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Abstract @ Crew fatigue has been recognized as a major cause of maritime accidents. Systematic study on crew fatigue has a direct impact on the
human factor, but the various measures being taken to prevent human error account for most of the causes of marine accidents situation are still
insufficient. In this study, 128 people who have a variety of career and job types boarded the T/S Hanbada were analyzed the changes of fatigue during
the 87-days a Maritime Silk Road Sailing Expedition. Crew fatigue was measured by period of time onboard classified as mental, physiological and
physical changes through survey responses and individual interviews of nurses. Also, it was identified the fatigue factor through quantitative statistical
analysis. As a result of repeated measures analysis of variance for the changes of fatigue in position and gender criteria in accordance with boarded
period, the position-specific analysis was that Professor-Rating group has appeared to feel more mental and physical fatigue than the student population.

Also, the results of fatigability about the sex-specific analysis have been found that women feel more physical fatigue than men.

Key Words : Marine accidents, Fatigue, Human factor, Long-term voyage, Crew, Mental fatigue, Physiological fatigue, Physical fatigue
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Table 1. Respondents' Characteristics

Frequency Percentage
Professor 6 4.7
o Officer 8 6.3
Position
Rating 22 17.2
Student 92 71.9
Total 128 100.0
Male 112 87.5
Gender
Female 16 12.5
Total 128 100.0
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Table 2. Factor's definition and variables

Factor Definition Variables

a sense of fatigue,
desire, nervosity,
feeling of loneliness,
mental health change,
concentration

A condition of mental
and psychological
exhaustion by
long-term voyage

Mental
fatigability

A condition of
physiological
deterioration by
long-term voyage

amount of food,
sleeping hours, urine
and feces

Physiological
fatigability

exercise hours,

A condition of physiology health

physical deterioration
by long-term voyage

Physical
fatigability change, dermal

change, hair condition
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Fig 1. Change of average fatigability value with the period of

embarkation.
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Table 3. Paired T-test on average fatigability value between a month
after embarkation(A) and just before disembarkation(B)

A B
Factor t
Mean(SD) Mean(SD)
Mental
fatigability -1.553(1.101) -1.708(1.236) 1.658
Physiological s
fatigability -0.408(1.392) -0.797(1.513) 3.237
Physical
fatigability -0.832(1.398) -0.978(1.009) 1.368
Average Hok
fatigability -0.931(0.946) -1.161(0.949) 3.358

Level of significance : *p <0.05, **p<0.01, ***p<0.001
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Fig 2. Change of average mental fatigability value.
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Fig 3. Change of average physiological fatigability value.
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Fig 4. Change of average physical fatigability value.
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Table 4. Average and standard deviation in one month after

embarkation
Mean(SD)
Factor -

Professor Officer Rating Student

Mental -1.835 -1.250 -2.037 -1.445

fatigability (1.066) (0.939) (0.785) (1.156)

Physiological -1.723 -1.290 -1.365 -0.018

fatigability (1.511) (1.000) (0.971) (1.314)

Physical -0.833 -1.094 -1.602 -0.625

fatigability (1.934) (1.356) (0.755) (1.434)

Average -1.464 -1.211 -1.668 -0.696

fatigability (1.504) (1.098) (0.837) (1.301)
Table 5. Average and standard deviation in just before

disembarkation
Mean(SD)
Factor .

Professor Officer Rating Student

Mental -2.807 -1.895 -2.423 -1.449

fatigability (0.968) (0.757) (1.134) (1.210)

Physiological -2.502 -1.624 -2.090 -0.304

fatigability (0.753) (1.400) (1.256) (1.326)

Physical -1.000 -1.500 -1.364 -0.839

fatigability (1.246) (0.821) (1.032) (0.979)

Average -2.103 -1.673 -1.959 -0.864

fatigability (0.989) (0.993) (1.141) (1.172)
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Table 6. Summary of ANOVA for Repeated Measures depending

on position

Factor Source of | g | gp| Ms F
Variation
Time 5787 |1 | 5.787 | 10.768**
Mental .
fatigability Group 27778 | 3 | 9.259 4.617
Time*Group | 4.593 | 3 | 1.531 2.849*
Time 6486 | 1 | 6486 | 7.173**
Physiological rr
fatigability Group 130.571 | 3 | 43.524 18.496
Time*Group | 2.198 | 3 | 0.733 0.810
Time 0432 | 1 | 0432 0.443
Physical *
fatigability Group 22.659 | 3 | 7.553 3.573
Time*Group | 2.113 | 3 | 0.704 0.412
Time 3496 |1 | 3.496 | 11.673**
Average ok
fatigability Group 47962 | 3 | 15987 | 14.223
Time*Group | 0.932 | 3 | 0.331 1.037

Level of significance : *p <0.05, **p <0.01, ***p<0.001
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Fig 5. Change of average fatigability value.

Table 7. Average and standard deviation according to the gender

Mean(SD) of A Mean(SD) of just
month after before disembarkation
Factor embarkation

Male Female Male Female

Mental -1.516 -1.811 -1.680 -1.906
fatigability | (1.092) | (1.162) | (1.192) | (1.545)
Physiological -0.360 -0.751 -0.821 -0.625
fatigability (1.354) (1.640) (1.492) (1.691)
Physical -0.625 -2.281 -0.871 -1.725
fatigability (1.321) (1.040) (0.940) (1.180)
Average -0.834 -1.614 -1.124 -1.419
fatigability | (1.256) | (1.281) | (1.208) | (1.472)
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Table 8. Summary of ANOVA for Repeated Measures depending

on gender
Factor Source of | gg | gp| s F
Variation
Time 0.467 | 1 | 0467 0.827
Mental
fatigability Group 1.899 |1 | 1.899 0.871
Time*Group | 0.034 | 1 | 0.034 0.060
Time 0.790 | 1 | 0.790 0.889
Physiological
fatigability Group 0264 | 1 | 0.264 0.079
Time*Group | 2413 | 1 | 2413 2.717
Time 0672 | 1 | 0.672 0.960
Physical ok
fatigability Group 44.094 | 1 | 44.094 | 23.085
Time*Group | 4.510 | 1 | 4510 6.443*
Time 0.063 | 1 | 0.063 0.218
Average *
fatigability Group 8.089 | 1 | 8.089 5.686
Time*Group | 1.656 | 1 | 1.656 5.731%*

Level of significance : *p <0.05, **p <0.01, ***p<0.001
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