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A Study on Roll Motion in Waves
of Capsized Small Vessel Based on Loading Condition
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Abstract @ The frequency of marine accidents of vessels in Korea is steadily increasing and it is concentrated on small vessels with less than 10 tons

of gross tonnage. Therefore, preventing capsizing accidents in small vessels is important to reduce the cost in terms of human and property damage due
to such accidents. However, research on the seakeeping performance of small vessels has been insufficient, and there are no domestic and international
regulations on seakeeping performance. Therefore, in this study, capsizing accidents caused by poor loading conditions were investigated by examining the
adjudications of the small vessels in which the capsizing accidents occurred. Hydrostatic calculations and seakeeping performance analysis were
performed for a representative vessel. A vessel generally performs a six-degree-of-freedom motion during operation. In this study, the response amplitude
operator and response spectrum of a representative vessel were calculated to determine the roll motion. Moreover, a short-term statistical analysis of the
vessel according to the loading conditions was performed for the wave stationary status for 3 h. From the results, it was estimated that, when the loading

condition of a small vessel is poor, its roll motion increases, greatly reducing its stability.
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Fig. 1. Status of Registered Vessels and Accident Rates by Year.
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Fig. 2. Status of Marine Accidents by Gross Tonnage, 2019.
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Table 1. Basic Dimension for A Fishing Vessel

Item Dimension

Length Between Perpendicular 14.10 m
Breadth, moulded 390 m
Depth, moulded 1.2l m

Gross Tonnage 8.55 Ton

Box of Keel 0.559 m

=
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Fig. 3. General Arrangement of A Fishing Vessel.
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Table 2. Hydrostatics Result of A Fishing Vessel (unit: m)

Item Light Fgll Load Caps.izing
Ship Fish GR. Accident
LCG -1.430 -1.448 -2.915
KG 1.405 1.363 1.837
Draft 0.634 0.971 0.969
LCB -0.775 -1.443 -2.915
GM 2.264 1.091 0.513
Displacemnet(Ton) 26.240 48.976 48.006
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Fig. 4. Capsizing Accident Location of A Fishing Vessel.
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Fig. 5. JONSWAP Spectrum for Significant Wave Height 2.5m.
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Fig. 6. 3D Model of A Fishing Vessel.

Table 3. Displacement of the models using Rhino and K-Ship

Ttem Light Fl}ll Load Caps}zing

Ship Fish GR. Accident
K-Ship(ton) 26.240 43.976 48.006
Rhino(ton) 26.436 4891 48.808
Disp. difference(%) 0.741 0.072 1.643
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Table 5. Radius of Gyration (R.G.) and Damping Ratio

Full Load | Capsizing
Fish GR. Accident

Light

Item Ship

R.G. for X, Z Directions

3.525m (0.25 x LBP)

RG

for Y Direction 1.755m (045 x B)

Damping Ratio

1% of Critical Damping Coeficient
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Fig. 7. Roll RAO for Light ship Condition.
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Fig. 11. Roll Response Spectrum for F.G. Departure Condition.
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Fig. 12. Roll Response Spectrum for Capsizing Accident Condition.
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Table 5. Short Term Statistics Analysis for Roll Motion (unit: deg)

Wave Light Full Load Capsizing
Direction Ship Fish GR. Accident
0 5 6 12
30 9 11 21
60 12 14 29
90 14 16 32
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