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compressive creep strain. This was presumed from the experimental result
that the crack demsity for e-p type (slow-fast strain waveform) was higher
than for e-c type (slow-slow strain waveform). In an air environment, crack
density was lower than in a vacuum enviromment of about 10 ~* Pa. This was
because a hard oride film was formed on the specimen surface and this kept
grain boundaries from sliding. On the other hand, crack propagation rate was
not affected by eompressive strain rate nor by high-temperature oxidation.
This is common characteristics to large crack propagation. Crack initiation
seemed to be more sensitive to test comditioms than erack propagation.
Propagation rate of small cracks dispersed widely due to microstructural
inhomogeneity. But as erack length increased, scattering propagation rate of
small eracks converged on the large crack propagation law derived from
fracture mechanics. In the e-p type ereep fatigue of 1.5% total strain at
923K, the minimum length (whole length) of the large ecrack was about Imm
which corresponded to twenty times of the mean grain diameter of the
stainless steel used in the test. Over Imm, the erack propagation rate came
to have a umique relationship with creep J-integral range, AlJe. The region
of microstructurally small eracks was not small. This fact made study on
ereep fatigue small cracks more indispensable.

In the latter half of the thesis, a model of random fracture resistance of
grain boundaries was presented for the simulation of creep fatigue small
eracks. The model represented the mierostructural inhomogeneity by a random
nunber assigned to each grain boundary, which was called fracture resistance
in the present model. The fracture resistance of each grain boundary was
reduced by the driving force which was given to each grain boundary at every
fatigue cycle. Fractwre of grain boundaries, that is, crack initiation and
propagation, occurred in a discrete manner (instantly) when the residual
fracture resistance of a grain boundary became zero. The driving force
divided into two kinds. One was for erack inmitiation and the other was for
erack propagation. The reason why two kinds of driving forces were set was
that the dependence of crack initiation behavior and that of crack
propagation behavior on fatigue conditions (strain waveform, strain rate,
strain range, emviromment, ete.) were different from each other. Two kinds
of driving forees were necessary to represent the erack behavior correctly.
The simulation was dome in one and three dimensions. The one-dimensional
simulation was very simple and easy to carry out, but it did not make a
good result for the late stage of fatigue life when the coalesecence and
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mechanical interaction among small eracks were striking. The three-
dimensional one was rather complicated and took more time to carry out
because a lot of factors such as the inclination of each grain boundary and
the above-mentiomed stress relaxation zone of every initiated crack, were
taken into account three-dimensionally there. But we could get fairly good
results from this simulation until the very late stage of life. Moreover,
fracture process was characterized using the present simulation. The
fracture process could be divided into two types, erack propagation type
and erack initiation type. In the former process, a few small cracks
initiate and propagate to become large cracks, therefore, fatigue life
corresponds to the erack propagation life. In the latter process, a lot of
small eracks initiate and at the late stage of life they coalesce each
other. In this case, fatigue life is mainly determined by the number of
eracks initiated. The present simulation could reply quantitatively to a
question, if a fracture process belonged to the ecrack propagation type or
to the erack initiation type. Lastly the method of remaining life
assessment using the simulation was presented. The remaining life
assessment is now being focused on because of the fact that the operating
time of a lot of fossil power plants is exceeding the planned lifetime.

This paper mainly deals with surface small cracks under creep fatigue
condition in a Type 304 stainless steel. But the erperimental procedure and
the technique of the mmerical similation which were presented in this paper
would also be available not only for surface small eracks but also for
internal. small eracks or cavities in isotropic polyerystalline materials
with small alteration. Moreover, they would be applicable to small eracks
along interface or matrir in directionally solidified superalloys and fiber
reinforced composite materials, if the spacial distribution and the
orientation of eracking are taken into consideration.







































































































































































































































































































































































































































	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0131
	0132
	0133
	0134
	0135
	0136
	0137
	0138
	0139
	0140
	0141
	0142
	0143
	0144
	0145
	0146
	0147
	0148
	0149
	0150
	0151

