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Abstract Industrial accidents differ considerably according to the industry and the scale of these
industries. These industrial disasters have been analyzed in various ways. Therefore, a technique was
developed to evaluate the disaster level among companies using the ANP method and the data derived
from the disaster statistics over the past five years(2013~2017), as well as the safety information
characteristics through questionnaires. The objective of the study was to determine the disaster level and
safety level of a company. In this paper, six factors that are considered important for assessing the
disaster level of the enterprise among the disaster statistics were selected. These factors included the
industry type and size, age of employee, duration of treatment, duration of employment, and typical
occurrence. Most companies use the accident rate for their disaster level to compare only with other
companies. In this study, the weighting factors of the company were derived taking the characteristics
of each company into consideration. Therefore, the disaster level of each company can be evaluated

using the disaster statistics from each company and the derived weighting factors.

Keywords : ANP(Analytic Network Process), Industrial Accidents, Super Matrix, Limit Super Matrix,
Weighting Factor
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Fig. 1. ANP Procedures

2.3 HEHS 241HY

£ @7oliE YEAD

7419] Xﬁ]—— =5 2 ugq
A AR A AR BAIE EE(Goal), 24
(Cluster), 183 A% 24(Node)5= AlEsoto] &

46

31, o] 2Ao] Thgshe o1 7o) Eg A y
93 BYoR TEH: Foltt YEA /1R )
Zeizsoln, A7e] FHAHE ofF 7o) kA
4% EFI 3 24 Yol S3 oag st o
£ 240 4% 240] FFE v1A A9, oS sHixe
HErORA 15 GUIAS AT, T is. 2
B Aol MR A9 84 7o U W o F44
o mefst AT YEYI ot

m{N'

fr lm

=

=

Industrial

type(A)

Industrial

A f
size(B) ge o

employee(C)

Duration of
employment

(E)

Typical
occurrence(F)

Duration of
treatment(D)

Fig. 2. ANP model between the top factors

T HA DA 759 YEYT 2¥S uigoz 7+
/49 FRTE 45| s HES Z/gste] v
g it AAriH|n W2 AHPOA $=88sk= Wt
Y5k,  ojnf  AHPAA}F  mEPIRIR CI
(Consistence Index)?} RI(Random Index)2] H]-&<I
CR(Consistency Ratio)& °©]&3dto] &Y HAE 4
Fot=tl, Rl n @oll @t Fojx]e 4= oY
Table 10 93t & ARESHA €t

()\m ax - n)
Cl=—F——— 1
(i—1) e
C[
CR= < 0.1 2
I o)
Table 1. RI values according to the n value
o 2| 3| 4|56 7|8/ 09]10
values
RI 0 058 1090 | 1.12 | 1.24 | 1.32 | 1.41 | 1.45 | 1.51
values
A(2)F TEoHH Fak A9 duol gl Ao
2 et 5= Stk



ANP 7Y o8& 7199 As) & B

Al AR DAE 2P (super matrix)E AR A
oltt. m7/ie] ¥ AH, C,(h=1,m=Z TH4E HES
27t & wf 72 ZeAEE 0y, A9 QAR A4S 7
AL QOH, olZe,, e,y -+ €4y, B S T Uf
2|2 W ofeiet 2ol yehd o= Sl o7 1A w;=

EY =
i%4o] &) AL 3P J=S et

o] FF9] F== AunE Sl AT
Ol 02 C'm
@ Wiy Wy Wi,
& Way Waz Wapm,
W =
Cm W1 W2 Wm
Fig. 3. Super matrix in ANP
mR|e AL 411 fjEYAE 7 go] A FE

g}o] 191 7155 2PH(weighted super matrix)=E HZ+
gtk 715 70 WEYAE B4 S2AH gigh v
A FEAEE 719 AUMnE 9 4 FEAHY 7}
FA(weight)g EES & o] 7FXE 2 €9 od &
29| i FFoEH dojxict. webA AR 49 &
2 7] AL oF9) 84F Ato]9] A7} Bt
= 23PH(super matrix)& oA EH+= Zoltt. 1]

I 7% 9 UHE_D—'V\(welghted super matr1x)~

il 7éﬂr va‘OJ ‘é‘ﬂH %k_i 4
olE SRtgte s AtEsHA |7

3. 71¥99 MoH+~E HIt

3.1 7|8 XiolcZE IS {et ANPEE

2 AFolAe e AR F8 AF AL
oFd W71 A9 6714 891 ¥ 72+ 519 &
715A] B4 3] ANP Rl 753517 $9%
gotgrt. 67HAY 49 8912 oA AEEE
SFATHS]. 9] 89102 AR FEfd, AR F

7194
]9l
g

=A]
-1 O
W%

47

3, A FEERA7D E, 2
¥, wggEE aclold, shglaclos
AR2Ql0] 23} 2Qlo] SE. the
TeiR el ado] AT

Safety evaluation technique

of Company

[
| I

duration of

Industrial duration of

type
(A)

Industrial
size
(B)

age of typical
I oceurrence

(P

© © ®

Manufacturing <100
(b1)
100~299
(b2)
300~999

®2 at least 60 ete.
Etc. Industry > 1,000 ) year (f9)
(@9 (b4) (e5)

| | | | | |
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Table 2. Weighted matrix of top factors

. . . DurationDuration .
Top Indu frla”ndll] triall Age of of of | Typical Weighting
factors type size employeetreatmEnL employ |occurrence| factor
® ® © © | ment ()
)
Industrial
type 0.250 | 0.325 | 0.252 | 0.260 | 0.250 | 0.248 | 0.26
[N
Industrial
size 0.106 | 0.130 | 0.204 | 0.202 | 0.203 | 0.124 | 0.16
®
Age of
employee | 0.054 | 0.035 | 0.054 | 0.032 | 0.093 | 0.069 | 0.06
©
Duration of
treatment | 0.096 | 0.067 | 0.161 | 0.096 | 0.174 | 0.098 | 0.12
D
Duration of
employment| 0.043 | 0.027 | 0.025 | 0.024 | 0.042 | 0.071 | 0.04
®
Typical
occurrence | 0.451 | 0.416 | 0.305 | 0.385 | 0.237 | 0.391 | 0.36
®
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super matrix)} 73 2= Q9L o] 7}% 2yPLS T i 1236 | 0635149 | 0.165139
2 Foto] AT o2 FHM He +FH 23 Manufacturing
.. . = Indust 0.68 0.034943 0.009085
H(limit super matrix}& F& 4 AT £ A7 e
*'] :IL@.' ‘{l\_ig 563%% Table 3-_‘1]' 71:—]_—1:]— Elec. Gas,
municipal water 0.14 0.007194 0.00187
(a3)
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Mining| 550, 0.0502 0.0502 0.0502 Fishery 117 0.060123 | 0.015632
Indu @1 (a7)
rial Agriculture 0.78 0040082 | 0.010421
type| g (a8)
@ | b
industry| 0.0426 0.0426 0.0426 0.0426 Etc. Industry 035 0.017986 0.004676
(a9) (@9)
Sum 19.46
Fall
Typid (1) 0.0092 0.0092 0.0092 0.0092
ocilur Table 5. Weighting value of Industrial size(B)
rence| Traffic Normalized | Weighting
(F) [accident| 0.0061 0.0061 0.0061 0.0061 Type Average average value
Bte.(f9) 100
1) 0.67 0.54918 0.087869
B QoM Ao ABAge Kt o]7] Y3 At 108;22)99 022 0180328 | 0.028852
Qlebdn ATl WEe 57(2013~2017) 2] A 0090
- =1 6= - _ 0.15 0.122951 0.019672
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Table 6. Weighting value of age of employee(C)

Table 9. Weighting value of typical occurrence(F)

Age Average Normalized Weighting Type Average Normalized | Weighting
average value average value
under 29 8473 0.092835 0.00557 Fall 14195 | 0161131 | 0.058007
(c1) (f1)
30~39 12765 0.139861 0.008392 Overturning 16311 018515 | 0066654
(c2) (f2)
40~49 19764 0.216547 0.012993 Collision 6607 0074998 | 0.026999
(c3) (3)
o 29844 0326989 | 0019619 Falling and Fly
< orapse an 7708 0.087495 | 0.031498
at least 60 Destruction
©5) 20423 0.223767 0.013426 (f4)
Cramped,
Sum 91,269 Cur and picking 22048 0.250272 0.090098
(5)
Electric shock,
Table 7. Weighting value of duration of treatment(D) Explosion, 1010 0011465 0.004127
Bursting, Fire . ’
Type Average Normalized Weighting (f6)
average value
Abnormal temp.,
Death 1890 0.020752 0.00249 Toxication and 2512 0028514 | 0010265
(d1) choke
over 6 month @)
18321 201164 .02414
(d2) 8 020116 00 Drowned, Mining
~ . collapse, etc. 15571 0.17675 0.06363
o1 l(fg)days 33614 0.36908 0.04429 t®
29~90 days Beyond movement,
27882 0.306143 0.036737 affic acci
(d4) Traffic accident, 2134 0024224 | 0008721
Occupational disease
e 9368 010286 | 0012343 ()
Sum 88,096
Sum 91,075

Table 8. Weighting value of duration of employment

(E)
Period Average Normalized Weighting
average value
less(;nyear 60137 0661355 | 0.026454
1~3 year 13780 0151545 | 0.006062
(e2)
35 year 4974 0.054701 0.002188
(e3)
5~10 year 5608 0.061674 0.002467
(e4)
at least 10
year 6431 0.070725 0.002829
(e5)
Sum 90,930
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Table 10. Weighting factors

Weighting Weighting Final
Type factor factor weighting n
(questionnaire) (status) factor = Exl % 100 (3)
i=1
al 0.05023 0.165139 0.107685 '
a2 0.02843 0.009085 0.018758 Ofl ] —] I:HZZH L,] }_ 1792
71A, x,=iHA 8919 2%} Q9I*%
a3 0.01840 0.00187 0.010135 ¢ =T
ad 0.02487 0.010956 0.017913
Sty H o A Z }\ZO H 7
a5 0.01975 0.006947 0.013348 i :’Ljﬂ j Od] H°Hm 135} H}
o &+ iE’/\ZO =g 7198 A5 |3
a6 0.03968 0035272 0.037476 HG . A= FA=d, A ] 15 #xe
160 L2244 2o AsA A A , 2018
a7 002753 0015632 0021581 8 SRA AfRe] ATA FE ARG N i
AL ARAAsIRtEE Table 113 Zth B7|GL Q0
a8 0.00659 0.010421 0.008505 o
R Sl 2308 22 e AR S A
a X X X
™, 20189% AFFASARE Table 1291 2t
bl 0.05367 0.087869 0.070769
b2 0.04414 0.028852 0.036496
3 Table 11. Accident status of A company(2018)
b3 0.02190 0.019672 0.020786
Industry | Industry | Age of |[Duration of| Duration of| Typical
b4 0.01526 0.023607 0.019433 form size |employee| treatment | employment | occurrence
cl 0.04759 0.00557 0.02658 4 over 6 | at least 10 | Electric
o) 0.07963 0.008392 0.044011 month vear shock
3 0.17481 0.012993 0.093901 34 3 months | less 1 year | Cramped
Manufact at least 10
c4 0.12236 0.019619 0.070989 uring [100~299| 50 3 weeks |2 ;::r Overturning
Industry
c5 0.02661 0.013426 0.020018 2 2 months 3 year Cramped
di1 0.00670 0.00249 0.004595
48 4 weeks 7 year Traffic
d2 0.01124 0.02414 0.01769 accident
d3 0.03853 0.04429 0.04141
9 0.02729 0.036737 0.032014 Table 12. Accident status of B company(2018)
ds 0.01224 0.012343 0.012292 Industry | Industry | Age of |Duration of|Duration of| Typical
form size |employee| treatment [employment| occurrence
el 0.02144 0.026454 0.023947
32 4 weeks |less 1 year | Cramped
e2 0.01501 0.006062 0.010536
6 2 months at least 10| Falling
e3 0.00810 0.002188 0.005144 year and Fly
e4 0.00584 0.002467 0.004154 43 4 months | 2 years Fall
Manufact .
e5 0.00362 0.002829 0.003224 uring | 100~299 53 3 weeks Syears Tr;'ifhc
accident
f1 0.00838 0.058007 0.033194 Industry
) 0.00916 0.066654 0.037907 27__| 3 months | 6 months | Cramped
8 2 ks |1 1 C d
3 0.00500 0.026999 0.016 > Weers e vear)| hrampe
£4 0.00591 0.031498 0.018704 51 | 3 weeks | lye:‘i 10 fjéh;i
f5 0.00910 0.090098 0.049599
f6 0.00183 0.004127 0.002978 ‘I}ﬂ"ﬂ, % ‘E‘?‘(’ﬂ/\i :’7-‘?171- Table 10_04 Z_]" ‘9__{\_% 7~|_
f7 0.00208 0.010265 0.006173 2219} Table 119] A7|Y19] AHEAZS 7|20 Al
f8 0.00100 0.06363 0.032315 (3)°] 93] A7129] A3 2% Wy} Aes 78 4 919l
f9 0.00606 0.008721 0.00739 4], olo] Hi3t Axk= cheat 7ot
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