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An Evaluation of Accidents Risk for Cargo Handling Workers in Korean Ports Using
the Grey Relational Analysis & Entropy Method
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Abstract - In recent years, an increase in deaths and injuries of port cargo handling workers, has raised the need for more eflective
accident management. The purpose of this study was to evaluate the accident risk for port cargo handling workers and assess ports with
high accident risk within the Korean alternative ports using the Entropy & GRA (Grey Relational Analysis). To achieve this purpose,
first, 11 Korean ports were selected and the evaluative factors or their outranking evaluation by brainstorming were extracted. Second,
the Grey Relational Coeflicient of 11 alternative ports was calculated using the GRA. This paper, finally, determined the priority orders
of accident risk through calculation of the Grey Relational Grade as the link Grey Relational Coeflicient method and the weights of the
evaluative factors were calculated by using the Entropy method. In the proposed model, eight criteria such as cargo worker, old cargo
worker, work hours, fcilities environment, steel cargo volumes, cargo volumes, injury mumbers, and death numbers were collected. Busar.
port was identified as highest accident risk port, and so it should be a top priority to develop a plan to mitigate the risk.
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Fig. 1 The evaluation model of accidents risk for cargo
handling worker
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Table 2 Accidents rate by each category

Category Accidents rate by main type of accidents
steel(22.2%), bulk(17.2%), container(8.1%),
Cargo types refrig.(8.1%), general cargo(8.1%), grain(3%),

box(3%), plywood(2%), goods(1%6), wood(1%)
cargo(23.2%), cargo’s gear(19.2%), ship’s gear

Original cause

materials (9.1%)
Ages of the over 50 age(40%), 41-50 age(40%), 31-40 age
dead (20%)
Careers years | over 10 years(51.5%), 5-10 years(182%), 1-3
of the dead years(14.1%), 3-5 years(11.1%), less 1 year(5.1%)
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Table 6 Determined initial data for analysis
(Units: People; Number; 1,000hour; 10,000R/T)
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IC/ 12 | 1] 5,020 | 2,447 | 34| 15,730 | 631 | 1,827 o] FHLEL FoEw;E Table 83 o] =33tk
US| 14 | 1] 253 | 1,313 ] 56 | 10,165 | 1,350 | 733
Eﬁ ?3 8 g;gi 123‘; 12;; gggi;l 122‘31 Zgg Table 8 Calculation of entropy and weight
PD[2 [0 | 2,778 | 1,321 | 273] 4,82 | 1,174 | 1,320 DN [ IN [WH[cw [ow [ cv | sC | FE
Ms[5 [0 | 2552 | 1,005 | 18] 3,00 | 460 | 610 E|0.801 | 0.671 | 0.867 | 0.851 | 0.9%6 | 0.82 | 0.771 | 0.7%6
|15 [ 1] 1,808 | 705 | 187] 14,861 | 40 | 769 d 0109 | 0.329 [ 0.133 [ 0.149 [ 0.074 [ 0.163 | 0.229 | 0.264
W[ 130 | 1519 | 65 | 9% | 2.3714 | 76 | 315 w | 0.075 | 0.226 | 0.091 | 0.102 | 0.051 | 0.115 | 0.158 | 0.181
DH[5 |0 | 1,498 | 634 | 104] 4,753 | 0.2 | 315
10 [1] 1285 | 58 [ 12] 19 | % | 1A FARE O] FaEE AFEAE 0226, 3¢ 0181, A
/\]—)(‘)1'1}5’:1‘_—:— Eﬂ'/mﬂ'@'o] 15%2; 7]_Xo]_ b_\—_r_:——l_—’ Xﬂzﬁfﬁ'ol Zﬂi}% 0158, ﬂ'%% 0115, %ﬂé}g%ix}f’: 0102, e
AIZE 0.091, F-23A 0.075, 5041 o] d&w=FU4 0.051
0Hoz 7t e Aoz yehyth AlgagE Fab < v ’ ’ v =
—o [<I-N N - AR [<] T T - 2o l:—}ﬂ L}E}‘/LD]- 87H‘O4 Eﬂ7]—fﬂ—£‘~ = A]—H]—X]-"SL] ZzQ9
A, 22, /UL, ATl 2z 19eln o g, £ T ¥ > coTem e e e
L ) R R
@, Fel/da, ok, B, geldel oWew vrpde, o o f 7HE S HEEEE PAWSA R s o g
FAFS BAE] 1414230 Ao = 7R =3 AFE7f theket A3yt EEHJAR 2R 2] 20159 4
A= e 5 <!l U= o e ’ - - 3 - —=. 5
1235 Alzto =z A e Aoz el 3wz ) T A Atz Qs dvtke] v F e TR w7 e Hrt
5 Tl T — o N —_ AN . O U _ — ~
S(G0A0) Y FewzAsr A= Harato] 6588H 0= gEol Zzaxnc 71 =A deEEth E3 Keum et
A e A Eare] S0RW O A e Ao el al.(2001)9] Aol M= AFaLA Tl S FA R A ]
o 3T y [e] o — o AN _— AN _ — o . _ —
50*“ o]/\o]_ ‘EQ-Q—LZOJ_}F—-E‘ l?—}\ {5]_01 94133 Oi 7]_;()]_ h—_J—l 7]'750}%9] ’6‘3_57]' 7]’%]' :}_\_'—L:ﬂ] L]'E]f]}g:q— hc\"l—'\é ‘\’137]"60]—% K3
LBt B & § . e —_ 54 y
= o] ). q =
gabao] BeYOR b ve Aoz ved, swepcn 1o T 00BE M MU v, 198819 7k
ASHE Ao Babeol 5843 RITR 713 wxm, Az ) Kim et al Qo] el g7tds < 7 s
pu LS s g & 3z,
i B wout B oAy gutetetraie] R 0.
64_0] 1,549?_ R/Ti 7]_101_ ‘5}% 7)'!9.% L]'E]']X}(E]' évix‘"ﬂ% L]'E}'M L]' ‘llv’] re] O]"‘l = ]'T"] 3 0102
=2 o 3] = o) -
o ¥go] 14917 Eo A4 wx, Bajge] 02w & o o S I 28 s ) e,
oz JLAF ub (BRSREE ksl An| = EApgo .
=70 SOl R e A e ARl 6912 o o e ey
=2 7 wa, AlFde] 12402 7 AS Ao ® e
Ut} e 504 o] AF Sl gl oz o Table 62 HARE G2 Qitststa 4(6)& o83t
Bul A2t AZe] Ho] o] Aldute Hrte] wedatqrt, o AMBAATALE Table 99F o] skl
4.2 JEZIHE 0|8T ST A Table 9 Grey relational coefficient

Table 7 Normalization

Table 6= vlge2 2(1)S

@ p% 7499

DN IN WH Cw ow v SC FE

BS | 0.789 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.386 | 1.000
IC | 0.714 | 1.000 | 0.414 | 0.423 | 0.333 | 0.424 | 0.464 | 0.400
US | 0.882 | 1.000 | 0.357 | 0.366 | 0.347 | 0.383 | 0.841 | 0.34
YG | 0.366 | 0.333 | 0.376 | 0.353 | 0.514 | 0.462 | 0.367 | 0.349
P | 0.789 | 0.333 | 0.372 | 0.3/ | 0.466 | 0.566 | 1.000 | 0.352

DN IN | WL | o | ofF | &V | SC | FE PD | 0.3%6 | 0.333 | 0.362 | 0.366 | 0.598 | 0.351 | 0.702 | 0.377
BS | 0.138 | 0.200 | 0.356 | 0.370 | 0.214 | 0.301 | 0.063 | 0.4%0 NS | 0.429 | 0.333 | 0.358 | 0.355 | 0.459 | 0.341 | 0.419 | 0.35%0
IC|0.128 [ 0.200 | 0.126 | 0.138 | 0.018 | 0.108 | 0.110 | 0.129 GD | 1.000 | 1.000 | 0.343 | 0.341 | 0.465 | 0.417 | 0.339 | 0.3%6
US | 0.149 | 0.200 | 0.064 | 0.074 | 0.030 | 0.067 | 0.235 | 0.082 WP | 0.789 | 0.333 | 0.338 | 0.339 | 0.3% | 0.338 | 0.345 | 0.340
YG | 0.021 | 0.000 | 0.087 | 0.088 | 0.122 | 0.132 | 0.085 | 0.040 DH | 0.429 | 0.333 | 0.338 | 0.338 | 0.383 | 0.350 | 0.333 | 0.340
PH | 0.138 | 0.000 | 0.081 | 0.085 | 0.102 | 0.190 | 0.259 | 0.047 J7 (033 ] 1.00 | 033 | 0333 | 0.381 | 0.333 | 0.337 | 0.3
PD | 0.021 | 0.000 | 0.070 | 0.074 | 0.148 | 0.032 | 0.204 | 0.063

MS | 0.083 | 0.000 | 0.064 | 0.080 | 0.09 | 0.020 | 0.080 | 0.043

Gh [ 0.160 | 0.200 | 0.045 | 0.040 | 0.102 | 0.098 | 0.007 | 0.054 11719] grks FAakgro] AMdzl 2 A2 o=
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Table 10 Grey relational grade by all criteria

DN| IN| WH| CW| OW| CV| SC| FE | v rank
W | 0.0 0.226| 0.091| 0.102| 0.051| 0.115| 0.158| 0.181| 1.000
BS | 0.089] 0.26] 0.091| 0.102| 0.051| 0.115| 0.061| 0.181| 0.887 | 1
IC | 0.054| 0.226| 0.038| 0.043| 0.017| 0.049| 0.073| 0.073| 052 | 3
US| 0.06| 0.26| 0.03] 0.037| 0.018] 0.0#4| 0.133| 0.064| 0.621 | 2
YG| 0.027] 0.07| 0.034| 0.06| 0.025| 0.053| 0.0688| 0.063| 0.374 | 9
PH| 0.059| 0.07| 0.034| 0.038| 0.024| 0.065| 0.158| 0.064| 0.517 | 5
PD| 0.027] 0.07| 0.033| 0.033| 0.080| 0.040| 0.111] 0.088| 0.423 | 7
MS| 0.02| 0.07| 0.033| 0.036| 0.023| 0.089| 0.066| 0.064| 0.389 | 10
GD| 0.0%| 0.26] 0.031] 0.035| 0.024| 0.043| 0.053| 0.065| 0.557 | 4
MP| 0.089| 0.0%5| 0.031| 0.085| 0.019] 0.00| 0.054| 0.062| 0.374 | 8
DH| 0.032| 0.0%5| 0.081] 0.05| 0.019| 0.040| 0.053| 0.062| 0.347 | 11
JJ | 0.025| 0.26| 0.030| 0.084| 0.019] 0.088| 0.083| 0.060| 0.487 | 6
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Table 11 Grey relational grade by criteria of risk cause

WH | o | of | v [ SC | FE | sum | rank
W | 0131 | 0147 | 0073 | 0165 | 0.225 | 0.260 | 1.000
BS | 0.131 | 0.147 | 0.073 | 0.165 | 0.087 | 0.260 | 0.862 | 1
IC | 0.054 | 0.062 | 0.024 | 0.070 | 0.105 | 0.104 | 0419 | 5
US | 0.047 [ 0.054 | 0.025 | 0.063 | 0.190 [ 0.092 | 0470 | 3
YG | 0.049 | 0.052 [ 0.037 | 0.076 | 0.083 | 0.091 | 0.388 | 6
PH | 0.049 | 0.055 | 0.034 [ 0.093 | 0.225 | 0.091 | 0548 | 2
PD [ 0.047 | 0.054 | 0.044 | 0.058 | 0.158 | 0.098 | 0459 | 4
MS | 0.047 | 0.052 [ 0.033 | 0.056 | 0.095 [ 0.091 | 0374 | 7
GD | 0.045 | 0.050 [ 0.034 | 0.069 | 0.076 | 0.092 | 0.366 | 8
MP | 0.044 | 0.050 [ 0.027 | 0.056 | 0.078 [ 0.088 [ 0.343 | 9
DH | 0.044 | 0.050 | 0.028 | 0.058 | 0.075 | 0.088 | 0.343 | 10
)] 0044 [ 0.049 | 0.028 | 0055 | 0.076 | 0.087 [ 0.338 | 11
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Fig. 2 Sensitivity analysis by changing p’s value
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