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Theoretical and Experimental Studies on Dynamic Behavior of a Damaged Sh|p

in Waves
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Abstract

To improve maritime safety, it is very important not only to make safer design
and operation but also to do proper response in case of maritime casualty. The
Jarge—scaled casualties will be caused by loss of structural strength and stability
due to the progressive flooding and enlargement of damage by the effect of
waves and wind. To prevent foundering and structural failure, the prediction of
ship motion behavior of damaged ship in wave is necessary.

This paper describes the motion behavior of damaged ship in waves through
theoretical and experimental studies. A time domain theoretical model of
damaged ship motions and accidental flooding, which can be applied to any
type of ship or arrangement and considers the effects of flooding of
compartments, has been developed. The model tests have been carried out in
regular and irregular waves with different wave heights and directions in ship
motion basin. Those were performed for three different damaged conditions such

- as engine room bottom damage, side shell damage and bow visor damage of a
Ro—-Ro ship. Comparison of theoretical and experimental results was performed.
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Table 1 Main particulars of Ro—Ro passenger ship

ftem Symbol | Unit Ship
Length over all LoA m 174.99
Length between perpendiculars Lpp m 162.11
Breadth B m 27.6
Draft T m I L Te
7.146 6.9786 6.805
Displacement volume v m? 18,322

Longitudinal center of gravity

(from midship to F.P(+)) Lea m ~7.346
Vertical center of gravity(from base line) KGt m 13.198
Metacentric height GM m 2.47

Radius of gyration Roll (0.48) Kxx m 11.04
Radius of gyration Pitch(0.25L) Kyy m 40.525
Radius of gyration Yaw(0.250) Kzz m 40.525

Fig. 1 Photos of model of a Ro-Ro passenger ship
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Table 2 Opening size location and flooding compartments

Description

Opening

Flooding Compartment

Side shell damage

Size :

5986 mx1m
Center of location :
- Length : 104.3 m from AP
— Height : 8.5 m from BL

Length : 11.92 m
Breadth : 3 m
Height : 9.7 m

Engine room damage

Size :
Center of location :
- Length @ 53.64 m from AP
~ Height : 0 m from BL

12mx2m

Length : 35.76 m
Breadth : 15.3 m
Height : 8 m

Bow visor damage

Size :
Center of location :
- Length : 160.92 m from AP
- Height : 9.8 m from BL

Bow visor

Length : 155 m
Breadth : 25 m
Height : 5 m

Table 3 Measuring items & sensors for model tests

ltem Ch | Abbreviation Measuring Position Sensors
Waves 1 Wave1 14m from wave maker wave height
gauge
Tension of mooring cablel 2 F1_FL F.P (Left) load cell
Tension of mooring cable2 | 3 F2_FR F.P (Right) load cell
Tension of mooring cable3 | 4 F3_AR A.P (Right) load cell
Tension of mooring cable4 | 5 F4_AL AP (Left) load cell
St.18
Lateral accelerati t FP 6 ACC_L eleromet
ater celeration @ - 0.65m height from draft ace meter
St.18
ical acceleration at FP 7 ACC_V leromet
Vertica celeration a . 0.65m height from draft accelerometer
' w height
8 RBM_F at St.18.2 center ave heig
gauge
Relative wave height 9 RBM_M at St.10.7 center wave height
- . gauge
10 RBM_A Engine room wave height
at St.4.5 center gauge
Surge 11 Surge C.0.G RODYM6
Sway 12 Sway C.0.G RODYM®6
Heave 13 Heave C.0.G RODYM6
Roll 14 Roll C.0.G RODYM6
Pitch 15 Pitch C.0.G RODYM®6
Yaw 16 Yaw C.0.G RODYM6
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Table 4 Test conditions in case of engine room damage
Headin H [m] T [sec]
Wave [Deg]g [proto/[model] [Droto[/mod'el] [protﬁ/rEg(]jeu A [Lep | Remarks
3/ 0.075 10.19/1.61 162.1/4.05 1.0 0.62
3/ 0.075 12.48/1.97 243.2/6.08 1.5 0.50
90 3/ 0.075 14.41/2.28 324.2/8.11 2.0 0.44
3/ 0.075 17.65/2.79 486.3/12.16 3.0 0.36
3/ 0.075 22.79/3.60 810.5/20.26 5.0 0.28
3/ 0.075 - 7.21/1.14 81.05/2.03 0.5 0.87
3/ 0.075 10.19/1.61 162.1/4.05 1.0 0.62
Regular 135 3/ 0.075 14.41/2.28 324.2/8.11 2.0 0.44
3/ 0.075 17.65/2.79 486.3/12.16 3.0 0.36
3/ 0.075 22.79/3.60 810.5/20.26 5.0 0.28
3/ 0.075 7.21/1.14 81.05/2.03 0.5 0.87
3/ 0.075 10.19/1.61 162.1/4.05 1.0 0.62
180 3/ 0.075 12.48/1.97 243.2/6.08 1.5 0.50
3/ 0.075 14.41/2.28 324.2/8.11 2.0 0.44
3/ 0.075 17.65/2.79 486.3/12.16 3.0 0.36
9.7s/1.534s ITTC
Ss.5 9 8/ 0.075 (0.652Hz) Spectrum
o | | o | AL o
587 180 15 ds/z 372s ITTC
7710175 (0.422Hz) Spectrum
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Table 5 Test conditions in case of side shell damage

Heading Ship H [m] T [sec] A [m]
Wave [Deg] | condition | [proto] | [proto/modell | [proto/model] A /Lpp | Remarks
3 10.19/1.61 162.1/4.05 1.0
3 12.48/1.97 243.2/6.08 15
Intact 3 14.41/2.28 324.2/8.11 2.0
3 17.65/2.79 486.3/12.16 3.0
9% 3 22.79/3.60 810.5/20.26 5.0
2,3,5 10.19/1.61 162.1/4.05 1.0
2,3,5 12.48/1.97 243.2/6.08 1.5
Damage 2,3,5 14.41/2.28 324.2/8.11 2.0
2,3,5 17.65/2.79 486.3/12.16 3.0
3,5 22.79/3.60 810.5/20.26 5.0
3 7.21/1.14 81.05/2.03 05
3 10.18/1.61 162.1/4.05 1.0
Intact 3 14.41/2.28 324.2/8.11 2.0
3 17.65/2.79 486.3/12.16 3.0
Regular 135 3 22.79/3.60 810.5/20.26 5.0
2,3,5 7.21/1.14 81.05/2.03 05
2.3.5 10.19/1.61 162.1/4.05 1.0
Damage 2,3;5 14.41/2.28 324.2/8.11 2.0
2,3,5 17.65/2.79 486.3/12.16 3.0
3 22.79/3.60 810.5/20.26 5.0
2,3 7.21/1.14 81.05/2.03 05
3 10.19/1.61 162.1/4.05 1.0
Intact 3 12.48/1.97 243.2/6.08 15
3 14.41/2.28 324.2/8.11 2.0
180 3 17.65/2.79 486.3/12.16 3.0
2,3,5 7.21/1.14 81.05/2.03 0.5
2.3,5 10.19/1.61 162.1/4.05 1.0
Damage 3,5 12.48/1.97 243.2/6.08 15
2,3,5 14.41/2.28 324.2/8.11 2.0
3 17.65/2.79 486.3/12.16 3.0
Intact 3 9.7/1 534 ss5 | TTC
Spectrum
90 3 9.7/1.534 ss5 | ITTC
Spectrum
Irregular 135
180 | pamage | 5 12.4/1.961 sse | ITTC
: Spectrum
7 15.0/2.372 SS8.7 [TTC
Spectrum

Journal of SNAK, Vol. 43, No. 1, February 2006
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Table 6 Test conditions in case of bow visor damage

i
JA
nz

Bl
e

0

Wave

eading
[Deg]

H [m]
[proto/model]

T [sec]
[proto/model]

A [m]
[proto/model]

A /Lpp

Remarks

Regular

90

4/ 0.100
3/ 0.075

10.19/1.61

162.1/4.05

1.0

0.62

4/ 0.100
3/ 0.075
5/ 0.125

12.48/1.97

243.2/6.08

1.5

0.50

4/ 0.100
3/ 0.075
5/ 0.125

14.41/2.28

324.2/8.11

2.0

0.44

4/ 0.100
3/ 0.075
5/ 0.125

17.65/2.79

486.3/12.16

3.0

0.36

3/ 0.075
5/ 0.125

22.79/3.60

810.5/20.26

5.0

0.28

135

4/ 0.100
3/ 0.075
5/ 0.125

7.21/1.14

81.05/2.03

0.5

0.87

4/ 0.100
3/ 0.075
5/ 0.125

10.19/1.61

162.1/4.05

1.0

0.62

4/ 0.100
3/ 0.075
5/ 0.125

14.41/2.28

324.2/8.11

2.0

0.44

4/ 0.100
3/ 0.075
5/ 0.125

17.65/2.79

486.3/12.16

3.0

0.36

3/ 0.075

22.79/3.60

5.0

0.28

180

4/ 0.100
3/ 0.075
5/ 0.125
6/ 0.150

7.21/1.14

810.5/20.26

81.05/2.03

0.5

0.87

3/ 0.075
5/ 0.125
6/ 0.150

10.19/1.61

162.1/4.05

1.0

0.62

3/ 0.075
5/ 0.125
6/ 0.150

12.48/1.97

243.2/6.08

1.5

0.50

3/ 0.075
5/ 0.125
6/ 0.150

14.41/2.28

324.2/8.11

2.0

0.44

3/ 0.075
6/ 0.150

17.65/2.79

486.3/12.16

3.0

0.36

S8.5
SS.6
SS.7

90
135
180

3/ 0.075

9.7s/1.534s

11cC

5/ 0.125

12.4s/1.961s

ITTC

7/ 0.175

15.0s/2.372s

ITTC
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