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Practicaln plem entation

" FHW A SBDH :Defnesequations
and variables,w 1th fgures and
discussions,then says:

'Usmg these equatons the stabilty
bracng forces are addiive to the braciig
forces resultinng from a fst-ordertype of
anal/sis Qead bad, Iive bad,etc,)?”

= Buthow?

e NoDLorLL cross-fram e forces from
ILGA?

* W hatlm i states to mvestigate?

* W hat lbad com bnhations and factors
touse?

* W hataboutnegativem om ent
regions?
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= T,0ads

*  Strmyghtbrdgesw ith little orno skew
* Lmegnderanalysis — no cross-fram e
resuls

e DL andLL forces n cross-fram es
neglgible

* W md forcesby sin plified hand
calcultions

* Stability bracng forces from Yuras
equations
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" T, it States,Load
Com bnnatins,lLoad Factors

e AASHTO LRFD and engheering
Judgm ent

Notes:
1. hcliding dynam xeffects if applicab k.
2.DC iswexhtof structuralsteelonly

Lim £ State | Condition Com posite or PosorNeg Load Com bmation
Noncom posie? | M oment?

StrengthI Fmal Com posite Negative 125DC+ 15DW + 175 LL
Strength I Constr. Noncom posie Positive or 125 DC + 15 DW
Negative + 15 Constr. Note 1)
Strength Il Fial Com posite Negative 125DC+ 15DW + 0 LL
+14WS
Strength I Constr. Noncom posie Positive or 125DC+ 125DW + 125W S
Negative + 125 Constr. Note 2)
StrengthV  Fmal Com posite Negative 125DC+ 15DW + 135 LL

+04WS+10WL

Special Constr. Noncom posie Positive or 14 DC + 15 Constr. Note 1)
Negative
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" T, it States,Load

Com bnnatins,lLoad Factors

*  Stability bracing forces calculated using
factored m apraxisbendingmoment M ;)

* Multiplybya lad factorof 10 for —
com bination w ith other force effects

e StrIConstr: Nownd,but fullconstrlads
fordeck placem ent,w ith constr. lve loads
and dynam iceffects as applicable.

* StrIh Constr.:. hclide w nd,w ith reduced  [*
construction Ioads e g., constr.equipm ent,
stored m aterials,butno constr. Iive Ioad). -
Notchecked fordeck placem ent
conditions.

* Constr.Conditions: DW nncludes
applicable utility Joadsbutnot future
w earing surface bading.

* Localowneragency construction load case
guidance govems
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Practicaln plem entation

" Continuous Span Brdges

" PosiiveM om entRegions
* Addressed by Yura

" NegatmeM om entRegions
* Notmnvestigated by Yura
* Doesdeck stabilize gders?

Assum e 1t does not untilfurther
research is com p kted

* Usemaxinum negativem om entat
pEer?

Assum e bearigs/anchorbolts
provie bracng atprr,usemom ent
at fust cross-fzam e away fzom pEr

" Positive vs.Negative M om ent
Regins
* M om ent,cross-fram e spacig,

properties by region
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" Sm plifications forCross-Fram e
System Stiffness Param eter, 3,
* UseFHWA SBDH Figure 9

, , gl
equations - conservatively only TENSON SYSTEM VF 0- SBu o,
consders two giders e T: S L L

. < s <‘|r|= By = E_Szhg' Tenslon System -
* Othermw ise canuse FHW A SBDH s s— S, 2o, S | | Norzontale rerocuir
' ' ' S S
Fygure 23 equations w 1th num ber copresn sy
. B —>
of grders percross-fram e taken oF RS | R———
. and Le horizontals not required
aS . §—¢ F
number of girders in cross section K BRACE
Nge = e >F
number of cross—frames o0 & b, - 2532“2'* K Brace System -
. 7/ 85 , 8 | | diagonals designed for
< <—F Ac A tenslon and compression

A, = areaof horizontal members L, = length of diagonal members
A = area of diagonal members S = spacing of girders
E = modulus of elasticity h, = height of the cross frame

Figure 9 Stiffness Formulas for Twin Girder Cross Frames [20]
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Practicaln plm entation

" S plifications forW eb

S _
D istortionalStiffmess b
s
Param eter, .. h It
e CanuseFHW A SBDH Figure 10 eq. <'
. t
* Formostcasesw 1th “full-depth cross- _‘,_w C_
fram es” web distortionaleffects can stiffener
be neglected and ,B Sectaken as IlfIlJty Figure 10 Web Stiffener Geometry
* However,AASHTO allow s shalbwer (L5h)E 1.5}
cross-fram es ordiaphragm s - Pree =333 [ ot J
considercaleulating S explicitly
when appropriate hed
* Evaluate f_ . foreach region of girder ) mr ‘21b' e A T
' I v}' b
he:ghtzlsmg FHW A SDBH Fgure 11 vt Y
equation _,Ef h—*—_T_

Figure 11 Cross frame and Diaphragm Geometry

2
33E (h \[(1.5k)t, 1B
1 g 3 I3 H:_ 4 + ; .
BB, BB h,. (J[ = =
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Practicaln plem entation

" Simplifications forh-Plane
G idersStifness Param eter,

*  Equation for,Bg assum es only one
brace atm dspan p g

 24(n, -1)" S*EI,

n I

* Conservative worst-case
sin plification whenm ore than one
brace perspan is provided — can
derive equations form ultplk braces

* Formostbrdgeswih4 ,5,o0rmore
giders, the effectof f,_is less
synificant

° Fornarow bridges, if f,dom hates
the calculation of the overallbrace
stiffness, then glbbalsystem buckling
m »htbe a concem
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" Practicaldesyn propect

* Three sttaghtsteelIgxder
bridges

" Litle orno skew

" Baskdesign param eters:

Sxunis,m x of 2-and 3 -span unis
Spans:113 'to 164/

Gmderspacing: 9'4"to 10 9"
Gmderweb depths: 62”to 74"
Cross-fram e spacing: 21'to 25
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" Representatwe Calultions
* Required cross-fram e stiffmess:

(BT)req = (I_B—T,(;_T) @)

nGSEC

* Required cross-fram e strength :

(0.005)Lp L M}

(Mbr)req - NElgff C§ o (3 )
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" Representatwe Calultions
*  Valuesofkeydesign param eters:

Pr = overall required brace system stiffness (kip-in./rad)

_ 2.4 L M )
¢nE I ff C}

Psec = web distortional stiffness (kip-in./rad). For full-depth cross-frame
connection plates, f.. can be taken equal to infinity. For this case, for
illustration, the value of f,.. was calculated to be 12,910,512 kip-in./rad

L = span length (in.) = 147.5 ft =|1770 1n.

My = maximum factored major-axis bending moment in the region (i.e. positive
or negative moment region) and span under consideration for the Limit-
State load combination under consideration (kip-in.)... see summary
below

@ = resistance factor for bracing = (.80

n = number of cross-frames within the span = 5

Ly = effective moment of inertia (in.") =|981.5 in.’

Cy = moment gradient modifier, conservatively taken as 1.0

Ly = unbraced length (i.e., cross-frame spacing) (in.) = 24.75 ft 5 297 in.

h, = distance between the flange centroids (in.) =/69.375 in.
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" Representatwe Calultions
* Actualcross-fram e stiffness:

Desyn Exam plk

The required bracing stiffness, (f7).4, from Eq. (2) is checked against the actual overall
brace system stiftness, (£7).., given as:

1

(ﬁT)ac = 71 1 1
. )

By Bsec Bg.

where, by separate calculations for the subject cross-frame:

I’
ﬁ sec
P

thus:

(,5 ]") act —

We Make a Difference

cross-frame system stiffness (kip-in./rad) =|1,540,514 kip-in./rad_|
12,910,512 kip-in./rad |

web distortional stiffness (kip-in./rad) =

in-plane girder stiffness (kip-in./rad) =|339,863 kip-in./rad

272,557 kip-in./rad
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" Representatwe Calcultions

Required cross-fram e stiffness

* M axmum negative m om ents at the
first cross-fram e away from the
Suppozrt:

Strenagth I: 77,136 K-.

Strength II: 36 696 K-n.
StrengthV: 67860 K-In.
By Egs. ¢)and ©),the required

cross-fram e stiffness, f,),.,, 1
225 883 kip-11 /1ad.

|
‘i

UL

T
a

U

Actualcross-fram e stiffness,
Br)oes 38272 557 kip-in /1ad.

Cross-fram e has sufficient
stiffness.
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" Representatwe Calultions

* Cross-fram e strength requirem ents

* Calubte bracing required strength
perEq.3 Expressedasamoment

valie)

e Converttom em berforce dem ands n

chords and diagonals

e Tclde consideration of w nd bbads

e Selkctresults fora cross-frame na
negative m om ent region:

Desyn Exam plk

Required bracing strength :

(n4br)req

(0.005)Ly L M

 nElgsfCEho

Stability Bracing

Limit Load Factors Wind Loading Farces Total Loading
State Yoc Yow Yws W ihard W giae S chord S diag F chord F giae
(kips) (kips) (kips) (kips) (kips) (kips)
Str 1 1.25 1.5 0.0 0.0 0.0 25.8 40.5 25.8 40.5
Str 11 1.25 1.5 1.4 12.3 19.3 5.8 9.2 18.1 28.5
StrV 1.25 1.5 0.4 3.5 3.5 19.9 3l4 23.5 36.9
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" FhnalCrossFram eDesign

¢ GIRDEH\\I

TOF OF 5LAB

e e 5 S
v

: -I;;l'/yg'""(iTYF‘.!-\—LE X5 K M

L5 X 5 ¥ ¥e (TYPJ
56" GUSSET P

b2 spa. @ 4*(TYP.)
L]

TYP. @ ENDS
',":1L/ “0OF ANGLES

CONMNECTOR PLATE
OR BEARING STIFFEMER ITTF.F—\'

|
|
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i NINGETE || TYP.
e | 2" CLR. |
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" Discussed stability bracing
strength and stiffness regm s
and I plem entation

" Yurasequationsare simplk,
easy touse

* htermpretation forbridge use

» T, it states,bad com bations and
factors

" Consderation ofnegativem om ent
regions

" Practicaldesign sin plifications

" Desgnexampk
® Forcesnotexcessive

" M em bersizes reasonablk

" Value of mvestigating stability
bracing

We Make a Difference 29 9/14 /2017



Michael Baker

INTERNATIONAL
We Make aDifference

Questons?



