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A numerical study on the fatigue evaluation of mark-Ill LNG primary barrier
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Abstract: The demand of liquified natural gas is increasing due to environmental issues. This reason has resulted in increasing
the capacity of liquified natural gas cargo tank. The Mark-IIl type primary barrier directly contacts liquified natural gas. Also,
the primary barrier is under various loading conditions such as weight of liquified natural gas and sloshing loads. During a
ship operation, various loads can cause fatigue failure. Therefore, the fatigue life prediction should be evaluated to prevent
leakage of liquified natural gas. In the present study, the fatigue analysis of insulation system including primary barrier is per-
formed using a finite element model. The fatigue life of primary barrier is carried out using a numerical study. The value of
principle stress and the location of maximum principle stress range are calculated, and the fatigue life is evaluated. In addition,
the effects on the insulation panel status and the arrangement of knot or corrugation are analyzed by comparing the fatigue life
of various models. The insulation system which has best structural performance of primary barrier was selected to ensure struc-
tural integrity in fatigue assessment. These results can be used as a design guideline and a fundamental study for the fatigue
assessment of primary barrier.
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Figure 4: Schematic diagram of the Mark-III insulation panel

Figure 5: True stress-stain curve of stainless steel 304L
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Table 1: Dimension of insulation panel components

Component Height Width
Top plywood 12mm 340mm
Primary R-PUF 89mm 340mm
Triplex Imm 340mm
Secondary R-PUF 160mm 340mm
Bottom plywood 9mm 340mm
Mastic 20mm Type-A 40mm
Type-B 20mm

Table 2: Mechanical properties of insulation system components[4][9]

Primary . .
barrier Plywood | R-PUF | Triplex | Mastic
E | 196,000 8,900 142| 13,133 2,934
E, - 7,500 142 - -
E, - 520 84 - -
Vi 0.3 0.17 0.24 0.3 0.3
Yy - 0.17 0.18 - -
v,, - 0.17 0.18 - -
G, - 196 12.2 - -
G, - 196 12.2 - -
G, - 196 12.2 - -
p 7,800 680 125 4,820 1,600

F, v, G and p indicate elastic modulus, poisson’s ratio, shear
modulus, and density.

F and G units are MPa.

p unit is kg/m®.
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) Corrugation )
Model Mastic Location|
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type width . . of knot
with mastic
RP model| RP No mastic - -
M40-LC Center
Large
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40mm
model | M40-SC Center
Small
M40-SE Edge
M20-LC Center
Large
M20 M20-LE Edge
20mm
model | M20-SC Center
Small
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Figure 6: Symmetry plane for the Mark-III insulation sys-
tem; (a) Primary barrier, and (b) Insulation panel
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Figure 7: Convergence test; (a) Deformation distribution of
primary barrier, and (b) 4 points for convergence test
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