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The Effect of Stress Ratio on Fatigue Crack Propagation Rate in
SAS516/70 Pressure Vessel Steel at Low Temperature
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Abstract : The fatigue crack growth behavior of the SA516/70 steel which is used for pressure vessels was
examined experimentally at room temperature, -60°C,-80°C and -100°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 of fatigue crack growth (Region IT) 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 mainly explained by the crack
closure and the strengthening due to the plasticity induced and roughness induced.
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Table 1. Chemical composition of specimen (Wt.%)

ClSi|Mn| P | S |Ni|CriCn) V| |Mo)Cb} Al
0.16 | 0.30 | 1.14/0.008;0.001/ 0.36 1 0.07( 0.20 | 0.027(0.097|0.018(0.028

Table 2. Machanical properties of specimen

Yield strength |Tensile strength|  Elongation Hardness
(Mpa) (Mpa) (%) (HRB)
390 558 26 71.37
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Fig. 1. Configuration of CT-specimen (unitmm)
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‘Fig. 2. Apparatus of fatigue test machine (INSTRON 8501)
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Table 2. The value of fatigue crack growth threshold -k

(Mpa Vm)
Tem. . o o .
W 25°C -60°C -80°C -100C
0.05 18.20 19.05 21.38 23.99
0.1 15.89 16.91 18.25 20.19
0.3 13.49 14.79 15.49 18.62
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Fig. 8. Relations between faligue crack growth exponent m
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R =005 : logC = - 2.7417 - 1.84089m
R =101 logC = - 3.2533 - 1.65682m
R=103 logC = - 3.9244 - 1.45172m

Table 3. The gradient and constant of Paris eguation

Stress ratio Temp('C m C

25C 3.610 487x10™

005 -60°C 3.649 3.08x10™
-80°C 3.971 791 x10™

-100C 4341 197 x10™

25C 3.599 7.59%10™

-60°C 3.642 436x10™"

o1 -80°C 3.927 1.87x10°™
-100C 4.168 6.76 x 10™"

25C 3.596 7.64x10™

-60°C 3717 444x10™

03 -80°C 3.906 237x107"
-100C 3.950 1.34x10™
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