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Abstract - Recently, the increase of international trade volume is leading to risk exposure and safety accidents in the port terminal
industry. In addition, as Serious Disaster Punishment Act came into eflect on January, 2021, various guidelines and laws to protect safety
and [ife in port terminals are being enacted. However, despite these eflorts, medium-to-large safety accidents in the port terminal industry
have occurred. According to the Korea Occupational Satety and Health Agency, from 2016 to 2019, the number of casualties in the port
handling industry increased by 4.2%. To build some eflective llow-up management of port accidents and preparation of related saety
laws/systems, a risk analysis in consideration of causes and damage of accidents should be conducted. Therefore, in this study, major risk
factors and preventive measures were derived by conducting risk assessment based on 1,039 cases of port terminal accidents collected by
the Korea Occupational Saety and Health Agency or five years. Priorities for preventive measures were then determined through IPA
analysis, Borich needs analysis, and The Locus For Focus analysis.
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Table 2 Frequency of occurrence(Level)
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Table 4 Risk matrices

Grade Frequency Content Strength(S)
Grade
1 1 time per over 500 years Almost None 1 2 3 4 5 6
. 1 1 2 3 4 5 6
2 1 time per 100~500 years very low
2 2 4 6 8 10 12
3 1 time per 50~100 years low Le
3 3 6 9 12 15 18
4 1 time per 10~50 years medium vel
(™) 4 4 8 12 16 20 24
5 1 time per 1~10 years high 5 5 10 15 20 %5 30
6 1 time per year or less very high 6 6 12 18 24 30 36
Source : Qualitative bow-Tie guidelines, KOSHA, 2011 Source : Qualitative Bow-Tie guidelines, KOSHA, 2011
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Table 3 Severity of Results(Strength)
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Grade People . Finance
tion ment
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1 None None None
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injury effect effect 10million
. Significant are o~
Physical Small 10million
3 . . effect -
impairment o effect 100 million
(Limited)
Significant e~
Mesoscal | 100 million
4 1 death effect .
. e effect billion
(Domestic)
Serious C e~
Significa 1billion
5 2~9 death effect .
. nt effect 10billipn
(Domestic)
Serious
10 or .
effect Serious Over 10
6 more .
(Interna effect billion
death ]
tional)
Source : Qualitative Bow—Tie guidelines, KOSHA, 2011
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Important Level

Fig. 4 Model of The Locus for Focus
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Table 5 Status of safety accidient by working time
(Unit: No)

2016 | 2017 | 2018 | 2019 | 2020
Onshore | 179 | 183 | 217 | 227 189

Steve | Offshore 8 16 11 4 5
dore Sum 187 199 228 231 194
Total 1,039
311 FFAIZE Aty #3
AdEE F7 ol A

ZGA O AR d3S
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Table 6 Status of safety accident by working time
(Unit: No, %)

H 08-12 | 13-17 | 18-22 | 23-02 | 03-07 | Sum
No 362 280 174 109 114 | 1,039
Rate(%6) | 348 | 269 | 167 | 105 | 11.0 | 100.0
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Table 7 Status of safety accident by working time
(Unit: No, %)

oﬁi‘l

& 7|3t HEd, 1d ol 2

wAstgc o o

2

Over
Years Less1 | 1-3 | 3-5 | 5-10 10 Sum
No 314 147 | 103 | 185 290 | 1,039

Rate(%) 30.2 1411 99 | 178 | 279 | 100.0
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Table 8 Status of safety accident by type
(Unit: No, %)

No | Rate(%)
Buildings and structures 254 24.4
Traffic accident 158 15.2
Parts, fittings and materials 229 22.0
People, animals and plants 16 15
Facilities and machinery 141 13.6
Supplies, furniture and utensils 110 10.6
Portable and manpower machinery 21 2.0
Etc. 110 10.6
Sum 1,039 100.0
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Table 9 Status of safety accident by classification
(Unit: No, %)

Injured Disease Death Sum
No 923 96 20 1,039
Rate(%) 88.8 9.2 1.9 100.0
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Table 10 Status of safety accident by hazard factors
(Unit: No, %)

No Rate(%)

Collapsing - Turning over 15 14
Electric shock 1 0.1
Stuck 144 139
Tumble 176 16.9
Falling-Collapse 227 21.8
Hit 103 9.9

Clash 158 15.2
Excessive motion 71 6.8
Traffic accident 18 1.7
Abnormal temperature 5 0.5
Work-related diseases 93 9.0
Cut 8 0.8
Explosion 1 0.1

Etc. 19 1.8
Sum 1,039 100.0
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Table 11 Result of hazard assessment

Strength(S) Results
Hazard Factors L
P| R| E| F| (ILxS)
Collapsing*
crapsine 63|21 |2] 18
Turning over
Electric shock 6 3 3 1 2 18
Stuck 6 | 212|112 12
Tumble 6 | 212|112 12
Falling-Collapse 6 4 3 1 3 24
Hit 6 | 312|112 18
Clash 6 | 312|112 18
Excessive motion 6 1 1 1 2 12
Traffic accident 6 3 2 1 3 18
Abnormal
6 | 312|112 18
temperature
Work-related discases | 6 112112 12
Cut 6 121211112 12
Explosion 5 4 | 4 3| 4 20
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Table 12 General attributes of survey respondents

category Number(%)
Executive 1(1.7)
The head of a department 2(3.4)
Positi Deputy director 13(22.0)
on Section chief 15(25.4)
below deputy 16(27.1)
Sum 59(100.0)
more than ten years 40(67.8)
Work 5710 years 10(16.9)
experi 375 years 3(.1)
173 years 4(6.8)
ence less than a year 2(3.4)
Sum 59(100.0)
Port-related workers 56(94.9)
Occup A research institution 2(34)
ation etc. 1(.7)
Sum 59(100.0)
Over 60 2(3.4)
50760 years old 14(23.7)
Age 40750 years old 28(475)
30740 years old 12(20.3)
Under 30 3(5.1)
Sum 59(100.0)
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Table 13 Results of The Borich Priority Formula

no. Preventive control Importance Performance Difference | Borich | Rank
1 Management using Digital twin technology 412 2.98 1.14 4.68 4
2 Periodic inspection 468 3.46 1.22 5.71 1
3 Warning sign 4.25 342 0.83 353 7
4 Guaranteed break time 417 3.58 0.59 247 9
5 Communication between workers 4.42 3.34 1.08 4.80 2
6 Port terminology and work instructions 3.90 3.19 0.71 2.78 8
7 Work environment improvement 427 3.27 1.00 4.27 5
8 Conduct safety training 4.44 3.37 1.07 474 3
9 | Safety manager and administrative supervisor placement 3.80 3.20 0.59 2.25 10
10 Suspension of work 4.19 3.22 0.97 4.04 6
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