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ABSTRACT: As LNG tank is operated around -162 U an experimental approach on the cryogenic temperature fensile and fatique
strengths of SUS304L lap joint weld is very important at the design stage of membrane type LNG tank. In this study, in order b
estimate the tensile and fatique strengths of SUS304L lap joint weld at cryogenic temperature condition, tensile and fatique tests
were conducted. Also, S-N curves are presented with statistical testing method recommended by JSME. As a vesult of th
experimental approach, the design quide of fatique strength is proposed and that is expected to be useful for membrane type LNG

tank design.
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Fig. 1 Dimension of the specimen (unit: mm)
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Table 1 Chemical composition (wt%)

C Si Mn P Ni Cr
0.016 0.377 0.0249 18.72

1.145 10.18

Table 2 Welding method and parameters

Welding position : Type of corrugation :

flat large

Current Plasma
e e T

Base Peak ' [1/min]
20 20 17 45 0.36 55

Fig. 2 Test setting picture
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Fig. 3 Failure picture after monotonic tensile test
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Fig. 4 Non-linear elastic behavior region of stress-strain
curve at -100 C condition

MTS SAeg Was 24 4A2 Agd 3asigch =6

AN el ARE Be)r) 8 A AgElE A1t
29} o

=20
1gaRe exd He AA 40 wske AEss] 9

sle] 25 T, <100 C, 163 Ce] 37}x] LxdA =8atgnl. A
= nEdiole W 93-S 5] wEAN(HAF 5

2003) ole] e HAig)sly] Q8 FE3| e Srw A7
= 5mm/min®® 3}tk

aFr] J248 A AR gl digk SN A= 2P
o] glojA met H|elAe] v SRl e Ao)shw
olgRAe] Aol QS x| ke SN HAwE 2k 4=
SIHFHES, 199). ulehA] J4AF ZAxs A=A38 vkt
TR 7FE8ES gdo] BAshs Aol e v)E
o7 AHEtg wHe] WAe vdo] sl 4 B
Aol AFE vlha FE ozt 4T £ 9= BMI
program2- o8] 4Bgalc) Fig 32 24 37 o
2248 ¥ H3A 45 B0 wAe guhg woji.

olgAFle] Avtma ZF e 29 BdASE B
=, s, ANES SRS A AT AeoR A=
Z719] $H-HEE 7)Fo] Hg 49 o] ZIelen} Zdks
o} 22 ndd SdA%e] P By dFeF gl
v 2EQlE)s 7 o] wAE g AES Hol= AR bl
e 2H-HGE Aert A8 @41ES Holx] gouw
A1 ARl olgo] Wik ol ujAd B ES WOl
= A A 43 @A A oz Secant

K
K



98 N4 - B . ukay

modulus 1} Tangent modulusE AR&-sl= Zo] @& o]t
Schneider et al, 2005). wlba] B Agtdli= 2% Secant
modulus¥PH(ASTM D5323, 2006)-2- 0]%%}01 A} 3
AT cHeiditt. 53 Sl dE Ay 259 3
I MPE=TE PP AAES sk

2.4 _|_—|—7| _u.|§/é§:
n] R=0.052] zA°oZ 25, -100
2014 A3 sk A=48 o)
% $1% -L’J Eéﬂl-‘ﬂ Atz Asilar Aol A3
%t 1HzolN AlAkste] e 24o] obgs) @ wirjA =
A & E o] QhgslE ol 5~8Hzz AFslgth 25 T i
AellMe sk £wo] W3l flo] SHzz H3-2 &3t Lap
B Age] @ WA g SN Aws 24e7] 4 v
YA A g SEAE AMEla, SN Ae] AL
H= AAsr] HaA Fd 2Fuia e dEwe] oF W%l
she S oR o] sk A7E WEIMEA 89 dAlR A
stk w3 JSME S-002(1994) el AAIGE 5A14]
o me} W)3E 50%e] SN M=o} & 10%, 0%
N HES 5tk

N
M

fo N g N
o IE FU[O

25 P-SN Mzo| Z#N

JSME S-002(1994)ell4] A8 EAA 7]Hell wle} PSN A
=E Adsttk 7] F2 Ao w e PSN Awg e
7AF, olste] wpio R itk AllkeE AdEKE PSN M
A5 P10~90%2] AHL zh=th $4, P50%d] S
ke SN Awe] ARt o Aat o] Feidnk. ¥ o=
F=a] F243 dolels Aefshd, SN Adwes 4 (o=
XAk

rlr

N

log N =a, + 3,8 (1)

oF Ul F3i(Log-log scale) = 24P dlolelE Ak,
B335 50%9 SN Aes 4 = Fa=a,

log N = 072 + @logS )

A A

21 B)~(6) o ZHE a2, B2, logN logS T8 2= gt}

072 = logN — @logS 3

Y (logS; —1ogS) (logN; —log)
S_i=1

By= = n — @
Z (logS; —logS)?

i=1

1 1
T 2logl ©)

logN=

fog 5= 3 loss, ©)
i=1

292 - ol

#3285 10, 0%l thgshs PSN Ame 4 ()= 4L

.
T AL,

log N = a, + B,log S + 1.285(log N) @)

olog N) & 4 §)= wanh
n . N 1/2
a(logN) = % Z {log]\ﬂf (oz2+ QQIOgS,,)}Q ®
i=1
oA71A,

ap: 9 Ol #HelA SN Awe] AWe vehls A5
By A A s SN Awe] 71872 veldke A
oyt % T FFAM SN Aol ARG veis AlS
Gy oF dig AmA SN Awe] 712712 veiis A5
logN : 28] Astza sl g @

log§ : 48 g2e] it gk

ollog N) : sfek Srle] EEAA gk

QAR 25 T, 100 C, -163 T 2eA Zhz} 33K E
93] AP on Fig 5 & A3 Az A|He] 2=-W3
& A=s vtk Fg 672 43 %_1,:_01] ue A
g

el AR Alse] Aol H]* B AsE 1w

2
Sl
i)
N
2
£ o
g
%
a
=N
0o
ol
ﬁ
?3
lo
it
[
i)
_Vi

Agsr FEATE A7 iﬁ} ‘/Po}@oﬂ w718 }—
AT el miEl <100 CellA 16%,
-163 COﬂ/HL 38% 77]—3L§ Hyon JEIT= Aled] H|
3 <100 TollA] 15%, -163 CTollx] 38% =713 math A4
A mgk AF eyt volAgE Sl S Heon

L0 H]OH -100 CellA 66%, -163 Collx] 81%7} SrtstHth
HANE Eﬂﬂli ashe BES Bgont -100 Tl @
3y oF 5% Ax Zrlslger 163 CollA= 38% = Zas)
= A= ‘/]-E]-‘;Hﬂ— o] SUS3ML A olglA7ke] o1& A
Aol 24 WP o8l AYEE SRy vhEdAtl =gl
#elo] glor AAHE PiEdAlolE e Wd 2w W
3 ool el 9ebH7] el 94 Y wP Y e

we} g2A ved Aoz derdE(old - 5, 1999). T35k
Xi%ii 25 A48 g ATe] ol BHA BAEE ol
AA 71Ef7] P2 ol E Wi e} "HE Balo] e
ihii 22 Jlgsr] nlEdAlolE W kel wE
o Oigk gj=gdo] =] wlitolgla HekE.

nrlﬂl_EL:(o



SUSB04L 4530 GAd5oll th3t SARcl el el & A=

1400

1300

1200 es

1100

i [-100]"

1000 | >
—900 j
< -/ i
2 s00 7
= A

700
@ . T 25/
Looop = BT it =
9 500

400 |

300

200

100

%% 0.1 0.3 0.4

0.2
Strain (mm/mm)

Fig. 5 Stress-strain curve of the specimens
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Fig. 6 Secant modulus & yield strength of the specimen
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Fig. 7 Tensile strength & elongation of the specimen
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Fig. 8 SN curve of the specimen at 26 C condition
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Fig. 10 SN curve of the specimen at -163 C condition
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Fig. 11 Total s-n curve of the specimen
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Fig. 13 P-S5-N curve of the specimen at -100 C condition
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Fig. 15 SEM photographs of fracture surface of each
temperature after monotonic tensile test
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