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Applicability of Heavy Gauge 9 % Ni Steel
for Large Capacity LNG Storage Tanks
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LNG is expected to be the source of clean energy meeting the increasing demands of the global environment and a large scale
LNG storage tank needs to be constructed. Heavy gauge 9% Ni steel plates with narrow gap TIG welded joints, the lowest course
of which was fabricated by the vertical weld seam process, were examined with a view to their stability for 200,000k /-class LNG

storage tanks. As a result, they showed adequate strength and low temperature toughness. It is also confirmed that a large scale LNG
storage tank made of heavy gauge 9% Ni steel plates has sufficient safety margins in terms of brittle fracture through the evaluation

based on the fracture analysis.
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Chemical composition and mechanical properties of heavy gauge 9 % Ni steel plates tested

. t % & & (%) B oW wm B K
No. | nm) c si Mn P R Ni 0.2%iEh | BIEWS | M U | rent—ETiLE—
(MPa) (MPa) (%) vE e (J)
1 40 0.036 0.26 0.56 0.002 0.001 9.06 670 715 47 270
2 45 0.06 0.25 0.59 0.002 0.001 9.43 620 720 55 260
3 50 0.05 0.24 0.64 0.001 0.001 9.33 630 715 34 265
4 50 0.035 0.26 0.56 0.002 0.001 9.06 650 715 49 270
5 50 0.05 0.23 0.57 0.004 0.0009 9.10 610 705 35 220
6 55 0.048 0.04 0.58 0.002 0.001 9.20 630 740 51 290
7 55 0.05 0.22 " 0.56 0.002 0.0005 9.36 610 720 34 255
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Welding condition of tested joints assumed fabrication of lowest
course shell of LNG tanks and representative macro structure of
welded joint of heavy gauge 9 % Ni steel
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Critical CTOD values of heavy gauge 9% Ni steel
welded joints of narrow gap compared with ones of
usual gauge 9 % Ni steels
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Configuration of duplex ESSO test specimen
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Relationship between absorbed energy and tem-
perature in three surface slitted Charpy impact

test

- e
%;w, o

E5 -269°CTRH3ERY vy bovlE—EERERE OB
ici) —269CTH3IEAY v | & v WE—FRRABRF D
WE T3, Wt/ IEERE MM BESBH LN,
Fracture surface of three surface slitted Charpy
impact test specimen at —269°C

ZENOYNIHTHREEINLABICBY TRLOUEXDH 5.
Tk HeEL FICSML REEEFHEN 7 e —F+»— 2R 6
IRT. RMEXLTER 100mm, BE /5 nEmpErHEREE
EL, FNEONESTERICER 9% Ni sikpEasEMT L8
L B AanRetEiconT, UTIRKREL -

4. 2 JEH O%Ni ADFAR R T Mt iS B F ~ il At EPE

K% LNG #t_F B~ D JER 9 % Ni g0 R UBRBASEEHMT

MoHFE*BEL, OBAMEIZ OV CEHEi % 4T - 72,
2 L»d, zoxrMrEEomBABBMRc AR N EEBIET RIBE TEROBRIEINRMEL2E 7 27T, EREIICIZ FEM
DREELIZ L > THEFERELTHRET2Z L 2BEL, FFRERICE DV E QIR TEZ BV, 22T, HMEME
3) Z&H UBEEFIHEINIMEIEHL TH, it 2, BABOWEXBE L7, £, BHECLIAEERVEE
MR AT SEE L %\, WORETRIZR 2 OBSHIRL B2 FEL 7.
IMOEERER (CTOD 3R8R) M & WIKDHRE
P {_ N/,
@ 5 - 2aq <
LO\{y—U' |
BERSE, JERMBREX
HERE——170°C HRELERL TRE
FEHEE R R HIE EBHHEE RESH Y= MERNS
(BARD HBME) GEE - #RAES) da/dN=C(4K)
A
FERIAETOVHE - #Fn MmERAEREDH EHEERHE
RRSR: CTOD f &c (& BERDIEH) 7 s
2a ‘
Sreq < 8¢ No
2% CTOD 1 Sreq
Yes

FHBAHMRE LT
aJ

BEtRe, ERAMHSE
NREL

6 LNGHHENZRE&MIME7O—~F v— b+  LNGHFHIC BT 5 B T 2 R lflin 7 o—F

r—F&RT.

Safety evaluation flow chart of LNG storage tanks
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Selected position for safety evaluation
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Applied stress at vertical joint in lowest course of

LNG tank By MPa
BN (ERH) HWER (K
S | EERERR | BN EER & A%
0° 180° 0° 180°
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Om O Om Oy Om v Om Ob Om 0o Om Op

9 EE| 287 | 2.9 144 | 1.0 | 251 | 2.9 {40.2| 1.0] 155 | 2.0 | 133 | 1.0
BT 316 199 295 71.5 211 188
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Required fracture toughness at vertical joint in lowest course of
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2¢,(mm) | @{mm) | 2¢{(mm) | a(mm) | (MN-m=*?) | (mm)
40 100 8.0 100.68 9.97 126 0.094
B 45 100 9.0 100.80 11.02 128 0.097
BTE 50 100 10.0 100.91 12.04 130 0.099
55 100 11.0 101.02 13.06 131 0.102

AEEBETL 2R, RoBwEH:.

(1) B4R 9 % Ni st R USRSt TIG sk, Ldic+
SUBERUEEZEL T3,

(2) BFEOR TEROMEAEMT 282 L 2B m TIG Ak
F0) LNG BEiz 5T 3B 7 CTOD EiZ 0.4 mm M o fE %5~
L7,

(3) HWHEME DN EBURISF L RO EEE L TIREL T
Wa3IEAY y P e VE—HERERE, JEIR9 % Ni iRt
ICEALER, Wil —196CIcBWCtsimE»EH SN
T, BN & RHBIEE L EREE R L iR ESSO RS R
2 BT 72,

(4) MEBRTERICEX 100mm, B t/5NDEHAFEXFEEL,
B 0 on it P AT o U M MR PERREE L 2 v LB CTOD flE i 3
L, BEEkFOBRR CTOD E t+4ic LH 5,

(5) A&EE LNGEMEizxtL, BRI % Ni@ByZHTETH5 &
FEIREIC, REAGHEEVEHTRTH 5,

2 £ X B

(1) #tizs, LNGHs EXEFE0IR & ik BY, EHHmN
Vol29 No.2 (1991) p.1

(2) ETHIZA, LNGHH#ERAER 9 %NiHO MR, EhK
##f Vol3l No.6 (1993) p.353

(3) iz, 9%=v 7 LERBLNGEH OB ¥IC L 25248
HEFHE, =ZFEETHIR Vol2l No.2 (1984)

(4) Imai J. et al.,, Safety Evaluation of LNG Storage Tanks of

9% Nickel Steel Based on Fracture Analysis, Proc. of Int.

Conference Transport and Storage of LPG & LNG (1984)

HEEs, 9 BNt 7TV A b EEE & SR RERICE T 2

—FR, BREMERRIE $1675 (1990) p.271

(6) Newman J. C. et al., Stress-intensity Factors Equations
for Cracks in Three-Dimensional Finite Bodies, NASA
TM83200 (1979)

=

(5

ZEETHHE Vol 33 No. 4 (1996-7)




