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Investigation of Welding Joint-Design and Technique for 9%Ni Steel of LNG Storage Tank

Hyoung-sik Kim and Woo-sik Kim
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Fig. 1Full containment LNG storage tank
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Table 1 Strength of 9% nickel steel

Strength(MPa) :
Material g Elongatlon
YS UTS (%)
A353 Min515 | 690~825 | Min 20
AB53 Min585 | 690~825 | Min 20
Weld ]
(Yawata BOM)F | 418 678 Min 40
Max value for
weld in API620| 400
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Table 2 Maximum allowable stresses

Code Allowable stress

API 620 Lesser of 2/3YS or 1/3 UTS

BS 5500 Lesser of 2/3YS or UTS/2.35
ASME sec. VI div.1 | 1/4UTS
ASME sec. VIl div.2 | 1/3UTS

WAZAAN AHESAE 0.85YSolgo 4
.

3.2.1 Hz¥A9] &5 4A

Uizl A 855 HUYE 2= 400
MPag 7IFeE AAEY.  API620°149 Huis) &
S AATE 2/38 AHESld 266.6MPa’t €
o}, 28)n AR ojirt dA &S 340MPad)
SR B EE AAsn et

aHBg ol e ¥ 3 HAy] YaiMe ¥
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Table 3 Joint efficiency in API 620

ir o op

. Joint
Joint type RT efficient
Spot 0.85
Double welded butt
Full 1
Single welded butt | SPOt 0.75
with backing strip Full 085
Single welded butt _ 0.70
without backing strip ’
Double fillet lap joint - 0.65~0.70
Single fillet lap joint - 0.35
Plug weld - 0.80
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Fig. 3 Weld joint shape for vertical weld of inner
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Fig. 4 Shape of weld joint for stiffener”
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Table 4 Maximum allowable stresses for corner
protection liner.

Stress intensity Al;?:gggle S:Slﬁi
Primary membrane YS 377
Local primary membrane 1.5YS 340
Primary membrane+bending 15YS 570
Primary+secondary 2YS 572
gud $ JEE F39] AF3 8457 Ayt desitt
Fig. 79 3] ZREHRo] o]gmi@ e el
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Fig. 7 Shape of weld joint for corner protection
liner plate”
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Table 5 Weld consumables

Process |Application point Weld metal

SAW

Shell horizental

Shell vertical
Annular

Bottom

Corner protection
Stiffener

Repair of SAW

Hastealloy

Inconel
SMAW

Hastealloy
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Table 6 Welding problems of 9%Ni steels with high
nickel alloy consumables

Item Problems
Crack High temp. crack (especially in crater)
Penetration Lack of penetration
Dilution weld metal dilution
Thermal Thermal stress due to different

expansion |thermal expansion coefficient between
coefficient base metal and weld metal

Strength Soft weld metal

Expensive high nickel weld
Cost consumables
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Table 7. Development of welding processes in 9%nickel
steel for LNG tank

Shell Bottom
Time
Vertical |Horizental | Bottom | Annular Bottom &) Shell &
annular | annular
SMAW | SMAW |SMAW|SMAW| SMAW |SMAW
SAW SMAW,
7 TAW ' '
o SAW GTAW SAW
‘80 SAW
GTAW SAW. | GTAW. GTAW SAW. SMAW,
(MC) GTAW {GTAW( (MO) GTAW SAW-T
(MC) MC) (MC)
90

*SAW-T: Tandem SAW, GTAW(MC) Magnetic controlled
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