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Fatigue life of nuclear facilities tends to be decreased by the influence of reactor coolant, which is called 
environmental effect. The effect accelerates crack growth rate but the influence for crack initiation is not clarified. 
This study intends to discuss the environmental effect in crack initiation. The crack length and the number of 
cracks are measured from the investigation of fatigue test specimens in reactor coolant and air. The behavior of 
crack initiation is revealed from the measurement of number of cracks, crack sizes and fatigue life. From this 
study, environmental effect of reactor coolant is considered to influence crack initiation and increase the number 
of micro crack. It is also estimated that the coalescence of cracks influences the acceleration of crack growth. 
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Fig.1 Specification of test specimen  

 

 

 

Fig.2  Photograph of test specimens 

 

 

Table 1  Chemical composition of test specimen (wt  

(316 stainless steel)  

Fe C Si Mn P S Ni Cr Mo 

Bal 0.06 0.05 1.30 0.031 0.027 10.18 16.94 2.02 
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Fig.3 7

Fig.6,7 (0.4 %/sec)
 

 
 

Table 2 Fatigue test Condition and fatigue life 

  

(%) 

 

(%/sec) 

 

( ) 

 

 ( ) 

PWR  1.2 0.4 325 1820 

PWR  1.2 0.004 325 701 

 1.2 0.4 300 6662 

PWR PWR1

325 500 ±11 ppm 

2 ±0.09 ppm 

2.7 ±0.2 ppm

5 ppb

Table 3 Number of cracks observed in surface of specimen  

(0.4 %/sec) (0.004 %/sec) (0.4 %/sec) 

288  240  150  

 

 

Fig. 3 Micro cracks in the surface of test specimen 

 (PWR environment, 0.4 %/sec) 

 

100 μm 

180 

(unit: mm) 
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Fig. 4 Micro cracks in the surface of test specimen 

(PWR environment, 0.004 %/sec) 

 

 

Fig.5 Micro cracks in the surface of test specimen 

 (Air, 0.4 %/sec) 

 

 
Fig.6 Coalescence of cracks (example 1) 

 

 

Fig.7 Coalescence of cracks (example 2) 
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Fig.8 Distribution of crack length 

PWR environment, 0.4 %/sec  

 

 

Fig.9 Distribution of crack length 

PWR environment, 0.004%/sec  
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Fig.10 Distribution of crack length 

Air, 0.4%/sec  
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Fig.11  

 
Fig.11 Inverse analysis of crack initiation 
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Table 4 Parameter of crack growth rate calculation[1] 

 D m 

(0.4) 59.7 2.20 

(0.004) 0.484 1.50 

(0.4) 385 2.5 

 
a l 0.5 

(3)  
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Fig.12 Comparison of crack initiation cycle between inverse 

analysis and replica observation 

 

3.2.3  
Fig.13
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Fig.13  Crack initiation cycle 
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Fig14  
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Fig.14 Flow sheet of crack growth prediction model[2] 
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Table.5 Comparison of observation area and 

crack number between experiment and 

simulation 

  (mm)  (mm)  
 1.8 3.0 288 

 20 30 32000 
 

Table.6 Comparison of fatigue life between 

simulation and experiment 

 

 

Fig.15 Simulation of crack propagation 

 (With considering coalescence of cracks) 

 

 
Fig.16 Simulation of crack propagation 

 (Without considering coalescence of cracks) 
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 Average Max Min Experiment 

 1683 1750 1580 1820 

 2622 2725 2525 1820 

- 498 -


