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Abstract : Recently, about 600 cases of marine accidents occur annually in Korea. According to many studies and analyses on occurrence
of marine accidents, 70~80% of marine accidents were caused by human factors. Among the human fictors, navigation officers’ fatigue is
very important fictor. Although navigation officers’ fitigue serves as an important role in marine accidents, there is no method to exactly
examine the degree of oficers’ fatigue. Accordingly, this study analyzed human fictors according to types of marine accidents and
extracted important five fictors afiecting navigation officers’ fitigue through the questionnaire survey by means of literatures and 5-point
scale. In addition, evaluation factors of marine accident risks caused by fatigue fictors were divided and structured by using ISM. Lastly,
it Hund out the importance of each ftigue factor dravn by AHP and decided marine accidents that were most highly caused by
navigation officers’ ftigue in order. At the result, weights were high as sleep time 0385, stress 0302, health condition 0139, rest time
0099, alcohol and drug 0074 in ftigue fctors, and death and injury 0328 collision 0308, grounding 0195, sinking 0094, fire accident

0075 in evaluation fictors of marine accident risks. Therefore, the control plan to lower marine accident risks should be prepared on the
basis of high weight fictors.
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Fig. 1. Factors of navigation officers’ fatigue.
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Fig. 2. Category of causes for navigation officers’ fatigue.
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Table 1. Evaluation weights by Likert 5-point scale

Factors S;ESIigt Factors S;ESIigt
Sleep time 4.36 Overwork 3.82
Stress 4.18 Rolling of a ship 3.44
Alcohol and drug 412 Noise and vibration] 3.14
Health condition 4.08 Time-lag 2.94
Rest time 3.98 Food 2.88
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Fig. 3. Rates of fatigue contributions in marine accidents.
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Table 2. Summary of causes for marine accidents according
to accident type(2004~2008)

Non-Human
Human Pé)zoli:;{‘el?t Others | sum Total
Collision 996 5 27 32| 1,028
Contact l 39 0 1 1 40
Ground 66 3 3 6 72
Fire - Explosion 6 97 5 102 108
Sinking 45 24 17 41 86
Death and Injury | 39 5 3 8 47
Engine Damage 1 50 0 50 51
Others 63 4 25 29 92
Total 188 81| 269] 1524
Rate(%) 82.4 12.3 53] 176 100
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Table 3. List of evaluation factors

Number Factors Number Factors
1 Casualty risk 7 Sleep time
2 Collision 8 Rest time
3 Ground ] Alcohol and drug
4 Sinking 10 Health condition
5 Fire 11 Stress
6 Death and Injury
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Fig. 4. Hierarchical evaluation structure of the risk of
marine accidents occurring by fatigue.
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Table 4. Pairwise comparison matrix and weight of evaluation

factors by AHP
[a] [b] [c] [d] [e] Weights
[a] 1 3 4 3 2 0.386
[b] 1/3 1 2 1/2 1/4 0.099
[c] 1/4 1/2 1 1/2 1/3 0.074
[d] 1/3 2 2 1 1/3 0.139
[e] 1/2 4 3 3 1 0.302
Amax 0184, C.1=0046, C.R.=0.04
* [a] : Sleep Time [b] : Rest Time [c] : Alcohol and Drug
[d] : Health Condition [e] : Stress
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Table 5. Calculation process by AHP

[a] [b] [c] [d] [e] | Weights
fa] 0.414 0.286 0.333 0.375 0.511 0.386
[b] 0.138 0.095 0.167 0.063 0.064 0.099
[c] 0.103 0.048 0.083 0.063 0.085 0.074
[d] 0.138 0.190 0.167 0.125 0.085 0.139
[e] 0.207 0.381 0.250 0.375 0.255 0.302
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1. Sleep Time
A B C D E Weights
A 1 2 3 4 1/2 0.268
B 1/2 1 2 3 1/3 0.163
C 1/3 1/2 1 1 1/4 0.085
D 1/4 1/3 1 1 1/4 0.074
E 2 3 4 4 1 0.410
Ama—2084, C.1=0021, C.R.=0.02
2. Stress
A B C D E Weights
A 1 2 4 4 2 0.384
B 1/2 1 3 3 2 0.264
C 1/4 1/3 1 2 1/2 0.101
D 1/4 1/3 1/2 1 1/3 0.070
E 1/2 1/2 2 3 1 0.180
Ama=0.104, C 1.=0.026, C.R.=0.02
3. Health Condition
A B C D E Weights
A 1 2 3 3 1/2 0.264
B 1/2 1 2 3 1/2 0.180
C 1/3 1/2 1 2 1/4 0.101
D 1/3 1/3 1/2 1 1/4 0.071
E 2 2 4 4 1 0.385
Ama=5.104, C.1.=0026, C'R.=0.02
4. Rest Time
A B C D E Weights
A 1 2 3 4 1 0.315
B 1/2 1 3 1 1/3 0.152
C 1/3 1/3 1 1 1/3 0.088
D 1/4 1 1 1 1/4 0.099
E 1 3 3 4 1 0.347
Arex=5.156, C.1.=0.039, C.R-=0.03
5. Alcohol and Drug
A B C D E Weights
A 1 2 3 4 1/2 0.280
B 1/2 1 2 2 1/2 0.168
C 1/3 1/2 1 2 1/3 0.108
D 1/4 1/2 1/2 1 1/4 0.073
E 2 2 3 4 1 0.371

A

* A: Collision, B: aground, C: Sinking, D: Fire, E: Death and Injury

e 5006, C.1=0.024, C.R.~002
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Table 7. Overall evaluation weights and ranking of the risk

0506 ods | ofs oi%h | 055, | Weights | Ranks
0.268 | 0.315 | 0.280 | 0.264 | 0.384 | 0.308
0.163 | 0.152 | 0.168 | 0.180 | 0.264 | 0.195
0.085 | 0.088 | 0.108 | 0.101 | 0.101 | 0.094
0.074 | 0.099 | 0.073 | 0.071 | 0.070 | 0.075
E | 0410 | 0347 | 0371 | 0.385 | 0.180 | 0328

* [al Sleep Time, [bl: Rest Time, {cl: Alcohol and Drug,

[d}: Health Condition, [e}: Stress
* A: Collision, B aground, C: Sinking, D: Fire, E Death and Injury
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