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A Study on the Time Intervals between Industrial Accidents

Shigeo HANAYASU*

In many 1ndustr1al areas, the accident frequency rate (the number of injuries per m11110n employee—

urs of exposure) is. often used as a measurement of safety performance. However this measurement

As been thought neither stable nor sensitive to changes in system input and aI‘so has dubious reliability.

;gé”
Another important drawback is that this measurement requires accidents to occur before it can be

kcalculated.

n routine accident control it is necessary for a manager or safety committee to have the earliest
possible indication of a significant change in the accident situation.

J This paper deals with the time intervals between industrial accidents in the hope of establishing its
%usefulness as a measurement of safety performance and calculating the probabilty of whether the acci-
'd:ents will occur or not at a given time T for one industrial place having a certain accident risk.

If some events are taking place at random in time and the expectation of events per unit time is
constant, then the frequency of occurrence of events in fixed intervals of time have Poisson distribu-
tlon and the time intervals between events are exponentially distributed.

In the previous paper, the auther described that the frequency distribution of fatal accidents in one
day in the Tokyo Metropolitan area in the year of 1973 had distributed as Poisson distribution so that
Exponential distribution could be used as the time intervals between industrial accidents.

In calculating the probability of exponential distribution, the parameter A of exponential distribution
in Equ. 1 (the reciprocal number of the expectation per unit time) may be estimated using accident
frequency rate in the form Equ. 2. Then the probability whether an accident will occur or not
within the given time ¢ for a certain accident frequency rate could be calculated by Equ. 3 or 4. (See
Fig.1 & 2) Also tests may be applied to discover whether there is any significant tendency for
changing accident situation in succeeding intervals of time by the help of Fig.3.

It may be shown that if the time intervals are exponentially distributed, the sum of % intervals
becomes Gamma distribution (Equ. 7). Then the probability whether 2 accidents will occur or not
within the particular time T for a certain ‘accident frequency rate can also be analyzed similarly as
exponential distribution. (Fig.5~12)

ansider the problem that when an industrial area has some industrial groups in which each group
has its own proper accident rate, what shall the collective time intervals between accidents become ?

(Fig. 15) In conclusion, the collective time intervals result in the same form exponential distribution
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as shown in Equ. 14 to 16. In these equations the parameter as a whole is required to total together
all the groups’ accident freqtiericy ratés. All of the graphs and tables itsed up to this point could be
used for this problem in the same manner. ’ )

When the information concerning accidents such as the number of occurrences and the time the
accidents. taking place are given, interval estimation of accidenct frequency rate can be conducted.
Namely the mean of  intervals, say #, comes to be Erlang distribution (Equ. 29, Fig. 20, 21) and it
follows from Erlang distribution that 2kAf are distributed as X? distribution with the degree of freedom
¢=2F. This indicates an existing X? distribution table may be employed in accident interval analysis.
As shown in Egu. 31 or 32, { may be used to ‘provide confidence intervals for an unknown value of A
(frequency rate) as well as A. (Fig.19, 22) If the accident frequency rate of an industrial area which
is already known and defined as an a priori frequency rate, say Ac, is given then the possibility that
the frequency rate at the time when an accident happens will be smaller or larger than Ac could be
calculated by Equ. 24 and 25 respectively. (Fig.17, 18)

As conclusions in this study, the time intervals between industrial accidents seemed to be useful as
a meaurement of safety performance. They can be used especially as an earlier indication of chahges
of the accident situation. The fact that interval estimation of frequency rate using time intervals

could be conducted would probably be the most useful for safety management.
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Probability distribution function of Exponential distribution (Equ. 3). Each
curve shows the probability that an accident will occur within the arbitary
time # corresponding to the Accident Frequency Rate

R o TR S MBI

1.0

=]
0.8
0.6 . g
0.4 \\
.0.2

\

0.0 -_;\w

80 100

£(X10,000hr. )

Fig. 2 Probability distribution function of Expo‘nen;cial distribution (Equ. 4)>. Each "
curve shows the probability that an accident will occur beyond the arbitary
time ¢ corresponding to Accident Frequency Rate s
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by Shigeo HANAYASU
Research Report of the Research Institute of Industrial Safety
RIIS-RR-26-3, 1~18 (1977)

In the hope of establishing the usefulness of the time intervals between indu-
strial accidents as a measurement of safety performance and calculating the
probability whether the accidents will occur or not at a particular time T for one
industrial place having a certain accident risk, various kinds of time intervals

(8

were studied.
As conclusions, the time intervals between accidents would be useful as a

measurement of safety performance. They can be used especially as an earlier
indication of changes of the accident situation. Interval estimation of accident
frequency rate using time intervals would be very useful for safety management.

(22 Figures, 3 References)



