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Abstract - A brittle fracture is one of the source of structural damage and can bring a fatal
accident. The inner shell of LNG storage tank should be designed and applied to construction
by ensure that no brittle crack will occur under -162C condition. In point of view of fracture
mechanics brittle fracture in the structure could be referred as crack initiation and crack arrest.
It should be designed no crack initiation. However, in the unlikely event of a brittle fracture
occurring, a back-up function of arresting the brittle crack should be included for the design.
In this paper investigated the characteristics of 9% Ni steel thick plates of having a capability
of arresting brittle cracks under the thickness of 33 mm, 37mm, 40 mm. First, charpy test has
performed to evaluate the fundamental brittle impact fracture property of 9% Ni steel under
the temperature of 24C, -162Cand -196C. In addition, Duplex ESSO tests were also per-
formed under -196Cto evaluate the capability of crack arrest for 9% Ni steel. From the experi-
ments results, it was confirmed that all the thickness of 9% Ni steel plates exhibits sufficient
brittle crack arrest fracture toughness for the application of LNG storage tank as a inner shell.
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Fig. 1 Configuration of Duplex ESSO test

AN-7E o83 HATAEoR F2 FY=o|A
g [7-9] B AFolAE LNGAHAZR I W= A
SE2M AEEE 9% Nid T3] gy sy £
S Hoslr] sty HAMFE ARAEAL S HS
Aok 9A 9% NiZdel 718420 HAE4FHEL S
B7VsE7] 98k 33mm, 37mm, 40mm 572 A&
o tiaf A& 24C, LNG2Eo| 7}7h-& -164C 1
g A3As 59 -196CoA ZH2t Ak2a
AANGE FYsATh = HAFE LA AR
AsE TEsH7] f5te] WPAIFHE ©] 83 Du-
plex ESSO A& S -196C oA Falste] #4
AA JAPE Hrletr 1 A94E B3I

I. &8 o R siMey
21. AR

B Aol AHEE AEQ] 9% NiZ QLT 44
2](quenching, lamellaizing and tempering) A2} =
e, st g3} 717412 Q£ Table 13} Table
200 PRI 318H4] A2 33mm, 37mm, 40mm
FAY Age thet] FAEE F Xo]E Hol
A ggomn, BF 9% Nijy 87 745 W33

Table 1. Chemical compositions of 9% Ni (wt%)
Thickness C Mn Si P S Ni
33 mm 0.05 0.70 0.25 0.006 | 0.003 8.95
37 mm 0.05 0.69 024 | 0.007 | 0.003 | 8.84
40 mm 0.06 0.70 026 | 0.004 | 0.003 | 8.90
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Table 2. Mechanical properties of 9% Ni steel

Temp. Thickness | Yield stress | Tensile stress| Elongation
(mm) (MPa) (MPa) (%)
33 631 701 434
24°C 37 607 695 45.0
40 634 713 43
33 810 910 36.4
-164C 37 754 899 30.3
40 782 895 27.6
33 944 980 32
-196C 37 941 1,035 30
40 944 1,117 332
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Fig. 3. Configuration of Duplex ESSO test speci-
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Fig. 4. FE analysis model of crack arrest speci-
men for stress intensity factor.
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Fig. 5. FE analysis model of crack arrest speci-
men for stress analysis.
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Table 3. Results of Duplex ESSO test

Thick.
(mm)

Width
W (mm)

Applied Stress
o (MPa)

Arrested Crack

Length a (mm) Judgement

(MPa v/m)

500 393

192 325 Arrest

500 393

187 320 Arrest

500 393

196 330

Arrest

393

185 318 Arrest

393

185 318 Arrest

393

190 323 Arrest
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