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Abstract

This paper presents a nonlinear static analysis of egg-shaped toroidal shells under internal
pressure. Strain- and curvature-displacement relations are considered in the energy functional of the
egg- shaped toroidal shell system in terms of the metric tensor and curvature components, and are
written in terms of the appropriate form for nonlinear analysis. Lagrange multiplier’ s method is
introduced in the present formulation to enforce the discontinuity effect. The numerical results in
terms of the meridian and normal to the meridian displacements can be obtained by nonlinear finite
element method. The toroidal shell displacements from the present formulation are found to be in
close agreement with the finite element commercial software results. Finally, the effects of the
internal pressure, cross-sectional radii ratio, and bend-to-cross-sectional radii ratio on the numerical

results in terms of toroidal shell displacements are demonstrated in this paper.

Keywords: Nonlinear Static Analysis, Egg-Shaped Toroidal Shells, Internal Pressure, Energy Functional,
Lagrange Multiplier’s Method
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=, olo* [k ]{e oo 39)
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2
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5Q0 =—p, [ {SWIA'BIdA (410)

o p, Ao wsssuaianen1uly NUaNN1TTesULELDY [21-22] Az UNATINNULEL DY
(Total Virtual Work) vadlassainaiuionuiagunswinenathingunsalesunssiunelulddsaunisi (42)
St =8U,_ +5U, +5Q (42)
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Multiplier Technique) [24] Aatiuazausaeuaulyvesauasiiiasiigadouso J° waz J. lan
qun159 (44)

G, =u-u*=0 (44n)
G,=w)—w*=0 (44%)
du?  du®
,=—2—— =0 (44p)
de dé
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= o 7 _ (444)
do dé
wazRoulyvasanusieliesnyawensie J' wag J) avllAdaaunisn (45)
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G, =W —w’ =0 (45%)
= d_ua_ﬂ = (45m)
" do do
—d—w—d—w = (459)
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z

5UN 2 Goulvanusalliswadasiafalionuisgunssienmtdiagunsely

3.7 Haminauaiioudszynd

Mnuarunuaiiouluannisi (43) wazdoulvanuaenadedduaunisi (44) uay (45) azanunsa
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wwannsndeuluguuuuvenuninddsaunsi (48)
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Wit LpJ=| 99 dé g do (49)
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=|u W (53n)
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du(0) dw(0) d%u(0) d>w(0
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|_dJ= 0 o de de 2 2 (539)
du(a dw(a d<u dw(a
ue) W) (o) (a) (206) (2)
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Ny AN
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dN dN dN
= 0 -1 0 z .. =5
[v] do do do (53p)
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aN gy 4Ny
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d*N, d*N, d*N,
P i " dg? |

dmfuilaidususeailsidulndludeaduduivnazaiunsagsvasideaiuinlalunuidoves
{ a

U
Jiammeepreecha tazane [11] 9nUUwNUAIENNTTA (52) asluaunisi (43) asa1u15alT 8 UNaTINIIUY

ilouvedlasiaiiuldenungunsineamindnsunsely deaunisn (54)

sr=Lod) ']’ | [k ]+ [ T2t J+ 2t ][ [wloota + ()
+Lod) [*[v] [[ka] [kt ]+ 2ng, ]+ L [nzm]} Jdota) + ) 50
o) ][kt Jo [k 2 T2t ] wloote )
way {f2}, {F*} wee (£} Ao Ao vosusdlutudiuges Seduanldainaunis
ifo}=-n, L5W§Jf:2 {w} A/Bdg (550)
(£} =—p,Low* [ " {y} A'B*d0 (55%)
fo)=—p,|ow’ | j: {y} A°BdO (55A)

{f
19991nANTaszian1zyl (Local Degree of Freedom) {d} llauniufnidaszsin (Global Degree

- a
of Freedom) {D} fatunasinauaiioudssendluaunisi (54) agegluan1izaunalilaenisimvunlid

ANGIAUNITN (56)
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sn" <[ 0% 5D+ 2% |51 =0 (56)
oD, az,

Wlee91n 8D, way o4 dalivnduaud Adumeuiinilswazassluaunisi (54) azdesiliRouly

Y

faaunisi (57)

or _ ox 87[

oD, D, 6D S
87r _on 87[ (57)
ok oA 8/1
Fed aunisdi (56) %mmmﬁaulé‘[,ugﬂl,t,wsuaqLm%ﬂsz?ﬁaammiﬁ (58)

Ko 0 G|[D F

0 K* 0 0||D F*

0 o K® oflp[ |F 8
G' 0 0 O0]fa 0
il K, K* way K? avilAndsaunisi (59)

ng[Kgym] (K5, ]+ 2[NE J+ 5[ NE. ] (5910

*=[K; ]+ [Ka]+ [N, ]+ [N, ] (59%)
:[K?m] [K ]+ [N,lm]+ I:NIZm} (59m)

A [~ [ :.J/ o a o 1 e e
Wasnnduldymveddasiasisvionuisuvanung dudeulvveunimunian I8 uag J;
994LA59E51 0 UADNUN9ALLANNIALNST (60)
b _ b _ dwd  dw

° T de dc9
Taenszuvaunsluidudadusaansluaunisi (58) azdasinnisiruaaulvvauivaiilesainaiy

(60)

AULINTNTUUUIANUINANAST (60) Teazanunsn fuammnadnsiBadnanlddeisnssuiunisre
(Iterative Procedure)

4.2 ffnazannuquaslasadiaudenuig

Homndeivedanainssunniosivsrans amlunmsusnldgamilesaialdonuissunssnan
wnsgudefintsandmduesiiuiarenrgvedasadiauonu fufuidousnandunsfinwiiuio

warAEyvedasiaaldenuisgunssiaenmidngunsdly Tngmunldanudnnisisnedindiseuiug [25]

Faaunisi (61) uaz (62)
_ % \bpb % rapa % rbpb
S _2;{]91 A’B: d6?+jg1 A’B d¢9+j91 A’B! de} (61)

_2_72- 02 b b bpb 02 a _naypapa 0, b by Abpb
= U@ (RS-A)ATBY 4o+ [ (R*-A")A'B* do+ [/ (RY-A)A'B, da} (62)
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5. HANTISIATICH
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NM3ATINADUANNYNFRIVRNANITANYINGANTIuNadiamansuuulidudiduredassasiadden
UsgUnssvhsenmindagunssldsuussiunely Tngldrmnniweslumsned 1 faasnuitdnsidesy
fiAnduagiialndidsstunaildanuuusiaedluludiedumsdlulusuns ABAQUS [26] fuuandlugui 3
Tneiirnszarnadesunmuuunsuasuanisiuluuinussuudinines iaduuenuazduluvedlassaing
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a
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nnedteluunenuilfvzannsevhnsfinewavessmnsfinesang q fawandlunsned 1 fdawansenu
paAnsdesunadinmanswuuliidudaduvedlassasraldenuisgunsainseamiidagunselysu
wssiunely Seesiisandendioluil

6

d' v qu' a
M15199 1 Jeyauazantanldlunmsiage

378015 Usueu
ANUENISATEILULLaTaS (a) 0.5 1AT
ANNENSALduNans (b) 1.0 Luns
ANBNSAINIAR (8) 5.0 LIRS
ANUTLITeLlaTIass (h) 0.05 LS
wsasuasinaneniely (p,) 1 wngdrana
yuﬁsm%’udaﬂﬁq (B) 20 84A7
vendatangy (E') 200x10° tngUranna
onsrduthidves (u) 0.3
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5.3 waveamsuUsitdsunssiungluiniidelassaiaudenuisgunsavieens
dwunsfinwarmnafiwesusniivzsuinmsfnumazidunavesnisuusitdsunssiungluiidse
lassafaddenuiesgunswinenamindagunsald Taevihnisudsiudsuusadunielusaug 0.5 §1 2.5 wne

Uraana lagiiamsimesdu 9 Tunisiei 1 lifinsivds uwdas Faasnuinnisidegunuwuiiinaes

[
=< v

SifgulariwIn@INAuLLBLesiReuazia g uileauswungludaniugdudaanslugun 5

'
a

Inefiannsdeguifianiuguaniludndiulaenseiumussiunegluiiingyu

Y

M15199 2 TiuiuazauguedlastaduUionuigunsaiaeamtdngunsdld

b/a B (a3r) S (M3wnT) |V (@nunAnung) SV
2 20 120.628 36.075 3.344
25 126.112 39.219 3.216
30 131.595 42.546 3.093
35 137.078 46.080 2975
40 142.561 49.838 2.860
3 20 142.561 48.345 2.949
25 153.527 55.439 2.769
30 164.493 63.264 2.600
35 175.460 71.916 2.440
40 186.426 81.465 2.288
4 20 164.493 61.485 2.675
25 180.943 73.334 2.467
30 197.392 86.828 2.273
35 213.841 102.183 2.093
40 230.291 119.555 1.926
5 20 186.426 75.494 2.469
25 208.358 92.903 2.243
30 230.291 113.238 2.034
35 252.223 136.880 1.843
40 274.156 164.109 1.671
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