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Abstract; The accident frequency rate has been widely used as a measurement of safety
performance in many undertakings over a long period of time.

In order to explore the significant changes in accident situation in succeeding intervals of
time, the time intervals between occupational accidents were utilized as a useful indicator to give
expression to safety performance in undertakings having a certain accident risk.

This paper deals with the stochastic treatment of the time intervals between occupational
accidents to evaluate the safety performance of working places. Emphasis was placed on the
probabilistic analysis of the time intervals between accidents and the number of accidents, when
the accident frequency rate varies and depends on a cretain probability function.

The main features of this paper are as follows:

(1) From the analysis of frequency distribution of the number of occurrences of accidents wihtin
a fixed interval of time, it was found that the frequency distribution of many accidents agree
with the negative binomial distribution as well as the poisson distribution simultaneously.
Particularly, negative binomial distributions have many good agreement with actual accident
distributions rather than the poisson distribution. ‘

(2) Depending upon the results of frequency distributions of accidents, it was recognized that
many accidents take place at random. However the accident rate itself depends on the
probability distribution whose probability function can be expressed as the gamma distribution.
Hence, the frequency distribution of the number of occurrences of accidents as well as the
frequency distribution of time periods between accidents are represented as the mixture of
probability density functions. This mixing of the probability function of accident rate to the
distribution function of the number of occurrences of accidents ultimately reaches the negative
binomial distribution. Whilst, the mixture of the frequency distfibution of accident rate to the
frequency distribution of time intervals between accidents finally reaches the composite
exponential distribution.

(3) If sufficint accidents data are available, parameters of the probability distribution function of
-the negative binomial distribution or the composite exponential distribution, can be estimated by
making use of these accident data.

(4) In case sufficient data are not available, the Bayesian statistical inference can be employed
as an alternative method to estimate the parameters of the distribution functions. By making use
of Bayes’ theorem, a posterior distribution of the accident rate can be obtained as the gamma
distribution whose parameters are the number of accidents and duration of time investigated.
Then, the frequency distribution of the number of occurrences of accident within a given period
of time, can be obtained by way of mixing the probability distribution function of accident rate
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to the poisson distribution, which yields the negative binomial distribution. Similarly by mixing the

accident rate distribution with the exponential or gamma distribution, the frequency distribution of

the time periods betweén accidents, which takes into consideration the variance of accident rate, can

be represented as the composite exponential or gamma distribution.

(5) Utilizing Bayes’ theorem, a renewed posterior distribution of accident rate can be estimated at

the time when new accident data are acquired. Then by making use of this up-to-date accident rate

distribution, the renewal of the probability distribution functions of the number of occurrences of

accidents as well as the frequency of the time periods between accidents, can be achieved.

Keywords Occupational accident, Accident frequency rate, Mixture of probability distribution, Poisson

distribution, Negative binomial distribution, Composite gamma distribution, Bayes’ theorem
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