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Abstract : Static analysis of axisymmetric shells is one of the important topics in engineering. The authors
suggest a computational algorithm for carrying out the static analysis of axisymmetric shells with various
shapes by using the finite element-transfer stiffness coefficient method (FE-TSCM) which combines both
the modeling technique of the finite element method (FEM) and the transfer technique of the transfer
stiffness coefficient method. In this study, the authors developed the computational program after
computational algorithm was formulated by the FE-TSCM for the static analysis of the axisymmetric shell
with various shapes. The authors carried out the static analysis about three computational models, which
were a spherical shell cap, a water tank, and a pressure vessel by using the FE-TSCM and the FEM.
From comparing the computational results of both methods, it was confirmed that the FE-TSCM is a
reliable analysis method for static analysis of axisymmetric shells with various shapes.

Key Words - Static Analysis, Axisymetric Shell, Finite Element, Transfer Stiffness Coefficient Method

*t 7 S(https://orcid.org/0000-0003-0416-8348) : 1<, *t Kyong-Uk Yang(https://orcid.org/0000-0003-0416-8348) :
Agstn 7] @A 28l 28k3} Professor, Department of Power System Engineering, Chonnam

. . National University.
E-mail : kr, Tel : 061-659-7134
mail : yanghu@jnu.ackr, Te E-mail : yangku@jnu.ackr, Tel : 061-659-7134

)\
*3 7 < (https://orcid.org/0000-0003-0691-5570) : 3L, *Myung-Soo Choi(https://orcid.org/0000-0003-0691-5570)
gt 7] HA| 228l 3-8 Professor, Department of Power System Engineering, Chonnam
National University.

=
LY

SAAHZ SRR M27# M2, 2023 4€ 33


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2023.27.2.033&domain=http://kspse.org/&uri_scheme=http:&cm_version=v1.5

35 W E (3x1)

ojf

I~

Mmoo w

AZF SF w2 A Ashel)Z FAH
B3t 717, &7, WY,
A Eekel A el ARS
o7 Q3% FXE F ot
o] AAA 7P 71Eo] HE Ao
of tig A FRE] WY &8E AL
2 3)) 2 (static analysis)©] T}."?
A F2E AHHNE FPstr] HilHeE =
dyg HAo] Aok e, Arld &Y=

82, A 8k 0% 84 ol A8

aas, =

ﬂl—m
iy

oZiO{Nmilﬂ

=
<)
stz o g

o
-

rﬂ—'
<0
ok
rir

% 9
t}.G6 5:3]1: 8A4E 339 AlE AZEOE
E Ao ASATE G A8 £ QAT
e FEs] A= B8
< 848 mddsjop stz Atk AJ7to]
FH viEe] FHA FHefAol AT ol
Adst7] fstd 4 848 AH8St

N R - R R )
==
o
2
g o
%

LY

© ok g

o -
y M
E]l'ﬂo}m_,‘u
- 'rg‘ﬂ]lonﬁ
_LlorQL
ﬁ:@m
w F
e 2T
T E
oﬁ,'oﬁt'ﬁ
ael
rLJaL
o Zi:i‘
o X
il
oy 2
—U“-H
ﬁﬂr]r
[

ofo ol
o
e
N
)

oy o 2 e 2
r'b' ln
& o
e 0, o
o S (d
gt o o
t >
Ir [o
rlo N
o £
Hy
=
o
1
o M
BN
i
=2

Y0 ogh ot
oy

fr

o
=
-
ol ofh

y fo

[

o

Lo opororf ol o od O B Ko
b
o
4 ©
ke
O o

ot O o M2
to 1%

N
==
1

of
-



b
07

2. HsllY L F

2.1 2y
o] dTollA= Fig 13 2 %, 45,
Aol e oA 4 TxE2 Fig 29 &

=

F Y39 A (truncated cone element)®] 2
do 2 a3 Fig 13 o] S A Tz
AE n/le AF dF842 BT 4
849 F9Sde 28 do] &A=, ol
A (ring node) &2 7+eF3] & (node)©l
, oA 2o F opt+1/ly BHES

Dy

o =N
L o rﬁ
-\o

iiloi‘i

]_

r{mogzi&._\ir%ﬂrﬁrﬁm{nmﬂﬂoﬂ
O

Aoz A1, A 2, -, A nt+12 FE
7t Ade 45820 Ao F)BEH ol
2 WAy 3HUEF 2l 20)TFe] 3

FEE Zeth @9, dFeat Ao Ao

Foz AMolmz IH AL RUY A

s 7SS 4 A7t Ao,
TEEOl AR d A, T1zsk A Aol

node-t}—-—2- — -3} —4 —-—-—{-n4-

\_‘,_//

Fig. 1 Axisymmetric shell structure
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Fig. 2 Truncated cone element
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Fig. 4 Spherical shell cap

Table 1 Nodal displacements of dome by FE-TSCM

Node u; (m) w] (m) 0, (rad)
1 1.389¢-05 0.000e+00 0.000e+00
2 1.387e-05 -6.133e-07 -1.403e-07
3 1.381e-05 -1.224e-06 2.495e-07
4 1.360e-05 -1.812e-06 1.619¢-06
5 1.307e-05 -2.326e-06 4.410e-06
6 1.203e-05 -2.669¢e-06 8.858e-06
7 1.029¢-05 -2.706e-06 1.470e-05
8 7.766e-06 -2.307e-06 2.066e-05
9 4.660e-06 -1.445e-06 2.390e-05

10 1.631e-06 -3.928e-07 1.942¢-05
11 0.000e+00 0.000e+00 0.000e+00

Table 2 Nodal displacements of dome by FEM

Node ug (m) w? (m) 0; (rad)
1 1.389¢-05 0.000e+00 0.000e+00
2 1.387e-05 -6.133e-07 -1.403e-07
3 1.381e-05 -1.224¢-06 2.495¢-07
4 1.360e-05 -1.812e-06 1.619¢-06
5 1.307e-05 -2.326e-06 4.410e-06
6 1.203e-05 -2.669¢-06 8.858e-06
7 1.029¢-05 -2.706e-06 1.470e-05
8 7.766¢-06 -2.307e-06 2.066e-05
9 4.660e-06 -1.445¢-06 2.390e-05
10 1.631e-06 -3.928e-07 1.942¢-05
11 0.000e+00 0.000e+00 0.000e+00
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Table 3 Meridional stresses in dome (kPa)

FE-TSCM FEM
Element| ¢ ; :
int ext nt ext
9 0 -85.90 | -103.1 | -85.90 | -103.1
9 1 -147.0 | -34.82 | -147.0 | -34.82
10 0 -142.6 | -32.14 | -142.6 | -32.14
10 1 -254.6 | 82.17 | -254.6 | 82.17

& = 0 is at origin end of element

& =1 is at the other end of the element

Table 4 Hoop stresses in dome (kPa)

FE-TSCM FEM
Element| ¢ - -
int ext nt ext
0 -26.93 | -60.28 | -26.93 | -60.28
1 -20.18 | -23.73 | -20.18 | -23.73
10 0 -19.85 | -22.87 | -19.85 | -22.87
10 1 -42.43 | 13.69 | -42.43 | 13.69

& = 0 is at origin end of element

& =1 is at the other end of the element
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Fig. 6 Deformed shape of water tank
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Table 5 Odd number nodal displacements of water
tank by FE-TSCM

Node u! (m) w (m) 0, (rad)
1 0.000e+00 0.000e+00 0.000e+00
3 -1.086e-04 | 1.018e-03 | -5.238e-04
5 -2.114e-04 | 7.365e-04 | -1.620e-04
7 -2.849e-04 | 4.901e-04 | -1.483e-04
9 -3.290e-04 | 2.452e-04 | -1.457e-04
11 -3.437e-04 | 9.832e-06 | -7.286e-05
13 -3.533e-04 | 2.397e-07 | -2.497e-06
15 -3.535e-04 | 1.212e-08 | -8.358e-08
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Table 6 Odd number nodal displacements of water
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Fig. 7 Pressure vessel with internal pressure

tank by FEM
Node uj (m) w] (m) 0, (rad)
1 0.000e+00 | 0.000e+00 | 0.000e+00
3 -1.086e-04 | 1.018e-03 | -5.238e-04
5 -2.114e-04 | 7.365¢-04 | -1.620e-04
7 -2.849¢-04 | 4.901e-04 | -1.483e-04
9 -3.290e-04 | 2.452e-04 | -1.457e-04
11 -3.437e-04 | 9.833e-06 | -7.287e-05
13 -3.533e-04 | 2.397e-07 | -2.497e-06
15 -3.535e-04 | 1.217e-08 | -8.344e-08
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Table 7 Nodal displacements of pressure vessel by

FE-TSCM
Node u; (m) w] (m) 0; (rad)
1 0.000e+00 | 0.000e+00 | 0.000e+00
11 1.903e-04 | 2.824e-04 | 5.404e-04
21 2.879¢-04 | 4.048e-04 | -5.913e-09
31 3.96%e-04 | -1.702e-04 | 1.221e-04
41 6.960e-04 | 3.159e-04 | -2.075e-04
51 7.494e-04 | 9.994e-05 | 1.131e-05
57 8.268¢-04 | 0.000e+00 | 0.000e+00

Table 8 Nodal displacements of pressure vessel by

FEM
Node u; (m) w] (m) 0; (rad)
1 0.000e+00 | 0.000e+00 | 0.000e+00
11 1.903e-04 | 2.824e-04 | 5.404e-04
21 2.879¢-04 | 4.048e-04 | -5.913e-09
31 3.96%9-04 | -1.702e-04 | 1.221e-04
41 6.960e-04 | 3.159e-04 | -2.075e-04
51 7.494e-04 | 9.994e-05 | 1.131e-05
57 8.268¢-04 | 0.000e+00 | 0.000e+00

Fig. 8 Deformed shape of pressure vessel
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