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Evaluation of Mechanical Performance Considering Prolonged Length
of Glass Fiber-Reinforced Composite on Structure Weakness by Thermal
Stress at Secondary Barrier in Cryogenic Liquified Gas Storage
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ABSTRACT: A secondary barrier made of glass fiber reinforced composites has been installed infinitely using
automatic bonding machine(ABM) in membrane type LNG cargo containment system (CCS). At the same time,
significant thermal stress due to cryogenic heat shrinkage has occurred in the composite on the non-bonding area
between the adhesive fixation at both ends. There have been studies from the perspective of structural safety
evaluation taking this into account, but none that have analyzed mechanical property taking an prolonged length into
account. In this study, 2-parameter Weibull distribution statistical analysis was used to standardize reliable mechanical
property for actual length, taking into account the composite’s brittle fracture of ceramic material with wide fracture
strength dispersion. Related experimental data were obtained by performing uniaxial tensile tests at specific
temperatures below cryogenic condition considering LNG environment. As a result, the mechanical strength increased
about 1.5 times compared to -20°C at -70°C and initial non-linear behavior of fiber stretched was suppressed. As the
temperature decreased until the cryogenic, the mechanical strength continued to increase due to cold brittleness. The
suggested mechanical property in this study would be employed to secure reliable analysis support material property
when assessing the safety of secondary barrier’s structures.
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Table 1. Raw material properties of heterogeneous composite

E-glass fiber | Aluminum foil
Young’s Modulus (GPa) 72 68
Tensile strength (MPa) 3450 145
Specific weight [kg/m’] 2540 2700
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Table 2. Test scenario of the uniaxial tensile test

Material | Temp. Environmental Repetition
[mm)] [°C] condition [N]
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Table 3. Properties of the Weibull parameter by temperature

Temp. Weibull Parameter
[°C] ag [MPa] Bs
20 217.21 14.07
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Table 4. Estimated values using Weibull parameters

Compressive Frictional .
Temp. Relative scale
rC) strength strength
P [MPa] T [MPa] a0, [107]

20 210.72 72.19 0.41073
-20 21541 73.81 0.41074
-70 334.46 114.59 0.41093
-120 367.66 125.96 0.41096
-170 389.09 133.31 0.41098
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