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Environmental Effect on Low Cycle Fatigue Crack Growth of SUS316
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The purpose of this study is to investigate environmental effects on low cycle fatigue crack growth of
SUS316. Low cycle fatigue test and periodical observation on inner surface of a hollow specimen
was conducted by developing new type of replica observation. The crack growth in PWR
environment was measured and the investigation of environmental effects on crack initiation and
propagation was conducted. Crack initiation rate of fatigue test in PWR environment is faster than in
air condition. Crack propagation is accelerated apparently by the increase of coalescence of cracks.
Consideration of crack initiation in earlier period of fatigue test, acceleration of crack growth rates in
PWR environment and coalescence of cracks by short initiation time and high density of cracks are
necessary to quantify environmental effects in addition to the acceleration of crack growth rates in

PWR environment.
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Table 1 Fatigue test condition

Temp. Strain rate Tatal strain range
T de/dt Age .
(°C)  (%/sec) (96)
325 0.4 1.20

Table 2 Water quality condition of PWR environment

Dissolved oxygen(ppb) | Lessthan5
Dissolved hydrogen(ppm) | 2.7%0.1
HzBO3(ppm) 50013

LiOH(ppm) 2.00+0.07

Table 3 Chemical content of test material (Wt%)

Fe C Si [ Mn P S Ni Cr Mo

Bal [ 0.06]| 0.5 | 1.3 | 0.031 | 0.027 | 10.18 | 16.94 | 2.02
|
G

Fig.1 Sketch of hollow specimen (unit : mm)
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Fig.2 Hollow specimen and 3-dimensional replica
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Fig.4(a)~(c) Distribution of crack length at each cycle
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Table 5 Maximum crack length at each cycle

Number of cycle 600 | 1200 | 1511
Maximum crack length 390 | 1012 | 2509
(um)
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Fig.5 Relationship between crack growth rate identified

from replica observation and strain intensity factor

Table 6 Parameters in the calculation of crack growth rates

D m
Air 3.94 %102 | 2.85
Env.(no coalescence) | 6.77 X 10°> | 1.88
Env.(coalescence) | 2.00x 106 | 1.93
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Fig.6 Crack growth at the neighborhood of large cracks

Fig.7 Crack initiation at the neighborhood of crack tips
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