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Approach to establish micro crack growth prediction model

based on surface observations of fatigue test specimen
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After Fukushima Daiichi accident, nuclear power plants are required to ensure the system safety with long

term operation. Present design code requires the assessment of CUF (cumulated usage factor) to prevent the
occurrence of fatigue damage. However, it is difficult to introduce the concept of CUF into the system safety
evaluation which needs probabilistic risk assessment. For the probabilistic evaluation of fatigue failure, this
study intends to show the prediction of micro crack growth by simulation. A low-cycle fatigue test was
conducted in air at room temperature under constant cyclic strain range and crack initiation and crack growth
were examined by replica investigation. These steps were modeled for the input of simulation. After confirming
the applicability of this model, the prediction of crack growth will be evaluated by this simulation model.
Keywords: CUF, system safety evaluation, design code, fatigue damage, micro crack, crack growth
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Fig.1 Geometry of test specimen (unit: mm)
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Fig.2 Flow sheet to establish crack growth
prediction model
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Fig. 3 Numerical change of cracks in the
observation area
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Fig. 4 Example of crack propagation in experiment
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Fig.5 Relationship between incubation time
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Fig.7 Simplification in the process of crack growth
for the evaluation
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Table 1 Dispersion of crack growth rate

Crack Length(mm)|0.02~0.06 0.06~0.10 0.10~0.14 0.14~0.18
da/dN(average) | 5.44E-09 1.55E-08 2.95E-08 4.61E-08
da/dN(best—fit) | 6.21E-09 1.75E-08 3.03E-08 4.45E-08
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Fig. 8 Comparison between experimental value and
width of dispersion in the crack growth rate
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Fig.9 Flow sheet of crack growth prediction model

Table 2 Parameter of sample case
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Fig. 10  Crack growth evaluation in sample case
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Fig.11  Crack propagation in the simulations
(5 cases)
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Fig. 12 Crack propagation in the experiment
(5 cases)
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Fig. 14 Dispersion of crack growth

Table 3 Simulated value of fatigue life

. . Average max min  Experiment
Fatigue life
6485 6940 6015 5885
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