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-Using Hazard Identification and Bow-tie Method-

Sunghun Park+* - Ji-Won You#* - ¥ Yul-Seong Kim

*HSSE Team, Pusan New International Terminal, Busan 46767, Korea
=K MI-KMOU Cooperation Course, Korea Maritime and Ocean University, Busan 49112, Korea
* Jogistics system engineering, Korea maritime and Ocean University, Busan 49112, Korea

oF : Hakg ‘A’ Eju| oA EAISE Ak 3d7ke] ARAL HlolE]E A5t oW Fulr}t 71 wol AlaLE wAlE AL of| 9] el vt
A 984 WAIHoRE Lol o]2]gk ALALE H Ao WAE] 918 WekS H9-Elo] VY& &85t AASt AL k. AEAt
Ak A3 Bud Y9 o] 5] F o= EAE Y FEAILYL M E2 ZoR vETh ke §
A of= EAE 9] FEALL oW (Control measure) ¥ AFaL A Al o4 W<t (Recovery measure)S H 43
o Wpxsloior 8 Aot} B ¢lFo] Avp= ¥ Aol vkdt AJAMES AEskATh

8o - ], 1R, BeErol7IH, A, AHely Huld

Abstract - It is time to study safety improvement on container terminals to maintain a high-quality service to customers’ productivity
and satety. The data analyzed was of the past 3 years accidents data from a container terminal in the Busan port. I especially tried to
found out the equipment that had the highest number of accidents and what the main causes were. This study suggests the top hazards
Identified in the container terminal using risk assessment, Moreover, it seeks control measurements to prevent hazards by bowtie
methodology:.
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Table 1 Status of safety accident by industry 2017
(Unit: Number of People)

Fatal Accident Death
Sort Labor Accident Rate Rate
(%) (%)
Manufacturing | 4,236,653 232 0.55 0.55
Construction
Industry 3,152,859 499 0.82 1.58
Transportation
Industry etc. 836,471 32 0.45 0.98
Harbor Loading
and Unloading 31,495 5 0.71 1.59
Industry

Source: Ministry of Employment and Labor, Status of
Industrial Accident Occurrence, 2017.
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Fig. 1 Process of bow-tie evaluation technique
Source: KOSHA Guide X-19-2010
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Table 2 Summary of previous studies
Researcher Title
Park and Safety problems and countermeasures by
Mok (2001) stage in port handling
An Empirical Analysis for the Implemetation
Lee (2002) | of Safety Management System under ISM
Code
Nam and | A Study on Analysis and DMAIC Preventive
Operations for Cargo Handling Accidents in
Lee (2005) Inchon Port
Empirical Study on the Induction Effects of
Noh (2007) | Safety Management System for the Shipping
Company
Kim et al. | A Study for Better Management of Cargo
(2012) Handling Safety
Jin and A Study on the Qualification of Designated
Kim (2013) Person on the Maritime Safety Act
Sunaryo Safety Risks Assessment on container
terminal using hazard identification and risk
(2013) assessment and fault tree analysis methods
A Study on the Responsibility for a Barge's
Jang (2015) Safety Management in a Marine Construction
Hani et al. Advanced uncertainly modelling
(2016) for container port risk analysis
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Fig. 2 Trend of container throughput by port in Korea and
busan port (2013-2017)
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Table 3 Trend of safety accidents in busan port(2013™2017)
Year
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Sort
Total
Death

Serious and
Slight Injuries

21
1

20

27
1

26

24

12

15

24 12 15

Source: Korea Port Logistics Association, Statistics and
Cases of reconstructing harbor unloading, 2018.
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Table 4 Status of safety accident by service period(2017)

t}%aeflsl 1-3|3-55-10|Over 10
Years | Years | Years | Years
Year
Number of B 9 3 5 5
Persons
Rate (%) - 13.3 20.0 33.3 33.3
Source: Korea Port Logistics Association, Statistics and

Cases of reconstructing harbor unloading, 2018.
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Table 5 Status of safety accident by working Time(2017)
07 - 12 - 17 - 22 — 03 -
12H 17H 22H 03H 07H
Number of 3
Persons 1 2 1 1
Rate (%) 73.3 13.3 6.7 6.7 -
Source: Korea Port Logistics Association, Statistics and

Cases of reconstructing harbor unloading, 2018.
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Table 6 Status of safety accident by types(2017)

Fall |Inversion| Clash | Plunge | Drop

Number of _ _

Persons 2 6 3
Rate (%) 133 40.0 20.0 - -
Collapse Nag;c;wn Rupture | Overtax | Contact | Etc.
- 2 1 1 - -
- 13.3 6.7 6.7 - -
Source: Korea Port Logistics Association, Statistics and

Cases of reconstructing harbor unloading, 2018.
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Table 7 Annual safety accident trend(201572017)

Sort 2015 2016 2017
Number of
Accidents 37 2 15
Injury 2 1 0
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Table 8 Status of safety accidents by time zone(201572017)

Sort 0 - 04-108-]112-|16- | 20 -
04H 8H 12H 16H 20H 24H

Number of
Accidents 17 14 9 13 13 11

Rate (%) | 22 18 12 17 17 14

Source: ‘A’ Container Terminal, Internal data 2016-2018.



Table 9 Safety accidents by day of the week(201572017)

Sort Mon. | Tue. | Wed. | Thu. | Fri. | Sat. | Sun.
Number of
Accidents 14 6 11 9 11 10 16

Rate(%) 18 8 14 12 14 13 21

Source: ‘A’ Container Terminal, Internal data 2016-2018.
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Table 10 Status of safety accidents by equipment(20152017)

ARMG R/Sp

QCL 2 YT3) FIL

Sort SM4) XT9 |Others

Number of
Accidents 14 4 39 2 5 11 2

Rate(%) | 18 5 51 3 6 14 3

Source: ‘A’ Container Terminal, Internal data 2016-2018.
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Table 11 Status of safety accidents by type(201572017)

Narro |Inversi
wness | on

Sort Fall | Clash |Plunge| Etc.

Number of
Accidents 2 2 0 62 5 6

Rate (%) 3 3 0 81 6 7

Source: ‘A’ Container Terminal, Internal data 2016-2018.

® Abar i B A

1) QC (Quay Crane)

2) ARMG (Automated Rail Mounted Crane)
3) YT (Yard Tractor)

4) SM (Signal Man)

5 R/S (Reach Stacker), F/L (Fork lift)

6) XT (External Truck)
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Table 12 Status of safety accidents by cause(201572017)
Not . Compon
Sort Following Nigclége Dozing ent Etc.
Safety Rules Failure
Number of
Accidents 5 A 15 1 2
Rate (%) 6 70 19 1 3

Source: ‘A’ Container Terminal, Internal data 2016-2018.
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Aol Huld hdvbe] siAdetel w3k
Results Level(l)
Strength Accident | At least [ More t’;\c::
)] People | Reputation | Environment.| Finance None in once than Hhree
P} R B (3] Terminal | a year once echiny
B C
0 -
1 Weak Wealk effect Haroy Week effect
injury damage
2 minos | peretiwer] T g eect
injury damage
3 Serious | Mederate Medium- Serious
injury effect term damage effect
Caused Long-term
4 e diaih Grave effect darnage Grave effect
A number i
L
fatalities 9 ¥

Fig. 3 Risk assesment Table of ‘A’ container terminal

Table 13 Result of hazard assessment
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Level Strength(S)

No.| Hazard Factors W PIRIEIF Results
1 ING & LPG B 4131 -13 4B
2 Compressed Gas B 313 -13 3B
3 |Work in High Position| B 412 -13 4B
4 | Overhead Equipment B 413 -13 4B

Collision of Ship and
5 Structure B 4121113 4B
6 Tepsmned State B 412l -3 4B
(wire rope, etc)
Ground Movement B
7 (Apron, Yard) B 42 3 4B
3 Slippage, Falls, C 31312 3C
Jammed
Moving Equipment
2 (PM, R/S, etc) E ] e
Dangerous Equipment R I
10 (Hammer, Drill, etc) C 1 1C
Weather B
1 (Heat Wave, Gale, etc) B 31 1 3B
Hot Surface B
12 (Engine, Restaurant, etc) B 31 1 5B
13 | Hight Voltage&Power B 412112 4B
14 Oxygen Deficiency B 4131 -11 4B
13 Engine Oil B 3131113 3B
14 | Repetitive movement C 21 -1 -11 2C
15 Noise B 3| -|-13 3B
16 Security Accident B 515 -13 5B
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Fig. 4 Result of analysis bow-tie (Improvement plan)
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