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Intl･odtlCtion

llltlllSPaPe工a Seml-analytlCalmetllOd is
developedtostudytheln-PhllegCOmetllCaland
matellalllOlll上nearityoLllOnPllSmatlCELIClleSOL
anyshapedThemcl･emelltaldlffelentlalequat1011S
ofan alCh ale translated into tlle integral

equations,and by applying tlle aPPrOXlmate
solutlOn Ol llltegral eqllat10n Sem1-analytical
solutlOllSOftheollglnaldiffelelltialeqllatiollS
aleObtailled.Thesolut1011ShavedlSCretetype

expl･eSS10nSCOllCemedwithtileequallyspaced
poilltSOfalChaxュs ThemetllOdisappliedtothe
analystsOfstablllty limitIon(1S,illelastlCand
elastlCbifuICatlOnbtlCkllngloadsoftwolllnge(I.

palat)01lCandclrCularalClleSWitllPIPeSection,
bycollSidellngtheeffectsofillitlaldisplacement
alldl･eSlduELIstleSS

BasicEquation

ThelnCrementELldlfEcrclltlalequationswhich

analyzethegeollletricalELlldlllaterialnonlilleality
ofal･CheswltllELllySllaPCCanbederivedfromthe
eq11111briullleqllatlOllS Ofthe defolmCd alCll
element.IllCasetllattlleloadletalnSItsOllglllal
dllCCtiollllkcthedead,loadofallalCllblidge,

tllebasicequatiollSfol.tlleillCrelnelltalloads∠JP,

AqallCIAmaledelivedasfollows

dAQ/ds+AN/R+N･dAO/ds

-q･AO+(Al,+Ape)-0 ･ (1･a)

dAN/ds-AQ/R-Q･dAO/ds

+ かAO+(Aq+Ago)-0 ･ -(1･b)

dAM/ds-AQ-Q･Aco-(Am+Awto)-0.(1･C)

AN-PEAIACo+γE7/L･AK - -(1･d)

γ-中 ydA/EI

A♪D-AN･dAe/ds-AqAO+(1,+Ai,)

･(cosAO-1)-(q+Aq)(sinAO-AO)

Aq0--AQ･dAO/ds+ApAO+(i,+Aタ)

･(sill∠】0-AO)+(q+∠lq)(cosAO-1)

Amo-AQAeD

Semi-analyticalSolutionof
lncrelnCntalEquations

Fol･the convenience of mlmerlCalyolks,
followmgnOndimellSIOllalvariablesalelllt10dt l C l

ed

xl=-L乞AO/EIo.X2--I.BAN/EZo,

x5--LAM/EZo,X4-AO,X5- ∠Lze;/i,

XO-Ale/L,ワニS/i

By l､SlllgthellOndlmellSIOnalvariablesXム･
thedlfEerelltlalequat1011S (1･a)-(l･f)atele-
al工allgedtogetllelaSfollows･

7
dXJdv-∑Gck･Xた (i-1-6,X7-1)････(2)〟-1

Thc selnianalytlCa･lsolutlOllS Ofdlffelelltlal
equations(2)collCelnlngwiththedlSCletePOint
甘WhichlSOlleOltlleequallyspacedpointson
alChaxisshownlnFlg.1al'CglVenby

7
xii-∑dL,.i･X,.o (i=1-m,X70=1),-A(3)

7上=l

wllele
1 7

d8,.i-8,ル+ ∑ ∑PUG糊 d加｡, d77'1-81'7
5-0た=1

Pt,-αり/24〝8.8'ル:I(10neClくCrdelta

αり･Weightcocfhcientof1-unlelicalinteg上a-

tloll

Fig.IDISCIetePDilltSOllalChaxュs

Numel･icalResults

234=;lA-ua/:1sliAA三/-RYFI/iIAco I:.'(11llef了 l'FiglCfc:snLSjt三.itsvosna芸 ;pa:: iI: tl?eXPcCal.icl:le:teal

whe工e StabilitylllllltloadswltlltlleeXPellmelltal工eSults
whichwereobtainedbyShlnke.ZtuandNamlta

AK-dAO/ds-/lcDIR･ Aco二dAw/dsA u/R ThecalculatedleSltltsfl･0111thepIOl'OSe'tsemi一
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Flg,2 A compleSSion betweell CXPCllmClltal
lCSultsandtheoletlCalolleS.

lthasbeenmadesul･ethatthesemi-analytical

solutlOnS (3)collVCIgCSatisfactollly bysettlng

21equallyspacedpoilltS011tllearCllaXIS
(2) In-planeI.oadCarryingCal,aCityof2-hinged

ArcllWitllPipeSection
'rheloEtd-deflectlOnCulVeShavebeencalcttlat-

edforpalabollCan(lc11･Culal･alChcsfromthesemi-

analytlCalsolutioll(3),alldthe工CS.-ItsaleShown
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Fig,3 Load-dcLIcctiollCulVeS

theparabolicalClllSStleSSedillPuleCOmPreSSioll
alldtllenOllll11eal⊥tybetweenloadal-adeflec-
tionisnot工eCOgnlZedbeforeItselasticblfurca-

tlOnbuclillng. Ontheotherhalld,tlleCirculal
alCh lSStressed illCOmblned compieSSiolland
bending.andlnClastlCblfurcatiollbuckllngOCCtllS.

whe上li,JPISeqtlal tozero WllenI,t/PISnot
equaltozelO,bothalChesaleStleSSed111COm-
bllledcompleSSIOnandbelldlllg,ELlldtlleyleach
tlleillelasticullStablestate accoldlllg tO tile

illFlg.3.WhelltllelatlO少l/PISeqtlaltozelO, 1nCl.easingoftheload




