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A Study of Fatigue Crack Threshold Characteristics
in Pressure Vessel Steel at Low Temperature
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ABSTRACT: In this study, CT specimens were prepared from ASTM SA516 Gr. 70 which wasused for pressure vessel plates for room
and low temperature service. And we got the following characteristics from fatigue crack growth test carried out in the environment of
room and low temperature at 25T, -60TC, -80C and -100T and in the range of stress ratio of 0.05, 0.3 by means of opening mode
displacement. At the constant stress ratio, the threshold stress intensity factor range JKy in the early stage of fatigue crack growth

(Region I) and stress intensity factor range AK in the stable of fatigue crack growth (RegionlIl) were

increased in proportion to

descending temperature. It was assumed that the fatigue resistance characteristics and fracture strength at low temperature is
considerable higher than that of room temperature in the early stage and stable of fatigue crack growth region. The straight line slope
relation of logarithm da/dN - JK in Regionll, that is, the fatigue crack growth exponent m increased with descending temperature at

the constant stress ratio.

It was assumed that the fatigue crack growth rate da/dN is rapid in proportion to descending temperature in

Region [T and the cryogenic-brittleness greatly affect a material with decreasing temperature.
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Table 1 Chemical composition of specimen (wt %)

C Si Mn P S Al Ct Cu V Mo Cb Al

016 030 114 0008 001 0036 007 020 0027 0097 0018 0.028

Table 2 Mechanical properties of specimen

Yield strength Tensile strength Elongation Hardness
(MPa) (MPa) (%) (Hrs)
390 558 26 77.37
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Fig. 1 Configuration of CT-specimen (unit: mm)
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Fig. 2 Apparatus of fatigue test machine (INSTRON 8501)
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Fig. 3 Relations between fatigue crack growth rate and stress
intensity factor range (R = 0.05)
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Fig. 4 Relations between fatigue crack growt rate and stress
intensity factor range (R = 0.3)
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Table 3 The value of fatigue crack growth threshold - 7Ky
(MPav m)

Tem.
Stress 25T -60C -80C -100C
ratio
0.05 18.20 19.05 21.38 23.99
0.3 13.49 14.79 1549 18.62
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Table 4 Experimental constants by da/dN=C (JK)" for the
fatigue crack growth

wo M el e mc

25C 2399+ AK-4gg7 4167 '97;523’3%4 3610 487% 10"

60T 2704« 4K<5390 4966 lf"éégj‘/j%ﬂ 3649 30810

o U 831=gKsseoy UGN g g g
1007 3041 AK<3853 88T ‘2;?6%’3"1’04 4341 197x10"

3T 1679 gK <3819 1803 1?';3321’/31\:04 3596 7.64% 107

60T 19.04< JK <3908 203210 ;i;ﬁ'g’f%; T Adax 10V

v 80T 2109 gK=4137  2460%10 ‘3:63;/31104 3906 237X 10"
A00C  2275% gK w4203 2979” 13’;?5';‘3/31\{04 3950 134% 10"
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R=03 (25C)

(@) R=0.05 (257) (b)

AJK=488 MpaV m AJK=382 MpaV m

(¢) R=0.05 (-60C) (d R=0.3 (-607T)
JK=53.9 MpaVvV m AJK=39.1 MpaV m

() R=0.05 (-80C)
A4K=562 MpaV m

® R=03 (-80C)
AK=414 MpaV wm

(2 R=005 (-100C)  (h)
JK=3585 MpaV m

R=0.3 (-1007C)
JK=42.1 MpaN m

Fig, 8 Fractography of fatigue crack growth surface at 25C, -6,
0C, 80T and -100°C for R=0.05, 0.3
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