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Environmental effect of stainless steel in PWR environment.
(Investigation of Crack initiation and growth behavior by Replica Observation)
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The purpose of this study is to investigate environmental effects on SUS316 in different strain rate
condition. The fatigue tests were conducted under different strain rate (0.4%/s and 0.004%/s) in simulated
PWR environment with interrupting tests and the effect of strain rate on crack growth rate was evaluated by the
observation of test specimen surface. From the results of investigation, the followings were confirmed;

* The effect of strain rate on crack growth rate is larger in 0.004%/s than 0.4%/s.

* The coalescence rate of crack in 0.4%/s is larger than that in 0.004%/s.

* The lower strain rate promotes environmental effect that decreases fatigue life by the increase of crack growth

rate and not by that of crack coalescence.
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Table 1 Fatigue test condition

Temp.('C) Strain range (%) Strain rate(%/s)
325 1.2 04
325 1.2 0.004

Table 2 Water condition of simulated PWR environment

Dissolved oxygen(ppb) | Lessthan5
Dissolved hydrogen(ppm) | 2.7%0.1
H3BO3(ppm) 500+13
LiOH(ppm) 2.00%0.07
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Table 3 Component of test material (SUS316) (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
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Figure 1 Sketch of hollow specimen (Unit : mm)
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Figure 3 Example of crack in film replica
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Table 4 Fatigue life and cycles of observation

Table 6 Growth of crack length (mm)

(Strain rate: 0.4%/s)

cycles

600

1511

topl

687

111

189

267

917

152

1200

Strain rate(%/s) Observation(cycles) | Fatigue life(cycles)
04 600,1200 1511
0.004 300,400 709
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Table 5 Growth of crack length (mm)
(Strain rate: 0.004%/s)

cycles 300 400 709
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Figure 4 Coalescence of cracks observed in the replica
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Table 7 Number of cracks (Strain rate: 0.4%/s)
Cycles of observation 600 1200 1511
Number of crack 119 78 64
New crack 119 2 0

Table 8 Number of cracks (Strain rate: 0.004%/s)
Cycles of observation 300 400 709
Number of crack 62 59 45
New crack 62 1 0
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Figure S Distribution of crack length (Strain rate: 0.4%/s)
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Figure 6 Distribution of crack length (Strain rate: 0.004%/s)
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Figure 7 Maximum value of crack growth rate vs. crack length
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Figure 8 Distribution of crack growth rate and crack length
(Strain rate: 0.4%/s)
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Figure 9 Distribution of crack growth rate and crack length
(Strain rate: 0.004%o/s)
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Table 9 Number and rate of crack coalescence

Strain rate(%/s) Maximum number of | Rate of crack
crack coalescence | coalescence (%)

04 11 69.3

0.004 4 415
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