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DistortionDistortion--Induced FatigueInduced Fatigue


 

PrePre--1985 AASHTO Spec detail1985 AASHTO Spec detail


 

Does not usually cause catastrophic failuresDoes not usually cause catastrophic failures


 

Largest source of fatigue crackingLargest source of fatigue cracking
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Design FeaturesDesign Features


 

AASHTO 1965 Spec DesignAASHTO 1965 Spec Design


 

Large girder spacingLarge girder spacing


 

FloorbeamFloorbeam--girder connections field weldedgirder connections field welded


 

PT Deck on top of PT Deck on top of floorbeamsfloorbeams


 

Girder skew, curve, flare, haunch, etc.Girder skew, curve, flare, haunch, etc.


 

UnsymmetricUnsymmetric
 

column supportcolumn support

Typical Transverse Section



UnsymmetricUnsymmetric
 

ColumnsColumns







FloorbeamFloorbeam--Girder ConnectionGirder Connection

Brg. Stiffener 
Web Gap

Top Flange
Web Gap





 

Total Total 22372237
 

connectionsconnections



 

2000 emergency repair at 2000 emergency repair at 1919
 

cracked connectionscracked connections
--

 
Welded retrofit stiffenerWelded retrofit stiffener



 

2004 repair at a total of 2004 repair at a total of 10771077
 

connectionsconnections
--

 
Only 87 actually crackedOnly 87 actually cracked

--
 

Same repair as in 2000Same repair as in 2000
--

 
Repair welds treated with UITRepair welds treated with UIT

Previous RepairsPrevious Repairs



AsAs--Built ConnectionBuilt Connection
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Previously Repaired ConnectionPreviously Repaired Connection
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AsAs--Built ConnectionBuilt Connection





Previously Repaired ConnectionPreviously Repaired Connection



FloorbeamFloorbeam
 

Stiffener Cracks Stiffener Cracks 



Type 7 CrackType 7 Crack
(30 locations, 27 at columns)



Type 8 CrackType 8 Crack
(1 location only)



Type 9 CrackType 9 Crack
(5 locations, 4 at unsymmetric

 
columns)



Type 3 & 10 CrackType 3 & 10 Crack
(37 & 5 locations, mostly at columns)



Unit F17S

Unit F14N

Field TestingField Testing
 (July 7(July 7--8, 2008)8, 2008)



Web Gap GagesWeb Gap Gages



Retrofit Stiffener GagesRetrofit Stiffener Gages



GIRDER WEB

Bottom Flange GagesBottom Flange Gages



Controlled live load test
-

 
2 dump trucks

-

 
5 mph speed

-

 
10 sec stop at testing FB

-

 
6 test runs, 4 truck positions

Rainflow

 
counting

-

 
1 week data collection



F14NF14N
FB2FB2

F17SF17S
FB16FB16

F17SF17S
FB18FB18

Top Flange Web Top Flange Web 
Gap Gauge (C)Gap Gauge (C)

4.51 ksi4.51 ksi
2 yr2 yr

__ __

Retrofit Stiffener Retrofit Stiffener 
Gauge (CGauge (C’’))

__ 2.03 ksi2.03 ksi
284 yr284 yr

1.83 ksi1.83 ksi
579 yr579 yr

FB Bottom Flange FB Bottom Flange 
Gauge (EGauge (E’’))

1.56 ksi1.56 ksi
73 yr73 yr

1.89 ksi1.89 ksi
29 yr29 yr

2.46 ksi2.46 ksi
9 yr9 yr



Finite Element ModelingFinite Element Modeling



Finite Element ModelingFinite Element Modeling



Repair Repair 
ChallengesChallenges



 

Limited access at column Limited access at column 
connectionsconnections



 

Detail geometry varies at Detail geometry varies at 
every single connectionsevery single connections



 

Field welding quality Field welding quality 
(overhead position, night (overhead position, night 
time work, preheating and time work, preheating and 
cooling, etc.) cooling, etc.) 



 

Traffic control Traffic control ––
 

8 hr closure 8 hr closure 
9pm9pm--5am weekdays only, 5am weekdays only, 
including 3 hr barricade including 3 hr barricade 
setup and removalsetup and removal



Repair Detail DevelopmentRepair Detail Development



 

Closing the web gapsClosing the web gaps
--

 
Stiffening angles for top flange web gapsStiffening angles for top flange web gaps

--
 

Corbel plates for bearing stiffener web gapsCorbel plates for bearing stiffener web gaps



 

Limiting field weldsLimiting field welds
--

 
Stud welding at top flangeStud welding at top flange

--
 

HighHigh--strength bolting at bearing stiffenerstrength bolting at bearing stiffener



Top Flange Web Gap RepairTop Flange Web Gap Repair

Welded Threaded Studs
with F2437 DTIs

A325 Bolts
With F959 DTIs



Top Flange Web Gap RepairTop Flange Web Gap Repair







Stud WeldingStud Welding



 

Lab test during the design stageLab test during the design stage


 

Contractor qualification test at the beginning of Contractor qualification test at the beginning of 
constructionconstruction



 

Production test at the beginning of each shift (only bend Production test at the beginning of each shift (only bend 
test required)test required)

AWS D1.5 –
 

Bend, Torque, Tension Tests

Advantage


 

Used in 2005 on a KSDOT bridge repairUsed in 2005 on a KSDOT bridge repair


 

Automated, instantaneous arc welding (compared to Automated, instantaneous arc welding (compared to 
stick welding)stick welding)



 

Hole drilling not needed (compared to bolting)Hole drilling not needed (compared to bolting)



Bend Test

Torque Test

Tension Test

Lab TestLab Test

Acid Etching

TxDOT 
Steel Lab



Lab TestLab Test

Tension-Displacement Curve



Qualification TestQualification Test



Qualification TestQualification Test



Qualification TestQualification Test
Failed

Failed

Passed

Lack of 
Fusion



Makeup Qualification TestMakeup Qualification Test

Bend Test Torque Test

Tension Test



Finished Finished 
RepairRepair



Bearing Stiffener Web Gap RepairBearing Stiffener Web Gap Repair



Bearing Stiffener Web Gap RepairBearing Stiffener Web Gap Repair



Bearing Stiffener Web Gap RepairBearing Stiffener Web Gap Repair










Bearing Stiffener Web Gap RepairBearing Stiffener Web Gap Repair





Finished RepairFinished Repair



Crack Stop HolesCrack Stop Holes



Crack Gouging Crack Gouging 
& & ReweldingRewelding



SummarySummary



 
Current repairCurrent repair

--

 

Local repair, at cracked locations onlyLocal repair, at cracked locations only
--

 

381 repairs at 166 locations381 repairs at 166 locations
--

 

Contract amount $855,200Contract amount $855,200
--

 

Finished by June 2010Finished by June 2010



 
Future repairFuture repair

--

 

Making superstructure composite with deck Making superstructure composite with deck 
(TxDOT Research Projects 0(TxDOT Research Projects 0--4124, 54124, 5--4124, 04124, 0--6719)6719)

--

 

Adding columns to provide symmetric supportAdding columns to provide symmetric support
--

 

Local repair at every connectionLocal repair at every connection



Will the repair work out right ?

How long will the repair last ?

Time will tell !
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Thank you !
Any Questions ?
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