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A Quantitative Model of Industrial Accident

——An assessment of industrial risk based on a method of nominal
multivariate analysis using conception of entropy
and it’s actual example of analysis——

Yoshinobu Sat6*, Taiji Konds*, Soichi Kumekawa*!
Noboru Sugimoto*, Ikuo Mae*?, Eiki Yamano*®

In this paper we deal with a method relating to quantitative assessment of a certain risk and show
an example making use of it.

When we try to assess the risk of system by data based on any statistics given by investigation of
accidents, the data which are given us as explanatory variables cover various kinds and are often.
given in the form of discrete variates, especially nominal scales.

There are some methods of what are called multivariate analysis which treat these nominal scales,
yet apart from them we divesed a method of multivariate analysis adopting the conception of amount
of information and studied actual accidents which came about by destructions of grinding wheels.

The foundamental concepion of the analysis is as follows. We express the situation of the system.
when the accident occured in a certain explanatory vector €3, and transtorm it to vector S; which has
R components. As each data has been observed in one of R events which indicate the degrees of
damage, we can assess the rate of risk by knowing the density of each data in S; space.

Now one of the simplest transformation is a linear transformation, and it is expressed as S;=[MJe,.
We apply a kind of entropy to the definition of the matrix [M].

The matrix [M] is expressed as follows.
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J is the number of the factors.
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I; is the number of the categories in the j-th factor.

$ran is difined as follows.

o« Mpgp g e Hy(ylw) oy
(7] =C ._T‘Z_-k 3 Ci=1——x2 77 =
rik J B in rJ 3 Hj(y/m)M, ri nrj-’
B li i R
CMge= DMy ¢ M= DA Mpgn 0 Mg= 2 2ifege
A= = e o= S

fpj is the number of the data which reﬁliéd to the k-th category in the j-th factor and to the r-th
event. ' R B o

H;(y/z) is the conditional entropy of the events (which indicate the degrees of damge) under the
condition that we are informed of a category in the j-th factor.

Hj(y/x)y is the maximum value which Hj(y/z) can takes when the distribution of the data in each
category are qhanged.

The vector .ei is expfeesed as follows.

__) 0
.*\ | ?
. o - .
a= | e ]
= |5 9
e/ .. 0

ey; is difined as follows. If i-th datum replied to the k-th category in the j-th factor, the k-th
component of e;; is equal to 1 and the other components are O.
As a result of study in the analysis of actual destructions of grinding wheels, it became possible to

evaluate the risk of grinding operation system in some degree.

*] Mechanical Engineering Research Division
*2 Civil Engineering and Construction Research Division
*3 Electorical Engineering Research Division . '
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Table 4 Relative frequencies ny5,/n; of injury data

R munlny (BEE D)

Categories (k)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 .16

1 | 0.0187 0.0219 0.1312 0.0125 0.0
2 | 0.0408 0.0752 0.0031 0.0282 0.0125 0.0063 0.0031 0.0157
3 | 0.12850.0533
4 | 0.0605 0.0320 0.0534
5 | 0.01410.1338
6 | 0.0319 0:0213 0.0106 0.0638
1 7 1 0.0505 0. 1284
~| 8 | 0.05100.1327
j'g 9 | 0.0338 0.1216 0.0304 0.0
& 110] 0.0 0.0458 0.0387 0.0380 0.0106
11 | 0.0598 0.1229 :
12 | 0.0543 0.0543 0.0283 0.0319 0.0096 0.00320.0 0.0
13 | 0.08250.01270.0 0.0 0.0 0.0 0.00950.0 0.0317 0.0317 0.00950.0 ~ 0.00320.0 0.0  0.0032
14 | 0.0614 0. 1264 '
15 | 0.0739 0.0458 0.0493 0. 0106 0.0070 0. 0106
16 | 0.1184 0,0187 0.0156 0.0093 0.0093 0. 0093 0. 0031
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Table 5 Relative frequencies #y/#n; of no-injry data

FSTEER moge/ny (BEEL)

Categories (k)

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

&

1 | 0.0750 0.0750 0.5844 0. 0313 0.0500
2 | 0.1348 0.0658 0.0063 0. 0815 0. 1348 0. 0470 0. 2100 0. 1348
3 | 0.77120.0470
4 | 0.4021 0.1068 0. 3452
5 | 0.06340.7887
6 | 0.14890.0851 0.0638 0.5745
~| 7 | 0.3165 0.5046
| 8 | 0.32650.4898
81| o | 0.16550.4628 0.1791 0. 0068
KE‘ 10 | 0.0106 0.4120 0.2359 0.0845 0. 0739
11 | 0.5316 0.2857
12 | 0.12780.1150 0.1214 0. 1438 0. 1118 0. 1278 0. 0224 0. 0479
13 | 0.4794 0.0698 0.0508 0.0063 0.00630.0  0.00950.0  0.0730 0.0127 0.0571 0.0063 0.0063 0.0032 0.0127 0.0035
14 | 0.2599 0.5523
15 | 0.38030.27820.07750.0282 0.0  0.0387
16 | 0.5576 0.0872 0.0405 0.0405 0. 0249 0. 0156 0.0498
Table § Relative frequencies Py
HRER P
Categories (k)
. 2 3 4 5 6 7 8 9 10 ‘1 12 18 14 15 16
1 | 0.0937 0.0969 0.7156 0. 0437 0. 0500
2 | 0.17550. 1411 0.0094 0. 1097 0. 1473 0. 0533 0. 2132 0. 1505
3 | 0.8997 0.1003
4 | 0.46260.1388 0.3986
5 | 0.07750.9225
6 | 0.1809 0.1064 0.0745 0. 6383
| 7 | 0.36700.6330
~| 8 | 0.3776 0.6224
fg 9 | 0.1993 0.5845 0. 2095 0. 0068
& | 10 | 0.0106 0.4577 0.2746 0. 1725 0.0845
| 11| 0.5914 0. 4086
12 | 0.1821 0.1693 0.1502 0. 1757 0. 1214 0. 1310 0.0224 0.0479 ~ :
13 | 0.5619 0.0825 0.0508 0.0063 0.00630.0 ~ 0.01900.0  0.1048 0.0444 0.0667 0.0063 0.0095 0.0032 0.0127 0.0127
14 | 0.32130.6787 '
15 | 0.4542 0.3239 0.1268 0.0387 0.0070 0.0493

0.6760 0. 1059 0.0561 0.0498 0.0343 0.0249 0.0530
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Table 7. Culculattions of ny, njy'’, Kiy, Hy(y/2), Hy(y/2)y and C;
m',ny'", Ky, Hy(y/), Hy(y/2) e, C5 DFFSEME
i | | w0 B,
1 59 261 4.4237 | 0.4658 | 0.4780 | 0.0254
2 59 260 4.4068 | 0.3899 | 0.4788 | 0.1857
3 58 261 4.5000 | "0.4383 | 0.4741 | 0.0756
4 41 240 5.8537 | 0.4114 | 0.4155 | .0.0101
5 42 242 5.7619 | 0.4187 | 0.4190 | 0.0009
6 12 82 6.8333 | 0.3756 | 0.3819 | 0.0167
7 39 179 4.5897 0.4662 | 0.4697 | 0.0074
. 8 36 160 4.4444 | 0.4720 | 0.4769 | 0.0103
Factors(j)
9 55 241 4.3818 | 0.4764 | 0.4801 | 0.0077
10 52 232 4.4615 | 0.4119 | 0.4761 | 0.1347
11 55 246 4.4727 | 0.4436 | 0.4755 | 0.0671
12 57 256 4.4912 | 0.4224 | 0.4746 | 0.1099
13 58 257 4.4310 | 0.4145 | 0.4876 | 0.1499
14 52 225 4.3269 | 0.4829 | 0.4829 | 0.0000
15 56 228 4.0714 | 0.4668 | 0.4965 | 0.0598
16 59 262 4.4407 | 0.4686 | 0.4771 | 0.0179
Table § Calculattion of gy, Ky;
4 Quje- K1y OFHEME
Categories (k)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 | 0.8847 0.9989 0.8113 1.2639 0.0
2 | 1.0230 2.3503 1. 4689 1.1332 0. 3750 0. 5184 0. 0648 0. 4590
3 | 0.6429 2.3906
4 | 0.7655 1.3508 0.7840
5 | 1.0476 0.8357
6 | 1.2059 1.3667 0.9762 0. 6833
| 7 | 0.63110.9313
~| 8 | 0.6006 0.9472
’g 9 | 0.74270.9118 0.6361 0.0
£ 110] 0.0 0.4462 0.6292 2. 2763 0. 5577
11 | 0.4523 1.3455
12 | 1.3395 1.4406 0.8600 0.8166 0. 3546 0.10950.0 0.0
13| 0.65090.68170.0 0.0 0.0 0.0 2.21550.0 1.34273.16500.63300.0 1.47700.0 0.0 1.1078
14 | 0.8265 0.8055 '
15 | 0.6628 0.5753 1.5833 1. 1104 4, 0714 0.8724
16 | 0.7776 0.7836 1.2335 0.8326 1. 2111 1. 6653 0. 2612
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Table 9 Calculation of ggy
da3r DEFHE{E

— 11 —

Categories (k)

1 2 3 4 5 6 .7 8 9 10 11 12

13,

14

15 16

Factors (j)

O 0 3 & U & w b =

e e T~ S~ o Sy VO
S O W RO

0.8000 0.7742 0.8166 0.7143 1.0000 .
0.7679 0.4667 0.6667 0. 7429 0.9149 0. 8824 0. 9853 0. 8958
0.8571 0.4688

0. 8692 0.7692 0. 8661

0.8182 0.8550

0. 8235 0. 8000 0. 8571 0.9000

0.8625 0.7971

0. 8649 0.7869

0.8305 0.7919 0. 8548 1.0000.

1.0000 0. 9000 0. 8590 0. 4898 0. 8750

0.8989 0.6992 :
0.7018 0.6792 0. 8085 0. 8182 0.9211 0. 9756 1.0000 1.0000
0.8531 0.8462 1.0000 1.0000 1.0000 0.0  0.5000 0.0
0.8090 0.8138

0.83720.8587 0.61110.72730.0  0.7857

0.8249 0.8235 0.7222 0...8125 0.7273 0.6250 0. 9412

0.6970 0. 2857 0. 8571 1.0000 0. 6667 1.0000 1.0000 0. 7500

3.
4.
5.
6.
7.

10~20
20~30
30~40
40~50
50~
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T Table 4 WWEREK L EABR LD np/
ny % r=1 (FEHY) OBEEFL Table 5 R
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o
Table 6 i35k (10) TEHEIB djp BFTo
FERCH LTEEDL VY OF— 28BH »';, &L
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W, R (9) TERLAL Hw/), & (14) TE%
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0.2
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The figures indicate the numbers of points whichare piled up there."

Fig.1 Distoribution of the injury data
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The figures indicate the numbers of points which are piled up there.

The alphabet ‘A’,

‘D’ and ‘M’ indicate the ten points, thirteen points

and twenty-two points which are piled up there respectively.
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Fig.2 Distoribution of the no-injury data
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Fig.3 Relation of the angle and frequency
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Fig.4 Relation of the angle and the rate of risk.
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Flequency
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Table 10 Calculation of @4
w3 OFEME
Categories (&)
1 2 3 4 5. 6 7 8
1 ~0.080 —0.187  0.160 —0.113 —0:082¢ 0.226 0.153 0.043
2 0.028 —0.269
Factors
_ 3 0.270 0.043 0.071 —0.171 —0.135
(i) 4 —0.002 —0.125 —0.072 0.002 0.022 0.155 0.136 0.088
ZOfERAVT Z=; %ﬂ%k&tk) BT RCODF— Z
ul ° S CEHE Lo 22T dup BEI—ERTH
o %6 Tz OfEY 0.05 OB THEER D LEERL
BT — RERICONTES LT F 04 % Fig5 TR
° L, ELR2ENTHBERD LESHELOFT— XD
HEMEEHDOka s Fig.§ RT,
30r 73 2 DEDEER ) O 7L — 7 DOFHEIL
—0.474, EEE L OISV —FOESE L —0. 163,
0o £FHEE —0.220, £5# 0.464, kE L 0.118
X injury HABAEE 0.51 TH oo
20 ‘ O no-injury
p=| E
] ,
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7n1(2) and #ny (2) are the number of injury-data and no-injury-data

in the 0.05 domain into which
Fig.6 Relation of

z is divided respectively.
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vethod ‘of ‘nominal

‘ Sato, T Kondo S. Kumekawa N. Suglmoto I. Mae and E. Yamano.
"Research report of the Research Institute of Industrial safety
RIIS-RR-24-3 (1975)

A method of the multivariate analysis to treat nominal data based on any sta-
tistics given by investigation of accidents was studied and by making use of it
quantitative assessment of risk in the event of destructions of grinding wheels
was discussed. ]

(10 tables, 6 figures, 6 reference)
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