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Advanced structural design method for LNG spherical tank system using non-linear FEM

by Yoichi Kamitani

Abstract

LNG tankers have a special feature to carry ultra low temperature liquid that is -163C° . Present LNG ships can be categorized into
mainly two types, independent tank system and the membrane tank system. The LNG tank system treated in this research is the
independent spherical tank system developed by MOSS Rosenberg Co. (Norway). It is usually called Moss type tank system. The Moss
type tank system consists of a spherical tank and a cylindrical supporting skirt. Bucking strength of the tank system is investigated in this
study. It is well known that buckling strength of spherical and cylindrical shells is highly sensitive to structural imperfection. Therefore, it
is very important to accurately predict this reduction factor due to the initial imperfection in order to establish reasonable safety factors and
production tolerances. This paper proposes design formulate for buckling strength of the spherical tanks by calculation using non-linear

finite element method.
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Fig. 1 Toroidal Shell Segment
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Table 1 Material Properties

Young's modulus E=70[GPa]
Poisson's ratio v=0.3

Yield stress oy=127[MPa]
Radius R=1000[mm]
Thickness t=2.0[mm]
Height L=800[mm]
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Table 2 Sphere shell strength of classical formula
Yield stress o —=127[MPa]
=84.7[MPa]

Buckling stress of perfect sphere o

perfect
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Table 3 Comparison between DNV formula and Odland
formula (o ,/0 4=-1)

DNV
47.1[MPa]

Odland
56.7[MPa]

Table 4 Comparison between DNV formula and Odland
formula (o ,/0 ,=0)

DNV
30.1[MPa]

Odland
36.2[MPa]
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Fig. 3 Load-deflection curves
(elasto-plastic analysis, o ,/ a ,=-1)
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Table 5 Stress of ultimate strength (o ,/ 0 ,=-1)[MPa]

Meridional initial deflection
1 2 3
30 | 46.8 46.1(C0) | 50.0
Circumferential
. 40 | 40.8 41.8 50.7
initial deflection
50 | 41.1 452 52.4
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Table 6 Stress of ultimate strength (o ,/ o ,=0)[MPa]

Meridional initial deflection

1 2 3

ci . ol 30 | 33.9 30.9 37.0
t

Crrewmierential 4o | 30.0 33.0 40.1
initial deflection

50 | 30.5 37.2 429
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Fig.4 LNG tanker
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Table 7 Material Properties

Young's Poisson's Yield

Modulus Ratio Stress

[MPa] [MPa]
AL 70610 0.3 127
ALH 70610 0.3 200
SUSM 198100 0.3 310
HT 205950 0.3 315
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Fig. 5 Division of spherical tank part
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Fig .6 Initial deflection shape of analyzed sphere tank
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Fig. 7 Load deflection curves at the intersection between SA
and SB plates with partial filling (30%)
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Table 8 Load factor of buckling strength

. circumferential initial deflection
Buckling strength
25 30 35 40

20% 8.16 8.09 8.59
25% | 7.90 | 7.27 7.43

filling -

. 30% | 7.45 | 7.12(min) | 7.18

ratio
35% | 7.44 | 7.15 7.20
40% 7.47 7.77 8.11
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Fig. 8 Stress of circumferential direction
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Fig.9 Stress of meridional direction
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Fig. 10 Equivalent Stress
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