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Abstract

AnapproximateanalysISWaSCarriedoutforthebucklingstrengthofaslngle-baymulti-StOry

steelframeconnectedtoacorewall.Theequilibriumconditionsforthememberendmo-

mentsandstoryshearforceswerefirstexpressedintheformoftwodifferenceequations

containlngtherotationangleateachpanelpolnt･Thedifftrenceequationswereconvertedto

asetofsimultaneousdifferentialequations,bytreatlngtherotationangleasacontinuous

function･Substitutlnggeneralsolutionsfortherotationangletothedifftrentialequationsled

toasetofhomogeneoussimultaneouslinearequations,andthebucklingstrengthwasdeter-

mined丘･Omtheconditionthatthedeterminantofthecoe伍cientmatrixofthesimultaneous

equationsbecamezeroattheinstanceofthebuckling･Thesizeofthecoe伍cientmatrixwas

only2,andthusthesolutionwasobtainedbysimpleandeasycomputation･Itwasshownthat

theaccuracyoftheapproximatesolutionwasverygood,COmparedwiththeexactsolution

ObtainedbytheelgenValueanalysisforseveralsample丘ames･

KeyWords‥Steelframe,multi-StOry,COreWall,bucklinganalysis･apPrOXimatesolution
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1.Introduction

Astructuralsystemcombiningstructuralwa11swithsteelframeshasbeenemployedintherealpractice,in

whichhorizontalloadsarecarriedbythewalls,andthesteelframeSCarryOnlyverticalloads･Theefftctivelength

ofaframedcolumninsuchawall-franeSyStemisusua11ytakenequaltothestoryheightassumlngthelateralsway

beingpreventedbythewalls･However,thee脆ctivelengthmaybesomewhatlargerthanthestoryheight,Sincethe

lateralswaycannotbecompletelypreventedundertheworkofthehorizontalload･Thisproblemhasnotyetbeen

clari丘ed,

InthecourseofthestruCturaldesignofsteelframes,thebucklinganalysisisscarcelyperformed,andalign-
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mentchartsareoftenusedtoevaluatethecolumne鮎ctivelength･TheerrorinvoIvedintheapplicationofthe

alignmentchartstoanirregularframehasbeendiscussedbyLind(1977)andCheong-SiatMoy(1978),andChuand

Chou(1969)havesuggestedamodi丘cationofthecolumneffectivelengthapplicabletotheframeswithrelatively

Srnal1irregularities･Wood(1974)presentedanexactmethodofevaluatingthebucklingstrengthofafish-bone-

Shapedframe(multi-StOryCOlumnrestrainedbybeamsateachpanelpoint),utilizingthebucklingconditionthatthe

Summationofthecolumnstifhessreducedbytheaxialforceandthebeamstiffr1eSSatanyarbitrarypanelpolnt

becamezeroattheinstanceofbuckling･Ontheotherhand,Sakamoto(1980)presentedamethodfbrthemodi丘ca-

tionofthecolumneffectivelengthofamulti-bayslngle-StOryframe･Inthismethod,theequilibriumwasconsid-

eredonthedeflectedframe,inwhichthecolumndenectionwasapproximatedbyasineshapewithahalflength

equaltotheefftctivelengthdeterminedfromthealignmentchart･ThemethodspresentedbyWoodandSakamoto

areonlyapplicabletoansh-bone-Shapedframeorasingle-StOryframe･Theauthors(Morino,Kawaguchiand

Suzuki1993)combinedthesetwomethods,andpresentedamethodtocomputeapproximatelythebucklingstrength

Ofamulti-StOrymulti-bayframe,Which丘rstreformedaglVenframetoaslngle-bayffameuslngSakamoto,sidea,

andthenthebucklingstrengthofthereformedframewascomputedbyWood,smethod.However,thistreatment

maynotbedirectlyapplicabletothesteelframeswithcorewalls.

ThepurposeoftheresearChinthispaperistopresentanapproximatemethodofevaluatlngthecolumn

effectivelengthofaframewithacorewall,andtoinvestlgatetheaccuracyoftheapproximatesolutioninviewof

theexactsolutionbasedontheeigenvalueanalysIS･

2･･ApproximateAnalysisofFrameBuckling

2･1DescrlPtlOnOfModelFrame

Figurelshowsamulti-StOrySlngle-baymodelfraneforthebucklinganalysis･Asteelbeam-and-COlumn

assemblyofm-StOrylSPln-COnneCtedorrigidly-COnn9Ctedateachbeamendtoacorewall.Thenexuralstiffhessof

Fig･1FrameModelfbrAnalysIS
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acolumnisdenotedbyEKo,andtheratioofthelateralsti飽IeSSOfthecorewalltothecolumnstifhessandtheratio

ofthebeamflexuralstiffnesstothecolumnstiffnessaredenotedbynandk,reSPeCtively･Thenumberingforthe

storiesandthatforthepanelpolntSatbeam-tO-WallconnectionsareglVenbyl,2,…,y,…,m,andthatforthepanel

polntSatbeam-tO-COlumnconnectionsareglVenbyl一,2▼,･･･,y,･･･,m,,aSShowninthe丘gure･Itisassumedforthe

simplicitythataslngleverticalloadisappliedatthetopofthecolumnonly,andthustheaxialforceinthecolumn

ineachstorylSCOnStant,andtheaxialforceinthewa11iszero･Itisalsoassumedthatthevaluesofn,k,thestory

heighthandthecolumnstiffnessratioareallconstantalongtheheightoftheframe･

Thefollowlngformulationsaremadefortheftameinwhichthebeamendsarepln-COnneCtedtothewall･

2.2FormulationofDifferenceEquations

Thebasicslope-denectionequationsfbrabuckledmemberareappliedtomemberendmomentsatthepanel

polntSyandy,,andtoshearforcesinthewallandcolumnofthestoryyasfollows:

〟=叶1=乃ggo(40y十20γ+1-6尺汁1) 〟"･=0

〟"-1=乃且go(40ッ十20ッー1-柑γ)

〟),･ブ▼.1=ggo(α0ッ･+β0ブ･.1一岬汁1) 〟y,y=3ほgoOγ- (1)
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eyツー1=-ヱ警(60ッ･60ッー1-12ち)e榊=一一驚-(岬〆･岬〆-1-餌ヅ)
ThedennitionofthememberendmomentsMandtheshearfbrcesQ,andtheirpositivedirectionsaregiveninFig･

2･TTlerOtationatthepanelpolntandthechordrotationofthecolumnaredenotedbyOandR,reSpeCtively,andtheir

positivedirectionisclockwise.Theparametersα,β,†and8arestabilityfunctionsoftheloadparameterZ,andthey
areglVenaSfo1lows:

Z∫よ乃Z-Z2co∫Z

2(1-CO∫Z)-Z∫～乃Z

†=α+β

z=ニ‥･.言

Z2_Z∫～乃Z

2(1-C(フ∫Z)-Zぷ∫乃Z

8=2†-Z2 (2)

E:Young,smodulus I:mOmentOfinertia h:StOryheight

TheequilibriumofmemberendmomentsatthepolntSyandy,andtheequilibriumofthestoryshearofthestories

yandy十1givethefo1lowlngequations:

〟"+1+〟"-1=O

eyツー1+eッーγ--1=0

〟〆ツー+1+〟ッ･グーー1+〟y･ッ=O

e"+1+eγ･y･+1=0

Fig.2MemberEndMomentandColumnS･hear

(3)
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Theexpressionofachordrotationangleintermsofthepanelrotationangleisderivedbysubstitutlngtheshear

forcesinEq･(1)intotheshearequilibriumofEq.(3),aSfollows:

〃＼=

乍､トl=

12乃+6

1

(6乃(0グー1+0)･)十γ(0γ′一1+0プ′))

12乃+8
(6乃(0ッ+0汁1)+γ(0プ′十0再1))

SubstitutingEq･(4)intotheequilibriumequationsforthememberendmomentsinEq･(3)1eadsto

(2-
36/7

12乃+8

6′叩

12J7+8

)(0ッー1+20ッ+q+1)+40ッ

6γ

12′7+∂
(0〆-1+20γ･+Oy･+1)=0

(4)

(ち-1+20ッ十Oy吊)

+(β-
12J7+6 )(ちし1十20ッ･+0〆.1)+(2α+3た-2β)Oy-=-0

2･3ConversionofDifftrenceEquationstoDifferentialEquations

NotethatEq･(5)isasetofdifEtrenceequationsinwhichthetermS

X=0γ-1+20y+0汁1 ア=0ッ･-1+20ブ･十0ッー+1

repeatedlyappears･Then,Eq.(5)iswrittenasfo1lows:

(6托-8)g+3γアー(24〝+28)Oy=0

(5)

(6)

(7)

6乃咋-(12坤+β8-γ2)アー(12…8)(2α+3た-2β)0)7･=O

Here,bytreatlngOyandOy,aSCOntinuousfunctionsofyandyl,reSPeCtively,finitedifftrenceexpressionsofthe

SeCOndderivativeofOyandOy･Withrespecttoyandy,areglVenaSfbllows‥

♂0ッ
,,

-=0ッ=
`J.､､コ

0ッー1-20y+0珂 ♂0ッ′
‖ q′-1-2町･q･.1

=0ッ′=
α2

dプ′2
〉ッー~

α2
(8)

Whereadenotesthesizeofthesubdividedsegments,butyandy,areintegernumbers,andthusa=1.Then,the

termSgivenbyEq.(6)arewrittenas

g=0▼'y+40γ

SubstitutingEq.(9)intoEq.(7)1eadsto

(6乃-･8)0''γ-6∂Oy+3γ0--ッ,十12γ0γ-=0

6叩灯'ッ十24叩0グー(12坤+β8-ヂ)0--γ,

y=0‖γ-+40y･ (9)

(10)

-4(12坤十β8-ヂ)0ッ･-(12乃+8)(2α-2β+3点)0ッ･=O
Finally,theequilibriumconditiongivenbyEq･(5)isconvertedtoasetofsimultaneouslineardifftrentialequations

ねrOyand9y･■

2･4BucklingConditionandItsSolution

(αノダ用椚eW助Pf乃Co乃乃eCfわ乃∫αfβeα∽且れ血

GeneralsolutionfbrOyandOy10fEq･(10)isgivenby

Oy=CIC叩ツ+C2∫玩Pブ 0ッー=C-1C叩-ッー十C,2∫∽P-ッー (11)

TheconditionthatintegralconstantsCiandC,iandparameterspandp7mustsatisfyisderivedbythefollowlng

manner･First,the鮎edconditionatthecolumnbase;00=00一=0,aty=yl=0,givesCl=Cl=0,andthus

Oッ=C2∫叩γ 0ッ･=C-2∫叩lプ, (12)
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Next,theconditionrequiredforpandp7isderivedfromtheboundaryconditionatthetopfl00r･Thatis,COnSidering

afictitiousstorym+1abovethetopstoryasshowninFig･3,thememberendforcesinthisstoryarezero･Thus,

叫7‖桝1=戒栴(40′77+20肘1-6月′,汁1)=0

叫77･,77-.1=且go(40〝--十20〃7･.1一柑,7汁1)=0

色別佃1=-一色(60椚+60肘1-12月血)=0

e′7雄.1=一旦(60肌′+60,州-12月桝1)=0力

EliminatingRn汁1fromEq･(13)1eadsto

0′77-0〃什1=O

SubstitutingEq.(12)intoEq･(14)1eadsto

C2(∫g乃P〃1-∫∠乃P(∽+1))=0

0椚--0〃7･+1=0

(13)

(14)

C'2(血P'椚t-血P'(∽t+1))=0 (15)

Thus,theconditionsthatmustbesatis丘edbypandp'areobtainedasshownbelow:

∫∠乃P(∽+1) ∫～乃P'(椚'+1)

=1
∫～乃P〝- ∫∫乃P-∽'

=1 (16)

Sincem=m,,tWOequationsofEq.(16)areidentical,andthesmallestandnontrivialsolutionfbrp(=P')issimply

glVenby

P=P'=
冗

2〝了+1
(17)
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Theprocedureshownabove,thatis,tOSimplifythebucklinganalysisbyderivlngaSetOfdifferenceequa-

tionsandconvertingthemtoasetofdifferentialequations,WaSintroducedbyBleich(1951),Withanapplication

exampleofasimpli丘edmulti-StOryreCtangularfrarhe･

Finally,aSetOfhomogeneoussimultaneouslinearequationisobtainedbysubstitutingEq･(12)into(10),aS

Shownbelow:

((8蠣6乃)p2-68‡C2∫g乃Pツ十(12†-3†P'2)C'2扇力P'ッ'=0

(24叩-6叩2)C2∫g乃Py+

((12埴十β8-ゼ)p'2-(12れ+8)(2α十2β十3た)十4ヂ)Ct2扇力P'ッー=0

Inamatrixfom,Eq.(18)iswrittenas

[≡::≡:](;…ニニー)={0}
α11=(8-6乃)p2-68

α12=12γ-3γP-2

α21=24町6叩2

(18)

(19)

(20)

椚+1 〝l′+1

__十→り㌫佃1=｡2奴こご.三≡｡
バヾm肘1=0

Fig･3BoundaryConditions m-1
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α22=(12坤+β8-†2)p▼2-(12乃+6)(2α+2β+3た)+4γ2
Thebucklingconditionisthatthedeterminantofthecoe圧icientmatrixofEq.(19)becomeszero,Whentheload

ParameterZtakesthecriticalvalue,andthusthebucklingconditionisglVenby

α11(‡12

α21α22
=α11･α22-α12･α21=0 (21)

ThebucklingloadparameterZcroftheframeshowninFig･lisdeterminedasthesmallestvalueoftheload

Parameterthatsatis丘esEq･(21)･Theeffectivelengthofthecolumnlkisgivenbytheformula

Jた=石
(22)

WhichisderivedbysubstitutingEuler-sloadexpressionforthecolumnWithlengthlkintoZinEq･(2)･

仲ノダ和椚eW池月gg≠dCo乃乃eCgわ乃∫αfβeα∽£乃ゐ

Inthecaseoftheframeinwhichthebeamendsarerigidly-COnneCtedtothecorewall,theslope-deflection

equationforthebeamendmomentsatthepanelpolntSyandylareglVenaSfb1lows:

〃"･=ほgo(40､十20γ′) 〟ッ′γ=ほ垢(40〆+20ッ) (23)

UsingEq･(23)insteadof‰･=Qand叫ヶ=3kEKoOy･inEq･(1)1eadstothefo1lowingequilibriumequations

WhichcorrespondstoEq.(5):

(2J7-
36′72

12J7+8

6J叩

12乃+8

)(0ッー1+2ち十ち.1)十(4乃+4た)Oy

6J叩

12J7+8
(0〆-1+20y′+0戸1)十2捕〆=0

(0ッー1+2q+0プ吊)+2畑ッ

+(β-
12乃+8
)(ち･-1十20y･+㌔′+1)+(2α+北-2β)Oy-=0

(24)

Theproceduretoderivethebucklingconditionisthesameastheoneshownfbrtheframewithpinconnectionsat

thebeamends･ThebucklingconditionisgiveninthesameformaSEq･(21),and･fourelementsaregivenas

blIows:

β11=(6乃2-乃8)(4-P2ト(12乃+8)(2乃+2た)

α12=餌†(4-Pt2トた(12乃十8)

α21=6叩(4-P2ト2た(12乃+6)

α22=(†2-1叫トβ∂)(4-P-2ト(12…8)(2α-2β+舶)

3･EigenvalueAnalysisofFrameBuckling

3.1ModelFrameA

(25)

3.1･1DescnptlOnOfModelFrameA

ModelframeAisthesameasthemulti-StOrySlngle-bayframeshowninFig･1･ThebeamendsarePln-Or

rigidly-COnneCtedtothecorewall･ThenexuralstiffrleSSOfthecolumnEKo,theratioofthelateralstifhessofthe

COreWalltothecolumnstifhessn,theratioofthebeamnexuralstifhesstothecolumnstiffrleSSk,thestoryheight

h,andtheloadpafameterZareallconstantalongtheheightofthefrane.
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3.1.2EquilibriumEquations

｢αノダ用〃7eW∠rゐP∠乃Co乃〃･eCr;0乃∫αfβeα′了7gれゐ

Asexplainedintheprevioussection,theequilibriumofthememberendmomentsandthestoryshearglVen

byEq.(3)areconvertedtoasetofdifftrenceequations,Eq･(5)･ApplyingEq･(5)toy=1,2,3,…･･･,andm-l,and

y,=11,2,,3,,……,andm'-11eadstoasetof2(m-1)homogeneousequationsexpressedintermsof2(m+1)panel

polntrOtationangles,amOngWhichthenumberofunknownsare2mnotlngthatOo=00一=0･Additionaltwo

equationsareobtainedbyconsideringtheequilibriumatthetopfl00r･Substitutlngtheexpressionofthemember

endmomentsgivenbyEq.(1)intothememberendmomentequilibriumaty=mandy'=m',thatis,Mmm-1=Oand

Mmlm･_l+Mm･m=0,1eadsto

叫7‖乃_1=れg足0(40〃7+20〃7_1一郎㌦)=0 (26)

叫乃･〃Zし1十〃〝‡･〃7=ggo((α+3た)0椚･+β0〃‡･_1一岬∽)=O

EliminatingthechordrotationanglesinviewofEq･(4),theequilibriumequationsatthepdnelpointmandm'are

obtainedasfollows:

36/1

(2-
12J7+8

6乃γ

)0,乃_1十(4-

6/叩

12乃+8 ′′い112J7+8

)0
36〝､人 6γ

∽●了云~i~~盲U〝1
0

6γ

12/l+8

0′乃+(β-
12Jl+8

1~
12〝+8

)0〝l･_1+(α+3た-

0〝-′=0
(27)

)0研′=0
12Jl+8/Y椚
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Finally,aSetOfhomogeneoussimultaneousequationwiththesize2mx2misobtained,aSShownbelow･

[A](0)=(0) (28)

where[A]isthecoefhcientmatrixand(0)istheunknownvectorcontainingOl～OmandOll～Om･･Eachelement

ofthecoefficientmatrix[A]isatranscendentalfunctionoftheloadparameterZ･

削ダm∽gW肋尺gggdCo托乃eCfわ托∫αrβedmg托d∫

Theequilibriumequationsforageneralpanelpointsyandy'arealreadyshownbyEq･(24),Whichcorre-

spondstoEq.(5).TwoadditionalequationscorrespondingtoEq･(27)areobtainedbyconsideringtheequilibrium

atthetopfl00r,aSfo1lows:

36乃2
(2Jい

12Jl+8

6乃γ

12n+8

)0,乃_1十(4Jl+4た-

6〝γ

0〝巨1+(2た一

12乃+8

6乃γ

12n+8

(β-

36乃2

12J7+8
)0川

0〝7･_1+(2た-

)0川

12n+8

6Jlγ

12J7+8

)0〝‡･_1+(α+4た-

)0,乃･=0

12n+8
)0〝l′=0

(29)

ThefinalformofthehomogeneoussimultaneousequationsisthesameasEq･(28)･

3.2ModelFrameB

Inthemodelframestreatedsofar,itisassumedthatthestifhessofthewal1,beamsandcolumns,andthe

loadparameterareallconstantalongtheheightoftheftame･Then,aqueStionarises:Istheapproximatesolution

applicabletorealtallbuildings?

Thebucklinganalysisstartswiththeequilibriumofthememberendmomentsateachpanelpolnt,andthe

shearineachstory,andthe丘nalfbrmOfthesimultaneousequationishomogeneous･Theequilibriumconditionsat

acertainpanelpolntandacertainstoryarequitelocal,andnotaffbctedbytheconditionsatotherpanelpolntSand

storiesthatarefarapartffomthepolntandthestoryunderconsideration･Thisleadstoahypothesisthatthe

approximatesolutionisapplicabletoaframeinwhichtheconditionoftheconstantdistributionofthestifhessand



40 KaoriNUMABE,ShosukeMORINOandJunKAmGUCHI

theloadparameterislocal1ysatisfied･Moreprecisely,theapproximatesolutionisapplicabletoaframewhich

Satisfiesthefollowingconditions‥i)thestiffnessratiosofupperandlowercolumnsateachpanelpointarenearly

equal;ii)thestiffnessratiosofupperandlowerwa11sateachpanelpointarenearlyequal;iii)thestifhessratiosof

upperandlowerbeamsofeachstoryarenearlyequal;andiv)theloadparameterZofupperandlowercolumnsat

eachpanelpointarenearlyequal･ItisunderstoodfromthedefinitionofZinEq.(2)thattheconditioniv)is

Satis丘ed,iftheheightofeachstorylSnearlyequal,andthedistributionsofthecolumnaxialfbrceandthemoment

OfinertiaofcolumnSeCtionalongtheheightoftheframearesimi1ar･InordertoinvestlgatetheauthenticltyOfthis

hypothesis,mOdelframeBinwhichthestiffnessandtheloadparameterarelinearlyvarylngalongtheheightis

analyzedinthefollowlngSeCtion.

3･2･lDescrlPtlOnOfModelFrameB

ModelframeBistheoneshowninFig･1,butthesti魚IeSSandtheloadparameterarelinearlyvarylngalong

theheight･Figure4(a)showsthedistributionofthecolumnsti蝕essratiokゥ,Wherekcl=1atthebottomstory,and

kcm=aatthetopstory･Atageneralstoryy,thecolumnstiffnessratioisglVenby

たり=完TT(∽-γ+αα-1)) (30)

Thedistributionsofwallstiffnessratiokwyandbeamstifhessratiokbyareassumedtobesimilartothatforthe

COlumn,andthus

たw),=れたcッ たみッ=たたcy (31)

ThelineardistributionisalsoassumedfortheloadparameterZasshowninFig.4(b),WhereZl=Zatthe

bottomstory,andZm=紆Zatthetopstory･Atageneralstoryy,theloadparameterろisglVenby

ち=~訂コ~(肌-γ+KαTl))Z

巨
_

ニ!
1

(a)々ウ

巨 =!
Z

仲)ち

Fig･4DistributionofColumnStifhessRatiokゥandLoadParameterZy

(32)
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3.2.2EquilibriumEquations

(dノF用J乃eW助P～〃Co乃乃eC如れ∫αrβeα777g〝ゐ

Theexpressionsforthememberendmomentsandshearforcesareasfollows‥

〟=+1=たけ汁1丘'go(40)･+20丹1-柑汁l)

〟=-1=たw)7ggO(40ヅ+20ッー1一柑),)

〟=･=0

〟)･･"1=たc)叶1丘'go(α汁10),′十β汁10ッ･+1-≠+1月汁1)

〟ブ･y･_1=たcッg方0(αyOブ′+βyO)∴1-℃,尺)7)

〟プ′ブ=3隼gだ00),′

e"-1=一過(60ッ+60ッー1-12ち)
ん

eダブ′-1=一
たcv且鞄
(≠Oy･+≠Oy･-1-8)′ち)

(33)

41

Theparametersαy,βy,≠and8yarestabilityfunctionsoftheloadparameterち,COmputedbyEq･(2)･Theexpres-

sionsofchordrotationanglesintermSOfthepanelrotationanglesarederivedbysubstitutlngtheshearforcesinEq･

(33)intotheshearequilibriumofEq.(3),aSfbllows:

ち=
12たwッ+8ッた与

ち+1=

(6たwy(0ッー1+0ッ)+ちたcy(0ッ･-1+0〆))

12たw汁1+8汁1たり+1
(6たり.1(0ッ+ち.1)+ち.1たcヅ.1(Oy′+0ッ′+1))

(34)

SubstitutingEq.(34)intotheequilibriumequationsforthememberendmomentsinEq,(3)1eadsto

たwy(2-dγ)0γ-1+(たwγ(4-αy)+たw叫(4-α叫))0ッ+たw珂(2-α叫)0ッ+1

ーたwyあyO〆-1-(たwyあッ+たw汁1あ汁1)0γ･-たw叫あッ+10y′+1=0

-たcッあ;Oy_1-(たcッあいたc珂み;+1)Oツーたc汁1あ;+10珂

･隼(βツーCッ)0ッ･-1-(αッたcγ+αy+1たc汁1+3如γ-たcγCγ-たcyりC汁1)0ッ′

+如γ.1(β叫-C汁1)0〆+1=0

where

(35)

(36)

Equations.(35)canbeapplicabletothepanelpointsy=1,2,3,…‥･,andm-1,andy'=1',2',3',……,andm'-1,in

yiewofOo=00一=0,andkcm+l=kwm+1=0･Then,aSetOfhomogeneoussimultaneousequationswiththesize

2mx2mcontainlngOl～OmandOIT～Om･isobtained･

仲ノダ用椚eW肋月王gfdCo乃托eCrわ乃∫αJβgα椚助血

TheexpressionsfbrthememberendmomentsandshearforcesaregivenbyEq･(33),eXCePtforthebeam
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endmoments,thatis,

隼-･-=払耳垢(隼+20-･-) 〟ブ･)7=払耳垢(40)･▼十20)･)
TheequationscorrespondingtoEq･(35)aregivenby

朽(2-αブ)0)7-1+(隼(4-αγ)十たw汁1(4-α汁1)+舶り0ブ+んル珂(2-β珂)0川

~た〝),あッ0)･′一1-(た-ゾ},みブ+た伸汁1あ汁1-2隼)0γ･-たwヅ.1わ汁10),･+1=0

-たc)フ占;,0γ-1-(たcブあいたc丹1あ;叶1-2如ッ)0ァーたc汁1あ;叶10叫

+たcヅ(β)･-Cブ)0ヅ･-1-(αγたc)7+α珂たc珂十4加)7-たcプCグーたcブ+1Cッ+1)0ブ･

+たc珂(β汁1-C汁1)0〆.1=0

33ModelFrameC

(37)

(38)

3･3･1DescrlPtlOnOfModelFrameC

ModelframeCshowninFig･5isamulti-StOrySlngle-bayconnecfedtoaperfectlyrigidwall,andthusthe

SideswaylSPreVented･Thebeamendsarepln-Orrigidly-COnneCtedtothewall.Theflexuralstifhessofthecolumn

EKo,theratioofthebeamflexuralstiffnesstothecolumnstifhessk,StOryheighth,andtheloadparameterZareall

COnStantalongtheheightoftheframe.

33･2EquilibriumEquations

ForthebucklinganalysisoftheframesshowninFig･5,itisonlyneededtoconsidertheequilibriumofthe

memberendmomentsatthepanelpolntSalongthecolumninviewofthechordrotationangleRbeingO･

(αノダ用例eW肋Pf乃C()乃乃eCfわ乃∫αfβeαm助ゐ

Atageneralpanelpointy'oftheframeshowninFig･5(a),theequilibriumisgivenby叫･,･_1･叫′,･叫′

yll=0,andsubstitutingtheexpressionsforthememberendmomentsinEq･(l)inviwofF,,=R,1l=01eadsto
β0〆-1+(2α+3た)0〆+β0ル1=0 (39)

Atthetopfloor,theequilibriumbecomesMm･mr-1+Mm･m=0,and

β0∽･-1+(α+3た)Om′=0 (40)

isobtained･Asetofmequations,(m-1)equationsobtainedbyq)PlyingEq･(39)tothepanelpointsy,=1,,2F,3,,

…･･･,andm'-1andEq･(40),fomsthehomogeneoussimulta-

neousequationswiththesizemxmsimilartoEq.(28),inwhich

(0)containsOl一～Om′,nOtingthatOoT=0.

例ダm∽eW助尺なgdCo乃乃gCfわ那αfβeα∽g〝ゐ

FortheframeShowninFig･5(b),tWOequationscorrespond-

ingtoEqs.(39)and(40)areobtainedasfbllows:

β0ッ㌧巨(2α十2た)0〆+β0ル1=0 (42)

β0〝7′_1+(α+2た)0〃7･=0 (43)

Again,aSetOfhomogeneoussimultaneousequationswiththesize

mxmcontainlngOl･～Om･isobtained.

3･4BucklingConditionandItsSolution

The丘nalfbrmOftheequilibriumequationsofabuckled

frameisgivenbyEq.(28),regardlessofthemodelframeCOnSid-
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ヽ
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ヽ
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Fig･5FrameModelsfbrSideswayPrevented
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ered,althoughthesizeofthecoefficientmatrixis2mx2mormxm,dependingontheframeconsidered･Thebuck-
1ingloadparameterZcrisdetemined&omtheconditionthatthedeterTninantofthecoefficientmatrixofEq･(28)

becomeszero.Inthenumericalcomputation,atrial-and-errOrPrOCedurewastakeninthefollowlngmanner▼First,

theelementsof[A]wascomputedforatrialvalueofZ,andaneigenvalueproblemwassetasfollows:

43

[A](ズ)一九(方)=(0)
･(43)

SincethedeterminantofthematrixisglVenbytheproductofalleigenvalues,thatis,

l[A]l=九1･入2･ち……九〃 (44)

whereN=2morm,itwascheckedwhetheranelgenValuewiththesmallestabsolutevaluechangedthesign･Ifyes,

arangefortheexistenceofZc)･WaSCaptured,andifnot,anOthertrialvalueforZwassetandtheprocedurewas

repeated･Thisprocedureisactuallymoretediousandmoretime-COnSumlngthantheprocedureofcheckingthe

changeofsignofthedeterminant,butitisefftctiveandsafetoavoidmisslngthepolntOfzerodeterminant,Since

thedeterminantdoesnotchangeitsslgn,ifevennumberofeigenvalueschangetheirslgnStOgetherinthecaseof

theincrementofthetrialvaluesforZistoolarge･AnalysISOftheelgenValueswascarriedoutbythecombination

ofQRandHouseholder'smethods･

4.ResultsofAnalysis

ThebucklinganalysISWaSCarriedoutfbranumberofsamplemodel丘ameswiththefo1lowlngparameterS‥

i)thebeamstiffnessratiok=2,ii)thewallstifhessration=1,2,10andlOO,andiii)thenumberofstoriesm=m'

=3,50andlOO.

4･1AccuracyofApproximateSolution

伺Co那加LDねJわみ〟如托げ∫f毛御e∫ぷα乃dエ0αdPα和∽gJe川J㈹g血肋な如げJゐeFm椚g

ThebucklinganalysISWaSCarriedoutforthemodelffameA,inwhichthestiffnessratiosofthecolumn,

beamandwall,andtheloadparameterZareallconstantlydistributedalongtheheightoftheframe･Tbblelshows

thevaluesofZcr,ObtainedbytheapproximateanalysisshowninChapter2,andtheexactanalysISinChapter3,and

theerrorthatisde丘nedastheratioofthedifferencebetweenthevaluesofapproximateandexactsolutionstothe

valueoftheexactsolution･Thepositiveerrorindicatestheapproximatesolutionishigherthantheexactsolution･

Thefb1lowlngCharacteristicsareObservedfromtheresultsshowninThblel‥

ThblelComparisonofZcrObtainedbyApproximateandExactAnalyses

FrameA:COnStantSti魚IeSSandloadparameter

ん 〃 J乃

beamend:Pin-COnneCted beamend:rigidly-COnneCted

仰JⅧt eズαCf erJ℃r 仰m･ 仁方αCJ grJ℃r

2

口

3 2.07 2.21
-0.06

3.40 3.52
-0.03

50 1.98 1.98
-0.00

3.36 3.36
-0.00

100 1.98 1.98
-0.00

3.36 3.36
-0.00

2

3
,2.12

2.28
-0.07

3.66 3.82
-0.04

50 1.98 1.98
-0.00

3.59 3.59
-0.00

100 1.98 1.97 0.01 3.59 3.59
-0.00

10

3 2.47 2.71
-0.09

4.09 4.38
-0.07

50 1.98 1.98
-0.00

3.84 3.84 0.01

100 1.98 l.98
-0.00

3.84 3.84
-0.00

100

3 4.88 4.60 0.06 5.67 4.81 0.18

50 2.00 2.Ol
-0.00

3.91 3.93
-0.01

100 1.98 1.99
-0.01

3.91 3.93
-0.00

k:beamstifhessratio n:Wallsti蝕essratio m:numberofstory

erfVr:(approximatesolution-eXaCtSOlution)/exactsolution
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i)Theaccuracyoftheapproximatesolutionisverygood,eXCePtforthecaseof3-StOryframes.

ii)Theefftctofwallstifhessratioonthebucklingstrengthclearlyappearsinthe3-StOryframes,andintheframes

inwhichthebeamsarerigidly-COnneCtedtothewall,Whilethebucklingstrengthof50-andlOO-StOryframesare

notsensitivewiththechangeinthewa11stiffnessratiointheframesinwhichthebeamsarepln-COnneCtedtothe

Wall･ThistendencylSObservedinbothapproximateandexactsolutions･

iii)Thebucklingstrengthdoesnotchangewiththenumberofstory,ifitissufncientlylarge,thatis,50-StOryinthe

PreSentnumericalexample.

iv)ThevalueofZc,Ofthe50-andlOO-StOryframesinwhichthebeamsarePin-COnneCtedtothewallissmallerthan

7t,andthustheeffbctivecolumnlengthislargerthanthestoryheight･Thecontraryisobservedinthe50-andlOO-

StOryframesinwhichthebeamsarerigidly-COnneCtedtothewall,eVeninthecaseofsmallwallstifhess:thevalue

OfZc,islargerthan7t,andtheefftctivecolumnlengthissmallerthanthestoryheight.

J/り⊥/肛〔′小lそ叩､両ノー山川肋扉棚巧り項れ廿…冊H′仙ナノJ〝`′川ぐけⅢ/用尺〟k〃ビ∫ビ/汀√再/J(イJ･…JJ(､

ThebucklinganalysISWaSCarriedoutforthemodelframeB,inwhichthestiffnessratiosofthecolumn,

beamandwall,andtheloadparameterZareal11inearlyvarylngalongtheheightoftheframe,Withthefollowlng

ParameterS:i)theparametera,definingvaryingratioofthecolumnstiffnessinEq.(30),a=1/m,andii)the

parameterKdefiningvaryingratiooftheloadparameterinEq.(32),1/K=1.00,1.01,1.05,1.10,1.125.The

distributionsofthebeamandwallsti伍IeSSratiosaregivenbyEq.(31),Whicharesimilartothatofthecolumn

Stiffnessratio.

Tbble2showsthevaluesofZcr,Obtainedbytheapproximateandexactanalyses,andtheerror.Thevalues

OftheerrorareplottedagalnStthevaluesofl/KforvariousvaluesofninFig･6･

ThefollowlngCharaCteristicsareobserved丘･OmtheresultsshowninThble2:

i)Theaccuracyoftheapproximatesolutionisverygood,eXCeptfbrthecaseof3-StOryframes.Thevalueofa=1/

mistoosmal1,andsuchasteepvariationofthememberstifhessneveroccursintherealbuildingframes･This

indicatesthattheapproximatesolutionisapplicabletotherealcaseofmoregentlevariationofthestiffness.

ii)Similarobservationstothoseindicatedinitemsii)andiv)intheprevioussectionarealsomadeintheframes

Withlinearvariationofsti魚IeSSandloadparameter.

iii)AlittledifferenceisobservedbetweentheexactsolutionofZ｡,Of50-andlOO-StOryftames,Whichisnot

Observedintheframeswithconstantdistributionofthestiffnessandloadparameter,andthedifftrencebecomes

larger,aSthewallstifhessrationincreases.
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Thble2･1ComparisonofZc)･Obtainedby ApproximateandE又aCtAnalyses

FrameB:1inearlyvarylngStiffnessandconstantloadparameter,1/K=1･00

た 乃 J7‡

beamend:pin-COnneCted beamend:rigidly-COnneCted

仰m･ eズαCf erJ℃r (琴pW･ eズαCf er和r

2

口

3 2.07 2.31
-0.10

3.40 3.67
-0.07

50 1.98 1.99
-0.01

3.36 3,37
-0.00

100 1.98 1.98
-0.00

3.36 3.37
-0.00

2

3 2.12 2.35
-0.10

3.66 4.01
-0.09

50 1.98 1.99
-0.01

3.59 3.60
-0.00

100 1.98 1.98
-0.00

3.59 3.60
-0.00

10

3 2.47 2.64
-0.06

4.09 4.72
-0.13

50 1.98 1.99
-0.01

3.84 3.86 0.01

100 1.98 1.98
-0.00

3.84 3.85
-0.00

100

3 4.88 4.78 0.02 5.67 5.00 0.13

50 2.00 1.99 0.01 3.91 3.96
-0.01

100 1.98 1.98
-0.00

3.91 3.93
-0.01

k:beamstiffnessratio n:WallstiffrleSSratio m:numberofstory

er7Vr:(approximatesolution-eXaCtSOlution)/exactsolution

Thble2.2ComparisonofZcrObtainedby ApproximateandExactAnalyses

FrameB:1inearlyvarylngStiffnessandloadparameter,1/K=1･01

た 乃 田
beamend:pin-COnneCted beamend:rigidly-COnneCted

仰柑∝･ eズαCJ grJ℃r 仰J℃∬･ eズαCJ grrロr

2

口
3 2.07 2.32

-0.11
3.40 3.69

-0.08

50 1.98 1.99
-0.00

3.36 3.38
-0.Ol

100 1.98 1.99
-0.00

3.36 3.37
-0.00

2

3 2.12 2.36
-0.10

3.66 4.04
-0.09

50 1.98 1.99
-0.00

3.59 3.62
-0.01

100 1.98 1.99
-0.00

3.59 3.6l
-0.00

10

3 2.47 2.63
-0.07

4.09 4.75
-0.14

50 1.98 1.99
-0.00

3.84 3.88
-0.Ol

100 1.98 1.99
-0.00

3.84 3.86
-0.00

100

3 4.88 4.80 0.02 5.67 5.03 0.13

50 2.00 2.00
-0.00

3.91 3.98
-0.02

100 1.98 1.99
-0.00

3.91 3.94
-0.Ol

k:beamstiffnessratio n:Wallsti也IeSSratio m:numberofstory

erTVr:(approximatesolution-eXaCtSOlution)/exactsolution

Tbble2.3ComparisonofZcrObtainedbyApproximateandExactAnalyses

FrameB:1inear1yvarylngSti蝕essandloadparameter,1/K=1.05

た 乃 田
beamend:Pin-COnneCted beamend:rigidly-COnneCted

呵甲W･ eズαCJ erJ℃r 卿托Ⅸ･ 色方dCr erJりr

2

口

3 2.07 2.34
-0.12

3.40 3.76
-0.10

50 1.98 2.01
-0.01

3.36 3.40
-0.01

100 1.98 2.00
-0.01

3.36 3.38
-0.01

2

3 2.12 2.38
-0.11

3.66 4.12
-0.11

50 1.98 2.01
-0.01

3.59 3.63
-0.01

100■ 1.98 2.00
-0.01

3.59 3.61
-0.01

10

3 2.47 2.69
-0.08

4.09 4.87
-0.16

50 1.98 2.01
-0.01

3.84 3.91 -0.02

100 1.98 2.00
-0.01

3.84 3.89
-0.01

100

3 4.88 4.86
-0.00

5.67 5.13 0.10

50 2.00 2.02
-0.01

3.91 4.05
-0.04

100 1.98 2.00
-0.01

3.91 3.99
-0.02

k:beamstifhessratio n:Wallstifhessratio m:numberofstory

erTVr:(approximatesolution-eXaCtSOlution)/exactsolution

45
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Thble2･4ComparisonofZcrObtainedby ApproximateandExactAnalyses

FrameB:1inearlyvarylngStiffnessandloadparameter,1/K=1.10

た 乃 J7l

beamend:Pin-COnneCted beamend:rigidly-COnneCted

α押JⅧ･ 仁方αCf erJ℃r 仰W･ eズαCf ermr

2

口

3 2.07 2.38
tO.13

3.40 3.83
-0.11

50 1.98 2.01
-0.02

3.36 3.41
-0.01

100 1.98 2.00
-0.01

3.36 3.39
-0.01

2

3 2.12 2.42
-0,12

3.66 4.21
-0.13

50 l.98 2.01
-0.02

3.59 3.65
-0.02

100 1.98 2.00
-0.01

3.59 3.63
-0.01

10

3 2.47 2.73
-0.09

4.09 5.32
-0.23

50 1.98 2.01
-0.02

3.84 3.94
-0.02

100 1.98 2.00
-0.Ol

3.84 3.91
-0.02

100

3 4.88 4.91
-0.01

5.67 5.24 0.08

50 2.00 2.04
-0.02

3.91 4.11
-0.05

100 1.98 2.00
-0.01

3.91 4.04
-0.03

k:beamstiffnessratio n:Wal1stifhessratio m:numberofstory

em)r:(approximatesolution-eXaCtSOlution)/exactsolution

Tbble2･5ComparisonofZcrObtainedby ApproximateandExactAnalyses

FrameB:1inearlyvarylngSti飽IeSSandloadparameter,1/l<=1.125

た ′‡ 〃l

beamend:Pin-COnneCted beamend:rigidly-COnneCted

卿m･ eズαCr erJ℃r 仰W･ gズαCJ erJ℃r

2

ロ

3 2.07 2.39
-0.13

3.40 3.85
_0.12

50 1.98 2.01
-0.02

3.36 3.42
-0.02

100 1.98 2.00
-0.01

3.36 3.40
-0.01

2

3 2.12 2.43
-0.13

3.66 4.25
-0.14

50 1.98 ･2.01 -0.02
3.59 3.66

-0.02

100 1.98 2.00
-0.01

3.59 3.63
-0.01

10

3 2.47 2.75
-0.10

4.09 5.07
-0.19

50 1.98 2.03
-0.02

3.84 3.95
-0.03

100 1.98 2.00
-0.01

3.84 3.90
-0.02

100

3 4.88 4.92
-0.01

5.67 5.28 0.07

50 2.00
-
2.03

-0.01
3.91 4.15

-0.06

100 1.98 2.01
-0.02

3.91 4.05
-0.03

k:beamstiffnessratio n:Wallstifhessratio m:numberofstory

erTVr:(approximatesolution-eXaCtSOlution)/exactsolution

Thefo1lowlngCharacteristicsareobservedfromtheresultsfor50-andlOO-StOryframeSShowninFig.6:

i)Theerrorlinearlyincreases,aSthevalueofl/Kincreases.

ii)InthecaseofframeSinwhichthebeamsarepin-COnneCtedtothewall,41inesindicatingtheerrorsintheframes

With4valuesofthewallstifhessrationbecomealmostidentical.

iii)TheerrorinthelOO-StOryframesisgenerallysmallerthanthoseinthe50-StOryframes.

iv)Thelargesterrorappearsinthe50-StOryframeswithn=100inwhichthebeamendsarerigidly-COnneCtedtothe

wall.

V)Withinthelimitationofl/K≦1･125,theerroriswithin5%,eXCePtOneCaSe,thatis,m=50,n=100andl/K=

1.125.
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47
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4.2AlignmentChart

ThenumericalresultsofthebucklinganalysISOfthemodelframeBshowninThble2andFig･6conclude

thattheapproximatemethodofanalysISisapplicabletotallbuildings,butnottolow-riseframessuchasthe3-StOry

frame･Theaccuracyoftheapproximatesolutionhasbeeninvestlgatedfromthenumericalresultsofthebuckling

analysISOfthemodelframeAwithk=2andn=10bychanglngthenumberofstorym,anditisrevealedthatthe

ValueofZcrdoesnotchangemuchandtheerrorisverysmall,ifthevaleofmisnotlessthan30.Then,the

approximatevaluesofZL,havebeencalculatedfbrthemodelframeAwithm=30,bychanglngthebeamstifhess

ratiokandthewallstiffnessration,andthealignmentchartsshowninFig･7areobtained･Thesechartsare

applicabletoageneralframesinwhichthebeamendsarepln-Orrigidly-COnneCtedtothewall,Withthelimitation

OfJ乃≧30andl/K≦1.125.

4･3EfftctofSidesway

EigenvalueanalysISWaSCarriedoutforthecasethatthesideswayofeachstorywasassumedtobecom-

Pletelyprevented･恥ble2comparestheexactsolutionsobtainedbytheeigenvalueanalysisfbrtheframeswiththe

Sideswaypermitted(model丘ameA)andprevented(modelframeC).Theerrorisde丘nedastheratioofthediffbr-

encebetweenthebucklingstrengthsfortheframeswiththesideswaypermittedandpreventedtothestrengthwith

thesideswaypermitted.

NotethefollowlngPOlntS丘･Omtheresultsshowninrmble2:

i)Thedifftrenceinthebucklingstrengthbetweenthesideswaypermittedandpreventedisverylarge,eVeninthe

CaSeOfthewallstifhessratioequaltolOO,eXCePtfbrthe3-StOryfrane･Thisindicatesthattheefftctofsidesway

CannOtbeneglectedinthecaseoftallbuildings,eVenthoughitisconnectedtoastructuralwa11withlargelateral

Stifhess.

ii)Thebucklingstrengthdoesnotchangewiththenumberofstory,ifitissumcientlylarge,regardlessofthe

Sideswaycondition.

iii)Inthecaseofthesidesway-PreVentedframeswiththebeamendspin-COnneCted,thewallsti仇IeSSdoesnot

afftctthebucklingstrength･

Beamstiffnessratiok
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Fig.7(a)AlignmentChartfortheFrameswithBeamEndsPin-Connected



BucklingStrengthofFramesConnectedtoCoreWall
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Fig.7(b)AlignmentChartfortheFrameswithBeamEndsRigidly-Connected

Thble3ComparisonofZcrforSidesway-PermittedandPreventedFrames

FramesAandC:COnStantStiffnessandloadparameter

た Jl ナナl

beamend‥Pin-COnneCted beamend:rigidly-COnneCted

∫誓…設‰d∫誓認諾eder和r∫欝諾‰d∫誓認諾eder和r

2

口

3 2.21 4.61
-1.08

3.52 4.69
-0.33

50 1.98 4.35
-1.20

3.36 4.43
-0.32

100 1.98 4.35
-1.20

3.36 4.43
-0.32

2

3 2.28 4.61
-0.21

3.82 4.72
-0.24

50 1.98 4.35
-1.20

3.59 4.47
-0.25

100 1.97 4.35
-1.21

3.59 4.47
-0.25

10

3 2.71 4.61
-0.70

4.38 4.79
-0.09

50 1.98 4.35
-1.20

3.84 4.54
-0.18

100 1.98 4.35
-1.20

3.84 4.54
-0.18

100

3 4.60 4.61
-0.00

4.81 4.82
-0.00

50 2.01 4.35
-1.16

3.93 4.58
-0.17

100 1.99 4.35
_1.19

3.91 4.58
-0.17

k:beamstifhessratio n:Wallstifhessratio m:numberofstory

erTVr:(Sideswaypermitted-Sideswayprevented)/sideswaypermitted
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4.ConcludingRemarks

ArnethodofapproximateanalysISWaSPrOPOSedforthebucklingstrengthofsingle-baymulti-StOrySteel

丘amesconnectedtoacorewall.Thesolutionwasobtainedbyasimpleandeasycomputation.Itwasshownthatthe

accuracyoftheapproximatesolutionwasverygood,COmparedwiththeexactsolutionobtainedbytheelgenValue

analysisforseveralsampletall什ames･Alignmentchartsfortheeffectivecolumnlengthwereprepared,Whichare

applicabletotheframesinwhichthebeamsarepln-Orrigidly-COnneCtedtothewall,Withthelimitationthatthe

numberofstoryoftheframeshouldbenotlessthan30,andtheinversevalueoftheparameterT(de丘ningvarylng

ratiooftheloadparameterZshouldbenotlargerthanl.125.

Theframemodeltreatedinthispaperisaslngle-bayframeasshowninFig.1,Whiletherealframehas

multi-bays.Thebucklingstrengthoftheframeconsistingofasteelbeam-and-COlumnassemblywiths-bays(S

COlumns)connectedtoacorewa11maybeobtainedbybreakingdownthegivenframetoaseriesofssingle-bay

framesofthetypeshowninFig.1.Theefftctivenessofthisprocedureisleftforthefutureinvestlgation.
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