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Abstract —In this paper, the optimized design of a roof structure for a LNG outer tank has been analyzed
using the Taguchi design method. This method may efficiently optimize the design parameters of a LNG
roof structure in terms of H beam and L beam structures, and a thickness of a concrete structure. The
FEM computed results indicate that the thickness of a concrete structure is a dominant factor of a roof
structure design. The H and L beam structures do not affect a maximum stress and deformation of a
reinforced roof structure. This means that H and L beam structures only support a dead weight of a concrete
roof during a consolidation of a reinforced concrete. Based on the computed results by the Taguchi design
method, the number of beams and thickness of a reinforced concrete are given as H=30, L=7, and

=12m.
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(a) Outer tank of a LNG storage
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(b) Roof structure with H and L beams
Fig. 1. FE model.

Table 1. Mechanical properties of beam structure and
reinforced concrete.

Mechanical properties st?uii?;e R:éii(;zzd
Compression strength, MPa - 50
Tensile Strength, MPa 270 -
Elastic Modulus, GPa 207 304
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Table 2. Factors and levels for Taguchi design method.

Factors
® ©
No. [No. of | [No. of [Roof
H beam] | L beam] | thickness]
1 120 7 0.6
Level 2 60 14 0.9
3 30 28 1.2

Table 3. Experimental layout of orthogonal array table of

Lo(3%).

Factors

® © ®

Exp. No.

i 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 2 1
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Table 4. SN ratios for maximum stress and displacement
on the roof structure of LNG outer tank.

Analysis No. Max. Stress Displacement
1 -117.66 65.10
2 -114.13 66.77
3 -111.38 67.91
4 -114.02 66.72
5 -111.54 67.83
6 -117.48 65.15
7 -108.71 67.79
8 -115.95 65.05
9 -112.89 66.83
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Fig. 2. Stress distribution of LNG outer tank for the seventh Taguchi model, which shows the lowest stress on the reinforced

roof structure.
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Fig. 3. Stress distribution of LNG outer tank for the first Taguchi model, which shows the highest stress on the reinforced

roof structure.
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Fig. 4. Displacement distribution of LNG outer tank for the third Taguchi model, which shows the lowest displacement
on the reinforced roof structure.
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Fig. 5. Displacement distribution of LNG outer tank for the eighth Taguchi model, which shows the highest displacement
on the reinforced roof structure.
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Table 5. Factors affecting the maximum stress of the LNG tank roof structure.

® ® © ® Sum
1 —343.16 -340.39 -351.09 —342.08 -1376.71
Levels 2 —343.04 —341.61 -341.03 —~340.32 -1366.00
3 -337.54 -341.75 -331.62 -341.35 —1352.26
Level difference 5.62 1.34 19.46 1.76 28.21
Affecting ratio [%] 19.92 4.83 69.01 6.24 100
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Table 6. Factors affecting the maximum displacement of the LNG tank roof structure.

® © ® Sum
199.78 199.61 195.30 199.76 194.44
Levels 2 199.69 199.65 200.32 199.71 799.38
199.67 199.89 203.53 199.67 802.76
Level difference 0.11 0.28 8.23 0.09 8.711
Affecting ratio [%] 1.22 3.23 94.53 1.01 100
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