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E QoA e LNG AZeHay A E 1y 98 979 d@goz A, 44 €94
o] AAMdA e} & ZHoE SMAW(Shielded Metal Arc Welding) 32 £3% 9%
Ni7tel X-A4 Fdgd5 el o349 Watg grisln vAx2-E 248, ol
g3l e grts B d7aEo] A3 ‘)4 $ CTOD(crack tip opening displacement)
AW ez Yo dI9BFUY nAzE 2 i FAn A, FAHNAARAE 2
X-4 8d B4z #AFsdd Anzry 9935 9 CTOD &2, A7 &8
A(Fusion Line-F.L)22 HI¥4E 74dE 3L el ol 2F L2H!U o
EQ] <] FER ZAY vIAZ AH/ oA J9) Y Zdsgde] 49
B apxlste B&o] ZEU1g @2 Aok FH, IF 22HUolES A AN
o] AjHez ZAsA = FL.~FL+3moA L&x74 g AAFALY ARV}
FLA5m~FLA7mEc ddez d$ F& 4 5 Uit

Abstract - In this study, for the safety performance of LNG storage tank, the
fracture toughness in X-grooved weld HAZ(heat-affected zone) of 9% Ni steel was
evaluated qualitatively and quantitatively, and the relation with the change in
microstructure was analyzed. The toughness assessment was performed through the
modified CTOD test proposed for thick weldment with X-groove. Additionally,
‘microstructures of HAZ were evaluated by OM, SEM and XRD. From the results,
HAZ toughness of SMA(shielded metal arc)-welded 9% Ni steel . decreased as the
evaluated region approached the fusion line. The decrease in toughness-was apparently
‘caused by the increase€ in the fraction of coarse-grained zone within HAZ. On the
other hand, toughness drop with decreasing test temperature in F.L.(fusion line)~.
FL+3mm was larger than that in F.L.+5mm~F.L.+7mm region due to the fact that
in-the former regions, retained austenite had poor stability. o '

Key words :@ Modified CTOD(crack tip opening displacement) test, LNG

storage tank, 9% Ni steel, HAZ(heat-affected zone) toughness
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S 588 M AAAURNZMY A H
ol A3HANA(]E LNG liquefied
natural gas)9] Al&2 AAHog RFE3 F7}
gt FAloln E3], FUdME 348 AAL
Aol Yo Alg#ge] ZF&am gl ol g
LNG 89 %7l %2 LNG A@"za9 A
AdE& Zag 393, old HIde FU9
POSCO M= LNGLE¢Q -162TdAM e <4
& A2QAHYEY LNG AAPae Wz @
g AMSEE 9% NiZe A Aaksiz o
POSCOY A+ 9% Ni 79 dA4E g8 Eo
7] Y184 P9 SE S A &H QLTIEA

g AdgsAt. ol 71EA 35% Nizd
55% NiZoAl ALHAD Wyez QAg
{(quenching)$} T €l(tempering)Alolo] LA 2
(lamellarizing treatment-A, ¥ Agrleld] e
o|Eg} 22HUES 24 gz sgdF
quenching)g& F7I12 39 dxoz AFH
FHL2HUE g3 Fviel AAY A7)
o} wAzg F3d AL UMY F/HE d&=
dxgudoeltt, 9% NiZte LNGAZH =9
AMA WZ2AM SMAW(Shielded Metal Arc
Welding), SAW(Submerged Arc Welding)$}
GTAW(Gas Tungsten Arc Welding)¥ 4 o2
2HH =, oldf B8AFHO2E InconelEr
#} HastelloyB}Q 9] 70% Ni7] &30 o] &d
tt. $£HAdY9EH(o]5t HAZ: heat-affected
zone)T AWt o2 BHFZENA JHF HSF
& Rolz delx glomE 9% NiZe HAZ
o] el HrleE LNG AZRHa9 Ay
H7tE K3 HaFHolth wmElx &9
QT-#a 9% NiZel HAZ9 A%+ K-7iA
LGN AT AlWo)Y BAAHE o] &
g A3 V-xxx Al CTODAIHo] sty
A $toH1-3]

B AFE FE(4 H:fitness-for-purpose) 7l
g4 ugo23 LNG ARdgas ¢4AdAd &
g A% A7y dgo2A, IFUldA ML
QLT-3R 9% NiZ HAZ9 =3AA #r&
AA LNG AZeas 483 543 X-714
FHEHY dgistd AAEHG ol & $sty
¥ AF3aEo] AUs4] MXFE CTODAHE
(modified CTOD test)& Ar&3dlHed, viAz

7 #3 2 ARy 5 XA HXRD), ¥

st n A (OM), FAHAZ AU A(SEM)E %3
o F3=E ).
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Fig. 1. Notch location of CTOD
specimen with X-groove.
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Bl o8 ¥ F% 9% NiZg Al LNG
AR AMA AHEEHE A 2e xde
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4 CTODA ¥ Hr/MRAX=ZE Fig. 1
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A X-AA FHREHEY BAAPdE Hrter]
AdaA, 71&9 ASTMIH BSH AR
CTOD AgE[5-7]°lY K-/)4d ey half-V-
M SHRAL HEAFH VE SHRE
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<& ol o] Utk old] B AFAEL YA 9
=EA AlLs4], ¥ A7 F$o A A
A Wde AHg3dte] CTODAHE #3dtt
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FL+5m~F.L+7mol&  Toyoda $(12]¢]
hinge model& °]&& (2)4& A&3tx glot.

_8_



LNG AZga x4 2 §359 o004 Bt

Table 1. Chemical compositions and mechanical properties of QLT-9% Ni steel.

Chemical Compostitons (wt%) Mechanical Properties (at R.T.)
C Si Mn P S Ni 'YS (MPa) TS (MPa) EL (%)
0.066 0.24 0.65 0.005 0.005 9.28 650 720 36.30
Tabel 2. Welding conditions used for this study.
Welding Edge Multi-pass | Welding | Current | Voltage Speed iI;IIeatt
method | preparation layer materials (A) V) (mm/min) bu
(k]/cm)
Inconel
SMAW X 6 100~120 25 50~70 28
type
(B AEoM A48 ZE 71558 ASTM 9% HRTFIL ANAT BFRLYY 274
E1290[6]e w& Ho|t}) I HAZUWSY FFezdHuolEe FFuslg
Lol 7} 93t o) gHUY. FAFSHY P}
K%l — v 2) g A3ty HiAARGo] BA N £H§ H$-
8= 2[ 6 vswnX + 0 vs.em(1—X)IE CrKe g, §3a&e &8 Aole CKA
g 427 ol&3td &AL, IFHF L2HY
rdw=ay) EE 24 ANAE CuKadE o83
2o+ ro(w=a,) o (110)e s (20007 B} M HEAEE
""" @ naEsgch 2z S, dupel 9@ ¢E
T8 dA4s AF xdHuolEs ZAF
s= Ka-»h [ __rnlw=a,) 298 987 Aste] 10% HF + 90% H:0.2
20 ysE ag+ry(w—ag) A thinning¥ ¥ #FsHt vixztez
o ro(w—ag) He AANAY #EFR A FAAAERFH
x 1+a aO+ rz(w ao) 1+a]V’ (SEM)% O]-g—%}-oq ZOOOB}IE i’&i‘__}‘s}-ﬁc}
...... (2)
al g%
WHAH FERFE oysE, FHITSY 3.4 3 2@

AS 2HYolE(fcc@AFR)AG 2 2
Tof wE AEWIst nnEcdn sHA sty
-162TCNME A28t o] 450 MPag A}
£3% A HEgolEAER BAY AS AL
e 650 MPaa, -162CAA = E38131e F
z3 9 910 MPag ol&3 sttt (VAN X+
£24349 HANE YR oAe ZHo] E&o]
2 QAA o TEAFEAY oI 4,
CTODAI Y€ 50tond Instron TEAIPNE of
g3 Aex -100C, IR LNG2EQ
-162CAA FHF 0 APRS FHer A
gt Ao JAHE gAY A A
#Astd o,

HAZW S wAZz2E doprr] st F38
ul3& AHgstded ojd Aoz 2%
Nital& °}-&3ath X4 AHdEAXRD)E &
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Fig. 2. Results of welding residual
stress measurements.
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" Fig. 3. CTOD values at the various
notch locations and the wvarious
temperatures.

a8y H23e YeEllE FLANEEL 33
e BT Fug FITo Bud ¢sd
[14], Zo] 0.1t ZHo] 02t &A7|9 . %7 AF ol
EAste FA 40mme QA 9% Nitel 7
L LNG2ZoA ©@57] Ao HASIE
o Ao dHe Ade e CTOD#
£ (0.085mmeo} c}.

£, AT E CTOD#S 259 Zid o
2t ZAxse 9t AEgE JdeERid e,
FL.~FL+3mm®¢ 73$%7F FL  +5mm$}
FL+7mm2l 7 %o Hlsed AR 2 dHE Y
ehdTh o33 AU Y WU FE tF
oA A3t

Fig. 491A 2 AlgelAd g€ M
CTOD #4¥ & & A 71&9 #A3d
CTODEAH & 5% ZHue 8ag e
t}. FL.~FL.+3mm2 Z$ddE #o)7t v 93}

KIGAS Vol.2, No.1, April, 1998

os}t TeutTemosraiurel iilK
—O~—Conventions I Method
@M odified M ethod

Critical CTOOQmm ]
o e
> ES
+—
L " "

Distance from F.L. [mm]

Fig. 4. Comparison of the modified
method with the conventional

method.
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e oz 7 ke o HE & Ao
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Fig. 5. SEM fractographs of CTOD specimens at -162C : (a)F.L., (b)F.L.+1mm,
(c)FL.+3mm, (d)F.L.+5mm, and (e) FL.+7mm.

Fig. 6. Macro-views of fractured
specimens (a)F.L., (b)F.L.+
1mm, (c)FL.+3mm, (d)F.L.+
5mm, and (e)F.L.+7mm.
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Fig. 7. Examples of optical micrographs for the change of microstructure in HAZ
(F.L.+1mm): (a) location of detection point, (b) a point, (c) b point, and (d) ¢ point.
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Fig. 8. schematic diagram for the
change of coarse-grained
region fraction.
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Fig. 9. Change of averaged retained
austenite at the various
locations. (at room temp.)
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