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Study on the Safety of Flooded Ships in Waves
by

Shigesuke ISHIDA, Tomihiro HARAGUCHI, Iwao WATANABE,
Yoshitaka GAWA, Toshifumi FUJIWARA and Sunao MURASHIGE

Abstract

Motivated by the disaster of ESTONIA in 1994, the safety standard for RO-RO passenger vessels was
deliberated in IMO. One of the major parts of the discussion was the damage stability because wide
non-separated car decks of this type of ships reduce the stability drastically once free flooded water through a
damage opening is piled up on them. In order to contribute to the discussion, Ship Research Institute conducted
the research project of “Study on the Safety of Flooded Ships in Waves” from 1995 to 1997.

By model tests in beam waves, the motion of ship, the amount of accumulated water on deck and the
occurrence of capsize in various test parameters were investiga'lied. As the result, the effects of GM, initial heel
angle, center casing, wave period and so on were clarified. It was characteristic that the time-averaged height
of water on deck above the calm sea surface was within a narrow range in various model conditions and was
confirmed that this quantity is the key index of the danger of capsizing. With these results the scope of the
proposal by United Kingdom for IMO was also discussed.

In addition, the coupling motion of the ship and the water on deck was examined by experiments and
numerical simulations. It was found that two kinds of roll motion with different amplitudes and periods coexist
in some conditions even in regular waves with moderate heights, and that some of these complicated roll

motions have typical properties of low-dimensional deterministic chaos.
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Table 2.1 Principal Particulars
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Ship Model (scale ratio:1/23.5)

Intact Damaged Intact Damaged
Length L, 101.0m 4.3m
Breadth B 16.0m 0.681m
Depth D 5.7Tm 0.236m
Draft d 4.3Tm 5.22m 0.186m 0.222m
Freeboard f 1.17m 0.33m 0.050m 0.014m
Ro-Ro deck height 4.84m 0.206m
Displacement W 3821.15¢ 272.69%kg
Height of center of gravity KG | 5.87m 0.25m
Metacentric height GM 1.62m 3.12m 0.069m 0.133m
Natural period of roll motion T;. | 9.40sec. 8.43sec. 1.94sec. 1.74sec.

Canter casing
{Removable) /

Fig.2.1 Ro-Ro Model and Damage
Experiment

Opening  for

(unit:mm, Broken lines and circles on deck in the
lower figure show locations of water level meter
of capacitance type and wave height gauge,
respectively.)
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Table3.2 Comparison of Present Model with Joint North
West European Project

PRESENT]
sHIP1[s]| sHiP2(s] -
Madel Scale 42.05 3466 | 4857
Length/Beam (L/B) 5.04 510 .80
Beam/ draught (B/d) 425 444 3.79
Displacament (A) (ons)| 12.400.0 | 12.000.0 | 150200
Block Coefficient (Cg) 0.582 0612| 0522
Intact Fresboard (F) 1.68 260 2.90
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Table3.3 Model Condition for Experiment and

Compliance with SOLAS’90
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4 0240 1005080 | 190
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( O:Compliant X :Non—compliant)
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Table3.4 Experimental Condition vs Sigmificant Wave
Height and Occurrence of Capsize

Initial

Deck Height] Heel Peak Periad of Wave

(m) Angle Spectrum(sec)

(de: 13.65 | 11.55 | 945
© 1105501 12,580 10,530
10.55% | 944 | 632%
9.760Q | 8.58x | 8.740
8790 | 7.550 | 5080
753x | 755% | §74%
7.03% | 629% | 549%
6.530Q | 5.390 | 5.050
10.550112.580110.53Q
8.79Q | 9.440 | 8.420
5.27% | 472% | 3.16%
479% | 419% | 281x%
463% | 402% | 269% | 1.910
| 4.390 | 3.730 | 2.530 | 1.530
( O:Non—capsize X :Capsize)

7.35
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3.820
3.82x
347 %
3060
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255x
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Table 4.1 Liapunov Exponents 4,

M1 2] 13 Ha s
w=3kg, H=8.9cm | 0.203+0.009 -0.006+0.012 -0.831+0.018 -2.470+£0.059 -12.023+£0.255
w=>5kg, H=18.2cm | 0.2244+0.012 -0.053+0.016 -0.7644+0.023 -1.651£0.025 -3.191+0.037
w=>5kg, H=18.6cm | 0.330+£0.018 0.013+0.006 -0.767+0.012 -1.159+0.023 -2.78240.070
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