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Overview

TheBFDOTEtructurestResearchenterZperformedestingttoevaluatefthelftoncepttbffdoubletompositel
action@nBteeltbridges@n@ctober®F2008.ATheRestingtonsistedibfFatigue,Bervice,EandRiltimatefests.
ThelfatigueltestBvasttompletedibyfoadingfthe@Fpecimenitolapproximatelyh.6kmillionkyclesEromEbEol
105kips.2l No@mmediateRlistressitofthe@pecimenfvasetectedafterthefatigueest.BThe@erviceltestd
involved@hreeEﬂoad@:ases@NithEtheEl“and[?I”doad@:aselibeing@epeatedEBElimes.heE]oadsIEforEtheElStand
2""|oadBcaseBwere@421.0BkipsEandE638.8Ekips, Brespectively.B TheEloadBwaskEheldEeachBtimeforZakbriefd
periodibefore@etracting.BTheHinaldoadtaseForFZervice,Avhichtbecame®helultimate@oadase,Anvolved?
loading@he@pecimen@o@94.2Kips.RlItAvasAntended@uringlithisdoadase®ofhold@EhedoadztEB94. 26KipsE]
forEseveral minutes,FforexaminationEofEthelspecimen,ZandEthenfcontinueluntilFailurelorkl 200Ekips, 2
whicheverBicamelfirst.Bl DuringBthelfirstEminutelithelloadBwaskbeingfheld,BdueltolthelnaturefofEthel
hydraulicBystem,Ba@mallBpercentagetbf®heRoad,BapproximatelyFl 2Bkips,Avasdost.ZWhileEattemptingftol
regain@hell 2&ipsDfdoadEBuddenailure@®ccurred@n@heBpecimen.BBucklingfheottomBteeldlatel
and@oncretefailure@vere®bservediearheBupportBrnaximumEnoment@egion.ETheBpecimeniross-
sectionBandilevationBarelgivenBnFiguresElBandRR,Brespectively.B Anexaminationkbfhelrecordedfoad,
strain,Eind@isplacement@ata@vasi@nadeiy®he@esearchenter@o@etermine®@he@ause®®heHailure.?

Failure Synopsis

Aisual®ExaminationbftheHailed@pecimenFoundxhat®hebottomEFlangelatetbuckledbetweenZhear
studRlineskhearhelsupport,BvhichEverellongitudinally®pacedrhtER 3Rinches.B Also,fthelftoncretelfailurel
occurredBatithePgeneralfocation®fthelfirsttand@Zecond@EhearFtudiinesEintheBameeneralregionkbfl
thelbucklediplate.Bl ARepictionEbfEthesellocationskisBshownBinEFigurelB.2 ItAvasEhotedEhatfthelbottomi
platefuckledit@®ther@ocationstalong®hebeamBlsobetweenBtuddines;thowever,®Rhisdocation@vasikhel
mostBevere.ll
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Figure 1: Typical Cross-Section
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Figure 2: Elevation

Figure 3: Location of Failure
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AfterBanalyzing,thelatalindicateskplateBbucklingfbccurred@nthelearly@tagestbfloading.Z ABoadersusk
deflection®urveForhe *Cand®"¥se rvicedoad®ase, B cycle,AsEiven@nFigure@ForRwoRisplacement?
gages,BLVER3RandELVER 4, thatAvereBocatedBEintheegionBvherelbucklingBoccurred.B ThisBload-deflectionl
curveBhould®heoreticallytbeRinear@Bvith@ositiveFlope.RIHowever,®RhereAsEhthoticeableBlopehangelatl
approximatelyRl30BkipsEvhichBisBindicativefofEbuckling.B ItAsEfurtherPmagnifiedEatEagell V2 3RaboveB00R
kips@®nEhel *“cycle®henGround®200&kips®nBubsequentitycles.BARransverseBtrain@ageGt®helocation
offfailureBalsoBuggestsEhat@®utBflanefendingBccurredEtdowdoads.RFigureBAstadoadersusmicro-
strain@raphBhowingmhonlinearity@hichAsEpparent@roundf 50&Kips.&l

CalculationskbasedionRoark’s Formulas for Stress and Strain werelused@oBstudyithelriticalzbuckling
stressAn@hefottomBteelFlange.BTheFormulaonsidersB@ectangularilatefinderfiniform@ompression
onBtwolbppositeFedges.BlItBvastassumedithatillFedgesBvereBimplyBupported.B TheRraluesfusedinkthel
equation@reasEollows: %“platelthickness,®23”Mbucklingdength,BandiF2”@Avidthibetween@vebs.EBased@ne!
theEivenBetupndRquation®heXriticalZtressForEhisdocation@vasB.75ksi.ETheRtalculationsBareivent
inBthePAppendix.B ThelRlowEcriticaltstresstlevelBexplainstthelearlyEbucklingfofftheEbottomEflange.B Thel
appliediloadEheededBtoRachievelthiststresskinfthelbottomiflangelatEthelkriticalFlocationBwaskl 5 2Ekips,
based@®nBaEompositeBection.BIThealueff®heltriticalZtressBbrAoadEouldaryBa@mallzamountiue@ol
theBexactnesstbfthefboundaryltonditionsBandZhouldibeltakenBastheflowerbound.EThiskearlyBbuckling?
condition@liminated®@he@ddedbenefitBbfAisingthigh-performanceBteeldn@he@ottomElangedHPSF0).R

Thebehaviorbfthe@est@pecimen@luring®helnitialdoading@tage@®Rhis@estPvas@omplexBvithEheRlabk
andibottomM#langelhotBcting@ompletelydntegral.BIDue@oBhrinkage@®herefre@inuteracksEndEapstati
thelliaphragmsXhat@preventheoncreterombibeingdoadeddmmediately.BThis@nRurniEankccentuatel
theBamountRofEthelinitialFloadingkresistedibylthelsteeltinEthelbottomEflange. ThisEwouldElowerthel
requiredfoad,FL52XKips,toproducethelriticaltbuckling@®tress.BlOncelbucklingfbfthefbottomiflangethask
occurrediheottomBlabEoncrete@vouldesistEEnajority@fEheadditionaldoad.RHigher@tresses@vouldr
resultiin@he@oncrete@lue@o®hedack@®f@ompositection.

AtEhetime@nhetest@vhen®heAoad@vastbeingtheld,BatEB94Kips,Eheoncrete@apacity@vasExceeded,
resulting@nBaBuddentrittleffailure.BTheEoncretelkylinder@trengthBvasEB700@siEatEhetimeesting.B
The@oncretefailure@s@isible@n@heFopBortion®fEhefbottomBlab,BeeFigures®End .AThis@Eegionthask
little@onfinement@vith@he@ExposedFaceBandBhearZtuds@nly@xtendinglAnchesAntoRheFEAnch@Elab,EtEl
aBpacingBf23Rnches.BITwoRdtrainBsages,BGFLO9RANdEL11,AocatedB®nEhetoptbthefbottomBlabRatRA -

10%"EromRheldiaphragmBonhelholdedownBsidelrevealedithatfthelfroncretelinBhelbottomBEslabEwnask
underfistressuringhefoadihold.BFiguretBAskEaplotfAoad@ersustmicro-strain,Rlusinghelaveragelbfi
gagesBBGRLO9ANdEL11,FandBdepictsBincreasing@trainBwhilefthefloadBEvastheldztonstantatEBI4Ekips.E ByE!
averagingheBtrainGagestlongthe@lepthBEheboxEtR -10%"FromEheiaphragm@bn@hefhold@ownl
sideBandRusingBlinearextrapolationhelapproximateistrainklevelzatEl 1-inchesEFromheldiaphragmBvask
2148kmicro-strainBinthekbottomifiberkbffthelbottomBlabPandRL513Emicro-strainBinktheftopifiberkofthel
bottomBslabBinBcompression.B TheFaveragefmeasuredistrainBgradientFalongftheldepthEofEthelbox,Fatll
failure,@s@Bhown@nFigure®.EThis@atal@ncludes@heverageorEagesAn@EheRopHlange,AvebEndibottome
slab.BETheBtress-strain@urvesfor@hreetylindersifheottomBlabRoncreteire@iveninEFigureFl0.EThel!
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averagelmaximumefailureBistrainEforthelthreelicylindersBisE2230Fmicro-strain.B ThelsituationEforkthel
Double@ompositelsBimilarftoraktylinderitest@infthatBdueltohelpositionPbfhelheutralPaxistthereliskalkl

smallBstrainBgradientBacrossheldepthEbfEhelbottomBslab,however,theleylindersBvereltestedihtzthel
ASTMEbrescribedFloadFrate,FasPbpposedrtoRarheldEloadBIinEthefdoubleftompositeltest.BEoncretelfailsEatl

lowerBtressesfinderBustaineddoad.?
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Figure 4: Load versus Deflection (LV 23-24)
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Load (Kips)
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Figure 5: Load versus Micro-strain (SG 122 — Transverse)
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Figure 6: Concrete Failure

Figure 7: Concrete Failure (Removal of Loose Pieces)
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Figure 8: Load versus Micro-Strain (Bottom Slab Strain)
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Figure 9: Strain Gradient at 4’-10%"” from Support — Hold Down Side
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Stress vs. Strain
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Figure 10: Stress versus Strain from Bottom Slab Concrete Cylinders
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Conclusion

ThelfailureBmechanismiforzthelgivenksetuptwaskalsuddenkbrittleFconcretelfailurefthattoccurrediafter?
elasticBbucklingBofEithelisteelZbottomBflangeFatBlowEloadBlevels.B TheBbottomEflangelbucklingBicould?
potentiallytbe@esolvedbyisingtXighterBpacingfBtudstloser@oRheBupport@vhich@vould@educehel
buckling@ength.BThisklsoould@providefdditional@onfinement@oEhe@oncrete.BAGigherapacity@ouldi
be@®btained;thowever,Rhis@vould@tillEntailzBudden@oncreteailured@fhe@ntire@ection@s@equiredol
achievelplasticity.@ ForBdesignsBofRthisktypelRithelbottomBconcretelislabFandEbottomBsteelflangellarel
compositelrequiringthatthelstrainklevelskinEthePmaterialsEmatch.EThelfconceptBofRachievingfthelful Iz
plasticBcmomenttapacity@sthot@ossiblefueoheoncretetbottomBlab’sBnabilityoAvithstandtrainsk
equaloRhelyieldEstraintbfEthefbteeltbottomiEflange.?  Inthiskparticularktase,thelfbottomiEsteellangel
yieldedBatBR 750Emicro-strain.B TheltoncretelfailedratPapproximatelyE2230Bmicro-strainfinBcompression.?
The®ouble-composite@esign@houldibeRimitedd@n@lesign,AnBhegativeBnoment@egions,EolachievingFul Iz
plasticity@n@he®opHlange@nly.
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-Appendix-
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Roark Formulas - Elastic Stability of Plates - Rectangular Plate under equal uniform compression on two
opposite edges b. Assuming all edges simply supported. Table 15.2.1a (p. 703)

a:=23in b :=72in Es = 2900Cksi v:=0.:
a
0.2 22.2 -+ »
0.3 10.9 | .
0.4 6.92 N —_— —
0.6 423 PO - | b
_h -h
0.8 3.45 — —
1.0 3.29 -
1.2 3.40
ab:=| 1.4 K:=| 3.68 _ a
v K':= linterp| ab,K,— K'=10.126
1.6 3.45
1.8 3.32
2.0 3.29
22 3.32 Es  /1)?
L= K 1= .
2.4 3.40 T2 (b) o = 8.754ksi
-V
2.7 3.32
3.0 3.29
S
2F i
ab
1+ i
2
b
0 | | | |
0 5 10 15 20 25
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Plate Analysis

F
f, :=8700psi E. == (0.9)-57000 /p—;psi E = 4784.945ksi
Es

n:= round(—,l n==6.1
E
Effective Width b :=72in b =11.803in
n
Slab Thickness th = 7in

Section Properties - Total Properties

Ay = 254.126n° I, := 112671.273n" Yy = 33.290n° Yy, = 22.521in
Sy, := 5002.875n° Sy = 3384.417n° d = 55.81dn

Moment at 11 inches from support on "Hold Down" end, i.e. north end

25
Mappi = (E)(ZZ.OSBCﬁ)-Papm

Back out moment/load needed to produce the critical stress found in Roark's Formulas

Mback = G"Sb Mback = 3649516k|pﬁ

23 Mpack

Py = o Py = 152.04Ki
back ™ 2522 0837t back :

Theoretical Computed Bottom Flange Steel Stresses with applied load, assuming elastic section
throughout loading.

0 0
421 (i—gj.(zz.ossa‘twapp, 24.239
Pappl == | 638 ki Sappl = 5, Cappl =| 36733 [-ksi
894 51.472
1441 82.966
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