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TDACOMPOSITERIGmFRAME

ByTadaakiTANABElHajilneOKAMURA2andM…LaneKOKUBU3

Ｓｙｍｏｐｓｉｓ

ｒｈｉｓｉｓａｍｅ沖erimentalstudyonjointingaprecastconcrete9irderto
precastprestressedconcretepilesinacompositeri9idframe・Ｔｈｉｓpaper（１）

闇,:鮒::Ｗｌ:Cl:１回:;.!．:3W:1,:』』::灘?勝.;::，::::露:`:､１１１:1.1..:;:雛６
acompositeframebymeaI1sofooJointductilitycoefficientO1，（４）clarifies
necessaryprestressingforceforgivin9thesamebehaviorumdertheworkin9
1oadasinmonolithicrigidframe0togetherwithotherdetailsrelatedtheretoO
and（５）clarifiestheeffectoftheunevennessofthecolumnheadsonthe
behaviorofacompositeframe．

Keywords8bond（concretetoconcrete)；coInpositestrucLure；COncreLepile8
facialirregularity；frame；joint；precast；ri9idity；rotation．

Introduction
-

Withproperuseofprecastmembersforbothstructuralgirderandco1mn
andadoptionofappropriatejointingsystemforthesemembers0itwillbepos-
sibletoconstructaconcretecolmosiｔｅｒｉｇｉｄｒｒａｍｅｗｉｔｈｌｅｓｓｔｉｍｅａｎｄｗｏｒｋａｓ
ｗｅｌｌａｓｍｉｎｉｍｉｚｉｎｇｕｎｄｅｓｉｒａｂｌｅeffectofconstructionworksuchasinterference

intrafficflow・Notwithstandin9theabove-memtionedmeritsofusingprecast
membersareOettimgwiderreco9nitionothepracticaluseofcomPositerigid
framesinJapanisverylimitedbecauseoftheunsolvedstructuralbebaviｏｒｏｆ
ｓｕｃｈｒｒａｍｅｓａｎｄｔｈｅｌａｃｋｏｆｒｅｃｏUuuizedmethodofjomtinggirderstocolummsas
凹尼１１asthetraditiomalpreferenceofcast-in-placeconcretestructures・A
rareexanp1eofcompositeri9idframesistheelevatedrailwaybridgeof
Arakawa-HigashionSobuLineofJapaneseNationalRailways0inwhichprecast
boxgirdersandprecastboxcolumns賑rｅjointedbyprestressin9force･The
effectiveuseofprecastmemberｓｏｎｔｈｅｍａｒｋｅｔｓｕｃｈａｓｐｒｅｃａｓｔｓｐｕｎｃoJIcrete
pilesofhighqualityisconsideredtohavegreatermeritsofeconomyincon-
structiIngcomositeri9idframes･

Ｔｈｉｓｐａｐｅｒａｉｍｓａｔｔｈｅｅｘａｍｉｎａｔｉｏｎｏfstructuralproblemsindesignin9
compositerigidframebasingontheextensivestudyofelasto-plasticbehavior
oftheframemadebyjoiIntinggirderdirectlytocolumnthrou9hprestressin9
systemaswcllasthestudyofmechanicalbehavioroftheanchorageofpre-
stressingsteelintheconcreteatmidheightofcolumn．
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orColmmn己ｉｎJoimtinqPrecasLConcreteMembers

AnewaInchoragemethodofprestressingsteelforjoimtingisiIwestigａｔｅｄ
ｆｏｒｔｈｅｐｕｒｐｏｓｅｏｆｕｓｉｎ９ｉｔｉｎｃｏnstructingacompositeframebyutilizingas
columnprestressedconcretepilesonthelnarket･TheprOposedmethodisto
almchortheprestressingsteelimtheconcretｅｐｒｅ－ｐｌａｃｅｄａｔｍｉｄｈｅｉｇｈｔｏｆcolumn･
Thismethodhasseveraladvantagesasfollows：Ｆｉｅｌｄｗｏｒｋｗｉｌｌｂｅｏｎｌｙｐｒｅ－
ｓｔｒｅｓｓｉmgworkinjointimg；theerrorinthepositionofholesin9irdersmay
beabsorbedbyflexibilityoftheprestressingsteel；stressingworkwillbe
simpler81eｍ９ｔｈｏｆｓｔｅｅｌｗｉｌｌｂｅｓｈｏｒｔｅｒ；corrosionofsteelmaybeprevented
by9routing･

Beforeproposingthistypeofoomidhei9htanchorageoomethodvpull-outtests
andpush-outtestswerecomductedimordertoimrestigatethebehaviOrofthe
anchoragezome・especiallytheultiInatecapacity．

Outsidediametersofprecastc⑪ｌｎｃｒｅｔｅｐｉｌｅｓｕｓｅｄｉｎｔｈｅｔｅｓｔｓｗｅｒｅ２０ｃｍ
ｗｉｔｈ５ｃｍｔｈｉｃｋｏ３０ｃｍｗｉｔｈ５ｔｏ６ｃｍｔｈｉｃｋａｎｄ７０ｃｍｗｉｔｈｌｌｃｍｔｈｉｃｋ･Ouali-
tiesofconcrete0dimensimusofpilesOinsidesurEaceconditionofpilesand
amountofprestressａｒｅｓｈｏｗｎｉｎＴａｂｌｅｌ・

Ｆｏｒｓｍａｌｌｐｉｌｅｓｗｉｔｈｄｉａｍｅｔｅｒｓｏｆ２０ｃｍａ､。３０cmOaprestressin9barwith
diameterof22mmanchoredmconcreteplaceｄｉｎｓｉｄｅＬｈｅｐｉｌｅｗａｓｐｕｌｌｅｄｏｕｔｂｙ
ｕｍiversaltypetestingmachinewithlOO-toncapacity･Ｆｏｒｌａｒ９ｅｐｉｌｅｓｗｉｔｈ
ｄｉａｍｅｔｅｒｏｆ７０ｃｍｏｃｏｍｃｒｅｔｅｉｎｓｉｄｅｔｈｅｐｉｌｅｗａｓｐｕｓｈedoutthroughcmucrete
CylinderasｓｈｏｗｌｎｉｎＦｉ9．１．
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ｴtisobviousthattheultimatecapacityofanchoragezonewillbecon-
trolledbythesmalleroneoftensilefailurecapacityandbondfailure
capacityOAstheprestressedconcretepilesprescribedinJapanlndustrial
Standards9enerallyhaveomlysmallamounto2spiralreinforceｍｅｎｔｔｏｂｅｕｓｅｄ
ｆｏｒｔhistypeofcolumnsO1argepileshaveatendemcytoreachtheultimate
capacitywithtensilefailuremode･ThereforeoinOrdertoanchorthepre-
stressiIB9steelintheconcretepre-placedinsidethepilesOitwillbe
necessarytoprovidewithenou9hBmoumtofspiralreinforcementtotheanchora9e
zom０．Therequiredamountofreimforcemeｎｔｍａｙｂｅｃａｌｃｕｌａｔｅｄｂｙｔｈｅａｂｏｖｅ
ｐｒｏceduretoacertainde9ree･Ｆｏｒｅｘ釦npleospiralreinforcementoflOnmｌｄｉａ－
ｍｅｔｅｒｗｉｔｈｌ５ｃｍｓＰａｃｉｎｇｉｓnecessary，iluordertoensuretheultimatecapacity
of270-tonpull-outforcefｏｒ７０ｃｍｄｉａｍｅｔｅｒｐｉｌｅ･A1thou9hfurtherstudyon
theeffeCtofreinforcementisneceSsaryothistypeofanchoragesystemis
consideredtobeefricientiｎｐｒａｃｔｉｃａｌｕｓｅ．

２E1asto-D1asticBehaviororaComDositeFrame

ＬｏａｄｉｎｇｔｅｓｔｏｆｌａｒｇｅｆｒａｍｅｍｏｄｅｌｓａｓｓｈｏｗｎｉｎＦｉ９．３wascarriedoutoamd
structuralbehaviorofaprecastcomcretec⑪mpositeframeoespeciallyrelation
betweenloadin9andri9idityofthejoint，wasinvesti9atedindetail・Be-
sidesotheeffectofsupplementalreinforcementandsoforceontherigidityof
ajointisalsoinvestigatedbasedontestresultsofTT･shapedspecilnensas
showminFi9．４．
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２．１ＦｒａｍｅＭｏｄｅｌｓａｎｄＴｅｓｔＭｅｔｈｏｄ

Largescaleframemodelsweremade，EachfrBmewasformedbyjointinga
precastgirdertotwoorthreeprecastprestressedconcretecolumnsowhichhave
30cmoutsidedianeterringｓｅｃｔｉｏｎｗｉｔｈ４ｃｍｔｈｉｃｋ，Theseprecastgirdersto
bejointedwereofthreekimdsofsections・PrecastcoluImswereburiedintｈｅ
ｆｏｕｎｄａｔｉｏｎ９ｉｒｄｅｒｗｈｉｃｈｈａｓ５０ｃｍｘ３５ｃｍｃｒｏｓｓｓｅｃＬｉｏｎ･Foundationgirderis
reinforcedsoａｓｔｏｍａｔｃｈＬｏｂｅｂｕｒｉｅｄｉｎｂｅａｒｉｎｇ･

Injointingagirdertocolumn，ｔｈｅｍidhei9htaImchoragemethodofpre-
stressim9barsmentionedinlwasusedoandsoanchored22millimeterprestress-
ingbarwasstrainedafterbein9rumthroughtheholepre-madeinagirderO
placingfreshplasterpastebetweenthetwofaces・Jointimgforceswerevaried
tothreｅｋｉｍｄｓｓｕｃｈａｓ２ｔｏｎｓ０５ｔｏｍｓＯａmdlOtonsrespectively･Ｖｅｒｔｉｃａｌｌｏａｄ
ｗａｓａｐｐｌｉｅｄａｔｅａｃｈｓｐａｎｃｅｎｔｅｒｕｎｔｉｌｔｈｅｓｔｒａｉｎｏｆｒｅｉｎｆｏrcementreached
lOOOxlO-6･

Relativerotationof9irderaxistocolumnaxisodeflectiomofspancemter
ofgiｒｄｅｒｓａｎｄｓｔｒａｉｎｉｎｅａｃｈｐａｒｔｑｆｔｈｅｆramewcreIneasured･エｎｔｈｅｃａｓｅｏｆ
ｔｈｒｅｅｃｏｌｕｍｎｆｒａｍｅｇｉｒｄｅｒｗｉｔｈ３０ｃｍｘｌ６ｃｍｓｅｃｔｉｏｎｈｏｒｉｚｏｎｔａｌｌｏａｄｗａｓ
ａｐｐｌｉｅｄａｔａｎｅｎｄｏｆａｇｉｒｄerunLilthebottommomeInLofprestressedcolulml
reachesthecrackdevelopinOmoment．

Besidesthelar9escaleframemodelＳ･T-shapedmodelspwhichareanalogous
toajointpartofgirderamdcolumn，weretestedtoinvesti9atethefactors
affectingrigidityofjointsindetail･Thesememberswerejointedbystrain-
ingaprestressingbarafterhardeningｏｆｃｅｍｅｎｔｐａｓｔｅｗｈｉｃｈｗａｓｐｌａｃｅｄｂetwBen
thejointimgfacestoadjusttheunevenness･Thefactorsinvestigatedwere
groutingaroundprestressin9barso1ocatiomOfprestressingbarsOamdSupple-
mentalreinforcement・HorizomtalloadwasappliedbylO-tｏｎｃ叩acityoiljack
toaspecimemplaｃｅｄｏｎｒｏｌｌｅｒｓａｓｓｈｏｗｎｉｎＦｉ９．４．Ａｔｅａｃｈｓｔａteofloadin9o
detachmentofjointingfacesofgirderandcoluIml0andstraimonprestressing
barsoreimrorcingbarsandconcreteweremeasure｡．
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distributionfromthatofmonolithicrigidframe･Ｔｈａｔｉｓ・ｔｏｔｈｅａｃｔｉｏｎｏｆ
ｖｅｒｔｉｃａｌｌｏａｄＯｍｏｍｅｎｔｉｓｄｉｓｔｒｉｂｕｔｅｄａｓｉｆｔｈｅｓｔｉｆｆｎｅｓｓｏｆｃｏｌｕｍｎｓｗｅｒｅ
ｒｅｄｕｃｅｄａｎｄｔｏｔｈｅactionofhorizomtalloadoInomentisdistributedasifthe

stiffnessofgirderwerereduced･
Thecharacteristicdistributioulｏｆｍｏｍｅｎｔｏｆａｃｏｎｐｏｓｉｔｅｆｒａｍｅｉｓｓｈｏｗｎｔｏ

ｂｅcalculatedbyconsideringajointasastructuralspring，whoseductility
coefficientchangesnonlinearlywithamountofaxialforceandmomemt･Ａｓａｎ
ｅｘａ噂ｌｅｏｆｔｈｅｃａｌｃｕｌａｔｉｏｎｏｔｈｅｃａｌｃｕｌａteddistributionofmomenttakingthe
jointductilitycoefficieuutｏｆ８ｘｌO-6radian/ton.ｃｍｉｓａｌｓｏｓｈｏｗｍｉｎＦｉｇ、６．

２．４ＲｉｑｉｄｉｔｙｏｆａＪｏｉｕｕｔ

AswaslnentioIledi、２．３，variationofrigidityofcolulnn9irderjoimt

givesconsiderablylar9eeffectomthedistributiomofmolnentofaconPosite
frame･ThiseffectisobviouslycalculatedirthevariatioHofrigidity9et
cleared・Therefore･thefactorsinfluencin9tberi9idiｔｙｏｆａｊｏｉｎｔｗＢｒｅ
ｉＩｗｃｓｔｉｇａｔｅｄｉｎｄetail･

TbefactoriIwesLi9atedfirstwasthestiffnessｒａｔｉｏｏｆｃｏｌｕｍｎｔｏｇｉｒｄｅｒ･
Themeasuredri9idityofthejointofthecolumnwitbgirderwhosedimenｓｉｏｎ
ｗａｓｖａｒｉｅｄｔｏｔｈｒｅｅｋｉｎｄｓａｓｓｔａｔｅｄｉｎ２･laIndaccordiIo91ystiffmessratｉｏｗａｓ
ｖａｒｉｅｄｔｏｔｈｒｅｅｋｉｎｄｓｏｗａｓｓｔｕdiedandbesidesthisotheri9idityｏｆｔｈｅｔｗｏ
ｃｏｌｕｍｎｆｒａｍｅａｎｄｔｈｒｅｅｃｏｌumnframewerecompａｒｅｄｗｉｔｈｉａｓｔｈｅｓｔｉｆｆｎｅｓｓｒａｔｉｏ
ｏｆthreecolumnframewastwiceaslargｅａｓｔｈａｔｏｆｔｗｏｃｏｌｕｍｎｆｒａｍｅ･Ｔｈｅ
ｅ麺erimentalri9idityofthejointwasdeterminedsothattheaSSumedvalue
forthejoiIntductilitycoefficient9ivesa9reementtothemeasuredmoment
distributionwitbthecalculatedone・ＦｒｏｍｔｈeteststhestiffIlessratiois

notrecoUnizedtohaveanysubstantialeffectonthemeasuredri9idityofthe
joint・Ｆｉｇ．７showstherelationbetweentheIneasuredcornermomentandthe
measuredjointductilitycoefficient・Ｔｈｉｓｆｉ９ｕｒｅｓｈｏｗｓｔｈａｔｔｈｅｒｅｉｓｎｏｓｕb-
stantialdifferenceoftherelationbeｔｗｅｅｍｔｈｅｃａｓｅｓｏｆｔｗｏｃｏｌｕｍｎｆｒａｍｅａｍｄ

ｔｈｅｃａｓｅｏｆｍｒｅｅｃｏｌｕｍｎｆｒａｍｅｔｈｏｕｇｈｔｈｅｓｔｉｆｆｍｅｓｓｒａｔｉｏｏｆｏｎｅｉｓｔｗｉｃｅａｓ
ｌａｒｇｅａｓｔｈａｔｏｆｔｈｅｏｔｈｅｒ･

HowevsrOthisfi9ureshowssli9htlysInallerdecreaseoftherigidityin
threeconmmnTrramethanintwocolumnframe･Ｔｈｉｓｉｓｂｅｃａｕｓｅｏｆｔｈｅｅｆｆｅｃｔｏｆ

ｌａｒｇeramountoｆａｘｉａｌｆｏｒｃｅｉｎｔｈｅｃａｓｅｏｆｔｈｒｅｅｃｏｌumnfranleduetoonehalf
Spanlem9tｈｏｆｔＷｏｃｏ１ｕｍｎｆｒａｍｅ･Thisfi9ureshoWsalsothatthereisnoSub-
stantialdifferenceoftherelationinthecaseofhorizontalloadingaction
Howeverotherateofdecreaseoftherigiditygetincreasedinthecasewhere
lar9eramountofmoInentisworkingComparedtothecaseofverticalloadim9
action・Ｔｈｉｓｉｓａｌｓｏｃｏｎｓｉｄｅｒｅｄｔｏｂｅｄｕｅｔｏｔhesmalleramountofaxial

force･

ＡｆｔｅｒａｌｌｏｉｔｃｏｍｅｓｔｏｂｅｃｌｅａｒｔｈａｔｔheinportDntfactorsaffectingthe
riOidityofacolumn-girderjoimtaretheshapeofcolumnsectionandamount
ofprestressi､gforceobesidestheamountofaxialforceandworkingmomeXutat
theCorner･ThereforeoasanextstepOtheeffectsofsuchfactorsas9rout-
ingaroundprestresSim9teHdonsandtheirlocationwereiIwestigated･

Ｆｉｇ．８showstherelatiomofworkingmomentandmeasuredrotatimby4cIn
1engthcontact9aｕ９ｅｆｏｒｅａｃｈｊｏｉｎｔｓｈｏｗｍｉｎｔｈｅｓａｍｅｆi9ure・Tbefigureshows
thattherigidityofajointincreasesremarkablywhengroutingisdonearoumd
prestressingbarsorlocationofprestressingｂａｒｓａｒｅｓｅｌｅｃｔｅｄｔｏｔｈｅｖｉｃｉｎｉｔｙ
ｏｆouterfacesorsupplementalreinforcementareadded･Ｆｏｒｅｘａ”leOthe
relativerotationofC2speciInendecreasedtｏｔｈｅａｍｏｕｎｔｌｅｓｓｔｈａｎｏｎｅｈａｌｆｏｆ
ｔｈａtofC4specimem、whosedimemsionaIudprestressingｆｏｒｃｅｏｆ５０ｋ９/ｃｍ２ａｒｅ
ｃｏｍｐｌｅｔｅｌｙｅｑｕａｌｔｏｔｈｏｓｅｏｆＣ２ＯｉｎｔｈｅｓｔａｔｅｏｆｌａｒｇｅａｍｏＩｍｔｏｆmoment･
MoreoverOtherelativerotationsofC2inwhichprestressin9barswerｅｌｏｃａｔｅｄ
ｉｎｔｈｅｖｉｃｉｎｉｔｙｏｒｏｕｔｅｒｆａｃｅｓａｎｄｔｈａｔｏｆＣ３ｉｎwhichsuppleInentalreinforcing
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barsoffourD16mmwereaddedodecreasedtofroml/２ｔ０１/５ｏｆｔｈａｔｏｆＣ１ｉｍ
ｗｈｉｃｈａｐｒｅｓｔｒｅｓｓｉｎｇｂａｒｗａｓｐｌａｃｅｄａｔｔｈｅｃｅｎｔｅｒｏｆｔｈｅｓｅｃｔｉｏｎｉｎｓｐｉｔｅｏｆ
ｔｈｅｓａｍｅａｍｏｕｎｔｏｆｐrestressingforceinallspecimens・

Ｆｉｇ．９showsanexanp1eofthecalculatedrotationofjointsbasingon
thefollowingassuIYPtiontogetherwiththemeasuredone．

（１）rherelationofrotatiolDofgirderaxistocolumnaxisinacoHPosite
frａｍｅｉｓｅｓｓｅｎｔｉａｌｌｙｅｑｕａｌｔｏｔｈａｔｏｆａpresLressedconcretebeamoandthｅ
ｒｏｔａｔｉｏｎｃａｌｃｕｌａｔｅｄｂｙｔｈｅｓａｍｅｍｅLhodasthatusedin9etLingbendingdeforma-
tioInofaprestressedconcretebeamoisdenotedａｓＯｃａｌ．

（２）ＴｈｅｒｏｔａｔｉｏｎｏｆａｊｏｉＩｍｔｉｓｅｑｕａｌｔｏＯcaluntilconpressivestressof
outerfiberoftensionsideofthesecLionisreduceddowntozero、Forthe

convemiencyomomentworkinｇｍｔｈｉｓｓｔａｔｅｉｓｃａｌｌｅｄａｓｂａｌａｎｃｅｄmoment．
（３）Ｗｈｅｎｍｍｍｔｏｒｗｏｒｋｉｎｇｍｏｍｅｎｔｅｘｃｅｅｄｓｔｈｅｂalancedmomentothebond

betweenreinforcingbaramdconcreteorprestressingbarandgroutislostand
deformatiomofrotationconcentrateｓｔｏｔｈｅｊｏｉｎｔ・Thelengthofboludless
rangeisassｕｍｅｄａｓｃｏｎｓｔａｎｔｏ１５ｃＩｎｉｎｔｈｅｓｅcases・

Ｆｉｇ．９showsthatintheareawhereworkingmomentiscomparativelysmallO
thecalculatedrotationissmallinalljointscopparedtotheIneasuredrota-
tionOwhilethemeasuredrotationexceedsthecalculateｄｒｏｔａｔｉｏｎｉｍｔｈｅａｒｅａ
ｗｈｅｒｅａｍｏｕｎｔｏfmomentislarger･

Ｔｈｉｓｉｓｃｏｎｓｉｄｅｒｅｄｔｏｂｅｄｕｅｔｏｔｈｅｆａｃｔｔｈａｔｔｈｅｌｅｍｔｈｏｆｂｏｎｄｌｅｓｓｒａｎｇｅ
ｏｆｂａｒｓｉｓｓｍａｌｌｅｒｔｈａｎｌ５ｃＩｎｄｕｒｉｎｇｔｈｅstatewhenworkin9stressinbarsis
relatively・smallandiuDtheloadingstatewhereworkｉｎ９ｓｔｒｅｓｓｉｎｂａｒｓｉｓ
ｌａｒｇｅｒ９ｔｈｅｌengthbecomesgreaterthanl5cm･ＡｓａｎａｓｓｕＩｍｔｉｏｍｏｆ１５ｃｍｉｓ
ｔａｋｉｎｇｆｏｒｔｈｅｌｅｎｇｔｈｏｆｂｏｎｄｌｅｓｓｒａｍｇｅｏthecalculationmethodisconsequently
veryrough･HowBverthisauDalysisjustaimsto9iveroughestimateofLhe
rigidiLyofjoints･

TomeitollroadeleVatedbridgesconstructedinKomakiareausedcast-in-
sitecoIucrete9irdersinsLeadofprecastmelmbersthoughtheyusedprecastspun
concretepilesaｓｃｏｌｕｍｓ･Asanexampleofapplyim9theabbve-mentioned
methodincalculatingtherigidityofthejointodistributionofmomentwas
calculaLedassumingthattheprecastgirderswereusedandjointedtothe
columnsbyprestressingforce、Anamexanp1epthecaseofuniformjointing

YIieiMI:sii;:r:OJI:/::ｉｃｉＹ:`::i脇18謡M:11$::､職:rsi:iMii1WImc品瓢｡lOto
thatofmonolithicframeｆｏｒｔｈｅｌｏａｄｏｆ９０Ｌｏｎ/mwhichproducesverycloseto
thedesiOnmomenL･Thedistributionofmomentisalmostthesameasthatof
monolithicfr副ｎｅｉｎｓｐｉｔｅｏｆｔｈｅｓｌｉｇｈｔａｍｏｕｍｔｏｆｒｏtationof3･OxlO-5radian･
Inthesamefigure，Ｌｈｅｃａｓｅｏｆｌｏａｄｉｎ９ａｓｌａｒｇｅａｓｌ８０ｔｏ､/ｍｗｈｉｃｈｉｓａ１ｍｏｓｔ
ｅｑｕａｌＬｏｔｈｅｅｓｔｉｍａｔｅｄｕｌｔｉｍａｔｅｌｏａｄｏｆｔｈｅｇｉｒｄｅｒｉｓａｌｓｏｓｈｏｗｎ･Ｉｎｔｈｉｓｃａｓｅｏ
ｔｈｅｒｏＬａＬｉｏｎｏｆｔｈｅｇｉｒｄｅｒａｘｉｓｔｏｔｈｅｃｏｌｕｍｎａＸｉｓｏｆｌ５ｘｌO-5radianiscal-
culatedandbecauseofthisrotationoamoumtofmomｅｎｔａｔｔｈｅｊｏｉｎｔｉｓｒｅｄｕｃｅｄ
ｔｏ８５ｐｅｒｃｅｎｔｏｆｔｈａｔｏｆｍｏｎｏｌｉｔｈｉｃｆｒａｍｅａｎｄｍomelmtatthespancenteｒｏｒａｔ
ｔｈｅｐｏｉｎｔｏｎｔｈｅｃｅｎｔｒａｌｃｏｌｕｍnincreasesbytheamountof4percenｔｏｆｔｈａｔｏｆ
Ｉｎｏ側olithicframe･エnaccurateframeanalysisoitisnecessarytotakeinto
considerationtｈｅｆａｃｔｏｆｒｅｄｕｃｔｉｏｎｏｆｍｏｍｅｎｔｏｆｉｎｅrtiaduetothedevelopn尼nt
ofbemdin9crackobesidesthereductiouDofrigidityofjoimts．Ａｔｐｒｅｓ⑧nt
stateothemethodofacolYposiCeframeanalysismentioImedaboveisconsidered
togivearatiomalbasisindesi9Hingaprecastconcretecompositeframe．

３ＥｆｆｅｃｔｏｆｌｒｒｅｄｕｌａｒｉＷｏｆａＣｏｌｕｍｎＨeadomtheDistribution

oｆＭｏｍｅｎｔｏｆａＰｒｅｃａＳｔＲｉｑｉｄＦｒａｍｅ

Ｏｎｅｏｆｔｈｅｐｒｏｂｌｅｍｓｔｏｂｅｓｏｌｖｅｄｉｎｕｓingprecastconcretecomposite
fr”esOistheeffectofirre9ularityoｆａｃｏｌｕｍｎｈｅａｄｏｎｔｈｅｍｏｍｅＪｕｔｄｉｓｔｒibu-
tiomofaframe･NomatLerhowcarefullyprecastcomcretecolumnsaremade。
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●

ｉｔｉｓｉ⑭ｏｓｓｉｂｌｅｆｏｒａｌｌｃｏｌｕｎｍｓｔｏｂｅｃｏｍｐｌｅｔｅｌｙｏｆｔｈｅｓａｍｅｈｅｉ９ｈｔａｎｄｆｏｒ
ｆａｃｅｓｏｆａｌｌｃｏｌｕｎｕｎｈｅａｄｓｔｏｂｅｐｅｒｆｅｃｔｌｙｅｖｅｎ･Thereforeotheeffectof
irre9ularityonthebehaviorofprecasLcoﾛPositeframewasinvesti9ated･
ｴrregularitiesofjoinLingmemberscanbeclassifiedinLotwo9roUpsaccbrdin9
totheeffectonthestructuralpropertyofaprecastconmositeframe・Ｏｎｅｉｓ
Ｌｈｅｄｉｆｆｅｒｅｎｃｅｉｍｈｅｉｇｈｔｏｆｃｏlumnsandtheotherisunevennessofｆａｃｅｓｏｆ
ｃｏｌｕｍｍｈｅａｄｓｏｒ･subsurfacesof9irders･

エfthereisdiffereIuceincolumnheiOht0evenafterjointin9agirderｔｏ
ａｈｉｇｈｅｒｃｏｌｕｍｍＯｔｈｅｒｅｓｔｉｌｌｒemainssomedistancebetwSenthegirderanda
colulmDofsmallerheight・ThereforeOjointingagirdertothiscolumnwill
giVerisetobendimgmomentwhichisaproductofspanlengthandamountof
prestressintroduceduntilthesubsurfaceofagirdertouchescolumnheads･ＡＳ
ｔｈｉｓａｒｍｌｅｎｇｔｈｉｓｌａｒｇｅＯｔｈｅｄｉｆferenceinheightproduceslargeamountof
internalstressinjointingmembers・Thisstresscambecalculatedrelatively
accurately･

ＯｎｔｈｅｏｔｈｅｒｈａｎｄＯｉｎｔｈｅｃａｓｅｏｆｉｒｒe9ulariLyinunevemnessofthefac色
ｏｆａｃｏｌｕｍｎｈｅａｄｏｒｔｈｅｓｕｂｓｕｒｆａｃｅｏｆａｇｉｒｄｅｒｏａｔｌｅａｓｔａｐｏｉｎｔｏｆｂｏＬｈ
ｓｕｒfacesisintoucheachother･Ｔhedistancebetweenthatpointandthe
locationofprestressingtemdonsisrelativelysnlall･Thereforeothisirre9-
ularitydoeｓｎｏｔｇｉｖｅｒｉｓｅｔｏｓｏｌａｒｇｅａｍｏｕｎｔｏｆｉnternalstressasthecase
ofdifferenceinco1umnhei9ht・

HmueveroLheirregularityofthiskindaffectsconsiderablythemoment
transmittingpropertyofajoint・IfthiseffectisqUantitativelyclarified･
itisposSibletoformtheprecaStrigidframedirectlyjointinggirderto
56IUi砿~~正~ISobviOusthat・analysisnethodofrigidityof-ajoiUt煕nt4oned
i、２．４canbetheretoappliedto9etqUantitativelytheeffectofthisirreg-
ularityooncetheamountanddistributionofprestressandshapeofcolumn
sectionareknown･ＴｙｐｅＡｉｎＦｉｇ、１１isamodelofirre9ularitysin中lifyiIl9
suchoonditionwhereonlｙｔｈｅｉＩｍｅｒｐｏｒｔｉｏｎａｓｍａｒｋｅｄｉｎｔｈｅｆi9uretouches
thegirderwithitsprominence・ＴｙｐｅＢｉｓｔｈａｔｏｆｔｈｅｃａｓｅｗｈｅｒｅｏｎｅｈａlｆｏｆ
ｔｈｅｆacetoucheSthegirder･Ｆｏｒｔｈｅｃｏｍｐａｒｉｓｏｎｏｔｈｅｃａｓｅｏｆｎｏｉrre9ularityD
TypeCowaS1ikewiseanalyzed･

Thereforeoiuuconstructingprecastri9idframe，adoptionofdirectjoint-
ingmethoｄｉｓｃonsideredtobeeffectiveiftheirregularitybecontro11edas
sli9htaspossibleamdtheultimatestren9tｈｏｆｔｈｅｓｔｒｕｃｔｕｒｅｂｅｉｎｃｒｅａｓｅｄｂｙ
ｔｈeamountofundesirableeffectofirreguI1arityanalyzedbytheabove-
lnentioHedmethod･

ＯｎｔｈｅｏｔｈｅｒｈａｎｄｏｔｈｅｒｅｉｓａＩｎｏｔｈｅｒmethodZorcountervailingtheirreg-
ularity･Thismethodconsistsinpre-patchmgcolumnheadwithirreUularity
absorbin9materialoThｅｕｓｅｏｆｒａｔｅＸｍｏｒｔａｒｗＭｃｈｉｓｐｒｏｄｕｃｅdbymixin9
rubberratexwithcemeIbtInortariscollsideredtomatchtothepurpose･
AccordingtothetestresultsoitwaspossibletoreduceYoungosmodulｕｓｏｆ
ｒａｔｅｘｍｏｒｔａｒｔｏＯ・ＢｘｌＯ５ｋｇ/cm2byusiInOratexonthemarket・Ｉｔｉｓａｌｓｏ
ｓｈｏｗｎｔｈａｔｗｉｔｈｔｈｅｐｌａｃｅｍeｎｔｏｆｔｈｅｍortarotheirregularityoflIulillimeter
canbeabsorbedbythecushionfunctionofthemortar・Fortbeirregularity
exceedinglmillimeterohoweverosuchamethodasusingblockofratexmortar
andOroutin9aftertheabsorptionoflargeirregularitybyfullutilizationof
p1asticityoftheblocksisreconmendableasaneffectivemeasure．

Conclusion
---￣－－－－■－－

Fortheconstructionofconcretecompositerigidframes，joinLingprecast
concrete9irderamdcolumnbyprestresさingisconsideredasanlethodfor
shorteningconsLructionperiodandminimizingundesirableeffectofconstruc-
tionworksuchasinterferenceintrafficflow･Usinglargescalecomposite
frmlemodelsandlPshapedspecimensoelasto-plasticbehaviorofacomposite
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