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ABSTRACT  

ThecollCrele－h‖cdsIceJLubc（CFT）columnsysIcmhIISman）ladvanlageS  

COmPiJrCd、、●iththeordinarysleelortheTeinforcedconcretesystem・Oneorthcmaill  

advalltageSisthciIILerac（ionhcLweensteelL11bealldconcrete：localhucklingorstccll11tCis  

delこ1yedbythercstr山ntorcoIICrete，thestrengthofconcreteisincreasedb）†thecoI1月Ilini！  

efrector山esIce＝llbe．Extensiveresearchworkshavebeell（lolleillJapaLllas（15）◆CarS，  

including山cりN川・UrbauHousll－gProjecl◆一al－dthe’’US－JapaDCool）erativclミarthquakc  

RescarchProgr；lInr’，itladdiljontothe、、10rksdouebyiTldividuahlnivcrsiticsan（1indusuies  

thaLhavebeenprt：SC11Lcdal山eallnuall－1eCtingsofArchi【ecluralhsLiLuteOfJapan（AIJ）・  

MicUni、’erSllyh；lSalsobeenconLfibuLingtoLhcdcvelopmenLo［theCFTcolumnsystcm  

illagrealcXLent・ThispaperintroducesthestruCturalsystcmanddiscussesadl■antageS，  

rescilrCh丘mdings，LrialdcsigIIS，andrecen【COnStruCdontrendsofCFTcolumnsysLemjn  

Japa皿・ThepaperaLsodescribesthedesignrecoIIunendatiollSforthedesignorcompression  

members，beam－COlumns，andbeam－tO→COlumnconnecdonsinTheCFTcoIunlnS）・Slem・  

Ke）・、、■Ords：CFI．columJ］S）・Slem，0、′erVie、、■，Resea托h，CoIIStruCdon，DesigtlprOl′isions  

l．7＼TRODUCTIO＼  

Sincc1970，eXlel－Sivcin、・cSugaLionshavevch丘cd血at丘amlngSySIcmsCOnSistingofconcrele－fi11ed  

Steeltube（CFr）columnsこIndH－Shape（lbeamshavemorebene上itthこuOrdinitryreinforccdconcreleands（eel  

SyStemS，a皿dasaresult，tIlissysteInhasveryfrequentlybeenutilizediIltheconstruCtionormiddle－andhigh－  

risebuildin巳SinJapan．TypicalconflCCdonsbctweenaCFrcolu皿nandH－Sll；1Pedbca皿SOrlcnusedinJapanare  

Sl－0、、ⅥinFig．l・Theconnectionisr＝1bricatedbvshopwelding．姐dthcbeilmSarCboILL＝d10LhebrackcLSOnSite・  

ⅠⅠ一thecaseorcollllCCtioIIS11SlnglrulCrLlndLhLOugh－Lypediaphrag皿S，lhcdiar）hrこIglnPlatesa］・Clocaledinside  

thetube，and＝Lh（）lcisopelledrorconcreleCilSung．AcasIsLcclnngs山■rcncrisL）SC（lror；1Cil■CularCITcolumn・  

IntLecaseoI、arillgStifrellCrilnda110uterdiapllragm，thereisnoo句ec（iusi〔1etherube（Ointerrerewi山the  

SmOOthcasungoFLheconcrcLe・Hareandembeddedt）TpeCOlumnbasesshowninFig・2areusua111・uSedinthe  

CFTcolumnsystetll，andthestruCtura】reliabilityofthelatterismuchhighertllanthatoftherormer・Whenthe  

buildinghこISLhebasemelltS10ries．山cC「rcolumnsec止onisconverLedto山econcrelccncascdcross－Hsecdon  

a（the丘rststoryorthebasemeIllasshowninFi望．2insolneCaSeS．  
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ConcrctecastlnglSuSuこ111ydonebyTreI－1icしubeor山cl〕umP－uPme山od・Hi2hstrenglhandductilitycan  

beobtainedintheCFTcolumnsyslembecauscorthead、‾aLltageSmentionedtxlo、、・．tIowe、†er．difficultyinproperJy  

COmPaCtlngLheconcrete皿ayCreateaWCa上poIntinthesysIcm，eSPeCial1vinthecaseofinnerandthTO11gh－tyPe  

diaphragms、、・herebleedingorLhccomcretebenealh山edlaPhragmmayproduceagapbelween山econcre【eandsteel・  

TbereiscurTentlynowaytocnsurecompactnessortorepairthisdcLiciency．Tocompensale．hlghーquiLlilyconcretewith  

alo、、一WalercontenI弧dasuperplこ血cizerforenl）a－1CedworkabilityaTCuSedinconslruCtion・  

Thispaper丘rstdescrit光StheadvaDtageSOr血eCFTcolumnsysteminvie“・OfstrucluraIperfo皿anCeaJ）d  

COnStTuCLionaler丘ciellCy，inlroduces血esunlmaryOfresearchanddesignprovisions，discusses山ccostmeritsor  

山eCFrcolumnsysteminvestlgltlcdbythetrialdesigTISOfthe山clneStruChlreS，LJDd丘nal1ythcrccen＝∫endsof（he  

COnStruCdor）OrCTTcolummsystcIllinJapan・  

2．AD＼AmGESOFCFTCOl．UM＼SYSTEゝL  

CFrcoIumnsystemhaslnanyadvanLBgCSCOItlpated、、・ithordinarystecIorreinLbrcedconcretcsystems－Mai11  

adl・antageSare］isledbelo、l†：  

／〟JどrβCJ由JJムe仙，eeれ∫JeeJr〟みどαJ7dcク乃C摺妃  

1）Localbucklingof【hesteelLllheisdelayed，andLhestrengthdeLcriorationafterLllelocalbuck】ingismoderated，bo山  

Outer diaphragm lnnerdiaphragm Throughdiaphragm  Rin空Stirferler  

Fig．1Bennl－tO－ColumnConnections  

■ ▲ ● ■  

′  ▲ 1   

Encased－tyPe   Bare－tyPe  Embedded－tyPe   

Fig．2 Column Bases  
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duetotheresuLalnlngCffecLof、coucrete．  

2）ThestrengthofconcreLcisincreaseddueLothccon五ningeffectprovidedhyLlleSteel【ube，andthestrength  

deleriorationisnoIVerySCVere．becauseconcrcLeSPallinglSpreVentedbytheLubc・  

3）DTyingshrinkagea（ldcrecpoftheconcretearemucllSmallerth皿inordinaryreiI－rOrCedconcrele・   

C叩∫∫－∫eCJわ〃αJク「甲erJ′e∫  

4）ThesteelratioinlhcCFTcrosssectionismuchlarger血旭inthereinrorcedconcreteaれdconcrete－enCaSedsteel  

CrOSSSeCtlOnS．  

5）TbesteelorLheCFrsectioniswellplasLifiedundcrbcr）dingbecauseilislocaledIl10StOulsidethesccuon・   

Cb那Jn′C血′一切亨c′e〃り  

6）LAborforfomlSaれdreinforcingbarsisomitted，uldconcrelcca5血ぎisdoncbyTremietubeortllepumP－uPme血od，  

TbiscfLficiencl・leads10arCduclioninmanpo、Ver，COnStruCtioIlalcosl，andprq）eClleJ］g【h・  

7）ConstruCtionsilebccomescleⅢl．  

Ffrere∫由Jα／JCg  

8）Concrelei皿PrO、●cs丘reresist封ICeSOthat丘reproofmatcrialcanbereducedoronli（Led・   

Cb∫り，eゆ「椚d肛ど  

9）BccauseofLhemeri【slisIcdabove，bettercostperfomanceisobtaincdbyrcplacingasLcelstruCtureWithaCFT  

SmCmlrC．  

缶0わgヅ  

10）Theenvironmentalbtlrdcncanbcreducedbyomit血g［heformwork姐dbyrcusingsteeLLut）eSand usinghighー  

q11a山〉′00IICreleこ■SrCC〉・CIc（l；1ggregateS，  

TbecosLad、・iullageoftlleCFrcoluml－SyStCmagalnSILhesteelsysLemWillbediscussedlaterinmorcdetails・  

3．RESEARCHONCFTCOLUMNSYSTEれⅠ  

3＿1Research－1clil－iljes  

3－1－1ArchileC餌血h5日餌IeorJapan  

Figure3sho、、TSthenumberofabstracIsoflcd皿CalpapersoncomposilcconcrcleandsIcelstruCtureSandon  

theCFrcolumLISyStCm．WhichhavebecnpresentedattheaIlnualmee血gsofArchi（eC【uralIns山uteofJapan（AIJ）・  

h1961、Naka，Ka10，e（al・，、、・rOLeLhe丘rsttechnica］paperonCFTinJapan・ItdiscussedacircularCFrcompression  

memtxrusedinapowcrLransmissiontower・ThenutrlberofabstracISPreSCntedatAIJ．sa皿ualmeetlngSWaSaboutlO  

Orlesse、▼叩・）▼caruntil1986．  

TherescarcIl10PICStreatedinthepaperspresentcda＝血eannualmeetlIlgSO［AIJare（abulaledinTbblel，  

andsummarizedこISfollo、VS：i）struCtura】mechanics（sしifhcss，SLrengthposトlocalbucklingbeha、－ior，COn点ningeffect，  

StEeSStranSfermechanisms、aJldductiliLyofcolumns，beaⅡLCOlum11Sandbealn－Lo－COlumnconnecdons）；ii）construcdon  

ef丘ciency（COnCrCtCCOtnPaClion，COl）CreteIエ血hlre，COnCreteCaSdngIIle山odandconslruCLionLime）こiii）丘reresist皿Ce  

（Slrengthu－der丘re…1IldamounLorfireproofmaLerial）；andiv）structtIralpla血1g（ilPPliGILioJ］（Ohigh－riseandlong－Span  

bujldings，andcostperforlmtnCC）．  

ThefirstedilionofllleAIJstaJ］dardforcompositeconcreteai）dcircularstceltubestruCtureS、、・aSpublished  

h1967、basedontllerCSCaTChc；血cdoutinLheearly1960■s，ThlSeditionw；lSWriLtent’or山rcctypeSOfcirculafCO  

POSllesections‥theso－Ca11edconcrcle－enCEISedtube，theCFrandtheconcrcle－enCaSCdandfi11edtubesections・Thc  

StaLnd∬d、、・aSrcVisedin1980toincludesectioTISuSlngSquaretubes・Thisst且ndard、、▼aSabsorbediI－tOtheAlJsLa皿血d  

forcompositeconcrelCandsLecl（SRC）struCtureSin1987，Whichincludedthcformulas10e、・alualctheuldmatestretlgth  

OfcircularandsquareCFTcolu－nnS．bca皿一COlumnsa皿dbeam－tO－COlumnco11Ⅰ一CCLions・TheEnglishversionofthis   
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s【aLndardisavailableaLAIJ［L）．Thenel、・eStedidonoftheSRCStBLndardofATJ（2】ll・aSPublishedin2001．ThlSedidon  

increasedtheupper）imi（0［LhcdesigIIStandzLrdstreng山ofnormalconcreteto60MPa，aJldrevisedseveralpartsofde－  

slgnPrOVisionsfor山eCfTcoluIllnSySlem，inaccordtLnαWith山ccontentsof山eCFrRccom皿Cndations［3）explained  

kloIV．  

CFrRecon川Ien（htionsr3】、、一erePublishedbvAIJin1997，basedol－reCeI－treSeaTChdevelopmenlsOnthefol－  

lowingtopics．i）speCialL汀eSOrCFTmemberssuchasbTaCeSandLruSSmembers，inadditiontocompressionmembers．  

beam－COlumnsandconnections；ii）rormulilStOeYaluatedeformaLioncapとICityorCFrcolumnsa8drra皿eS；iii）stnlC－  

ruralcharacteristicsun（lcrfirc；iv）manufacturingorsteeltube之uldmixrureofcollCre（e；V）anal）′Sisofthebehavioro［  

CFrcolumnsandrrames；andvi）strengLhromulasusedi皿the、VOrld－Pro、・isionsforuledesignorCFrcoluⅡ1nSShown  

inLhe200leditionor山eSRCStarldardorAIJ［2］、、rillbeintroducedinthispaperlaler・   

3・l－2＼e、、・UrbanHouslnぎPrq5ect  

hl1985，丘、・ege［1eralcontTaCtOrSandasteelmanufacrurer、、▼On山cJapan．slhnistryofConsttucLionproposal  

COmPeLiLion［or山ccoI－StruClionorurbanapartmenthousesinthe21sIccnlury－SinceLhcn・thescindustriesaLndthe  

BuildingResearchInstiLute（BRI）oftheMinistryorConstruCdonstarteda白ve－）．eare叩erimentalreseNChprpject  
cancdNe、、・UrbaJIHousillgPr句ect（NUHP）．whichacceleraledtheinvesLigaLionorthlSSySle皿・h血sprqiecl，a（0血Iof  

86speC皿enSOrCCnttally－loadcdslubcolum皿Sa皿dbeam－COl11mnSWereteStedundercombiT）edcompressiot），tnndin望  

aLndshc甜・Tablc2showsthenumtxrofspecimensandtestpara皿CterS・AsharplnCreaSeinLhenumberofabstractson  

theCFrsvsLcmObscrvedaL1987inFig．3isdueto血eresearchrelatedtoドUHヱ  

Theresult50fiI－VeStlgationcarriedout皿derNUHPwerepublishedinCFrRepor（S［4l－andhavebeenused  

forthedesig710r山eCFTsystcm．Thisrcportisthe丘rstdocumentit］Japa皿thalmcasuredthesしrengthincreaseofthe  

NumberofAbstractsPresentedatAIJAnnualMeetings  
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⊂：：コTotaJnumbersoncompositestructures  醇NumbersonCFTstructures  

Fig・3NumberofAbstractsPresentedatAIJAnnualMee［jngs  

TablelResearchItemsinAbstractsatAIJAmualMeetings  

Structura［Mechanics   Construdionaほ代dency  FireResistance   StructuralPtannlng   

Axia）loadcarTyingcapacity  Compactnessofconcrete  StTengthunderfire  Applicationtohighィize   

Flexuralstrength   Concretemixture   Amounto川re－P「∞f  building   

Bucklingstrength   Concretecastingnlethod  mate「ial   AppJicatjonto10ng－SPan   

Deformationcapacity   Reduc心0nOfconstrudion  bu冊ing   

Stiffness  七me  

Post－Jocalbuck）ingbehavior  

Confininge侮d  

Stresstransfermedlanismat  

beaLTl－tO－COJumnconnectjon  
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COn血1edconcreleOfcircularCFrmembers，andsho、Vedfo】，mulas10eValuate血edcforTnationcapacity・Evalua【ion  

OrthedefonnationcapacllyofCFTbea皿－COlumnsisneeded10CalculalethestruCturalcharaclerisdcfactorDsused  

inseismicdesim・ln1996、thoseindusLTICSthatonginallyjoinedNUトTPestablished山eAssociationofNe、～■Urban  

Housingltchnology（Ar（UHT）．TheANUIrrconsisIsofmore山an100membercompaniesin、－01vedinCFTbuilding  

COnSLruCdonandauthorizesLhestrucmlraldcsignor11eWlyplamledC「rbuildingsinaccordance、、・ith血eAドUHTTsCFT  

lくccolnmendations【5］・BasedonANtm－sCFTRccot一皿endations［5】，CFTconstruCtion【eClmoJogy、、・aSinidatedjn2002  

bythepublicationorNoti6cationNo．464by山cMinistryofhnd，InrrastruCtureandTransporしJapan，andANUI寸T■s  

CFTRecomn］en血do．1Sf51thatwereclosel、7し1SCdb、′山cmembercompanicsw鮎genera11yopenCdforthepubhcuse・   

3・1・3し†・SJapanCoopcrativelhTthquakeRcsearchPTOgrarn  

A丘ve－yearreSearChprq）eCtOnCOl叩OSitealldhybridsLnlCLuresstartedin1993astllC丘fthphascordlCU．S．－  

JapanCooperaLiveI元rtllquakeResearcl一IJrogr＝n，；LndtheprogmIl川▼ilSOrga血zedinlothcrollowlngfour？OLIPS：CFT  

COlumnsystem；reinforccdconcretecolumJl＋SteelbeamSySteIll；hybridl、・allsystem；andrleWmaterials，elements；tnd  

SySlems－TheprogTamOr山eJapanescsideroru－eCl汀sysIcmconsistsof山efollo、、▼ingtopics二i）eミPerimenlalsttldyこ  

ii）datAbase；aLdiii）triaIdesigTl・CenLLall）・－loadedstubcolumns．cccentfica11yloadedslubcolumns，bca皿一COlumns，  

andbearIl－tO－COlumnconnectionswereLCSIc（Jtoclarify山esynerglSticinteractionbel、、・eeIISteeltubeaJldconcrete  

andstrcsstransfermechanism，aLndtoderj、・elllC山odstocvaluatcstirrncss，StrengLhuldducLilityofCFTelemenLsand  

SyStCmS・ThcnumberofspeCimensand（eS■I）；”・；lmClersafCSho、、rninFig・ヰal－dTable2・lllCllnlq11efeatureofthis【est  

PrOgTamll■aSthatitcoveredthehighーStre11gtllmaterials，SuChas800MPasteeland90MPaconcretc，itcoveredlarge  

、、・idth－thicknessratio，aJldsomeofLhebcaI一トCOlulnllSPeCiT一一enS、化reteSledunder山e、・ariableaxialload・Tesldata  

Table2ScopcofResearchPrqjectsonCFTColumnS）′Stem  

Project   NewUrbanHous（ngProject   ∪・S：JapanCooperativeProject   

Shape of tube ロ  ○   □   ○   

CentraJly－10adedstubcoIumns   Centrally－JoadedstubcoIumnsロ：450：45  

Numbero盲SPeCimens  
［ユ240：24   Eccentrica11y－10adedstubcoLumns［］：320：32  

Beam－COIumnsundercombined10ad  Beam－CO山mnsundercombinedjoadD200：13  
［コ：190：19   Beam－tO－COIumnconnection【コ60：4   

頂nsilestrengthofsteeF   

Gu（N／m2）   
500，600   400．600，800   

Compressive strength 
OfconcreteF。（N／m2）   26，44．62   20．40．（80），90   

Diameter－thickness   

ratio   
□：18一班  ○：15－67   ［コニ19－74  0：17－152   

Axial10adratio●1   0．3，0．5．0．7   0．2，0．4，Variabb‘2   

’1二ratiotosquash10ad  ◆2：Varyingbetweentensile10adratio－0．3andcompressive10adratioO．7  

3 

CenlTalIy－Loaded  
CO山mn   

i告……  

EccentricafJy－Ioaded  
COlumn  

Beam－CO［umn  Beam－モ0－COIumn  

COnneCtion  

ドig・4Testsol、CFrEleme111s   
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0（CFr♭ea皿－COlumnsandfra皿eSVt・ereCO11ectcdfromtheJapaneselileraLurepublishedin1971through1995、anda  
databasewasdevelopedandmainmined・A【Otalof5891e5Ldata（LeS【SpeCirnens）werefound：353beam－COlu皿S（242  

SquELreandlllcirculaT）and236frames（184squareand52circular）．TrialdesigTISl、・ereCarriedoutforlO－，24－and  

40－StOrVbuildingframeSuSingCFTcolumnsystem，tOlookforthemeritsofemployingtheCFTsystem，bycompanng  

COr】StruCtionalcos（SandsLruCturalperfom；lnCe、、・拍1thoseorLheordinarysteeisystem．A皿increaseobservedin1995in  

Fig・3isdue10theresearchrelatedtotheU・S・一Japa11Program・  

h血e丘fthphaseoftheU－S－一JapanCooperativeEarlhquakeResearchProgram，theCFTin、reSL）galion  

PrOducedCfTGuidelines【6】．TheGuidelinescoverLhefollo、、・ingLopicsニi）且owchartsforseismicdesignbasedon  

LhcconventionalmethodusingLhcstruCruralcharacterisdcfactorDsand山eperformance－baseddesignmethodtrhich  

isspeci6edintherecentrcvisionoftheB11ildingStandardIA、VOrJapan；ii）consdtutivela、～†srorCOnCreteandstccl  

tubcderivedfromlhelestresultsofcenlJ．ally－loadedstubcolumns，methodoranalysisrorthemoment－Cur、′aLul●e  

relation，methodoranalysisrortheload－derormalionrelatiorlOfabea皿－COlumnuDdercombinedcompression，  

bendin巳andsheN，andLhcmodelfortherestonng－rOrCeCharacterisLicsofabeam－COlumn、、血chmaybeusedinLhe  

analysisofanovera11CFTframe；iii）formulastoevalu且tCSli［rncss、ultima【esLrengthaJlddeforTnationcapacilyOfa  

CFrbeam－COlum皿，takingintoa∝Oun【thecon6ningandscaleefrec（SOrCOnCrete，thebiaxialstateofstressandloca）  

hucklingofthesteelt11bc；iv）thestresstransfermech餌1is皿Orabcam－10－COlumncoruleClionaJ）datnathcmaLicalmodel  

t’orshearforce－deformこLLionrelationofaconnccLionpa皿el；V）t－1ilterial，manufacnlringazldrabricationofasteelttlbe．  

COnCretemiェbreandcasdng；Vi）desigTleXamPIcusingaDll－StOryOfficebuilding，Wriuenforbegi－ulerSatdcsig山ng  

LheCFrcolumrLSyStCm；and、・ii）invesdgationofadvantagesof山eCFrcolumnsysLemby山ctrialdesignot’10－，24－  

andJt）－StOrVCFrfralneS．Someoftherescarchresults山alformcdthebackgroundoftheseGuidelinesa托Summarized  

inhglishinBfuRescaTChPaperr71・   

3－2Re5e甜CbFindings  

LessonsabouttheCFTcolu皿SySlemlearnedfromtheresearchconductedsofararcshownbeloll’：   

Cb〝甲r甜∫わ乃jtお肌如〃  

1）1bedifferencebet、VCenuld皿ateStrengtllandnominalsquashloadoracentral1yloadeddrculaLrCFTshorlcOIunlnis  

pro、・idcdbvthecon丘ningefrectandcsti皿Itedb）ralinearfunctionohhesteeltubeyieldstTength［8】－  

2）Forasqu∬eCFTshorlcolum皿，Streng山increascduetothec（）n丘Ⅰ血geffectis血IIChsnlal1crcomparedtoacirculaT  

Shorlcolu皿・LcKnIbucklingsi如丘cadya［rectsthestrengthof；lSquarCShortcoltlmn・  

3）Thcbuckli皿gStreng山oraCFrlongcolumncaれtXe、，aluatedbythesumofLhetangentnlOdulusstre11gthscaJculated  
forasteelrubelongcolumn，andaconcrclelot）ぎCOlumn，SePara【ely．Thereisnocon伝ncmenteffectonthebuckliI）g  

su・eng血，reg訂d6SOr山ecrosssecdondslla一光【9】・  

4）Elasticaxialstiffncssca皿genera］1ybeel・aluatedbythesumohhestiffnessofthesteeltubeandtheconcre（e・  
However，Carefulconsideradonmustbegiventothecrfectsofstressesgeneratedinthesteeltukal血econstruCtion  

siLe，themechanismwhichtTanSrCrSbearIlload10aCFTcolumnthroughthesteeltubeskin．andthecreepand（lrying  

Shrinkageoftheconcrete．Tbesefactorsm；1yaLl’ectthesdnhess・  

5）Consdtudvelavt・SrOrCOnCreteandsteelinaCFrcolu皿皿havebeenestablished血attakcintoaccounttheincreascin  

concretestrengdlduetoco血emenl，Lhescalcefrcctonconcrelcstrcng山，thestrainsofteningulCOnCrCle・血eincrease  

illlenSilestren空thanddecreaseinco皿PreSSivestrengthofthestee）nJbeduetonnglensionslress・血elocalbucklingof  
ttLeSteel山be，Lhecrrectorconcreterestr；unlng山cprogressoflocaJbucklingdeformadon．andLhestrainha∫dcningof  
steelLlOJ  

βedJれ－CoJ〃mJ汀  

6）Thebendingstrengu10［acircularCFTbea皿－COlu皿neエCeedssuperposedstrengLh（thesumofthestrengthsof  

concretea丑dsteeltube）due10thecon鮎eTnenteffecLForasquareCFTt杷a皿－COlumn，StTengthincreaseductolhe  
COn丘血望effectisIlluChsmal1ercompaTed10aCircularぬm－COl11Ⅲln・I」∝albucklingsignihcandvaffects山esu‾engd）  

Ofasqllarebcam－COlumn．  

7）Circul訂CFTbea皿一COlumnsshowhrgerductiliLythansquareolleS，  

8）Useofhighstre11g山concretegenerallycausestllereductionordllCtility・IIowe、・er，inthecaseofacircularCFT   
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tTX：am－COlu皿，nOn－duc山ebeha、・iorcanbeimprovcdb）・CO血ngconcrete、、丁地hlghslrengthsteeltubes・  

9）Empiricalfo皿ulastoestitnate血eroLauOnanglelimi10faCFrbcal一トCOlumnhavebeenprqposed【3j・  

10）Fiberanalysisbasedontheconsti山ti、・Cl；IWSmentioz］edabovetracesttledexuralbcbavioranduldmatestreng山or  

ane∝entrical1〉▼loadedCrrcolumn【川  

11）TheeffecdvemathenlaLicldmodelhast光CllCStこIbllShedtolraccLhecyclicbehaviororaCFTtxa皿一COlufIuS叫iecLed  

tocombinedcompression，tX一一din望andshear．t川Inotthet光h之IViorarlcr山elocalbucklingof（1－eSlechube［12］・  

12）AhystereticrestoringrorcecharacterisLicmodelforaCFTbeatlトCOlumrlhasbeenproposed，Whichaccura（ely  

prcdictsLhebeh、▼iortvhcnLherotadonaneleislessthanl－0％［13］   

βedJれイクーCロム〟乃月C（〃！乃どCJわ／7∫  

13）DesignformuJashavetxcnestablishedl■orouterandthroughdiaphr；lgmS，and山eringsdfrener，ShowninFig・1・  

lヰ）AlthoughtheyこIrC rathcrcon－PlicaLed，紬■C＝gthcvalualiollJ．ormulashavebee－1PrOPOSedfoTinnerdiaphmgms．  

WhlCharedeかedbyLheyieldlinetheory13］・  

15）AstressLransfermechanismhasbeellPrOpOSedtoLracetheload－derormalionbcha、●iorofaCFrcolul一】n  

Subassemblage，WhichconsisIsofadia望OnaIconcretestnltandasurroundin望SteelrramefonnedbvtubeⅥ■allsand  

血apba寧nS【18】  

16）Dcsig71fo皿ulasrortheshearpaneliIl山econlleCtionllaVehcenestablished，“・hichgivethelo、、一erboundofthe  

山血－ateSbe打St∫eng軋  

17）Severalne、、・t）ずSOrCOtlneCdonshavcbce‖PrOl）OSed，SuCh；tSCOllneCtionsusingverticaIsLifTeners【14］，longLenSion  

tx｝lts［15・16］，andthickertut＊altheshearp；111eJwithouLadiaphragTnL171・   

片口〝lど∫  

18）TestsofsubasscmblageswhoseshearpancIsweredesignedLot－elル■eaker山anhcamsandcolu皿n5Showedvery  

ductilebehavior［19］，rIowe、▼er，itisus11ally（lifficultinpractice（Omaketheshearpanel、、′eakerunlessasleCILube  

thjnner山antheCFTcolumnisusedforttleShcこIrPaIlel．  

19）Tbeenergydissipadoncapacityofacolu－rln－LbilingCFrfrauleisequivalenttothatorasleelhme【20］．   

e～ノdf鱒げCo′了CreJどα′－dCお血g  

20）Asstatedabove，thebleedin望OfconcrcLCundemcathLhediaphTagTnl11ayPrOduceagapbct、、▼CenCOnCTetealldsleel・  

llisnecessarytomixconcretewithasmall、、・；lLcrcontellt，aSmalluni巨廿aterandalargcunitcemcnt10reducebJeeding・  

UseofsuperplastisizcriseffccLivc10keepgoo〔LworkabiliLy［3］・  

2L）Thepumping－uPmCdlOdisrecomll－endedLoc之IStCOmPaCtCOtlCrCLcwi山outavoidarea11ndemeaththediaphragm・  

IALCralpressurconthesteelpipecausedbyptlIllPlnguSu血1yincreasesLol．3tjmes山eliquidprcssureofconcrelL＝（山e  

umil、、Peiぎhtoffreshconcreteti皿eSthecasliIlghcight），、VhichcauscsringlensionstTeSSinLhesteeltube．Thcpressure  

andstressmaydistortthesquareshapeofthctube，if山e、、・all血ckJ）eSSOfthetubeist∞thJ］［3］・  

22）Ⅵbe皿血ecastingheightisnottoolligh，LheTremietubeInCthodisefrective、、・iththeuseofavibraLor100btain  

COⅢ1PaCtCOnCrete・Ifthe、－ibratorisnoluSed，itisIleCeSSaTytOCaSt山econcretewilhhighfIowabililyandresislance  

aga川SIsegregauon・   

仇中卯CJ∽r（フCJgri∫Jfぴ  

23）nclaLcralstorysLi汀nessoftheCFTcolul1111SySternisla∫gerLhanthatofthes【eelsystc礼butthesLor）r、、・eigh10f  

也eCFrcolumns）●slemisalsolargcr．ThisIcad5tOnOm可ordifferencesin山e、ibr；ltioncharacterisdcsofeithersystem．  

2ヰ）べosigni丘canldifferenceinelasto－PlasLicbellaViororenergydissip血oncapacityisobsen・edbetvreentheCFTand  

SteelsystemsaslongasLheoverallframe［nCCl＝lIlismis（lesignedsolhatplastichiJlgeSmainlvformhthebeams［21J  

25）1btalsteel、、▼eigll10r山eCFrcoluml－SySIc‖lisabout］0％1esslhこLnLhltOfthesteelsysleTn［21］   

F／′ビ尺ど∫正一αJ忙e  

26）CFrcolu皿5elongaleatearlystageofheaLloadi∫1g，andthcnshortenuntilfai1uTe．  
27）CFrcolu皿SCanSuStain弧ialloadrroInti11edconcreteafterthecapacityofthesICelnlbcislostbyheating，aJld  
Lhus．丘reproofmaterialcanbcreduccdoromiued．  

28）Ri裏dityatthebeam－tO－COlumnconmccli（）11reducesbecauseoE．thcheatloading，WhichleadstothcrcducLioIlOf  
kndingmomentstriLnSrelTedfrolnbeamsLocoltllnnS．ThlS，lhecolunlllCEu・riesonlyaxi；Jlo；ldaLthe丘皿dstageorheat   
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loa血ng【ヱ】  

24）Fire（es（SO［CFrt光am－COILlm11Sforced10SWaybythethcmalelongadonoradj；1CenttXnⅡ1Shaveshown血atsquare  

andcircularCFT’beam－COlumnscouldsuslaintheaxialloadfortwohoursandonehour，reSpCCtively，ullderanaxiaJ  

loadratioofO．45andas、、・ayanglcofl／100，butCFTbcam－COlunlnSCOuldnotresisLtxndingcausedt－ytherorcedsway  

正Icr301血1uteSOl、beこIutlg【ヱ叶  

4．CONTR工BUTlONOFMIEUNIVERSITY  

CFTreseaTChinゝIicUlli、・CrSltyStNtCdh1990atdleDepartnentofArchilccture．and山eLopICSCOVeredaLnd  

the丘ndingsobtainedsofararcshowntklo、、・：   

jb∫t－BucklingBehal・（OrqfBealn－CohLmlZS（24・25］ A101alofヰ6specimensofcanLile、・erbeam－COIumnsmadeof  

COld－rOrmedsquaresLecllubcwithor、、・ithout丘11ed－COnCreteWereteStedunderaconsta皿taXiaIloadandrepeated  

horizontalIoad，aSSho、、，ninFig，5．inordertoclarifythestTengthdeteriorationphenomenadue10localbuckling・  

Therepeatedhorizonlalload、VaSaPPliedalthetopofthespecimenalaconstan【displacemellしaJld山eeLTectsof  

血efo1lowlngPara皿eterSOntheposトbuckli11gbehaviorof止eCFTbea皿－COlumns、、・erein、′CSugaled：eXistetlCeOf  

丘山ed－COnCrele，Widlh－LO－LhlCkncssraLioofsleeltube（22，31andヰ3），alialloadraLio，Which、、ra5血eratioofaxia1  

loadtothesquashloadoftheCFrsection（5to30％），aLddisplacementaⅢPli（uderatio，Which、、†aStheratioorthe  
horizontaldisplace皿entamPli【udein山erepeatedhorizonLalloadiz）gtOthedisplacemenLat山eoccurrenceorthelocal  

buckling（0．6101．3）．13ea汀卜CO）umnbehaviorwasanalyzed11Singacantile、†ermOdelsho、VninFig・6（a），basedonthe  

asst皿ptlOnSthatauniformtx：lldingmomentisdisLributedinLhedeformableportioll，andi10t光ySthemomenL－CurVamre  

reIationscalculatedlLromassumedcyclicstress－  

StraiJlreladonsol●concreteands（eelshowllinFig・  

6（b）．TheerfecloflocalbucklitlgOrSteeltube  

WaSCOnSideredin（hedcscendi11gPOrLiono［the  

StreSS－SLrainrelationorsLeel．Resea∫ChLhldings  

WereaSfollo、、●S：i）Thehorizontaldisplacement  

attheoccurrenceol■localbucklingbecame  

Smal1erastheaxialloadraljoincrcased，bu＝血e  

Valuesofaxialstraina＝ocalbucklinglVereZ）Ot  

muchaffectedb）一theaxia1loadratio，ii）The  

horizontaldisplacemenlattheocc11rrenCeOflocal  

buckling、VaSgrCalerinCFrlhaninl▼Oidtube  

SPCCimensduetoLherestrainlnger［ector611ed－  

concrete．Thjsdelavorlocalbucklin空≠・asmOSt  

PrOt10unCedinthcspccimens、、・ilhLhe、、▼idth－  

血ck皿eSSradoequa］to31・iii）ThcaLnalysisLbirl）’  

We11u・aCedtheexpenmCnta＝xllaVior．asshoIl●nin  

仙Jぷ叩（ノぶJわノー  

ーl（）O xl00xJ  

Specimen  Test setup 

Fig・5TestofBeam－Columns  

1し、  rigidpart   

dePormable 

COnCre【e  

（b）Slress－StTainrelation   

Fig．6Analys150fBeam－CoIumns   

（a）ModeloFana】ysis  
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Fig・7・However，theshapeofaconvergedhysLeresisIoopobtainedbyLheanalvsisismorelikeaparal1elo訂a皿．SirlCe  

Ba11SChinger■seffectisnotwelltracedintheaIlalysis．Thel鴇effectismoreprono11nCedintheanalysis・iv）Tbes【rength  

deteriorationrado，WhichistheradooftllemaXimumstrengthobservedin山elOthcvcleofhorizonta1loadin望tO血at  

inthe丘rstcycleofloadiLg，isi11ustratedasaI一一etnbranei一一a3DspacejnFig・8・Theratiobecamethcsma（Iestin山e  

SPeCimcnsw山＝hewidth－thicknessratioequa］Lo3l．v）ThecncrgydissipaLioncapacityorCFrspeCimens、VaS皿uCh  

greater血anthatofvoidtubcspecimellS，mainlybecause山eoccurrenceoflocalbucklingwぉdclaved・   

EIcLStO←PZ∬JicBehavioTqFPor｛al斤ames（26127］ AtoIzdof13specimensorportLdframesconsist皿gOfsqluretube  

COlumnswi血orwitho11t丘11edconcreteandanH－Shapedbeamweretested，aSShowninFig・9，underaconsl且mtaXial  

loadaLndrepeatedhorizontalloadwithincreaslngdisplaccmentamplitude・Testvariableswere血ecxistenceof611ed－  

COnCrete，theajiia1loadrado（0．15andO・30）こmd山ewidth－thicknessratioorstcc［ulbcs（21．39and5ヰ）．FigurclO  

ShowsLheload－deformadonrelationso（sarnplespeCimeIIS．．IbeetlergydissIPationcapacltyllTa5皿ainlyinvestigated，  

aLdresearch丘ndingsll†ereasfollo、、・S：i）AIIspecimensshowedfairlystableh）－StereSisloop5，althoughLhelocal  

buck】ingoccurTedin血esleelnlbes，eXCePtforoneortlleSpeCime皿SSl巾iectedtothesmal1erverdcalload，inwhichthe  

fracrureoccurredin山eweldedpaftatthecolummend，bec乙IuSethe丘11ctwelding、VaSaCCidentBllyused．ii）hthecase  

OfthespeClmenWih山ewidth・thicknessratioequalto54，thecharacteristicsoLLconcreteweremorepronounced，aJld  
thehysteresisloops、Verealituepinchc止iij）′1lleStrengthdeteriorationoccurringafter血elocalbucklingwasrather  

largcin血ecaseofspeci皿enSWiththewidth－tllicknessratioequalto2l，Sincetllelargepercentageofthestrengthwas  
PrOVidcdbythesteelhlbe，and血erestraj：［”一geffectofcorICreteOnthegrowthofthelocalbuckli皿gdefor7nadonwas  

A／△【▲ナ  

l．0  Ⅰ．5  

・】－5⊥   

帥＝2l′J＝0・15disp】acc－ⅥCnla－11Plitudera【io＝1・0  

Fig・7Load－Displacem己ntRelationsofBea汀卜CoLumIIS  
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t   

l．500（わ  
＞く  

【 l  

BH」5りユ三成kIa沌  

∫OlIer   

Tes【settlP  Specimen  

b／t＝21JL＝0．15columTIfaiEini！  b／（＝2lJL＝0・15paneJfai］h皇  

帥＝54〃＝0－15cdumnねi－＝堰  帥＝54〃＝0・30columnねiting  

Fi望・10Load－Displacem巳ntRelationsofPorta［Framcs  

tlOtmuChexpected－OnLheotherhand，inthecaseofspecimenswiththewid山一tLjcknessfadoequalto54・血estTen空也  
deterioradonwassmallsincethecollCretereSLrainingwaseffectivc．iv）Thevaluesofthestmcturalchamcteristicfactor  

D50btainedfromthetestsdata，WhichisanindeミOf’theenergydissipadoncapacity，highlydcpendedon血eloading  
historyand血enu皿berofloadingcycles・Thoscob［ainedfromthecumulativeplasticdeformaLioncapacl［yWerequlte  
smallerthaDthevaluesusedin血erealdesigtlPraCticeofpurestee］frames，and血emamiumdiffeTenCeVt・aSObserved  

hLhespecimenい止血thewidth－dlicknessratioequal1039，aSShowninFig・11・   

E）LUtO－Plas［icBehaviorqfT77ree－D（men5ionalFrames［28・29］AtoLalof183D－andヰ2D一丘a皿eSPeCimensconsis血g   
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OfsquareCFTcolumnsandH－ShapedbeamsweretesLcd，aSShowninFig・12，underaconstanlalialloadonthe  

COlumn，COnStanLbeamloadsintheminordirccLion，andalLernatelyrepeatedbeamshearintLemajordirection  

Simulatingtheearthquakeloading・Figure13showstheloadingpattems・TesLvariableswereasfollows：Shapesof  

SpeCi皿en（interior，eエterior，andcomercoltlmnlypes）；f－ai111retypeS（panelfai1iIlg，andcolumnfai1ing【ypeS）；and  

PattemOfthelong－te皿loadson血cbcamSindleminordirection（Wl＝W2，Wl＞W2，andW2＝0），and血e肌ialload  

rauo（15and30％）．Figure14showstheload－deformationrelatioIISO［sa皿PlespeCimens．Research血di皿gSWerCaS  

fouows：i）Tbeeffectsofneitherthe山一ee－dimetlSioIlalload血gl］OrdlebiaxialberLdjngon血emaxi皿umStrengLhsll’ere  

ObservediI）al1specimens．ii）StrengthdeteriorationduetocyclicIoadingwasobservedincc・1umnfailingspeCi皿enS，  

WhilcliltledeterioTationwasobservedinconl］eCtionfailingspeC血ens，iii）Bcam－tO－COlumnconnecdonpanelsof  

panclfailingspecimensyieldedaIlddefonlledb＼・SheaT，butthestrengthincreascdafterthepanelvielded，andthe  

Plastichin望eformedi皿thecolumn，eXCePtfortheplanarspeci皿eIl．1髄sincreaseisduetothecon虫nementofconcrete  

andstrainhardeningofsteel・k‖血ecaseoftheplanarspecimen，thisincreasewasnotenough，andthusthecolunn  

remai皿edela5日c．iv）PanelfailmgfraneSaremOreadl′antageOuSthaJ］COlum11railingframesinviewofthedefomation  
CaPaCides．v）A裏alloadrcduced山edefon11atiotlCaPaCity，regardIcsso［thefailingtypes・Vi）Twotypesof血efai1ure  

modeswereobservedi11three＋dimensiollalspecimens．Allspecimenssl呵ectedtothebiaxialbendinglnCOlumns  

Sho、、－edthedogleggeddefornadonof山ecolumm、andfailedl、riththeexcessivedisplacemcntattheconnection・Panel  

failingspeCimeIISS叫ectedtotheuni－aXiILlbendingshowedstablesymetricaldeformadonandcouldsustaintheaxial  

loadun丘ltheendof血etest．   

STTengtha7ZdSゆes5qfCFTSemi－bnbeddedCoILLm／JBases［30・31］ 九tOnOtOnicandcyclicloadingleStS、、・ereCaJTied  
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Out，inordertocJarifystrengdlこIrlds腑1eSSOraCFrsemi－embe（1dedcolumnbasesllO、、◆ninFig．15，Whichwasuevul）’  

deヽ・elopedtoimprovetheperformanceofaconventionalbaTeL）TpeCOlumnbase・2groupsofヰspecimens、再thdiffercnl  

enlbeddedlengths、、・ereteStedu－dermono10nicandcycLichorizontalload・Figure16shovt・SdlCLcsIsenlPandthedetail  
Ofspecimen・Thcstren望th、、▼aSeValuated，COnSidering血eekindsofresisdn望aClion；anChorbolt－baseplateacdon，  
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Fig．13Loa（】in竺Pa江em  

Fig．14Load－DefbrmadonReJa【ionsof3DFrames   
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prylngaCdonoftheembcddedportionohhcCFrcolumn，andtensionor、′erticalrcinforclngbarsinthefoundalion・  
＼1ethodstoevalualcLhestrengthandsLifrnessor山especimenswcreproposed・Thehysteresisloopsaresho、、・ninFi巳・  

17，tOgetherwiththecalculatedstrengthandstiffness．Rescarchtindings、、▼ereaSfollo、－S‥i）Thehysteresisloopsor  

SpeCltnenSWi血longerembeddedlengthsho、、・edthestablespindlcshape，butthose、、・iLhshorterlengthsho、、・CdLhc  
Pinchedshape．ii）TllCmaXiInumStreng山sorsl－CCiI11enSWerCf；lirlywellesIimatedby山eulLimatesttengthcalctJaLcd  

COnSideringthTeereSis血gmech皿isms；a）I）r〉・ingこICdoIJOr山ecmbcddedportionof山ecolumn，b）combinedaction  

Ortheanchorbolts，thebaseplateandthecoIICretebeneathlhcbaseplatc，andc）resisLanccbytheanchorplaleand  

Lhい・Crdcalreinforcingbars－iii）IthasbeenLricdtocs豆matethei11iLia］stiffnessof－thespeCimcnsbytwomodels‥the  

Onemainl、・COnSideredthcdeformadonsoranchorbolts，baseplale，u］dconcretcbeneath山ebaseplate，andLheother  

mainlvconsideredthcdcformadonsofthccmbeddedportionofthccolumnandconcreLecallSedbヽ一theprylngaCtjon・  

However，thccstimatiollmeLhodneedsre丘11Clllellt，andmorcTlgOrOuSmCthodshouldbeestablished．   

CreepqfCFT油mbersa71dBucklingS（Ttulg［／7柳cTedbユ，Creqp［32・33］   FuIldamentalstudl†Onthecreep  
OfconcreteinaCFrⅢlembe＝、▼aSCarriedolllconducLnglhccrecptcstsof6cenlrall）’alld2eccentrical1yloaded  

COmpreSSionmembers，andabea皿．Figtlre18sho、、・sateStSettlpfordleCOmPrCSSionmcmber、and血edmehistor）－Of  

theloadcarriedb、▼COnCreteandsteelcalculalt：d行olnthedataorlongihldiualstraindelectedblrLhewirestraingauges  

／‘，＝reqUiredembcddcd）en望tll  

」・三上∴‥・⊥  

ta）enlbedded （b）baretype （C）semト   

type  embeddedI〉′PC  

Fig．15ColumnBaseConligurations  

ロ  】 l   ー／・／ βb乙ISe       J ′b＝二    l l 何  SlirrllPSt    蔓  雪 IlOO  u l棚   

匹D13「、 －Vemdre－ba∫SDl（，  

Specinle【l   

Fig．L61七slorSemトEJllbeddedCo）umnBase   

1七s【SetuP  
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mountedollthesteeltubes11rface．Itisobservedthalthcloadonsteelgraduallyincreasedbecauseofthecreepof  
COnCrete・ThcdmehistorydataofcreepcoefBcient¢andreducdonfactor竜Oftheelasdcmodulusofconcreteobtained  

fromthebeam－COlumntestsareshowninFi望．19．BasedonthesedataforthecreepcharacterisdcsofCFTmembers，  
Lhccf［ectsofcreeponthebucklin空StrengthorCFTcompressionmembersweredleOTedcallvinvestlgated・Research  

血dingswereasfollows：i）TheeffecLorthcspccimcnlcngLhorLthecreepbehaviorisnotclear，andlefLforthefuture  

in、′eStigadon・ii）Thetime－historyofcreepstraincanbetracedt）ytheanalysisbasedonthevisco－elasdcmodel．iii）  

Thevaluesofthecreepcoef丘cient㊥andLhereductionracLororelasticmodul11SOfconcrete篭OrCFrmembersare  

muchsmal1erthanthevaluesindicatedford］eOrdinalyreidorcedconcretemembers・iv）Thevaluesof㊥and∈seem  

todependupontheloadin2COnditioIIS・Themaximumvalueswereobtainedfromthecentral1vloadedcompression  
SpeCimens，aJldLheminimumfromthebeamspeci皿en．Thevaluesof血eeccentrical1y－loadedcompressionspecimens  

lVereit］between．v）111ebucklingstreng山calculatedontheassumptiontha【血ebucklingoccurs［daysafter（he  

applicationor山eloaddoesnotvarymuchifthedaytissetmorethan50days・Vi）Theamo11ntOfaxialstresscarricd  

bvthesLeeltubedoesr10tVary皿uChregardlessof［hedayoftheb11Ck止ngo∝urrenCe・   

Sile御［OnUllima［eSEreTlgthQ［CFTShorECoIzLm71S【34－36］  compressiontestsofconcrete一五1ledsteel  

tube（CFr）shorlCOlumnshavebeencorlductedtoclarifythescaleeffec【On血ecompressionbehaviorofCF「short  

COluⅢmS．Theexperimentalvariableswereasfollo†、・S：Shapeoftllbe（CirculaEandsquare），Sizeofspecimen（100，  

200，300and400mm），StrengthortiHed－COnCretC（27，36，ヰ8and66N／mm2），、、一id血←thichessratio（31，斗1zmd50），  

andloading皿ethod（applying山eco皿preSSionloadonlyonthe丘11ed－COnCretea皿dontheoverallcross－SCCtion）・  

Figure20showsthevaluesofthema五mu皿StrengthobtainedinthetestsdividedbvthecalcuIateduldmatesLreng血  

agalnStthe、‘aluesofthetubesize．ThesizeeffectonthstreflgLhorcircularspecimensisnotclear，Whilethatonthe  

Streng血orsquarespeCimensisquileclearasshownin（a），andthemaximumstrengthisfairlyaccuratelycヽ’aluated  

by血ecalculationconsidering山esizceffcct．asshownin仲）．Figure21sho、、TS血edataof199circularand224squ訂e  

SpeCinenscollectedfromthepublishedliteratures，fromwhichitisobscrvedtha＝血eevaluationofthez11aXimum  

Strengthisfairl）（gOOd．Research血dingswereasfo1lows‥i）SizeeLfectin也ecircularCFrspecimensdoesnotclearly  

appear，Sinceitishiddenin也estrengdlincreaseduetotheconfiningeffecLii）Sizeeffectin也esqu訂eCFTspecimens  

appearsclearly，Since血econfi血ngeffectissmal1．iii）Con丘血ngeffecton也econcretestfengthwasalsoobservedin  

SquareCFrshortcollⅢmS，iv）Newly・PrOPOSedformularortheulLimatestreng血showsafairlygoodevaluadonto血e  

expenmentdl′山ues・   

DaEabafeQFmBeam－Columnsa71dF｝amぉ【37】 TestdataofCFTbea皿－COlumnsandfra皿eSWereCOILected  

fro皿血eJapaneseliteratures，andadatabascmemionedintheSect・3・1・3wasdevelopedandmaintainedasaparto［  
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山eU・S・一JapanCooperativel元rthquakeRcsearchl）rogram・1、hcdalabasecontainstl－edataconcernlngthefollo、、▼lng  

para皿eterS：loadin望COndition，materialpropertiesorconcreteandsteelhlbcIShapcsanddi皿enSionsorthespeci皿en，  

loadsati皿POrlan【e、▼entS，SuChasa＝血emaximumpolntandat山cchordrotationa山glereachin望1／100，rO血onanぎIes  

atimporlaLnte、▼eLltS，SuChasaLttLemaXinlumloadandattheloadreducedto95％ofthemaxi皿umload，andsecaLn（  

SLiffness・Theultimateslreng【JlatldtheeJasLicsLjlTLleSSareCalcLllELLedandcol－1諒一edinthedatahase・A皿ul山irlear  

modelofres10nngforcecharactcristicsofaCFrt－eal11・COlumnisconstruCtedfro一一ILhedatabase，thaLis，血ereladoll  

betweenthemomentMandchordrotationani！leR，aSShoIVninFi望．22，iIIWhichtheelasticstifrnessKeandLhe  

ultimatemomentM．JlaTeCaJculatedvalues，andthevaluesofrotBtiona皿glesaLpolntSB，CandD、rereObtainedby  

theregressionanalysisofthetesLdata．Figure23colllPareSLhemodel（SOlidlinc）andLhctes【resul（S（dashedline）ror  

SelectedspeCimens，ReseiLrCh（indingswereasroIJo、、・S：i）TもeuItimaLebendjngst］’etlgthba5edon山cfuuplasdcstalcor  

StreSSCOnSiderin巴theinteracliolltXLwcensleelrubcこuldconcreteglVeSthelowerboundstrengthorCFrぬ皿一COlunlnS  

、、・ith皿OmentgradienLTbesu・CngthobtainedindleteStSTt・aSmuChlargerthanthecdculateduldmatestTengdl，mainlv  
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becauseof血estrainhardeningand血eshif【ofcriticalsectioninsidefrom血eetldofspeCimen・ii）PredicLion［ormulas  

fortheTOtヱ山oncapacltygivetheaveragevalueofthecapac7tyObtainedinthetestsofsqu∬eCFrspeCl皿enS，andthe  

lowerboundin血ecaseofcircularCFrspeci皿enS．iii）Themulti→1inearmodelproposedherefortherestoring－force  

CharacteristicsofCFrbea皿→COluⅡmSShowsfairlygoodagreementwithulete5tSdata・Tbismodelmaybeusedinthe  

pushoveranalysisoftheframesconsisbngofCFTcolumr）S，   

A，la少risQF3DCFTFYamesP8・39］  Aprocedurcofdleelasl叩1asticaDalysisof3DframesconsistingorCFT  

COlutnnsandH－Shapedsteelbeamswereproposcd・Theeffectsofbiaxialbending，localbuck）i－1gand5trainhardenin望  

wercconsideredinLhcanalysisof血ecolumn・Amathematical皿10deItoanalvzeLhereladonbet、、▼eentheshearforce  

andthesheardefbrmaLionofaCFrshearpanelat血eb訟ⅠIl－tO－COlumnconnectionconsistsofelasdc－Perfectlyplasdc  

steelpanels，andanumberofconcreleplatesformiIlgaftertheshearcracksoccur，Whichresisttheshearforceb）・  

diagonalco皿PreSSionforces，aSShowni王IFi望－2ヰーLoad－deformaLionrelationso［thecolu皿S，beamsandshearpanel  

CalculatedseparatelvweresuperposedtoobtaiIlthe  

derormationofthctotalsystem．Fi望ure25compares 25  

血eresultsofanalysisandthetestsofcolumnorpane1 20  

fhilingplanerand3DCFTs11bassemblages・Research 15  

丘ndingswereasfollows：i）Whel】thesamesizeo［10  

steeltube was used rorlhccolumnan（1the shear  5  
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PlanarFran－e：Paneトねilingり∫Pe  PlanarfJ71me：COlurml－faiJing［）；Pe   

3D什ame二Paneトfailing町pe  3Dfrane：COlumlトfailingtype   

Fig・25ComparisonoflheResultsofTestandAnalysis  

Panel，thesteelframetendedtoyieldinthe  

Shearpanel丘TSい、▼lhlethatorCFrlended（O  

yieldinthecolumn丘rst－ii）ThemosLeffective  

factorstoaffectthestren飢hratioorcoluInIl 「、  
‾一丁－－－  

against山econnectionare山evolumeof【he  しイ  

COnnCCtionzoneandthestrengthoffilled－  

COnCrete－iii）ThemaximumstrcngLllO・rthe  

COlulnJllIieldingspecimensw鮎Wellpredicted  

bytheanalysis，、、心chincludedtheeffectsof  

血esLrain－hardeniDg，thelocalbucklingofthe  

sleelmbeand血ccon丘ncmcnLofconcrete，On  

Lheotherhand，themaミimumstrengthof［he  

Panelfai1ingspeciIneIISeXCeeds血csLrength  

ObtainedfromtheaIlalvsis，mainlybcc；1uSethe  

effec10f血estrain－hardcnlngWaSnOlincluded  

WbeTle、▼aluatlngtheshearstreng山ofthesteelpanel・   

BiadalBendiTlgBehavtorqfSTeel－Co／1Cre（eCoT77POSiEeSecT［0／び抑41】  EfrecIsofloadingpathontheul血Iate  

stTengthandthemomenしCtlrVatlIrerelatiouorcompositecrosssectioIISSutjectedto肌ia1loadandbiaxialtxndingwere  
inves豆gatedbyanalyzingfourklnd5OrCrOSSSeCdon：Steelwidc－WidLhH－Shape，Steelsquarenlbe・COnCrete・tillcds（eel  

square山tx弧dSRCconmingsLeel、、・ide－、VidthH－Shapc・Threetypesofloadil］gPathwcreconsidered，rCferrin巳tOthe   
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SeCLionsu句ccIcd10biaxialbendingshowninFig・26：A）monotonicallyincreasingbendingmolnenl九九、、・ithconstant  

叫，B）proporuonaldefomationwithaconst2tZltratioofbiaxialcun’a【uresOy／毎、andC）proporLionalloadingwi血a  

COnStantratioofbendingmomen【SMv／J4r・Figures27aJld28show＾左－J叫pathswilhdleulLimaLeSITeugthinteracdon  

CurVeS，andthemomentcun，a【urerelations，reSPeCtively，bothcalculatedforthel101lo、、▼SleehubeandCFrsecdons・  

Research丘ndings、、▼erCaSrOllows：i）AnidendcalpointoI）theinlcractioncurvcrorthculLim；11eslrengtllOfthecross  

SeCtionsl咄ectedLoLheaxialloa（Iand山ebiaxialbendinBmOmentWaSreaChedregardlessor山cloadingproccdurc・ii）  

Themo皿enトCurVaIurecurvesobtainedrromLhrcedirrercntanalysesmetatotlepOlnL．and山cv；Iluesof山emomentsat  

thispointareontheintcracLioncur、▼Cfortheuldmatestreng血．iii）lbeultilnateSLrengthpointo【l血ein（eraCdonc11rVe  

、VaSnOtthcsamcas山cmaximl皿StrengthpointofんんaJldA4YinthecaseorLheprocedureBrorthesectionhaving  

un明11dsl∫eng山5abo11111、－O  

m之リOraエeS・   

A乃ロノアi∫q／βgd〝トC（，JM〃〃∫  

〟αVf〝g U〃∫JαわJg∫けe∫∫一  

助αわ！尺e血JわJI【ヰ2．ヰ3】  

Elas10←Plasticand posL－  

buckling analysis、、’aS  

PerrOrmed to soll◆e the  

de且eclioロS Or a bca皿－  

columnlヽ・hichll・aS made  

Ofa malerialha、‘ing the  

unstable 5treSS－S【ain  

relation＿A mathematical  

modelconsidercd w；lS the  

Cami1cvcrcolumnsu叫ccLc（l  

Lo a cOnStanlverticalこuld  

increasiIlg horizonlal  

loads，aS SboIVniIIFig．  

29（a）．fn thcconvenLional  

analysIS prOCedure，Lhc  

columnis丘rstdil・idedin10  

S皿山1elements alollgtbe  

longitudinalaxis，andthe  

deaeclioniscompuledb）●  

numericalintegraLionorthe  

CurVature，Ⅵ・hichisassumed  

tobeuniforn］vdis（dbuled  

△  P  

0  200 400 600 800  0  200 ヰ00 600 8001000   

（a）Squarehollowsection  （b）CFr  

Fig．27UltimateStrengtllforBiaxialBendin望  

0  0．0I  O．02  0－03 0  0．O1   0．02  0．03  

（a）Squarehouowsection  （b）CFr  

Fi望．28 MomenトCurvatureRelations  

（b）〟－△relalions  （C）MomenトCurVaturePath  （a）Modcl  

Fig．29ModelfortheAnalysisofBeam－ColumnBehavior   
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ineachelett）enLHowever，山isprocedureis－10tapPlicable10thecolumnha…tganunSLableInO皿enトCun・aturerelaLion二  

thesolutionfortheload－displacemenLrcl；lLiondependsuponLhenumberorelements，aSSbowninFig・29（b），anda  

unJqueSOlulioncannotbeobtaincd．AllC、l一I11ethod、l・aSprOpOSed，iIl、Vhichthesolution satisfyiL］g山ccquilibriumaL  

eilChsubdi、risionpolnLWaSSeiuChedl－y：lPrOPOSC〔1、、・a〉Ofcoull－inl＝gLhe（1egra（1ingtypcmoment－Cur、・a（tlrerelation  

、Vidl山el－umericalintegratiollSChe．11C・Jtw＝LSこISSuIlledthata5tllCM－¢p（｝jl－1o川一eC血calelemellt（山efirstelemenLal  

山cb：lSe）t1101・eSfromthepoinLBLOCi■一Fig．29（C），血eM．Opointsil101hcriuelasticelementsmo、’errOmLhepointB．  

10C†、andthatinelasdcelemcnLSrrOl－1LllCr）OlnlB一†toC”，andsoforth，OnLheliIleSCOnneCtingthepolnlsAandBlor  

BH・rCSPeCtit・el、丁・Thisidca、、′aSCXIcndcd10thecyclicmomentcurvaturcrcl；lLions、andapplicdto血eanalysisorho1low  

SteelLutxandCFTbea皿－COlumnsrailillgiI一山eIocalb11Cklingort］1CStCelhlbe・Figure30comparestllCreSultsoftesl  

andanaI）・sis．Research丘ndin2Sl、rereaSrOllo、、・S：i）’llleSOlutionobtBinedfrol11theproposedmethodo［analvsislヽ’aS  

indcpendentofthenu皿berofsubdlVidcしIcIcmcnls．ii）Theanalysis、Ve11tracedLhecharacteristicsorthe【estreS111ts、  

SuChasthelocalbuckling，lhesLrcngLll（leterioraしionduetocycliclo；ldi・lg．thepinchi皿gOfhYStereSisloopsdueto  

COnCreLeCraCks，and血econvergence－divergcIICCOr山ehyslercSisloops・  

5．L）ESIGNPROVISIOドSFORCFrCOuJMNSYSTml  

ThenewestedidonofSRCSlandiLrdsofAIJ、、raSpublishedin2001L2」，basedontheCFTRe00皿皿CndBdons【3］・  

asmentionedbefore－Thissectionintro（1uces山eprovisionsforLhedcsigllOfCFrcolumnsandbeam－tO－COltlmn  

COnLICCLions・S匹CiLedi皿SRCStandardsorAIJ［2］  

i）UltimaLcCompressi、・eStrengthofaCFr（二01umJ］  

しTl血ateco皿PreSSivestrengLho「こICI汀columniscalculatedbyklS・（l）～（4）・   

三≦4‥  叫‖＝帖．．刷  
（1）  

（a）Analysis（C「「J  （b）Te5t（CFr）  

（c）Analysis（Squareho11o、、′）  （b）Test（SquBTehollow）  

Fig．30ComparisonofLo；ld－DcflectionRelations   
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ー2＜  叫‘3弗＋砿  

Ik：effectivclengthofaCFTcolum  

D：Widthordiameterofasteeltubesection  

Tl＝O forasquareCFTcolumn  
Tl＝0．27foracirculaTCFTcolurnr  

（3）  

lr血ere   

（4）  

叫Ll・叫．2，N，，3：UltimalestrengthofaCFTcolumn  

NS：u）timates［ren巳thofaco・一CreteCOlumn  

哺：UltimatestrengthofasteeltubecoIumn  

埠ンニbucklings【reTlgthofaconcretecolumn  

砿‥bucklinstreng［hofasteeltubecolumn  

鮎IinEq．（1）givescross－SeCdonalstrengthofaCFTcolumn，inwhichstrengthofco血edconcreteisconsideredfor  

CircmirCFT－DedvationofTl＝0・27isshowninRef・［8］・叫dinEq・（3）givesbuckhgstrcngdlOfalongcoIunuasthc  
sunOfthebucklingstrengthssepaTatelycoⅡ1PutedforBlled－COIICreleandsteeltubelongcolums－AccuracyofEq・（3）  

COmpaTedwi血thetELngentm∝1ulusloadofCFrcolumlnSisdiscussedinRef・r9］・  

utinatecompressivestrengthNCILandbucklingstrengthofNCcrof611edconcretccolumnarecalculatedby  

致1S・（5）卸d（6）・  

昭一＝・4。㌦キ   

ぺtン＝・・lr・〔ニ√  

W心ere  

Ac：CrOSS－SeCtionalareaofaconcretecoIumn  

ち：designstandardstrengthoffMedconcrete  

G：，‥Criticalstressofaconcretecolumn  

r，，＝0・85：reductionねctorforconcretestreI－gth  

C血dsけesSロC。ris由Venb）丁鞠s－（7卜（10）・  

G＝  
CT （刀  

入亡≦1・0；  1＋  

j・0＜入。；   0三二√＝0・83叩（ら（1一入。）〉r′′㌔  （8）  

Ⅵ七ere  

（9）  

I  

E三＝0．93（r〟キ）4×10‾3  （10）  

（11）  ら＝0・568＋0▲00612ち・   

人（・：Slendernessratioofaconcretecolumn  

hEqs．（10）aJld（11），thevalueo［F。5houldbegiveuinN／mm2．Equations（7）and（9）areobtainedbycurve6山ng   
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numericalresuhsohangentmodulusloadol’loI－gCOnCreteCO］tlnlnS・StrengthillCreaSeOfconfincdconcreteis－10（  

COnSidefCd．DetaiJsareshowninRef．r9］－  

utimatecon－PTCSSi、・CSu・eIlgthN5，，OrSIccl【ubecduIIllliscalculatedb）・E（1・（12）・  

哺＝A∫仁  （12）  

ll心ere  

A∫：CrOSS－SeCtionaJnrcaofastee呈tubecolumn  

F一：designstandardstrengthoi■stee＝ube   

Bt）CklingstrcngthofNT。，OfsLeeltubccollu7111iscaIcul之ItedbyEqs－（13）；＝一d（17）・  

入，，≦n・3；   叱＝A．、ち   

0・3≦入、－くl・3；〃ふ＝（ト0－5ヰ5（入．，－0・3）〉ヰ、仁、  

（15）  1，3≦入∫‥   呵′   

llrhere  

（16）  

（17）  

人∫‥Slendernessralioorasteeltubecolumn  

ち：Young’smodulusofstee＝ube  

J∫：CrOSS－Seetionalmomentofinerliaofasteeltubecolumn   

Equadon5（13）～（15）areexprcssiollSC・r山ecollmulC．1rVeS11SediIIJiLP仙rOrlh叩1；lSLicdesigt）OfstccIstruCtureS［M）   

ii）UldnateBenditlgStrengd10raCFTBeam－Colull111  

utimatebendingsLreng山鳩LOfaCFTbeam－COlu皿nSl呵ectedtoaxialloadNiscalculatedbythefollo、ヽ▼1ng  
proced11re・Firsl，⊥一九Ofabeam－COLumnnotlollgerthall12timcsl、・idthord血IIL：lcrofsteel【utXiscaIculatedbyEqs．  

（18）and（19）．  

〃＝∧昔＋哺  

叫′＝哺＋哺  

ThcsITCngdlS；1PPCaringon山crigh（handsi（1eol－】元IS．（18）and（19）aregivenasrol［ows：  

Forrectan望山arCFr：  

咄■＝．f′∫∂きr打ち  

〟J＝与（1－一子〃）－∈′∫βさr′′真・  

叫：▲＝2（ヱ．手打－1）房巧  

呵ト（（l－去）〆・2（仁一j′！1・f′，βぎ）′q   

ForcircularCFr：  

（20）  

（ヱ1）   

（22）  

（3）   



46  ShosukeMORINOandJtlnlむしWÅGUCHT  

fordrcularCFr：  

哺＝去（0′，－∫叫∫ぐ購′J）∂言G♭  

嗟＝か〃30′】βわb  

哺＝（β10′7＋β2（0′7一両）（1－去）∂′吾  

2 

哺＝；（βl埴）∫叫丁（ト去）〆r㌔  

lヽ心ere   

＝  
f′7  

－1 
0′‘＝C〝∫（1－2jJJ）  

（2ヰ）  

（25）  

（ヱ6）  

（27）  

－  

（28）  

（29）  

1・56Jち  

工）一之J  
（30）  ♂β＝r′′1・＋  

β】＝0・紳・ β2＝用8   

D（・：Widthordiameterofaconcretesection  

F：thicknessofasteeltubesec【ion  

∫′7‥押Sltionp訂ameterOfneutral；lXis  

（31）  

TheequilibriumconditionsbetweenintcrnalandextemalforcesaregivenbyEqs・（18）aJld（19），andaxialand  

bendiLgStreng血scarriedbycot）CreteandsLeeltubealtheul血atestateafeCalculatedbyEqs・（20）－～（31），bascdonthe  

stressdis扇budonsshowni皿Fig・31with山eneutralaxisatthcdistancexnfromtheextremecompression丘ber・TheP  
8effectisnotconsidered，anddluStheyare山ecross－SeCdonalstrengths・Thestrengthincreaseofcon丘nedconcreteis  

consideredinローB，andthechangesinaxialcompressiveandtensilevieldstressesofsteeltubeduetonngtensionare  

consideredbyβ1andβ2．reSPeCtively［8］・  

九九ofaCFrbea皿→COlum皿longerth弧12Limeswidthordiameterofstecltubeiscalculatedb）－Eqs・（32）and  

（33），  

叫∫＝売（覇・怖＝一叢り  
（32）  

〟≦喘；  

ノ 叫＝去嘲‖一驚）  （33）  

〃＞喘：  

Ⅵ・bere  

解（l一）〟6  
（3ヰ）  

Concrete  steel  

鮎ち   

Fig．31StressBlocksfbrUltimateBendingStrength   
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生 

酔 ね明uareC打♭ea・Ⅵ血mI－  

M＝ hracircularCrrbeam←COlumn  

（55）  

ノ喝  ・ヽ－－・＼∫1 
二十   

ヾ′   （36）  竺」喧 
（l－ ）怖  

隼‥fullplasticmomentofas〔eeltubesection  

（37）  

gゝ＝（3・32J耳＋6・90－×103  

C〟＝l－0・5（l一驚）環  

CM＝lfbrsides、VayPermltted  

（38）  

≧O．25 Ebrsideswayprevented  
（39）  

ML・Jt47：endmornents，M2beinsnL”TlericaHyLargerone・Ml／峰ispositivewhenthememberis  

bentinslnglecun′a（LLre，ELndnegalive≠′henitisl）entinreversecur、rature・  

Cゎ＝0・923－0・0045ち  （40）   

hEqs．（38）and（40），山evalueofF。Shouldbegi、・eninN／Ⅱ皿2．Equations（32）and（33）arederivedfro皿theconcept  
thattheM－NinteractioncurveforalongcompositecolumnisglVellbysupcrposlngLwoM－NitlteraCtioncurves  

scpa∫alel、TCOⅡ1Putedforalongconcreteportiotlandalongsteelportion，WhichwasproposedbyWakabavashi［45・  

46l－M－NitlteraCtionfo皿ulasusedherel’or［heconcretel）Ortiona一一dthesLccIpoLionaTegi、∫enbyEqs－（34）and  

（36），reSPeCtively，Shol、・nbefore．Equation（34）is（lelVlyproposcdinRe［．［9】，andEquation（36）iswelトkz101、▼nand  

WOrld、、′idedesignformulaforsteelbeam－COluⅢ11S．Asir11PlesuperposluOnOftheset、、’Oi加eracdoncurvesconmins  

血cco工血iclthatthedefor血ationsoftlleCOllCretCf）OrtionandthesIcelportiondonotcoincide・Theterm（1－N！楠）  

appeaJinginEqs．（32）aLnd（33）takesmreofadd沌onall％effectgeneratedbynlakingtwodeformationscoincide・  

Equation（32）corTeSPOndsto血ecasethaltheaxialloadNissmallenoughtobecarricdbytheconcrete  
pordononly，aLdthetotalbendingstremgthofaCFrbeam・COlumnisglVenbythesu皿Oftheremainingbending  

Streng山oftheconcreteportionandthebendingstrengthofdleSleelportion．OntheoLherhand，Eq．G3）corresponds  

to血ecasethattheconcretcporuoncarricstheaxialloadequaltoitsfu11streng血，Sincethea元息‖oadNistoolarge，  

and山esteelportioIICar7ies血eremainingaxialloadandbending・DetailsofEqs－（32）～＠0）andtheiraccurac）－are  

血scu5SedhRer．P】．  

iii）Ul血atc′托nsileStre皿gthofaDiaphragm  

UILimatestrc皿g血ofouterdiaphragr11SSt句ectedLoLensionrromthca（uaCentbeam且angeisglVenby血c  

rdlo、、▼mgfomulas：  

Foranouterdiaphra許【10l’arectangularCFr（Fig，32（a））‥  

ろ一＝1・42（2（4′・伊Fl＋涛力・ヾ沌）  

ForanouterdiaphTagmOfacircuLarCFr（Fig・32（b））‥  

瑞＝1・42＝・53｛（0・63＋0・8）何・′．、｝′佃77力．，′∫ち∫  

（ヰ1）  

（ヰ2）   
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（b）Ou［erdiaphragm  （C）Throughdiaphragm   

Fig．32Desi帥OfDiaphragms  

（a）Ou【erdiaphragm  

Fora血roughdiaphragmofarectamgularCFr（重g・32（C））：  

2 
句  

佃42（叫一専）  
（43）  

ll七ere  

／7J‥WidthofadiaphragmatA－Aseclion  

Tsニーhicknessofadiaphragm  

卑：、、■id【hofabeamn訂唱e  

専：diameterofanopenlngforconcretecas【1ng  

Fl・F2：designstandardstrenEthsofsteel【ubeanddiaphragm，reSPeCtively  

meulti皿ateStrengths、Eqs．（41卜（43），WCreempirical1）・Obtainedasl・42血es也eyieldstrength・The  
yieldstrengthsinEqs．（41）and（42）werederivedba＄edon也emechanis皿，in、Vhichthediaphragmplateatsection  
A－Ayicldsintensionandshear，andtllbevdlwithanefrec血ewidthyieldsiIltenSion・TheyieldstrengthinEq・  

（43）corTCSPOndstothemechanismin、V昆ch）ieldingoccu∫SatSCCdonA→Aofa触ed－endbcamWithwidthE5，dep血  

（D＋2h5－4f）！2amdle皿gth中undertheloadP／qfdisLributedalongthedistance卑a一山ecenterofthebea皿Detai1ed  

derivadonofEqs．（41）and（43）isgiveninRef・P7］，andthatofhl・（42）hRef・［48］・  

FormulasfbrathroughdiaphfagmOfacircularCFrandforaninnerdiaphragmhavebeenderivedbythe）jeld  
linetheoryandexperimen15，althoughtheire叩reSSioIばarCVer）・COmPhcated［咽t50］   

il・）UltinateShearStrengdlOfaCFrShcarPanel  

figure33（a）showsaLninLcmalbeam－tO－COlumncon皿eCdonwithbendingmomentsandshearforccsac血gat  

memberends，aZldshearforcesQp。andQpbareaCdllgOnaCFrshearpanelasresulb皿tforcesof血emberendforces一  

丁tLeul血alesLreng血of也eshearpaJle19フILtOreSistQpcisgiveI］by  

eだ＝A。て言＋告て言  （上目）  

Ⅵrhere  

て三・てニ：Ultimateshearstressesofconcreteandstee＝ube，reSPeChVely  

Equation（44）givestheul血ateshearstreng血asasumo［thestreT－gthsofconcreteandtwowebsofsteeltutc，anditis  

appli毘blelothecircularCFrshearpanel・Tbeul血1ateShe訂StreSSeSareglVenaSfolloⅥ・S：  

（ヰ刃   てご＝β×〝血（0・12ち，】・8＋0・036年）  
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二・・＝ご、  
＼ヽ心ere   

β＝2・5and≦4brasquareCFrshea・■Pand   

β＝2・0and≦4foracircularCFTshearpan巳l  

（4勺  

1nEq．（ヰ5），山el・扇ueo‖㌔止ouldbegi、－eninN／Ⅰれmユ・The  

sbearforceac血gon丘11edconcretelnaybeactuallyresisted  

bvthehorizontalforcecarriedbyadiagonalstrutformlngln  

tLeshearpancl，anditbecomesla∫geraSthei□ClinationaJlgle   

（a）MerTlberendforces   （b）Shearfbrces  

On血epanel  

Fig. 33 Shear Panel 
ofthestmtbecomessmal1er，inotherwords，ulCValueofD／db  

txcomeslarger・Theparameterβconsidersthisefftc†・  

lbepanelshe訂forceQp。CauSedbythememberendrorccsisappro通Ilatelygivcnby  

〟みJ＋A屯√〝  
（亜）  

払（   ‘／ゎ  ′王  

帆▼bere   

A屯J，Mb，‥bendingmoEnen【Sa［beamendsadjacentlO［heshearpElnel  

h，hI‥Center－tO－CenterS［Oryheig81tandcIearstoTyheightlreSpeCtively  

6．COSTMERn「mnT王STIGArIONBYTRIALr）I三SIGNOFCFrCOLUMNSYSTEM  

AsmentionedinttleScct・3・1・3，trialdesig11SWCrCper（0皿edforlO一，2ヰーand40－StOrVbuildingfra皿eS  

usin望CFrcoll氾mSySte皿，aSapartOftheworki一一山efifthphaseoftheU・S・一JapanCooperadveE訂thq11慮eReseNCh  

Program，tOinvestlgatethelmeritso［LheCFrsystem，bycompanngconsLruCtionalcostsandstruCturalperformanCe  

withthoseoftheordinarysteelsystem・Thisworkwasdonebv血edesignteamCOnSistlngOfdesignprac血onerswho  

PardcIPatedintheUS－JapanProgram，aJldissummarizedasfollows・   

6．1ThemeStruCttlreSandTrialDcsign  

6．l．1■111emeStnlCtureS  

ThemestruC山resh・eatedherca∫C10－，24－Etnd40→StOryunbracedbuildingfra皿eSmadeofCFrorSteel（S）  

5yStem，aSShowninFig．34．Atypica1800rPlanisshowninFig▼35，WhichiscommonforallsixthemestruCtt】reS  

desigtled－CFrorsteelmbeisusedrorcolum皿S，之mdfI←Shaped  

steelis usedfoTbeans．Al1bea皿－10－COlumncoI止1eCtionsarc  

designedasmomentconJleCtions，and山usmomentresistlng  

Bl  Bl  
団 ロ  

「1   

「、1   
ロ   

N  ぐJ   

B2  B2 団 ロ  
0
0
q
S
C
 
 

38，400   

Fig．35FramingFloorPlan   Fig，34FramingEle、－ations  
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fralneSa托uSedforbothinteriorandexteriorframes－TlleStmCturaldesigllWaSmainlybasedon山edesignpro、一isions  

inStrucnlralRequirementsofBujldingCcntero［Japan（BCJ）【51】andCFrGuidelines（6］．Allfra血eSWereRrstdesigned  

bvtheal］ol、▼ablestTeSSdesignagalnSttheseismicshearforceundermoderateearLhquake，andtheul血atehorizontal  

Stren望thwascalculatedbvthepushovera皿allrSis，a－1di川・aSVCri丘ed山at血estTengthofeachstoryexceededthe  

required、－alue－In［hecourseofdesign，eaChmemberwasproportionedinsuchawaythattheplastichingesmainlv  

fomedinbea皿S，andthecoluInnSremainedela5ticu！1日】山emechanismstatewasreached，eXCePtforafewcasessuch  

asthecolumnbasesintbelststory．  

haconventionalseismicdesignofabuildingstructuTe，theconcep10fweakbeamandstrongcolumnhas  

bcenadopledLoavoiddamageconcenLradontoaspeCi丘cstory・Thus，thcrollowi皿gdesig71COnditionswereadoptedin  

thisstudy：i）Theratioofthesu・CSSin血ecolumncausedbyLhedesignloadtotheal1帥TAblestresswaskepLasnearLo  

O＿8aspossible，and血atorthebeamasnear101．Oaspossible；ii）StorydrirtaLnglcswcrekeptwi血inlI200underthe  
designloadin山eallowablestressdesign；andiii）ThecollapsemechanismaLthculdmaleStAteWaStheoveral1frame  

mcch皿isminwhichuleplastichingesformedonlvinbeams，andal1colu皿nSremainedelasdcexceptforthespeci丘c  

PartSuChasthetx）ttOmendsofcolumnSinLhcIststory・Thetnateria】strellg血c皿Ployedwereasfbllows‥Vieldstreng山  
ofsLecl＝325MPa；designstandardstrengthofcol）Crete＝36MPafor10←StOrybuildi71g，and72MPafor24－and  

⊥m→S10rVb山1dhgs，reSpeCtivel＼′，  

horder10Checkthestructuralcharacteristlcsofthedesi望nedframes，theelasto－PlasticpushoveranalysIS  

wasperformedfofeaChframew川1therollowingtreaulentSandassumptions：i）BcndingandsheaTdeformationswere  

consideredforal1me皿bers，andinaddidon，aXialdcfo皿adomsforcolumns＿ii）Floorofeachstorywasassumedas  

arigidhorizonlaldiaphragIIl．iii）SdffnessofCFTcolumnswascalculatedasasimplesumorstifrnessofsteeland  

concrcte．iv）MomenトrotationrelationassumedFoTbcam－endsvvasnormalbi－1inear，Whichcl－angedthesdffnessat  

thefuuplasticmo皿et】しha、▼ing山esecondstiffnessequaltolノrlOOorthe丘rst・V）Mo皿ent－rO【ationreIationassu皿ed  

forcolumロトendswasnormaltri－1inea－【6l，WhichchangedthestirF一一eSSalyieldⅢOmentandat【herullplasdcmoment・  

3－di皿enSionalanalysisbystiffnessma扇xmethodwastlSed－   

6．2CharacterisdcsofDesignedCFTalldSteelFrames  

Weightandstiffnesso［40←StOry［ramesrevealedtherollowingcharacterisdcs‥i）weightofCFrcolun皿S二  

CFTiS＝2．1～3．3；ii）cTOSS－SeCtionalaxialsdffness：CFr！S＝1．5－2・2；iii）cross－SC血onalbendingsti汀ncss：CFr／S＝  

1．1－1．5；iv）storyl、7eight二CFr／S＝1．1～1．16；Znd、・）stOryShearsd汀ness：CFTJS＝1・1－13－  

FiEure36showseacbstorydisplaceInentOfCFTrrames＝tndcomponentscauscdbvthebendin望andshear  

CFT－10（×一direction）  CFT－24（X－di「ection）  

ijL1」長‘庵  

l  

ラミ三誠二！；   

弓   
’ 一▲｝一号   

三雲て≠  
」  

▲．二∈  ＝■＞占≡  

n  研  

40  

36  

31  

26  

⊃－ヽ  

房21   

16  

11  

6  

1  

】       Ⅰ  †       †  ロ                rl   

0  20  40  60  80  
DispIacement（Cm）  

D lO  20  30  40  

DispJacement（Cm）  

0   5  10 15  20  

Displacement（Cm）  

＝］Bendingandsheardeformationofcolumns －■Axialdeformationofcolumns ⊂コDeformationofbeams  

Fiど・36Proportio．1SOfEachS【or），DisplacementCausedbyBeamandColumnI）eformations   
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deformaLiollSOrbeamsandLhcbending，Sheこ11・all（1axialderornlaLionsorcolul1111S・ILisobservedrromFig・36LhaL  

60to70％ofthctotalstorydisplacementiscausedb〉・thebeanldefonnation’lndtherestiscausedbyLhecolumn  

defornadonsinallcasesof3rramcsanalvzed・TheproporLionofa扇alde［ormationofthecolurnrLtOthc10tals【Ory  

displacemcnlincreasesaslllenumberofstorylnCreaSeS．aJ］ditbecomesaslargcas30％inLhccaseofthe40－S10ry  

rm皿e一  

＼aturaJperiods、VerCCalculatedbythecIa51jceigenvaltleal－al、TSisofthell】mpedmassmodel、、・i也3de望reeSOL－  

rreedo皿Whichmodeledthedesignedfra皿e－Tht：StifrnessineachstorywasdeterminedfromLhefullstin）eSSmatTixin  

theelasdcrangcob【ainedin山cpushover；tnalysis．Table3showsthelstna山ralperiodorvibration・Thereisonly2％  

differencebetwecnCFrandSsystcms．Thisishccausc血eweightrこItioandtheLa【crals止汀nessraLiobetweenCFTand  

Ss〉，StemSare山ⅠI10St血esaIne．  

Figure37sh帥▼StherclationsbellVCCnthestoryshearQandthestor）・drift8at2ndand9tllStOriesofthc  

40－StOryfranlCS・Thefollo、Vi11gObscn’ationsaremadc：i）YieldingsLoryShearrorcesofCFTandSsystemsareaJmost  

thesame，bccこLuSCLheoveral＝上目lCmCCha血smwiIllt）eamhiTlgCSWこISadopted．ii）hlergyabsorbcdit川nCStOr）POrthc  

CFrsvstemaldhftanglel！1OOislargerby4to8％LhanthatorthcSsystem－   

63A皿Ou皿10fSleelandCosIEstimatioII  

Figurc38showsthecompahsoIIOrSLet＝1anlOuntPCrunilL）00rareauSedrortheCFr；udSs）●Ste皿S，andits  

raLio．n）talsleelこ1mOuntit］CILldcsstceluscdLbr山ccolumns，be之unSaJldsub～be；1mSL’orentirebuiIding．PlatesEuldbolts  

Lbrcon－1eCtionsヱindrei正orclngharsror80Ol・Sl；1bs，foundalioll  

txamsandfoolingsareIlOtincludcd，WhicllmaVbealmost山c  

Sa皿einbo血theCFra皿dSsystems－Therollo、、・ingresults  

、、▼ereObuiined：i）tota）steela一一一OuntSPer11ni‖loorareaoftheS  

f－ra皿eS、、▼erelO5短／皿2for【llじ10－StOr〉イral11e，1ヰ3kg血2「01・  

the2＋storyframeand189k由112forthe4OLSLor＼竹ame．Thesc  

numbersare、、・i11血areasonablerこugeCOmpこ1rCdwiththosein  

theexis血gbuildings；ii）s【eelamoun【OfCFI’columnsisabou1  

25％1essth釘＝hatofScolumns，andthetol；LJsleelaruOunLor  

theCFTsvstelllisaboutlO％Lessthn血ato川1じSsystem．  

Tableヰshows a cosleslimation orlnain［rames  

includingcolumns，beamsandsub－beams．Theunitcosl  

ll†aSaSSumedtobe250，CIOO・1；lPanCSe）■enSPCrlonrorstecl，  

0（MN）  

Table3lstNaturalPeriod  

Frame  System  Tx（SeC）  Ty（SeC）   

CFT   1．37   1，42  

10－StO「y  

frame  
S   1．39   1．43  

CFTノS   0．99   0．99   

CFT   2．64   2．71  

24－StO「y  S   

frame  
2．70   2．75  

CFT／S   0．98   0．98   

CFT   3．73   3．80  

40－StO「y  

frame  
S   3．72   3．80  

CFr／S   1．00   1．00   

Q（MN）  

「  

‖  

1   2  3  4  5  6  

亡1／100）8（Cm）  

2nd－Story（X－di帽Clion）  

0  123456  

（1／100）6（Cm）  

9th－Story（×－direction）  

Fis！．37Load－DenectionReLationsor40→S（OryFrame   



52  ShosukeMORINOandJtlnKA＼17AGUCHl  

a皿d35，000yenspercubicmetersforconcrete・Theseunitcostsincludematerials，rabricadons，tranSpOrtadon，and  

constJ・uCdons・Thecostmeritsprovidedfromthesa、・1ngSintbeconstruCtiondmcandmanpowerwerenotprecisely  

COnSidered，b11【itisobservedthat：i）costof山eCFTmainframesis5to7％lowerthanthatofLheSframes∴ii）total  

buiIdingcostfortheCFTsystemwouldbcl％lowcrthan血atoftheSsyste札ir山eco5tOfmain［ramestruC【ureis  

a5Sumed10∝CuPy15％of血etotalbuudingcost；andiii）as血enumberofstoricsincrea5eS，山ecosl皿eritoftheCFT  

S）rS【eⅡ】becomeslargel●・  

7．COh：STRUCTlONOFCFTCOLU丸fNSYSTEMINJAnlN  

ThcAssociaLionorNewUrbanHousingTechr）Ology（ANUHT）establishedin1996inrclalion［oNUHP  
hasbeeninspccting山esLruCturaland丘reresistancedesigTISOfnewlyplannedCFrbuildiD竺SShorter血an60Ⅱ1and  

a11thorizingtheconstruCtionorlhosestruCtureS・InadditiorltOtheseinspection、、一OrksきtheANUllTprovidesCFT  

systemdesignandconstruCLionteclm0logy，educates血ememhercompanies，aLndpromotestherescarchontheCFT  
SyStem．TheconstruCtiondatashownbelowareprovidcdbv血eANurT・  

StruChlraldesignso［175CFrbuildingswercinspectedby血eANUHTfromApril・1998toMarch2002，and  

theirstatisdcaldctaiisareshoIVIlinFi望S．39and40．Someofthedalaaremissin巴rOrLhebuildingsinspectedbefore  

血speriod，andlittledataexistsafte＝hisperiod，1－eCatlSe血einspectionworkhasbeendoneoutsidetheANUHT  
sinceLhcpublicaLionofNo血cationNo・464・TheMinistTyOflJaI）d，lnfrastruCnlre弧dTra皿SPOrt・JapaninidatedCFT  

COnStruCtiontechnologybycrcating  

Lhis noti丘cation on the str11Ctural  

SafetyoftheCFrcolutnnsystcmin  
2002．Forbuildin巳S taJlerthan60m，  

inspectionhasbeeIldone bv thc  

Buildin巴CcntcrofJapa皿．More山an  

lOOCFTbuildingstallerthaI】60m  

皿aVhavebeencoIIStruC（ed，bu＝血e  

collStruCdondatabaseisnotavadable．  

Observadonsmade rromthe  

datafortheCFTbuildingsshoTter  

血an60marea5fbllollTS：  

Table4Cos【EstimationofMainFrames  

Amountof  Amountof   
Frame  System      COSt    Stee＝t）  concrete（m3）  （Japaneseyen）   

CFT   1283   454   336，640．000  
10－Sto「y  

S   1414   0   353，500，000  
frame  

CF口S   0．91  0．95   

CFT   4186   1379   1，094，765，000  
24－Sto「y  

frame  
S   4653   0   1，163，250，000  

CFT／S   0．90  0．94   

CFT   9148   2905   2，388∫675，000  
40－Sto「y  

S   10221   0   2，555，250，000  
frame  

CmS   0．90  0．93   

ArnountofSteeJ（kghT12）  CF－r／S二SteelAmount  

ー＜トーSsystem  

－CFTsystem  
占  

r  

．⊂】  

／   

l   

l  ＿■－  【 t■一 一－■  

。S 】  

叩  ll＝   
0  10   20   30  40  50 0  10   20  30  40  50  

NumberofStories  NumberofStories  

Fi望・38ComparisonofSteelAmountbetweenCFTandSleelFrames   
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l）Among175buildings，65％areshopsando沌ccs，and血eirtotalfl00rareaCOnSt］tuteSa一泊u160％of山e101al凸00r  

SPaCe（Figs・39（a）．（b））・ApplicauonorCFTtothosebuildingsindicatesLhcbllildingdesigner’srecognidonofthe  

effectivelleSSOr山eCFrsysIcmforlongspansinbuildingswithlargcopcnsp；lCeS・ThcCFTsyslemisqulteOften  

appliedtobuildingsorlargcscalc（Figs．40（a）～（C））．  

2）ThcCFrsystcmisnoL、′er）・OnenaPPlicdLobracedfraInebuildings（下ig．39（C））．ILnlaynOLbe11eCeSSarytOuSethe  

braces，Si一）CetheLt）besectionllこISidcnLicalstrcngthandstiffnessinbothx岬andv－dir比Ljons・lLisalsot－OtVeryCOmmOn  

lOuSeStruCLuTalwalls、、●ithLhcCFl、sysLem．  

3）Thenoorareasupportedbyonecolllnlnismuchlargerth皿inordinaryreinforce（lconcrelcorpuresLeelbuildings・  

The且oorareapercolunlnCXCeeds90m2inabout40％ofa11buildings，andinabouL40％ororficcbujldings（Figs－  

39（d），（e））・Thisemphasizesagainapplicadonor山eCFTsystemtobuildingswitl11iuTgCOpenSPaCeS＿  

4）Al、’idel●arielyoraspectralio（ralioorthelongerdistancebetweentl、rOCOluIllnSLothcshorLeroneinェーand  

）－一directionsoranoorplan）orspangridsinFigs・39（Oand（h）indicatestheCFrsys【emTspotenLialforfreeplanning  

abo11t也espa皿grid・ln山ecaseorofficebuildings，areCtangularspangridor8InX18misrajr11・OrtCnuSCd，aLndthe  

aspeCtradoexceeds2・2（aboulヰ0％orcases），WhilcthespangTidofshopbuildingsisrairl）－closctosqu∬e（abou（50％  

dcases）．  

5）Bothsq11areandcircuJarsectionsareused10gC山crinanu皿tkrOfbuildings（Fig・39（g）ト¶leSizeorthenlbesecdon  

Oflenusedisbeい、’eCn畑iLnd700mmiI）山ecaseofsqu∬eCFTcolum皿S（about80％orcases），and500aJld71lmm  

hospita1   
3％  

hotel－   
5％  ＼

 
 

rehouse   

7％  

＼Warehouse6％  

（a）Numberofconstructionsanduse  （b）lbtalf100rareaanduse  

＼＼  

79％／／  

、、       ■  ■  

frame＋brace  一■■■、、＼＼  

21％  

（C）Typeofstructura＝rames  （d）FloorareacarriedbyonecoIumn  

≦45m2   

8％  
≦45m2  

105m2＜  
15％  

105m2＜   

16％・、、  45m2→60m2   
45m2－60m2   

90m2－105m2  9％   

60m2っ5m2  

90m2～105m2  9％  

26％  

15％  

恕←誓  75m2－90m2  

75m2－90m2  27％  
26％  

（i）○輔ces  （ii）Shops  

（e）FIoorareacarriedbyonecoIumnofofficesandshops  

Fi望・39CostructionDa【ain1998－2（Xロ：StructuraLPlaIlnlnS  
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i11thecaseorcircularCFTcolulrmS（about65％orcases）（ngsL4O（e），（f））．Circulartubes（diこ皿eterニ400tol117mrn，  

dia皿eter－thlCknessratIO：16to90）aremainlyusedrorbuildings、VithirTegularplangrids，andsqtnrearldrecLaLgular  

rubes（WidLh：300to950mm，lヽ▼idth一山cknessralio：10to5ヰ）areu5ed［orthecaseofregularplans・Mostmbesare  

COld－formed，Sin∝theyareiI】e‡PenSi、・eand、、†idel〉・a、railable▼BoxsecdoIISbuilトupbyⅣeldingareusedwhel）血eplaLe  

becoⅡ1eSLhicka皿d／orlこげgeductilitvisre（luiled・CasトSteeltubcs；一reuSedLosimplifythcbearn－10－COlumnconnecdoll・  

A皿ealingLOremO、’ereSidllalstTeSSeSisscarcelvdoneinJapaJ］・  

6）k皿erOrLhroughdiaphragm5areuSedinmoslbeam＋tO－COlumnconnections（about80％ofca5eS）（I：ig・39（i））・The  

typeofdiaphTagmuSedseemstobedeterminedbytheplatclhicknessesofthecolumnandthebeam‥dlettLrOugh  

diaphragmisoflenemr）loyedwhenLhcbcam8angeisLhickerthanLhecolumnskinplate；Otherwised］ein11erdiaphragm  

isemployed・ThedlrOughdiaphragn－isusual1vuscdrorcold－formedtubesandthei皿erdiaphragⅡlforbtlilt－uPtubcs・  

1皿erandlhTOughdiaphragmshaveopenlngSWidldia皿eterOf200to300mmrorconcreLecasting，aLndseヽTeralsmal1  

holesforalrPaSSage・Thcou【erdiaphmgnlisuscdasa11e鮎ySOluhon，Whichensurescompactionoftheco11CreLe・  

7）Embe（1dcdcolumnbasesaTethcmosLwidelyused（about60％orcases），aS山cyaLre山cmoststruclurallyreliahlc  

（Fig．39O））・ThistrendaIsoindlCatCS山a＝血eCFrsysLemisortenapplied101；Lrge－SCalebuildings・1川Iebuildinghas  

basemenLstories，enCaSedcol11mnbasesarcoflencmployed，inwhlChcolumntl］besechonsaTeChangedtocross－H  

SeCdons．andCFrcoIM11nSbecomeconcrcLeencasedsteelcolumnsinthebasemcnt．  

8）TheraLioortheco）unlnefTectivelengthtothecoLumndepthismuchlargerthan血atinordinaryrcinforcedconcretc   

mixed  

12％  
1．0～1．3  

＼ヾ‘36％     ＼  

＼                                         －  ＼    ＼  

∴ ／  

′．3－1．6  

17％  

Circular   

22％  

（f）Aspectratioofspangrid  

1．0～1．3  

1．9～2．2   

18％  

（りOffices  （ii）Shops  

（h）Aspectratjoofspangridofo輔cesandshops  

encased   

3％  

（i）Typeofbeam－tO－COIumnconnections  U）TypeofcoIumnbases  

Fig－39Costructio－1Datain［998－2002：S【mCturalPlanning（COn（inued）   
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55＜〃  
50く〟≦55  
45＜〃≦50  
40＜〟≦45  
35＜〃≦40  
30く〃≦35  
25＜〃≦30  
20＜〃≦25  
15＜〃≦20  
10＜〟≦15  

〃≦10  

48000＜．～  

24000＜A／≦48000  

12000＜A′≦24000  

6000＜・～≦12000  

3000＜～≦6000  

．～≦3000  

010 20 30 40 50 60  
Numberofbuildings  

（a）TotalfIoorarea（＾］：m2）  

NumberofbuiIdings  

（b）Heightofbuildings（H：m）  

24＜J上／β 桓  
22く上長／∂≦24牽馴爛隅戚  

5．0＜／よ  

4．5＜ん≦5．0   

4．0＜ム≦4．5   

3．5＜力≦4．0   

3．0＜力≦3．5  

力≦3．0  

20＜J上／β≦22  

18＜Jた／β≦20  

16＜上人／β≦18  

14＜Jた／β≦16㌣面  
12＜上土／β≦14  

10＜JA／β≦12   

Jた／β≦10  

0 10 20 30 40 50  
Numberofbundings  

0 20 40 60 80100  
Numberofbuildings  

（C）Heightoftypicalstory（h：m）  （d）Ratioofbucklinglength（／上）10tUbesize（D）  

7
4
4
0
0
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0
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0
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0
0
0
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0
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O
8
0
7
∩
）
 
 

1
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1
0
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0
6
5
1
0
6
5
0
0
5
5
0
0
5
5
 
1
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4
 
 

1
1
 
 
 

950x950  
900×900  
850×850  
800×800  
750×750  
750×600  
700×700  
700×600  
650×750  
650×650  
600x600  
550×650  
550×550  
500×500  
500×450  
450×450  
400×400  
350×500  
350×350  
300×300   

0 2 4 6 81012  
Numberofbuildings  

（f）Sizeofcirculartubes（mm）  

0 10 20 30 40 50  
Numberofbuitdings  

（e）Sizeofsquaretubes（mm）  

0
4
Q
U
5
2
0
9
6
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4
 
 

6
5
4
4
4
4
3
3
3
3
2
2
 
 

490  

325  

295  

235  

0  20  40  60  80  
Number of buildings 

60 90120150  0  30  

Numbero＝〕UIJdings  

（g）Designstandardstrengthofstee■（MPa）  （h）Desighstandardstrengthofconcrete（MPa）  

Fig・40CostructionDatain1998－2〔■O2：PropertleSOfCFTSyste＝一SandCoIumns   
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OrPureSteelbui］dings（fig・40（d））・ThisdiLTerenceindicatcs山crelati、relylargeaxialload－CaqyingcapacityoftheCFr  

COlu刀1n．  

9）ThedesignstandardstTengthofsteelmostoftenusedis325MPa（abou185％ofcases），and血a10fconcreteis36and  

42MPa（about65％orcases）（Figs．4O（g），Ol））．  

8－CONCLUDIyGRBl′IARKS  

AradonaldesigTlmethodfortheCFrcoluII山SyStemhasbeenestablishedt址oughextensiveresearchb、Tdle  

A几hitecturalTnstituteorJapan，tlleh：ewUrballHouslIlgPrqjectal】dtheU・S：JapallCooperativeEarthquakcRese∬Ch  

ProgTa皿，and5CVeraldesignslandaLrds，reCOmmendationsandEuidelinesareavailable（2－3†5▼6］・Enablinganengineer  

todesigtlaCFTcolum皿SyStemfreelyrequires，i）adesignmethodforaCFTbea皿－COlumnusinghigherstfeng山  

material，ii）fonnulas［oevaluatedeformationcapacityofbo也stlOrtandlongbeam－COlunⅦS，iii）山erestoringforce  

ChaTaClerisLicsoraCFrbeam－COlu皿nandconnectiot一，andiv）LhclimiLingvalueofdesi騨1COmpreSSiveforcetaking  

SmCnlraIpropeTtiesofaCFrcolumnintocol娼ideration．  

ゝLore山aL140buildingsllaVebeenconsLruCtedcachor山clast丘veyeaLrSiIIJapan・CFTstnlCtuTeSaremainly  

uscdinshop，Of6ceaIldhotelconstruCtion－ThecharacterisLicso［CFr皿akeLhesystemespecial1yapplicabletohlgh－  

riseandlong－SpanStruCtuTeS，bccausethesystem■sconstrucLio皿ef丘ciencysavesconstruCboncost，dt－1eandmanpower・  

TrialdesiどnSOru皿bracedfra皿eShaveshowntha（thestruCmralcllaTaCtedsticsoftheCFrandsteelsysLemSaLreal皿OSt  

thesame，buLthetotajsteelconsumpuonoftheCFTsystemfbrentirebuildingisaboutlO％1essthanLhatof血esleel  
S）rStem－  

ThedefomationatwhichaCFrbeam＋COlutnJ］reaChesthema叉imumstren望thisfairlylaLTgC：SOmeOfthe  

SpeCimensattainedLhemaximumstrenglhaf－er［hechordrotationan望1ebeca血elarger血anl／100・haddition，it  
becomesknownthalthedyn皿1iccharac－eristicsoftheCFTsystetnarealmostthesameasthoseofthesleelsystem・  

Thesefactsindicatetl－aLtheC「rsystemisnot、√eryStiffagainstla【eralloads，ad］dthus，fur山erinvestigationof  
StnlCturalsystemsother血anmomentfra皿eSisnow11eededinordertoutilizcthclargeaiialload－Ca汀）－11】gCaPaCILy  

Or山eCFrcolumtlmOreeffectivelv．0therlateralrcsisungsystcmsmayincludebracedframesoracombinaしiomof  

reidorcedconcreteshearwal1sandCFTcolumnsin、VhicllCFTcolllmnSCarrymOStO［theverdcalload－  

ThcweakpointoftheCFTsystcmistheconnections：bea皿一一0－COlumnconnections，brace＋tO→frame  

conncc止onsandcolumnbases－TheouterdiaphTagmtyPeOfbeam→tO－COlumncon皿eCdonissome血esavoidedbecause  

血ediaphragmstickingoutwarddisturbstheaJTangemen［ofcurtainwalls，SO血ethTOught）rPeOfco皿eCdonismost  

popular・TheLhroughdiaphragmlypeOfcomecdonisfabricatedby6rstcutdngthcsteeltubeintothTeePICCeSa皿d  

dlenWeldingthemtogeLherwithtwodiaphragms，aSShowninFig・41（a）・Therefore，thetyperequiresalargeaHlOunt  
OfweldiLg．Moreover，iftheheightsofbeamscomlng‖ltOaCOnneCdonaredifrere肌OrabraceisattachedLoaCFT  

COltmwi也agussetplateanddiaphragms，丘11cdconcrelein血elubeisseparatediI］tOmOrelaversul姐in皿Ordizlary  

bea皿→tO－COluコ1nCOnnCCtion，aSShol－ninFigs．ヰ1（b）and（C）．Thesecasesrequireagreateramountofll▼eldingarLd  

（a）  （b）   

Fi望．41ArraJlgementOfDiaphragms  

（C）   
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（b）Longbolts  （n）Ve11icalsti仔e11elt   （C）lncreasedthickness  

Fig．42ConnecdonswithouLDiaphragrr［S   

illCreaSethepossibilitl・OfdefectsillCaStCOnCrete・Thererorc，developmentofane、、・tyPeOrCOnneCtioIIWithout  
Cuuingthecolumnbod、†and、、・itl－OutuSingweldinf！isneedcd・ApossiblealtemativeisaconnecLion血at11SeSVertical  

sdffbners【14］，longbolts［15，16］oTaSteel山bewhoscwaJILhickncssispartlyincreasedattheconnecdon（17］，aSShownin  

Fig・42・Somcrcseal・ch、、†OrkhasbeendonconthesenewtypeS，butdesignrormulasarenotyetwellprepared・  

TheCFTcolu皿nbaseisusuallydesigtledbv血esame、、ra）・aS弧Ordi皿arySteelcolumnbase，Wi山outany  

SPeCialconsideration・Forexample，inthedesig710fabarclypcCFTcolumnbase，itisass11mCd血Itotalaxialload  
andbending皿0皿enlareresistedbylhclensilestrenどthoftheanchorbolts，bendingstrcngdlOfthebaseplate，aLnddlC  

bearingstrengtho［LheconcreLcfouIldation．Thcshcarlbrceisresistedbythefricdonbetwecnthebaseplateandthe  

COnCrete，aLd血esheaLrStreng血orLhcanchorbolts・However，SOmePartOfthecomprcssi、・ea裏alload皿aybedirectlv  

transferTedtothefoundadonconcretc，andthecoIICrelepOr【ionintheCFrcolumnmaybeefTecかeinresis血書shear  

ifitisconlinuoustothefou一一dationconcreteLhroughztnopenlngiLthebaseplate－Therefore，amOreSuitabledesign  

me血odtout山ze血eCFTchとLraCteristicsmaybepossible．lIIVeStlgatiol］Onthjssu旬ecthasjuststartedl  

MosLdesi望nenglneel・ShavcLrcatedLhcCrTsystemasanalternativetothestee）systcm，trylngtOCutthe  

COStbyreducin望thesleelconsumption．However，itisalsopossibletolookat血eCFrsystcmasanaltemativeto血e  

reil血rcedconcretesystem・hadditiontostruCtuTalad、′aLltagCSSuChashlghstrcng山andhighducdlity，theCFrsystem  

has血efollowlngeCOlogjcaladvantagesoverthelミCsystem：neithcrformwoJ’knorreidbrcingbaTSaretleeded，Which  

leadstoverycleanconslruCtionsiLC；StCCILubepeelsl、romthe丘11edconcreteandisreusedwhenthebuildinglSp11ued  

dol～・n；hlledcoIICreteisofhighqllalitヽIa11diseasilvcrasl］edbecauseitdoest］OtCOn血nreinforcingbars，andthcrerorc  

isalsoreusableasaggTegateS．AnunansweredquestioIlregar（1ingtheeffectivenessofthcCFTcolumnsさ●Stemisits  
O、－eTal1costpeTrOTnanCe，an（ltlms，illVeS（lgalionbytrialdesig7－isneededtocomparctheadvantagesaDddisadvantages  

OfheCFTs）◆slemwithdleRCsystcm，incltldi月glifccycleassessment・   
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