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The Evaluation of Strength for the Corner Block Structure in the
LNG Tank using Sloshing Pressure of the Scaled Tank

Jun Hyeong Parkl, Si Jong Parkl, Seong Hoon Kiml, Jae Min Choi' and In Ki Junrr

vp KOREA, INC, Applied Technology Research Team, Seongnam, 463-825, Korea

Abstract

The purpose of this study is to predict sloshing pressure of a actual tank by using measured pressure in scaled down tank and to
evaluate with structural strength of LNG Corner Block. For this purpose, we performed sloshing analysis about 138K class tank by
using Ansys CFX program, and were measured both average pressure and maximum peak pressure according to scaled tank ratio.
Also, measured pressure was converted to pressure of the actual tank by Froude scale law, and we conducted the evaluation of
structural strength about the conner block of actual size KC-1.

Keywords | LNG Cargo Containment System(CCS), scaled tank, sloshing pressure, scale ratio, corner block,

structural strength assessment
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B4z £24 35S o]83t LNG ¥ 3L (Corner Block) T+%E9] 274 %

Performed of the sloshing analysis according to the
size ratio of tank

(Scale ratio : 1/125, 1/100, 1/75, 1/50, 1/25)

Comparison of the sloshing pressure due to the size
ratio of tank

Measuring maximum sloshing pressure at each
measuring positions

Calculation of the pressure about the tank of the
real size by using pressure of mockup tank

Th evaluation of strength to the corner blocks in
the LNG tank by sloshing

Fig. 1 Flow chart of sloshing analysis
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Table 1 Dimensions of the scaled tank model

Scale Ratio Length(m) Breadth(m) Height (m)

1/125 0.3498 0.028 0.2141
1/100 0.4372 0.035 0.2676
1/75 0.5829 0.0467 0.3568
1/50 0.8744 0.07 0.5352
1/25 1.7488 0.14 1.0703
1/1(138K) 43.72 3.5 26.7575
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Fig. 2 Measuring Points of Tank
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Table 2 Cases of test condition

Scale Ratio | Filling Ratio w(Hz) Amplitude (mm)
1/125 T0%H 1.3958 12
1/100 T0%H 1.2486 15
1/75 T0%H 1.0813 20
1/50 T0%H 0.8829 30
1/25 T0%H 0.6243 60
2.2 €27 3% WxZ=}

224 NS 6] 9o AL SeidM ArEs)
¢l Ansys CFX® Finite Volume MethodZ A&l e
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Fig. 3 Pressure time history: MP.8
(1/25 scale ratio, 70% filling ratio)
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Fig. 4 Pressure time history: MP.8
(1/50 scale ratio, 70% filling ratio)
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Fig. 5 Pressure time history: MP.8
(1/75 scale ratio, 70% filling ratio)
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Fig. 6 Pressure time history: MP.8
(1/100 scale ratio, 70% filling ratio)

e L B B B BRI BRI L
= 10 ]
g j
§ )
£ 5 ]

o'l”\m \HHH‘HHM MHH il H\‘HMMH “HMH\HM m\HM

0 20 30 40 50 70

Time (sec)

Fig. 7 Pressure time history: MP.8
(1/125 scale ratio, 70% filling ratio)
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Rz £24 35S o83 LNG ¥8=2 9 E#(Corner Block) T-Z2=

Table 3 The results of pressure at measuring point,
respectively

Scale Pressure at measuring point(kPa)

Ratio | MP.1|MP.2|MP.3|MP.4|MP.5|MP.6 | MP.7|MP.8

1/25 | 7.23|16.43 |5.74|5.27 | 5.25|5.98|8.95|13.9

1/50 | 3.75|3.34 | 2.88 | 2.82 | 3.23 | 2.47 | 3.80 | 6.88

1/75 1245|221 |1.98|1.82]1.82|2.04|2.87|4.25

1/100 | 1.87 | 1.67 | 1.45 | 1.49 | 1.30 | 1.53 | 2.42 | 3.35

1/125 | 1.61 | 1.41 | 1.28 | 1.36 | 1.12 | 1.02 | 1.53 | 2.37
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Fig. 8 Average Peak Pressure history: MP.1~MP.8
(full scale ratio, 70% filling ratio)
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Fig. 9 Max. Peak Pressure history: MP.1~MP.8
(full scale ratio, 70% filling ratio)
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Fig. 12 Components of Corner Block

Table 4 Material Properties of Corner Block

Material Temp E n Density K
(C) (MPa) | () | (kg/mm®) | (W/mT)
. -25 3,930 0.3 1.5E-6 0.4
Mastic
30 2,880 0.3 1.5E-6 04
Ply- -180 10,500 | 0.17 T.1E-7 0.17
Wood 20 8,900 0.17 T.1E-7 0.17
-170 213 0.3 1.2E-7 0.029
PUF
20 142 0.3 1.2E-7 0.029
Steel 20 00 0.3 7.85E-6 15
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Fig. 13 The Load and Boundary Conditions of Corner
Block
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Fig. 15 The Result of Displacement at Corner Block
(Max. Displacement=0.0058m)
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Fig. 16 The Result of Stress at Mastic
(Max. Stress=7MPa)
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Fig. 17 The Result of Stress at Plywood
(Max. Stress=17MPa)
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Fig. 18 The Result of Stress at PUF
(Max. Stress=0.23MPa)
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S, Mises

(Avg: 75%)
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Fig. 19 The Result of Stress at Steel
(Max. Stress=132MPa)

Table 5 Dynamic Strengths of Insulation System

Unit(MPa) | Mastic Ply PUF Steel
Wood
Yield DNV 14.99 39.98 2.25 220
Stress | GTT N/A 54.76 2.92 N/A
Analysis Results 6.95 17.04 0.23 132.10
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