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Abstract

This paper presents the static responses of the fifth- order polynomial shaped shell that supports the
hydrostatic pressure. The geometry of the fifth-order polynomial shaped shell was computed by the differential
geometry. The model of fifth-order polynomial shaped shell was desigshed by using one-dimensional beam
elements, which divided along the shell radius. In this study, the shell was separeted into 2 regions for
preventing dZ/dr=o0 and reducing the errors of result at equator plane. At the junction of two regions, was
defined the function values, of displacements and continuous slopes The energy function of the shell can be
derived by the principle of virtual work, and the static responses of the shell can be obtained by the finite
element method. The results indicate that the sea level, shell thickness, and elastic modulus affec the
displacement of the fifth-order polynomial shaped shell.

Keywords: Static Response, Fifth-Order Polynomial Shaped Shell, Hydrostatic Pressure, Differential Geometry,

Principle of Virtual Work
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Displacement Amplification Factor = 100

25
fffff Undeformed state
—=— H/t=500
20 ¢
0 —— H/t=1000
—e— H/t=1500
15 F———c S —— H/t = 2000

H/t = 2500

Vertical distance (m)
/

0 1 2 3 4 5
Radial distance (m)

JUN 6 HAYDINITUUTIUA susEA UL B 3UT 19789

Taseas1Uannueiendulnaluisadusunm

0.0025

—=— H/t=500

—— H/t=1000
—— H/t=1500
—*— H/t=2000
Hit = 2500

0.0020

0.0015

0.0010

0.0005 |

Tangential displacement (m)

0.0000

Radial distance (m)

(n) MsidugUmMLLLILBTSALY

0.004

£ 0.000

5

£ -0.004 |

3

g‘ -0.008 | H/t=500 ]

S Hit = 1000

1S | Hit = 1500 1

g 0012 H/t = 2000
0015 Hit = 2500
o 1 2 3 4 5

Radial distance (m)

(¥) Msidegunananiudumessidey
JUN 7 Havesnisuusiiguseauiisessegnsidu gy
vadlassasaudenuisileitulnaludisaduduiivi

¥

3.3 HaveIA UMD AT NUGINU
mMsfAnvmaresrununfiinelasaiiauionuns
sUnssilsidulnaludsasuduiin anunsasildlaeld
AUMUIRANG 0.05 B9 0.15 was luvaigiidmnsdwes
3u 9 fwanddumsed 1 fepeilifinnsuasundas
‘wmf']Lﬁamwwuwaﬂﬂiﬂa%aﬁmLﬁuqqsﬁu%ﬁmaﬁﬂﬁ
nsdegUvedlassaineiirnanas fauansluguil 8 egndls
fAmumuinAnindesuiuunlduduged uuuuld by
Fnaulaonsuil osanuavesrinisdaiiindu @y

LANK1991N91UTT8UDY Jiammeepreecha et al. [6]

dwmsusun 9 azuansHaveINsUUsABUANLMUNTITide
srormadesUmuuuuesiifsulazuuaiaanniuidy
woeisifguvedlassaiialfenursgunseilsidulnily
Feaduduiivh sudidu FamuhensdegUiaesasd
AftugetudioAmumuiiananas wazAmadegulu
s nfudusesiifsursigndanduiiasuand,
vanluuaveyidumiaderfumioutumsudsivasy

°

AAgeTEAUIN

25

Displacement Amplification Factor = 100
20 T Undeformed state ;
—=— t=0.050 m.
—— t=0.075m.
““““ —e— t=0.100 m.
t=0.125m.
t=0.150 m.

(] S——

1.0

051

Vertical distance (m)

0.0

0 1 2 3 4 5
Radial distance (m)

JUM 8 HaveIN1sWUSIA suUAUNUIRN BT UT 19T

Tassasaudanunaflandulndludleaduauinn

0.0010
—— t=0.050m.
= —— t=0075m.
& 00008 . t=0.100m.
Q —— t=0.125m.
£ 000067 . t=0.150m.
b
£ 0.0004 |
f=4
S
=
© 0.0002
000008 1 2 3 4 5
Radial distance (m)
a fa a
(n) NM3LEEFUANLUILLDIAEUY
0.004
E o002}
=
<%
5 0.000 -@
ks
% -
2 -0.002 —=— t=0050m. ]
= —— t=0.075m.
1S —e— t=
E ool t=0.100 m. ]
2 —— t=0.125m.
—— t=0150m.
-0.006

0 1 2 3 4 5
Radial distance (m)

(v) MatdegUiuIiR AUy
UM 9 naveansuUsiRguAuUIseszeEn1sIdY U

YaalAssas1aldanurefleantulnaludleaduauinn

n Ui 10 aUV# 1 unsIAx - Agureu 2568



RMUTL. Eng. J

158159AINTSUAIENS UN1INg1aenAlulads1vuIAaa 1YY

3.4 waveslugaadaveuiinelasiasuvaonu

FnsuamnsimesannienazyinnisAnuiluns

q

= 1

firenaveslugdadanguiisivelnsasradonuiagunss
Hardulnaludoasuduiivin Tngyinisuusiud suen
Tugdadaneguiaus 150x10° f9 250x10° lwngraana
wuiAnndeguasdaniugadusiiolugdadaveufien
anas dauansluguil 10 wag 11 Smsuguseves
lassasamdnisdesy ssegnsidesunuuuiiessifeu
wazimaaniuduimesTisuredassaiaddonung
sUnseilsrdulndludloaduduiivh amudu dufeni
udeundevaslassadrsnsiiaranasiuies uananisy
wuinAmadssulusudsanasigadandufidumis
Wenfudufunsdmauavasusaugassiu
uazAEvwedlaTIEsUianUNg

MNHANTLUTUA BuAsEAUL Aramun woy

& '

Tugdadaveuvaslasiainadonuns nuingadandud
Lﬁﬂ%ﬂugﬂﬁ 7(%), 9(v) way 11(v) Refiduniaieaiy
Lﬁaamﬂgﬂmwaﬂmqa%aLLasLLsaﬁuﬁﬂszﬁwﬁﬁﬂwm
WUULR A UT sd analFiundsfinaLAn g uisuma
Weatundelndfssiu TunsdfifosnsmuamaAInss
aelulaun wseluszuru (Membrane Forces) way
Tutud (Bending Moment) anunsaAuiadlaanaunis
7l (19) uay (16) SrfuANnoguiliAndu dmiunis
WIA1AIULAS BALaTN15LUE suulasaauld e
AUEIFU nduaEnsamuamALsslusTuIULaE
luinud Lalagldaunisuananganssuvesdan

(Constitutive Equation) [24]

4. unasy
nsfnyianauauemsainAansvelasasg
Wasnuegunseiledtulnaludsaduduivniunsedu
inadalaeldngquiisiadndeyiuslunisiivua
sUnsalaseadne waglddsluludiediuudlunism
HagnSigeRavdmiuAINsdesUnainaansves
Tassaradenursgunseiladdulnaludvaduduiivh

anusaagulacsil

25
Displacement Amplification Factor = 100

————— Undeformed state

—=— E'=150GPa |

—— E'=175GPa

15 fommmee e —e— E'=200 GPa
—+— E'=225GPa

ST E'= 250 GPa

2.0

1.0

0.5 |

Vertical distance (m)

0.0

Radial distance (m)

JUT 10 naveanswlsiuasulugaatiangusagusnsves

Y

Taseas1Uaonueilandulnaluiisadusunym

0.0012

—=— E'=150 GPa
0.0010 f—— E'=175GPa
—e— E'=200GPa
0.0008 | —— E'=225GPa
—— E'=250 GPa
0.0006 |

0.0004 |

0.0002 |

Tangential displacement (m)

00000 0 1 2 3 4 5

Radial distance (m)

(n) NMsidegUmuLLILeTIALY

0.004

0.002 |

0.000 A

-0.002 ¢ e E'=150GPa |

—— E'=175GPa j
—— E'=200GPa
-0.006 t —*— E'=225GPa |
—*— E'=250GPa

-0.004

Normal displacement (m)

-0.008

0 1 2 3 4 5
Radial distance (m)

(v) MadegUiuIRRINAuELLa T IRYY
JUT 11 navesmsuusiasulugdatane uiessovnisde

3 d
suedlassaiadenunsiladdulndludoadusudivh

4.1 Audnvesszaut AumL waglugda
ganguratlasaiialdenuisavdwmansenulaensese
szgvmsdvgvedassaialfonuiegunseilandulng
Tuidlvadusuivh

v a

4.2 ﬂ'wmﬁLﬁagﬂiuuuwﬂmn%ﬁq@ﬁmﬂauw
Wasunneuanlufuavegidmumindeatulidue
FuA1AILANYRISER UL AN wazlugdatinvgu
vadlassasraldonung

4.3 385315897 w3 Fot anunsasiily
Uszgnaldiunisiessiuuuliidudaduredassad

WA DNUILAZANNTOSINHNAVDILIIA UT LA AT UL 930

i 10 aUT 1 unsrAu - Agureu 2568



RMUTL. Eng. J

9158153AINTSUAIENS UN1INgIaeNAlulads1vuIAaA 1YY

yosmarfiussyneluly daasdunuideddnluaeiu
ol Inefilusunsullusieduns ABAQUS azlitedninlu

509R9NET

5. inAnssuuszne
lasens3delasunisaduayuainnemudaasy

wa

INA1Ens ITeUAsUIANTIY MINAISUTBINITULY
Y

aud oulvvesniseudAsuyszuialasinsidenu
gl uantuIIuLag1u (Fundamental Fund) Ysga1d

AUUTEL W.A.2567 1aaft FF67/P1-038

6. LONE1581984

[1] Reddy JN. Theory and Analysis of Elastic Plates
and Shells. Boca Raton: CRC Press;2007.

shells of

[2] Zingoni A. Liquid-containment

revolution: a review of recent studies on
strength, stability and dynamics. Thin-Walled
Struct. 2015;87:102-14.

[3] Pai PF, Young LG. Fully nonlinear modeling and
analysis of precision membranes. Int J. Comp
Engrg Sci. 2003;4(1):16-65.

[4] Rotter JM, Sadowski, AJ. Cylindrical shell
bending theory for orthotropic shells under
general axisymmetric pressure distributions.
Engrg Struct. 2012;42:258-65.

[5] Al-Gahtani H, Khathlan A, Sunar M, Naffa'a M.
Local pressure testing of spherical vessels. Int J.
Pres Ves Pip. 2014;114-115:61-8.

[6] Jiammeepreecha W, Chucheepsakul S, Huang T.
Nonlinear static analysis of deep water
axisymmetric spherical half drop shell. KMUTT
Res Develop J. 2014;37(1):239-55. Thai.

[7] Jiammeepreecha W, Detphan S, Chaidachatormn
K, Ngohpok C, Tiyasangthong S, Detphan P,
Lerdchaipong K, Jamnam S. Large displacement
analysis of toroidal dome structures having
variable thickness under external pressure.

RMUTL Engrg J. 2023;9(1). Thai.

(8]

(11]

[13]

Zingoni A. Shell Structures in Civil and
Mechanical Engineering: Theory and Analysis.
London: ICE Publishing;2017.

Tangbanjongkij G, Chucheepsakul S,

Jiammeepreecha W. Large displacement
analysis of ellipsoidal pressure vessel heads
using the fundamental of differential geometry.
Int J Pres Ves Pip. 2019;172:337-47.

Jiammeepreecha W, Suebsuk J, Chucheepsakul
S.  Nonlinear static analysis of liquid-
containment toroidal shell under hydrostatic
pressure. J. Struct Engrg. 2020;146(1):04019169.
Shi Z, Ohtsu M. Application of linear
programming to the limit analysis of conical-
shaped steel water tanks. J.

2001;127(11):1316-23.

Struct Engre.

Zingoni A. Stresses and deformations in egg-
shaped sludge digestors: membrane effects.
Engrg Struct. 2001;23(11):1365-72.

Zingoni A, Mokhothu B, Enoma N. A theoretical
formulation for the stress analysis of multi-
segmented spherical shells for high-volume
liquid containment. Engrg Struct. 2015;87:21-31.
Enoma N, Zingoni A. Analytical formulation and
numerical modelling for multi-shell toroidal
pressure vessels. Comp Struct. 2020;232:105811.
Zingoni A, Enoma N. Strength and stability of
shell

assemblies  under

Thin-Walled

spherical-conical

external hydrostatic pressure.
Struct. 2020;146:106472.

Yeh HS, Huang T, Schachar RA. A solid shell
element for the shell structured eyeball with
application to radial keratotomy. Int J. Numer

Method Engrg. 1992;33:1875-90.

n Ui 10 aUV 1 uns1Ax - Agure 2568



RMUTL. Eng. J

158159AINTSUAIENS UN1INg1aenAlulads1vuIAaa 1YY

(17]

Yeh HS, Huang T, Schachar RA. A closed shell
structured eyeball model with application to
radial keratotomy. J. Biomech Engrg. 2000;
122(5):504-10.

Chien CHM, Huang T, Schachar RA. Analysis of
lens accommodation. J.

human crystalline

Biomech, 2006;39(4):672-80.

[19] Yasuzawa Y. Structural response of underwater

(20]

half drop shaped shell: Proceedings of the 3rd
International Offshore and Polar Engineering
Conference; 1993 June 6-11; Singapore. 1993. p.
476-81.

Wang CM, Vo KK, Chai YH. Membrane analysis
and minimum weight design of submerged
spherical domes. J. Struct Engrg. 2006;132(2):
253-59.

[21] Jiammeepreecha W, Chucheepsakul S, Huang T.

[22] Jiammeepreecha W,

Nonlinear static analysis of an axisymmetric

shell storage container in spherical polar
coordinates with constraint volume.

Struct. 2014;68:111-20.

Engrg

Chucheepsakul S,
Nonlinear static analysis of an underwater
elastic semi-toroidal shell. Thin-Walled Struct.
2017;116:12-8.

(23]

Tangbanjongkij G Chucheepsakul S,
Jiammeepreecha W. Analytical and numerical
analyses for a variety of submerged hemi-
ellipsoidal shells. J.

04020066.

Engrg Mech. 2020;146:

Langhaar H. Foundations of Practical Shell
Analysis. IWinois: University of Illinois;1964.
Cook RD, Malkus DS, Plesha ME, Witt RJ.

Concepts and Applications of Finite Element
Analysis. New York: John Wiley & Sons;2002.
Goan LA. An Analysis of an Axisymmetrical
Closed Shell Subjected to Equatorial Pull with
the
Crystalline Lens. PhD thesis. The University of
Texas at Arlington; 2000.

Langhaar H.

Application to Accommodation  of

Energy Methods in Applied

Mechanics. New York: John Wiley & Sons;1962.
Mase GT, Mase GE. Continuum Mechanics for
Engineers. Florida: CRC Press:1999.

Abaqus. ABAQUS User's Manual, Rhode Island:
Hibbit, Karlsson and Sorensen;2016.

Shilkrut DI. Bifurcation in tension of nonlinear
spherical caps. J. Engrg Mech. 1983;109(1):289-
95.

Ross CTF, Youster P, Sadler R. The buckling of
plastic oblate hemi- ellipsoidal dome shells
under external hydrostatic pressure. Ocean

Engr. 2001;28(7):789-803.

i 10 aUT 1 unsrAu - Agureu 2568



