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ＴｈｅgeneralbucklingbehaviorsofCylindricalReticulatedShellRoofS

(C､Ｒ､S,Ｒ,)areconsiderablyinHuencedbythereticularpattem，shellgeometry，
boundaryconditionandloaddistribution・Tograspthegeneralbucklingbehaviors

ofC.Ｒ､Ｓ､Ｒ・undcrtheseitems,amethodofapproximateanalysisisdevelopedby
treatingthemascontinuumstructures･Bascdonthismethod，thegeneralbuckling
behaviorsofisotropicC.Ｒ､Ｓ､Ｒ・areinvestigatednumericallyundervariousshell
geometries,generatorboundaries，symmetricalorunsymmctricalnormalloadwith

respecttothecentraIgenerator，incomparisonwiththeclassicalbucklingloadof
theclosedCylindersubiectedtoaunimormlynormalload．

I・ＩＮＴＲＯＤＵＣＴＩＯＮ

Singlelayerreticulatedshellsmadeoflightweightshapesorpipesareeasilyap‐
plicableinconstruction・Ontheotherhand,theyhaveademectagainstthegeneralinstability
becauseoflowbendingrigidity,Therefbre,itisimportanttoconfirmsafletyagainstgeneral
buckling1,2)．However,thereisscarcelyanyinfblrmationforthegeneralbucklingofboth
reticulatedandmonocoquecylindricalshellroofsincontrasttothelargenumberoffruitfnl
resultsfortheclosedcylinder3,‘l).ＴｈｅgeneralbucklingbehaviorsofCylindricalReticulated
ShellRoofls(C､Ｒ､S､Ｒ､)fbrmedfi･omanassemblyoftriangulargridscomposedoflongitudi‐

nalanddiagonalmembersarecoqsiderablyinHuencedbythemechanicalpropertiesofa
reticularelement,shellgeometry,boundaryconditionandloaddistribution、

Thepurposeofthisstudyistomakecleartheoreticallythegeneralbucklingbehaviors
C.Ｒ､Ｓ,Ｒ・basedoncontinuoustreatment,payingattentiontotheabovefouritems，Asa
linkinthechainofstudy,thispapercontainsthefbllowing．
(1)Anapproximateanalyticalmethodofderivingthegeometricallynonlinearbasic
equationswhichgovernthegeneralbucklingphenomenaofC.Ｒ､S､Ｒ､suhjectedtonormal
loadisdevelopedundertheboundaryconditionsthａｔｔｈｅｔｗｏｅｎｄｓｏｆｔｈｅｓｔｒｕｃｔｕｒｅａｒｅ

ｓimplysupportedandthetwogeneratoredgesarearbitrary．
(2)Baseduponthismethod,thegeneralbucklingbehaviorsofisotropicCR.S､Ｒ,are
investigatednumericallyundervariousshellgeometries，generatorboundaryconditions，
symmetricalorunsymmetricalloadwithrespecttothecentralgenerator，incomparison
withtheclassicalbucklingloadoftheclosedcylinder．
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NonlinearbasicequationsofC.Ｒ､Ｓ､Ｒ・ｓｈｏｗｎｉｎＦｉｇ．ｌ，ａｒｅgivenbythefbllowing
equations:5）
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CompatibilityEquation：

Ｆ…＋(Sin型ふ塾a2cot‘α)〃+(｡｡緋α+太)〃"=-似〃′
＋β2(〃'･２－〃''〃.．）（1a）

EquilibriumEquation：

封"…+6cot塾α州斗Icot蝋α+余)βw""}=総〃+4(r）
＋β2(F･･〃''＋Ｆ'Ｗ･･－２F'Ｗ'･）（1b）

Wh"｡"=券F=＊,…sfim.…=些上R’｡,β=多‘順一馬,si。．Ｒｒハ

，………塾……cm…=諾へ/丁γ赤助=麦酒＝
寿凧L(卿…gese…,a…｡ment｡『…p…W…d…L
longitudinalmember,Ｅ：Young，smodulusofmembers,４(Y)＝４＋４．G(Y),４

=淵蝋4鰯=蓋(吾)‘,G(y)=|_{這:x=芸,'=会昨芳,＝会
MemberibrcesanddeflectionsinX,Ydirectionarerepresentedbyusinｇ凧Ｅ

脇=箸(糸F''千cos墓､α"),肌=等ｆｃ･ｔｗ,+F"〕

鵬=-6淵‘α(β,cos2α",土βsin2α”+sinza附

肱--3強静α〃Ｗ=差(F"-c･t‘α〃一告仰璽ﾄ

ｧー差Icot‘α+木)〃-c･惨α州"ル告"塾｝

ひ+〃=一筆β２(蒜雨脚"w）

、

(2)

wherejWVdenoteaverageaxialfbrce,bendingmomentperunitwidthofmember,respec‐

tivclyandU=号,'=芸

２ノＢｏ""”γ助"α伽"s

Equationsofboundaryconditionarederivedbyconsideringmemberfbrcesacting
alongtheedgetogetherwithEqs.(2).Whenthetwoendsaresimplysupported,considering

〃＝(〃,＋脇）cos2α＋肌＝(1V,＋Ｍ）cos2α＋1V>‘＝γ＝０；Ｘ＝０，１
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andEqs.(2),theboundaryequationsbecome

〃＝”''＝Ｆ'′＝｣F・・＝０；Ｘ＝０，１ (3)

５

Thefbllowingthreeboundaryconditionsalongthegeneratoredges(ｙ＝士0.5)areconsid‐
eredinthispaper：

(a）Pinnededge：from

〃＝Ｗ,＋脇)Sin2α＝Ｕ＝γ＝０

andEqso(2)，

"="一Ｆ"-c｡ｔｗ'一ｒ'風IC。‘鋤α+赤)〃'一c･ｔ２ａＦ調十""-÷"１
"-jf〔〔Ij2汁一・･惨α〃-÷州'雲)}L・州sin‘ふ塾‘ル｡+"〃
'r-･ルー０㈹

wherethefourthequationofEqs.(4a)isobtainedbyconsideringthesymmetrywith
respecttothecentralarc．

（b）Simplysupportededge：ｆｒｏｍ

〃＝(Ｍ＋必)sin2α＝(jVi＋Ｍ)sin2α＝Ｕ＝０

andEqs.(2)，

〃＝〃．．＝Ｆ''＝Ｆ･･＝０． （4b）

（c)Freeedge:from

Wi＋脇)sin2α＝２．８(Ｍ－“)sinacOsα＋3Ｗ'＋脇)sin2α＝jVi＝jVh＝０８ｘ ａｙ

ａｎｄＥｑｓ.(2)，

〃･･＋COt2αβ2”'＝〃…＋５COt2αβ2〃.''＝Ｆ''＝Ｆ'.＝０． (4c）

111．ＡＰＰＲＯＸＩＭＡＴＥＡＮＡＬＹＴＩＣＡＬＭＥＴＨＯＤ

Undertheboundaryconditionsthatthetwoendsofthestructurearesimplysupported
(Eq.(3))andthetwogeneratoredgesarearbitrary(fbrexample,Eqs.(4)),thenonlinear
basicequations(1)aresolvedbytheapproximateanalyticalmethodgivenbelow．
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ConsideringEq.(3),Ｗ,Fcanbegivenbytheibllowingseries：

轍蓋罵二蹴蝋宴} (5)

where九,gmareafimctionofYonly・Fromthesymmetrywithrespecttothecentralarc，
"＝１，３，５，．．．．．Subscriptss,αindicatesymmetryandantisymmetrywithrespecttothe
centralgenerator,respectively･SubstitutionofEqs.(5)intoEqs.(1)andapplyingKantro‐
vich，smethodovertheinterval(0.,1.)fbrXthenseparatingthesymmetricalandantisym‐

metricalpartswithrespecttothecentralgenerator,thefbllowingequationsareobtainｅｄ：
αノＳｙ”"eかjca/parz：

compatibilityeq.；

4,ｍｇｍｓ＝Ｉｕﾙβ2ﾉ"2冗弼s＋2β2冗2ＺＺ{〃((鋤．＋（｡力α､)p"ｍ
ｉノ

＋i2(s九･･＋パaZi｡．．)9Ｕ"}==の､ぶ(Y）

equilibriumeq.；

(6a）

42銅ん=-"〃施翁g卿噸十急4-2β２"伽[{iｚ(伽十脚)+j‘伽．ｉノ

＋パα･･gﾉα)}9"､＋2ｳ((sogjs．＋（α･g〕｡｡)p"､]＝19,,s(y）（6b）

６ノ４"r町”刀e"icaﾉpα〃：
compatibilityeq.；

4,mg､｡＝'"伽β21"2冗弧。＋2β2汀2画Ｚ{2３.ルア"m＋(恥刀α､．
【ノ

＋ﾉﾂ)酎・･方｡)9"､}＝の耐｡(Y）

equilibriumeq.；

(6c）

4‘癖ん=一"伽βｗ9歳｡+急４．G(ｙ)-2β璽煎伽'{篠伽十脚)+j'(伽。Ｉノ

＋パ。･･g〕‘)}9‘ﾉ､＋2(厩.g〕｡.＋（｡.gﾉ‘.)p"､]＝19"α(Y） （6.）

Whe…j='肌…４１綱=…-〃"'(Sin2ふS2a-2cotzaI+伽‘"1cot蝶α

+木)4“=全(…－６cot2αβ'",，糾伽‘寵(c･砂α+余)ト

,"綱一心s…凧s…奴＝

会(志雨十詩=7+洋戸ﾌi+;言雨）
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AndtheequationsofvariousboundaryconditionscanbeeXpressedusin9./み,,ｇｍｆｂｒｅｘ‐
ample,inthecaseofsimplysupported,symmetricalpart;fromEqs.(4b)ａｎｄＥｑｓ.(5)

(,‘=ん－９"‘=9,,,,率＝0,ony=告 (7a）

antisymmetricalpart；

恥=〃＝g耐｡＝鈴｡"＝0,ony=告 (7ｂ）
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Equations(6)maybetreatedlikelinearequationsbyregardingthepartiallynonlinear

terms:の､s,Ｐ)河s,のmaandPh,oasthefimctionsofXSo,thesolutionofEqs.(6)canbeob‐

tainedbysuperpositionofaparticularintegralandthesolutionofthecorrespondinghomo‐

9eneousequation．

αノ亙り》"oge"e”s‘yoﾉzイガo〃

Thefbrmsofhomogeneoussolution:９，３ﾙ,んsﾊ,ｇｍａﾙ,./;詞･ﾙvaryaccordingtoreticular
parameters:α,γ,〈;fbrexample,thefbllowingsolutionsareobtainedwhenγ,とく８cos4a：
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１
１

(8)

whereｐ＝１，２Cpms，Ｃｐｍａ，ｐｐｍ‘,Ｄpmoareintegrationconstants，ｓｈ＝sinh，ｃｈ＝cosh，

槻=鶏へ/2細α+壮(2coS.α-歳),鞠=紫へ/3coS塾α±へ/8coS‘α_‘
６ノＰαノカc"”‘s'０/""o〃

Particularsolutions:９m‘p,./片;‘p,９，胴｡p,九・pareexpressedbytheforminFouriertrig‐
onometricseriesovertheinterval（-0.5,0.5）

g…＝Ｚ,Sk‘mcos化慰冗Ｚ
ｋｓ

ｇｍａｐ＝ZSkomsinko冗Ｘ
ｋａ

whereks＝0,2,4,6．…,た｡＝2,4,6.…,Ｓｋ‘､,Zk‘､,難.",rkomareFouriercoe価cients，
Similarly,theexpansionsof②､3,1F'ｈ,s,の､､ａｎｄ路｡intoFouriertrigonometricseriesfbr
lY|≦０．５ｂｅｃｏｍｅ

(9)

■

恥＝ぞ‘いcosk‘菰ｙ
,/;,､p＝Zrk､mSink､冗ｙ

ｋａ
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：戴:蕪欺亘諌罵｜⑩
wherecoe価cieI1ts：βks,"’８ｋSm,βkα耐，８k｡",ｃａｎｂｅｄｅｔｅｒｍｉｎｅｄｂｙｔｈｅｆｂｌｌｏｗｉｎｇｅquations：

鵬…一|:I:蝋…:富
(,鵬.鰯,鎌.癖)=4jW塾(･…跡岬ydy (11）

ItispointedoutthatthevaluesofintegrationinEq.(１１)areexpressedexplicitlywithout
performinganumericalintegration，SubstitutillgEqs.(9),(10)intoEqs.(6)andcomparing
thecoefIicients,Eqs.（12)areobtained：

"1k‘偽十k織州(Sin,血謬a-2cot2α)+'〃(c｡‘傘α+ホトー

制瞭十Ｗβ製…+,州(coi‘α+ホル鉾=‘や

派1k.鵬十ｋ.ｗ(Ｓｍ璽孟｡s製a-2cot2a)+〃(c･げα+赤)'&.”＝

制"+ｗβ塁6cot2α+,州(c･Ｍ－赤恥=蟻.”

、

βks''１

βkｏｍ

』

(12）

３ノjVj"７，e"cαﾉﾊ”ﾙo‘

SolvingEqs‘(1)subjectedtoEqs.(3)and(4)resultsinfindingasolutiontoEqs.(7),(12）

concemingcoe伍cients：Ｄ…Ｄ…Ｃ…Ｃｐｍ｡,rksm，２k｡",,S惚抑,Ｓｋａ碗,(ｐ＝１，２，〃1＝１，３，
５.…,ｋｓ＝０，２，４，６.…,北｡＝２，４，６，．…),４，４．.Asolutiontothesenonlinearsim‐
ultaneousalgebraicequationscanbeobtainedbyapplyingtheNewton-Raphsonprocedure．

ギノＡ"αI〕ﾉ"cα/〃erhoJ./brrﾙｅｃａｓｅｑ/･加"”ｃＲｅ"c“j･Ｐα"el7Z
Whenthereticularpatternisisotropic(γ＝と＝0.5,α＝６０･.),Eqs.(1)areidentical

withDonnell'sEquationssettingPoisson，sratiol/3.Therefbre,thegeneralbucklingpro‐
blemsofisotropicC.Ｒ､Ｓ､Ｒ､aremechanicallyequivalenttothatofisotropicmonocoque

cylindricalshells・Inthecaseofisotropics,characteristicequationsofEqs.(6)haveequal
roots,sothefbrmsofthehomogeneoussolutionsshouldbedi碇rentfromthefimctionrepre‐

sentedinEqs.(8),aspreviouslymentionedHowever,usingtheformsofEqs.(8),theiso‐
tropicproblemcanalsobeanalyzedasfollows、
Introducingsmallconstant:77,Eqs.(6)aretransformedintoEqs.（13)：

□'"'(9m”９m｡)＝(の､”②",｡)＋2β2"２２冗２７７(9m‘..,9,｡..）

全ＭＭ,‘)=帆晦ハ.)_全β2",論z2"(んｗ）

■

(13）
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where口翻＝.…ー２β2ﾉ刀2冗2(１干77)僅.＋β4"24冗4,ｓｏｗｈｅｎ７７＞ｏｗｅｃａｎｕｓｅｔｈｅｆｏｒｍｏｆ

即(8)…』,鰯=李伽〃",ﾉI璽緬=辛伽流,､/〃,鞠=伽へ/,+〃±
へ/2〃＋〃2．

1Ｖ．ＮＵＭＥＲＩＣＡＬＲＥＳＵＬＴＳＡＮＤＤＩＳＣＵＳＳＩＯＮ

Basedupontheanalyticalmethodrepresentedintheprevioussection，inisotropic

(γ＝と＝0.5,α＝60..),thegeneralbucklingbehaviorsofC.Ｒ､S,Ｒ・subjectedtoauni‐
fbrmlynormalloadareinvestigatedintherangeofβ＝０．５～1.,以胸＝１００～300with
pinned,simplysupportedorfreegeneratoredges、Furthermore,whengeneratoredgesare

simplysUpported，theefflectsoftheimperflectiononthegeneralbucklingbehaviorare

investigatedbyapplyingtheunsymmetricalloadaｓｓｈｏｗｎｉｎＦｉｇ.’c､Thenumberofterms

inseriesand〃willinHuencetheaccuracyofthenonlinearsolution､Afterverifyingthe
convergencyofafbwnumericalexampless）inthisnumericalcomputations，"，ｋｓ，ｋｏａｒｅ
ａｄｏｐｔｅｄｕｐｔｏ２,４，４termsrespectivelyfbrthecaseofpinnedorsimplysupported，ａｎｄ３，

５，５termsfbrfreeedges，ｂｅsides〃＝0.005.
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Fig、１c・LoaddistributionIbrcircumfbrentialdirection．

１

Ｉノｃ妨砿cα/Ｂ"c〃加gLoα‘

Thebucklingloadsobtainedfromno､linearanalysisareexpressedbytheratioofthe
classicalbucklingload4crofortheclosedcylindersubjectedtoaunifbrmlynormalload
Whenthetwoendsaresimplysupported,けomEqs.(1)settingγ＝と＝0.5,α＝60.,4『ois
givenbythefbllowingequation：

,i"｡=誉筒＝似ﾊ３－
（

１

'.")，淵十!}‘
+誌(‘.")１１＋ (14）

ｍ１ｎｑ

whereOoindicatestheopenangleand〃ｉｓｔｈｅｈａｌｆＬｗａｖｅｎｕｍｂｅｒｉｎｔｈｅｃｉｒｃｕmflerential

direction､zIcroisobtainedfromtheminimumvalueofEq.(14)concerningO｡".Asshown
inTablel；４ｃｒｏｏｆＥｑ.（14)isexpressedapproximatelybythefollowingequation：

'｡Ｍ"={L州0-塾(芋+苓一a54I!｡…÷(等一半十,８７，１
（15）

Table１．Ｊc,｡．

β＝１．０ β＝１/1.5 β＝０．５

ﾒｨﾊ Eq.（14）（15） (14） (15） (14） (１５）

lＯＯ 1０７２．１０７３． 6８１．７ 682-2 499.6 500.0

１２s 1４７６．１４７９ 9435 945.2 693.2 694.3

1５０ １９１９．１９２３ 1２３１． １２３４． 9０６．３ 907.9

1７５ 2３９７．２４０１． 1543. 1545, 1１３７． 1１３９．

2００ 2909‐２９１０． １８７７． 1８７８． 1３８５． 1３８６．

鴎､暦 3４５１．３４４８ 2２３１． 2２３１． 1６４８ 1648.

2５０ 4０２３．４０１３ 2605‘ 2６０２． 1９２６ 1９２５．

275 4622‐４６０４． 2997. 2９９１． 2２１７． 2２１４

剛1０ 5248.５２１９． 3407. ３３９７‘ ﾌくう2． ２５１７‘

２ノRes""sz"2.ビノ．αＵ>'加ｊ･"M〕ﾉjvoj･ﾉ７１αﾉLoaJ

TwotypesofgeneralbucklingphenomenaintheC.Ｒ､S､Ｒ,subjectedtoauniformly
normalloadarestudiednumericallyhere・Oneissnap-throughbucklingwiththedeflection
pattemsymmetricalwithrespecttoboththecenterlines,andtheotherisbifilrcationbuck‐
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lingwiththebucklingmodesymmetricalwithrespecttothecentralarcandantisymmetrical

withre企rencetothecentralgenel･ator・ＴｈｅｎumericalresultsareshowninFigs、２－４in

eachboundarycondition．

（風)…edge:差愈!“g…､mいsh…Fいwh…"i‘…i‐
ticalloadofaunifbrmlynormalload、Snap-throughbuckｌｉｎｇｏｃｃｕｒｓｆｏｒｔｈｅｃａｓｅｏｆ

(β=1,,00≦"術≦鱈0),|β=た,,00≦陛胸≦27うL(β=…00≦似順≦300)and
halfwavenumberofitsbucklingmodejVis3､Ｆｏｒβ＝１，１７５≦β"≦275,ａｓｓｈｏｗｎｉｎ

Ｆｉｇ２ｂ,c，bifilrcationbucklingoccursbeforethelocalmaximumloadisattained，and

jv-4血…nge,差卿………dbyu…n…k,&,い息m
thefbllowingequation．

4竺＝重岬肱i-2
３

ﾉicroi=’
(１６）

Forβ＝１，浬ｈ＝300,justafterbifilrcationbuckling,anincrementaldeflectionofjV＝５

yieldsnewlyasshowninFig､2c,therefbrebothtypesofbucklingmayoccuradjacent
toeachother．

（b)Simply息upp…edge:差's!‘…u､いshownmF唱3…似虐皿
…bepointcdout…eSm…血｡hi…com"幾F"β=恥≧22,,
snap-throughbucklingoccurswithoutbifmcationbuckling，ａｎｄｊＶ＝３．Fortheother

parameters，bifnrcationbucklingprecedesandｊＶ＝２．Ｆｏｒ（β＝１，１００≦似A≦200)，

(β=古150≦"雌≦300);砦…ppr｡…,y…Scdby1hefou･wingequ…

2.0

1.5

１.O

Acr/ＡＣ､｡

Ｉ

Ｏ‘

ｌｌ
Ｗｈｉｔｅ：Snqp-Throu9hBucklin9

BIqck：BifurcQtionBuckling
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‘㈱
constantasshownFig3a・Ｗｈｅｎβ＝１，asshowninFig､３b,thereisapartwherea(砿，）
decreasesgreatlybeforebifilrcationbucklillgoccurs､Where脇，istheaverageofnon‐

｡…｡",n…,…i……肌念_卿｡,…､｡……tm
andthenbifnrcationbucklingoccursonthisline．

（。)…go:差…｡t…bucklin……lWi……'y"p…
edgeexcludingβ＝0.5,,u"＜150.FromcomparisonbetweenFig､3ｃａｎｄＦｉｇ､4c,itcanbe
saidthatbothmodesofbuckliI1garesimilarexceptintheneighborhoodofthegenerator
edges・Ｆｏｒβ＝０．５，浬ルー125,snap-throughbucklingandbifUrcationbucklingoccur
adiacenttoeachother、

(d)Inauenceofthegeneratorboundarycondition:坐,bothtypeandmodeofbuck‐
ﾉj1cr。
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lingincaseofasimplysupportededgearcidenticalwiththatforireeedgeexcludingβ＝

０．５，〆ハ＜１５０，inspiteofthediffbrentdeflectionandstressattheonsetofbuckling．
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ComparingtheresuItsofpinningwiththoseofsimplysupporting，itcanbepointedout
thattherestraintofcircumflerentialdirectionatthegeneratoredgehasagreatinHuence
uponthebucklingload．

３ノＺＺI2asCW〉?zpe旅cがo〃

Theefflectsofimperflectionuponthebucklingloadinsjmplysupportededgesarein-
vestigatedbyapplyingtheunsymmetricalloadasshownｉｎＦｉｇ．１ｃ・Suchanunsym-
metricalloadmayoccurinpractice(brtheshellroo企underbolhsnowandwindloads、

1,t…ngK=麦手芸,…ic…恥i…．……"ｍ…ng．｡’
Ｋ＝1.,0.95,0.9,0.5,0.,β＝１，０．５.〃ルーｌＯＯ～300③50．

AsshoWnmFい,急…uccd…｡n.usly率……wh…"i，
thecriticalvalueof4・Especially,whenbiItll･cationbucklingoccurs(β＝１，〃ルー１００～

200"｡β-0州=100~300)…h･wn1nFi…,芸聡1｡w……id-
erableamountbytheslnallantisymmetI･icalload・Forexample,ｉｎｔｈｅｃａｓｅｏｆβ＝１，

′‘傭=１００，…！｡…su,…Wnm恥,d,急=｡"oWhenK=0,7…
筈坐ど＝0.597whenＫ＝0.925.TherefoⅡefor0.9≦Ｋ≦1,thefollowingapproximateequa‐
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Eq.(18)indicatesatwo-thirdspowerlawfortheunstablesymmetricpointofbifnrcation.6）

”･亜β=!…=…鎧…｡Sicon副a…3SOandq…spoc州
…h･u"hewhol…go｡『………Th…髄…d…at論siho
nmctionofKonlyintherangeofrelativelysmallK．

Ｗ……｡nbuckIing｡…芳鵡,",!h…､い‘h･WninFi…
Where4c,isthecriticalvalueof4（＝４＋ﾉ1｡).ForlhesameKitcanbepointedout
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Ontheotherhand，whensnap-throughbucklingoccurs（β＝１，似ルー２２５～300)，
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坐islargerthanunity､ForthesameKitcanbepointedoutthatthclarger,αｈ,thelarger
４ｃｒ

坐竺becomes、
４c『

Consequently,forβ＝１，around似ルー225,inwhichbothsnap-throughandbimrca‐

衝｡nbu･klingload…'､｡…c,釜…'y川with｡……に

Ｖ・ＣＯＮＣＬＵＳＩＯＮ

Ａｎａｐｐｒｏｘｉｍａｔｅａｎａｌｙｔｉcalmethodofthenonlinearbasicequationswhichgovemthe
generalbucklingphenomenaofC.Ｒ､S､Ｒ､subjectedtoanormalloadhasbeendeveloped
undertheboundaryconditｉｏｎｓｔｈａｔｔｈｅｔｗｏｅｎｄｓｏｆｔｈｅｓｔｒｕｃｔｕｒｅａｒｅｓｉｍｐｌｙｓｕｐｐｏｒｔｅｄ
ａｎｄｔｈｅｔｗｏｇeneratoredgesarearbitl･ary、
Baseduponthismethod,thegeneralbucklingbehaviorsofisotropicC.Ｒ､Ｓ､Ｒ、have

beeninvestigatednumericallyundershellgeometriesintherangｅｏｆＯ､５≦β≦1,100≦

"〃≦300,pinned.，simplysupportedandfreegenel･atorboundaries，unsymmetrical
loadingparameterO.≦Ｋ≦１，ｉｎｃｏｍｐａｒｅｄwithclassicalbucklingloadoflheclosed
cylindersubjectedtoaunifbrmlynormalload．
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TheauthordeeplywishestothankDr・SadaichiTeradaandD1｡．]FumihitoltohPro‐
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thisstudy．
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