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Abstract: This paper describes the structural analysis and optimization of stiffeners used in inner tanks for liquid
natural gas (LNG) storage, so that the costs can be minimized while the critical buckling load of the inner tank still
exceeds the external pressure exerted by the perlite. The original calculation of perlite pressure applied to the inner tank
was based on Zick’s code, which led to the overestimation of the external pressure, and consequently, an oversized
stiffener. In this study, the effects of the material properties of perlite on the external pressure distribution are
scrutinized, and the optimum dimensions of a single stiffener are finally obtained through a series of parametric studies.
A 15% decrease in the cost of the stiffener compared with the original design is achieved.
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Table 1 Formulation of design problem

Design Length of stiffener L,

variables

Thickness of stiffener t,

Object Minimize volume of stiffener

qu (Lz, t2) 2 q(Ep> Ka “)
t,=0.01m

Constraints
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Fig. 6 Effects of parameters on pressure: (a) perlite
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Table 2 Parameters and values

Parameters Values
Perlite density ( kg/m’) 60
Radius of inner tank (m) 42
Radius of outer tank ( m) 43.2
Effective coefficient factor of friction 0.7
Proportion between horizontal pressure 0.6
and vertical pressure ’
Thickness of blanket (m) 0.4
Height of upper residual perlite (m) 1.6
Poisson ratio 0.3
Young’s modulus of 9% Ni steel (GPa) 210
Blanket compression hysteresis factor 0.6
Young, modulus of perlite (MPa) 10
Height of upper residual perlite (m) 1.6

Table 3 Perlite pressure according to depth

y (m) Pressure (kPa)
0 1.298
2 1.941
4 2.072
6 2.095
8 2.1
10 2.1
12 2.1
14 2.1
16 2.1
18 2.1
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