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Abstract — This paper presents the finite element analysis on the strength safety of a full containment
LNG storage tank system with damping safety structures. For the FEM analysis of the inner tank, the
combined loads in which are related to a hydrostatic pressure, a cryogenic temperature load, BOG pressure,
LNG weight, and a sinking force at the corner of the inner tank have been applied to the inner tank structure.
The FEM computed results show that the conventional inner tank is safe for the given combined loads,
but the damping safety structure such as compressive springs may be more useful structures to increase
the safety of the tank system. The increased stiffness and the appropriate position of the springs are very
important design parameters for increasing the damping strength safety of the tank system.
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Fig. 1. Full containment LNG storage tank system with
damping structures.
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Fig. 2. FE analysis model of a full containment inner tank
system.
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Fig. 3. Boundary conditions due to a cryogenic temperature
and a weight of a LNG and a boil-off gas pressure.
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Table 1. Mechanical properties of a 9% Ni steel plate.

Material parameters of 9% Ni Values
Young's modulus, Pa 1.91x 10"
Poisson's ratio 03
Mass density, kg/m’ 7850
Thermal expansion coefficient at »

N -9.2X10
—200°C, um/m - K
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Fig. 4. FEM analysis direction from the bottom to the top
of the inner tank.
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Fig. 5. von Mises stress of an inner tank wall.
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(a) Dilated displacement at 0° and 180°
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(b) Dilated displacement at 90° and 270°

Fig. 6. Radial displacement of the dilated LNG tank due
to an internal loadings along the height of the tank.
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Fig. 7. Dilated displacement distribution of the inner tank.
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Fig. 8. Maximum dilated displacement along the bottom [L}
to the top [H as a function of a spring stiffness.
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depending on the location of the spring along the
height of the wall.
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