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Insulation systems in Liquefied Natural Gas Carriers (LNGC) are vulnerable to sloshing impact and fatigue loads because of
waves, If gas leaks into the primary barrier, the Flexible Secondary Barrier (FSB) prevents the leakage of gas in this system,
Fatigue strength of the FSB largely depends on the behavior of composite materials, In this study, a new system is applied to
the FSB using aramid fiber to improve the fatigue strength of the secondary barrier, with the intention of replacing conventional
E—glass fibers, The manufacturing method involved varying the ratio of the aramid fiber to the E—glass fiber for optimum design
f the FSB, The fatigue tests results of the secondary barrier using aramid fiber were superior to that using E—glass fiber, The
statistical analysis is performed to obtain the fatigue test results and estimate the probability of failure as well as the design

guideline of LNGC secondary barriers,
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Fig. 1 Inside of LNG integrated tank on Mark=Ill system
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Table 1 Fatigue test displacement condition

Test type Mark=Ill Mark=Ill' Flex
AT 170°C 184°C
Hull girder stress 185 MPa 185 MPa
Thermal coefficient | 2.33 X E-06 | 2.23 X E-06
Length 1020 mm 1020 mm
Thermal displacement 0.4 mm 0.43 mm
Hull girder displacement 1.8 mm 1.8 mm
Total displacement 2.20 mm 2.23 mm
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Fig. 5 Procedure of fatigue test
Table 2 Fatigue condition
Test type Mark~—Ill Mark=IIl Flex
Displacement ratio 0
Displacement range 2.20 mm 2.23 mm
Temperature -125C -139°C
Waveform Sinusoidal
Frequency 3 Hz
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(L|b|n, et al., 2017).
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Table 3 Results of A-D value test for optimum distribution

Mark=Ill | Mark=IIl Flex Mark=IIl Flex
Test type | E-glass E—glass | Aramid(weft, 2:1)
FSB FSB FSB
Weibull
distribution 2.98 2.92 2.15
Lognomal
distribution 2.99 2.97 2.15
Exponential
distribution 3.27 3.78 2.92
Normal
distribution 2.99 2.95 2.19
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Fig. 9 Typical failure of FSB at cryogenic temperature

Table 4 Probability failure of FSB

Table 5 Weibull parameter after fatigue test

Failure Mark=IIl | Mark=Ill Flex Mark-IIl Flex
probability | E-glass E-glass Aramid
(%) FSB FSB (weft, 2:1) FSB
P1 4,628 9,219 13,838
P10 11,304 11,367 29,667
P63,2 26,585 13,893 61,576
P90 36,504 15,025 80,725
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