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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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P> TCRERDGAEEZINIT L, HERSHAR L
LTI, NTA 76 L [A—Tdh 5%, spell EFNLD
b & TIEFRIL Long 4 LI T W5, 724
5t spell €T NEHIEL, KEHRLRD spell #[E
Py Sy FLICRETLIHA2E L, FEESH
RNe LT Long ML RT Y A& & lzlaAhrA
IPafaEEN L, Z/% Short A& DT Tw
%, C.D. Kump 3 N6DBHDEHEEARASZITT S
FHOWALR 2 LT 519, (20) RTRINS
NTA G ADFALRNIILTICRI NS,

(X +1)P(X +1)
—m X . mt
=(\t)-m-e Z;P(X—z) = @
xIT,
BT AERN LI, HEREDOTRMED he =1
DHAREEZBL,

P(X =0)=P (KEHEK =0)
P(X =z)=P (REHFK=1)

Py, L BEDORET 2 ADWE)
+ P (REHE =2)
Py QUEDRET z AOHE)
+ P (REHH =3)
Py BTEDRET 2 AOHE)

=P (REHHE =2)
Py (XTEDORET o AOHKE)
THHDT, HRMITIE

RS T A IR s

—IERDFERED LS T, Db 1AM

RIIS-RR-92

P(0) = exp{—At}
P(X =z) = (At) - exp{—At}

m:n—l

oDl exp{—m}

2
+ (A;!) -exp{—At}

(2m):z: 2

-1 exp{—2m}

3
( ) - exp{—At}

(3m):1;—3

"z =3)!

exp{—3m}

(At)m 1
HCER)
Az —1)-m-exp{—(z — 1)m}
()\75)“c

- exp{—At}

-exp{—Mt} - exp{—zm}

(km)a: k
(z —k)!

_ Z 00
- exp{—Xt — km} (22)

B(X) = M(m+1),

V(X)=mXt +Xt(m+1), z=0and =1

ERD (20) REBEAKRT Y 54 TH 55, TR
i he=1THdDIZ, IOBEBRPEREL> T
%, B3 1949 4£ M. Thomas IZ X » TEHI L

= X izt 7 A Thomas 576 TN T 520, [l
15%0 BERKEDOL S CHERBETEME he =30
%13,

P(X =0)=
PX=z)=

P (REGE =0)
P REHHK =1)

Py L EDRKET 2 AOWE)
+ P (REGHE =2)

Py QDR ET z AOHE)
+ Py (REGE =3)
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Py BHDOKET z ADOKE)

+ P ( REHHK = L)

Py (LBFDRET 2 AOBE)
iz L3, stm%ﬁﬂiérkﬁﬁfﬁﬁx
CERICE UL [2/3] LR3I N b, BAKHEHTIE
P(0) = exp{At}
P(X =z) = (=)\t) - exp{—Xt}

m:z:——3

' m -exp{—m}

-
[
ﬁ

2
()‘;) - exp{— Xt}
(2m)= 6
"(z—6)!

3
():;t') -exp{—Xt}
(3m)m—9
(z—9)!

+

- exp{—2m}

+

- exp{—3m}

L
( ) - exp{—Xt}

(Lm):z: —-3L
(z—3L)!
[x/3]

k=1
- exp{—At — km} (23)

-exp{—Lm}

()\t)k (k ):1: 3k
K (z—3k)!

E(X) = At(m+ 3),
=mM +M(m+3)% z=0and = 3

HERED TIRIED « DEFORELS
RARDOML/ZES

V(X)

&0 —fkE9Iz,
fiE, EREARLFIEICEST,
na,

P(0) = exp{—At}

%(At)’“ (em>

Pl@) = (z—ki)!

. exp{—)\t — km}
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[z/i] : L = z/i Z2WET SHERNEH (F7RLF)

E(X)
V(X)

INLHT RS E A O— &N AR %
WADT, T ZTI—RILKRT Y 5% (Generalized
poisson-poisson distribution) &PELZ & & § 5,
FfkZFIET, KREIC X 3 EERES 05805
Flzfe) & &, BHEEEFBEDOGMIT, HERK
DTFRE h iB L TUTOEBYRKD LN 5,

he = 0 DD EZER D3 (z 2 0),

k
P(z) = exp{— )\t}zo\t) (m_]:le)

= Xt(m + 1),
=mM + M(m +4)%, z=0and =4

(11— T)I'rk (25)
E(X) = M
V) = (At) ( 7‘) N ()\t)(lz— )2

BEDHBEBREN L HIZ, he =1 DEEDFARIZ, F
DEBHFERELY,

P(0) = exp{-¢}
P(z) = exp{ At}Z(”) (220)

C(1 =)= Rk (26)
B(x) = (2
qu)=(

)

z=0

LiEosf b, BROSMER, BESAE272A

RATEGAE (BDTIHM) 2REBFBICE > TH

AfeLizdbonT, WRTY 3 Hn—ETH5, L

R 5 (26) RiF—HkIC Polya-Aeppli 57 & PRI

nz2,
KICERKED LI IZ, he =3 DROFFHI

P(0) = exp{At}
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EAKEBILL s ABESROsh (MERE) EAXEFEBEROS T (BEMRERE)
[z/1]
0y, FIRME he = | OROWEBE XO5 PO =) = o3} 3 (9%

P(0) = exp{—At} (m kit k ) —7)" 7Rk (28)
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Table 1 Parameters of the poisson-geometreic distribution classified by industrial sectors
RPYV v« BARHDR5 A —5 (EEHSH)
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 T 0.322 0.409 0.297 0.395 0.266 0411 0.218
Table 2 Parameters of the poisson-geometreic distribution classified by types of accidents
K7V Y« B#ARHDR5 A -5 (REREHNSH)
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 T 0.307 0.175 0.307 0.288 0.412 0.564 0.581
) HR% Fig. 17 ~ 20 2R L7, I ETR
At{1+ (s — )7} o -
E(X)= = : Hhe=3Ths (23) RBLV (27) Rick o7,
- - - = @
VX)) =~ )J{—)+° = DEAiE, he =00 & Zi3 NTA 54 & ) b Polya-
= O and % 31 Aepph ﬁ%ﬁ@j&‘ﬁf, i 7‘:, hc # 0 D t g Gi—‘ﬂ&,ﬂ:d{
T E ) b —BAKT YV v IS DHE
[£/i] : L < x/i 2ET2RAER (Fyris BECECHEALTWII ISP S, 22T, I

FR)

ERD &5 CTRIED he > 1 DEFAT, I RLEF
THEAMDOLE?EZ N5/ OWTIHFIIED S
NZRENI WD T, T TE—RILRT Y » - L
45375 (Generalized poisson-geometric distribution)
EEERZ LT B,

LT, REREHSRT Y VO IHEN, K
B L AHERENRT Y VG E D b TR
IZhEV, POWEBEIREOTRELZFTH L&
D, —EHEHR TOHRERRDOEESI ML ZNEN
KB LR,

Fig. 13 ~ 16 i3, HIFi TR 4 L TH~LEXRK
EiZoWT, —EMEPTOREREREKOSH
FANRLERER L, BEAREREZRICLHSEY,
BEHEOE» 3 ALULOKRETH Y, HKELEH
BIZTTHEUHEAL PV, FBURESVTL
LEEINTWBRTE LV, HE-T, FETERENDS
HDFHTICIZZE D ETRIED he =0 TH 5 (20)
KRB LU (26) REFAC T -7,

BRI, BERKEFIC L 2EEEROS/H 272

LDOGHERET S LETHMOERL/XTA—F1C
DN, B—A Y MEIRE > THENEREEZ Table
1 B X Table 2 (2/R L7z, Table 1 IZi3ZERERID
SHTHER, Table 2 [T REFEE RN/ LR E
AL SNLEDERHNT, —EHEBTORR
BEBOMERNFTHESHEE 21T S LW TE 5,

3. #ERELEZRLAXRERERBEOST

RETIE, FZETEHLMRZEICREICL A%
ERE LR L RERERNEOSG 2R 5,
BEFRTHOHERLSEOTEICIE, Fik L REE
BELRETAEL EOREREHEEIHY LR
I ENEN, BHIINTT, FEKEFrRET
5EDOREES, REREHERIFEROKE L&
ICEEIT 5 @88 2 RIS, FHMEiT 501
WLERETHY), HBEEKL2 AWk, 1) 1§
7 —2ThbdI L, 2) HERHHICRKMED D 5
2 &, 3) EROGIEL VEAEVEHL L, 4) K
EfREORBNENEZIMETCE A2 &, E£L
DREEELTHBI EEHEHI L2310,
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Fig. 21  Time intervals between accidents considering

the magnitude of accidents
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Fig. 22

Time intervals between accidents involving
more than one injured worker

BEEE 1 ZULOREBSBOSH

EZAT, VEeDDHBKEFLE-TYH, ThET
RT&E2EB), 2CTHERTIAKIEB LI AN L
bHNF2 AL bbb, CNEFTOHFHT
3, HEBRBERZELT, BToXKFROWTHRE
B2 T 52 L2 RATE T, £2TZ I T,
WERBEZZE LY, WHIITKEDOR LE R
ST B L BFLITKRE Lz,

FEREERZDL OORERRSMIE,
THZL DREZBFHOFEERD 6, Er @R
ENRET 5 F TORM MRS HICHE, F
EEGDOREFREET HF TORBSMIE, B
DADRNDDAGTH BH V2RI  EHHL
PIZENT W23, BRSH B L U7 2D OTESE
FEEKELUTIIORT,

f1(t) = A - exp{—-At}

Ey(T) =1/, Vi(T) = 1/3* (29)
)
fe(t) = W)\ -exp{—At} (30)

E(T) = k/A, Vi(T) = k/3?

i, VEDODOFHBREBICBITIHERE (BF
#HE) O, T TREHRDLHIRTY 4
fhichE) LIRET %,

T5&, EFNVELTIE, Fig. 21 i2R7 &9 1S,
Refill B BT, FIHRAEFEEA 1/X (or BAIKE

—-97 -

B ) OERRER))) DEIATREFREL, »
SERES LITHRE m THERE he =0DKT Y
VAR THREFREL T EEREE LN
Frnwa i s,

ARicBWT, »oERTKADEGEERLR
KE (U KAKZLBIRT ) PREL, XD K
AEE TOREINE tx LB &, KEREEZER
L RAREREROLI LT, D tkDFHEE
1B LERILTHD, BHTHICIE tgdAHZ LT
DFEIETERD B Z LAHED,

39, HOLREFRELT, TN KAKETH
DRERE hi & ¥ 5, 212, REDPRETHZ L2
SHORAT L RewlE, $5 KAREMWEZ - 72K
D KAKEIHRE 2 TOBTEE X3, 2hth
DRITHIILTH 5D b,

Pr(X)=hg(1—hg)X™" X =1,2,--- (31)

DAL C EEPND, BT, BRIFE
T 5 TCOBEAMEIR, X =10k EES
k), £ X220 ER3ROTVeHHTEH R
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,

) gK(t) = Z hK(]. —hK)X_l
xX=1
(X!

X -7) !A exp{—At}

X

o0 _ X-1
g e 10220
X=1

= Mg - exp{—Xt} - exp{(1 — hx)At}

= M - exp{—Ahkt} (32)

Ex(T) = 1/(Mhk), Ve(T) =1/(\kk)?

FREY, HEREEZZR L KERERBKD
A3, EARMICIHERS M S ko T b by
2, 72 KAKETHHHER hgl3BE m OKRT Y
VAL hg = mK/K! cexp{—-m} £ % 5DT,
Zh# (32) RIcAT B &, KAKERERRES
HOTERBEEBRBDGRANTRD b5,

K mE  _
gr(t) = )\TZ—'e—m -exp{—?{—‘—)\te ™1 (33)
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K
! At - exp{—m} (34)

m
In{1/Gx ()} = 2y
Fig. 23 12i3, HEREDOEHFRERE 1/) = 5.0,
WEBENSA—FI m=20~L LT, KAKENRE
R RO AR 2 RO TR (RFDER)
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AT, Fig. 2310 K =0 DEEIREINT
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(Fig. 21 BIT208) . 2F VPEISITTTAL
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Fig. 24  Time intervals between accidents considering

the accident magnitude by geometric distri-
bution

HASHICL BRERELER L -REFHSH

LW RESD -2 KEEZSITOT, I TIIFRFEH
B tg>1DFHERD, ThE—KTw) KERE
B £ 52 ¥ 5, (Fig. 22 28) *
DIzDITIE, WEBENBE m ORTY Y 5/HICB
W, BEZEEPLEED 1 ALLETH BHERIT
1 —exp{-m} ZDOTINE%E (32) RicfXAT B &,
tr>1 DEREERBKE LTRAF /LN,

ge>1(t) = M1 —e ™} exp{-At(1—e"™)} (35)
£ -T, ARG mEE, A A5 AREEIT
DTFoRE% 5,

Gr>1(t) = exp{-Xt(1 —e™ ™)} (36)

In{1/Gg>1(t)} = x{1—e "} (37)
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Fig. 23 2BV, A=1/50, m=20D L&D
tk>1 DA ADREGHR BRI & > TRL 7
FAkIC, HEREIRMOMICH) & EDEER
MoSHEE2Z %, TTBEOHBHREN & I8
ERETRE . =1 DHEEEZ D, COLEDH
ERESIT () RTEZ N30T, BREZHAW
THERREPZR L HRASHIILUTOL 512K
bbb,

Thbb, »b5REOWEREN (E—1) AT
Th HHER,

P(K< k—1)=PQ1)+P2)+P(3)- -
+P(k—1)
=r+r(l-7)+7(1=1) -
+r(1—1)F2
=r{l+@Q -7+ Q-T2+
+(1-n?)
=1-(1-7)F?

&,
PKZk)=1-P(K<k—1)=(1—7)""1 (38)

W T, BERES KALLLED KEDFERB DR
REEREK,

gox () =M1 —7)* " exp{~M(1—~7)*"} (39)

£-C, AR LG mEL, & EfSHAREKE
UTnRE% b,

Gk (t) = exp{—Xt(1 —7)* 7'} (40)
In{1/G>k ()} = M1 - 1) (41)

E1(T) =1/(A1 —7)*71),
VA(T) = 1/(A(1 - 7)F 12

FRRICLTC, BRRKENL )T, WERETRIE he =
3DELED, WERELZRE LI FERMARDOMERE
BERE, LAWK, B I USRS mBERIE
ERENLUTOREL B,

g5k () = A1 —7) 2 exp{-re(1~7)" 3} (42)
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&-T, BRDOLMDmBEL, *r# BBt
UTnRE% b,

G (t) = exp{—-At(L—7)*73}  (43)
In{1/Gsx ()} = At(1 —7)*3 (44)
By(T) =1/(\1-7)*7%),
Va(T) = 1/(M1 - 7)*7%)?

FIREICLT, HETRE hc=iDEED, BER
BeZE L REBRIHIILTOR L 5,

g2k () =M1 - 1) exp{-xt(1 — 7)* '} (45)
Gk (t) = exp{—Xt(1 - 7)*7*} (46)

In{1/G>x ()} = (1 — 7)F* (47)

E1(T) =1/(A(1 - 7)*7%
Vi(T) = 1/(AM1 — )42
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WERBENHERLOBE T A—F L LI2RT Y~
DRELBIERBRTIENTED, Thbb, #
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REDPHE ¢ Te BRET HEEE P(2]K;) LT
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(L —)FH®
!

P(z|K;) = oy

cexp{—A(1—7)*"H}  (48)

Bri(X) = M1 - 1),
Vi (X) = At(1 — 7)F°
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