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Study of the Heeling Angle Prediction by using Simulation Data
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Abstract - As ships become bigger, faster, and diverse, transportation has increased the usage of marine vehicles. However, ship
accidents are increasing. Ship accidents cause loss of life and property as well as environmental disasters. The occurrence of ship accidents
causes enormous economic and environmental impacts. Notably, in the case of passenger ships, methods or preventing ship accidents
are being discussed to avoid losing numerous human lives. The purpose of this study Is to provide essential data or evacuation before
reaching the dangerous time by predicting the time to reach the risk of capsizing based on the heeling angle of the passenger ship. Based
on sinking accidents between 2012 and 2016, we set up specific scenarios and simulated the PRR1 data using commercial sofiware MOSES
V20, In the case of the linear equation, the simulation results showed a low error rate because the simulation data showed the linear graph.
In the case of the quadratic equation, the error rate was low at the beginning but showed a high error rate at the subsequent angle.
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Table 2 Information of wrecked hole and connect hole
(at bow bottom, 0, 0, 0)
Measurement Unit Value
Position of wrecked hole m 80, 11, 2
Size of wrecked hole(diameter) m 0.2
Type of wrecked hole circle
Position of connect hole m 78155, 8, 5
Size of connect hole(diameter) m 0.2
Fig. 3 Vessel's compartmentation below car deck and
studied damage case
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Table 3 Sea state characteristics

Wave .
Number height Wind speed Characteristics
(m/s)
(m)

0 0 0.771 Calm(glassy)

1 0-01 2572 Calm(rippled)

2 01 -05 4.372 Smooth(wavelets)

3 05 - 1.25 6.945 Slight

4 125 - 25 9.774 Moderate

5 25 -4 12.604 Rough

6 4-6 19.291 Very rough

7 6-9 26.494 High

8 9-14 30.609 Very high

9 Over 14 32.924 Phenomenal
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Roll decay test

"""""" Reference(Numencal)
——Reference(Experimental)| |
Simulation data

Roll{?)

0 10 20 30 40 50 60 70 80 20 100
Time(sec)

Fig. 4 Roll decay test(includes results from study of
damaged ship motions taking into account floodwater
dynamics(The Specialist Committee on Prediction of
Extreme Ship Motions and Capsizing, 2002))
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Fig. 6 Result of time domain analysis
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Table 6 Result of the quadratic equation

atz+bt.+c=a, ®)
Prediction
. Angle(®) Time(sec) . Error
o 7)ol A a, b, c= 2] 5ollAl ZA F= g5 o) time at Q;
4.2 Y4B 2T ol A7 ° b R 0
» 7 468 4868 000
274 252 qZstadt a ol NRE ;744 Table 4
9 5,957 6,366 6.42
e LT
11 7,794 7,964 2.13
Table 4 Angle definition each equation 13 8,993 9,685 714
Angle Value Note 15 10,420 11,563 9.88
& > Equation 4 18 12,006 14,79 1885
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Table 5 Result of the linear equation

Prediction
Angle(®) Time(sec) time at as Error
5 3,453 3,571 3.31
7 4,868 5,000 2.64
9 5,957 6,428 7.33
11 7,794 7,857 0.80
13 8,993 9,285 3.15
15 10,420 10,714 2.74
18 12,006 12,857 6.62
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Fig. 7 Comparison of linear equation and qudratic equation
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