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Influence of Strain Rate on Fatigue Crack Growth in SUS316
under Reactor Coolant Environment
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The purpose of this study is to investigate environmental effects on low cycle fatigue crack growth rate of
SUS316 in different strain rate condition. The fatigue tests were conducted under different strain rate
(0.4%/sec and 0.004%/sec) in simulated PWR environment with interrupting tests and the surface of specimens
was observed. By the investigation of fatigue cracks growth, the effect of strain rate on crack growth rate was
evaluated. From the results of tests, the followings were confirmed;

+ Fatigue Life of 0.004%/sec strain rate is shorter than that of 0.4%/sec.

+ The lower strain rate increases crack growth rate.

* Coalescence of crack is observed in all strain rate condition.
+ The lower strain rate decreases density of crack and frequency of coalescence.
+ Crack growth rate with crack coalescence influences fatigue life remarkably in low strain rate.
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Table 1 Fatigue test condition

Temp.(C) Strain range (%) Strain rate(%/sec)

325 12 0.4

325 1.2 0.004

Table 2 Water condition of simulated PWR environment

Dissolved oxygen(ppb) Less than 5
Dissolved hydrogen(ppm) | 2.7%+0.1
H3;BO5(ppm) 500%13

LiOH(ppm) 2.00+0.07

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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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.3 Example of film replica
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Table 4 Fatigue life and cycles of observation

Strain rate(%/sec) Observation(cycles) | Fatigue life(cycles)
04 600,1200 1511
0.004 300,400 709
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Table 5 Number of cracks (Strain rate:0.4%/sec)
Cycles of observation 600 1200 1511
Number of crack 119 78 64
New crack 119 2 0
Table 6 Number of cracks (Strain rate: 0.004%/sec)
Cycles of observation 600 1200 1511
Number of crack 62 59 45
New crack 62 1 0
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Fig.4 Distribution of crack length (Strain rate: 0.4%/sec)
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Fig.5 Distribution of crack length (Strain rate: 0.004%/sec)
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Fig.6 Crack growth rate vs. crack depth
(Strain rate: 0.4%/sec)
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Fig.7 Crack growth rate vs. crack depth
(Strain rate: 0.004%/sec)
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Fig.8 Comparison of crack growth rate

vs. crack depth

Table 7 Parameters in the calculation of crack growth rates

Strain rate(%/sec) D m
04 0.0011 1.09
0.004 0.0018 1.09
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Fig.9 Coalescence of cracks
observed in the replica

Table.6 Number and rate of crack coalescence

Strain rate(%/sec) Maximum number of | Rate of crack
crack coalescence | coalescence (%)
04 1 69.3
0.004 4 415
33.6 AikdHY DEZERERE

EHOEWERNT Lo Z8ERE LR LIZEH
HEFSHIE S 1Oy N3l CoRoD 7= ULl E#R 4 Fig.10 (2
N, EREBE LY A 7B TR LTIZE R
DBIESHERE b LITAET DRIGRDTA 7 L TOZZEE
EDD X BHEREE A FE Uiz, AR LIz RoikE
FEITOFIREEE 0.004%/sec D775 04% sec & 1) b -
7=

1.E-05
1E-06 2 20
- = i
1.E-07 -
3 - . oo
ﬁ b - _,-'
T 108 ® 0.4%/sec
P | ——— 0_4%’1596
LB ®  0.004%/sec
1.E-10 e 0.004%,{59C
0.00001 0.0001 0.001
a[m]

Fig.10 Cracks growth rate vs. crack depth with coalescence
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Fig.11 Concept of postulated crack growth curve
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