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lntroductioll

llltillsPaPClaSemlallalytlCalmethodlSdevel一
〇ped to study theln-I)1allegeOlnetllCrLlllOn-
1lnealltyOfnollPlislnatlCaICheswithanysll叩e
TllelnCl'emcntaldiffelelltlaleqllationsofalCh
EueBISttranslated111tOthelnteglalequations
an(Iby applylllgtlleaPP10XlmateSOlutlOnOf
lllteglalequat1011,SemlanalyticalsolutioIIS Of
theollglllaldlfferelltlaleql一atlOllSareObtained.

The solut101-Shave discletetype eXPleSSIOnS
concelnlngwiththeequallyspacedpolntSOn
atchaxis.Themethodisappliedtotlleanalysis
ofstabllltylil-l上tloadsandelastlCbifurcation
bucl∈1ingloadsofI)alabollC,Catenaly,CilCulal
andcycloldalELrClleS

BasicEquation

Theinclementaldlffcl.ClltlalequationsWhicll
allalyze thegcometl.1CalnonllnCal.ity ofllOn-
pllSmatlCalClleSWithanyshapecanbcdellVe(I
hom theequltlbllu111equationsoftiledcfolme(1
arcllelemellt IlltlleCasethattheloadlCtalnS

ItsOrlglnaldlreCtlOlllikedeadloadofllbalCh
blldge,thebasICeqllat10nSfo上thelnCremCntal
loa(ls∠lp,AqandJ】maledellVedasfollows.

dAQ/ds+AN/R+N･dAO/ds

-q･AO十Ap+∠松0-0 - (1a)

dAN/ds-AQ/R-Q.dAO/ds

+p･AO+Aq+Ago-0 ･ ･.(lb)

dAM/ds-AQ-Q･∠k-Am-Am0-0-.･.(1C)

AM--EZ･dAO/ds -(1d)

AN-EAIAe-EA･(dAw/ds-Au/R)--･.(1c)

AO-dan/ds+Aw/R - .(1f)

TheloadcolleCtlOnfactoISApe,Age andAmo

aleglVellbyfollowlllgequations

ApO-AN.dAOlds-Aq.AO+(p+Ap)

･(cos∠】0-1)-(q+Aq)(sill∠】0-A0)

Aq0--AQ.dAQ/ds+Ap･AO+(p+∠lp)

･(shAO-AO)+(q+Aq)(cos∠】0-1)

Amo=AQ･Ac

IntileEqs(1.a)～(1i),QalldN atetllelllitlal
stressesfortheinltlalloadsp,qandナn,and/】Q,
AN,AM,AO,AtV,AuandACaretlleIncrements

ofsheallngloICeQ,1101malforceN.belldlng
molllentM.deflectiollangle8,tallgentlal〔 lis-

placemelltW,1-01mal(llSplacemellt uandaxial
straille.

DiscrcteGellCl.alSolution

Fol tlle COllVeniellCe Of llumellCalwolks,

followll一gnOlldilllellSlDllalvarlablesareilltIO(luc-
ed

X1--L2AQ/EIo.X2--LEAN/lUo,

x8ニーLAM/EIo.X一-AO,X5-AW/L.

XG-Au/L,17-S/I

wllelel▲L,EIoandEAoalethelellgthofarcll

axュs,SPanOfalCll,Stan(lalClflexulalandaxlal
1lgldltleS

I3y -JSlllgtllellOndlmenSionalvallablesXb,
thedlfEelelltlalEqs (Ida)-(1∫)areleallange(l
togethelaSfollows

7
dXJd77-∑ G Eh･Xk,(i-1-6,X7-1)･〉1

(2)

The semlanalytlCalsolutions ofdlfferelltlal

Eq (2)collCernlngWitlltllediscretePOtllti
wlllClllSOneOftileequauySPaCedpo111tSOn
alCllaxュsShowni1-Flg 1aleglVenby

7
xLi-∑dL,,i.X,,0,(甘-1-m,XIO-1)-(3)

71=三l

wllele
i 7

dc"i- 3''L+∑∑PtJ･GLkJ･んり,
}-Ok=1

βり-αり/24m, 8′川.I(1011eCkeldelta.
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Fig.1 DISCletePOllltSaloIlgaIChaxIS･

Tablc1 WelglltCOefrlCientaり.
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Fig･2 FixedsllallowalCh CeIltlaHoad-dcflec-
tlO11.
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Fig･3 I.o a°-deflcctiolllelatlOll01a cilCulal
alChwithillltlalmperfect10n.

ThewelglltCOefficielltailOfllunlerlCalintcgla-
tlOnaleglVellm Table1foュthecaseofusll一g
SlmPSOll'sIule･
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Fig.4 131fulCat1011bllCkllngloadof2-llmged
and丘Xe(1archesdeckload,

NllmCrica】Results

(1) Compalison with Existing Analyticaland
ExperimentalIIIVeStigations

Flg 2showstheload-dcflectionlelation of
a点ⅩeClsllallowal･ChwlllChaccel)tSaCOnCentlated
loadPatthealChclown.Thecalculatedvalues

agreewellwlthCollWaySallELlytlCalrestlltsallCt
Gjelsvlk'sexperimelltal restllts NollleallSthe
llOlmalfoICeatthealChcrown.

(2) EffectsofInitialI)isplaccmcnts toLoad-
DcnectionRelations

Theload-deflectionlelatiollSOfcirculalarches

withinltlaldisplacementsaleShown illFIE 3
TheinitialnolnlaldlSPlacementsaresupposedto
besll一1一SOidalasu/L-βsln2m7･ Thepalametel-
eisthelatlOOfmaxlmum nOlmaldlSPlacement
toalChspanL.
(3) BiftlrCation Buclく1ing I.oads of 2-hiIlged

alldFixedAl･ches

TheelasticbifulCationbLICkl111gloadsof2-

hlngedalldflXedalCheswlthpalabollC.Catellaly.
CilCulalandcycloidalax上saleShowl1inFig･4･
ThenumbelSlnFlg 4alethelat10SOfstlaln

enelgybyI)el-(llng1-101-1ellttOtlleWholestlalll
enelgy･TlleSeShowtllattheCfEcctsofI)ending
lnOmentCallnotbeneglectedexcept王orthecase

ofpureaxialcol-1PleSSion




