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Evaluation of Micro Fatigue Crack Growth under Equi-biaxial Stress by
Membranous Pressure Fatigue Test
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For preventing nuclear power plant (NPP) accidents, NPPs are required to ensure system safety in long term
safe operation under aging degradation. Now, fatigue accumulation is one of major ageing phenomena and are
evaluated to ensure safety by design fatigue curve that are based on the results of uniaxial fatigue tests. On the
other hand, thermal stress that occurs in piping of actual components is not uniaxial but equi-biaxial. For
accurate evaluation, it is required to conform real circumstance. In this study, membranous pressure fatigue test
was conducted to simulated equi-biaxial stress. Crack initiation and crack growth were examined by replica
investigation. Calculation result of equivalent stress intensity factor shows crack growth under equi-biaxial
stress is faster than under uniaxial stress. It is concluded that equi-biaxial fatigue behavior should be considered
in the evaluation of fatigue crack initiation and crack growth.
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Fig.1 Schema of fatigue test machine.
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Fig.2 Geometries of test specimen in membranous

pressure fatigue test.

Table.1 Chemical content of test material (mass %).

Fe | C Si | Mn P S Ni Cr | Mo

Bal. | 0.05 | 041 | 0.84 | 0.026 | 0.001 | 1020 | 16.10 | 2.11

Table.2 Mechanical properties of the test material.

Longitudinal Transverse
direction direction
0.2% proof
264 270
strength(MPa)
Tensile
595 595
strength(MPa)
Elongation (%) 58.5 58,8
Reduction in
85.4 80.7
area (%)
Young's
205 213
modulus(GPa)
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Fig.4 Strain range.

Fig.7 Propagation of crack.
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Fig.8 Branching of crack.
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Fig.10 Relationship between crack growth rate and

equivalent stress intensity factor.
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Fig.11 Comparison between equi-biaxial fatigue and
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Fig.12 Comparison between equi-biaxial fatigue (Mises) and

uniaxial fatigue.
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