KEEEMAAEHRTE F18% $ 109, pp. 27972804, 1994

(RT3

(19943 394 5

2797

o = -
HEHA sy
Sat . MBI . M T
U H4)

Finite Element Analysis of Membrane for LNG Storage Tank

Young Gyu Kim, In Ki Jun, In Soo Yoon, Yong Won Lee, Seung Ho Hong
and Chung Kyun Kim

Key Words : Liquefied Natural Gas(e§ 84 of 7}.~),
Tank (2 #e) Z), Membrane (% 2.2 ¢
Fe4H)

o]), Ring Knot(# w=}t]), FEM(

Cryogenic Liquid(x#]-¢& <84]), Storage

1), Corrugation(5E), Cross Knot (4=} =}

Abstract

This paper analyzes the behaviors of corrugated membrane under the cryogenic liquid pressure
and thermal loading using the FEM analysis program MARC. The FEM calculations were carried
out on the basis of measured data of Technigaz membrane. It is very important to know the
concentration levels and distributions of stress in the corrugated membrane. A quarter of the
membrane sheet in place of the whole membrane was simulated because of its geometric
symmetricity. The calculated results of the concentrated stress showed that the maximum stress
occurs at the knot parts and at the root corner radius of the corrugations. The FEM calculated
results indicated that the ring knot membrane which was developed in this study showed uniform-
ly distributed stress and the lowest stress levels in the cross knot area in comparison with other
two membranes. These results are very important to optimize the shape and improve the safety

of membrane structure.
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Fig. 2 Mesh generation of Kawasaki membrane
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Fig. 3 Mesh generation of ring knot membrane

Table 1 Physical properties used in the FEM

Material SUS 304
Thickness, mm 1.2~20
Elastic modulus,* kg/mm? 0.32 x 10
Coef. of linear expansion,* mm/mm C 14x107°
Poisson’s ratio* 0.475
Specific gravity 785
Temperature, C —162
Pressure, kg/mm? 0.1

* Experimental data of SUS304 corrugated sheet at
—162¢C

2799

Blavztzale Ad seleE Az, 2

L

a}
04 gusel sdede sds7 A ANz
A& Fig 49 ek o] 2@elx AAY 14 2%
77 oA AAzEAE A 2} FEe
25 A9g Haky(boundary 3) = ZF Wie R
o) w87k givh Hl2Ystz Alesd (32 Fig

shshabs) wludlel (%2 Fig 2) =
A% 2 ope4 Wualele] AAZAY
2ahgiel,

=
2 X W

i

)

A

3

Al Edo] g S5 nd v E AL
dlel FollA HEAQ oAt 5 e =7
B 2uzt2 gngel (TM), 7ek4ls] =jud
M) 2} A zo] Aukgt 8 =ff4l Rjuael (RM
Wudelg vl HatslA 437 95k
2 FAE Az F &k 4 (Layer 1),
Aol Fzbd (Layer 2), zgjx whdziel HF3he
shud (Layer 3) 8] 4ol digh 43" AL o
Pdom, B =Folr Awz F7hwdel g ZAzput
< Al skolch

Figs. 5, 63 72 =lualel s«el
Mises & 7}-2-# (equivalent von Mises stress) %
2 HolF3 ok, Al 7bR =zl Aol Had
sl 4 2=+ von Mises 57483-& Fig.
, 6(a)st T{a)ol s Ry AR Hlays}
sluaele]l 105 kg/mm?, zhehAby) sieaiqlel
78 kg/mm?, 8 uj)4] =Heelo] 32 kg/mmPe g
A et =3 Wraicle Fzhde] delve
von Mises 5-7}&-#.2 ez stz slazfaie} 77
2 61 kg/mm?, 7}ebAL7] o bl 35 kg/mm?,

ir
e

L o
FE‘%EG‘E_".
=

e
2

Ael¥E von

a)

N2 e

Boundary 3

\ -
= Q
o
k\k
N
N

W

~
. /7,
N, O'/,
/,/
4.

~ b

Fig. 4 Boundary conditions of ring knot membrane



2800 AT - A7) - Fdg - o) - 4B AHT

1.048e+02
9.435e+01

N 6.290e+01

] 3.145e+01
1 20976401
1.049e+01
5.3310-03

(a) First layer

6.127e+01
5.515e+01
4.902e+0EN
4.289¢+01

s, PRRRR0RR8s ROBRRR0BER BERARERES WA

3.677e+01 W8

§ 1.2260+01
6.132+00
5.352¢-03

(b) Second layer

Fig. 5 Equivalent von Mises stress of Technigaz membrane
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Fig. 6 Equivalent von Mises stress of Kawasaki membrane
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Fig. 7 Equivalent von Mises stress of ring knot membrane
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