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" Research Basis
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* Mmfluence of Fram g Arangem ents
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* Lack-ofFitForces

= Construction hspection

®" Formm alRecom m endations
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" Whatis ‘Fi?”

Comm on Fi Conditions
AltemateName  Description

No-ZLoad Fi Fully-Cam bered Fit The cross-fram es are detailed to fit to the
NLF) giders in the fabricated, fully-cam bered and

plm b position of the girders under zero Ioad.

SteelDead ILoad Fir Bl esehtus The cross-fram es are detailed to fit to the
giders n an dealplum b position where the

giders are assum ed deflected vertically
underthe self-weight of the sttucturalsteelat
the com pletion of the steelerection.

TotalDead Load Fir Baeeildhs The cross-fram es are detailed to fit to the
giders n an dealplum b position where the

giders are assum ed deflected vertically
underthe totalas-constructed dead bads.
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" W ebs can only be plum b underone condiion

NoLoad Fit SteelDead Load Fir TotalDead Load Fit
NLE) SDLF) (TDLF)

No Load No Load

SteelDead Load

111

TotalDead Load

115

TotalDead Load

117
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Fit Condition
= W hy should you care?

* Choxice of fit condition affects ease of fit-up during
construction

* Choice of fit condition affects Jocked-mn stresses
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" B1t Condition
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" Regsearch Basis
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S
" ResearchGoals
* Provde desyn gudance to facilitate reliable fitup
* Provide ckarerunderstanding of m plications of:
* Erection procedures
e Fram Ing arrangem ents
e Choice of fit condition

SO
N
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Research Basis
= Research Scope
* 2lbrdges studied
* Curved and/orskewed
* Param etric3D FEA studies
* Range of erection schem es
e Range of fram lng arrxangem ents

* Range of fit conditions
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I,=150 ft
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Research Basis
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L .=211ft

L.=300 ft
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L=150 ft

=259 ft
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L =279 ft
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" AnalyticalM odels

Cross-fram e Chords

B31,Beam)

Flnges
B31,Beam )

Bearing Stiffener

,Beam )

B31

Concrete Deck

S4R,Shell)

er

Transverse S

B31,Beam )

G4R ,Shell)

Cross-fram e D lagonals

(I3D2,Truss)
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Research Basis
" Estm ated Fi-Up Forces
* Force applied by erectorto connect steel

* Analytically calculated as forces mduced at cross-fram e
top and bottom connections

* Practicalsim plifytng assum ptions:
* Noyerldng
* No mcdentalresttaint
* Geom ety built as specified
* Neglgiblk “Yvlhy” n connections
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Research Basis
" Estm ated Fi-Up Forces

* Factors that mfluence the actualbrdge erection but
cannotbe accounted for n practicalerection analysis:

* Tolerances and ply at connections,

* Adpstm ents of crane and supportelevations

* Tolerances on supportelvations

* Changes mn geom etxy due to themm alm ovem ents, etc.
* Sensiiviy studies showed:

* The effects of these factorswere 1im 1ed

* Resultswere generally reliable forpredicting trends
I behavior
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= [ iftng cranes, hold cranes, tem porary shorng, tie-
downs allaffect fitup
» Erection sequence affects fitup
* Curved gderbrdges
* Erectgmders from outsde-n
* Cross-fram es help controlgeom etry
* Straghtskewed brdges
* Orderofgirders kss m portant
 Thstallm nin alcross-fram es untilallgders erected
* Curved and skew ed bridges

* M ustevaluate case by case

We Make a Difference 21 9/14 /2017



Michael Baker Erection Considerations

INTERNATIONAL

" Exam pl S pl Span Erection Sequence
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" Exam pl S pl Span Erection Sequence

Stage 2-1 Stage 22
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" Exam pl S pl Span Erection Sequence
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" BErection Consyderations
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* Mmfluence of Fram mg Arangem ents
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hfluence of Fram lng Arrangem ents

INTERNATIONAL

" Recom m endations forskew ed brdges

* Offsetfirstcross-frame4b,0r0 4L, from skewed
supports to avod excessvely arge forces

-

~= TYP.
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hflience of Fram mg Arrangem ents
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" Recom m endations forskew ed brdges

* Avod fram mg cross-fram es drectly nto nterm edate
bearing Ibcations
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hfluence of Fram lng Arrangem ents
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" Recom m endations forskew ed brdges
* Stagger nterm ediate cross-fram es parallelto the skew

* Om L selctcross-fram es
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hfluence of Fram Ing Arrangem ents
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" Recom m endations forcurved and skew ed brdges

* Generally use contmnuous cross-fram es

* Consderom itting select cross-fram esnearskew ed
SUppPoOrts

* Balnce goals 2 Cross-fram e forces, flange hteral
bendnng,uplift,etc.
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* Mmfluence of Fram mg Arangem ents
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" Effectsof Fit Condition
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Effectof Fit Condition
» Forallstudied brdges,allparam etric varmtions
 ATl3 FitConditions mvestgated form ostbrdges
* NLF not mvestigated forstraight skewed bridges

No Load Fit SteelDead Load TotalDead Load
NLF) Fi SDLF) Fi (TDLF)
No Load No Load No Lgad
11 1 &
SteelDead Load SteelDeadoad | SteslDeadload |
11 111 K
TotalDead Load TotalDead Load : TotalDead Load i
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Effectof Fit Condiion

= Fit-up forces forcurved, radmlly-supported brdges

Max Fit-Up Forces (kip)

Bridge L (ft) w (ft) R (ft) ng L/R Ls/wg
NLF SDLF TDLF
(A) EISCR1 90 17.5 200 3 0.45 5.1 3.3 7.4 22.3
(B) NISCR2,
150 24.0 438 4 0.34 6.2 28.7

Scheme 1
(B) NISCRZ' n n n n n n
Scheme 2A
(B) NISCRZ' " n n n n n
Scheme 2B
(C) NISCR7 150 74.0 280 9 0.54 2.0
(D) NISCR10 225 74.0 705 9 0.32 3.0
(E) EICCR11 | 322/417/329 40.4 oo/0/411 4 0/0/0.80 8.0/10.3/8.1
(F) NICCR12| 350/350/280 74.0 909 9 0.39/0.39/0.31 | 4.7/4.7/3.8

219/260/211 968/3@1108 0.198/0.235/0.190/| 6.0/7.1/5.7
(G) EICCR4 /260/211/ 36.7 /3@ 4 / / / /7.3/5.7/

162/256/190 /968/x 0.146/0.264/0 4.4/7.0/5.2
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Effectof Fit Condiion

= Fiup forces forstraght, skewed brdges

Max Fit-Up

Bridge Lmax (ft) Lin (Ft) | wyg (ft) 0 (deg) ng I Linax/Wg Lnin/ W Forces (kip)
SDLF | TDLF

(H1) EISSS57 211 63 61.0 69.5/-4.4 7 0.77 3.5 1.0 5.0 15.0
(H2) EISSS57 ! ! " ! ! ! ! ! 5.0 14.2
(11) NISSS14 150 150 74.0 70 9 1.36 2.0 2.0 3.6 15.3
(12) NISSS14 " " ! ! ! ! ! ! 2.5 7.5
(J1) NISSS54 300 300 74.0 70 9 0.68 4.1 4.1 9.2 73.5
(J2) NISSS54 " " ! ! ! : ! ! 8.4 47.9
(K1) EICSS12| 150/139 150/139 41.0 59.6 6 0.47/0.50 3.7/3.4 3.7/3.4 0.6 6.3
(K2) EICSS12 ) ! " ! ! ! ! ! 0.4 7.7
(K3) EICSS12 ! " ! ! ! : ! ! 1.2 17.0
(L) NICSS16 |120/150/150(120/150/150| 74.0 70 9 1.69/1.36/1.36 | 1.6/2.0/2.0| 1.6/2.0/2.0f 0.8 36.9

(M1) EICSS2 | 259/255/220(241/183/220| 66.6 |58/61.8/38/38| 8 |0.48/0.49/0.23|3.9/3.8/3.3|3.6/2.7/3.3| 4.9 m

(M2) EICSS2 ) : ! ! ! ! ! ! 0.8 2.8
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" Effectsof Fit Condition
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" Tack-of-FiForces
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= SDLF, TDLF = Lack-ofFi (OF)
= TOF =P ‘Vorce £’ =9 ‘Locked n” forces
" T aterDL Foxrces

Lack-ofFi Forces

* Straight skewed bridges = Genemlly relieving

* Curved giderbridges = M ay be additive
" Engmneers rarely consderthese effects..

We Make a Difference
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Lack-ofFit Forces
= RIgorous approach to IOF analysis
* Calcubte nimlstrams

L, xcos(a)—Lq

Engheerng sttamn Einitial = L
1
. : : Ly L,
Rotated engineering sttain = €jpjtiqr = ;
1
. Ly
Log stran Einitial = IN—=

We Make a Difference 39 9/14 /2017



Lack-of Fit Forces

INTERNATIONAL

= Ryorous approach to IOF analysis
* Fundam entally notdifficult,but..
* Challengmg mpracticaltem s
T e consum Ing by hand
* Consderablk efforts via analysis software
= Alematives:

* S plified Ioad factorapproach forstraight, skewed
brdgeswith TDLF -AASHTO LRFD BDS C6 .74 2

(7/p)red B (7/p - 0'4)

* Georgi Tech software tool
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" Georgl Tech IOF analysis tool

* Developed aspartof research proect

* Procedures and exam ples n research report
" Requred mput

* Fram ng lhyout

* GIder,cross-fram e sizes

* Boundary conditions
" Ouftput

* Fixedend forces (for2D grd analysis)

* hiklstrtams (for3D FEA)
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" Tack-of-FiForces
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" Construction hspection
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Construction hspection
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= Brdge behaviris reasonably predictablke

" Construction nspectors should:
* Know and understand the Fit Condition
* Asgssess constrmucted geom etry :
* Atend oferection
» Afterdeck placem ent

* Know when to do som ething

* Know when to donothing

* Know when to callthe engieer
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® Formm alRecom m endations
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" NSBA Fit PaperRecom m endations

Straight Bridges

Square Bridges and Skewed Bridges up to 20 deg +/- Skew
Recommended | Acceptable Avoid
Any span length Any None
Skewed Bridges with Skew > 20 deg +/- and /< 0.30 +/-
Recommended | Acceptable Avoid
Any span length TDLF or SDLF NLF
Skewed Bridges with Skew > 20 deg +/- and I, > 0.30 +/-
Recommended | Acceptable Avoid
Span lengths up to 200’ +/- SDLF TDLF NLF
Span lengths greater than 200’ +/- SDLF TDLF & NLF
wgtanf

Skew Index, I = T
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" NSBA Fit PaperRecom m endations

Curved Bridges

Curved Bridges with Radial or Skewed Supports
Recommended | Acceptable | Avoid

Span lengths greater than 250’ +/-
and L/R>0.1+/-
All other cases SDLF NLF TDLF

NLF SDLF TDLF
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= AASHTO LRFD BDS 8" Ed.Revisions
* 6.7 2:M ore explicit anguage about specifying the Fic
Condition,w ih recom m endations
* C6 .7 2:Extensie revisions
* Substantialdiscussion about the Fit Condition

* M odified load factorapproach forreducing design
forceswhen TDLF isused n sttalgght skew ed bridges

(7/p)red - (7/p - 0'4)
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"= AASHTO LRFD BDS 8® Ed .Revisins

* (C6 .74 2:Extensive revisions,presenting suggestions
forefficient fram ng arrangem ents n skew ed bridges

* O ffset first cross-frame 4 .b, or0 4 L, from skewed
supports ckew > 20 deg)

* Suggestedm nin um staggerdim ension

* Recom m endations forom itting select cross-fram es
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® Formm alRecom m endations
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Recap

=" FiCondion

" Research Basis

" Erection Consderations

* Mmfluence of Fram mg Arangem ents
" Effectsof FtCondiion

* Lack-ofFitForces

" Construction hspection

®" Formm alRecom m endations
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Recom m ended Readng

"\

" NSBA Fi Paper executwe summ ary) Sy il G/r?er

e www steelbridges org/bridgefit S
" NSBA FitPaper (fulllength)

* Lmkprovied m the executize sum m ary paper
" NCHRP 20-07 Task 355 FmalReport

 http//apps b org/cm sfeed /TRBN etPro-ectD Jsp]avas
p?ProectD=3735 |
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