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Abstract : Research indicates, about 80% of maritime accidents are caused by human error. Further investigation of the human factors behind maritime
casualties is essential in order to establish preventive measures. The main purpose of this study is to identify and analyze human factors behind maritime
traffic-related accidents using the m-SHEL model. Since the m-SHEL model used in other fields is based on generic human factors, it has expanded in
this study to accommodate ship operating systems and define human factors. In addition, the validity of the expanded model was verified by reliability
analysis using SPSSWIN. A classified table for this extended m-SHEL model was then used to analyze human factors behind maritime traffic-related
accidents extracted from a written verdict by the Korean Maritime Safety Tribunal. Human factors were arranged in the order L, L-E, L-H, L-m, L-L,
and L-S. This paper contributes to the prevention of maritime traffic-related accidents caused by human factors by presenting useful analytical results that

can be applied to build a maritime safety management system.
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Table 1. Loss of human life by maritime accident

Type Damage Death Missing Injury

All accident type (A) 242 121 966

Traffic accidents (B) 52 24 598

Ratio : B/A (%) 21.5 19.8 61.9
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Table 2. Number of maritime accidents by cause

Cause | Operational Inz?pproprizl.te Others

Type fault handling/deficiency

All accident (%) 786(80.7) 134 54

Traffic accident (%) 612(97.9) 6(1.0) 7(1.1)

Collision (%) 543(98.7) 3(0.6) 4(0.7)

Grounding (%) 49(98.0) 0(0.0) 12.0)

Contact (%) 20(80.0) 3(12.0) 2(8.0)
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Table 3. No. of maritime accidents by vessel type

Ship typéAccident Collision | Grounding | Contact | TTL
Cargo 88 2 5 95
Tankers 1 0 3 4
Passenger 16 8 10 34
Fishing boat 153 32 4 189
Tug boat 8 3 1 12
Others 6 5 0 11
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Fig. 1. Conceptual diagram of the m-SHEL.
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Table 4. Items of human factors by m-SHEL model

Level 1 Level 2
(Factor) (Item)
L L1 Basic character of ship operator
L2 Technical qualification of ship operator
LL LL1 Human relationship on board
LL2 External human relationship
LH1 | Reliability of equipments
L-H LH2 | Role sharing between operator & equipments
LH3 | Workspace/Layout of equipments
LE1 Labor condition
LE2 Passage/Sea area condition
L-E LE3 Traffic situation of sea area
LE4 Condition of other ships
LE5 Natural environment of sea area
L-S LS1 Preparation manuals/information
Lml | Management of duty
Lm Lm2 | Lighten watchkeeping work
Lm3 | Violation of laws
Lm4 | Systematic management
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Table 5. Details of L1 and L2

Level 2 Level 3
(Item) (Detail)
L1-1 Lack of good seamanship
L1-2 Lack of basic navigational knowledge
L1-3 Unilateral judgement
L14 Lack of lookout
L1-5 Operator carelessness
11 L1-6 Engage in other work
L1-7 Lack of knowledge about sea area
L1-8 Lack of basic ship operation knowledge
L1-9 Drowsiness
L1-10 Health condition of operator
L1-11 Negligence
L1-12 Drunk operation
L2-1 Lack of technique of avoiding other ships
0 L2-2 Lack of technique of position fix
L2-3 Lack of technique for lookout
124 Improper navigation plan
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Table 6. Details of LL1 and LL2

Level 2 Levle 3
(Item) (Detail)
LLI-1 Bridge teamwork
LLI LL1-2 Communication with other crews
L2 LL2-1 Communication with other ships
LL2-2 Communication with VTS, etc.
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Table 7. Details of LH1, LH2 and LH3

A Ao ME QA 8

Levle 2 Levle 3
(Item) (Detail)
LHI LHI-1 Lack of maintenance of equipments
LHI1-2 Unfitted equipments
LH2-1 Improper operation of equipments
LH2 LH2-2 Unuse of equipments
LH2-3 Others (facilities on shore, etc.)
LIB LH3-1 Unfitted condition of workspace
LH3-2 Unfitted layout of equipments
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Table 8. Details of LE1, LE2, LE3, LE4 and LE5

Level 2 Level 3
(Item) (Detail)
LEI-1 Overwork
LE1
LEI-2 Obstacle to work
LE2-1 Sea area for avoiding other ships
LE2 LE2-2 Water depth
LE2-3 Influence of shore light at night
LE3 LE3-1 Congestion of maritime traffic
LE3-2 Congestion of fishing boats
LE4 LE4-1 Non-indication of lights, shape and signals
LES-1 Weather
LES-2 Wind condition
LES -
LES-3 Sea condition
LE5-4 Visibility
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Table 9. Details of LS1 and LS2

I

Level 2 Levle 3
(Item) (Detail)
LS LS1-1 Manuals, guide, regulations
LS1-2 Sufficient information of sea area, port
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Table 10. Details of Lml, Lm2, Lm3 and Lm4

Level 2 Level 3
(Item) (Detail)
Lml Lml-1 | Proper instructions for safety navigation
Lm2 Lm2-1 Duty of Master or manager
Lm3-1 | Non-installment of legal equipments
Lm3 Lm3-2 | Unqualified operator
Lmd Lm4-1 | Management of employers
Lm4-2 | Management under an authority
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Table 11. Correlation coefficients between accidents

Accident type Collision Grounding Contact
Collision 1.0000 - -
Grounding 0.5028 1.0000 -
Contact 0.5713 0.7602 1.0000
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Table 12. Reliability coefficients and variance

Alpha
0.2265

Variance
7551.2017

Standardized item alpha
0.8252
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Table 13. No. & ratio of human factors by accident type

Factor
Accident L L-L |L-H| L-E | L-S | L-m
.. | Frequency | 2,022 92 198 | 452 77 197

Collision

Percent 66.6 3.0 6.5 149 | 2.5 6.5

Frequency | 253 9 23 92 24 36
Ground

Percent 579 2.0 53 21.1 5.5 8.2

Frequency 78 6 9 18 7 19
Contact

Percent 56.9 44 6.6 13.1 5.1 13.9
Total Frequency | 2,353 | 107 | 230 | 562 | 108 | 252

otal
Percent 65.1 3.0 6.4 15.5 3.0 7.0
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Table 14. No. of behind human factors by accident type
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