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AbsけaCt

Thispaperdealswiththeelasticbucklingstre71gthofasystemconsis血gofanum1旭rof

Cen血1y-10adedcompressionm血rswiththesanelength,Whichareconnected飽Chod)er

byrigidmemtwsandelasdcal1ybraadatmi4pint.nleCOmp柁SSionloadandtxmdingsti掛

tM5SSOfeachmemberaresetequaltosiandEi血nesthoseoftheRefbrencemember,reSpeC-

tively.Anapproximatemethodtocomputeelasticbucklingstrengthofthesystemispro-

POSed,byreplacingthesystembyanequivalentshglebracedmember,andtheaccLmCyOf

theapproximatesolutionaqediscussed,basedontheresultsof皿alysisofseveralexanples.

Keywords:Para11elcαnPreSSionmemtx!rS,bracedmemtx:r;buckhgstrength,

approximatesolution
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1.InけOduc丘on

SteelstruCturalmemberiso鮎nstrengthenedbyarranglngintermediatesupporbgpoints,Whichmakesthe

e飴cdvebucklinglengthofthemembershorter.Behaviorofabracedcompressionmembeqhavebeenextensively

investigated,andstrengthoftheme血berandstrengthandstiEhessrequiredぬrthebracehavebecncbdnedtoa

Certainextent.TheoreticalworksinRe飴.【1】throughf13]andexperinentalworksinRe飴.【14]through[18]have
inves也gatedtheefn:CtSOfslendeme$SOfthecompressionmember;Sti魚1e$S,POSitionandnuhberofthebraas,and

initialimperLbctiononstrengthofthec00lPreSSionmehberandI℃aCdonbrcegeneratedind)ebrzh=e･Tbeseworks

haveal1dealtwidlaSinglecompressionmember,butitisencounteredinarealpracdcethatpara11elly-amged

SeVeralmeⅡlbersareconnectedeachotherandbracedalltpgether;forexamPle,rOOfbemsbracedbypurlins,and

OuterCOlumnsbracedbyfumings扇psinawa柁houseor払ctorybuilding.Thebracit)grequmentSfbrsuchca陀S

mustbeinvestigatedbytreatingthosemembersasatotalsystem,butveryfbwinvestigationha$beendoneso

由一【19,20】.

Thepurposeofrese出℃hpresentedinthispaperistodeve10PaneValuadonmethodoftheelasticbuckling

StrengdlOfasystemofparal1elly-bracedcompressionmembers･1mepaperfirstintroducesaneXaCtmet血Odof

bucklinganalysisofthesystem,andprpposesanapPrOXimatemethodofanalysisbyr印1acingthesystembyan

equivalentsinglebracedmember･Finany;Characterisdcsofthebucklingstrengthoftheparal1elly-braadcompres-

SionmembersandacctlraCyOftheapproximatesolutionarediscussedwidlSeVeraltluedcalexamples･
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2.MathenaticalModelandMethodofAnalysis

2.1FbmulasofSlope-Deflec也onMethdConsideringAxialFbrceE飴ct

Figtqelshowsacompressionmember5,beingpln･SuPpOrtedatendiandrigidly-COnneCtedtoaQjacent

memlぬrat印dj,Whichbu虎1esunderdleaXialforceN･MemtwendmomentMandkLteralbrceVo∝urS,N)dthe

memberdefLectswithmember･endslqpeOandchordrotadonangleR.Subscriptsiandjindica(eSthequan也ties

o∝umingalendsiandj,reSpeCtively.PosidvedirecdonsoffbrcesanddeぬⅢmdonsaretakenasshowninng･1･

Formuhsofslqpe-deflectionmethodconside*ngaxialbrcee飴ctfbrmember-endmomentsandlateralfbrcesof

the･mehber5inFig.1a陀Writtenasfbllows:

竹=ヂ(いぃち即

鴨=協=一半町の属)

(1)

(2)

wheseE,IandldenoteYbung,smodulus,mOⅡ旭ntOfin飢iaandlengthofthemember,reSpeCtively,andちando

arestabilityfunctionsofaxialforceparameterZigivenasfbuows:

ち=
z㌔血Z Zち0ぶZ

の==

∫加Z-Zco∫Z' ∫血Z-Zcp虎

z=∫J言

(3)

(4)

2.2MathemadcalModel伽rAnalysis

Figure2showsamathematicalmodelwhichrepr由entsasystemofparal1elly-bracedcompressionmem-

bers.nmemb∝SWiththesamekngth2larepara11euyadranged,eaChonebeingpin-SuPPOrtedatbothends･Mem-

berihasflexuralstifhessち払andiss叫ectedtotheaxial10adsiP,Wheretl=Sl=1,andmemtx:rlischosenso

thattheconditionsPi≦1issatisfied.EachmemberiscotIneCtedtogetheratmidheightbyrigidbarswidlOut

res血gtherotadon,and加e血disp加ementofatmidheightofthetotalsystemisres血nedbyanelasticspring

WithspnngconstantRl

椚e椚みer1
2 I ルー1 乃

dgidend

▲T

tl

ご■→¢
タ グ

Fig.1DefbrmedMemberSubjectedtoEndForces

†～+叫⊥

t2タしt_げし
Fig.2ModelfbrAnalysis
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2.3ExactAmlysisofBud血gSu℃ng血

Figtlre3showsmehberisqparated血omthesystem,inwhichslopeOi牢midheightandchordro血onRin

theportionゆiOCCtnApplyingtheslope-deflecti皿fbmula,Eq.･(2),fbrdlePOrtionsaibiandbiqleadstothe

expressiomsofthemehtwcndlateralforcestbaiandlもciaSf仙ows:

町㍉~丁(抽~0動

ちf=

Wbere

ろ2血ろ

血均一ZJαげろ'

zl=∫J言,Z戸′

叫=

‰㍉~丁(抽叫即 り=1,2,…,〃)

ギc〃∫ろ

∫均一ろC郎ろ

†zlり=2,3,…,ル)

Di飴rencebetweenl屯aiandVh｡ilSglVenby

%`〃`-%∫勺=号榊(両2,…,〃)

(5)

(6)

(7)

(8)
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istransmittedtoandsupportedbythespnng,aSShowninFig･4･Thus,theeqdibritmofthelateralfbr∝浩fbrthe

totalsystemisglVenby

ダ+(%1｡1一%1q)+(%彗一%2C2)+…+(㌦鋤-㌦伽)=0

WheqeFisthesupportingfbrceatthespnngandgivenby

ダ=gA=∬は

Subs也m血gEqs.(8)弧d(10)hm(9)1e如bto

Ⅲ･学(町=2町･‥+㌔舶臣0
｢hkhgRout蝕■OmEq.(11),

一謡…1‥2の2･･‥･価=0
In打Oducingnon-dimensionalspnngconstantkshownbelow,

た=景=姦;屯=竿;軒誓
thebucklingconditionofthesystemshowninFig･2is血1auyOb一

血ndasbllows:

冗2た+∫≡1抽=0 (14)

Notethat oiandろaregivenbyEqs(6)and(7),andZlisnumeri-

CallythelargestamOngtheloadpa柁皿eterZ;s,Sincetl=Sl=1,

(1q

(11)

(12)

(13)

†～+～⊥

(9)

Fig.3Defbrmation

OfMemberi

VblClVb2聖Vb膏Vb扇C〃-1Vb〝C〝

ニニニニニ
狐d励≦1.坤e弧曲StV血eofZl血ts鵬s丘es叫(14)gives也e

イー■← イー ■■-イ■-

buck血gs胱ng血Pcr･ VblalVb2a2V軌Vb扇a〝_1Vb〝a〝

Fig.4Equi止briumofLateralForces
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2.4ApproximateAnalysisofBuCklingStrength

IndleSyStemShowninFig.2,thevalueofZlisthelargest,andthismeans也atmemtm2throughnwhose

Valuesofろ'sadea111essthanZltendtosupportthemostcri也calmemberlatthemomentofbudkling.Inother

WOrds,ifti=Siinal1me血s,a11thevaluesofろ'saqeidentical,andthebudklingofal1memtN:rSOCCtqSinulta-

neously.HoweveちSincesibi≦1,rendmings鮨IeSS,(ち一頭ELmaybeutilizedtobracethetotalsystem.Alongthis

COnteXt,anaPPrOXiwⅡ蛤thodofanalysisisconsideredinthissection.

Figtwe5(a)showsaficdtiouscompres平Onmemberbracedatthemidheightbyaspringwiththe叩ring
COnStantK'i,WhichsimulatestheconditionofmemberiofthemdlelshowninFig.2,andK'iisapartOfKⅣthe

Stifhessofmemtx!riissPinsteadof聯allthevaluesofろ'sbecomeidentical皿dequaltoZl,aSShownbe10W.

ろ=J
ちP

彗gJ =′J言=
ろ り=2,3,･･･,乃) (15)

Figtm5(b)showsar印Iacementofthem血berinFig.5(わtoaloadedm血andame血wid10utload,Which

areconnectedtogetherbyarigidbarandbracedbythespringK'i.T陀atingtherem血ingsdf馳ess(ち-Si)釘asan

additionalsp血gleadstoanotherrd鮎:ematShowninFig.5(C).TheqwingconstzultKioftheaddi仕皿al印ringis

Obtained鉦omthesti放IeSSOfasimpletx:anSdQiectedtoah放出loadatthecent訂aSShowIlinFig.6,aSfbnows:

言 6(ff一斗)gJ
ち= (i=2,3,…,乃) (16)

SupposeeachofnmembersinFig.2arereplacedtotheoneshowninFig･5(C),tOtalstiffnessofal1springs

becomes

頃+ち+‥･+現+ち+●‥+g〝=羞1g;+莞2g`=g+`ミグ` (17)

Then,themodelshowninFig.2maybereplacedtothesystemshowninFig･7･Sincethevalueofthe10ad

ParZmeterZisidenticalinantheme血bers,WhenthesystemshownhFig･7budkles,thissystemisconsideredas

anassehblyofnsinglemehtx:rSbraadatthe∝nter,Whosememtx:rSlandiareshowninFig.8,Wherethespnng

COnStantSKlandKiarePartOftheorighalconstantRlandtheyhavethevaluesnecessarytomakethebuckling

StrengthofbothsinglemembersequaltoZInotherwords,thesystemshowninFig･7maybebrbkendownintotl

SinglemembersshowninFig.8,bothofwhichbudkleatZl=Zi=ろandKimustsatisfyfb110Wingcondidon･

方l+g2+‥●+g〝=g+鼠香

†～+～⊥

t∫P
Fig.5ReplacementofMemberi

(18)

Fig.6EvaluationofAdditionalSpring
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nebudklingconditions知twomembersshowtlinng.8aregivenasfb110WS,Rd弛汀ingtoEq.(12):

意…=0,爵･う0=0(鳩3,…･,乃)
WheqeoisgivenbyEq.(3),TLO血gthatZl=ろ=ZEqua血n(19)isre-Wdttenas

蓋=一号,蓋=-∫`莞(棚,…･,乃)

(19)

(20)

41

AsmetLtionedオbove,Eq.(20)mayberecognizedastherequirementsfbrthespringconstantStOmakeeachof

Single亘enlbersbracedathecenterasshowninFig･8,Wbichares印arak!d伽ⅢlthesystemshowminFig･7,buckle
SimultaneOuSlyatdleloadparameterequaltoZFlomEq.(20),relationtx:tWeetlKlandKiisgivenas

ち=∫fち り=2,3,…･,几)

SubstitutingEqs.(16)and(21)intoEq.(18)leadsto

(1･軒‥･描1=g･号{(∫2一押3一小･‥･(…)}
Non-dimensionalizingEq.(22)byEq.(13)1eadsto

(21)

(22)

(23)

Fhany;thebuCklingstrengthofasystemofparal1elly-bracedcompressionmehshowninFig.2isapproxi-

matedbythestrengthofasitlglec叩SSionmehtx:rShominthele氏ofRg･8,Whose印mgCOt)StantKlisglVen

byEq.(23),andthebudklingconditionisgivenasb皿ows:

g=(1+ち+‥･+㌔)句-(ち+ち+‥･+ち)

WherewisgivenbyEq.(3).

刑期如r1
2 ェ 乃-1 乃

†～+～⊥
ア ヤ2アヤげ中一1ヤア

上t2タtげ･仁一1九タ
Fig.7ReplacedM∝1elwithAddi也OnalSprings

〝ぽ〝めgrJ

†､+～⊥

▲T

棚刑みぞri

(24)

Fig.8Isola億dMe血bersla血=
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3.ResdtsofAnalysisandDiscussion

Figtms9,10andllshowsexamPlesofparallelly-bracedcompre$Sionmembersnumericallyanalyzed,

whichdealwiththecaseofn=2,n=3,andn=3,5andlO,reSpeCtively.htensityofaxial10adisidendcalineach

mehberinthecaseofexampleswithoddnnmber,WhilethevalueofElisidenticalinthecaseofexaq)1eswith

evennumbeL

㌣
①【花=2;ち=1;ら=1】

②【乃=2;ち=1;ち=0]

r r

t t
(卦【乃=2;∫2=1;ら/∫2=2】

r r･5P

r -r

t t
(封乃=2;ち=1;ら/∫2=3】

t 十｡.5タ lタ
④【乃=2;f2=1;.ち/ち=2】⑥【几=2;ち=1;ち/∫2=2】

Fig.9NumericalExamples(n=2)

t t 上

r f r

lタ t t
⑦【乃=3;ち=ムち/∫2=2;ち/∫3=3】⑨【乃=3;∫f=力ち/∫2=3;ち/∫3=5】

⑧【托=3;fi=い2/∫2=2;f3/∫3=3]

r
且r

0.33fl

j汀

0.2ク

且r

ノ

g

0.2♪t 0.33♪

㊥【乃=3;ち=力ら/∫2=3;f3/∫3=5】

Fig.10NumericalExamples(n=3)
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ResultsofntmericalcomputadonofthebucklingstrengthofexamPlesareshowninngs･12through17,

wherethevaluesofthebucklingloadparameterち,areplo眠dagainstthevaluesofthenon-dimensionalsprmg

constantk.Figtm12showsthee飴CtSOf10adraLiosiands虚血IeSSratiodonちrkcurvesfbrn=2･Figures13and

14showthee脆ctsoftheradotれ皿ろ,･kctmesbrn=2andn=3,reSpeC仕vely.TheseFigure$alsoshowthe

resultsofasinglememberbracedatthecenterfbrcomparison,fbrwhichthevalueofklistakenforabscissa･

Figures15and16compa托Sち,･kctmesdbtainedbyexact(thickline$)andapproxim批(鵬nlines)analyses伽rn

=2andn=3,re$peCtively.Figtm17showsd)eChangeOfち,･kctlrVeSWiththechangeinthevalueofn,COmpanng

exactandapproxinatestrengths･NumbersofexanPlesappeanngintheseFigtlreSCOrre叩OndtothoseinFigs･9

也mugbll.

⑯【〃=10;有〒1】
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■■■■■■■■■■■■■■■

r†
且r

上

P†
j汀

h

ア†
且r

t

P

且r

t

†タl
且r

0.75f10.25fI

広一且r

ン
g

十｡.75P｡.25P0.25P 十｡.5P十｡.75P 上
⑭【乃=10;Jf=11

F短.11Nume出血Exa江Iples(乃=3,5,10)
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hgeneral,thevalueofち,increaseswiththeincreaseink,butitbecomesequaltonfbrklargerthana

certainvalue,andthebucklingmodebecomesone-Sinewaveatthisstage,WithoutcauslngreaCtionfbrceinthe

spnng.Ifthevalueofkisthesame,thesystemwithsm姐ersiandbTgertiShowslargerValueofろTJtisobserved

如mFigs.13and14thatthereexistsacertainvalueofkatwhichthevaheofちroftwosystemswithidentical

valueof的bemsnearlyequal,andddsisalsotleadyequaltothevalueofZi,Ofashglem血Itisdbserved
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Fig.12EffectsofLoadRatio

andStifhessRa也0(n=2)

(a)ら/∫2=2､f3/∫3=3

①singlemeⅡ血訂
⑧∫2=0･5;∫3=0･33;ら=ち=1
⑦∫2=∫3=1;ち=2;f3=3

1.0 1.5 2.0

Zcr
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0.5 1.0 1.5 2.0

Fig.14Comparisonofち,-kC∬VeS:抽=COnSt･(n=3)
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如mFigs･15and16thattheapproxiwsblutionshows鮎dyg00dacctmcy;andgivesconse"abees血眼蛤to

theewtsolution.AccuracysemtobecomeworsewidldleincreaBeink,andworseinthecaseofsi=1thaninthe

caseoftL=1･Acctmcyisst山verygoodwhenthenumberofcompressi皿m血Snincrei&StOlOasshoⅥlin

Fig.17,Wherethemaximumerroris曲Otltl･2%inthecaseofsi=1,andO･8%inthecaseofち=1･

4.ConclⅦSions

i)hactbucklingcondidonぬrasystemofparalle皿y･braced00mpreSSionm血S庇a庇畑inthissh)dyisgivenin

averysimplefbrm,Eq.(14),regardlessofthetl血Of00m匹eSSionmembcqs･

ii)Anapproximatemethodhasbeenpr叩OSedtoevaluatethebucklingstrengthofasystemofparallelly-braad

comp柁SSionm血S,Whichbrakesdownthegivensys拇mtOanequivalentsinglecompressionmemberbracedat

thecenterbyaspnng,WhosespnngconstantisglVenbyafuncdonofthe叩nngC皿Stant･Ioadrabandstifhess

ratioofdlegivensystem.

叫)Acctmyhastx:enteStedthroughntmericalcomputadonofseveralexample$Ofthesystemofpara11elly血d

compressiotlmembers,andverined飴idygood;them血numerrorcompamgwiththeexACtSOlu仕onofaneX-

ampleconsis血goflOcomp托SSionmembersisaboutl･2%intheciLSeOfidendcalloadrab･andO･8%indleCaSe

ofiden也C血sti飴IeSS血0.

･ろr

0 0.5 1.0 1.5 2.0
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Fig.16ComparisonofExactandApproximate
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