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Abstract : In authors’ previous study using the synthetic HAZ specimens, it was found that, like other structural
steels, there were local brittle zones (LBZs) in the weld heat-affected zones (HAZs) of QLT (quenching,
lamellarizing and tempering) - treated 9% Ni steels which are used for inner walls of domestic LNG (liquefied
natural gas) storage tanks. In the continuing line of research, this study was performed to evaluate the
influence of the LBZs on the brittle fracture resistance of the actual weldment of the steel. Crack tip opening
displacement (CTOD) tests and compact crack arrest (CCA) tests were conducted to measure the crack
initiation toughness and the crack arrest toughness respectively, and the results from both tests were compared
each other. The results indicated that unlike CTOD test which showed the toughness decrease as approaching
to fusion line, the crack arrest toughness values of the regions near fusion line, i.e., the regions containing LBZs,
were higher than those of the other regions. It was due to the fact that the arrest toughness was ruled by the
large fraction of fine-grained HAZs surrounding LBZs instead of LBZs themselves. Conclusively, by the
comparison of the brittle crack arrest toughness, K, , with brittle crack initiation toughness, K., calculated from
CTOD test results, it was suggested that the LBZ was not a main risk factor affecting the fracture mechanical

safety of the actual 9% Ni steel weldments.
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Fig. 1. Schematic illustration of basic evaluation for the safety
performance of LNG storage tanks.
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Table 1. Chemical compositions and basic mechanical properties
of used material.

Chemical Compositions
(wt%)

Mechanical Properties at
R.T. (at 77K)

YS TS EL +E

(MPa) (MPa) (%) (J)

640 710 36 290
(910) (1140) (34) (210)

C S Mn P S Ni

0.066 0.24 0.65 0.005 0.005 9.28

Table 2. Welding conditions used in this study.
Filler Metal Heat

Welding — — . Cumrent Voltage Speed .
Polari . t
method  Type Size olarity (A) V) (cm/min) (Ku}zlm)
SAW
(flat) Inconel 2.4® DCEP 320~360 25~28 25~53 avg. 23
SMAW
(vertic al)Hastt:lloy 40 AC 100~130 20~40 6~20 avg. 28

60°

15mm
¥

/é()" N 5mm

22 mm

2mm

f—

2mm

Fig. 2. Schematic view of X- groove preparation.
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Fig. 3. Locations of through-thickness cracks within CTOD
and CCA specimens with X-groove.
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Fig. 4. Schematic views showing (a) the arrangement for the
CCA test and (b) the geometry of the test specimen.
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Fig. 6. An example of wedge load-displacement curves obtained
from CCA tests (in the case of SMAW specimens for FL.+1 mm).
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Fig. 7. Results of CTOD tests for SMAW specimens.
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Fig. 8. Results of CTOD tests for SAW specimens.
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Fig. 9. An xampié of crack péth deviation observ-ed in the
specimen with a pre-crack at L. + 3 mm.
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Fig. 10. Load-dispacement curves obtained from CTOD tests;
(a) at room temperature and (b) at 111K, the LNG temperature.
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Fig. 11. Results of CCA tests for SMAW specimens.
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Fig. 12. Results of CCA tests for SAW specimens.
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Fig. 13. Microstructure-distribution map for X-grooved HAZ
specimen used in this study for showing the change in fraction
of sub-zones according to the notch locations.
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Fig. 14. Estimation of the effect of plate thickness on K, value
of 9% Ni steel with the formula proposed in WES 3003
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Fig. 15. Correction of thickness reduction due to side-groove
of CCA specimen; (a) SMAW and (b) SAW.
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XMEerA 1139 SHlinear elastic fracture mechanics, LEFM)
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Fig. 16. Comparison of K, with K. which was calculated by
equation (4); (a) SMAW and (b) SAW.
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Fig. 17. Schematic illustration of a crack front following L.BZs.

47 AAERE FAoel gds B 7} 47 g
A& ot 2ol M8 & Q) £ 831N 484 ¥
2o T BEFFo] EAY ¢, FEY] Hdo) EAshe
LBZ, & IC CGHAZ % UA CGHAZE 2@ 17914 4
Ehd vlo} Flo] A&HQl wle Y2 7Y ik &
AskA gk oleid LBZoNAM 3 3o 3 el (weakest
link type)E 'A% HdFdo| pIMde] HeE HAsiH
A APelr] YaiMe LBz 14 9 ohjet LBZ F9
Hg o] 1A% LBZY Hl=8 £39 We QXL 71xjok
&t} slR|y LBZE2 3% FGHAZS} 728 7904 d9e
ol#idt HAMFHY A4S AN IEE WG FAHFIL
3] g2 AzlE Anst F HAEA Aok o]3A FAF
DI L s5-He A iz FatsEed, 1Y
109 VERd CTOD AlgAl A2t A29 gl Af 2o
T ole} 7 olfE AW 4= 9ot & 7o LBZ7L A
oAyt ZHESH= 24L& LBZ 91 7heel gelo] A H}
111 KoM chaksl] =17, 111 KM E 8408 oot
FE Rl Z7IsH He Holth 3 o2t WIS
I 103 7o, izt L = Ues WY REc|lmE
thazke] CTOD 14 Asks 488 & AW H #2E8
o] By gsty ctAAdE 2 H4EL v)xA oA Hoh

2 d7E Bl ¥$AE 4 2U%el, LBZe HAwdd
A ZmoAMg B 7 £HFEE ¢ & Adasy
F oy, HYFEAYA EE xS de agA &
AEa4vt obd 5 Ut} wely 23 228 7 £HE
of gt SR EtE QhAAL FiH ol dAF oz gt
o LBz E£AE UUF A3 2dske AL HeEd
4 9ty werEr)

4. d &

2 dpllMe S LNG A" et fA 24
o2 §3¥ QLT9% Ni %4 HAZS] HAuk Aol
o}4] LBZ7t mlAl= 48 AMAHoR 248 A3, o
Z 7o AES d& F AU

1. S$HEIGER U adAA] G20 dale Bash)
$13l9 CTOD Al8S 3% 2, 88408 HIUrE
o] #adhes AEE VEpd oW, LBZY &) &
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£84 BooME F43 dMdAse BEE £ A
HAZ Y RE 999A 0.3mm ©]3e %53 CcTOD ¢
AAE el

2. CCA NEE& Eslo] HAZ W Z#E9%A #3904de o
7¥et A3, didihs 9l 484 ¥2ol thE d9udg 2
88 w2 #EFA A4S YR, LBZ7T EAfel=
B8l 884 oA AEdE 2L g893A Qe 7
A Qo] FEMA ks gE] FEHT Exge
vl M| 22 e] E3E(rule of mixture)E A uj 5| 7] wjFolc},

3. CCA NPL2HE Y2 K. CTOD A dL2HE
3¢ K8 v, B4¢ A3, LBZ7F EMlsts 84
H2oflA K7 K Btk oi¢ Fo] AN, o] ZHH
LBZZ5E WA7Fs3 A48 33 B AdE dg
T F ARG AL AFT 4 U o] CTOD A EA|
3589 FACIA #2EE 1 A% dslax gl
& 4 Qo A=, 483X Mg TEEIM HPRE &
HEFgHe AR 45 g 44, LBZe 2vhA] £
P8 a7t obd s Aotz A=Y
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