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Three-dimensionalsubassemblagesconsistingofaconcrete-fi11edsteeltubular

columnandfourH-ShapedbeamsaretestedunderaconstantaXialloadonthecolumn,00n-

stantbeaml｡adsinthemin6rdirection,andaltematelyrepeatedbeamshearinthem再Ordirec-

tionsimiatingtheearthquakeloading･neSpeCimensaredesignedfortwotypesofthe姐ure

mode;Shearfailureofthebeam-tO-COlumnconnectionpanel,andflexuralfailureofthe

column.nepaperpreSentSthetestresults･anddiscussesthehystereticbehavior･themaxi-

mumStrength,theenergydissipationapacity,and鮎1ureconfigurationofeachspeCimen,

comparingthetestresultswiththeresultsofanalysis･Itisconcludedthatthepanel-failing

speCimensaremorestableandexhibitmoreenergydissipationapacitycomparedwiththe

column-failingspecimens,thestrengthofthepanel-failingspecimenexceedsthecalculated

strengthandreadhesthestrengthcorrespondingtothecolumn組ure,althoughtheconnection

panelyieldsinshear,andthespeCimens叫ectedtothebi-aXialbendinginthecoluⅡmbe-

comesunstableduetoexcessivedefbrmationofadogleggedshapeintheminordhection･

KeyWbrds:CFST,SPaCeframe,three-dimensiona1loading,bi-aXialbending,maXimum

strength,hystereticbehavior,energydissipationcapacity･fauuremode

1.mRODUCTION

RecentlymixedstruCtureSStarttOappearintheconstruCtionpractice･WhichcombinedifferenttypeSOfstruc-

turalsystemstogethertodevelopanewtypeOfmoreefBcientstructuralsystem･However･theconstructionofsucha

miedstructureuslngneWSyStemandtechniqueisnotveryeasy,becauseoftherequlrementSbytheBuildingStand-

ardL飢VWhicharespeCifiedforeachofsingletypeSOfstruCturalsystemsseparately･Inotherwords･theuⅣCOuld

notfo1lowthespeedofnewconstructionaldevelopments･andthedesignstandardsarenotyetpreparedtoevaluatethe

structuralsafetyofsuchmixedstructures･

Thereseardpresentedheredealswiththeconcrete-fiuedsteeltubular(CFST)struCtureWhichisoneofthe

popularsamplcsofmixedstruCtureS･TheCFSTstructureshavenotbeenoftenconstructedmain1ybecauseofthe

administrativeregulationsstatedabove,butitsstruCturaldharacteristicshavebeendarifiedbytheextensiveinvestiga-

tions.AccordingtoReL[1],theBrstconstructionexampleofCFSTstructureisSevemBridgecompletedin1879in

■NKKCo叩0【atioⅢ
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England,andthe五rstresearchreportwasbyTS.Swe11in19020nCFSTmembers,inwhich五山edconcretewasused

asanti-COrrOSionmaterial.Until1960-s,theuseofCFSTmemberswaslimitedtoacompressionmember,andthe

COmpreSSiontestsofconcrete一点11edcirculartubeswereconducted.

T71eaPPlicationofaCFSTmembertothebeam-COlumnsuqec(edtoseverebendingmomentwasthentried,

andtheinvestigationofitsflexuralbehaviorwasdonein1970-sandafter.TbmiiandSakino[2-1】confirmedthat

CFSTcoluⅡmSuSingsquaretubepossessedsuf6cientstrengthandductilityexceptforthosewithveryhighaxialload

ratioand/Orlargewidth-thicknessratio,andpresentedaneValuationformulafortheflexuralstrengthofCFSTmem-

bers.Reftrences【5,6】concludedfromtheexperimentalresultsthatthecompressionandflexuralstrengthsofCFST

COlu皿SWithrectangulartubesbothexceededthesuperPOSedstrengthsbecauseoftheinteractivee脆ctsbetweensteel

andconcrete,thatis,COnfiningefftctonconcretebysteeltube,andrestrainingeffectofconcreteonthelocalbuckling

Ofsteeltube.Ontheotherhand,itwasconcludedinRef岳.【7]thatthoseinteractivee脆ctswereclearlyobservedinthe

COlumnsWithcirculartube,butnotveryclearinthecolumnswithsquaretube.ComparisonofthetestresultsofCFST

membersandpuresteelmemberswithsquareho1lowsection(SHS)showedthatthelimitingvalueofwidth-thickness

ratioofaCFSTmembercouldberelaxedtotwicethevalueforaSHSmember,ifthesamedefbrmationGIPaCltylS

required【8],andthatthereservedstrengthinaSHSmemberduetothestrain-hardeningwasnotnecessarilyobserved

inaCFSTmember,iftheyweredesignedtohavethesameallowablestrengthfbrtheshort-termloadingcondition[9]･

TheanalysisoftheflexuralbehaviorofCFSTmemberswasconductedinRef岳･【10]whereamulti-elementmodelfor

thecross-SeCtionwasusedwiththebi-1ineartypestress-StraincurvesofsteelwithBauschingere脆ctandthedegrad-

ingtypemrYeOfconcrete.SomeinnovationswerefoundinRef.[11】wheremled-COnCreteinsteeltubeisconfined

byhigh-Strengthspiralhoopsarrangedinsidethetube,aJldinRef岳.【12]wherethesuper-Strengthconcreteismledby

thecentrifugalcastingmethod.

Theresearchesonthebeam-tO-COlumnconnectionsinaCFSTframeareSeparatedintotwogroups;the

researchesontheformOfdiaphragmintheconnectionbetweenaCFSTcolumnandanH-Shapedsteelbeam,andon

theconnectionbetweenaCFSTcolumnandamemberofdi脆rentstruCturalsystem.Matsui,etal･[13]investigated

twotypesofdiaphragm;through-tyPediaphragmwithopeningfbrconcretecasting,andoutsidering-typediaphragm

whichsurroundsaCFSTcolumnwithoutcuttingit.TheperfbrmanceoftheformertyPeWaSPrOVedtobebetterthan

thatofthelatter.haddition,Matsui,etal.[14]proposedsidesti蝕ne卜typeandemphasizeditse珪ciencyandap-

Plicabilitytotherealpractice,basedontheexperimentalinvestigation･Morita,etal･investlgatedthemethodof

strengtheningthethrough-typediaphragm,andproposedformulastoevaluatetheultimatestrength[15】･hnoYations

topreventthelocaldistortionofthetubularcrosssectionhavebeenfound･Kimura,etal･prOpOSedtheuseoftriangu-

1arsti脆nersarrangedinsidethetube[16】,andIto,etal･ShowedtheefBciencyofincreasingthethicknessofthepanel

portionofthetubewiththelongitudinalsti蝕ners,insteadoftheuseofdiaphragminthebeam-tO-COlumnconnection

【17,18].TheuseofthelongitudinalstiffbnerwasalsoproposedbyKimura,etal･【19],Wheretheexperimentsandthe

analysisshowedthatthethidknessofthetubemustbelimitedifthelongitudinalsti蝕nerswereused･Analtemative

oftheconnectionbetweenaCFSTcolumnandanH-Shapedbeamwithoutusingdiaphragmwas shownbyNakamura,

etal.[20,21】,Whichwascomposedoftheendplatesofthebeamandlonghigh-Strengthfrictionboltspassingthrough
血¢00nIleCtionpanel.

AstotheconnectionbetweenaCFSTcolumnandamemberofdiffbrentstructuralsystem,thefo1lowlng

connectionshavebeenexperlmentallyinvestigated;COnneCtionwithareinforcedconcreteflatslab[22],COnneCtion

withasteelreinfbrcedconcretebeam[23],andconnectionwithacompositebeam[24]･

Asstatedabove,thebehaviorsofCFSTcolumnsandoftheconJleCtionsWithCFSTcolumnshavebe

extensivelyinvestigated･haddition,investigatedwerethebondbetweentheconcreteaJldthesteeltube,theef6cien-

cyinconcrete-fi11ingaroundtheconnectionusingthethrough-typediaphragm,andthebehaviorunderthefireload,

whichareal1importantinarealconstructionpractice･However,therehavebeennoresearchfoundonthethree-

dimensionalbehaviorofa丘ameconsistingofCFSTcolumnsunderthesevereearthquake,inwhichthecolumnbehav-

iorunderthebi-aXialbendingandtheconnectionbehaviorunderthethree-dimensiona‖oadingmaycombinedly

appear･Fromthispointofview,three-dimensionalsubassemblagesconsistingofaconcrete-fi11edsteeltubular

columnandfourH-ShapedbeamsaTeteStedunderaconstantaxialloadonthecoluⅡm,COnStantbeamloadsinthc
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minordirection,andaltematelyrepeatedbeamshearinthemajordirectionsimulatingthesarthquakeloading･The

specimensaredesignedfortwotypeSOfthe鮎1uremode;Shearfauureofthebeam-tO-COlumnconnectionpanel･aJld

flexuralfailureofthecolumn･Thepaperpresentsthetestresults,anddiscussesthemaximumloadcarrymgCaPaCity,

hystereticbehavior,energydissipationcapacityandthefailureconfiguration,COmPanngthetestresultswiththeresults

Ofa皿alysis.

2.EXPERIMENT

2.1Specimen

Figurelisaschematicillustrationofaspecimenandloadingcondition･First,COnstaJltaXialloadPisap-

pliedonthetopofthecolumn･andconstantverticalloadsWlandW2,Whichsimulatelong-termloads･areaPpliedat

thetipsofshortbeamsO)eamB).Acoupleofanti-Symmetrical,alternatelyrepeatedloadQsimulatirLgearthquake

efftctsareappliedatthetipsoflongbea甲S(beamA)･ExperimentalparameterSareaSfbllows‥組uretypeS(panel

鮎1ingtypeorcolumnfailingtype);andpattemofthelong-te皿loadsonbeamB,thatis,(1)noloads(Wl=W2=0)･

(2)balancedloads(W2=Wl)･(3)unbalancedloads(W2>Wl),and(4)one-Sideload(W2=0)･Constantbending

momentabムutxpaxis(SeeFig･1)causedbyWlandWinthecaseof(3)and(4)issetequaltotheallowal)lebending

momentofthespeCimenforlongptermloadingcondition,CalculatedaccordingtoRe£【25]･TheaxialloadPisequal
totheYalueof15%oftheultimatecompressivestrengthofthecolumn･Tbblelshowsthecorrespondenccbetween

thevalueofeachparameterandthenameOfspeCimen･

Figure2showsthedetauedshapeandsizeofthespeCimen･TheframeSpeCimenconsistsofaCFSTcolumn

C]-125x125x6)andll-Shapedbuilt-uPSteelbeamsP-250x250x6x9)arrangedintwodirections･Beam-tO-COlumn

connectionofP-SeriesspeCimenismadeofsteeltube(ロー125x125x4･5)andthatofC-SeriesspeCimenismadeofa

box-Shapebuilt-upbyweldingsteelplates(pL-9)･Thus,theformerfailsinthepanelshearintheconnection,arld

latterinthecolumnflexure.DiaphragmplateswhosethicknessisthesameasthatofthebeamflangePaSSthroughthe

connectionandhaveopenlngSforconcretecasting･nebeamsaredesignedsothattheyremainelasticuntiltheendof

thetest.MaterialsgradesofsteelportionareSTKR400forsteeltubeandSS400forsteelplate･Tbble2showsthe

averagevaluesofmechanicalpropertiesobtainedfromthecoupontestofsteelandthecylindertestofconcrete･ne

miⅩtureOfconcreteisshowninTbble3.MeasureddimensionsofeachspeCimenareglVeninTbble4･

2.2TbstSet-up

Figure3showsthetestset-uP.Tbespecimen①issetintheloadingframe⑦,andthetopandbottomof
thecolumnaresupportedbyball-bearings③.Asteelarm⑦isattachedtotheendofeachbeambyhigh-Strength
bolts,andmechanicalscrewjacks④areco皿eCtedtothetipsofthoseloadingarmsbypins･medistancebetween
bal1bearingsatthecolumnendsis2270mm,andthedistancesbetweenplnSatthebeamendsare3600mmand2500

mmforthelongandshortbeams,reSpeCtively･ThehorizontalmoYementOfthespeCimenatthetopISpreVentedby

fburhorizontalbraces⑥.First,theconstantaxia1loadPisappliedonthetopofthespecimenbyahydraulicjack
3)･TheconstantVerticalloads(WlandW2)areappliedonbeamBnext,andthenthealtematelyrepeatedvertical
loadsQareappliedonbeamAcontro11ingthedisplacementamplitudetobeprescribedvalue･

nleprOCedureofalternatelyrepeatedloadingonbeamAisasfo1lows:First,tWOCyClesoftherepeatedload

isappliedwithcontro11ingtheamplitudeofrotationangleRtobeequalto±0･5/100radian･andthentwomorecycles

oftheloadwiththeamplitudeof±1/100radian■Thisprocessisrepeatedwithincreasingtheamplitudeoftherotation

angleRbytheamOuntOf±1/100,aftereverytwocyclesofloadingarecompleted･Thetestisterminatedingeneral

whenthecolumncannotsustaintheaxialload.

Figure4showsthepositionofdisplacementmetersandmeasuringmethodofrotationangleR･Displace-

mentmetersDlandD2meaSuretherelativedisplacementsofcolumnagainstbeamA,Whichareplacedonthemeasuト

ingframesupportedatthepoints15cminsidetheloadingpointsofbeamA･Al1loads,i･e･,COnStaJltaXialloadIl
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COnStantYerdcalloadsWlandW2,aJldrepeatedverticalloadsQaremeasuredbyloadcells8attachedtoeachjack･
Wirestraingaugesaremountedonthesteelportionofcolumnandthebeam-tO-COlumnconnectionpanel･

2.3TbstResulb

2.3.1HystereticBehavior

Figure5showstherelationsbetwecntheloadQandtherotationangleRofal1specimens.SpeCimenswith

numeralsll,20and31intheirnameS areteStedunderthethree-dimensionalloadingcondition,andthecolumof

SpeC皿enSwiththenumerals20and31aresu叫ectedtothebi-aXialbending･
P-Series TbstsofSCPOOandSCPllofwhichcolumnsareSubjectedtouni-aXialbendingwereterminatedbecauseof

Shortstrokeofthescrewjacks.TbstsofSCP20aJ)dSCP31wereterminatedwhenthespeClmenSbecame皿Stable

Showingdogleggeddeformationinthey-Zplane.DeformationcapacityofSCPOOislarge,andalsoSCPllwhose

COlumnissuqectedtotheuni-aXialbendinghaslargedefb皿ationcapacity.ThoughSCP20･andSCP31showless

defbrmationcapacity,theloadingcyclesofrotationangleR:±4/100arecompleted.Strengthdeterioradonduもtothe
repeatedloadingarenotlargeinanyspeClmen,andthehysteresisloopsarestableuntiltheendofthetest･Compared

withthecorrespondingC-SeriesspeCimen,thestrengthatthesamerotationangleislower,butthedefbrmation

腿paCitykla喝er.

C-Series ThetestofSCCOOandSCCllwithcolumnssubjectedtotheuni-aXialbendingwereterminatedwhenthe

SPeCimenscouldnotsustaintheaxialload.TbstsofSCC20andSCC31whosecolumnsweres叫jectedtothebi-aXial

bendingwereterminatedwhentheunstabledogleggeddefbrmationappearediny-Zplane･Energydissipationcapacity

becomeslargerintheorderofSCC20,SCC31andSCCll･Thestrengthdeteriorationafterthemaximumstrength

becomessevererintheorderofSCC31,SCCllandSCCOO.SCC20didnotshowthestrengthdeteriorationbecaus

beforeitappearedthetestwasteⅡninatedduetotheinstabilityinthey-Zplane･Theunstabledeformationandthe

Strengthdeteriorationofspecimenstestedunderthethree-dimensionalloadingconditionwereobservedwhenthe

rotationangleRreadled±3/100to±4/100･

Strainsatthebeam-tO-COlu叩･90nDeCtionpaJlel･nerelationsbetweentherepeatedloadQandthediagonalstrainEp

obtained丘omthewirestrainrosettegaugesmountedontheconnectionpanelareshowninFig･6･ThepanelsofP-

seriesspeClmenSyieldandshowstablehysteresisloops,Whichmeansthattheinputenergyisdissipatedbythepanel

deformationinthecaseofP-Series.StrainsofC-Seriesspecimensstayintheelasticrangeuntiltheendofthetest･

2.3.2Fa抽∬eModes

Figure7showstherelationsbetweentheloadQandthelongitudinalstraine ofthecolumn,andFig･8

ShowstherelationsbetweenQandthehorizontaldisplacementD3alongthex-aXisatthebeam-tO-COlumnconnec-

tion.DeformedconfigurationsOfthespecimensattheco11apsestateareschematically氾ustratedinFig･9･

P-Ser血Twofailuretypesareobservedinthisseries.Inthe五rsttypeObservedinSCPOOandSCPll,anti-Symmetri-

calsheardeformationofthebeam-tO-COlumnco皿eCtionpanelappearsO7ig.6(a)and(b)),andplastichingesfbmat
theendsofboththeupperandlowercolumns(Fig.7(a)).Thistypeshowstheanti-SymmetricalS-Shapedefo皿ation

asshowninFig･9(a)attheearlystageofloading,andthenshowstheaccumulationofD3inonedirectionintherange

Oflargedeformation.rnleteStSOfthesespeCimenswereterminatedbecauseoftheshortageofthejackstroke,although

thecolumnwasstillabletosustaintheaxialload.Theothertypeisalmostthesameastheformertypeduringthe

smal1deformation,butinthelargedefbrmationrange,thelocalbucklingoccursinthethreesu血cesofthelower

colふ岬ig.7(勒thesheardefbrmationofthepanelaccumulatesinone-directionO7ig･6(C)and(d)),andunstable
dogleggeddeformationiny-directionappearsasillustratedinFig･9(C)･However,thehorizontaldisplacement

accumulationsinx-directionasseeninFig.8(c)and(d)arenotobserved.

C一駅ri彷TwotypeSOfthefailuremodearealsoobservedinC-Series･Inthe丘rsttype,thelocalbucklingo∝urSat

theendsofboththeupperandlowercolumnsO7ig.7(C))andthesymmetricaldogleggeddeformationofthecolumn
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appearsduringthesmalldefbrmation･nen,thehorizontaldisplacementaccumulationatthe℃OnneCtionas山ustrated

inFig･9(b)occurs(Fig･8(e)andO),andthecolumnbecomesunstabletosustaintheaxialload･nistypeisob-

servedinSCCOOandSCCll･neOthertypeObservedinSCC20andSCC31showsthesimi1arbehaviorasthefo皿er

typeduringthesmaudeformation,buttheunstabledogleggeddeformationiny-directionappearSinthelargedefbrma-

tionrangeasulustratedinFig･9(C)･

3.DISCUSSIONS

3.1ElasticStifhessandUltimateStrength

3.1.1ElasticSti放IeSS

Defo皿ationobtained放omthetestcontainsflexuralandsheardeformationsofcolumnsandbeams,and

sheardeformationofthebeam-tO-COlumnconnectionpanel･-mus,thecalculationoftheelasticsti血essmustconsid-

erthesee飴cts.Thesecondelasticsti血essafterthe五11ed-COnCreteCraCksisalsocalculatedasfo1lows.Strictly

Speaking,if.themomentatthecolurrmendexceedstheconcretecradkingmomentMc匹ef･【26])･thecolu皿Shiftsto
thenon-prismaticmemberandthedistributionofrigidityalongthelengthbecomesnon-unifbml･TheIneutralaxisof

thcsectioninwhichconcretecradksmovesaccordingtotheloadlevel.However,thesee蝕ctsareal1neglec(edto

simplifythecalculation,andthesecondsti血essaftertheconcretecrackoccursiscalculatedbyassumingthatthe

columnisstulpnsmaticwiththecrackedsectionatthecolumnendinwhichthestressattheextremecompressive

丘berreachesFP,andthee蝕ctiveareaofconcreteexistsonlyinthecompressivesideoftheneutralaxis,WhereF
denotesthecylinderstrengthofconcrete･

3.1.2UltimateStrength

TheultimatevaluesofthepanelmomentJMuandthecolu皿endmomentcMucorrespondingtotheulti-

mateshearstrengthoftheconnectionpanelandtheultimateflexuralstrengthofthecolumarecalculatedbasedon

ReL[25]forP-andC-SeriesspeCimens,andtheyareconvertedtotheloadatthetipofbeamAbyEqs･(1)and(2),

resp∝tively.

βM=｡M｡･(Mlt)

pQ皿揖=JMu･(肌'y2

Wberら
pQm昭

cQ泌

JMu

cMu
b

hI

themaximumloadatthetipofbeamAbasedontheultimateshearstrengthofthe

COnneCtionpanel,

themaximumloadatthetipofbeamAbasedontheultlmateflexuralstrengthofthe

COlumn,

theultlmatemomentactingaroundthepaJICl血ilinginshear,

theultimateflexuralstrengthofthecolumn,

halflengthofthecolumn,meaSuredbetweenthecenteroftheconnectio叩anel

andthebal1bearingatthecolumnend,and

halfclearlengthofthecolumn,meaSuredbetweenthe血ceofthebeamandthe

bal1bearingatthecolumnend匝-Palfthepanelheighり)･

Thee蝕ctofbi-aXialbendingtotheultimatestrengthisr10tCOnSideredinthesecalculations.
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3.2DiscussioIIS

3･2･1Ult血ateStrength

FigurelOshowstheenvelopcurvesobtainedfromthehysteresisloopsofthespeCimens.Dottedlinesshow

theelasticstifhesscalculatedin3･1･1,andsolidlinesaJldchainlinesshowtheultimatestrengthsobtained&omthe

flexuralstrengthofthecolumnandtheshearstrengthofthepaJlel,reSpeCtively,Calculatedin3.1.2.

生垣rmoughdesigncalculationwasdonebasedonRef･[25]andtheshearyieldingoftheconnectionpanelhave

precededtheflexuralyieldingofthecolumn,themaximumStrengthofal1speCimensexceedstheultimatestrength

COrreSPOndingtotheshearstrengthofthepanel,aJldreachestheultimatestrengthcorrespondingtothecolumnflexural

Strength,eXCePtforSCP20･Therefore,itmaybesaidthatthebeam-tO-COlumnconnectionpanelwasconfinedby

beamBandsteeltube,anditsmaximumstrengthrose,althoughthepanelyieldedinshear.SCP20subjectedtoone

SideloadingonbeamBshowsalittlesmallerstrengthcomparedwithotherspeCimensinP-Series,buttheefftctofthe

bi-aXialbendingofthisseriesisnotremarkable･ThistrendisalsoobservedinSCC31whichissuqectedtothesame

flexuralpatteminy-directionasSCP20･Pattemofthethree-dimensionalloadingmayafftctthemaximumstrength･

C-Series CalculatedultimatestrengthshowsgoodeYaluationofthemaximumstrengthobtainedinthetests.Al1

SpeCimensreachthecalculatedstrengthbasedontheultimateflexuralstrengthofthecolumnundertheuni-aXial

bending･SincethemaximumstrengthofthespeCimensuqectedtothebi-aXialbendingreachesthecalculateduni-

axialbendingstrength,thebi-aXialbendingandthethree-dimensionalloadingmaynotmucha脆ctthemaximum

Stren夢h.

3.2.2HystereticBehavior

ComparisonofthehysteresisloopsofP-SeriesspecimerlSWiththoseofthecorrespondingspecimensinC-

SeriesshowsthatthestrengthdeteriorationsafterthemaximumstrengthinP-SeriesislessthaninC-Series,andthe

defb皿ationGIPaCltyOftheformerislarger;P-SeriesaremorestablethanC-Series･nree-dimensionalloadingwith

theuni-aXialbendingincolumns(SCPllandSCCll)seemsnottogiveanyeffbctstoP-Seriesspecimen,butde-
CreaSeSthedeformationcapacityofC-Seriesspecimen･ThisisbecausethatthecolumnofC-SeriesspeCimendefb皿S

inadogleggedshapeandthehorizontaldisplacementoftheconnectionpanel(D3inFig･8)accumulatesinonedirec-

tion･WhichcauseslargeP△momentinthecolumn･Ti1ee脆ctsofthebi-aXialbendingappearremarkably:ne

defbrmationcapacityofthespecimenssuqectedtothebi-aXialbending(SCP20,SCP31,SCC20andSCC31)isquite

Smal1inbothseries,COmParedwiththespecimenssubjectedtotheuni-aXialbending.InthesespeCimens,thebending

axisrotateswiththerepeatedloading,andthiscausestheearlierlocalbucklingofthesteeltubewhichleadstotheless

defbrmationcapacity.

3.2.1Failu∫eModes

C-Seriesspecimenssutづectedtothebi-aXialbendingshowtheunstabledogleggeddeformationinthey-

directionafterthelocalbucklirlginthecolumnoccurs,aJldthehorizontaldisplacementoftheconzleCtionaccumulates

CauSlnglargePAmoment･Ontheotherhand,P-SeriesspecimensshowthesymmetricalS-Shapedefbrmation,andthe

horizontaldisplacementoftheconnectiondoesnotbecomeverylarge･Therefore,P-SeriesspeCimezISShowmore

Stable血iluremodesthanC-Seriesspecimens.

4.CONCLUDINGREMARKS

Newfindingsobtained丘omtheexperimentalstudyontheelasto-plasticbehaviorofthree-dimensional

COnCrete一点uedsteeltubularsubassemblagesareasfo1lows:

(1)ThemaximumstrerLgthsofP-SeriesspeCimensarealmostthesame,andthee晩ctsofneitherthethree-
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dimensionalloadingnorthebi-aXialbendingarerecognized･Ontheotherhand,boththethree-dimensionalloading

andthebi-aXialbendingreducethemaximumstrengthsofC-SeriesspeCimens･

@)nemaximumstrengthsofP-Seriesspecimensexceedthecalculatedultimatestrengthscorrespondingtothe

beam-tO-COlumLICOnneCtionpanel鮎1ure,andreachtheultimatestrengthsbasedonthecolumnflexuralfailure･

nus,therearesomecasesthatthestrengthformulasinthecurrentstandardsgiveconservativeevaluationtotheulti一

皿atestrengtb.

P)P-SeriesaremOreadvantageousthanC-Seriesastothedeformationandtheenergydissipationcapacities･

@)SpeCimensSuqeCtedtothebi-aXialbendingshowtheunstabledogleggeddefbrmationiny-direction,Whichisnot

verycle打払P-Seriesspec血eⅢS･

β)0nlythebi-aXialbendingdecreasesthedefbrmationcapacityinP-Series･Ontheotherhand,nOtOnlythebi-aXial

bendingbutalsothethree-dimensionalloadingdecreasethedefbrmationcapacityinC-Series･

(6)Beam-tO-COlumnconnectionpanelsofP-SeriesspeCimensyieldanddeformbyshear,butthestrengthincreases

afterthepanelyields,andtheplastichingeformsinthecolumn･

(7)rrb,0typeSOfthefailuremodeareobtainedineachseries･Al1C-SeriesspeCimensandP-SeriesspeCimensSub-

jectedtothebi-aXialbendingshowthedogleggeddefbrmationofthecolumn･P-Seriesspecimenssubjectedtothe

uni-aXialbendingshowstablebehaviora皿dcansustaintheaxialloaduntiltheendofthetest･
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Fig･5RelationsbetweenloadQandrotationangle
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Elasto-Plastic Behavior of CFST3D Subassemblages

TablelExperimentalparameters

Specimen Wl,W2(kN) Failuretype

SCPOO

SCPll

SCP20

SCP31
翫 pane1

31.0,9.8

SCCOO
SCCll

SCC20
SCC31

8:£,.8 ｡｡1｡mn

許紺8
(b)Concrete

77

Table2Mechanicalprppertiesofmaterial

(a)Steel

同 彗 e

ロー125x125x6 394.9 479.7 12.5

[]-125x125x4.5 407.7 518.1 12.4

PL-9 268.8 373.1 29.6

Oy:yieJdstress(N/mn3)

Ot:tenSionstrength(N/mm2)

e :elongation(%)

SPeCimen SCPOO SCPll SCP20 SCP31 SCCOO SCCll SCC20 SCC31

Fc 17.42 20.25 18.96 17.38 19.27 19.51 20.04 19.82

Fc
=Cy-inderstrength(N/m汀芦)

Tbble3Mixproportionofconcrete

Fc Gm Sし W/C W C a S/A S G AE

21 15 18 66.5 184 277 2 50 920 949 1.94

Fc =Cy‖nderstrength(N/mn12)

Gm:maXimumsizeofcourseaggregate(mm)

SL
:S[ump(Cm)

W/C:Water-Cementratiobyvolume(%)

W =WaterCOntentPerunitvoJumeofconcrete(kg/m3)

C
:CementCOntentPerunitvo山meofconcrete(kg/Cm3)

a :aircontent(%)

S/A:Sand-aggregateratiobyvolume(%)

S :Sandcontentperunitvo,umeofconcrete(kg/m3)

G
=graVe-contentperunitvolumeofconcrete(kg/m3)

AE:AEagentcontentperunitvo.umeofconcrete(kg/m3)

Table4Measureddimensions[mm]

SPeCimen
bc も bp hp tp も h h-

SCPOO 125.04 5.74 124.90 230.71 4.25 1802.0 1133.8 1009.3

SCPll 124.96 5.74 124.53 230.98 4.25 1800.5 1133.6 1009.3

SCP20 125.00 5.74 124.52 232.00 4.25 1804.5 1132.5 1007.6

SCP31 125.01 5.74 124.56 231.93 4.25 1802.5 1133.8 1008.9

SCCOO 125.00 5.74 124.77 231.61 8.80 1800.0 1133.4 1005.6

SCCll 124.95 5.74 124.70 230.79 8.80 1800.0 1133.4 1009.0

SCC20 124.99 5.74 124.95 231.23 8.80 1803.0 1132.1 1007.5

SCC31 125.05 5.74 124.59 230.48 8.80 1799.0 1132.7 1008.4

NOTES:

bc :Widthofcolumn

も :thicknessofco山mn

bp:Widthofpanel

hp:heightofpanel

b :thicknessofpanel

も :halfIengthofbeam

h :half(engthofcoJumn

h.:ha]fclear(engthofcolumn


