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A Study on the Time Intervals between Occupational Accidents (6)

by Shigeo HANAYASU*

Abstract; The accident frequency rate has been widely used as a measurement of safety perfor-
mance 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 was 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 number of accidents and the time
intervals between occupational accidents to evaluate the safety performance of working places.
Emphasis was placed upon the probabilistic analysis of the number of accidents within a fixed
interval of time and the time intervals between accidents considering the damage consequences
of occupational accidents.

The dagame consequence due to accidents was defined, in this paper, as the number of injured
workers involved in an accident, which implies the magnitude of an accident.

The occupational accident under investigation in this study were those serious occupational
accidents involving three or more injured workers within an accident, which took place from the
year of 1977 to 1990 in Japan. '

The main results obtained in this study can be summarized as follows:

1) The frequency distributions of accidents agree with the poisson as well as the negative
binomial distribution simultaneously.

2) The frequency distributions of the magnitude of accidents (number of injured workers
involved) agree with the geometric distribution rather than the poisson distribution.

3) Hence, the frequency of the number of injured workers or fatalities within a fixed of time,
can be obtained by mixing the accident frequency distribution with the magnitude frequency
distribution, which yields the generalized poisson-poisson or poisson-geometric distribution.

4) The newly developed accident fequency distributions considering the specific lowest value
of accident size, had a good agreement with actual accident distributions.

+5) The frequency of the number of accidents and time intervals between accidents considering

the magnitude of accident becomes the poisson and the exponential distribution respectively,
whose parameter is the product of the frequency parameter and the magnitude parameter.

Keywords; Occupational accident, Magnitude of accident, Generalized poisson distribution, Gen-

eralized poisson-geometric distribution, Time interval between accidents
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()\zt') - exp{—At}

(2m):z: 2
(z—-2)!

()3

+
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Table 1 Parameters of the poisson-geometreic distribution classified by industrial sectors
K7V« FFARHNDIR5 4 —5 (EEHNIE)
Industrial ‘Whole Construc- Manufacture  Transpor-  Agricuture Commerce Others
sector industry tion tation & forestry

A 15.792 7.690 3.801 0.640 0.542 0.464 0.643
Fatality T 0.580 0.598 0.630 0.480 0.700 0.487 0.568
All injury 7 0.322 0.409 0.297 0.395 0.266 0.411 0.218

Table 2 Parameters of the poisson-geometreic distribution classified by types of accidents
RPYV v« RAPHD/NF A —9 (KERENSH)
Accident Type Traffic Gas Poisoning Fire Structure Soil Falling
accident explosion collapse collapse
A 7.054 0.803 1.369 1.125 1.083 0.839 0.726
Fatality T 0.625 0.532 0.578 0.528 0.634 0.422 0.639
All injury 7 0.307 0.175 0.307 0.288 0.412 0.564 0.581
R Fig. 17 ~ 20 2R L2, TICIIHETR
\{1 4 (6 — e RE Fig AT HHCEHET
E(X)= - ; i he=3Ths (23) RBIV (27 Rick -7z
- - - = 8
V@)=(7)<T )+' = DA, he=0D & &F NTA 54 L ) b Polya-
=0 and = 3i Aeppli ZAEDFH, 72, he #0 D& &EF—RILK
TYvaFE Y b—LRT Y v RSO T HE
)i : LS afi BMRETARAEH (Fy2is WMECECGEALTOI AP, IIT, i

FR)

ERo &5 ICTRIED he > 1 DB[AT, TV RRT
TR O ERPE 2 5N BRI OWTIIRRICED b
N&FE VDT, I TR—RILRT Y » - &
7% (Generalized poisson-geometric distribution)
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Kb B T EaHIR,
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B2 THETEA PR 0L Y, HURKEFILTL
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FHODMTIIZZ DEETRIES he = 0 TH 5 (20)
KRB L (25) REFHCTT- 72,
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1 B L1 Table 2 I25®R L72, Table 1 iZiZZERERID
SATRER, Table 2 1213 RERE I L7RERE
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Fig. 21  Time intervals between accidents considering

the magnitude of accidents
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Time intervals between accidents involving
more than one injured worker
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f1(t) = A - exp{—-At}

Ei(T) = 1A V(D) =1/32  (29)
_ (op?
0 = Gl et

Ex(T) = k/X, Va(T) = k/\2

i, VEDODOFHBREBICBITIHERE (BF
#HE) O, T TREHRDLHIRTY 4
fhichE) LIRET %,
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Pr(X)=hg(1—hg)X™" X =1,2,--- (31)
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LND., fE-T, tg0Hii3, KAREIBISZ
TORTEK XOHER Pr(X) &, 0L EDRH
Bt fx(t) LoERD, INZFATEE XD
WwT 1~ oo 2 TRETILUERD S Z LKL,

ox(®) =) hi(1 =)™
X=1
(X!

X -7) !A - exp{—\t}

X

o0 _ X-1
o £ 00
X=1

= Mg - exp{—Xt} - exp{(1 — hx)At}

= M - exp{—Ahkt} (32)

Ex(T) = 1/(\hg), Vi (T) = 1/ (M)

R LD, WEREEZRE L KEREREAO
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2. 72 KAKETH DR hxlIBRE m OKT Y
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K mK —
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tr>1 DHERBEERZ L L TRAF /LN S,

gr>1(t) = M1 —e ™} exp{-Xt(1—e" ™)} (35)

$-T, RN RSB, A& EASHRBEEII
LUToRE% 5,

Gr>1(t) =exp{-At(1—e"™)}  (36)

In{1/Gr>1 ()} = M{1—e" "} (37)



KEREREOSICET HE (6)

Fig. 23 1I2BWT, A=1/560, m=20DL &N
tk > 1 DDA SHR B AT & > TRL Tz
FRRIC, BWERESRASMICH) L EDFEER
Mosfies®ib, TTBEOHBRED & ) 1TH
EFHETBRME e = 1 DHAEEL D, CDLIDH
ERESME () RTELLNEDT, ERZHW
THEFEELZER L CHESGIILTN L ) I2RD
LNb,

Thbb, »5REOWEREN (E-1) AL
TH HIERI,

P(K< k—1)=PQ1)+P(2)+ P(3)---
+P(k—1)
=r4+rl-n)+r1 -7+
+7(1 - 'r)k_2
=r{l+(1-7)+1-7)2+--
+ (1 -7}
=1-(1—7)F?

&,
P(K2k)=1-P(K<k—1)=(1-7)""" (38)
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