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SHELL STRUcruRES 
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ABSTNACf 
A linue element formulatIOn II pr~ted for conducl1n~ larSt 
defvrmllion anal)'Jt.~ of shells Tht elcmenr: Idopted herem IS a 
degerltllltC'd th,~-dlinensiONlI I ·nodes '5Opl(ametllc IiQlte o:lemmc. 
Oen\'''Kl'1i of !be DOnilneIT Seomr:trJ(: elemerJI ,lOWneu mimed 
W~ lN6t 00 tK bUll of toW lagranpn formuJauon by IIMI'W both 
8eometnc walAs (~ StamI) and Green' s • .,ns The 
fOl"ll'UwlOIIJ .... ere II'IlpkmmtC'd IIItO I IIOI'IhneM lirule element 
prog,.m T10e nooIIncar ~wIobnum tqU11lON are wh ed b)' 
wmbIned UlCrtmelllallofrd and Newll»-Raphton method EumpIe$ 
lie prtftDled for the malysis of C)1.ndlieal Ibdls Agreemenl WIth 
e":'111I1I JOIuUOIIS" gmenlly good 
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1.,nKllK'tton 
A foonullhOtl or tbrte d~ !up rocallOll dulo-p1a~>e: 

lhtory f'or Ihln CU!'\~ ~e!llnc bea.mI demelllS lui been Oe-.dorN 
~ Abde!.Rahmr.rI Llzubier '" ",1uth rn...ohes the U!oe of IrQllX'triI; 
SfrainJ ID the fonTlulllJOn ~It: sho¥o.. tllalllMn ~u I bt,g d,lTt:ltna III 

~ obtllOed ...'hen uS!. lhe gt:QmCtJ,~ JlI'WlI and Green', 
SffllUll m IIIe cue of wgc roIahOnJ 

In Ihll pa!'Cr A Elinlbler formulatIOn uSIOg aeomctnc JUAlns "1, 
II t:"(lmded uSlOg VIeII limIt: elemt:nl 11'1 _hie large def.,rmat.on 
finITe eltmer\t arWyWs or shell SflUClUres 11'1 be eumr~ USlI\g 
&eo~r'" stwur and Green's Str~ns In f"O'MlncaJ n.;mhnear

r..-""" 
The tOflC;C'p1 of tlaWIIJ I sbdl delUenl at ~Ia/ CUt: of 1/IItt 

mmenltClnaJ 1inaI)'" ....s used by rYwncd, Iron.. and ZIefI_ .......'lCl 1.:t 

and Pa",,101:'1 1'1 and It feemI 10 prtJVIde ..unple UId elflOflll "IiiI!!'" 
dndof'lDmt of~arnrtn(: WlI elemms 

Curved t:lemomts b.,ed on II!:UCI Of IPPlupule shapef of shdI. 
beg.uJ to appN1 10 lhe lite 196Ot., Bogncf , fox, and SdmII ,.. 

dcKnbc I cyilldnca/ sbelI elemef11, wruth used .mc:rpuIIUon 
fun(:uon~ defilled the ihe1J coordmaies A!ofmulatron of aeomct!tcally 
nonlinear formut..uon fOI the a:'USymml(:l"IC shdl elemcllt 15 .!!"en.". 
Surana 1'1 uSIng 10111 118f1Il18!an fonnulatlon .... rlll Ihe con~cp' that 
lhe dl,'placemenu are nonlrnear {UrIC''''''' of nodal IO"lUon~ 

The fOlmulR' ron by lImlrewlcz l.t,Ift~'ol\'et the uSC: of Greco ~ 
stntms Ie!lSOf ...",11 Large diJPlac:ement formulatIOn as an apphurion 
00 plain and dJeIls 

AtOla) laanul&lln fOllDUII\IOO based on jp:OITIl'tllC MlllllU "l,h 
geometric '1J"eUC5 Ind Green ', WAlnt .... Ilh -Z- r ,ol. J(IIchholT 
SlreSS!:S is adopted m tht.~ paper Results OOllrl'lfld u"'na IIC"mt:lric 
!tnuns and Gr«r"s .nn;ins compared wrth pt"e\' IOIa ",Iow'n, are 
presented nummnlly 
GeolDetri( Ddinllion Dr rhe m menl : _ 

A t)plcal Cl.ir.'e(j wit elemen', ...ilh eilht nodes on mid-sulfa« 
1& ~wn rn Flg.( l). Each nude has Ihe delP"ceJ of freedom, thTH 
tranJI~horrs ~l1d two fOlatlons IS shown In Fi!C_(2) By ISwmrng Ih~ 
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Iinc:sjOlllUllIhe top and MI.!OID nocks 10 be In. the ~ltI.pe oflhc 
~nllS ddlM:d by lhe eoght nodal v&b$ 15 

WhCl~ f,..J :.are the global coordmatesof lhc nud·wrf;u:e node r • '" 

I. II ,~ t he ,h~1I thk:.k!'leSS al node r . ,_~ is IUlllt '~IOf m 1M dtfect lQn 
nor~ to 11M: ItlIddle pl&IW. and h', is the,~ function al node I 
The daplKCft1C'1lI '~IOf tan ~ wrillen u 

1,1 •
• N-• 

, 
• 
• 

. . (~[", .J; t1 
f2 ) 

,, , 

Foe.(I): I-Sodrt [kllltni 

• 
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f ig.fl): GeonlC'lry of Che rif,_rac 

Where V3. II I veelOl" In the d!r«tloa nom:r.aI 10 lhf InIddIe 
plane Vo; is perpaw!ICIIJlr to Ihe plane defined by 1',. and x a.tWI ami 
VI, II normal 10 the V I. and V31. 

Sluin-dupllcfWlrnl Rrl. lioa: 

Gr«.·, Slr.inj; 

The Green', stnIln' as defined by Rtf can be ~riuen u follow! 


, 

(3) 
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~. B. Q 


(<l 

",hne Q IS tM elerrM:tu: nodal displacements "ectoc­
~, \<sA't 
(5) 

~. Ille the: "rams for ulfirutcsimal displ~enu 


~L are the strams due to large dupJacemenu 

8 . is a (5)[40) matn~ contains shape functiON derivab\'es 
A and II are gIven as follollo'S. 

• .,0 0 


0 0 


A .,.. (I 0 


'•. 

l: •• 
0 o. 


° 0. 


(6)

•~ r. 0, .J G. 
(7) 

wh= 
. ,~ ... ltv 	 f~ ,-0, ~\'" x ,'x '",'xl ' -1 " 0, " '-0, ). 0, ~\"" ", h i ' " 

GIS. ('h40) matri~ containing shape functlOfl c\eriv.\lves 
Gt-omelric: Ilrai.:I: 
The geometric straillli t'• . ,' are deflJled by the clw!ge In knglh 

• 	 per Unit Lnniallmgth of line elements orlgln.Uy onented paraUe!to 
the 1I.,y axes res~I1~ly The sheer stram 15 delined by the dJllngc LJl 

• 	 the ngl!! angle I J 

The geometnc IIflLlIS IllIII gI"eo as foll0\ll1l 
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. ~ ilit"
It·-r" .. , 
I- T~ " i'" y. 

-;Jf, • 
(0) 

....'here It. (I·le):., (1"11:,) 


\ ariatto.... oC,..... illS: 

B\' lakml1he ~UlIIllOn orEq (8)'''"1: ba~e 
 ,

I --,- 0 0 0 0 

" 
0 

I 
0 0 0 "..;<""•(J,: , 1(iI;, , 

, ~ Y5!: -}'" I 
0 0 ,,~ , >0.(j..

" It!llt~ e >:/! 
~~7 '" . • 

' , , . '. '. ,,:r!" •". ::1L U 0 
I 

0•
rI~. , '. , " " I 

l 0 

" 
r. 0 , 

" "'. 11 & (') 
Tlillng thn'Vibon orEq (4). we ba ...!: 

h.· 8. JII 
(10) 

By using Eq (7) arod wing the vaiatlon ofEq (S), we ha~e 


.mL-l4 cJAO + l4 A 68- AJO - A GJ.- HL 611 
(I I ) 

• " 
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ml 

SUt><lU,,1III1I (q (12) 1ft Eq (9), "'C: Mvt 

&'-HHH-/ftJa B'- IIB 
(Il) 

SIn.iIft ••d !>Ini., IUlIlionl: 
H)' cOlllldmna: the matel'iallO be ~f datic . 1Iw ~ 
ilrtS!tCJ torto:spondtng 10 lbe geotnelnc 5!ram, are ddin~ b\a . 

•a. 
at- n .. 

'. , 
( 14) 

When: 0 IS lhe daslOCII) IIlW1X for dOpfIfltnelOC INIleNlland II 
iP~-en by Ref ' 

Ta.~C:.1 SI"'nnl \bln.: 
Thr lan.:rnt 5!iffnc:n IIIIInX NT 15 obuuod b)' d,lftfmll.UI\& lhe 
rc.,dual force \e(:lor I" .... ,lb respetl tO the d.apbcemc:r\I "Nur If 
w hot>r( ., is 1'\'et1 b} 

".,.j 8"' ttd".j 
• 

(1 ~)

"M,e", Ihe "",ern..! fu.OI: ,"ettor 
Til",., tbe '1.IW'OO of ~ (14) ..... e line 

A,- A.* Al -K,+ K: 

(I CI,

",-, 
N~ J8.~ H ' I)H B. "v 

• •
(11) 

II 
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Nt j(/("f DH8 .~' 11004 +4' 11DllIIJd 

(18)& 

K. + K, js,rDB"J• • jHTHTDHIJIh 
o 0 

(11I)b 
K, IS the inmal.utu .tiffnes$ IlUlIOX l!l~en by 

K, - jG' 1" (j,J, 

(19,., 

o 

" 


(19~ 

"0
o 

" 0 11':1
'0 ' " 

'. 
o 

K, • is 1ge: ¥'ditlOnal ~ 5tdfnm nwnx and '*11Wn b\. 
K: _ JltPHfI. 

o 

(10)& 
P. IS !be IIddtt10nal uuUal 5UtSS nwrilI and IS IP'UI In l~m§ of tile 
uuual ,uetS and IUlIIIlS by 
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~. 
0r(" If,,"t.. +It.. ") '." -<" 1 

e..~e.," c,." c.,1j t., " e..~c.," <.'" -<"(", <--."'." 'r.. " . -<.. 0 
p e.,t, c.,"t;' t.,.. c,.'e.,~ 

0 " 0" Symlllttnc 0 0 

0 

(20)b 
The soNUOII II bued on the l'C'o,1,lon-lUph5Oll method vollb 
incrC'lllCnw IoaduIg 
'umrrinJ E..umpIH: 
I· A ~la»-qtOl(11'i".·alltd tytindrr: 
The~· " damped al both milJ and JUbjCCIed 10 ,ntc-rnai 

prrnu~ Fig (3) 8y ute of "'''I1:mttr}'. only _ ...&hI of the cyfmd« 
..... s Il'IoOdded by .h4 mdh clemenu 1M matenal II .tanned In be 
linear .... cI~lK: and 1~lropK The prCMUfe 10M! ,",u apptlC'd In 10­
equal IOCr_U TIle III(;rernellb\ ristlon COII'oC'lgeJ ",Ih an 
nC'r'gc or ) lltnUon cycles. The load derormatlon r~f'Ome Ij 

compared "lIh tllNe obtamed by Chang and SlwarmphJl:di 1'1 Good 
1S'e«ntn1 un be iCeIl from tlg.(J) 
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2.C'",lIlar~)· llndricall/lldl : 

1M cucullr C}hndncal shell u Jho,," '" h~ (4~ IS clamped 
akm!l aD fuur rclges .nd ~n1IO' unl~."m Jl"rICC prf'SUU up 
'0 } k"un: TW mlltnal pruputl' IS Iiourly dI~hC Ind lSOUopic 
One quina" ortbl!.tIeI wu modded b) 4'1:4 mesh detrcn,. In 1M 
1lII.!~-"'t 1M: pJdSUrt load mcrtmClll "'u ~aned .1 three SUlltS 0,15 
~'m" for tIw IOftemns piln. 0,0625 ~"iIll DCaf 1M lIMP Ihrough 
dtfurmotuon and 02'1 lNim' for the Juffinlll'l11 Tile lncrt'nlCnw 
JOIU\lOfi.1 the mnl£l.nd ftnals tlgeJ com."t'rgt' .... lIh III 'Hrl~e of2 
ner.lUon C)-du and for thf softcru~ pan I lIer'!!on nde TIle loae! 
lidorlTllltlort r~1lH 15 compared wnh thos-e obIllmed by ("0\( and 
s..Wllmlr/lakdt 1 Ag;Jln good IgrCCUlll:nl can be ~ from h" (41 

I 
r 

, 
, 

, . 
, 

• 

~J 
-

).rI'nltrd f)lindflu l l bfU Jubj«lrd to ftnlrai po,alload: 
r'lI (~I IIho.... J • Clrct.'oU !.')'''!ldnuI she!I .... ,Ih Il I:>.III<;<,JII • .ued 

Iwd applied III the ernIe!" nf lhe C(JP\'(1l I-IIk The 1"naPI,,J,,u Sides 
.-e bonged whereu tb: cur.'ed edJa In f.tt Pica and '" ood t ha~.., 
IM"et!lglIled this tnap I~gh prablem Theo. results Itt compared 
10 IhoM: obtllMd 1IS11l8 4",4 ~ elernenlS The cmtr~1 10ad 
dd"\eo;:hOn resulu shown In F'I (5), asree .... "" llioae pr~mted In 
Ref{l) up lO.1oad ofaboul 2 I l.'. .ner tlw the lOIuuon dlle-rges 

" -• 
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('oll("l"s;uII': 
'flu raf>el ".~ preserued " !~rKany aoohnrar Ina"'sol of 

dlen, WlnIme lOla] II,&JUgIm fonn.lb.i1Oll bucd 011 lleometnc 

SIIaIns The lI",nllnear C'qwbbno.un eq"......5 an iOI,'fId '" combined 
IDInlDcntlol ...:I '~lon-1Uphsoo method It " demolblral<-d ttYl 
.he dlopI.~mwnl$ obuJned 11\' lOJUI!I, ~ecmclnc Jtnjn$ are _,h the 
_ •• t~ obtarned by uSUIg (iftttlj SIr_ 1/1 the tII'IC' of;;m.U 
ml&ll(>I', and furlilft' m\estJg,lIion L.I nec:e"..ry fUi Ike Cut of large 
rlM&IJon 

In condUlIO<l II can be SIlted thaI the rtwlu obulI'ocd by u~in8 
(ifl'oeil" .~nulI!I ~"d lht «,wi.'! obtained by uSIng gcometrK '1lram!; 
arc in iood 'greemt'll .....lh published 'IOtuUOllS rOf C)hndll~ ~ls 
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