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ofstiTrupaccordingtoclassicaltrussanalogy
withoutconsideringanycontributionofcon-
crete．Fracturesofstirrupsinprestressed
concretebeaInshavealsobeenreported・Price
andEdwards2）observedthatfracturesDfstir-

rupstookp1aceatsomedistancesfromdiagonal
cracksandthefracturesoccurTedatbendscven

inthecompressionnange，ａｂｏｕｔ２００ｍｍａｗａｙ
ｆｒｏｍｔｈｅｄｉａｇｏｎａｌｃracks・HansｏｎｅｔａＬＢ）a1so

obtainedlowfatiguestrengthsofstiXTupsin
prestressedconcretel-beams，andstatedthat

fracturesofstirmpscouldbeattributedtothe
horizontalopeningsoftheinclinedcracks：thus，

thestirrupsweresubjectedtotransverseshear
whichcausedllexuralstressesofsu価cient

magnitudestoproducefatiguefractuｒｅｓｏｆｓｔｉｒ－
ｒｕｐｓ

Ｉｎｏｒｄｅｒｔｏａｎａｌｙｚｃfatiguefracturcsofstir-

rups，aknowledgeofstrainsofstirrupsinabeam
subjectedtorepeatedloadingisessentiallyneed‐
cdbutonlyafewobservationshavebeen

reported．KaarandMattock6）observedthat

strainsatthemaximumloadincreasedapproxi-
mately40percentwithl-millioncycleloadi､g
atworkingstressleveLHawkins1）alsoreported
increasesofstresseｓｉｎｓｔｉｒｒｕｐｓｆｒｏｍ５０ＭＰａｔｏ
ｔｈｅｙｉｅｌｄstresswitlllOODOOcycles，ｂｕｔｈｅｄｉｄ
ｎｏｔｇｉｖｅａｎｙｄｅｔａｉｌｓ，Ｏｎｔｈｅｏｔherhand，Price

andEdwards2）唾portedthatintheirprestressed
co､cretebeamslittlechangesinstrainswere

foundunderlODOcyclesof1oadinginspiteof
theconsiderableincreasesindiagonalcrack
widths・Itcanbeconsidercdthatnosystematic
observationonst｢ainsofstirrupsunderfatigue
loadinghasbeenreportcd

lnordertoinvestigatetllcfatiguebehaviors
ofbeamswithwebreinforcement，threesenes

offatiguetestswerecarriedouLBehaviorsof

l7beams，especiallycllangeBinstrainsofstir-

rupsduetorepeatedloading，werecarefully
obsewed．Basedonthetestresults，anew

equationforpredictingstirrupstrainunder

SＹＮＯＰＳＩＳ

Inordertoinvestigatethefatigucbchaviorsof

beamswithwebremforcement，threeseriesoffatigue

testswe唾carriedout・Behaviorsofl7beams，espe-

ciallychangesinstrainsofstilTupsduetorepeated
loadingOwerecareIunyobserved、Basedonthetest

resu1ts，anewequationIOrpredictingstirrupstrain

undeTrepeatedloadmgwasproposedandatentative

dcsignproposalforstirrupsinabeamsubjectedto
fatigueloadingwasmade．

ＬＩＮＴＲＯＤＵＣＴＩＯＮ

Lately，designmethodsforshearhavebecn

devclopedandstirrupsrequiredareapttobe
reducedinsomecases，This，however，isbased

ontestrcsultsunderstaticloading，ａｎｄｉｔｈａｓ

ｎｏｔｙｅｔｂｅｅｎｃｌａｒｉｆｉｅｄｗｈｅthersuchmethodsare

applicabIetomemberssubjectedtofatigueload-
ing,sincethereisonlylittleinfbrmationavaiIable

regardingbeamswithwebrcinforcementfailing
mshearunderfatigueloading．Hawkins'）

reportedthatunderrepeatedloadingfailureac-

companiedbyfracturesofstirrupscouldoccur

atacapacｉｔｙａｓｌｉｔｔｌｅａｓ２１ｐｅｒｃｅｎｔｏｆｔｈｅｔｈｅo-

rcticalstaticone，AI1stirrupfracturesoccurrcd

whercthcbarswerebentaroundlongitudinal

barsAfterconfirmingthatthebendingopera-
tionreducedthestressrangeatagivenfatigue
lifefOrastraightbarby50pcrcent，Hawkins
concludedthatthecapacityofabeamwith

stirTupsfailinginshearumderfatigucloading

couldbepredictedbycalculatingstressrangc
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ＡＩｌｂａｒｓｉｎｔｌｌｅｔｃｓｔｓＩ１ａ(ｌｔｗ(〕ｌ(mgitudinalribs

andparaUeItramsvcrselugsperpendicuIartobar
axis,withthctransverselugsjoiningthelongi‐
tudinalribs・Fromresultsoftensiletests，ｔｈｅ

Ｙｏｕｎｇ,ｓｍｏｄｕＩｉａｎｄｙｉｅｌｄｐｏｉｎｔｓｏｆｔｌｌｅｓｅｂａｒｓ
ｗｃｒｅｏｂｔａｉｎｅｄａｓｓｈｏｗｎｉｎＴａｂｌｅｌｕｓｉｎＲｔｈｅ
ｍｏｍｉｎａｌｃｒｏｓｓ－ｓｅｃｔｉｏｎａｌａｒｅａｓ・

ThreebatchesofreadymixedconcTetewere
used：ｏｎｅｆｏｒｔｈｅＨｒｓｔｔＩ１ｒｅｅｂｅａｍｓｉｎＳｃｒｉｅｓｌ

ａｎｄｌｌＯｏｎｅｆｏｒｔｈｅｒｃｍａｉｍｉｎｕｇｂｅａｍｓｉｎｔＩＤｅｔｗｏ
ｓｅｒｉｅｓａｎｄｏｎｅｆｏｒＳeriesllLThemaximum

sizeofcoarseａｇｇｒｅｇａｔｅｗａｓ２０ｍｍ．Ｔｈｅ

ｓ廿engthsoftheconcretesattlIeagewl1enthc
testsofthecomrcspondingbeamswerestarted
areindicateｄｉｎＴａｂｌｅｌ、Ｔｈｅａｇｅｓｗｅｒｅｂｃｔｗｅｅｎ

６０ａｎｄｌ２０ｄａｙｓ、

Theapparatusforthefatiguctestsｃｏｎｓｉｓｔｅｄ
ｏｆａｓｔｅｅｌｆｒａｍｅａｎｄａ５０ｔｏｎｈydraulicjack

connectedtoapulsator，Thcminimum1oadin
thetests癖aｓｋｅｐｔｃｏｎｓｔａｎｔａｔ３９ｋＮ，which
coITespondedtothenominaｌｓｈｃａｒｓｔｒｅｓｓｏｆＯ３０
ＭＰａ・Ｔｈｅｍｎｘｉｍｕｍｌｏａｄｗａｓｖａｒｉｅｄｉｎａｍａｎ－

uuertogetanappropriateS-Ncurvｅｆｏｒｅａｃｈ

repeatedloadinlgwa＆ｐｒ()posc〔ｌａＩ１〔Iatelltativc
designpropo目alfoTstiTrul〕silHabeamsubjccted
tofatigueloadingwasma〔に

2．ＴＥＳＴＰＲＯＧＲＡＭ

Ａ１１ｓｃｖｅｎｔｅｅｎｂｅａｍｓｈａｄｔｈｃｓａｍｅｒｅｃtangular

crosssectionD250mminheｉｇｈｔａｎｄ３００ｍｍｉｎ

ｗｉｄｔｈ，ａｎｄ碑ｃｒｅｔｅｓｔｅｄａｔａｓｐａｎｏｆｌ３２０ｍｍ，
TheshearspanefYectivedepthratiｏｗａｓｋｅｐｔ
ｃｏｎｓｔａｎｔａｔ２､５，whichmeaIIttl1atanystirrup

providedｗｏｕｌｄｂｅｉｎａｒｅｇｉｏｎｗｈｅＴｅｔｈｅｆａｖｏｒ－
ableefYectfromasupportorIoadingpoint
existsVerticalstirrupswereusedasshear

reinforcementThespacingofstirTupswasnot
constanｔｉｎｏｎｅｓｅｒｉｅｓｏｆｂｅａｍｓａｓｓｈｏｗｎｉｎ

Ｆｉ９．１，consideringtheefYectsofthesupportsor
loadingpointss〕･

Themamparameterswerethelongitudinal
◆

remforcementratiooramountofstiｎＰｕｐｓａｎｄ

ｔｈｅｐindiameterinbendingofstinFups，Ｔｈｅ
ｏｕｔｌｉｎｅｏｆｔｈｅｔｅｓｔｐｒｏｇｒａｍｉｓｓｈｏｗｎｉｎＴａｂｌｅｌ，
Testsweredividedintothreeseries，Ｅａｃｈｓｅｎｅｓ

ｈａｄｎｖｅｏｒｓｉｘｂｅａｍｓ，whichweresimilarexcept

indiHerencesinconcretestrcngths，ＯｎｌＶｔｌｕｅ

TablelOutlineoftcstpTogram．

八'：cyIindcrsqrength，｡：diamete｢，Ato⑥ＴＡＤ：ｃ｢⑥鴛欝-筒ecti〔jnaIarm．んｐｏ｢ん：yieldstrength，
Ｅｂ：Young,snmduluspP：stcCIpercentaRE
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Ｆｉｇ．１Testbcamsandgaugcarrangemenut．
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seric局．ＴＩｌｃｔｃ瓠Ｈｗ(Pｒｃｃａｒｒｉｃｄｏｕｔｉｌｕlll⑪［(ＤＩＩ《Dｗ－

ｉｎｇ（DrqI⑪】.．

（１）Ａｂｃａｍｗａ高loadc(lgtaticallVt⑩ｔｈじ
ｍａｘｉｕｎｕｍｌｏａ《１．

（２）Ｔｈｅｂｅａｍｗａｓｓｕｂｊｅｃｔｅｄｔｏ９９９ａ〔ldi‐
tioHualcVclc月〔DfstaticallyappliedIoadiuugbe‐
ｔｗｅｃｎｔｌＭＢＲｕｕｉｕｕｉｍｕｍｌｏａｄａｎｄｔｈｅｍａｘｉｍＲＩｍ、

Ｔｈｉｓｗａ且《ｌｏｎｅｔｏｇｅｔｔｈｃｃｘａｃｔｎｕｍｂｅｒ卦ｏｆ１〔)a《l-

ingcyclcsf()rtllecorrespoBIdingstraillso［§tir-
rups・AtsuitablcintervalsgaugeTeadi1ugBan(１
crackpropagationswererecorde。．

（３）ｌ《epcatcdloadingofthesamemagIDitu〔Ｉｅ
ｗａｓａｐｐｌｉｅｄａｔｔＩｌｅｒａｔｅｏｆ２００ｃｙｃｌｅｓｐｅｒｍｉｎｕｔｃ・
Therepcatc(l1oadingwasstoppedperio〔licaUy
tomeasuregaugcreadingsaｔｔＩ１ｅｍａｘｉｍｕｍａ１１ｄ

ｍｉｎｉｍｕｕｎＩｏａｄｓａｕｌｄｔorccordcrackpropagatioms．
（４）Ｂｅａｍｓｗｌ】ichenduredtwomi1lioncycle蔦

ofloadingweTeIoadedstaticallvtofailurc（Iinal
statictest)．

E1ectTical-resistancestraingauges5mmin
lengtI1wercattachedtoaＩｌｓｔｉｒｒｕｐｓｏｎｔｈｅｓｕｒ－
ｆａｃｅｓｏｆｔＩｕｅsouthlegsatthepositionBofthe
predictcddiagonalcrackinglinesasshownin
Fi９．１．‘Ｓｏｕｔｈ，indicatesthetestpositioIlofa
beamsllowninthefigure･Straingaugeswcre
alsoattaclleｄｔｏａｌｌstirrupsjustatthetwoends
ofbendsaroumdlongitudinalbars．

ＴｌｌｉＲａＩｇｏｃ⑩inci〔ＩＣ(Ｉｗｉｔｌｕｔｈｃｌ〕r(､I〕agationofdル
agnnalcrackscros局ilugtI1cHC月tirrul)s・
AlthDuglltheapp】ic〔ｌｍａｘｉｍｕｍｓｈｅａｒｗａｓ

ｏｍｌｖ“percentofthestaticstremgth，afracture⑤

ｏｆａｓｔｉｒｒｕｐｗａｓｆＯｕｎｄａｔｔｈｅ３０００００ｃyｃｌｅｏｒ
ａｔｌｏｇＸｏｆ５５２ＴｌｕｅfractureoccmTedatthc

startofthｅｂｅｎ〔ｌｏｆｔｌｕｅｓＤｌＩｔｌｌＩｅｇｏｆＳｔｉｒｒｕｐ６・
tluestrainofwI1icllwastlDelligｈｅｓｔｉｕ１ｔｈｃｂｅａｍ、
ThisfracturecausedfurtIlcrcxteｎｓｉｏｎｏｆｔｈｅ

ｍａｉｍｄｉａｇｏｎａｌｃｒａｃｋ，Iorme【lHluuewinclinedcrack
outsidethemainone，I1uu《lincrcasedthestTznin

ofStirrup5sigmilicantly，Ｔｌ】ｉｓｓｔｉｒｒｕｐｆｒａｃｔｕｒｃｄ
ａｔＩｏｇｊＶｏｆ６,１３．Thcpositionofthefracture

wastheｓｔａｒｔｏｆｔｈｅｓｏｕｔｌｌＩｕｏｏｋｗｈｅｒｅｔｈｅｎewly
formcdcrackintersected

lnthｅｗｅｓｔｓｈｅａｒｓｐａｎ，afractureofastirrup
wasfOunｄａｔＩｏｇｊＶｏＩａ７３・Thefractu正ｏｃ－

ｃｕｒｒＥｄａｔｔｈｅｓｔａｒｔｏｆｔｈｃｂｅｎｄｏｆｔｈｅｎｏｒｔｈｌｅｇ
ｏｆＳｔｉＩｒｕｐ２，whicl1showcdtIuehigheststrainin
thissheａｒｓｐａｎ・Thisfracturecausedarapid
increaｓｅｉｎｓｔｒａｉｎｏｆｔｌｌｅｓｏｕｔｈ１ｅｇＴｈｉｓｉndicated
thatthesouthlcgactcdefYectivelyevenafter
thefractureoftI1cnortlllcg，sincetherelatively
widewidthofthebeammadcitpossibletomain-
tainanchorageoftheremaininｇｌｃｇ・Ｌｏｓｓｏｆ
ｔｈｅｆＯｒｃｅｄｕｅｔｏｆｒａｃｔｕｒｅｏｆｏｎｅｌｅｇｓｅｅｍｅｄｔｏ
ｂｅａｂｓｏｒｂｅｄｂｙｔｌｌｅｏtIIcrleg，sincestrainsof
otherstirTupsanddiagoI1alcracksonthesouth
目urfacewerenotaIYectcdbythefracture

Afractureofalongitudinalbaradjacentto
thenlstfracturedstiTrupwasalsolOundwhen
concretewaｓｒｅｍovedaftertlDeeｎｄｏｆｔｈｅｔｅｓｔ

ａｓｓＩｕｏｗｎｉｎＦｉ９．３．InthismguTefracturesof
Stirrupｓ５ａｎｄ６ｃａｎａｌｓｏｂｅｓｃｅｎ

ｌｎｓｐｉｔｅｏｆｔｈｅｆｒａｃｔｕｒｅｓｏｌｏｎｅｌｅｇｅａｃｈｏｆｔｗｏ
ｓｔｉrrupsoutofthrccandaIongitudinaｌｂａｒｉｎ
ｔｈｅｓａｍｅｓｈｅａｒｓｐａｎ，thisbeamendured214

miIliｏｎｃｙｃｌｅｓｏｆｌｏａｄｉｌＩｇｏｒＩｏｇｊＶｏｆ６．３３with-
outfaiIurc，ａndlundertlhcfiuIalstaticloadiｎｇｉｔ
ＩａｉｌｅｄｉｎｔｈｅｓｈｅａＴｓｐａｎａｔｌｈｅｓｈｅａｒｆｏｒｃｅｏｆ

】８６ｋＮ．Ｔｈｉｓｗａｓａｂｏｕｔｌ７ｔｉｍｅｓｔｈｅａｐｐｌｉｅｄ
ｍａｘｉｍｕｍｓｈｅａｒａｎｄ７４１)erccntofthestatic
stTength・
ＢＵｍｍ２５Ｆ５

ＡｔｔｈｅｎｒｓｔｃｙｃＩｅｔｗｏｉＵｕｃlincdcrn企世ｓｗｅｒ℃

developedinthewestsheaTspanandｏｎｅｉｎｔｈｅ
ｅａｓｔ･Ｔｈｅｄｅｖｅ１ｏｐｍｅｎｔｏｆｔllcsecrackscaunsed

thestraininＳｔｉｒｒｕｐ２ｏｒ５ｔｏｒｅａｃｈ４ｏｒ６ｘｌＯ－６，
wluiletlloseinothers，howevcr，ｒｅｍａｉｎ⑥。below

２x10-0attheiirstcyclc・

Duetorepeatedloa〔IingotllcstrainsofStiTrup
１increasedwitllextensionoftheouterdiagonal
crackatahigherrateapproximatelyinpropor-
tiontolｏｇＮｕｎｔｉＩｔｈｅｆｒａｃｔｕＴｅｏｆｉｔｓｎｏｒｔｈｌeg
occurred・OnthecontTaTy，thestrainsinStir-
rups2and3incrｅａｓｅｄａｔａｌｏｗｅｒｒａｔｅａｓｔｈｃ

ｉｎｎｅｒｄｉａgonalcrackwasextemdedslightly・Ｉｍ
ｔｈｅｅａｓｔｓｈｅａｒｓｐａｎｔｈｅｓｔｒａｉｎｏｆＳｔｉｌＴｕｐ５ｉｎ－

３．ＢＥＨＡＶＩＯＲＳＯＦＢＥＡＭＳＵＮＤＥＲＦＡ－

ＴＩＧＵＥＬＯＡＤＩＮＧ

InoTdcrtoprovideabetterundemstandingof
thcgeneralbeluaviorofbeamsRmdcrfatigue
Ioading，（letailsofbellaviomsoftypicalbeams
aTepresentedinthefirstplace，Ｆｉｇ．２ｓＩｌｏｗｓｔｈｃ
ｓｔｍｉｍｍｅａｓｕｒｃｍｃｎｔｓｏｎｔｈesouthlcgofeacIu
stirruptogetllerwitllthecrackpatternsontI1e
soutllsurfaccsｆｏｒｔｈｅｂｅａｍｓ２５Ｆ４，２５Ｆ５ａｍ(】

２５Ｆ６，whichcomprisetluelasthalf（DfSericsl，
Ｂｅａｍ２５Ｆ４

Ａｔｔｈｃｎｒｓｔｃｙｃｌｅ，or1emajorinclinedcrack
lMlddcvelopedineachshearspan，whichcaused
２ｔｏ３ｘ１けOofstraininStirrups2，５ａｎ〔１６．
However，tluesecrackshadnotdeveIopedenougIl
tocausesomestrainintheotherstirrups・
UntilsomctentI1ousandcycles，thestrainsof

Stirrups2and6increasedapproximatclyim
proportiontothclogarithmsofloa〔lingcycles，
logMwIuiletllestTainofStirrup5wasmoreor
lessconstantandstrainsofothcrstirrupsrc-
mainedsmall、Thiscoincidedwiththepropaga-
tionofinclinedcracks，VerticaItensilestrcsses

(luetothepropagationofthemaindiagoIIal
cTackswercmainlyabsorbedbyStirrups2an〔1
6,whichwereimtersectedbythesecTacks．AIter
tenthousandcyc1es，inc正asingofstrainsin
thesestirrupsstoppedandinretumstrainsof

StiTrupslo3and4increasedathigherrates．
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Fig.２CraclEprop3gationandstrain1sofoachstirrupcwob富crveddlKringfatigucloading(dotted
linemdimt鶴ｔｈｃｃｍｃｌ【dwcloI】ｅｄａｔｔｈｅｎ屑tcyclc.＄olidli2lcsbowsthccmckpropagHu-

tioln［lunctorepeatedloadB】]ｇｗｉｔｈｔｌ]⑥Illｴmbcrindicatiu1gthelogaTithms⑥fapPlBed
Ioadiuugcyc1es，bTol(c】】ｌin⑰麺PlFescuutsthcc⑥ntcuPIihcofrcinfOrcinhgba庵，andcircIcor
cTossozlthelincizudicat鶴tlhefractu座I】ositio[Iwithth④logzlTithmnumbcratwMclltlle
fracturew孔ｓ…｡rdedandt1lccirclemcalIsnortlnKmdthecrossmc和白sDutlﾘ．
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ＡｔｔｈｃｆｉｒｓｔｃｙｃＩｃｉＵ１ｃline〔lcracksinthisbeam
dcveIopedenｏｕｇｈｔ(〕cauH⑥ｓｔｒａｉｎｓｍｏｒｅｔｈａｎ
ａｂｏｕｔ２ｘｌＯ－ＪｉｎｆｏｕＴｏｌｔｈｅｓｔｉｒｒｕｐｓＯａｎｄｔｈｅ

ｄｉＨｅｒｃncesamongthefouTwcrenotsignificant
whiIcstrainsofStirrups3and4weresmallcr・
Themaximumappliedshcarofthisbeaｍｗａｓ
ｔｈｅｈｉｇｈｅｓｔｉｎｔｈｅｇroup，Ｔｈｉｓｈｉｇｈｓｈｅａｒｓｅｅｍｅｄ
ｔｏｈａｖｅｂｅｅｎｃapableofproducingthreeinclined
cracksineachshcarspan、

DuetorepcatedloadingtllestrainｓｏｆＳｔｉｒｒｕｐｓ
ｌ，２，３and6incrcascdatapproximatelythe
samerate，butthcstrainofStirrup5increascd

atahigherrateandthcfirstIractｕｒｅｗａｓｉｎｔｈｅ
ｓｏｕｔｈｌｅｇｏｆｔｈｉｓｓｔｉｒｒｕｐａｔｌｏｇｊＶｏｆ５,22．After
anadditionall51thousandcycleshacturesof
lourlegsofthreestirTupswerclound・Never-
theless，ｔｈｉｓｂｅａｍｗａｓａｂｌｃｔｏｓｕｓｔａｉｎａｎａｄ－
ｄitional234tllousandcycleｓｏｆｌｏａｄｉｎｇａｎｄ
ｌａｉｌｅｄａｔｌｏｇｊＶｏＩ5.74．ｌｎｔｈｉｓｂｅａｍａｌｏｎｇｉ‐
tudmnlbarwasalsofracturedjustbesidｅｔｈｅ
ｆｉｒｓｔｆｍｃｔｕｒｃｄｓｔｉＴｕｐａｓｉｎＢｅａｍ２５Ｆ４、Ａｆｔｅｒ
ｔｈｅＩｒａｃｔｕｒｃｏｆｔｈｅｓｏｕｔｈｌｃｇｏｆＳｔｉｍｕｐ５，no

changesoccurrcdinthcstrainsofthesouth
lcgsofotllcrstirrups・Ｈｏｗｅｖｅｒ，increasesoI
strainssllouldllavc0cCurrcdiX1thcnortlllegsol

Stirrups4and6，judgi2】ｇｌｒｏｍｔｈｅｆａｃｔｔｈａｔ
ｔｈｅｓｅｌｅｇｓｗｅＴｅｆracturcdlater･ＡＩｔｅｒｔｈｅｌｒａｃ－
ｔｕｒｅｏｆｔｈｃｎｏｒｔｈＩｅｇｏｌＳｔｉｒｒｕｐ６，ｔｈｅｓｔｒａｉｎｏｆ
ｔｈｃｓｏｕｔｈｌｃｇｄｉｄｎｏｔｓl1owanyiImcreasebutde-
crcased・Thismjglltindicatcthatthefmctuｒｅ
ｏｆｏｎｅｌｅｇｃｏｕｌｄｒｃｄｕｃｃｔｈｅｅｍｃｉｅncyofthe
otherlegduetoredistributionofstressesinduccd
bythefracture
FIacturingofStirrup4occurｒｃｄａｔｂｏｔｈｌｅｇｓ

ｉｎｓｐｉｔｅｏｆｔｈｅｒａｔｈｅrlowstramThereasonwas
notclear，butoncpossibilitywasthatmthjs
stirrupthestrainatthcpositionoffractureD
wllichwasthelowcrbend，mighthavebeen

largerthanatthenMBasuredpositionwhichwas
distantｆｒｏｍｉｔａｓｓｌＤｏｗｎｉｎＦｉｇ･LAnotherPos-
sibiliｔｙｗａｓｔｈａｔｔｈｅｓｔｒａｉｎｏｆｔｈｅｎｏｒｔｈｌｅｇｗａｓ
ｌａｒｇｅｒｓｏｔｈａｔｉｔｍｉｇｈｔｈａｖｃｆａｉlcdhrstDbutthen
thcstramofthesouthlcgincreasedveryraPidly
beforethefracturewas【ound

ThegeneIalbehavior5ofallｔｌｕｅｔｃｓｔｂｃａｍｓｃａｎ
ｂｅｓｕｍｍａｒｉｚｅｄａｓfouows．

（１）AtthefirstcycIeofloadinginclmed
crackswcregcnerallyrccognized．Whenthe

appliedmaximumsllcarwasrelativclylow，ｏｎｌｙ
ｏｎｅｏｒｔｗｏｓｔｉｒｒｕｐｓｉｎａｂｃａｍｄｅｖｅｌｏｐｅｄｓｏｍｅ
ａｍｏｕｎｔｓｏｆ葛trainbutotl1cr5didnDt，lnthese

casesdcvelopmcntof9juchinclinedcrackswas
notpromineUItatthefiTstcycle．Whenthe
appliedmaximumshearwashigherpthenumber
olslEirTupswhichdevelopedsomeamountsof
strainincreased，andthediflcrencesinstrains

amongstirmpsbecamerelativelvsmaner・ＴｈｅｓｃＵ

．．｜
ＧＩ白戸：

」i轤壼:s9l
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Ｌ－Ｆ全小

Ｆｉｇ．３FatigucfracturesofstiTrupsalDda
longitudinalbar(25F4）

crea＆じdHraduaⅡＶｕｎｔｉｌｌＯＯＯＯｃｙｃｌｅｓ〔ｌｕｅｔ《）ｔｌｌｃご

slightextemsionuoftl1ediagonalcrackow1uilethc
strainofStiⅡTup4remainednearlvcoI1stant．■

ＡｆｔｅｒｌＯＯＯＯｃｙｃｌｅｓｔｈｅｓｔｒａｉｎｉｎＳｔｉrrup4bcgan
toimcrcascastheextensionofthediagonalcrack

starte[ｌｔｏａｆＴｃｃｔｔｌＸｉｓｓｔｍｍｐｐａｎｄｉｎｒｅtumthc
strainiluStirrup5begantodecreascsliglltly，
ThIIs，evcnwithoutanyfracturcolbars，rcdis‐
tTibutiDI1olstresscsamongthcstirrup筋ｃｕｕｌ(l
occuruwiIlgtotlIecxtensionoldiago11aIcracks
lmderrcpcatedloading．Thiskindolrcdi5-
tributionwqlsalsoseeninthepreviousbcam
25F4

IntIlcca5tshearspanafractｕｒｃｗａｓｆｏｕｎｄ
ａｔｌｏｇＮｏｆ５,59．Thefractureoccurredmtbc
morthIｅｇｏｆＳｔｉｒＴｕｐ５，whichshowedthehighcst
stⅡｎｉｎｉｎｔｈｅｂｅａｍ、Thisfracturedidnotcause

anysignificantincreasesofstrainsinthesouth
legsofotherstirTupsandtherewerenosignifi-
cantextensionsofcTacｋｓｏｎｔｈｅｓｏｕｔｈｓｕｒＩａｃｃ
ａｎｄｎｏｍｏｒｅｆracturesofstirrupsinthisshear

spanwerefounduntilfailureoftheｂｅａｍ，
Inthewestshearspamtwofractureｓｉｎｎｏｒｔｌｌ

ｌｃｇｓｗｅｒｅｆｏｕｎｄａｔｌｏｇＮｏｆ5.49．Thcsefrac-
tuTesinStirrupsland2causedrapidincreasesin
stramsofthcirsouthlegs,butafYectedncitherthc
s廿ainofStirTup3，morthecrackpropagationoｆ
ｔｈｅｓｏｕｔｈｓｕｒｌａｃｃａｓｓｅｅｎｍｂｅａｍ２５Ｆ4.1了rac-

turesinthcsout】ulegsofthesestirrupswcre

foumdＫｌｔＩ《ＤｇＮ⑪ｆ５．７９，３００thousamdcycles
afterthclractl1resofthenorthlcgs・TlMDsc

fractur＄scalIsedsignificantextcnsioniｎｇｏｆｔｈｃ

ｄｉａｇｏｎａＩｃｒａｃｋｓｏｍｔｈｃsouthslIrfaccascIcarIy
sccninFi８２(b)．

IntlIcshear3paH1(〕ntI1issi〔ＩＣ,《D11ly(DIuc分tiTrul〕
outoltlurccwa5cflective、Yetthisbcamwa5

abletosustainanadditional85tnousandcyclcs

andfai1edatlogNof５．８４ｄｕｅｔｏｔｈｅｐｅｍｅｔｒａ－
ｔｉｏｎｏｆｔｈｅｏｕｔｅｒdiagonalcrackinthissluear

spanthToughthecompressionzone．




















