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Conditions Required to Satisfy Miner’s Hypothesis

Under Statistical Consideration
By Toshiyuki SHIMOKAWA

Abstract

The conditions for Miner’s hypothesis to hold statistically are discussed with regard to the
distribution of fatigue life and the cumulative damage in fatigue process. The Weibull, the Normal,
and the Log-normal distribution functions are taken as that of fatigue life, which are frequently
used to represent the test data of fatigue life. This study leads to the following conditions:
(1) The condition concerning the scatter of fatigue life is that the coefficient of variation of
fatigue life is constant, regardless of the stress level for the three types of the distribution func-
tions described above. (2) The cumulative damage in the fatigue process is expressed by the
damage curve, which is defined as the relation of the damage of a given specimen to its inherent
cycle ratio n/N, where n is the number of cycles applied at a given stress level and N is the
number of cycles to failure of the specimen at that stress level. It is assumed that the as-
cending order of the damage fraction of a given specimen in a group of specimens is invariable at
any number of cycles under any applied stress level. Based on the assumption mentioned above,
the condition concerning the cumulative damage in the fatigue process is that one damage curve
is determined ‘regardless of the ascending order of damage fraction of the specimen and the
applied stress level, and that the increment of the damage of the specimen accumulated at the
i-th stress level S; in a variable stress history agrees with that of the case of constant stress level
test at S;.

On the other hand, when thg conditions described above are not satisfied, the mean
cumulative cycle ratio to failure E[ 3 (M/Nj)], where N; is the mean fatigue life at S;, for two
stress level tests is discussed. The (lievnanon of the mean cumulative cycle ratio to failure from
unity, which is influenced by the difference of the scatter of fatigue life and that of the damage
curve between two stress levels, is evaluated. The mean cumulative cycle ratio to failure is less
influenced by the difference of the scatter of fatigue life than that of the damage curve. It is
also shown that the mean cumulative cycle ratio to failure is influenced by the co-operation of
the scatter of fatigue life and the difference of the damage curve.
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