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RELIABILITY-BASED FATIGUE-PROOF
DESIGN OF MACHINES AND STRUCTURAL
COMPONENTS BASED UPON STATISTICAL
FATIGUE FAILURE PROBABILITY

In the reliability-based fatigue-proof design
of machines and structural components, the
treatment of failure probability becomes of
vital importance. Even if a proper model of
the fatigue life distribution can be introduced
on a certain basis, the distribution parameters
arestill left unknown, and they need to be usually
estimated by using only a limited number of
experimental data which, of course, vary from
sample to sample. Under these circumstances,
the failure probability calculated by use of those
parameter estimates should be treated as a
random variable.

In this respect, the present paper first deals
with in detail distribution properties of the
statistical failure probability constructed with
the aid of parameter estimators in the Weibull
distribution. At the same time, the effect of
sample size on the estimation of failure proba-
bility is also investigated. Secondly, compari-
son is made between shapes of the distribu-
tion function of the statistical failure proba-
bilities based upon a Weibull and alog-normal
model under the assumption that the allowable
failure probability is kept constant in both
distributions. This comparison gives a guide-
line on which model is more practical between
a Weibull and a log-normal model, which are
frequently utilized for fatigue life distribution
analysis of structural components. Further-
more, discussions are made on how to deter-
mine the optimum sample size of the fatigue

experiment in order to meet the prescribed level
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of reliability imposed on structural components.
Finally, based upon these results, a simplebut
important design principleisproposed. Under
this principle, such a method to determine
design safe life should be established so as to
meet the design requirement that the judgement
be correct in a prescribed confidence level where
the failure probability during design lifetime
is not greater than the prescribed allowable
value.

The purpose of the present paper is to fulfil
such a societal requirement of crucial impor-
tance asto perform the reliability-based fatigue-
proof design through the quantitative evaluation
of engineering uncertainties caused by use of a
limited number of experimental data on the
estimation of failure probability in considera-
tion of the engineering reality such that the
failure probability, extremely important quan-
tity in the reliability-based design, needs to

be estimated from a sample of a limited size.
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@ Even if a proper model of the fatigue life

distribution can be introduced,

— Even if we can introduce a proper model
of the fatigue life distribution,

@ Discussions are made on how to deter-
mine the optimum sample size.of the fatigue
experiment.

— We discuss how to determine the optimum
sample size of the fatigue experiment.

® Such a method to determine design safe
life should be established.

— We should establish such a method to deter-
mine design safe life.

@ The failure probability needs to be esti-
mated from a sample of a limited size.

—> We need estimate the failure probability
from a sample of a limited size.
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