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A Study on Design of Safety Condition Evaluation Methods Using
Analytic Network Process
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Abstract

The efficient safety estimation for a business should analyze an accident data by considering every
possible and potential factor. Thus, we consider several factors to build the safety estimation model to
meet fairness and rationality. This paper present the yearly statistic data of accident from KOSHA
analyze the data by industry, scale, year of service of a employee, age and other factors; build the
safety estimation model for the business based on the accident report derived the analysis. The
estimation model is established by the weights for accident type, degree, scale, industry, year of
service, and age of the employee derived from ANP(Analytic Network Process).
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2.2.1 A FeE A%
Al Fed Asiak = §3 <Table 2.1>3% 2tk

<Table 2.1> Number of victim by types of
disaster for the past 3 years

2010 2011 2012 Average
Fall 2,440 2,336 2,315 2,363.6
Trip 2,607 2,330 2,111 2,349.3
Bump 2,405 2,018 1,766 2,063
Beaten 2,608 2,572 2,575 2,585
collapse 149 122 86 119
trap 9,662 9,390 8,675 9,242.3
Cut 2,428 2,224 2,214 2,288.6
electric shock 96 78 68 80.6666
explosion - 167 185 160 | 170.666
rupture
fire 179 200 167 182
contact of 474 447 457 | 459.333
object
Drawn 3 6 1 3.33333
impellent 368 428 410 402
movement
chemical 150 145 124 | 139.666
leakage
hypoxia 5 5 2 4
accident in
place of 14 18 1 11
business
accident in 193 203 193 | 196.333
physical event
Violence 36 25 26 29
Animal injury 8 6 19 11
Others 2 13 3 6

1 ARAEA R A ] Hak 1l AH
ko] FREAAsR A%t 1 U8 <Table
2.2>9} 3t}

<Table 2.2> Day of work labor loss on
occupation safety and health acts

Classification Day of work labor loss
Death 7,500 days
Level 1-3 7,500days
Level 4 5,5600days
Level 5 4,000days
Level 6 3,000days
Level of Level 7 2,200days
physical Level 8 1,500days
disability Level 9 1,000days
Level 10 600days
Level 11 400days
Level 12 200days
Level 13 100days
Level 14 50days

2.2.3 7194+tE4E €3t
N BAS 9F TE AR 2est
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<Table 2.3> Hazard rate by business scale for
the past 3 years

2010 | 2011 | 2012 | Average
Less than 1 ) o104 | 2.9386 | 3.0514 | 2.8334
5 people

5~9 | 14797 | 1.6893 | 1.8429 | 1.6707
10 ~ 15 | 1.2099 | 1.3288 | 1.4614 | 1.333
16 ~ 29 | 0.9378 | 1.0762 | 1.1531 | 1.0557
30 ~ 49 | 0.6955 | 0.7624 | 0.8450 | 0.7676
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<Table 2.4> Number of accident per year in
thousand by industrial classification for the past

3 years
2010 2011 2012 Average
Mining 7.69 7.2 7.1 7.33
Manufacturing 11.84 11.02 11.54 11.47
Electricity/gas 2.27 2.24 1.82 2.11
Construction 7.05 6.6 6.3 6.65
Warehouse 746 | 679 | 674 | 7.00
Communication

Forestry 15.73 18.5 25.22 19.82
Fishery 22.73 23.84 12.97 19.85
Agriculture 15.2 12.86 13.97 14.01
Finance 1.53 1.35 0.98 1.29
Others 5.51 5.34 5.37 5.41
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<Table 2.5> Number of disaster victim by 2.0 AA Fo5E o ATeE 7|Fow & uj
continuous service year for the past 3 years ozt sES 7150 2 9d50] AME HolFa 9tk

2010 2011 2012 Average
Lesjlot;iin 1 6,060 5,952 5,467 5,826.33 <Table 2.7> Relative importal’lce
1~2 Months | 2,283 2200 | 1,861 | 2,114.66 Factor A B C
2~3Months 1,618 1,515 1,426 | 1,519.66 A 1 7 5
3~4Months | 1,197 1226 | 1,141 1,188 B 1/7 1 3
4~5Months 967 947 904 939.333 C 1/5 1/3 1
5~6Months 821 830 797 816 :
6~12Months | 3,233 3,291 3,217 3,247 b ASTE 44 EE gk ey A 24
1~2 Years 3,114 3,024 3,061 3,066.33 p A olo] E F}Eo A Bl
2~3Years 1,854 1540 | 1,639 | 1,677.66 38 kel B F5el s vl
3~4Years 1,175 1,038 898 1,037
4~5Years 845 746 688 | 759.666 3w - AU Fevs Mstn AT AS
5~10Years 1,996 1,887 1,715 1,866 .

: ; : ; : plolTAl %)<= :
10~50Vears 1040 1006 936 o1 (ClI Consistency Index), H|Yd= c; } :I]T(I.I )
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<Table 2.6> Number of victim by age for the S o] B A @) 9 Erk
past 3 years
2010 | 2011 | 2012 Average C.R = % < 0.1 @)
Less than 18 1 5 2 2.666667 :
18 ~ 24 946 858 931 911.6667 (& RI & n @l w2t FoIA= = RI
25 ~ 29 2,172 2,000 1,707 1,959.66 %}% o]'EHP/] <Table 2.8>°ﬂ 9/]6}1 rrL—:‘l'r/]')
30 ~ 34 2,807 2,750 2,567 2,708
35 ~ 39 3,196 2,870 2,455 2,840.33
40 ~ 44 3,834 | 3,417 | 3,108 3453 <Table 2.8> RI value by change of n
45 ~ 49 4,247 3,935 3,568 3,916.66
= . - YT number
50 ~ 54 4,316 4,210 4,112 4,212.66 2 3 4 5 6 7 8 9 10
55 ~ 59 2,780 2,890 3,100 2,923.33 of n
More than 60 2,262 2,521 2,532 2,438.33 Rl value | O [0.58(0.90|1.12(1.24|1.32|1.41|1.45|1.51
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See <Toble 2.1 and <Table 26> for accurate second order factor dassifcation

[Figure 3.1] Safety condition evaluation structure
model
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[Figure 3.2] ANP model in this study between
the top factors
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<Table 3.1> Result of primary variable's
importance analysis

Primary variable Importance
By accident form 0.298
By degree of disaster 0.274
By business scale 0.199
By type of business 0.135
By continuous service year 0.075
By age of worker 0.016
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<Table 3.2> Top factors weighted matrix <Table 3.3> Top factors divided by the sum of
By the column
By By .
Safety By By By d perio By
egre | ¢ <
evaluati | indus | indus | occur g ase d of Safety B B B By By :
e of of evaluati Y Y Y degre | age bero
on of try try | rence disast | work long— indu | indust | occur d of
each form | scale | form servi on of stry ry rence | € of of Jong—
: er er each disast | work
business | (A) B © O ® ce ' form | scale | form servi
@) busines er er
A) B © ce
By s D) E) ®
industry 1 0.94 2.43 1.70 2.83 8.5 By
form industr | 0.283 | 0.282 | 0.292 | 0.283 | 0.270 | 0.283
By y form
industry 1.06 1 2.57 1.80 3.00 9.00 By
scale industr | 0.300 | 0.300 | 0.309 | 0.300 | 0.286 | 0.300
By y scale
OCCUTe | 041 | 039 | 1 | 070 | 167 | 350 By
nce occurr
0.116 | 0.117 | 0.120 | 0.117 | 0.159 | 0.117
form ence
By form
d
e 1 059 | 056 | 143 | 1 | 167 | 5.00 By
of degree
disaster of 0.167 | 0.168 | 0.172 | 0.167 | 0.159 | 0.167
By age disaste
of 0.35 0.33 0.60 0.60 1 3.00 .
worker By age
B?/ of 0.099 | 0.099 | 0.072 | 0.100 | 0.095 | 0.100
period worker
of 0.12 0.11 0.29 0.20 0 1 By
long—se period
rvice of 0.034 | 0.033 | 0.035 | 0.033 | 0.031 | 0.033
10.1
*Sum 3.53 3.33 8.32 6.0 7 30 long—s
ervice
Sum 1 1 1 1 1 1
<Table 3.2>¢] CR#e] 0.032 E=ZFFeo] 0.1xch
Zomg <dyido] Slttal ddsii <Table 3.4>% &7k 1099] Ana PHo] 3
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<Table 3.4> Final top factors weighted matrix

3.2.2 31912919 FoE B4
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7o - 3} y y 1 i - -
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scale e %ﬁl& 73] MERaE s Slste] 2zt
Ozﬂ s A U9 sele’lE Al Atid FREE
ree | 0116 | 0116 | 0124 | 0117 | 0157 | 0116 Arrs }93\;} o= 7}7}o] w19 @olo] thE ke 99l
form °l Fo AES Uehdth 2] 2390 74
Y
degree <& <Table 3.5>9} T
of 0.166 | 0.167 | 0.177 | 0.167 | 0.157 | 0.165
disast
er
By
age of |09 | 0099 | 0074 | 0100 | 0.094 | 0.099
worke
r
By
period
of 0.034 | 0.033 | 0.036 | 0.033 | 0.031 | 0.033
long—
servic
e
<Table 3.5> Unweighted Super Matrix
A
al a2 a3 a4 ab f1 f9
al 0.0000 | 0.0116 | 0.0522 | 0.0495 | 0.0482 0.2567 0.1664
a2 0.6261 0.0000 | 0.3361 | 0.4455 | 0.3859 0.0929 0.0438
a3 0.0000 | 0.1859 | 0.2689 | 0.2970 | 0.2894 0.0269 0.0164
a4 0.1043 | 0.1859 | 0.2017 | 0.0000 | 0.1929 0.0433 0.0661
A ab 0.0696 | 0.1394 | 0.1345 | 0.0743 | 0.0000 0.0653 0.0939
ab 0.0522 | 0.1116 | 0.0224 | 0.0495 | 0.0322 0.1260 0.2481
a7 0.0348 | 0.0930 | 0.0168 | 0.0297 | 0.0193 0.1645 0.1274
a8 0.0348 | 0.0797 | 0.0112 | 0.0248 | 0.0161 0.0161 0.0273
a9 0.0261 0.0930 0.084 0.0297 | 0.0161 0.2082 0.2106
f1_ [ 00655 | 0.0808 | 0.0902 | 0.0996 [ 0.1330 0.2051 0.0000
F : : :
f9 [ 01373 | 0.2424 [ 0.2106 | 0.0700 | 0.2130 0.0000 0.0635
oA EER Z7] 3 wEs] g 2919
7RIS wehd kS @9l Zh skl QQlEe] wH
T YEEE YERA =) o] Aol viE s %

B} (Weighted Super Matrix)©]t}. <Table 3.6>¢]
7k 234-& FASSICh
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<Table 3.6> Weighted Super Matrix
A F

al a2 a3 a4 ab f1 9
al | 0.0000 | 0.0279 | 0.0130 | 0.0124 | 0.0121 0.0642 0.0416
a2 | 0.1565 | 0.0000 | 0.0840 | 0.1114 | 0.0965 0.0232 0.0110
a3 | 0.0000 | 0.0465 | 0.0672 | 0.0743 | 0.0723 0.0067 0.0041
a4 | 0.0261 | 0.0465 | 0.0504 | 0.0000 | 0.0482 0.0108 0.0165
A a5 | 0.0174 | 0.0349 | 0.0336 | 0.0186 | 0.0000 0.0163 0.0235
a6 | 0.0130 | 0.0279 [ 0.0056 | 0.0124 | 0.0080 0.0315 0.0620
a7 | 0.0087 | 0.0232 | 0.0042 | 0.0074 | 0.0048 0.0411 0.0319
a8 | 0.0087 | 0.0199 [ 0.0028 | 0.0062 | 0.0040 0.0040 0.0068
a9 | 0.0065 | 0.0232 | 0.0021 | 0.0074 | 0.0040 0.0521 0.0526
f1 | 0.0028 [ 0.0035 | 0.0039 | 0.0043 | 0.0057 0.0000 0.0086

F : : :
f9 | 0.0059 [ 0.0104 | 0.0091 [ 0.0030 | 0.0092 0.0027 0.0000

Toh ol vigeR, £F | ke 9 vEgRE s = ol Y 3™ (Limit Matrix) & W
ol b <Table 3.7>¥ o] dAJsh go= Wict,
<Table 3.7> Limit Matrix
A F

al a2 a3 a4 ad f1 9
al | 0.0502 | 0.0502 | 0.0502 | 0.0502 | 0.0502 0.0502 0.0502
a2 | 0.0284 | 0.0284 | 0.0284 | 0.0284 | 0.0284 0.0284 0.0284
a3 | 0.0184 | 0.0184 | 0.0184 | 0.0184 | 0.0184 0.0184 0.0184
a4 | 0.0249 | 0.0249 | 0.0249 | 0.0249 | 0.0249 0.0249 0.0249
A a5 | 0.0197 | 0.0197 | 0.0197 | 0.0197 | 0.0197 0.0197 0.0197
a6 | 0.0397 | 0.0397 | 0.0397 | 0.0397 | 0.0397 0.0397 0.0397
a7 | 0.0275 | 0.0275 | 0.0275 | 0.0275 | 0.0275 0.0275 0.0275
a8 | 0.0066 | 0.0066 | 0.0066 | 0.0066 | 0.0066 0.0066 0.0066
a9 | 0.0426 | 0.0426 | 0.0426 | 0.0426 | 0.0426 0.0426 0.0426
f1 | 0.0092 [ 0.0092 | 0.0092 [ 0.0092 | 0.0092 0.0092 0.0092

F . . .
f9 | 0.0061 [ 0.0061 | 0.0061 [ 0.0061 | 0.0061 0.0061 0.0061

= -
o F9% Ul ANPE

7 Al Fepd el Aol whE
0= Ay= <Table 3.8>3} 7t}
7}

3.3.1 A3 e A B2 B

= A
Tud

A

M

1%
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<Table 3.8> Result of disaster classification
analysis by types of disaster

3.3.3 713 FEE As 25 24

719 TR Al Ao e 5w Sek 24

S

Level 10 A¥= <Table 3.10>3% .
Importance .
conversion
Fall 0.08907 0.04453 . o .
Trip 0.10068 0.05034 <Table 3.10> Result of disaster classification
Bump 0.09236 0.04618 analysis by business scale
Beaten 0.08535 0.04267 Tovel 10
collapse 0.07923 0.03961 Importance evel 2
trap 0.07352 0.03676 conversion
electric shock 0.06266 0.03133 5~ 9 0.20333 0.22592
explosion - rupture 0.05737 0.02869 10 ~ }D 0'1’6794 0‘1_866
contact of object 0.04696 0.02348 30 ~ 49 0.11021 0.12245
Drawn 0.0418 0.0209
impellent movement 0.03667 0.01833
chemical leakage 0.03156 0.01578 3.3.4 4FH 7 A& 24
hypoxia 0.02646 0.01323 AEH A Ao wE 53 Few BA Ay
ident in pl f
acadent m place o 0.02137 0.01068 L <Table 3.11>3} 2t}
business
1 in physical
accident in physica 0.01629 0.00815 , o
event <Table 3.11> Result of disaster classification
Violence 0.01122 0.00561 nalvsis by t f busin
Animal injury 0.00616 0.00308 analysis by type ol business
Others 0.00111 0.00055 Classification Importance | Level 10 conversion
Mining 0.18077 0.18077
_ - S B M Manufacturing 0.18655 0.18655
3.3.2 Al A=A A3 EF7 24 Flectricity/gas 0.15734 0.15734
A A AF B wE S 2w A Construction 0.1326 0.1326
Warehouse
Y= 3 7k 0.11 0.11
é“/]w‘: <Table 8'9>J+ EE}' Communication
Forestry 0.08835 0.08835
<Table 3.9> Result of disaster classification Fishery 0.0672 0.0672
. . Agriculture 0.04635 0.04635
analysis by degree of disaster Finance 0.02569 0.02569
— Toval 10 Others 0.00516 0.00516
Classification Importance K
conversion
Death 0.12854 0.09181
Bnx
1-3 0.13952 0.09966 3.3. S ‘—T = XHKH Tt
4 0.12365 0.08832 =% Oﬂ.'re Al A4 W s TR w4
5 0.11032 0.0788
7= 7}
5 0.09339 0.07028 A= <Table 3.12>9} Zt}
7 0.08709 0.06221
8 0.07613 0.05438 <Table 3.12> Result of disaster classification
9 0.06536 0.04668 . . X
10 0.05471 0.03908 analysis by continuous service year
11 0.04416 0.03154 Level 10
I t
K D Dores T | convesion
: . Less than 6~12
14 0.01281 0.00915 months 0.21854 0.27318
Less than 50 days 0.00243 0.00174 1~2 Years 0.22492 0.23028
2~3Years 0.18138 0.22672
- 3~4Years 0.14491 0.18113
A 7<—]1: A= = Zloll =Lo] 3E) =Q ) A
_HOH e e el ) N el ¥ Somnt 4 4~5Years 0.10853 0.13566
Aakglor. Fdgel tist AL Aofjol] whE L2 5~10Years 0.0734 0.09175
I e Fowg ) sk 502 wv|gk ¢ A= 10 10~20Years 0.04068 0.05085
= N More than 20 years 0.00834 0.01043
%
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3.3.6 AU AHE Al 4
Aot A Als] o] W BN FoE ¥

2] A3= <Table 3.13>3} Zt}.

<Table 3.13> Result of disaster classification
analysis by age of worker

Classification Importance Level 10 conversion
25 ~ 29 0.22575 0.28219
30 ~ 34 0.22310 0.27887
35 ~ 39 0.17923 0.22404
40 ~ 44 0.14174 0.17717
45 ~ 49 0.10707 0.13384
50 ~ 54 0.07366 0.09208
55 ~ 59 0.04091 0.05113
60 or more 0.00854 0.01068

3.4. 719 A H F7 Y

718 e 7 A A(3) IrEe]

ko
4

A7, w, = 12 24 HF
T, = WA 249 22} 24 A4

2 So] A 7]YgelA] <Table 3.14>7} 7Z-& A3
lojtthd ofey 22 A oR HHAEE
H7FeE = Qlom, A= 20.0470]t}.

<Table 3.14> Disaster status of A enterprise

(Type of business : Manufacturing,

Business scale : 140 people)
Type of Degree of Continuous Age of
disaster disaster service year | worker
1 Fall Level 6 3 months 22
P Constriction | Level 10 2 years 24
electric Less than
3 3.5 38
shock 50 days years
L th
4 suffocation ess that 5 months 44
50 days

A719 9 Ay A
=[0.135:0.18655+0.199-0.08778+0.298(0.04453+
0.04453+0.03133+0.01323)+0.274(0.07028+0.03
908+0.00174+0.00174) +0.075(0.27318 X 2+0.22
672+0.18113)+0.016(0.28219%x2+0.22404+0.17
717)] X100 = 20.0405

e ARl BidelMe AsisARES
] 2Asto] Wik Qlek vid ol E el =
T8k 71999 Al M= eI B
At ARE2 oids] Srkehal Sl Aol
A 2 Aol ol Ajsl SAE niEe®
o] ok AEE Bk AlaEe AAlsSI WA
Al S 5 6782 SR WS sk ok gl
e AR7HE Sote] RS ANPE #8alo] A
Faiiet. AR 371 d 3 Alel SAE st 4
W] T 3 RS 2SI v e R VY]
o K AEE 7kl f1g B7pdE AAske] 7
o] sbdAtazel gk g7k S AlAskIth

o A i 7 ARl A wPReR V1] ]t
A AdE g7k g AlRElE AAIRE Slold. &t
ARk 719e] e HaE viRe R slo] 83ty
7] SleiMe v 22 AT AlS 3 E oo g

D ARg el 537ds sidsh] o1t e A
BAIAE 5o gk A7h @E ook g,

2) A 71]19] ]k AEf s A31o1¥ste] 64
1wk 7ol HlolE wlold YWE Edke] o 7
e AAE Aslsfor gk

S 7R dah AEEvd dJA 24E 1 Qe
B2 Al SAE S8stol Vel o F7E AlAE
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