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A Study on Time Intervals between
Occupational Accidents (II)

by Shigeo HANAYASU*

The accident frequency rate has been widely used as one of the measurement of safety performance
over a long period of time. The accident frequency rate is defined as the number of occurrence of occup-
ational accidents for a certain unit of man-power or employee hour exposure. Since the accident frequency
rate, which implies the potential of accident risk in a working place, is closely related to the number of
occurrence of accidents, its statistical evaluation depends mainly upon the analysis of the frequency of
occurrence of accidents in a fixed interval of time, e. g., poisson distribution.

“This study, in the meanwhile, takes into consideration the fluctuating time intervals between occupational
accidents, regarding them as a useful measurement of safety performance in working places having a
certain accident risk. In particular, emphasis was placed upon the statistical treatment for the extreme
values of the time intervals between accidents, i.e., the smallest and the largest value among the observed
time intervals between occupational accidents.

The frequency distributions of so called extreme values as the smallest and the largest value in a random
sample size (n) with a continuous density can be easily derived from the probability density function of
order statistics as shown in Egs. from (1) to (6).

According to the result of the several observational investigation of accidents to date, it is recognized
that occupational accidents are taking place at random, so that the time intervals between successive acci-
dents can be represented by exponential distribution given by Equation (7), to at least a rough approxima-
tion. Also parameter of exponential distribution can be connected to the accident frequency rate as given
in Equation (10).

Hence, in order to verify whether the smallest or the largest time period among the observed time
intervals between accidents is significantly short or long period of time, statistical evalution of the extreme
values of the time intervals between accidents such as the calculation of the probability of the extreme
value corresponding to a certain accident frequency rate or estimation of the extreme values with reference
to a probability, can be easily achieved by making use of the extreme value distribution functions repre-
sented by Egs. (8, (9) and (14), (15).

Extreme value analysis can also be applied to a problem of discovering the collective time periods

between accidents of a work place having many independent industrial groups simultaneously. Namely,
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the collective time intervals between successive accidents of the whole groups can be soived by way of
the smallest value of the timé intervals, and it finally becomes another type of exponential distribution
whose parameter is to total all groups’ accident frequency rates together as shown in Egs. (12) and (13).
Similary, time distribution of the period in which accidents have taken place in all groups, can be treated
as the largest value of the time intervals and eventually expressed by the product of each group’s distribu-
tion function exhibited as Egs. (17) and (18). o

The estimation of the parameter of exponential distribution is sometimes difficult in dealing with the
maximum and minimum values of the time periods between accidents. Hence, in this study, in order to
avoid the disadvantage of estimation of the parameters of distribution function in the process of statistical
evaluation, the extreme value ratios (the ratio of the smallest/largest value of the time intervals to the total
summed-up hour of time periods between accidents) were derived as Equations (19), (20) and (22), (23).
These distribution functions cah be used for cal¢ulation of the extreme value ratio with reference to a
probability without knowing the parameters of exponential distibution. An example using actual accident
data is given to illustrate how to examine whether or not the smallest and the largest time intervals
between accidents are significant values, by means of the distribution function of the maximum and min-
imum time ratio derived here.

In conclusion, the author proposes that maximum and minimum time intervals between accidents can be
utilized as a useful yardstick to express the safety performance in working places. They can be especially
used for the analysis of homogeneity of the time series of accidents as well as the characteristics of the
time intervals in a work place where many individual groups exist. Another advantage in relation to
the use of the maximum and minimum values of periods is the simplification of the calculation in conduc-
ting the statistical evaluation of the time intervals. Particularly, maximum and minimum time ratio
distribution can be employed in the analysis of the extremie values of the time periods without knowing

the parameter or the accident frequency rate in working places.
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A Study on Time Intervals between Occupational Accidents (II).

by Shigeo HANAYASU

Research Report of the Research Institute of Industrial Safety, Ministry of Labour
RIIR-RR-32-3, (1984)

This study takes the fluctuating time intervals between occupational accidents
into consideration, regarding them as a useful measurement of safety performance
in working places having a certain accident risk.

In particular, emphasis is placed on the statistical analysis for the extreme
values of the time intervals between accidents. The distributions of the smallest
and largest values among the observed time intervals are derived from order statistics.
Statistical evaluation using these extreme distribution funciions are proposed.
Extreme value analysis is also applied to discover the collective time intervals
between accidents of a working place with many independent groups. Distribu-
tions of the extreme value ratio is derived to simplify the treatment of parameters
of population, and an example is given to demonstrate the usefulness of these
distributions. (12 Figures, 2 Tables, 5 References)
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