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AbsけaCt

Thetx,haviorofsemirigid伽ⅢleShastx:eneXtenSivelyinvestigated,andseveralmeth-

Odshasbeenproposedfbrtheevalua也OnOfe飴Ctivebucklinglengd)Of伽amedcol皿nS,

Whichrequlrerathertediouscalcula也OninthecaseofLheconnec也OnWithhigh1ynonlineal

ChaLaCterisdcs.'mispaperprqposesanapproximatemeth(畑toevaluatethee蝕Cdvelengthof

COlumnSinvoIvedinaframeofwhichconnectionscanbeassumedtobehavelineady.

PrOpOSedmethodEirstreplacesaglVen仕びIeWithelぉdcline訂SPnngSatbeamendsbyan

equivalentrigid血me,andthee脆cdvecolumnlengthoftheformerisapproxinLatedbyth

Ofthelattenwhichmaybedbtained血oma00nVendonalaligtnentchart.Gd伽∝lmCyhas

tx,endbservedfromdlereSultsofthenumericalanalysisofsample仕ames.
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1.In仕Oducdon

Recedy,thebehaviorof血aneSWithsemirigidcontleCtionshasbeenextensivelyinvesdgatedex阿1Ⅱ旭n-

tal1yandtheoretical1y,andthe打ameanalysisconsideringsemirigidityiscamiedoutinsomec鮎eSOfthercal

designpracdce.SincedleSemirigidconnectionshowsnonlineartx:haviorintheearlystageofloading,nOnlinear

analysisisrequiredtoevaluateeffectivebuckhglengthofframedcolums,eVenthoughthe血弧Ieiswithin

elasticrange,Whichisrad)ertedious･NethercoLetal･aPPliedB-SPlinem∝leltothement-rOtationre如ionofan

H-Shapedbeam-tO-COltmnconnectionuslngend･Platesorangles,andshowedthecoltmctmesfbrthecolums

withsemirigidendres血nts[1).chen,Kishi,Goto,etal.presentedamethodofbudklinganalysisof血meswith

contleCdonrigididesdeteminedbybean-1inemethod(2],andshowedtheresultsoftangentmodulusanalysisof

sway-PreVented(3]andsway-pemitted[4･5】fish-bonetypemul也-StOry肋mes,Ofwhichconnectionrigiditywas

glVenbyapowermodel[6]･Thesewo血investigatedtheapp追cabilityofalignmentchartstosemirigid鉦皿IeS,by

COmparlngeXaCte飴ctivebucklinglengthsof蝕弧1edcolumnswithdlOSeObtained仕omthealignmentchartS･

T5tdi,Ohtami,etal.invesigatedtheeffbctsofs庇ngthandrigidityofconnec也OnSOntheconapsetypesofportal

蝕me$,i.e.mechamism-brm1ngCO11apsedrinstabilitycollapse,inwhichtruSSmOdelandrotadonalspntlgmOdel

wereusedtosimulatesheardefbrma也onandlocaldefbrmationofaconTleCtioTIPanel,reSPeCdvely(7]･Matsui,

Ⅹawan0,etal.invesdgatedthee飴ctsofdegreeoffixityofthecol皿nbase皿thebucklingstrengthof血1eS,by

mode血g也eco血mbasebyaro吼血札止印nng【§】･

†馳gineer;StruCturalEnginee血gDepartment,NihonSekkeiInc･
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Ingeneral,theぬm-tO{OltmconrLeCtionconsis血gofH-Shapdmemtqswithend-pla蛤SOr皿gksshows

strongnon-linearity;butalineadtyisrecognizedinsoⅡ妃typeSOfco皿eCdons,SuCha$thecomecdonatwhichan

H-ShapedbeamisweldedtoapipeCOltntlWithoutdiaphragm,andabaretypeCOltmbasewithreladvely-high

fixity.Therefbre,theconnectionwassometimestreatedasalinearelement【9･10]･Ⅳthebehaviorofasemidgid

comec血mcanbeassumedbi-1inear,COnVendonalal10Wablestressde$ignorplasticdesignlSaPPlicabletosemi-

rigid仕ames,anditisneededtoevaluatethecolme飴CtivelengthindleCOurSeOfcoltmdesign･Alongthis

context,thispaperrpalacesa仕組IeWithsemirigidconnectionsbya血amewithlinearrotationalspnngsatbew

蝕ds,andpmposesanapproximatemethdtoevaluab,COltmefEbcdvelengthofdleftamewithbeanend叩ntlgS,

utilizingconventiotlalalignmentchartS[11】･Acctmyoftheapproximatemethodisinvesdgatedwiththeexact

SOlutionofseveralsaⅡlple肋mes.

2.Elas也CBucklingAnalysisofSemirigidRec伽gularFrames

2.1M∝lelfbrtheAnalysis

Figtlrel(a)showsamodelfbrtheanalysis,Whichisarecta血gular丘狐IeWithlhearspringsateachbeam

end,S叫ectedtoverdcal10adPoneachcolum.Columnstifhessandstif払essofupperandlowerbeansare

denotedbyち,Kb皿d埠respectively;androh血血叩皿gCOnStantSOfspnngsatuppeK皿dlowertx:aJnendsade

denotedbyK&and梅,reSPeCtively･Mehbersd蝕essKisdefinedbyK=邸/l･WhenE･IandLdenoteYbung's

modultlS,mOmentOfinerdaandlengthoftheⅡlem励re印eC仕vely･Figtml(切ShowsdleS抑e丘aⅢ旭inwhichkb,

辱kbsand辱denotethestifhess血ostothecdtlmS也蝕essofdleuPperandlowerbews,anddleSP皿gSatthe
ppperandlowerbeamends,reSpeCtively･Tbestifhessrati00fa印nngisdefinedhereastherotadonal印nng

constantdividedbythecoluⅡmSti蝕IeSS,fbrexamPle,kbs=Kh/K｡･

2.2Ex誠tA血ysis

Theslqpe-deflecdonfbrmulasfbrthemember-endmomentsofabeamWithsprmgsatbothendsinwhich

ch｡.d.0扇ondoesnot∝Cur;MbcandM｡bOfthel*amBCinFig.10),fbrexanPle,adeeXpreSSedasfonows[12]:

W血ere

叫,｡=毎ち(ちみ0み+ちcOc)

峰あ=ちち(ちぁ8ぁ+ちcO｡)

12(亀∫1年如2+3たみち誼)
た助=

4(転1+3たぁ)(転ぶ2+3たぁトちβ1屯∫2

6転1たゎ蛇

たぁc=心2

たα=
12(た如1たゎ2+3たぁた如2)

4(ち∫1+3たぁ)(転2+3たぁ)一転1た如2

Ontheotherhand,theslope-deflection

fbrnulasfbrthemember-endmoments

andla血bⅣeSOfacolumnsu旬ec蛤d B

to也e血止知CeinwbidldlOrdro払don

O∝Ⅶ等,叫妨〟㌫,‰孤dl/ふOf也e001-

tmABinFig.1(b),forexample,areeX- Kb

騨eSSd鮎鋸10WS【12】･

‰=ち(α0.+卵あー咋)

均㍉ち(βOd十α0み-岬(3)A

B

D A 矩1 矩

ク
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Fig.1ModelfbrAnalysis:SemirigidR∝払ngularRame

(1)
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‰=一書(鴨･,0ぁー8月)

略d=一意(鴫･鴫-8即
Intheaboveequations,a,β,Y,and8a陀Stabilityfunctionsoftheloadparameter乙andgivenby

z∫f成一Z2co∫Z
α=

β=

2(1-α柑Z)-Z∫加Z

･ガ_Z血Z
2(1-α)∫ZトZ∫加Z

γ=α+β=

W血ere

ガ(1-C郎)Z

2(1-00ぶZ)-Z∫血Z

8=2γ+ガ=
ガ∫加Z

2(1-C()ぶZ)-Z∫加Z

z=ゐ仔

(4)

(5)

(6)
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Figure2(a)showsthedefbrmadonsoccuzringwhenthe血狐IeShownitlFig･1(b)buckleswithsidesway･In

thiscase,equilibriumofbendingmomentsac血garOund4panelpointsA,B,C,andD,andequilibritmofstory

sheaqleadto5equadons,andeliminatingthechordrotationofthecoluⅡmRleadstoasetofhomogeneoussimul-

taneousequati皿SOfsize4,WiththeunknownsOa,Ob,OcandOd･Inthecaseofthebucklingwithoutsidesway

showninFig.2(b),theequilibriumofstoryshearisnotnece$Sary;Sincethechordrotadondoesnotappear,anda

S血山訂SetOfhomogeneoussimultaneOuSequationsisdbtained･

DetansofderivadonofthesimultaneotBeqtJationswhichgives血ebucklingcondi血氾Ofa蝕ⅢleaJt)Shown

inRef.[12].Onlythehalbucklingconditionsareshownbelow･

Bdklingwithsidesway:

や
ゃた血+α~｢汀

β一去
ヂ
28

γ2

早払~石

+

-

べ⊥

β一芸

輌み･α一芸
†2

毎ちc~下す

γ2

28

ヂ
ちちc~古

伸一去
†2

砧･α一芸β一去

β一芸極･α一芸

+-----ぺ⊥

0α

0ぁ

Oc

O`ゴ

三(○)

ク
ー
▲
▼

Rg.2Buc払出Con丘g∬鵬OnS

(7)
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Budklingwithoutsidesway:

ケた血+α β 0･

β ち貞加+α ちち｡

0 ちち｡ 晦転+α

ケ‰
0 β▲ 年毎･α

=(○)

(8)

TheloadparameterZk,atWhichthe伽皿ebucklesisobtAmedasthesndlestvalueofZwhichsadsfiesthecondi一

也OnlthatthedeteminantOfthecoefficientmatrixofthesimultaneousequa也onsgivenbyEqs.(7)and(8)b∝OmeS

2.3Appro血鹿Analysis

Approximateanalysisproposedherereplacesagiven蝕封neWithbeanSPringsshowninFig.3(a)byan

equivalentrigid蝕皿eShowninFig･3(b),andthencalculatesthebucklingstrength如mthecolu甲ne飴Ctive

lengthdeteⅢnined蝕)mtheconventionalaligmtcharts.Fbrsim画icity;itisassuddntthespritIgCOnStZmtSOf

twospringsinthebeamadeidentical,aSShowninFig.3(?).Theym町bediJbrentinarealcase,butthemethod

Shownbe10Wisst山applicableby鮎S血gthatthespring00nStantOfthe印血ginthe血眼ShowninFig.3(a)is

glVenbythemeanoftwospnngconstantS,i.e.,

転=去(転1鴫∫2),%=去(桓･板) (9)

(i)Bucklingwithsidesway

RefbrringtoFig.2(a),iftheq)ringconstantSOftwospringsareidetldcalheachofdlebeamsBCandAD,

the血amebecomessymetrical,andthedefbrma仕onofswaybucklingbecomesanti-Symetrical,i.e.,Ob=Oc.

S血S出口血gOみ=OcinぬEq.(1)1e如bb

穐｡=ちち(ちぁ+ち｡)0ぁ

Where(kbb+kb｡)isobtainedfromEq.(2)inviewofkbsl=kbs2=kbs,aSfbllows:

屯あ+ち｡=
6た由

た如+6毎

(10)

(11)

Ontheotherhand,bean-endmomentMbcOftheequivalentrigid蝕aneshowninFig.3(b)callSedbytheand-

SymetricalbucklingwithsideswaylSeXPre$Sedasl

穐｡=6履ち0ぁ

Equa血gMbcgivenbyEqs.(10)and(12)

1eadstotheexpressionfbrthebeamSdff･

nessrati0層あ'oftheequivalentrigidfhLme,

asfb皿ows:

たム=

Simi叫

牢=

ち毎∫

転+6ち

ケ%

%+6年

(13)

(14)

Set血guptheequilibriumconditionsof

tx:ndingmomentsatthepanelpintsAand

Bofthe鉦aⅡleShowninFig.3(b)which

1
-
>

(12)

ミトFig.3EquivalentRigidFfame

･
｣
･
九
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buCklesinantiーSymmebicalconfigtm也onwithsidesway;andelimitlatingthechordrotadonfromtheequilibrium

COnditi皿Ofstoryshear･i･e･,叱あinEq･四)=0,1eadsto.asetofhomogeneoussimul伽eOuSequationsofsize2･

W鮎chcontroIstheanti-SymmetricalbuckhgoftherigidframeshowninFig.3(b),aSbl10WS:

隼願書 β一書

β一書鴫･d一書
〈:;〉={｡} (15)

Equa血gdledeterminantOfthecoefncientma雨xofEq.(15)tozem,d)efbl10wingequationisobtained:

(鴫･α一書)毎･α一事一(β一書)2=0 (16)
Theequabntodeteminethebucklingstrengthちrisdbtainedbysdbs也bting･theexpressiotlSinEq.(5)intoEq.

(16),鮎blbws:

Z｡ヲ
6嶋+牢) ー第=島.

(17)

(並)Bucklingwithoutsidesway

hdleCaSeOfthesymetricalbucklingwithoutsideswayofthe打ameshownitlFig.3(b),thebuckling

COnditionisobtainedbyasim址armamipulation,nOtingthatOb=-Oc.Equadons(18)through(24)belowcorre-

SPOndtoEqs.(10)through(16),reSpeCtively.EquilibriLnOfstoryshearisnotnecessaryinthiscase.

鴨｡=ちち(ちぁー‰)0ム
2たゎ

ちぁ~㌔c=編

〟ぁ｡=2毎g｡0占

鯨転

転+2たぁ

ゃ%

極+2ヤ

2牢+α β

β 2電+α

(2ち;･α)(叫･α)-β2;0

(18)

(19)

(20)

(21)

(22)

(23)

(24)

27

Fhany,theequ如iontodeterminedlebucklitlgStrengthちrisobtainedbysdbstib血gtheexpre$Sionsit)Eq･(5)

intoEq.(24),鎚=馳心ows:

(ト孟)(履･亘2助字十

2電牢 ちr
=1 (25)

NotethatEqs.(17)and(25)arethebasicequationsffomwhichconven仕onalalignmentchartStOdeterminedle

e脆cdveleng也of蝕皿由COlumns【11】

●2.4NⅦnedc山王x班1ples

Inordertoinvestigatetheacctmcyofthebucklingstrengthdeterminedbytheapproxinatemethodpro-

POSedabove,3typesofsemirigid血aneSShowninFig.4havebeenanalyzed:(a)coluⅡmtOPSareSemirigidly

COnneCtedtothebeams,andcolumnbasesare負Ⅹed,(b)coltmntppsarerigidlyconnectedtothebeanS,and

COlⅧmbasesaresemirigidlycoTlneCtedtothebeams,and(dcoltlmnSareSemirigidlyconnectedtothebeamsat



YukariSAWAKI,ShousukeMORINOandJunEAWAGUCHI

(滝慧慧慧id(b)::慧:慧…慧g姐(C)慧㌫慧慧器｡
Fig･4NumericalExamplesofSemirigidRecLangularFtames

bothends.Thes仕f払e$Sratiosofthebeamsandthespringsa托SetinthefbllowingⅡ切直ner:i)up匹rbeamstifhess

ratio晦=2∝5,並)lowerbems虚血ess畑io卑=10血es々b,iii)血00fleftandrightspringconstants々bsl:転2

and毎1‥b2=1:0･80rl:0･5,iv)radoofleftsprhgconstanttobems曲esskbsl:払and極l:毎=l･50rO･5,
andv)inaddi血,thecase■ofkbbeingchanged如m2to5withal10therparametersbeingkq)tunChanged･

Thebucklingconditionfbrtheprtal血amewiththe鮎edcolumtIbasecannottx,deduced蝕ⅦmtheequaT

donsshownal)OVe,andthustheyhavebeenderivedseparately;andobtainedasshownbelow:

i)Exacほn由ysis

Bucklingwithsidesway:

(摘･α一書)(抽･α一郭-(抽･α一書)2=O
Bucklingwid10utSidesway:

鴫ちぁ+α)鴨ちc+α)一鴨ちc)2=O

ii)Approximateanalysis

Bucklingwithsidesway:

鴫帖ギ=O
Budklingwithoutside-

SWay:

2宛+α=0

(26)

(27)

(28)

(29)

Resultsofthenumericalcalculationofbucklingstrengthaqe也bulatedinThblesl(a)through(C)corre-

spondingtothe杜ameSShowninFigs.4(a)through(C),reSpeCdvely･heachtable,"E汀0{'indicatesarati00fthe

di飴rencebetweenthevaluesofZi,Obtainedbytheexactandapproximateanalysestothevalueoftheexact

soludon,andthenegativevaluemeansthattheapproximatesoludonishigherdlantheexactsolutioTI･Themaxi-

mtmerrorineachgroupisunderhned.

Inadditiontothenumericalexamplesdescribedd)OVe,the肋nesshowninFig･4withextremelylarge

叩n喝C孤StantS,i･e･,100α1000tinesthebems臆蛤SS,amanalyzedexacdy,fbrthe飴SeOfspnngconstantsof

twospringsinabeantX,ingidendcal,i･e･,kh,1=kbs2=転and辱l=b2=極･Theseexamplesaretosecthevahle

of叩川場COnS旭ItStOtreattheconnecti皿aSrigid･鮎sultsareShowninThble2,Where`℃rro{'indicatesaradoof

thedi飴rencebetweenthevaluesofち,Obtainedbytheexactanalysistrea血g.申econnecdonas軸id(kbsandk)r

毎=∞)andtreadngitassemirigidtothesoludondbtainedfbrtherigidcotltleCtion･Thebuckhngcondidonsfor

theヰgid蝕皿eareS血plydbtained&omEqs･(17)and(25)fbrrectangular血餌n飴,and如mEqs･(28)and(29)fbr

portal血狐IeSWiththefixedcolumbase,byr印Iacingkb'andゲbykband郎respeC也vely･
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ThblelBucklingStrengthofSemirigidR∝tangularFlame$

(a)cohlmntOP:Semirigid,COhlmnbase:丘xed

たゎ 毎∫1払2l
Sideswaypermitted Sideswayprevented

Exact Approx. E汀Or Exact Approx. E汀Or

2 3 2.4 2.326 2.329
-0.001

4.930 4.938
-0.002

2 3 1.5 2.245 2.267
-0.010

4.836 4.899
-0.013

5 7.5 6 2.685 2.6S8
-0.001

5.321 5.332
-0.002

5 7.5 3.75 2.608 2.634
-0.010

5.181 5.278
-0.019

2 口 0.8 1.971 1.972 -0.001 4.710 4.722 -0.(氾2

2 口 0.5 1.914 1.923 -0.004 4.642 4.692 -0.011

5 2.5 2 2.305 2.307
-0.001

4.964 4.985
.0.α叫

5 2.5 1.25 2.220 2.238 -0.008
4.831 4.931

-0.021

5 3 2.4 2.374 2.377 -0.001
5.022 5.朋･3

-0.∝綿

5 3 1.5 2.287 2.307
-0.009

4.880 4.985
-0.022

5 口 0.8 1.984 1.985 0.㈱ 4.72S 4.746
･0.004

5 口 0.5 1.926 1.933 -0.0(粗 4.649
4.711

_0.013

¶血1elBqc址ngSm訊g血ofSem最gidRec伽gul訂Fmm郎(COn血ud)

O))columntqp:rigid,COlumnbase:Semirigid

たぁ サ 毎1 毎2
Sideswaypermitted Sideswayprevented

Exact App一肌. E汀Or Exact Approx. E汀Or

2 20 30 24 2.7紬 2.78$ 0.㈱ 5.056 5.058 0.(XX)

2 20 30 15 2.75S 2.770
_0.0由

5.(X鳩 5.030
-0.005

5 50 75 60 2.988 2.9S8 0.㈱ 5.628 5.629 0.㈱

5 50 75 37.5 2.974 2.980
-0.(氾2

5.601 5.615 -0.002

2 20 10 8 2.621 2.623
-0.001

4.813 4.818
-0.00l

2 20 10 5 2.556 2.580
-0.0(汐

4.705 4.761
.0.012

5 50 25 20 2.906 2.907 0.㈱ 5.486 5A90
-0.001

5 50 25 12.5 2.S69 2.884 -0.005
5.405 5.451

-0.009

5 50 30 24 2.926 2.927 0.(X氾 5.520 5.523 -0.(X)1

5 50 30 15 2.894 2.907
-0.005-

5.451 5.490
-0.007

5 50 10 8 2.743 2.746
-0.001

5.226 5.235
-0.002

5
.､50
10 5 2.674 2.699

-0.㈱
5.079 5.168 迎

29

Fbl10Wingchamcteris也CSaredbservedffomdlereSultsshowninT独Iel:i)UnsaLbestimtesareobtained

fr9mtheapproximateanalysisinallcasescalculated･ii)E汀OrdbtainedfbrthebucklingwidlSideswayislarger

thanthatfbrthebucklingwithoutside!Way,butthereasonisnotyetknown･ih)Mostoftheexampleswiththerado

oftwospringconstzLntSequaltol:0･8showtheerrorlessthanl%･andtheaccLLraCyOfdleaPPrOXimtesoludon

verygood.iv)ThemaximumerrOramOngtheexampleswiththeradooftwospringconstantsequaltol:0･5is

4.6%,WhichocctlrSinthe伽皿eWithsemirigidconnecd皿Satbothtopandbaseofthecoltm,ShowninFig･4(C),

butitissu組ciendysmalLItisobserved打om恥ble2thatthesemirigidconnecdoncanbetreatedasrigid･ifthe

SPringconstmtislargerthan100timesthebeamstimleSS･
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｢払blelBucklingStrengthofSemirigidRectangularFfameS(COn血ued)

(C)columntop:Semirigid,CduⅡmbase:Semirigid

晦 ケ 毎∫l毎∫2毎1
l
呵

Sideswaypemitted Sideswayprevented

Exa£t Approx. E汀dr Exact Approx. E汀Or

2 20 3 2.4 30 24 2.242 2.245
-0.001

4.672 4.685
-0.(拍3

2 20 3 1,5 30 15 2.147 2.174
･0.012 4.509 4.622 -0.025

5 50 7.5 6 75 60 2.643 2.646
･0.001

5.203 5.217
-0.003

5 50 7.5 3.75 75 37.5 2.559 2.587
･0.011 5.029 5.150 -0.024

2 20 ロ 0.8 10 8 1.794 1.796 -0.(追1 4.229 4.259
_0.007

2 20 口 0.5 10 5 1.703 1.721
-0.011 4.020

4.180
-0.040

5 50 2.5 2 25 20 2.21S 2.221
-0.(氾1

4.726 4.758
-0.(氾7

5 50◆ 2.5 1.25 25 12.5 2.117 2.140
-0.011 4.498 4.673

-0.039

5 50 3 2.4 30 ま4 2.298 2.301
-0.001

4.813 4.842 -0.∝帖

5 50 3 1.5 30 15 2.196 2.221
-0.011 4.589 A.75S -0.037

5 50 口 0.8 10 8 1.g13 1.盆15 -0.(氾1 4.275 4.321 _0.011

5 50 口 0.5 10 5 1.720 1.737
-0.010

4.045 4.232 -0.046

Thble2BudklingStrengthofSemirigidRectangular馳mes

-E餓㌍tOfS肋essofSpdngs･
(a)colⅦmtOP:Semirigid,COlumnbase:fixed

たみ
l
転t

Sideswaypemitt S如おSW町p℃Ven血

Zα Emr Zα E汀Or

2 10 2.6S4 0.076 5.170 0.030

2 20 2.786 0.糾1 5.封l 0.016

2 200 2.892 0.∝沖 5.319 0.(X)2

2 2㈱ 2.903 0.000 5.328 0.㈱

2 ∞ 2.904 5.3:汐

5 25 2.930 0.036 5.610 0.026

5 50 2.9S4 0.019 5.680 0.O14

5 500 3.035 0.(氾2 5.750 0.001

5 5∝旧 3.040 0.(XX) 5.757' 0.㈱

5 ∞ 3.糾1 5.75S
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恥ble2BuckBngStr飢g也OfSⅢ1出gidR8C也ng血R孔meS

-E飴CtOfSdfhessofSp血gs-(COn血胱ゆ
0)cdtmtop:rigid,COltmbase:Semirigid

毎 サ
t
炉l

Sideswaypermitted Sideswayp陀Ⅴ飢血

Zα E汀Or Z亡r 】むror

2 20 100 2.856 0.000 5.168 0.008

2 20 200 2.869 0.005 5.190 0.∝鵬

2 20 2(X旧 2.881 0.㈱ 5.210 0.(X旧

2 20 2榊) 2･S甲 0.㈱ 5.212 0.(X旧

2 20 00 2.882 5.212

5 50 250 3.019 0.0(蜂 5.6$4 0.α叫

■5 50 500 3.025 0.002 5.695 0.(X)2

5 50 50(氾 3.030 0.0(氾 5.704 0.∝X)

5 50 500 3.03l 0.㈱ 5.705 0.∝旧

5 50 田 3.031 5.705

恥ble2BucklingStrengthofSemirigidRectangularFfameS

-EffbctofStifhessofSprings-(COn血ued)
(C)columntop:Semirigid,COlu皿base:Semirigid

毎 サ 鴎∫ 矩
Sideswaypemitted Sideswayprevented

Zcr E汀Or Zα E汀Or

2 20 10 100 2.856 0.009 5.014 0.038

2 20 20 200 2.S69 0.(X)5 5.105 0.021

2 20 200 2000 2.868 0.005 5.201 0.002

2 20 2㈱ 2∝XX) 2.881 0.0∝) 5.211 0.∝氾

2 20 田
_
00 2.882 5.212

5 50 25 250 2.910 0.040 5.539 0.029

5 50 50 500 2.969 0.020 5.618 0.015

5 50 500 5000 3.024 0.002 5.696 0.002

5 50 5000 50000 3.030 0.0∝) 5.704 0.0(X)

5 50 ∞ ∞ 3.031 5.705
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3.ElasticBucklingA血ysisofSem出gidFish･BoneFfaneS

3.1M∝lelfbrtheAnalysis

Figtm5(a)showsamodelfbrtheanalysis,Whichisafish-bone蝕mewith血eafSP血gsineach玩加nat

nearendtothecolu皿,SuqeCtedtoverticalloadPonthecoluⅡm.Farendofeachbeamissimplysupported･

Stifhessoftwobeamsinthesamenoorisiden也cal.Sti放1eSSradosofthecolumnini･thstory;thetx:amandtwo

SPringslni-thfl00raredenotedbyk｡i,kbi,ks｡iandkibi,reSPeC也vely･Columnheightisiden也Calfbrallcolumns･

Thischapteristoinvestigatetheapphcabnityofconvend皿alalignmentchartStOdetemitIethebucuingstrength

Ofacdtminasem出gidmultistory血aⅡle.
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3.2ExactAn由ysis

Theslope-deflectionfbrmulasfbrthemember-endmomentsati-thpanelpointoftwobeamS,Mciaiand

M｡Lbi,tWOCOlumns,McL｡i_1andM｡ici.1,andthelateralfbrce隼icL.1ini-thcolumnareexpressedasfbllows:

隼巧=転句

悔ち=ちigO

3た∫αi

叫拘1=ちト1gO叫_10予軋10i-1-℃-1軋1)

札的.1=ちfgO叫Oi+研山一伊i)

略i｡i.1ニー寺g｡(佃棚.1-絢)

(3q

(31)

(32)

whereKbdenotesthesti放IeSSOfther曲rencememi)er.CoemcientsappearinginEq･(30)arederivedfromkbbh

Eq.(2)bysubstitutingkbs2=0,i.e.,therotationisfreea(POintBi･Stabnity伽血C血nsappearinginEqs･(31)and

(32)areobtainedbyEq.(5)withthe10adparametergivenby

(33)

whereNiand力denotetheaxialfbrceanddlemOmentOfinerdaofthecoltJmnini-dlStOry･

Figtm6(a)showsthedefbrmationsoccurringwhendle蝕猫Iebuckleswithsidesway･Inthiscase,equilib-

ritnofbendingmoⅡ蛤ntSaCtingaround4panelpointsClthroughC4,andequilibritmofstorysheuin3stories

leadto7equadons,andelimina血gthechordrotationRileadstoasetofhomogeneoussimult皿eOuSequationsof

size4,WiththeuI血ownsOlthrough04,Shownbelow.InthecaseofthebucklingwithoutsideswayshowninFig･

6(b),theequilibritmofstoryshearisnotnecessary,Sincethechordrota血do飴nOtaPPear,andasinuarSetOf

homogeneoussimulta11eOuSequa仕onsisdbtained･

+-トニ｢→一十
(a)SemirigidFish-BoneFfaⅡle

+-∫-‡---トー十
0)EquivalentRigidFish-BoneFrame

Fig.5ModelfbrAnalysis:SemirigidFish-Bone馳me
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Deriva也onofeachelementinthecoe臨Cientma血inEq.(34)isomitLedhere,andonlythefinalfbrmSare

S血0Ⅶl光10W.

Budklingwithsidesway:

All=たcl(q一昔)･3た机(
ちα1 ち飢

ちα1+3ち1'ち飢+3た仇

へ㍑=ち1(α1-粟･ち2(α2一跡ち2(
句擁(q2一書トc3(昭一跡煽(
毎=ち3(?一書卜晦4(
A12=A21=たcl

句3=A32=たc2

Bud血gwi血outsidesway:

All=たclα1+3た飢
もα1

た∫α2 も比

ちα2+3ち2■ち比+3ち2

ちα3 もめ

もぬ+3煽■ちム3+3た拍

た∫α4 ち糾

ちα4+3た糾 も初+3ち4

A34=A43=たc3

A13=A31=A14=A41=A24=A42=0

た∫あ1

ち｡1+3た出 ち占1十3ち1

A22=た｡1α1+た｡2α2+3ち2

A33=ち2α2+転α3+3たゎ

もα2 ち比

ちα2+3た比■た∫比+3たぁ2

もd3 もぁ3

ちα3+3ち3'ちめ+3た拍

+-J+J-+

(a)

+-∫十卜一十

仲)

Fig.6BuckledCon且gu7血On

(35)

(36)

33
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A44=ち3α3+3ち4
もα4 た∫あ4

ちα4+3ち4 ちぁ4+3ち4

A12=A21=kclβ1 A34=A43=kt3β3 (36)

A23=A32=kt2β2 A13=A31=A14=A41=A24=A42=O

Tbe10adparameterちTatWhichthe肋mebucklesisobtainedasthesm如1estvalueofZwhichs如isfiesthecondi-

tionthatthedeterminantOfthecoefncientmatrixofthesimultaneousequadonsgivenbyEq.(34).becomeszero.

3.3ApproxiwAnalysis

AsdoneinSection2.3,firstconsiderarigidfish-tXmemuldstory血ameshowninFig.5(叫Whichisequiva-

1enttothesemirigid鮎meshowninFig.5(わ.TheexpressionofendmomentofabeamWhosefhrendissimply

SuPPOrtedisglVenaSfbnows:

隼巧=掲i句0α,唯物=弼沃凡 (37)

EquadngMcibiand穐ibigivenbyEqs.(30)and(37)leadstotheexpressionfbr･dlebeamsd飴IeSSr如io々b'andkb"

Oftheequivalentrigidfrane,aSfbllows:

転読=3砿 ∴転=

ちi
3も以

ちぁi+3転=3た品 ∴楊

たぁiちαi
た∫α汗3たゎf

たぁiち鋸

ち占i+3転

(3S)

Tbee飴ctivelengdl払ctorⅥOfeachcoltnnintherigid瓜sh-botle蝕Ⅲleisevaluated丘omthealignment

ChartSOfRef.[11],uSingfbl10WingG.fhctorevaluatedatthepanelpointsClthroughC4:
BudklingwidlSidesway:

Gq=
2(たdl+たci)

転+転

BucklingwidlOutSidesway:

Gq=
2(たcふ1+たci)

3(転+たぁi)

Finany,thevaltJeOftheloadparameterZbriwhenthecoltmini-dlStOrybudkle$isglVena$fbnows:

ちゎ:訝
ち辞ゐ

丁【
= +

℃

(39)

(40)

(41)

3.4NⅦnericalExamples

InordertoinvestigatetheacctmyofthebucklingstrengthdetermhedbyapplyingthealigⅡmentChartsto

thesem出gidframes,3semirigid丘sh-bone蝕皿eSShowninFig.7havebecnanalyzed:TtLeぬme(4)simula蛤S3

StOriesatdletOPOfthehigh-risebuilding仕狐Ie,inwhichthecoluⅡmStihessincreasesinthelowerstories,While

the仕ane仲)simulatesbottom3stories,inwhichthecoltmstifhessisconstantlydistributed.Inthesetwo

如mes,thebeamandspringsti蝕e$SareCOnStandydistributed.The血旭(d00爪革匹mdstothe杜ame(a),butthe

benandspnngsti絶IeSSincreaseinthelowerfl00rlevel･Axialforcesineachcolumnamdistributedalongthe

heightproportionaltothedistributionofthecoltmns也臨IeSS,andtherebrethevalueoftheloadparameterZi

becomesidenticalineachstory,aCCOrdingtoEq.(33).

ResultsofthenumericalcalculationofbucklingstrengtharetabulatedinThble3,Where(a)through(C)

COrreSPOndtotheframeS(a)through(C)showninFig.7,re印給Chvely.Zi,indicat6SthecridcalvalueofZobtained

丘omtheexactanalysis,WhileZi,iisthevaluedeteminedfromtheali卯mentChartsforthecolumnineachstory･
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Fig.7NtmericalExamplesofSemirigidFish-BoneFfames

Thble3BucklingStrengthofSemirigidFish-Bone取乱mes

㊥ 00 め
Sidesway Sidesway Sidesway Sidesway Sid飴Way Sid∝Way

pe皿it血 p托Ⅶnted l▲ l l`l prev印血 阿mi他d p托Ⅴ¢n血

Zふ 1.481 3.567 1.778 3.9郎 1.907 4.112

ちrl

1.237 3.516 1.869 3.998 1.972 4.1封

(0.164) (0.014) (迎) (･0.(氾S) (-0.034) (-0.O10)

ろ戒

1.237 3.516 l.707 3.784 1.829 3.915

(0.164) (0.014) (0.040) (旦型旦) (且堕吐) (且鎚旦)

ち汚

1.758 3.903 1.869 3.998 1.947 4.081

(-0.187) (迎) ■(迎) (-0.008) (●0.021) (0.008)

35

"馳(が'indicatesarati00fthedifferencebetweenthevaluesofち,andちritOthevalueofZir,andthenegative

ValueneanSthalthealignmentchartSOlutionishigherthantheexactsoll血on.nemaximtmem)rineachgroup
isunderl血ed

Fol10WingcharacteristicsareObservedffomtheresultsshowninThble3:i)Saftandunsafeesdmates

Obtahed丘omtheangnmentchartSaremixedlyappe狐andnotendencyisfbtJnd.ii)EmobtainedEbrthebuck-
lingwidlSideswayislargerthanthatforthebucklingwithoutsideswayexceptfora飴wciLSeS,buttherea寧Onisnot

yetknown.揖)Tbemaximumermrfbrthe飴me(a)is18.7%intheunSaLbside,andtheaccuracyofthealignment

ChartSOlutionfbrdle蝕Ⅲ1e(a)isratherbad.Ontheotherhand,theaccuracyfbrthe触mes(切and(C)isverygo4

WiththeⅡ岨Ximumerroris5.1%.Tbisisunderstandable,Sincethealigmmentchartisdesignedtoapplytoregular

mul也storyframeShwhichmemberstu肋essandaxialfbrcesincoltmnsaredistributedinagoodbalanCe･

4.Conclusions

i)Approximatemethodhasbeenproposedfbrtheanalysisofthebucklingstrengthofsemirigid什ameS,Which

rq)lacessemirigid丘孤IeSbyequivalentrigid打amesandutilizestheconvendotlalaligtmentchartstoevaltntethe

COlm¢飴cdveleng血.

ii)NtmericalexamplesofsemirigidrectangularframeshasshownthatdlealXWaCyOftheapproxiwsolutionis

VerygOOd,tmlessthedifFerenceinspnngconstmtsoftwosprmgsinabeamistoolarge･

iii)Ntmericalexamplesofsemirigidrectangular血ameshasshownthatthesemirigid00meCtioncanbetreatedas
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rigid,ifthespringco鮎tantisbFgerthan100血IeSthebeaⅡlSdfhess･

iv)Numericalexaqlesofsemirigidfish-bone杜ameshasshownthattheacctmyofthealigrLmentChar(SOl血皿

isverygo∝lfbrthe打狐1eSinwhichmed)erandspnngstu疏nessandaxial払rcesincolumsamdis鵬butedin

goodbalance･Otherwise,itbecomesbad,Sincethechartisnotdesignedfbrtheapplic釦iontounbalancedand

i∬eg血鉦ames.

v)Itmustbet10tedthattheappro裏皿批methodhasgiventmsafbes血岨tetOthebudklingstrengthinmostofthe

nⅦmedc由exaⅡ1ples.
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