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ABSIRACr

IncaseoftherEalizationofscissors-typeeq<pandablestruch1respneofthemost

importantprOblen喝isconcemedwiththemtionalmethodofeqKpandingandmcking．
'nmspaperdescribesanewtypeofeq【pand2UestructuｴGwhichconsistsofthree-lmnged
archscissorsandzigzagneqdblecablesthrol唱hpulleyswiththem・Thechangjl堰fbrm
structuｪｅｉｓｃｏｎｔｍｌｌｅｄｏｎｌｙｂｙｗｉｎｄｉｎｇｕｐｏｒbadftoolslikeawindl,andaspecialstable
trussaｪ℃hwithoutchoxdsisalwaysgainedduringthedperationbecausethecableis
eHectiveagaiI鱈ttensicm1fbrceundergravityloa｡．
'Ihecontentsofthispeperarｅ(1)Basicideaofconsrtuction,②Trialconstructionof
Span5-ma)sbeelamhandb)woodendome,and③Ａ､副yticalmodelfbrthestructuml
gt2ti＝

1.nWTRODUCIION

Thechangingfbrmstructuｴeproposedinthispaperisconoemedwithanamhtypeandit
basicallycomeshomscissorsmechanism・AneqdblehramefbrdryingdoUlesaswEllasan
eg9pandablegate,aｪｅｗＧｌｌｋｎｏｗｎｅｑ[amplesofsimplescisso【sstructuresinourliving
eqUipment.'nleeQ【pandablewallinMongoliantraditionalhouses，Yurtiscalled，KhanaP
G画egrel979)whichhassamesqssorsstructuｴｅｌｉｋｅａｓ，Gxidshelr(Otto,1974)．Itis
saidtl過tthemodemstudyonsqssors-typechaｴ壇ingformstmCtu唾swasinitiatedby
PinemwhopmposedatransPortablepaEkedauditoriuｍＧｉｎｅｍ,1962)．Studiesonthe
structumlsystemのscrig,1985),thegeometｴicalcompatibilityconditions(PuertasDel
RiO,1991),structuralanalysis①scrigandValcarcel,19860andtheideasfbrthe
stabilizationqRosenfddandLogcher’1988）havebeendevelOpedsincetlEt・
How巳verbscissoｪs-typechangingibrmstmctureshavenctbeensopopularuntiltod2y･It
migjltbetheｴEasonwhythereaｴenogoodideasabout(1)arationalmethodof理panding
androckingqKwanandothers,1993)and②animpxovEmentoftheloweHiciencycaused
bythebendingsysteminonlyscisso［ｓtype:rhere叩on,theauthorproposedanewtypeof
ea【pandableaｴchscissorsstructuｴeqKpkawaandWatanabe,1994a）whichfndsouta
solutiontotheseprOblenEatthesametime．

2RASICIDEA

ＡｓｓｈｏｗｎｉｎＦＹｇ､1,twolinkingscissorsaｴ℃hstructuxesar巳ＣＯ､副stedofscissoxs
unitsGYg､2),andsetUedonaneargmund・Andthen,azi唾agmeqdblecablepassesthrough
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thepulleyswhichaｴEinstalledatthecoImectionpointsbetweenthescissozsunits,as
showninHg3・Duringwindingupthecablebyawind１，thes位uctuxeisgoingtoe醜ｐａｎｄ
ａｎｄｂｅｉｂｍｅｄｔｏｌｉｆｔｕｐａｓａｒｅｓｕｌt,asshowninFYgl・Ontheothersideitwillbe
shorteuiedandgodownbyitssdf-wEightduｴingthewindingback・Abigcabletension
fbmem2ybeneedeｄｉｎｏｴdertoliftupanddoWnthestructurewhichisinanearground・
ThesolutionofthiSpmblemmaybefbundoutbytheideasthatapneunEticmembrane
isusedaSnotonlyarocfngmaterialbutalsOasupplementalinstrumentforliftingupand
downatthelowEstlocaticn､Theweightcfthestructurewillbeinequilibriumwitha
compzEssioninthestrutandatensicninthecable,thmughthewholeopemtion､Ａｓａ
ｔｅｎｓｉｏｎｉｂｍｅａｌｗａｗｓｗｏｄＫｓｉｎｔｈｅｃｚ山leowingtotheeqdstensecfgmvity,tlmscabIe
sqssoｴsstructuｴEwillbestableallthetime・Itmi血beconside[Eｄａｓａｋｉｎdoftmss
whichxEsistsmainlyaxialfbmesbalthoughitdoesnPthavethechoIds,The[EfbｪEｩthis
structurel画ｓｆａｒｔｈｅｂｅｔｶermechanicale伍ciencyinthepointsofstｪＥｎｇＵｌａｎｄ

Cｈ

Pｉ

Fig.１Basicidea

Pinjo

Fig.２Scissorsunit Fig.３CablearTangement
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rigidity,comparedwithscissorsstructureswithoutcable.ＡJthoughthelengthratioofa
sclssoｪsunitぅa/b,isconsideredtobeconstantinthewholestructurehere,itisnotso
difficllttomakeafreelycurvedamh-likestructurebychanginga/beveryunit・
Afterall,itispossibletogiveacontinuouschangeofarch-typescissolBstructureswhich
arealwaysstablestatistically》byonlywindingupandbackacable･Furthermore,itis
possibletoconstructthearchａｎｄｄｏｍｅｗｉｌｈａｄｅｓｉｇｎｅｄｆｂｒｍｂｙｏｎｌｙprovidingacable
tension,aftersettingitatanearground・Ａｓｔｈｉｓｍｅｔｈｏｄｉｓｅａｓｙ,simpleandsafe,its
constructionperiodwillbedrasticaUyshort．

3.ＣＯＮＳ'IRUCTION'1ＥＳＴ

3.1SteelArchModel

Fig.４showstwostagesofsituationsduｴｉｎｇｌｉｆｔｉｎｇｕｐａｓｐａｎ５､3mamh-typecable
scissoｴs・Fig5showsthediagram曲outthistest､Thisstructureusessixdifferenttypeof
membe露Ａ,Ｂ,Ｃ,Ｄ,Ｅ,FwhichIespectivenumbersare20,20,2,2,2,2．Thesemembersare
made丘omchannelsteel([-200.50.4.5,[-250.50.4.5),natb虹伍.B､-38.4.5),andFig.６shows

thedetailofmemberAandBasexamples・Aseveryunithassamelengtha(=235ｍｍ）
andｂ(=213ｍｍ）inthismodel,soeachlinkingscissorsstructurebecomesaparti21
circulararch・ThebothendsofthisstructuｪearephmedsUpportedbyasteemttingona

circularR.C､fbundationringwith53mbasediameter,2mdthecenterpointisahinged
connectiontomemberE,F､ZigzagneqdblecablesWithnomialdiameterd2,虹epassed
throu血pulleyswhiCh2ueinstalledatthebothsideconnectionpointsbetweenscissors
units,asshowninFig､7.Firstof211,aninyestigationontheunstableorderofthestmcture
withoutcablesisasfbuows．

ｎ＝４，ｓ＝88,ｒ＝40,ｋ＝67,ｗｈｅｒｅｎ，ｓ，ｒａｎｄｋａｴerespectivenumberof工eaction
elements,members,rigidlyconnectedmembersandjoints・Substitutingtheseintoits
discriminant，
ｍ＝n十s＋r-2k＝4＋88＋40-2.67＝－２＜O

Thisequationmeansthestmcturewiihoutcableshasasecondinstabilityorder,andit
willbepossibletochangeafbrmofthestmcturewithrigidbodymodetomtheeadier
statewithoutanarbitaｪystrainenergy・ＣＯ江eSpondingtothemovementofonepo城the
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Fig.４Liftingup
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Fig.８Ｔ~Ｈ(steelarch）

Fig.５Diagramofconstructiontest
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Fig.７PulleyandzigzagcabIe
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otherpointswillbeExeduniquely・Ｉｎｏｒｄｅｒｔｏｋｅｅｐｔｈｅｓｙｍｍｅｔｒｙｏｆｔｈｅｕnstable
structureaslongaspossibleduringthemovementｼthecentrepointshavetomovealmost
verticauy・Thereupon,eachcablestartsatthecentｪepomtandzigz2gpassesthrough
pulleystoeachend,andthenconnectstoawinchthatisinst2medonanotherR.C・
fbundatioming,asshowninFi、5.Owingtothismelhod,aseachlengthvariationofcable
dmngwindingupandbackisalmostsame,thecentrepointwillbecons世ained
horizontally(thatistosay)thisstructurebecomesEｴstorderunstablestructure)andmove
onlyvertically・

Fig.８showsaneXperhnentalrelalionbetweenthewinchtensionfbICe:Tandthecentml
height:Ｈ,ｗｈｅｒｅＴａｎｄＨａｒｅｅｘｐｌａｉｎｅｉｎＦｉ9.5.IndlistestjHvaries丘oｍｌ５０ｃｍｔｏ２５０
ｃｍａｎｄａｌａｔｅｒａｌｄｅｆｂｎｎationoccuredbecauseofthelowhorizontalbendingrigidityat
smallH・Ｓｏ,akindofstaywasconnectedtothecentralpointFromthisresult,(1)T
decreases,whenHincreases,(2)Tduringwindingup,exceedｓＴｄｕｒｉｎｇｗｉｎｄｉｎｇｂａｃｋａｔ
ｔｈｅｓａｍｅＨ.(1)canbeunderstoodqualitativelytomihethrustreactionin虹chstatics
underuniibrmloadasshownfbuowingequation(1)．

Rs=砦……………………………………………………………………………………………(,）
WheI泡Ｒｓ》WTandListhrustibrce,totalweightofthestructureandspan、Inthistes哩

T(kg）
２５０

○

vaIue

Ｈ０
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ｔｉｍｅｓＲｓｃｏ重espondstoatheoretic2JIwinchtension:Ｔｓ,andsubstitutingWr＝2223
kgL=530cmintoeq.(1)，

E=竿一一一J-……………………－－－…………･…………………………②
Substituti1igH=175cm,200cmand225cmintoeq.②,Tsbecomesl68kg,14』7kgandl31kg
respectively・TheseTsarelocatedbetweenthebotｈｅ菰peｴimentalwinchfomesatthe
windingUｐａｎｄｂａｃｋ,andall'1h/Tもareintherangefrom１．１８ｔｏ1.24,where唾meansthe
averagevalueatthewindingupandbackoTbmightbeconsideredasthewinchfbrceif
thereisnoftictioninthepulley．

3.2WoodenDomeModel

Awoodencablescissorsdomestructureconsistsofsamesixwoodencablescissors

archesarrangedinaradialmanner丘omthecentre・Ｅａｃｈａｒｃｈｕｎｉｔｉｓａｌｍｏｓｔｏｆｓａｍｅ
ｔｙｐｅasthesteelonepredescribedat3､1．Anexperimentalresultconcemedwiththe
relationbetweenwinchtensionfbrce：Ｔａｎｄｒｉｓｅｉｎｄｏｍｅ:Ｈ,ｉｓｓｈｏｗｎｉｎＦｉｇ,9．Total

weightofthisdome:ＷＤ＝１１０ｋｇ,therefbretheoreticaltot21winchtensionfbrce:TD
becomesl4575/HwhichisbetweenthebothexDerimentalwinchfbrces・Fig.１０shows
threestagesduringliftingupanｄｄｏｗｎｏｆｔｈｅｄｏｍｅｗｉｔｈｂａｓｅｄｉａｍｅｔｅｒ５．３ｍ．

蕊鍵

i識識鍵

T(kg）

２５０

略1ｍ
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Fig.９Ｔ－Ｈ(woodendome）

２５０

H(c、）

Fig.１０Liftingup(woodendome）
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4.1砥IHODSOFSTRUCrURALANALYSIS

4o1Fian迫Model

F19.11showsatypicalstrutofscissorsunitdmwnwiththexEallinebFbmesＦｋａｎｄＦｉｆ,as
wdlasco[rESpondingdisplapem画]tsUandV》eqdstatnodesijandkm]gyhavepositive
dizGctionsasshowninthenguZeandlocalcooZdinabesareused・ThestruteI罰entis
assumedtohaveacomprcssiveわmeandaunifb[mneqmmlstifhessEIanda]dalstiffhess

EAovem9itslength・ThederivationofstifhessmatrbKfbrthestrutisbaseduponthethe
eqzactsolutioncfbucklingequationfbrthebeamelen渥ntconcemedwithbendingandthe
appmodmateeq〔pｴessionfbrthetmsselementconcemedwithcompression,asdescribedat
theP[EviousPape[qQDkaw圏andWatanab目1994b）.ThesnfmesseqUationis，

{F}＝閲{△｝・…･………．．……･…･……………･…．.…･…･…･･…．．……………………………･……･………6…③

WheZ巳伍}Ｔ＝(F諭,恥,Fbq,耐,E9‘,恥）：nodalfomesvecto鴎｛△}Ｔ＝(Ui,Vi,ＵＩ,V1,Uk,Ⅷ：
nodaldiSplaoementsvectoZ》閲：stimmessmatzi鶏閲=血J+脇],[1国：Linearterm，
['@J：nonlinearte[m,閲,ロ、,脇]：６×６symmetrymat[由り低J,脇]isasfbllowsb
ｴEspectively．

Ｆ－

Ｌ

刀(fimctionof

Ontheotherside,theozdmaxylinearequationibrthepin-jOmtedtrussmemberisused

う0６
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whe[ｅ恥恥acoI”gEssionfbmeinmembaofi-jj-klxESpectivelyand
Nj恥)韮trcatedasnneartemEinthisnumezicalam"sis．
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Ｉｎｏｴdertodrastically唾ducethenumberofirCedom(10→2）ｐｅｒｏｎｅｕｎｉｔｆｂｒｔｈｅ
ｓｍｐｔｕｴalanahﾉsis,anequivalentsprix堰modelissuggestedasshowninFXg､12.The
mtationalspring：

Ｋ、isdemedasfbnows・ＲＢｆｅｴi昭toFYg､1ａ

Ｋ’=雫………………･…･……………………………･……………･…･………(4)

hereasthestifmessequationfbrthetensioncable・EaEhsufh]essmatrbKinloCal
cooZdinabeistmnsfbrmedintoanovemllrEfe[巳ncecooZdimbebyemployingeach

transfbnmtionmatｴ趣,andthensupe面mposedtoyieldthetotalstructurestifmessmatrixb
Newton-R2phscntedmiqUeisadoptedbasicallyinordertogetthenumericalsolutionof
thetotalsufhlesseqUations．
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Fig.１１Ｎ◎daIfoにesanddisp・ｏｆａｓｔｒｕｔＦｉｇ,１２FramemodeI-＞SpringmodeI

４２SpringModel
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nlea｡dalSpZing:Ksisderived,rEferingtoFig､14.

Ks=0.5/q』/恒A(Sine］cose]tan8が)+I凸/⑱A(sine2+cos82tan8】)2)
＋2Lけ⑱IＡＴ(tane1＋tanej2)･････…･…･･･････････････……････…･･……･……．｡…･……．．････……･…･･･…⑤

Andthen,thebasicequatioｴ喝ofthespringstructureshowninFi9.15,isderived仕omthe
p嵐ncipalofnmmumpotentialene[gy･Thepotentialene［ｇｙ:IIinthiscase】s甑pressed
asfbllows．

ｎ ｎ

ｎ＝0.5ZKslSio＋0.5異K‘!(α'一α‘-]))｡--急BVI+入,uh“…………･………⑥に］

Ｗhe［巳Ｓ,α1,ＵＩａｎｄＶｉａｴEaxial,angulardistortionatiSpringmembe[》horizontaland
verticaldiSplacementatipcintｳrESpectively・池isaLagmngelsundetenninedmultipmer・

n

Ui,｡】＝畠((li+Si)cCs(8i＋αi)--llcos6‘)(=O;boundaｴyoonditi･ｍＯ
．］

Vi-05(言(11+S1)sin(６，+α,)-2(１１+S!)Sin(61+ａ!)）
ｎ

ｊ■B

14eiarethelength,theinclinationangleofispｴingmemberbefbｴeloadingrespectively，
BasicequationsarederivedbythestationaryconditionsconcemedｗｉｔｈＳ,αi(i=1～､）

andスルAndtheseequationsaｪesolvednume[icallybyNewton--Raphsontechnique．

①

画

便〕

シ､、⑧
CＤ

Q〕：Numberofcross-pc

⑫'為§

Fig.１５SpringmOdeIofcablescissOrsarch

４３Ｅ砿ampleofN1uneｴicalAnalysis

⑲

恥.１６showsamodelfbranalysis・ApplyingtoEq.(4),⑤,Ｋ０ｉ=2499t９cm/t圏｡,Ｋｓ=20.12
t/tm

FYgl7showsboththenumericalrEsultsconcemingv巳rticaldisplacementsandthe
aqdalfDmesFromthesecomparisons,itisshownthatthesuggestedSpringmodelgjvesa
highappmqdmatesolutionofhamemodeL
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Fig.１６ModeIfornumericalexampIe
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5.CONCLUSION

Trialconstructiontestｓｏｆａｓｔｅｅｌａｍｈａｎｄａｗｏｏｄｅｎｄｏｍｅｗｉｔｈ５．３mspan,ｗｅ[ecamed
outbasedonasimpleideaaboutchan甑ngfbrmstructures,andwegofahopefUlmgj]tof
thismeUmod・Ｆ１』rthermoｴe,thepossibilityofaspringmodelwaｓｓｈｏｗｎａｓａｎａｐｐｍｑｄｎｎｔｅ
ａｐｐｍａｃｈｏfthestatics．
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