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Statistical Analyses on the Damage Consequences
of Occupational Accidents

by Shigeo HANAYASU*

" Abstract; This paper deals with the statistical analyses of occupational accidents to explore the
basic statistical characteristics of the damage consequences due to occupational accidents. Em-
phasis was placed upon the probabilistic and statistical analyses to clarify, in particular, the
relationships between frequency of occupational accidents and their consequences.

In this paper, the damage consequences due to accidents were classified into two categories
such as the number of days charged which required injured workers away from the work duties,
and the number of injured workers involved in one accident. The workdays lost due to accidents
indicates the severity or hardness of accidents imposed on the injured workers. The number of
injured workers involved in one accident, on the other hand, implies the magnitude of accidents.

 The occupational accident under investigation in this study were those taken place during the

" tunnel construction works for the New Sanyo-Shinkansen and New Joetsu-Shinkansen railways.

Also, accident data concerning the workdays lost due to permanent disability accidents were

- -collected. These data were utilized mainly for the analysis of the accident severity and frequency
relations.

In addition to these accidents, serious occupational accidents involving three or more injured

“-workers within an accident from the year of 1977 to 1990 were collected. These accident data
were used for the magnitude-frequency relationship analysis.
" The main results obtained in this study can be summarized as follows:

1) The relationship between damage consequences due to occupational accident such as the
lost workdays and the number of injured workers involved in an accident and their fequencies
can be represented by a simple power function which indicates the log-log linear relation.

2) The average workdays lost due to two Shinkasen tunnel construction accidents were

~ estimated between 80 to 90 days and no significant difference was found between two poject’s
accidents.

3) There was a difference between industrial sectors and types of accident in terms of the
accident magnitude. Agriculture and forestry are the most dangerous industries. While, explosion
and fire is the most serious types of accident, followed by traffic accident.

*LAREBER M Construction Safety Research Division
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4) Returen periods of an occupational accident corresponding to a specified number of in-

jured workers involved in an accident can be estimated by making use of the log-log linear

relationship.

5) The slope value of the frequency-magnitude curve can be utilized as an index indicating

the potential risks of occurrence of large scale occupational accidents.

Keywords; Occupational accident, Damage consequence due to accident, Frequency-magnitude re-

lation, Return period, Risk analysis
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permanent diability accidents by industry
SEEELE HEOEBBELAABORRIE
(1) (E%R 548 1980 £5)

T2 DL EDPREE E(h) BRRE %5,

mng:ng

(11)

PEnZ &y, HEOKEILZDOREFED
BRAY (1) RCTHRHEATELI L HIE, BHEBRELZD
REREHESRBEHEME L 0BRIE, BAEKE
DEMTRRTEL 2D Db, LIREETA
& i3, NEBEOBRE n IEAEK EOERD
B %2EL, FLINE»n>1(orn>2) Thh
I3, WEREN co T TOEBEEDILREDREE
BRRBHEMEL2ROLNLIE, DFDIFEFICK
BELTREZZE L THREERSHED REMES
FRELLTHELNEZLICH B,

PERPOEKICIB2EETH 20, HEMEE
FERME L U CFHET 2 7203 FEE 2 EREHIC
BB T IUENFD D, TDHIE, ¥, RE
BHEOTHREL he 358, (9 R26 Plhe) =1
L%, -7,

K=m-1)-A7"" (12)
ERD KZRRICRATEE, HEFEOKRKEIDLM
TERSMEI R(h) B o1, fE-> THERSMELK

EELTLEWIEIEHRE RIIS-RR-91

10°

=SSR
g Construction i
a (1975-1989 year)-H
3
2
3 4
g 10
S 6
g 5
b 4
w .J
® 3 [T
= 2
x
3
g 10
5}
6
: R
3 1
2
102
2 345678 2 345678 2 3 45678
10 102 10 10 4
Lost workdays
Fig. 2 Cumulative frequency of workdays lost due to

permanent diability accidents by year
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Table 1 n value, expectation and variance of the magnitude distributions classified by in-
dustrial sectors
ERENXEREQIHICET 5n E, HBHE 28
Whole Construction Manufacture Transpor- Agriculture Commerce
industry tatin & Forestry
n value 3.144 - 3.972 3.164 3.272 2.959 3.453
E(H) 5.622 4.521 5.577 5.358 6.128 5.065
V{(H) 102.389 7.076 87.650 46.463 — 23.084
Table 2 n value, expectation and variance of the magnitude distributions classified by type
of accidents
REBENREREST CHET 30 @, HE, 28
Traffic Explosion Poisoning Fire Structure Soil
accident destruction collapse
n value 3.515 2.624 2.999 2.822 3.561 4.650
E(H) 4.980 7.808 6.003 6.650 4.922 4.132
V(H) 19.149 — — — 16.861 2.835
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Table 3 Return periods of occupational accidents classified by accident size and industiral
sectors (year) '
EEINARRREOBREE (§F)

Size of Whole Construction Manufacture Transpor- Agriculture Commerce

accident industry tation & forestry

10 0.070 0.388 0.296 2.016 1.626 3.442
20 0.308 3.047 1.328 9.735 6.321 18.851
30 0.735 10.169 3.194 24.454 13.986 50.972
40 1.363 23.913 5.953 47.006 24.569 103.239
50 2.199 46.418 9.650 78.036 38.036 178.481

Table 4 Return periods of occupational accidents classified by acciden size and type of
accidents (year)
REBEJNABRXEOBRUG (F)

Size of Traffic Explosion Poisoning Fire Structure Soil

accident accident destruction collapse

10 0.244 0.317 0.675 0.661 1.679 8.045
20 1.394 0.977 2.699 2.335 9.905 101.004
30 3.866 1.887 6.069 4.888 27.974 443.720
40 7.969 3.011 10.785 8.256 58.437 1268.120
50 13.967 4.326 16.846 12.398 103.477 2863.520

1

t= = (m) (F) @

12721, he; RERIED TRIE
L B0, N; SR s o RER

R &0, FEHEYR Thid, THRAEME (L/N)
PN (N&W) 1BE, N5 A= nfEAUNE
WIFEREL BB EN S B, .
TIT, BRYMORMEEL TS L, 1EBICE
1 EHEC 3 RENPHM L KEORE (WIFKE
B hild, ARTT, =1 BE hiZOoWTHEL
ERRTRD 5N B,

m=te (X) (22)
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R
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NEFRNEGFEKREL 2B I DD B,
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Fig. T TOBRRIFERFERETIE, REFEED
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Table 5 Expected occupational accident magnitude corresponding to return periods classi-
fied by industrial sectors (number of involved workers)
EEINAABKEZEOERNE & R XERE (A)
Return Whole Construction Manufacture Transpor- Agriculture Commerce
period industry tation & forestry
1 34.63 13.75 17.54 7.34 7.80 6.04
5 73.34 23.63 36.90 14.92 17.74 11.64
10 101.34 29.83 50.83 20.24 25.28 15.45
15 122.44 34.19 61.30 24.19 31.09 18.22
20 140.02 37.67 70.02 27.46 36.01 20.49
25 155.38 40.60 77.62 30.29 40.36 22.44
30 169.17 43.17 84.44 32.82 44.29 24.17
35 181.78 45.47 90.67 35.13 47.92 25.74
40 193.46 47.56 96.45 37.26 51.30 27.17
45 204.38 49.48 101.84 39.24 54.48 28.51
50 214.68 51.27 106.92 41.10 57.49 29.77
Table 6 Relation between damage ratio, normalized return period and parameter n
SR ERREE X ENCBREBRU/ NS X~ n OBFR
N=15 N =20 N =25 N =3.0 N =35 N = 4.0
1 0.10000D+01 0.10000D+4-01  0.10000D+01 0.10000D+4-01 0.10000D+01  0.10000D+01
2 0.40000D+01  0.20000D+01 0.15874D+01 0.14141D-+401 0.13195D+401 0.12599D+01
3 0.90000D4-01 0.30000D+01 0.20801D+01 0.17321D+401 0.15518D+401 0.14411D+01
4 0.16000D4+-02 0.40000D4-01  0.25198D-+01 0.20000D4-01 0.17411D+01 0.15874D+4-01
5 0.25000D+02 0.50000D+01 0.29240D+01 0.22361D4-01 0.19037D+01 0.17100D-+01
6 0.36000D4-02 0.60000D+01 0.33019D+01 0.24495D401 0.20477D+01 0.18171D+01
7 0.49000D+402 0.70000D-+01 0.36593D+01 0.26458D+4-01 0.21779D+01 0.19129D-+01
8 0.64000D+02 0.80000D+401 0.40000D+01 0.28284D+01 0.22974D+01 0.20000D+01
9 0.81000D+02 0.90000D+01 0.43267D+01 0.30000D+01 0.24082D+01 0.20801D+01
10 0.10000D+03 0.10000D-+02 0.46416D+01 0.31623D401 0.25119D+01 0.21544D-+01
20 0.40000D+03 0.20000D+02 0.73681D+01 0.44721D4+01 0.33145D-+4+01 0.27144D+01
30 0.90000D+03 0.30000D+02 0.96549D+01 0.54772D-+01 0.38981D+4-01 0.31072D+4-01
40  0.16000D+04 0.40000D+4-02 0.11696D+02 0.63246D-+01 0.43734D+01 0.34200D4-01
50 0.25000D+4-04 0.50000D+02 0.13572D+02 0.70711D+01 0.47818D-+01 0.36840D+01
60 0.36000D+4-04 0.60000D+02 0.15326D+02 0.77460D+01 0.51435D+01 0.39149D+01
70 0.49000D+4-04 0.70000D+02 0.16985D+02 0.83666D+01 0.54707D401 0.41213D+4-01
80 0.49000D-+-04 0.70000D+02 0.16985D+02 0.83666D-+01 0.54707D+01 0.41213D+01
90 0.81000D+04 0.90000D+02 0.20083D+02 0.94868D+01 0.60492D-+01 0.44814D+01
100 0.10000D4-05 0.10000D-+03 0.21544D+402 0.10000D+02 0.63096D+01 0.46416D+01
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