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Abstract - The recent increase in international trade volume and explosive increase in cargo volume due to the non-fice—to—face society
are leading to an Increase in risk exposure and safety accidents in the port logistics industry. Consequently, as the atmosphere and
consensus on saety are spreading throughout the society, various satety laws are being enacted by the industry. Nevertheless, according
to the Industrial accidents status analysis by the Ministry of Employment and Labor, the average annual number of injured persons
Increased by 11.1% and the number of deaths by 4.0% from 2015 to 2019. This means that special attention should be paid to possible fiiture
risks and preventive measures for major causes of accidents should be established. Therefore, in this study, risk assessment was conducted
based on 5028 accident cases that were reported by the Korea Occupational Satety and Health Agency tor 5 years, from 2016 to 2020,
and major risk factors or each industry were derived, and then bow-tie analysis was conducted to pertorm the risk assessment, Further,
the study aimed to derive the causes and preventive measures from the risk fctors.

Key words - Port Logistics Industry, Satety Management, Safety Accidents, Hazard Assessment, Bow-Tie Analysis
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Fig. 1 Process of bow-Tie analysis
Source : Qualitative bow-Tie guidelines, KOSHA, 2011
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Table 3 Status of safety accident by working time
(Unit: No, %)

2016 55 2020 7FA] 5WAZF Sk AbA A B F ol A Stevedore Warehouse Transport
AR A AsA 2 AEE vgo R Alazte] dnkd g 08-12H 362(34.8) 387(40.1) 1,163(38.5)
e ASEAs APssint stgS R Frhfe 13-17H 280(26.9) 328(34.0) 1,052(34.8)
$24 Qe estd o w FAEY X 1039389 Aba 18-22H 174(16.7) 101(10.5) 337(11.1)

7 AT FadE 2G9SR VI B, Fade 93-02H 109(10.5) 90(9.3) 169(5.6)
2 AEE F 96589 ARk Bkl ppA e R 03-07H | 114(11.0) 59(6.1) 303(10.0)
A2 adTER A o w=A%E 2y, Y Sum | 1,039(1000) | 965(100.0) | 3,024(100.0)
e 59, ‘553E Y, VEsE eadew 1A
AT 30 Ak AR, 3.2 olgioll WE AT B
Table 2 Status of safety accidient by working time o
(Unit: Noy @0l mE Ay A3 Wu, 3744 4] 2% 30
T T T 0 A A wel e A @ 4 sink A
7 ]
Onshore TEAY] F2 Ay Fo] 30N H0NYS eyt Al A
loading | 170 | 18 | 27 | 27 | 189 | F3} gmglel Al ojridE w4RTE A & 4 Stk

Steve | Offshore

dore Joading 8 16 11 4 S Table 4 Status of safety accident by age

Sum | 187 | 199 | 228 | 231 | 194 (Unit: No, %)

;otal 1,039 Stevedore Warehouse Transport
are

. 145 | 148 | 198 | 158 | 131 20's 53(5.1) 132(13.7) 337(11.1)
ouse

Ware | Other 30's 267(25.7) 221(22.9) 583(19.3)

house | storage | o | o0 | # | ¥ | 4 40's 323(3L1) | 231(239) | 737(244)

Sum 176 | 187 | 240 | 197 | 165 50’s 274(26.4) 225(23.3) 858(28.4)
Total 965 Over 60’s | 122(11.7) 156(16.2) 509(16.8)
small o0 1 1ss | 50 | g2 | ea Sum | 1039(1000) | 965(100.0) | 3,024(100.0)
freight
Rowte 16 | 60 | 53 | 70 | 47
o P = HIAH &5
Regional | 1 001 | 962 | 988 | 293 D& me A A3 AR, 37K A B
Trans | freight % 3a7)7ko] 19 ulwkel ZEA) AFILh Bol wAE AL
port Spe_mal 155 | 187 | 167 | 176 | 152 & 3t olF Fl VA A BF sEE aehe At
fre;lght Qole o 5 glom AT EEAE YFoR & hddy u
ther -
f“, L7 e |n go] JFAoR olFolAol & AL & 4 ).
relg L3l sldolo] AL 3 Abo] L =13 S
Sum | 716 | 660 | 543 | 608 | 497 £, S99 A 109 ool SRA AR HE ]
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Table 5 Status of safety accident by service period
(Unit: No, %)

Table 6 Status of safety accident by type

(Unit: No, %)

Stevedore Warehouse Transport Stevedore Warehouse Transport
Less Buildings
than 1 314(30.2) 518(53.7) 1,876(62.0) and 254(24.4) 178(18.4) 555(18.4)
year structures
1-3 Traffic
147(14.1) 187(19.4) 687(22.7) . 158(15.2) 61(6.3) 1,209(40.0)
years accident
3-5 Parts,
103(9.9) 87(9.0) 190(6.3) .
years fittings and 229(22.0) 31(8.4) 247(8.2)
5-10 materials
185(17.8) 85(8.8) 156(5.2)
years People,
Over 10 animals and 16(1.5) 20(2.1) 21(0.7)
290(27.9) 83(9.1) 115(3.8)
years plants
Sum 1,039(100.0) 965(100.0) 3,024(100.0) Facilities
and 141(13.6) 295(30.6) 360(11.9)
3.4 LMK T2 ALY B machinery
WA HE A AR Bnu, e 4% |
B = furniture 110(10.6) 155(16.1) 252(8.3)
E7xE W EWel oF Abart 2543](244%) = 71 =) )
and utensils
velgten, Byele Anl- 7 AR 3 Abart 2953](30.6%), Portahl
ortable
AL wEFHoRE A%k At 1,2093](40.0%) % 71 d
an
wo] WA ol & T3l k94l A9 QC, T/C &4 Al 21(2.0) 47(4.9) 94(3.1)
manpower
ALIZE AAEA BT S & 5 Qom, Ang oY ‘
) s waE Al e A9 A AT
4 Eom Zua oA AES Jwbow 2elo] aHo]of Etc. 110(10.6) 128(13.3) 286(9.5)
o T X o A e = T =1
& Rolch. wakele]l A% B v @, Auololsh e - Sum 1,039(100.0) | 965(100.0) | 3,024(100.0)
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Table 7 Status of safety accident by classification

(Unit: No, %)

Stevedore Warehouse Transport
Injured 923(88.8) 832(86.2) 2,697(89.2)
Disease 96(9.2) 123(12.7) 265(8.8)
Death 20(1.9) 10(1.0) 62(2.1)
Sum 1,039(100.0) 965(100.0) 3,024(100.0)
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3.6 &Kol mWE Almu gt

AP el te Auwd 43S An, s g4
de "olF/FuRer A Abazk ZHz 2278(21.8%),
879(291%)3] = 7Hd =A deElgon], By polgos
A7 AL} 1848](19.19%) = 7H wol BAls gk AL &
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Table 8 Status of safety accident by hazard factors
(Unit: No, %)

Stevedore Warehouse | Transport
Collapsing/
Turning 15(1.4) 24(2.5) 60(2.0)
over
Electri
ecre 1(0.1) 2(0.2) 0(0.0)
shock
Stuck 144(13.9) 150(15.5) 265(8.8)
Tumble 176(16.9) 132(13.7) 411(13.6)
Falling/
227(21.8) 157(16.3) 879(29.1)
Collapse
Hit 103(9.9) 73(7.6) 190(6.3)
Clash 158(15.2) 184(19.1) 263(8.9)
Excessive
. 71(6.8) 63(6.5) 248(8.2)
motion
Traffic
) 18(1.7) 6(0.6) 315(10.4)
accident
Ab 1
Horma 5(0.5) 7(0.7) 14(0.5)
temperature
Work-relate
. 93(9.0) 126(13.1) 280(9.3)
d diseases
Cut 3(0.8) 26(2.7) 48(1.6)
Explosion 1(0.1) 1(0.1) 5(0.2)
Etc. 19(1.8) 14(1.5) 41(1.4)
Sum 1,039(100.0) | 965(100.0) | 3,024(100.0)
4. AIAL| AEEA
4.1 2702

B ATolM s FaAdtd s ee] g4

(Bow-Tie) 822 37} 71l 3
At A A s
ok AbaAy #3-S ube
A Nz (Level)9t Aol A
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Table 9 Frequency of occurrence(Level)

Grade ghA ) = A
1 1 time per over 500 years Almost None
2 1 time per 1007500 years very low
3 1 time per 507100 years low
4 1 time per 10750 years medium
5 1 time per 1710 years high
6 1 time per year or less very high
Source : Qualitative bow—-Tie guidelines, KOSHA, 2011

thS o2 Aol 7= (Strength)E & 65502 FE51H,
AR el ) &-& Table 107 7t}

Table 10 Severity of Results(Strength)

Reputa Environ .
Grade People . Finance
tion ment
Outpatien
1 t None None None
treatment
) . Imillion
9 Week Light Light _
inj ffect ffect
ey e | 10milion
. o 10million
Physical | Significa _
. . Small
3 impairme | nt effect
o effect 100
nt (Limited) o
million
Significa
100
nt effect | Mesoscal o
4 1 death million
(Domes e effect o
. billion
tic)
Serious
_ effect Significa | 1billion™
5 279 death .
(Domes nt effect | 10billipn
tic)
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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Table 11 Risk matrices o7 A7 d&g dodle Aoz JE
sAmo R el 49 YR F WEANR AW
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Grade 1 5 3 1 5 6 AZTF 7MY = AR YET S5l wEAILE
1] 1 2 3 4 5 6 A7 Abargler= 57t 3108 2 Ete] EAN = (Level)= 6
Lel 2] 2 | 4 [ 6 | 8 | 10 [ 12 | 570 aAgshs Ao vebdrh w9, Abx w4 A a4
vel i i g 192 1623 ;g éi val= 55H, BAH= 255, #B9AE 358, ALA
T 35F R wow, ol AbaL A Al AZHE
(L) 5 5 10 15 20 %5 30 J—] H 35+ FJ'M 111, ] ]’—i— g ] T
6 6 12 18 2 30 36 =9 yrtarl FoE = AL 9
Cheo 7 A S A Sl U 2.2l ot
Beom e dwaned Eae dgaes wa  TAN] A AgEA A W A A £ 5 9l
0w A HAE Agsdn Aade auaa o me T AN FUGLA Bow-Tie $478L Qs
A/FUASR A3 Y =rt 4-oz /Mg 58 Aoz 1
ebt) WolF/F U Al 57k 2233 whasle] whagul
Table 12 Result of hazard assessment
Stevedore ‘Warehouse Transport
Hazard
. L Strength(S) Results N Strength(S) Results " Strength(S) Results
actors Pl R| E| F| @xs) P| R| E| F| (@LxS) P| R| E| F| (LxS)
Collapsing/
Turning 6| 3 2 1 2 18 6] 2 2 1 2 12 6| 4 2 1 2 24
over
Electric
5| 3 3 1 2 15 5] 3 3 1 2 15 1 3 1 1 2 3
shock
Stuck 6| 2 2 1 2 12 6| 2 2 1 2 12 6| 3 1 1 2 18
Tumble 6| 2 2 1 2 12 6] 1 2 1 2 12 6 2 2 1 2 12
Falling/
6| 4 3 1 3 24 6| 3 3 1 3 18 6 2 1 1 2 12
Collapse
Hit 6| 3 2 1 2 18 6| 2 3 1 2 18 6 1 1 1 2 6
Clash 6| 3 2 1 2 18 6| 2 2 1 2 12 6| 4 3 2 3 24
Excessive
. 6| 1 1 1 2 12 6| 1 1 1 2 12 6 2 3 1 2 12
motion
Traffic
] 6| 3 2 1 3 18 6 4| 2 1 3 24 6| 5 2 3] 3 30
accident
Abnormal
6| 3 2 1 2 18 6 3 2 1 2 18 6 2 1 1 2 12
temperature
Work-relate
. 61 1 2 1 2 12 6] 1 3 1 2 18 6 2 4 1 2 12
d diseases
Cut 6| 2 2 1 2 12 6| 2 2 1 2 12 6| 3 1 1 2 18
Explosion 5| 4 4 3 4 20 5| 6 5 5 30 6 4 4 24
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No. Cause Preventive control

Escalation

Escalation factor control

Management using

1 | Equipment obsolescence

Digital twin technology

Lack of skills

Technology introduction
based on international

cases

Periodic inspection

Irregular inspection cycle

Mandatory periodic

inspection
Warning sign Malfunction Periodic inspection

2 Carelessness

Guaranteed break time Overwork Proper work instructions

Communication between Noi Provision of necessary

oise .. .
Non-compliance with workers communication equipment

3

work procedures

work instructions

Port terminology and

Non-standardization

Revision of instructions

Work environment

4 Poor working improvement

Labor-management

conflict

Building cooperative

relationships

environment
Warning sign

Lack of driver awareness

Sign location notice

Conduct safety training

Non—-compliance with

safety rules

Fine

o Day job Safety manager and
administrative supervisor Neglect of duty Job evaluation
placement
6 Natural Disasters Suspension of work Work enforcement Setting criteria for work
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Escalation factor control
Institutional mandatory
Fine
Worker recruitment
Composition of the
council
Suasion
Facility sharing

Escalation
Absent from education
Not wearing a protective
equipment
Lack of supplementary
worker
Overcompetition
Unsubscribed
Lack of facilities
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Mitigation control
Wear protective
equipment
Emergency training
program
Supplementary worker
Sharing resources with
other terminal
Equipment insurance
Maintenance work

Consequence
Worker injury
Work delay
Equipment damage

No

Table 14 Factors of Falling/Collapse consequence
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environment Work environment Warning sign
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training administrative
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-
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Non-compliance
with safety rules

[ Neglect of duty 2
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L || setting criteria for

Fig. 2 Diagram of Bow-Tie analysis(Stevedore)
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Table 15 Factors of explosion cause
No. Cause Preventive control Escalation Escalation factor control
Use of specialized Use of general Fi qs )
TIGNCRI : ine and Suspension
1 Bringing in unauthorized warehouses warehouse
dangerous goods
Fire monitoring system System error Periodic inspection
On-site inspection Ignore warnings Fine and Suspension
5 Absence of safety
Establishment of safe Violation of safety work ) )
manager o o Fine and Suspension
work guidelines guidelines
Lack of safety o . .
3 Safety training program Non-participation Fine
awareness
Excessive simultaneous Process improvement
4 ] Schedule management Work delay
construction system
. Check flame retardant
Construction based only . . .
5 . o materials and structural High cost Incentive system
on economic feasibility
safety
A 2) FHLH 3) s SR vEEt TAE Aol mFEe BRET RERE HdAEE WA, dALEAAE 2
AR oloAE A& WA/ g gadgiH(Mitigation  AE TOoE  UERG weh ofsta e ik A
control) & 2= AR} Aafo] thn]sle] $FFX wH3} BE (Escalation factor contro) &2+ 32X WS 253} BT
T AHgo] ofFsfrofol gt AR Qlste] WA= B T W AE Al FEls, A LA g F140 A4, v
ogol UE PauAont A QALPALS  FAPel g F71H9 duelE, Fu sbsgel g 5
TEHete] 27] 2YS T3 FHSHES HAas A1 et Eo didt 2E dW Fo] AAlHojof stk A} sl el
Atk Aoz B £l st gavldont FuAbn e gavlAons gl 38, $HEA wio] UAw,
A RBEE QA £ bsAe] 7] WEe] T Aol FEAmE el SLAAy] vlFgo] otsalon g
oinjgk By 7h9jste] AAA HEE Fd 8t rh T Ao RE FFEA NS FE oFsleta Y] W

Table 16 Factors of explosion consequence

No. Consequence Mitigation control Escalation Escalation factor control
Wear protective . L
. Absent from education Institutional mandatory

equipment

1 Worker injury
Emergency training Not wearing a protective Fi
ine
program equipment
Establishment of
Change emergency L.
emergency contact Periodic updates
contact
2 | Environmental pollution network
Temporary firefighting . N .
. Malfunction Periodic inspection
facility
Luggage liability . .

3 Cargo damage . Unsubscribed Suasion

insurance

go st Hags Aslalor & Ao dAdtdr) IH0 A

i He] i3k o3l @ A (Escalation) 2% SHZA 2§ o W3t i oz= vdEgY FEI YA LHAE T
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Fig. 3 Diagram of Bow-Tie analysis(Warehouse)
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No. Cause Preventive control Escalation Escalation factor control
Ban the use of mobile ) .
Non-compliance Fine
) Use mobile phone while phone
driving o None-participating in .
Conduct safety training . Fine
safety education
. Non-compliance with .
Deceleration Fine
safety rules
2 Bad weather
. . Unfamiliar with how to .
Vehicle chain Education program
use
Drowsiness prevention o )
. Obsolescence Periodic inspection
5 Poor driving and facility
carelessness Driver state warning o )
System error Periodic inspection
system
4 Vehicle obsolescence Vehicle inspection Time and Cost Self-inspection
) Crackdown camera . .
5 Illegal parking Crackdown camera ] Periodic inspection
malfunction
Speed control facility Obsolescence Periodic inspection
6 Speeding Speed crackdown camera o ]
Speed crackdown camera . Periodic inspection
malfunction
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Table 18 Factors of traffic accident consequence
No. Consequence Mitigation control Escalation Escalation factor control
Emergency training . o
Absent from education Institutional mandatory
program
1 Driver injury Establishment of
Change emergency o .
emergency contact Periodic inspection
contact
network
. . . . Suasion
2 Vehicle damage Vehicle insurance Unsubscribed ——— -
Periodic inspection
Luggage liability ) Suasion
3 Cargo damage . Unsubscribed — -
insurance Periodic inspection

Conduct safety
training

Ban the use of
mobile phone

wihile driving

Non-compliance .
Fine
Nane-participating H
in safaty aducation Fine
—_—
Badd woathar
—

Deceferation Vehicle chain

Hon-compliance u
with safety rules Fine

Untamitiar with how

Ee e
|

——
. - Driver injury
¥ training — —

program

of
‘emergency contact
natwork

= Transpartation |
bo use Education program AR | Absent from
BT : _ : Institutianal el
carciessnass Drowsiness Driver state waming Y
e i [acilily systens r i ! Change amargency
5 eriodic inspection cantot
Trattic P

Obsolescence -
2 Periodic inspection

System error .
Periodic inspection

Wahicle =
obsolescance Vechicke inspection
—
Tinie and Cost i
Self-inspection
—e——————
Hiagal parking -
_— Crackdown camera
Crackdown camers .
malfunction Periodic inspection
e v e . "
Spescding - ~
Speed control Speed crackdown
Tmcibity camern

Obsolescence ]
Periodic inspection

Speed Crackdown

.
camera malfunction Periodic inspection

Fig. 4 Diagram of Bow-Tie analysis(Transportation)
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