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Abstract - Inner shell material of LNG storage tanks that store ultra-low temperature LNG at -162C re-
quires structural integrity assessment of a crack-like defect. From the viewpoint of conventional fracture me-
chanics, the assessment has mainly performed by single parameter using stress intensity factor K, J-integral
and CTOD. However, the stresses in a material of crack tip are not unique caused by constraint loss due to size
and geometry of the structure. Various attempts have been made to complement a single parameter fracture
mechanics, typically with Q-stress. In this paper, we have performed a two-parameter approach by deriving the
Q-stress coupling with J-integral suitable for the evaluation of the crack tip stress field in the non-linear elastic
region. A quantitative evaluation of the constraint effect has performed by using the J-Q approach. It was eval-
uated that the SENB type specimen had a crack ratio of 0.1 to 0.7 and the wide type specimen had a crack ratio
of 0.2 to 0.6.
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Fig. 1. Schematic illustration of the Q parameter.
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Fig. 2. Two-dimensional mesh and boundary con-
ditions for a SENB specimen.
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ditions for a WP specimen.
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Fig. 4. J-Q stress fields for a SENB specimen at
a/W=0.5 (low load level).
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Fig. 5. J-Q stress fields for a SENB specimen at
a/W=0.5 (high load level).
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Table 1. The results of the CTOD tests [5]

SENB specimen WP specimen
Thickness CTOD (mm) Thickness CTOD (mm)
0.278 0.836
33 mm 0.247 33 mm
1.019
0.29
0.304 0.659
37 mm 0.28 37 mm
0.669
0.281
0.319 0958
40 mm 0.315 40 mm
0.82
0.31
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