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e oF B A= ING A% ' &9 9% NI Steelol] thal A& &3} wleHEA ol telt), B = LNG A% B2
2HEA 9% NI Steelol] thak A aidtol] 7] 234 wlEREAS =883k Fol], 9% Ni Steel] =X (pass)2F tha-&%(multi pass)
o] Q177 E(tensile strength)oll W= Qe EA817] st SAWS

% 11-8-73 7 (impulse-response test)S &3¢+ A HEAS 3
ST 2 Ao AP Ad vt 22 AT ATAE AT AA, 9% Ni Steel©] thE-8-75 (multi pass welding)oll o g
Q1737 = (tensile strength)y S A3 A} i 15-8] 32 3744 QG =7} F7FekA o, 32 3 o] e t5-83 9 %
Ao ke Ao s Helth B4, th-8-%(Multi pass welding)o] 17874 E(tensile strength)oll 71X JakS 413 4

3}, 9| 2x(pass), TF-8-%(multi pass)©] 17474 = (tensile strength) o o3k A9 G u A= AoR ®welth fYA7
(welding time)©] <177} = (tensile strength)oﬂ X = S B8 A3 84 A IHwelding time), 17474 %=A]{H(tensile time)
o] A7 =(tensile strength) ol -2l H(+)9] d&&FS 7] ] o7 HQlth

F
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Abstract Laboratory and meta-analyses were done for 9% NI Steel for use in a liquefied natural gas carrier. The
meta-analysis is based on a previous study. The laboratory analysis examines the effects of a single pass and multiple
passes on the tensile strength through an impulse-response test. The tensile strength increased from pass one to pass
three and decreased from pass four to pass ten. The pass and multi-pass welding had a positive effect on the tensile
strength. Lastly, the welding and tensile time had a positive effect on the tensile strength.

Keywords : Impulse-response test, Laboratory analysis, LNG carrier, Meta analysis, Multi pass welding, Tensile
strength, 9% Ni Steel.
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A=o INGAH B2 LukAo] t)s]A] 9% Ni steel 22 Ni steel S 0183 LNG B3 75 Al AHEEE &4

Qe Ge37] 9o ARA 5O %A ALS T O = SAW, AF GTAW o] AREH AL rt. HEo)A]

*Corresponding Author : Duck Hyun Ahn (Kogas-Tech)

Tel: +82-10-5399-6884 email: adh99976(@naver.com

Received November 7, 2016 Revised December 7, 2016
Accepted December 8, 2016 Published December 31, 2016

670



LNG A% B2 £¥HH 9% Ni Steel®] 4] tier AP R4 viehey A7

CAN

9] %89 GTAWZ} 7y

$53 g, o] SPPRE §HEEL

Aol M= gk

B oo K 2 U
doo 2
l)‘E\l ro fo
\]‘d
2

re
O

=)

LNG 714

2791 9% Ni steel®] &5l g
o] el 1A Aol A9-A
she} AL S 91k AN
o] o] Zofe] FAMNA o] 25
2 AT = LNGAE B Hbadel o
steelol] gk Ao 7|34 71E] APAFES]
AR A7 AAStazt gt o] LNGA% B
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LNGAE ®=L 284 9% Ni Steelol] thgh 7]
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olE, FH, uyRx, olo]), SHUWHGMAW,
SMAW, GTAW, SAW), &3 ARE 59 154 5h0]
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A A7) wiEel 9% Ni Steeloll thalA &3}
Zro] A& I (raboratory research)E 433}

1) 9% Ni Steel®] th&-8-F(multi pass welding)°ll o
& 29E BA457] YA 4x50mmx150mm Al
3 107§l STS 308 &35S AH&ste] 584
(Multi pass welding)S 33}
217} S (tensile strength)S Z43}7] 918k 13}
Ao t4x50mmx150mm  AlWE  t4x3mmx
150mm APFHSZ A|7bgste] 208 QFEA1E
71(20ton)E ©]-&-3}o] extensometer (-10%~100%
strain) S 248319 Q17 S (tensile strength)S Al
P

2)

3) TF=&4(Multi pass welding)o] 2147 %= (tensile
strength)oll PIX&= G EA87] flste] sfx
(pass), TFH=8#(multi pass), &FA17Hwelding
time), S1"A|7Ktensile time), <177 (tensile
strength) 5 WTE S48t APATo A
315
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Zo] mEREA(meta analysis)S $3)3kxl st}

1) LNGA% &= 244 9% Ni Steelol] th3t 10
gk £ EFeta 298] AE dAelth &
AT o] Fofel FLAATF 9HES HAAF QL
Ao 7|zt FEe F A8

2) LNGAZ g3 $-1bA 9% Ni Steelol that A2

7]

O:

o,

By

ki

i il
Z A
o

2
k1
is

k1
= 2
o
fu
A

\ e

it oft o
o
o

i
oh
o

_1

=)
)
>
=2
o
o
it

=
J
o
ro,
>
i
=

lo Jo AN o
fol 9 o
2L
N

672

23190, CMA2(Comprehensive Meta-Analysis
Version 2) SAIF7|AE AH&3te] mEREAlS

Q47 % (tensile strength)s =733}7] I8t 1214
O 2 4x50mmx150mm AL t4x3mmx150mm A|H
o2 A7kgste] 2052 FUSAA71(20ton)E ©]-E-5}
o] extensometer (-10%~100% strain)E& 483} A%

7 E(tensile strength)E Al @3St

Fig. 1. Testing material for 9% Ni steel

9% Ni Steel®] 84N E(tensile strength)E A&
5}7] flske] 72 (pass), THe-& 4 (multi pass), &5 A1t
(welding time), $173A]7K(tensile time), 1773 =(tensile

strength) 59 WS AP

Table 1. Testing materials for tensile strength

Testing | Size [Thickness Multi We.ldmg Te.ns1le Tensile
materials| (mm) (mm) Pass ass time time | strenrth
P (seconds) | (seconds) | (kgf)
T™1 |[50*150 4 1 1 60 13.23 | 850.46
TM2 |50*150 4 2 1 70 13.56 | 567.47
T™M2 [50*150 4 3 1 80 13.42 | 884.82
TM4 | 50*150 4 4 1 90 13.31 | 898.09
TM5 |[50*150 4 5 1 100 13,78 | 911.56
TM6 |50*150 4 6 0 110 13.34 | 914.29
T™7 |[50*150 4 7 0 120 13.11 | 918.86
TM8 | 50*150 4 8 0 130 13.33 | 921.61
T™9 ([50*150 4 9 0 140 13.98 |923.45
TM10 | 50*150 4 10 0 150 13.87 1925.29
2.2.2 CtE8TO| AHZE0 OIXl= BE
9% Ni Steel®] 3 (pass)9t Th5-&F(multi pass)©]
Q147 S (tensile strength)ol]l VX A #4817 ¢
slo]  ZZANES- A (impulse-response  test) S -3}
o). # 2 (pass), T8 (multi pass)@ 1747 E(tensile
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A, D}Z% (multi pass)oll gk 4
o 2k

2 2
MP, = a+ Z TS, ;+ Y, P4, ;
ji=1

NI

ji=1

+e,

t—J

9% Ni Steel®] #|~(pass)?} TFE-EFH(multi pass)©]

Q2

[e]
17 E(tensile strength)oll M X|+= F&S FAN-S
2 A A3t 91 2(pass) ¢ U8 (multi pass)©]
A

1245 9147  E(tensile strength)oll A|&Ho2 Z

epste,

2.2.3 EF™AlZio| IEL=0l O|Xl= &

9% Ni Steel?] &% Al7K(welding time)Z} 21
ZHtensile strength time)©] 1747} =(tensile strength)ol
FES B sk 2087 % (impulse-
response test)S 3G h & A 7K welding time),

A7 = A IH(tensile strength time)9} U747 E(tensile

oSk
o

A7} A

A=

strength) 7re] BAl i3t AL tea) 7k
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2 sk

A, A7 S (tensile strength)oll gt A3
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Response of TS to One S.D. Innovations
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Fig. 2. Impulse-response test for multi pass and tensile

strength in 9% Ni steel
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2

WT,=a+ Y, TS, ;+ E WT,_;
=1
) J
+ TT, ;+e¢
j=1
AA, 21473 = ] ZHtensile strength time)oll th3l &
AnkegdaE the 2
2
TT,=a+ Y, TS, ;+ X, W1,
j=1 j=1
+ D TT, +e
j=1
11»71—1: ]

9% Ni Steel?] &% Al7K(welding time)Z} 21
0177 X (tensile strength)ol]

U] ‘]ﬂ Oﬂs‘t& %—ﬁﬂ]—otﬂ—i}li B A8} A7} J_H}\(pass)

ZHtensile strength time)©]

Sb 583 (multi pass)o] HAIEFE I = (tensile
strength)oll A &A= FAE W|X|= o2 Vet

2.3 HEtEA ZAn}
2.3.1 LNG X%+ Eig9| AI5083-0 2™ 7|l& A
Toll chet 7|ESAHE
LNGA4 &= 24k 9% Ni Steelo] et 71554
39wyl A4 o] =F5d UlslA Pointsh Study
VarianceE H|3E4]3E A3} Oh et al.(2015)] A+
(Point=1.705, Study Variance=1.466)7} t}2 =-E9
H 3|4 LNGA % B -5 9% Ni Steele]l tjgh &
HE & FAs= A7 9o, Grieve(2012)] A+
H7} 7P w2 AFE Btk LNGA ' &
9% Ni Steelo] tig Oh et al.(2015), Smith and
Craig(2001), Nishigami et al.(2012), Khourshid and
Ghanem(2012), Toussaint et al.(2000), Kruzic(2004),
Kim et al.(2004), Yang(2006), Grieve(2000) =22 &
Fatol & KA

&
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=
L
HEX

2.3.2 LNG X% Ef590| AI5083-0 83 7|&
Tof st m™Snter lojsnt
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9A ] =EE dlaliA 11 &7 (fixed effect) <} omg
YHrandom effect)& A3t A3} F 7HA] 237t 2
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Impulse-response test for welding time and
tensile strength in 9% Ni steel
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Ghanem(2012), Toussaint et al.(2000), Kruzic(2004),
Kim et al.(2004), Yang(2006), Grieve(2000) w=C.& il

Table 3. Cumulative effect for 9% Ni steel of LNG
storage tank studies

Study . Lower Upper z- P
Agrt =& Ao $
JE 77} = © % ek Oh et al.(2015)9] A7 name Point | it | timit | vale | Value
(0dds ratio=5.500, Z=1.408)= t}2 8H 9| =F-Eo H Oh et al., 201 5500 | 0513 | 50014 | 1408 | 0.159
A LNGAA e= $uk4 9% Ni Steel ol thah Khourshid &), scc | (03 | 25002 | 1748 | 0080
]- . ] ]— ] ]- E]— (Ghanam, 2012
EEXXZ ‘—o_‘[Lﬁ—riio T 3
Nishigami et |\ ;oo | 1114 | 1935 | 2107 | 0.035
al., 2012
. . Kruzic, 2004 | 4312 | 1180 | 15756 | 2211 | 0.027
Table 2. Fixed and random effect for 9% Ni steel of LNG S
storage tank studies Sooa | 3756 | 1183 | 11921 | 2245 | 0025
Study . | Lower Upper z- P Smith &
Odds miiol ~ME | PRE L LR Coig, 2001 | 3975 | 1414 | 117 | 2616 | 0009
Ohetal, 2015 5500 | 0513 | 59014 | 1408 | 0.159 Yang, 2006 | 3.536 | 1315 | 9507 | 2503 | o012
Khowshid &, . | (o0 | 43313 | 1059 | 0290 Grieve, 2012 3279 | 1257 | 8554 | 2427 | 0.015
Ghananug2 (12 A A A . . Toussaint et
ishigami 3266 | 1347 | 7921 | 2618 | 0.009
Mg € so00 | 03a4 | 2767 | 1178 | 0239 al., 2000
= Fixed
Knuzic, 2004 3000 | 0.150 | 59.890 [ 0719 | 0472 effect 3266 | 1347 | 7921 [ 2618 | 0.009
Kim et al.,
2004 2200 | 0172 | 28.137 | 0606 | 0544
ji 2 LNG X% EH39| Al -0 2™ 7|1 A
C:;"ﬂlzf(‘n 5.000 0492 | 50831 | 1360 | 0.174 3.4 LNG MY &32| AI5083-0 87 7l= A
= S0l gt Arh= St
Yang, 2006 | 1.000 | 0.034 | 29807 | 0000 | 1.000
Z]AF €] © HlA Qo i 3 Ak
Grieve, 2012 1.000 | 0.020 | 50397 | 0.000 | 1.000 LNGAH W= &1 9% Ni Steel 17l tigh Ao
; A F3 BAe A4 97 =RE Fo|A & He =X
T;'l“ss;";";oet 3194 | 0315 | 3235 | 0983 | 0326 S N 95e] =s SolM & o] =
Fired S AASGE W =9 ddd 2945 BolFa gk
3266 | 1347 | 7921 | 2618 | 0.009 = _ .
effect aRgEgel AL AIPoint=3.266, Z=2.618,
Random effec 3.266 1.347 7.921 2.618 0.009 p20.009)§_ 71%3}_9}% Lm X‘]xﬂ 94;]/] AR =R Oﬂ/ﬂ

2.3.3 LNG MZ} &i39| AI5083-0 2 7|&
ol st &=Xsat
LNGA7 B2 245H 9% Ni Steel 170l tgh =%
g BAL AA 9] =RES FAEA =i FA
FYE HoFau gty nAHaRRPe AT Ay
(Point=3.266, Z=2.618, p=0.009)% 7|=3}41S ul, A

A 9He] =EE FollA Oh et al.(2015), Khourshid and

Ghanem(2012) 5 2% 9] =57} +4 &77} f2]8H4]
%o Aoz UYepdth Oh et al(2015)¢ dF

(Point=5.500, Z=1.408), Khourshid and Ghanem(2012)
o] A (Point=4.568, Z=1.748) & FFF p<.05°]
A BAAOR FoslA] 2 Ao AFHIL o
Oh et al.(2015), Khourshid and Ghanem(2012) 5 2%
o] At o 7] ATelA HlsiA LNGAE B2
W 9% Ni Steel <1l tigh FA g7} e e
2 9e AFANE Bl
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Yang(2006), Grieve(2012), Ki, et al.(2004) & 39| =
Ro| AlA &7}t =S 102 LERITE Yang(2006)

o A= AA oW =EE oA ddA Zx

=

Table 4. One study removed effect for 9% Ni steel of
LNG storage tank studies

Study Point Lower Upper Z- P
name limit limit Value Value
Oh et al., 201§ 3.002 1.156 7.801 2.256 0.024
Khourshid &
1 1.2 2 2. .01
. 2012 3.199 36 8.275 398 0.017
Nishigami et
al., 2012 3.099 1.212 7.926 2.361 0.018
Kruzic, 2004 [ 3.293 1.302 8.325 2.518 0.012
Kim et al.,
2004 3.448 1.340 8.871 2.568 0.010
Smith &
3.03 1.164 921 2.271 0.023
Craig, 2001 7 / 7
Yang, 2006 3.561 1.422 8.916 2.712 0.007
Grieve, 2012 | 3.481 1.402 8.644 2.688 0.007
Toussaint et
al., 2000 3.279 1.257 8.554 2.427 0.015
Fixed 3.266 1.347 7.921 2.618 0.009
effect
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(Point=3.561, Z=2.712, p=0.007)7} 7}& =& Wil
Oh et al.(2015)9] A= Atha & 3H(Point=3.002,
7=2.256, p=0.024)7} 7} & o2 HZEUTE ©]
£ Yang(2006), Grieve(2012), Ki, et al.(2004) 5 33 9]
A= o 63 ATellA vlsiA LNGAH B3 &
1A 9% Ni Steelol] tieh 318 & FA8HE A4
2 Rtk

3. Z2

LNGA B2 244 9% Ni Steel®] A Aol o
ax Aedy-ok vietd TS FAsATE 9% Ni Steel
o] Y5-&F(multi pass welding)oll w3lA] AgATF+
(raboratory research)& Fa¢+ 2 v 22 A54
g A

1) 9% Ni Steel®] TZ-8-3(multi pass welding)ell th
gk Q147 E(tensile strength)E Al@g A} shx
158 g2 3714 34 w7 S7bst oy, 3=
3 o] ¥R 584 I eE Fhshe AL
2 HAh
strength)l] P&
(pass), U8 @multi pass)©] <1787 %(tensile
strength) ol 218 F(H)2] FEFE A= A=
Heltt
44 Al 7H(welding time)©]

strength)oll V| X]= F&FS

o
JFe wAG A,

3)

o,
o

ZHtensile time)©]

FeIF )l IF

(welding time),

47 E(tensile strength) |

nAE Ao Helth
LNGA7 B3 25k4 9% Ni Steelol] gk %

E

e

23t thea g ATARE

23

1) Oh et al.(2015)¢] 7= LNGA% B2 -t
9% Ni Steel Al gk g37t 7HE =& A+
ojtt. MA 9] =Ll A Point9} Study
VarianceZ H| w223 A3} Oh et al(2015)2]
AH(Point=1.705, Study Variance=1.466)7} t}&
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E=EEd sl LNGAF #=

Steelell ek &35 & FA4sh= A7 W,
Grieve(2012)9] 7= E37} 7P o A7

Bl

2) Oh et al.(2015)¢] AT+ LNGAX B2 9k

9% Ni Steel Aol tigt 14 gzo} Jojgxst
71 =& dtolt). Oh et al.(2015)¢] 7(0dds
ratio=5.500, Z=1.408)+= The 8H 9| =5 H
A LNGHH B3 29 9% Ni Steel ¢-oll
st 895 & Fg5hs ATANE Bl

3) Oh et al.(2015), Khourshid and Ghanem(2012) &

23] 9= LNGAY B3 4HA 9% Ni Steel
Al gk FHER7t 7 B2 dFtolth Oh
et al.(2015), Khourshid and Ghanem(2012) & 2
He|] A= vhE 73] AFolA HslA] LNGA]
A B3 99 9% Ni Steel A7-ol i3t ¥4 &
b AulH o R ve AT AAE B

4) Yang(2006)8] A7+ LNGAH €= 25k 9%

(1]

[2]

B3]

[4]

Ni Steel A7l dislA ddld 23471 71 =2
Atolt). Yang(2006)2] 7= HA 9He] =&
5 FoA AE FIKPoint=3.561, 7=2.712,

p=0.007)7} 7}¢ =2 dbdol Oh et al.(2015)¢]
A= AHE E3HPoint=3.002, Z=2.256,

p=0.024)7} 7} & Aeow HFHr
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