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Study on the Behavior of Fatigue Crack Growth of
Austenitic Stainless Steel Piping under biaxial Stress
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Nuclear power plants (NPPs) are required to ensure safety in long term operation under aging degradation. The
fatigue degradation is one of the major ageing phenomena and is evaluated to ensure safety by design fatigue
curve obtained by the results of axial fatigue test. On the other hand, the stress that occurs in piping element
such as elbow is not uniaxial but biaxial. For accurate evaluation of fatigue crack growth, it is required to
confirm the effect of biaxial stress. In this study, membranous pressure fatigue tests were conducted to confirm
biaxial stress effects. The calculation result of equivalent stress intensity factor based on test results indicates
that crack growth under biaxial stress is faster than that under uniaxial stress. The relationship between crack
growth rate under uniaxial stress and that under biaxial stress is clarified.

Keywords: Biaxial stress, Fatigue degradation, Crack growth, Equivalent stress intensity factor.
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Table 1 Test condition.

Material SuUS316
Pressure (MPa) 0.78
Cycle frequency (Hz) 1
Fatigue life (cycle) 35000
Rubberring ~ Observation

for fixation window

Test specimen

Air chamber

Fig.1 Scheme of pressurized disc fatigue test

device.

dL=78.1

Multi-axial strain
gauge

dr/dL=0.9 \
t=1.2 Center of Nitrile rubber ring

Fig.2 Geometry of test specimen (unit: mm).
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Fig.3 Strain range measured by strain gage.
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Fig.4 Strain ratio measured by strain gage.
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Fig.5 Growth of Crack length
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Fig.6 Example of crack by replica observation (30000
cycles).

Fig.7 Image of test specimen after penetration.
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Fig.8 Comparison of crack growth rate between

biaxial and uniaxial fatigue test.
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Fig.9 Comparison of crack growth rate between

biaxial and uniaxial stress fatigue test.
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Fig.10 Comparison of crack growth rate between
equi-biaxial, biaxial and uniaxial fatigue test.
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