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Trend and Subjects in Welding Technique of LNG Aboveground Storage Tank
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Fig. 1 Double dome roof cylindrical LNG tank

3. HE ¥

LNG ®322 47 - A3 &8 Fad A7, 72
R AL ofeheol] JERHAA T, QRN E B4,
E=EA Y E FEC HEHn YR M F2
API 620°] A& =1 i), #02 Table 190 2z 7
Ao 388 ¢ Yl

LNG ®=39] HAA & FAE AHsE AA 3
SSHOR2E 9N 2ol BFE(QTANAME oB

- 2690N/mm’, oY 590N/mm?) 9} &8 F &9 7%
(6B2660N/mm?, 6Y=350N/mm?) ZojA e 9]
LHEEY FEE Aedtn Yok oA ity
API 620 Appendix Qi 1986\ 74 A = o, 821 A1 &
A% THE Yo Heed AN £YI2
ARZEE Fd 690N/mm? F2HLS At 400N/
mm*7FA A8 = AA St

KBIEEE L, BI13E F3%E, 19954 9A

19

Table 1. Allowable stresses in 9% Ni steel LNG tanks

Formula to Standard Allowable
Law, Standard calculate of strength stress
allowable stress (kgf/m?) (kgf/mm®)
JIS B 8243,
Sructure of 14 oB* B2668 167
Pressure
Vessel
High Pressure
Gas Industry 1/4 oB cB=668 167
Law(MITI)
iﬁ(ﬁ?’?ﬁw 14 B oB2668 167
Electric
Industry 1/4 oB oB=668 167
Law(MITD
Labor Safety
Eiﬁi“s;y 1/4 oB oB2668 167
of Labor)
API 620 Smaller value of| cBM=668
APPENDIX Q |1/3 oBM** or| cYM=369 22
2/3 O'YM‘ %

ASME |DIV. 1 1/4 oB oB=668 16.7
Sec. VI | DIV. 2 1/3 oB cB=66.8 222

* oB: Joint tensile strength
** oBM : Tensile strength of deposited metal
*** oYM . Proof stress of deposited metal

Y =
FAHUA DALY, TheAE, Beiks
Ha

= 2T A ARS8 2 7E)
(i) d&7k2=H 3] I LNG 232 kA%, LNG
A8k frEA A

- JIS(EE 4w A)

= 2

m=AR/83 12 0 API 620 Appendix Q
%= ! BS 4741, 5387
EEMUA © A 2887t g9 A4 - 24x3
- ASTM(The American Society for Testing and
Materials)
- AWS(American Welding Society)
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Table 2. Table of standards for 9% Ni steel

JIS G 3127 ASTM ASME
Standards SLON520 SLON590 A353—87 A553—87 CASE1308—5
type 1
Maximum plate
thickness(mm) 50 50 5 50 %
Heat treatment” NNT QT NNT QT NNT or QT
C max. 0.12 0.12 0.13 0.13 0.13
Chemical Si max.(JIS) 0.30 0.30 0.15—040 0.15—-040 0.15—040
Composition Mn max. 0.50 0.90 0.90 090 0.90
(%) P max. 0.025 0.025 0.035 0.035 0.040
S max. 0.025 0.025 0.040 0.040 0.040
Ni 8.50—9.50 8.50—9.50 8.50—9.50 850—9.50 850—9.50
02% proof stress =520 =590 =515 >585 =585
N/mm?(kgf/mm?) (253) (=60) (=527 (2598) (2598
Tension Tensile strength 690—830 690830 690— 825 690— 825 690—825
Test*™* N/mm?(kg/mm?) (70—85) (70—85) (703—844) (703—844) (703—844)
Elongation( %) 225(t>16) 225(t>16) 2200 2200 =200
(Jis) (ASTMASME)
Bend t<19 t<25 R=1 R=1 R=2' R=2 R=2
Test** t>19 25<t=40 R=15 R=15 R=25 R=25 R=25%
40<t<50 R=3 R=3 R=3
Direction* * * L C L C L C L C L C
Specimen
dimension(mm)
v 10X10 | 34(35) 41(4.2) 34(35) | 27(28) | 34(35) | 27(28) | 34(35)
<2 | Impact 75X10 |25(26) | — |2030) | — | 26(27) | 20(20) | 26(27) | 20(20) | 26(27) | —
Impact % value 50X10 |18(1.8) 21(2.1) 16(16) | 14(14) | 16(16) | 14(14) | 16(16)
Test s |J (kgf-m) | 25X10 - - 8(08) | 7(07) | 808 | 70| 808 | -
2 | Amount
B |of > =
lateral 10X10 = - - - = 0.381 - 0.381 - -
expan-
sion
(mm)

* NNT . Double normalizing and tempering, QT : Quenching and tempering

** { Plate thickness(mm), D : Dia of bending{mm), R : Radius of bending(in ASTM additional requirement)
*** L Direction of rolling, C : Direction at right angles to direction of rolling
**** Lower limit of requirement(In ASTM, additional requirement)
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Table 3. Chemical composition and mechanical properties of 9% Ni steel
Chemical composition( %) Mechanical properties
Thickness Yield Tensile Absorbed
(mm) C Si Mn P S Ni Elongation | energy
strength strength g
(N/mm?) | (N/mm? (%) |ovE ~196C
Avg (D
38 0.05 0.22 0.65 0.001 0.001 921 675 717 31 244
40 0.05 025 0.64 0.001 0.001 946 622 734 33 262
45 0.05 022 0.65 0.001 0.001 9.21 657 712 31 248
o4l mAY Amole, 9% AY B FAZ 928 Az A5 2%
Table 3?& A4 24 %o 3 o Ueld A A8, 58 FA2AM HAATE B AXNEAH L
L2 AXNE 43ets TP TS Boln Utk My ANEM] B A|Ho] on] AAHYL, o
9%NiZe LAE AgYdole B73T P4 AP HE RS HANo] A=Y o A
HEE] ¥R Fig 275 d9EY HL B A de) @ 4F Fig 42 2 Fig 579 Geriich
FAGE JEY Ao AT Hyq00 A5 2 =2
#HE Hdoe BFan 223 A F}A 3 Y= Designing conditions
N i Liquid height : H = 30 m
Zol #Fgle}y, &= 1960¢ SHAALES &7 Liquid specific gravity : p = 0,485
3 =8 Gas phase pressure : P = 1,500 mmH,0
Bx AlgE 2l gadiE T AN - AYo] Corrosion allowance : C = 0 '

2l =0} ASME Case 130890 & S8 A A A E L 31%]
B A o] FrtHglen, 1 F 9Nt 2
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Fig. 2 Maximum hardness test of 9% Ni steel
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Table 4. Problems at welding of 9% Ni steel with high Ni alloy

Items Problems
Weld defect Hot cracking is apt to occur, especially on crater.
Depth of penetration Lack of penetration is apt to occur because of shallow penetration.
Dilution Composition of weld metal are affected severely by dilution of base metal.

Mechanical property

Especially, 0.2% proof stress of weld metal is lower than that of 9% nickel steel.

Thermal expansion coefficient

Thermal stress may be added by difference of thermal expansion coefficient
between weld metal and 9% nickel steel.
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Table 5. Chemical composition requirements for deposited metal of SMAW(% )

Spec. Class. C Si Mn P S Ni Cr Mo Fe Nb W

JIS DINi—1 015 075 | 1040 | 0020 | 0.015 | 550 min. |100—170 90 150 | 03-30 -
73225 D9Ni—2 0.10 0.75 30 0020 | 0015 | 60.0 min, - 150—220| 120 - 15-50

AWSY ENiCrFe—2| 010 075 | 1.0-35 | 003 002 | 620 min. ]130—170[050—250| 120 | 05—30 =

A511 ENiCrFe—4 | 020 10 10—35 | 003 002 | 600 min. [130-170|10 —35 120 | 10—35 -
) ENiCtMo—6| 010 | 10 24—40 | 003 | 002 | 550 min [120—170[50 —90 | 100 | 05—20 [10—20

a) Single values are maximum, except where otherwise specified.

b) Copper and total of other elements : 0.5 maximum.

Table 6. Mechanical properties requirements for deposited metal of SMAW

Tensile strength 02% Offset proof Elongation Absorbed er:ergy

Spec. Class. (N/mm?) strength (%) 2vE—196C

(N/mm?) 4]

JIS D9Ni—1 660 min, 360 min. 25 min, Avg34 min, min27 min.
73225 DONi—2 660 min. 360 min. 25 min. Avg34 min, min27 min.
AWS EN?CrFe—Z 550 m%n. — 30 min. -

A511 ENiCrFe—4 650 min. - 20 min. -
ENiCrMo—6 620 min. - 35 min. -

Table 7. Chemical composition and mechanical properties for deposited metal of SMAW according to JIS method(% )

Trde | IS0 g | Ma | S | N | C | Mo | Fe | ™ | w
Name Class.
NIC—70S | DONi—1 | 009 026 221 0.004 0.002 678 1388 386 9.86 160 063
NIC—1S | DINi—2 0.03 048 028 0.003 0.002 68.6 193 1852 7.21 - 291
Trade IS Tensile strength 02% Offset proof Elongation Absorbed Er:ergy
Name Class. (N/mm?) strength (%) ZE~196C
(N/mm?) Avg.(])
NIC—70S D9Ni—1 686 421 45 63
NIC—1S DINi—2 726 438 50 81

KRR B G, #1386 3%, 19959 94
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Table 8. Mechanical properties of SMAW welded joints

ERBRE - /MIER

. Welded Joint Impact | Longitudinal
Thickness » Electrode | Welding” | Tensile Test Test Bend Test
Trade (mm)— Groove* Pass . - -
Name Weldin revaration No Size | Current | Tensile | Location N~ 16T
sitiof prepard © | (mm) (A) |Strength | of Ave(D) Face | Root
e (N/mm?) |Fracture| &
40 140
-~ 50 | 1m0 Weld _
12-F 40 140 757 metal 76 Good
50 170
NIC—70S < 60.\7
A
25—V 8 | a0 | BT s | Y s ] God | Gond
s 125 metal
70
Gouging
60>
- - _ 115~ Weld B
13-V 1-5 40 130 761 metal 111 Good
T
70
NIC—1S
25'—F 40 w | o | "M s | Good | Good
metal
a) Base metal : 9% Ni steel
b) Power source : AC
ol $48 ZY At ALl LI ]2 S e
o ow B ATHEe g8l & =33} annular Table 9 2 Table 1091 MEHAZ ot &34
Tel T8 TR ol HoE HEHI gl AL & A FEHE JHNAZ, 45 § & Table 11
Ax9 AL L4V g ANFHT Uk R Table 1291 “YeRHA
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Table 9. Chemical composition requirements for SAW (%)

Spec. Class. C Si Mn P S Ni Cr Mo Fe Nb ALTi
JIS YSONi/FSONi—-F | 010 | 15 35 | 0020 | 0015 | 550 min. - 100-250| 200 - -

73333 | YSONi/FSONi—H | 010 | 15 35 | 0020 | 0015 | 550 min. - 100—250 | 200 - -

AWS ERNiCtMo—32 | 010 | 050 | 050 | 002 0015 | 580 min. |200—230| 80—100( 50 [315—415] 040

a) JIS 73333 : for deposited metal, AWS A5.14 : for filler wire.
Single values are maximum, except where otherwise specified.
b) For only reference, because filler wire of this classification is used for welding 9% Ni steel.

Copper and total of other eelements : 0.5 maximum.

Table 10. Mechanical properties requirements for deposited metal of SAW

Tensile strength 02% Offset proof Elongation Absorbed enerey
Spec. Class. (N/m?) strength (%) 2vE—196C
(N/mm?) )]
s YSONi/FSONi—F 660 min. 365 min. 25 min. Avg.34 min, min27 min.
73333 YSONi/FSONi—H 660 min. 365 min. 25 min. Avg.34 min, min.27 min,
[‘\\:Vli ERNiCrMo—3* 760 min. - - -

a) For only reference, because filler wire of this classification is used for welding 9% Ni steel.

Table 11. Chemical composition and mechanical properties for deposited metal of SAW according to JIS method

(%)

a)
Trade JIS c Si Mn P S Ni Cr Mo Fe W
Name Class.
US—709S YSONi
PEN-3 /FSONi~ F 003 | 012 176 | 0002 | 0001 646 190 1689 | 1244 | 263
US—709S YSONi
N4 JFSONi~ H 003 | 086 | 043 | 0003 | 0002 65.3 191 1741 | 1234 | 271

KBGER G, H13E H3%, 1995F oA
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2%
Trade” JIS Tensile strength 02% Offset proof Elongation Absorbed erlergy
Name Class (N/mm? strength (%) 2vE~196C
) (N/mm?) Avg.(])
US-1709S YSONi
/PFN-3 | /FSONi—F 685 4ot 42 n
US—709S YSONi
/PFN—4 | /FSONi—H 700 iz 8 n
a) Wire/Flux
Table 12. Mechanical properties of SAW welded joints
] Welded Joint Impact | Longitudinal
Trade? ’I(}:rlfrl:]‘)]e—ss G N Pass Wire |Welding| Arc | Welding Teflsile Test. Test Bend Test
Namee Weldin reroovctei . No Size | Current | Voltage | Speed | Tensile | Location 9vE — 196C
ding preparatio ) | ) W) (cpm) Strength | of ave () Face | Root
position (N/mm?) [Fracture| &
Us- (o ?
7098 N 12|32 | 40 | B | Base
1 T
/PFN—3 6-F 3 32 | 450 3 35 M petal 8 Good | Good
Root gap  3mm
®
_ ~ 30— | 26— | 40— Weld
14'—H 1-5 1| 24 350 28 55 741 metal 34 Good | Good
Us—
709S Gouging
/PFN—4
)
. - 30— | 26— | 30— Weld
35'—H 1-17| 24 360 28 55 726 metal 64 Good | Good
Gouging
a) Wire/Flux

b) Base metal 1 9% Ni steel
¢) Power Source AC
d) Power Source DC—RP

) 300A—30cpm was adopted to weld some passes(pass Nos.1,3,5,6,11,13)in order to prevent a hot cracking.
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Fig.10”9) MC—TIL® 2 Hd-2, Figli¥des 2
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Fig. 10 Schematic of MC—TIL method Fig. 11 Comparison of deposition rate
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Table 13. Chemical composition requirements for filler wire of GTAW (%)¥

Spec. Class. C Si Mn P S Ni Cr Mo Fe Nb AlLTi
1S YGTINi—1 010 | 150 | 50 0015 | 0015 | 550 min. | 50-200 - 200 - -
73339 YGTONI—2 010 | 150 - 0015 | 0015 | 550 min. — 100—250| 200 - -
YGTONi—3 010 { 150 - 0015 | 0015 {550 mm. | 50—200| 50-200| 200 - -
AWS ERNiCrMo—3” | 010 | 050 | 050 | 0.02 0015 | 580 min. {200—230( 80-100| 50 |(315—415] 040
A5.14

a) Single values are maximum, except where otherwise specified.
b) For only reference, because filler wire of this classification is used for welding 9% Ni steel.
Copper and total of other elements : 0.5 maximum.

Table 14. Mechanical properties requirements for deposited metal of GTAW

Tensile strength 02% Offset proof Elongation Absortjed enerey
Spec. Class. (N/mm?) strength (%) 2vE~196C
(N/mm?) 8))
1S YGTONi—1 660 min. 360 min. 25 min. Avg34 min, min27 min.
73332 YGTONi—2 660 min. 360 min. 25 min. Avg.34 min, min27 min.
YGTONI—3 660 min. 360 min. 25 min. Avg.34 min, min27 min.
/A\:\E ERNiCrMo—3" 760 min. - - -

a) For only reference, because filler wire of this classification is used for welding 9% Ni steel.

KREIFEE L, #8138 H3%, 1995 9H



30

ERL 48 AlTo| ddiE HAo2 AAgch

Table 1591 A1 A /WEE A% TIG £HB 72
71&€g 2N A & Fo MFol thata]
23 Exrt 238 £ de 71ed BAd g
292 AN = 71£E AA tE 4 Urh Fig
1290 o}aFA e 4% £9 HHE VIFE W
el 21}, I Table 16 2 Table 1791 MC— TIL®H ol
g 459 3 42 Jehluch

Table 15. Technique of new TIG arc welding process

Arc Sensing for Groove Tracking

Tracing Data memorizing & Replaying

Point To Point(PTP) Teaching & Replaying

Laser Sensing Bead Height Control(LC Process)

Torch Returning for Side-stop

Synchronized Pulse(Welding Current, Wire
Feeding Rate)

Side-stop position
in torch returning

Position for
detecting groove

Base metal

Part of needing
penetration

Weld metal
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Fig. 12 Mechanism of torch returning for side-stop
Table 16. Chemical composition{wire) and mechanical properties(doposited metal) of GTAW according to JIS
method (%)
Trade JIS Class. C Si | Mn | P S Ni | C | Mo | Fe W
Name
TGS—709S YGTINi—2 0.023 0.03 003 0002 | 0001 704 1.96 1899 548 301
2%
Trade Tensile strength 027% Offset Elongation Absorbed energy
Name JIS Class. (N/mm?) proof strength (%) 2vE—196C
(N/mm?) Avg.(])
TGS—709S YGT9Ni—2 736 448 49 157
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Table 17. Mechanical properties of GTAW welded joints

Thickness . » . Wire Weldfad Joint Impact | Longitudinal
) Wire .| Welding . Tensile Test Test Bend Test
Trade | (mm)-— Groove? Pass . Welding Feeding - -
. . Size Speed Tensile | Location .
Name | Welding preparation No. Current Rate 2vE—196C
o (mm) 0 (cpm) (g/min) Strength |  of v (D) Face | Root
pos " |(N/mm?)| Fracture | "%
&
T b (Flen
L 251 _f‘w _ 240 _ 12— Weld
B-V(45)| = g ! L 2 I B I 7| 140 | Good | Good
i3 T tnktner i
A% sl 20 12 Weld
- i o Y _ - _ - 3
25~V = “"fjs 1-51 12 300 4-5 2 686 metal 140 Good | Good
c..:b‘W”'"
TGS—
7098
_ ~ u@0- | 15— Weld
30—H 1-14| 16 350 9-18 28 705 metal 143 Good | Good
. ~ 30— | 40~ Weld | 71
§-F @ R gy [0 g | O e | (| God | Good
[ size)

a) Base metal - 9% Ni steel, Ist pass welding © with copper backing
b) Power source DC—SP

Table 18. Mechanical properties for deposited metal of FCW according to JIS 732259

Tensile strength 02% Offset proof Elongation Absorbed energy
Trade Name en(S;\;me;'-’e) 8 strength (i) 2VE— 196
(N/mm?) Avg.(])
DWN-70S 710 420 5 o1

a) Power source : DC—RP, Shielding gas : Ar-20% CO,
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Table 19. Chemical composition of filler wire with that same
as base metal (%)

Trade Name | C | Si | Mn | P | S | Ni
TGS 9N | 002 | 001 | 037 | 0002 | 0.002 [ 112
8. d &
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1) F& BB— . R, 19934 1A%, pp.76—84

2) BT i 5% JHPI, Vol.29, No.6, (1991), pp.341—
355

3) 2l % 9%Ni#EEDABC

4) BTE # 4 JHPL Vol.31, Nos, (1993), pp.353-
360

Table 20. Mechanical properties of GTAW welded joints

‘ Welded Joint [mpact Transverse
Thickness . Wire | Welding” | Arc | Welding  Tensile Test Test Bend Test
Tvrade (mm)" Groove' P?SS Size | Current | Voltage | Speed Tensile | Location wE—196C
Name Welfi}ng preparation No. (mm) | (A (V) | (cpm) |Strengthi of Avg() Face | Root
position (N/mm?)| fracture &
i P
12— Base
B 1- 12 \
© . 5 200 105 8 775 metal 160 Good | Good
Gouging
TGS— o
9N
-y | 8
g =11-9 ] 12 ¢ 20 | 12 5 w7 | B 1 180 | Good | Good
o metal
LoD
Gouging

a) Base metal - 9% Ni steel
b) Power source : DC—SP
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