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Abstract : The fatigue crack growth behavior of the SA516/60 steel used for pressure vessels was examined
experimentally at room temperatures 25°C, -30°C, -60°C, -80°C, -100°C and -120°C with stress ratio of R=0.05, 0.1
and 0.3. Fatigue crack propagation rate da/dN related with stress intensity factor range AK was influenced by stress ratio
in stable than fatigue crack growth (Region 1) with an increase in AK.

The resistance of fatigue crack growth at low temperature is higher compared with that at room temperature, which is
attributed to the extent of plasticity-induced by compressive residual stress according to the cyclic loads. Fractographic
examinations reveal that the differences of the fatigue crack growth characteristics between room and low temperatures
are explained mainly by the crack closure and the strengthening due to the plasticity near the crack tip and roughness of
the crack faces induced.

Key words : Crack propagation rate( ¥ 8 %1 %1 £ %), Low temperature( 4] <), Stress ratio(-8-2 1)), da/dN-AK(F <
A4 5 o} 22 80)) 7] 4°), Threshold stress intensity factor AK (3] 22 2o 4] 57)

LA E qag WA QA ool d TEE A me
PR o o]l Ad) Z7243t SRS L 3
27 e nEsel et FEARE Ag g o e AR AEAT SAEE T E B
Ao giol WAt AF Fo] EAjsha e}
A ez ATHAI Yo, TEES] 51 ¢ =EweclE =
] olel e AnEe) WzHAd AL et B}
2D A Bkl e AT B o] FolH 3 e ] e
A= =i ] %
908, LPG gas 4 94-87] 2 Aol Apge gy 00wl T e m ek e 4 Ead)
i A AT ALAN o dste] MRFANAL
871 A Aol ¥l % Z 85 5 9} - o _
E11ﬂﬂﬁ%ﬂ%ﬂ%€@*ﬂﬁﬂﬂﬂﬂ
qa&+&m§ ”QﬂH@HAﬂﬂ@@ =X ! P
AR E 5 %ﬂt_¢x1a4wq”
%%4#”ﬂﬂiﬂﬁmﬁﬂ~ﬂ34%5% T oA
(o) = (e}
AETfe] A% Fd 8 ANE So] At 2 e A2 @A g A gl A EdRE

7], LNG& ®4, 438 B3 5 A4 F255e

1

AeN2 TN 54 B ATl £ AR

fs

"To whom correspondence should be addressed. ° _ N -
parkkd@pknu.ac.kr I AHAEAE 2R Hsto] Ty | a4 #HE 712E

219



_%
3‘-0

ato] 9]z AAlo) Fad A 9] thet
sk

2 ATNE 4987, A8 92, 4F W
A i, G227 5ol AHEH = SA516/607¢ o5}
of Aesz AN 549 ) 54 48
Mo Fgste) AN HETYE VWS

t

=oll PR S En|e) JFE nEST 3 A
4% C,m E MKy Sk S0 o) BA S st
Ao e B¢ L] 0 JFgd Ade
WAUZS TR
2. AR R Uy
21 AlgH

£ Q7o) ALGE Asis §34, A 2k
8718 Azolw,

Aol e AFRE CTAPRoR T

2mmel 1, YR ARYFE LTIFER 43
SN

Table 1 Chemical composition of specimen(wt.%)
C Si [Mn| P S Ni [ Cr[{Cu]| V | Mo
0.1210.23{0.97 |0.017] 0.04 [0.026] 0.02 | 0.03 |0.027,0.002

Table 2 Mechanical properties of specimen

Yield strength | Tensile strength | Elongation | Hardness
(Mpa) (Mpa) (%) (HRB)
310 459 29 66.12
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Fig. 1 Configuration of CT-specimen (unit : mm)
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Table 2 The value of fatigue crack growth threshold - AKu

(MpaVm)
Tem.
Stress 25°C | -30°C | -60°C | -80°C |-100°C|-120°C
ratio
0.05 11.20 | 11.65 | 12.05 | 13.38 | 15.59 | 17.98
0.1 8.89 | 939 | 991 | 1125 13.19] 1529
0.3 649 | 724 | 7.79 | 929 | 11.22 | 12.92
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Fig. 11 Fractography of fatigue crack growth surface at 25°C, -30°C, -60°C, -80°C, -100°C and -120°C for R =0.05, 0.1 and 0.3

Transactions of the Korean Society of Automotive Engineers, Vol. 11, Neo. 5, 2003 225



Ky

q

Kim - Hyoungja Kim

long Park - Y

4

References

1) L. N. Person, C. G. Wolfer, “In Properties of
Metrials for Liquefied Natural Gas Tankage,”
ASTM, pp.80-95, 1975.

R. N. Moody, W. W. Gerberich, “Metrials
Science and Engineering,” pp.35-46, 1977.

K. Park, C. Jung, “A Study on the Effect of
compressive Residual Stress on Fatigue Crack
Propagation Behavior of the Shot-peened Spring
Steel,” 2003 KSAE Autumn Conference Pro-
ceeding, pp.1024-1032, 2002.

ASTM Standard, E647-95a, 1997.

Fatigue Crack Growth Threshold Concept,
AIME, pp.110-112, 1983.

E. Tshegg, S. Stanzl, Acta Metallurgical, Vol.29,
pp-33-40, 1981.

K. Tanaka, Y. Akinwa, and M. Yamashita,
“Fatigue Growth Threshold of Small Cracks.,”
International Journal of Fracture, Vol.17, pp.519
-533, 1981.

K. Tanaka, “Mechanics and Micromechanics of

2)

3)

4
3)

6)

7

8)

226 sZRSXZEE=2E HUIA H5S, 2003

S

Fatigue Crack Popagation.,” ASTM STP 1020,
pp-51-183, 1989.

9) Y. Kitsunai, “Fatigue Crack Growth Behavior in
Mild Steel Weldments at Low Temperatures,”
ASTM STP 857, pp.274-292, 1985.

10) A. Ohta, E. Sasaki, “Influence of Stress Ratio on
the Threshold Level for Fatigue Crack
Propagation in High Strength Steels,” Eng.
Fracture Mech., Vol.9, pp.307-315. 1974.

11) O. Vosikovsky, “The Effect of Stress Ratio on
Fatigue Crack Growth Rates in Steels,” Eng.
Fracture Mech., Vol.11, pp.595-602, 1979.

12) R. Murakami, H. Kobayashi and H. Nakazawa,
“Influence of Microstructure and the Micro-
scopic Fracture Mechanisms on Fatigue Crack
Growth Rates in Steel Plates,” Trans. JSME,
Vol.44, No.381, pp.1415-1423, 1978.

13) Y. Tomota, Y. Xia, K. Inuoue, “Mechanicsm of
Low Temperature Brittle Fracture in High Nitro-
gen Bearing Austenitic Steels,” Acta Meter,
Vol.46, No.5, pp.1557-1587. 1998.



