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Effect of Stress Ratio on Fatigue Crack Propagation Behavior of Pressure
Vessel Steel SA516-Grade70 at High Temperature.
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Abstract

The fatigue crack propagation behavior of the SA516-Grade70 steel which is used for pressure
vessels was experimentally examined under the condition of at room temperature, 1507C, 250C
and 3707 with stress ratio of R=0.1 and 0.3. The fatigue crack propagation rate, da/dN, related
with the stress intensity factor range, AK, was influenced by the stress ratio within the stable
growth of fatigue crack(Region [ ) with an increase in AK.

The resistance to the fatigue crack growth at high temperature is higher in comparison with
that at room temperature, and the resistance 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 high temperatures
are mainly explained by the crack closure and oxide-induced by high temperature.
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Table 1 Chemical composition of specimen(wt.%)

C Si Mn P S Ni
0.16 0.30 1.14 0.008 0.001 0.36
Cr Cn \" Mo Cb Al

0.07 0.20 0.027 | 0.097 0.018 0.028

Table 2 Mechanical properties of specimen

Yield Tensile .
Temp.(C) strength strength Elongation
(MPa) (MPa) (%)
RT 390 558 26
150 373 549 28
250 363 540 31
370 363 550 27
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Fig. 1 Configuration of CT-specimen(unit : mm)
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Fig. 3 Relations between fatigue crack growth

rate and stress intensity factor range

10% [

s L-T QOrientation
L| Stress Ratio : R=0.3

104 [

Fatlgue crack growth rate, da/dN (mm/cycle)

. & 25 (RT)
150¢C

» 250

¢ 370C

10°
10 20 40 60 80 100

Stress Intenslly factor range. AK (MPa m'?)

Fig. 4 Relations between fatigue crack growth
rate and stress intensity factor range
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Table 3 The gradient and constant by Paris’

equation
Stress | emp(c) m c
150¢C 3.281 2.57x10°
0.1 250¢C 3.307 1.93-.10°
370¢C 4.071 1.60-10%
150¢ 2.629 4.90-10°
0.3 250¢C 2.725 1.81-10°
370¢C 3.795 2.09-10°1°
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Fig .5 Reations between fatigue ecrack growth
exponent m and stress ratio R

107
L-T Orientation

e

-
<
%

E

Material constant, C
—
<
o

IO-NE

-11
107

1
150 200 250 300 350 400
Temperature ()

Fig. 6 Relations between material constant and
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