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In this study, the evaluation method for a crack growth due to a seismic load has been
proposed based on experiments and finite element method analyses. Crack growth
experiments were performed by a cyclic load simulating the seismic load applied to
materials of the type 316 austenitic stainless steel and the carbon steel STS410 (JIS G
3455: similar to ASTM A106B). Specimens were machined from each pipe. The validity
of the proposed method was confirmed by fact that the difference between the
evaluation result and test result did not exceed 20%.

In Chapter 1, backgrounds in this study are described. Previous studies of the crack
growth due to the seismic loading are introduced. Then, objective of this study is
established.

In Chapter 2, an evaluation formula of the crack growth beyond small scale yielding
(SSY) condition has been proposed based on fatigue crack growth tests using cyclic
loading. The mechanisms of the crack growth due to cyclic loading beyond SSY include
the concept of the fatigue crack growth and the ductile crack growth.

The crack growth rate under condition beyond SSY can be evaluated using an
elastic-plastic fracture mechanics parameter, J-integral value, instead of AK. Then, the
new term describing ductile crack growth rate is linearly added to the existing fatigue
crack growth evaluation formula, as shown in the following equation.
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Each component for crack growth rates is defined by the following equations,
respectively.
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In Chapter 3, crack growth tests using cyclic load including excessive tensile and
compressive load were performed in order to confirm effects of excessive load on the
crack growth. At the same time, FEM analyses simulating experiments were performed
in order to evaluate the stress distribution in front of crack tip. Crack growth tests
evaluated acceleration and retardation effects of the excessive load by focusing on the
stress distribution and the crack blunting. Experiments and FEM analyses revealed
that the acceleration effect on the crack growth is attributed to increase the stress in
front of crack tip due to the applied excessive loading. Similarly, it was revealed that the
retardation effect on the crack growth is attributed to the crack blunting due to the
excessive loading. A following equation using the plastic region size in front of crack tip
and the crack closure ratio can quantitatively evaluate the effect of the stress variation
on the crack growth rate.
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In addition, a crack growth prediction method, considering the excessive loading effect
based on the crack blunting, has been proposed using the Jmax at i-th step (/maxi) and
the Jmax at the excessive tensile loading (Jmax, eD).
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An evaluation formula of the excessive loading effect on the crack growth behavior has
been proposed based on the presence or absence of the crack blunting and the variation
of the stress distribution.
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In Chapter 4, results of chapter 2 and chapter 3 are generalized in order to deal with
the random cyclic loading like the seismic load. A method of calculating the A in the
seismic load has been proposed based on the crack growth test using the random
amplitude cyclic load. The A calculation method has been proposed based on the
prediction of the load-displacement curve with each cycle of the random cycle.

AJ, = ﬂ,§ﬂ+{0 “MAX (] A= R) +J i L}

i max,i |R |
i

In addition, an estimation method of the crack growth in reactor piping subjected to
seismic loading has been proposed by combining the evaluation formula of the crack
growth, the evaluation formula of the excessive loading effect on the crack growth
behavior and the method of calculating the A/

In Chapter 5, the estimation method of the crack growth in reactor piping subjected to
seismic loading beyond SSY condition was validated by the piping crack growth tests,
using the simulated seismic load. Comparing crack growth test results with evaluation
ones performed a validation. The validity of the proposed method was confirmed by the
fact that the difference between the evaluation result and test result did not exceed
20%.

In Chapter 6, conclusions are drawn based on above results. In addition, an academic
value of this study and a ripple effect are addressed.
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