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L1 0O O O
Figure 2.1 Body plan (Tanker)
Figure 2.2 Body plan (Cargo ship, Typel and Type2)
Figure 2.3 Body plan (Cargo ship, Typel and Type3)
Figure 2.4 Setup of measuring instruments (Tanker)
Figure 2.5 Setup of measuring instruments (Cargo ship)
Figure 2.6 Setup of measuring instruments at fore deck
Figure 2.7 Pitch amplitude ratio (Tanker, F,,=0.1, H/A=1/30)
Figure 2.8 Heave amplitude ratio (Tanker, F,,=0.1, H/A=1/30)
Figure 2.9 Surge amplitude ratio (Tanker, F,,=0.1, H/A=1/30)
Figure 2.10 Roll amplitude ratio (Tanker, F,,=0.1, H/A=1/30)
Figure 2.11 Sway amplitude ratio (Tanker, F,,=0.1, H/A=1/30)
Figure 2.12 Yaw amplitude ratio (Tanker, F,,=0.1, H/A=1/30)
Figure 2.13 Amplitude ratio of relative water height at stem (Tanker, F,,=0.1, H/A=1/30)

Figure 2.14 Amplitude ratio of relative water height at S.S. 6 1/2
(Tanker, Weather side, F,,=0.1, H/A=1/30)

Figure 2.15 Amplitude ratio of relative water height at S.S. 4 1/2
(Tanker, Weather side, F,,=0.1, H/A=1/30)

Figure 2.16 Amplitude ratio of relative water height at S.S. 4 1/2
(Tanker, Lee side, F,,=0.1, H/A=1/30)

Figure 2.17 Amplitude ratio of relative water height at S.S. 1 1/2
(Tanker, Weather side, F,,=0.1, H/A=1/30)

Figure 2.18 Time histories of green water height, load and pressure

(Tanker, F,, = 0.1, A /L = 1.0, H/A = 1/25, y = 180 ° )

Figure 2.19 Effect of wave height on green water volume (mean green water height)

(Tanker, F,,=0.1, x = 180° )

Figure 2.20 Effect of wave height on green water load (mean green water pressure)

(Tanker, F,,=0.1, x = 180° )
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Figure 2.21 Effect of wave height on green water pressure

(Tanker, 50mm fore from F.P., F},=0.1, y = 180° )

Figure 2.22 Effect of ship speed on green water volume (mean green water height)

(Tanker, H/A=1/30, xy = 180° )

Figure 2.23 Effect of ship speed on green water load (mean green water pressure)

(Tanker, H/A=1/30, xy = 180° )

Figure 2.24 Effect of ship speed on green water pressure

(Tanker, 50mm fore from F.P., H/A=1/30, x = 180° )
Figure 2.25 Effect of wave height on pitch (Cargo ship, F,=0.17, x=180"°)
Figure 2.26 Effect of wave height on heave (Cargo ship, F,,=0.17, x=180°)
Figure 2.27 Effect of wave height on pitch (Cargo ship, F,=0.17, x=150"°)
Figure 2.28 Effect of wave height on heave (Cargo ship, F,,=0.17, x=150°)

Figure 2.29 Effect of wave height on relative water height at stem
(Cargo ship, F,,=0.17, x=180° )

Figure 2.30 Effect of wave height on relative water height at stem
(Cargo ship, F,,=0.17, y=150° )

Figure 2.31 Effect of wave height on green water load (mean green water pressure)

(Cargo ship, A/L =1.0, F,,=0.17, x=180° )

Figure 2.32 Effect of wave height on green water load (mean green water pressure)

(Cargo ship, A/L =1.2, F,,=0.17, x=180° )

Figure 2.33 Effect of wave height on green water load (mean green water pressure)

(Cargo ship, A/L =1.0, F,,=0.17, x=150° )

Figure 2.34 Effect of wave height on green water load (mean green water pressure)

(Cargo ship, A/L =1.2, F,,=0.17, x=150° )

Figure 2.35 Effect of wave height on green water volume (mean green water height)

(Cargo ship, A/L =1.0, F,,=0.17, x=180° )

Figure 2.36 Effect of wave height on green water volume (mean green water height)

(Cargo ship, A/L =1.2, F,,=0.17, x=180° )
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Figure 2.37 Effect of wave height on green water volume (mean green water height)

(Cargo ship, A\/L =1.0, F,,=0.17, x=150"° )

Figure 2.38 Effect of wave height on green water volume (mean green water height)

(Cargo ship, A\/L =1.2, F,,=0.17, x=150"° )

Figure 2.39 Effect of wave height on green water pressure

(Cargo ship, 50mm fore from F.P., \/L =1.0, F,,=0.17, x=180°)

Figure 2.40 Effect of wave height on green water pressure

(Cargo ship, 50mm fore from F.P., \/L =1.2, F,,=0.17, x=180°)

Figure 2.41 Effect of wave height on green water pressure

(Cargo ship, 50mm fore from F.P., \/L =1.0, F,,=0.17, x=150"°)

Figure 2.42 Effect of wave height on green water pressure

(Cargo ship, 50mm fore from F.P., \/L =1.2, F,,=0.17, x=150"°)

Figure 2.43 Effect of wave height on green water pressure

(Cargo ship, 50mm aft from F.P., \/L =1.0, F,,=0.17, x=180° )

Figure 2.44 Effect of wave height on green water pressure

(Cargo ship, 50mm aft from F.P., \/L =1.2; F,,=0.17, x=180° )

Figure 2.45 Effect of wave height on green water pressure

(Cargo ship, 50mm aft from F.P., \/L =1.0, F,,=0.17, x=150° )

Figure 2.46 Effect of wave height on green water pressure

(Cargo ship, 50mm aft from F.P., \/L =1.2; F,,=0.17, x=150° )

Figure 2.47 Efffect of wave height on horizontal impact pressure

(Cargo ship, S.S.9, F,, = 0.17, A\ /L = 1.0, x = 180°)

Figure 2.48 Probability of exceedance of relative water height at stem

(Tanker, Hy/3=3.13m, Ty1=6.19sec, F,=0.1, x=180"° )

Figure 2.49 Probability of exceedance of green water load (mean green water pressure)

(Tanker, Hy/3=3.13m, Ty1=6.19sec, F,=0.1, x=180"° )

Figure 2.50 Probability of exceedance of green water pressure

(Tanker, Hy/3=3.13m, Ty1=6.19sec, F,=0.1, x=180"° )
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Figure 2.51 Probability of exceedance of relative water height at stem

(Cargo ship, Hy/3=3.70m, To1=6.73sec, F;,,=0.17, x=180"° )

Figure 2.52 Probability of exceedance of green water load (mean green water pressure)

(Cargo ship, H;/3=3.70m, Ty =6.73sec, F;,,=0.17, x=180"° )

Figure 2.53 Probability of exceedance of green water pressure

(Cargo ship, 50mm fore from F.P., H,/3=3.70m, Ty,=6.73sec, F,,=0.17, x=180° )

Figure 2.54 Probability of exceedance of green water pressure

(Cargo ship, 50mm aft from F.P., Hy/3=3.70m, Tt,=6.73sec, F},=0.17, x=180° )
Figure 2.55 Pitch amplitude ratio (Cargo ship, F,,=0.17, xy=180°)
Figure 2.56 Heave amplitude ratio (Cargo ship, F,,=0.17, xy=180°)
Figure 2.57 Phase angle between pitch and heave (Cargo ship, F,,=0.17, xy=180"°)
Figure 2.58 Surge amplitude ratio (Cargo ship, F,,=0.17, x=180° )
Figure 2.59 Phase angle between pitch and surge (Cargo ship, F,=0.17, y=180° )
Figure 2.60 Amplitude ratio of relative water height at stem (Cargo ship, F,=0.17, x=180°)

Figure 2.61 Phase angle between pitch and relative water height at stem
(Cargo ship, F,=0.17, x=180° )

Figure 2.62 Example of time histories of relative water height at stem

(Cargo ship, F,=0.17, x=180°, A\/L=1.0, H/A=1/50)

Figure 2.63 Example of time histories of relative water height at stem

(Cargo ship, F,=0.17, x=180°, A\/L=1.0, H/A=1/25)
Figure 2.64 Effect of wave height on pitch (Cargo ship, F,=0.17, x=180"°)
Figure 2.65 Effect of wave height on heave (Cargo ship, F,,=0.17, x=180°)

Figure 2.66 Effect of wave height on relative water height at stem
(Cargo ship, F,=0.17, x=180° )

Figure 3.1 Flow of green water on deck (Tanker, F,,=0.1, x=180° , H/A=1/35)
Figure 3.2 Coordinate system for dam break model
Figure 3.3 Coordinate system for channel flow

Figure 3.4 Model of flooded waves

68



Figure 3.5 Relation between relative water height at stem and green water volume (Tanker)
Figure 3.6 Relation between relative water height at stem and green water volume (Cargo ship)

Figure 3.7 Time history of green water height
(Tanker, F,, = 0.1, A\ /L = 1.5, H/A =1/35, x = 180° )

Figure 3.8 Time history of green water height
(Tanker, F,, = 0.1, A\ /L = 1.5, H/A = 1/25, x = 180° )

Figure 3.9 Flow of green water on deck (Tanker, F,,=0.1, x=180° , H/A=1/25)

Figure 3.10 Time histories of green water height
(Cargo ship, F,, =0.19, A /L =12 H/A=1/35 x =180°

Figure 3.11 Relation between green water load and volume

(Tanker, F,, = 0.1, A\ /L = 1.0, H/A = 1/25, x = 180° )

Figure 3.12 Relation between green water load and volume

(Tanker, F, = 0.12, A /L = 1.0, H/A = 1/30, x = 180 ° )

Figure 3.13 Comparison between measured and estimated green water height at S.S.9

(\/L=1.0, F,=0.17, y = 180°)

Figure 3.14 Classification of wave impact models

((a)Wagner type, (b)Bagnold+Wagner Type, (¢)Bagnold Type)

Figure 3.15 Water height distribution on deck
(Cargo ship, At=0.03sec, \/L =1.2, H/A=1/30, F,,=0.17, x=180° )

Figure 3.16 Time history of horizontal impact pressure

(Cargo ship, S.S.9, \/L =1.2, H/A=1/35, F,,=0.19, x=180° )
Figure 3.17 Water impact mopdel of Wagner
Figure 3.18 Model of green water impact

Figure 3.19 Time history of green water volume (mean green water height)

(Tanker, F, = 0.1, A /L = 1.0, H/A = 1/30, y = 180 ° )

Figure 3.20 Time history of green water pressure

(Tanker, 120mm fore from F.P., F,, = 0.12, A\ /L = 1.25, H/A = 1/30, x = 180° )

Figure 3.21 Comparison between measured and estimated green water volume (mean green
water height) (Cargo ship, A/L =1.0, F,,=0.17, x=180°)
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Figure 3.22 Comparison between measured and estimated green water volume (mean green
water height) (Cargo ship, A\/L =1.2, F,,=0.17, x=180° )

Figure 3.23 Comparison between measured and estimated green water volume (mean green
water height) (Cargo ship, A\/L =1.0, F,,=0.17, x=150°)

Figure 3.24 Comparison between measured and estimated green water volume (mean green

water height) (Cargo ship, A\/L =1.2, F,,=0.17, x=150° )

Figure 3.25 Comparison between measured and estimated green water load (mean green water
pressure) (Tanker, F,, = 0.1, x = 180°)

Figure 3.26 Comparison between measured and estimated green water pressure (Tanker, 120mm
fore from F.P., F,, = 0.1, x = 180° )

Figure 3.27 Comparison between measured and estimated green water load (mean green water
pressure) (Tanker, H/A=1/30, x = 180° )

Figure 3.28 Comparison between measured and estimated green water pressure

(Tanker, 120mm fore from F.P., H/A=1/30, x = 180° )

Figure 3.29 Comparison between measured and estimated green water load (mean green water

pressure) (Tanker, F,, = 0.1, x = 150° )

Figure 3.30 Comparison between measured and estimated green water pressure

(Tanker, 120mm fore from F.P., F,,= 0.1, x = 150° )

Figure 3.31 Comparison between measured and estimated green water load (mean green water
pressure) (Tanker, H/A=1/30, x = 150 ° )

Figure 3.32 Comparison between measured and estimated green water pressure

(Tanker, 120mm fore from F.P., H/A=1/30, x = 150° )
Figure 3.33 Flow of green water on deck (Tanker, F,,=0.1, x=150°, H/A=1/35)

Figure 3.34 Comparison between measured and estimated green water load (mean green water

pressure) (Cargo ship, A/L =1.0, F,,=0.17, x=180° )

Figure 3.35 Comparison between measured and estimated green water load (mean green water
pressure) (Cargo ship, \/L =1.2, F,,=0.17, xy=180° )

Figure 3.36 Comparison between measured and estimated green water load (mean green water
pressure) (Cargo ship, A/L =1.0, F,,=0.17, x=150° )

Figure 3.37 Comparison between measured and estimated green water load (mean green water
pressure) (Cargo ship, \/L =1.2, F,,=0.17, x=150° )
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Figure 3.38 Comparison between measured and estimated green water pressure

(Cargo ship, 50mm fore from F.P., \/L =1.0, F,,=0.17, x=180°)

Figure 3.39 Comparison between measured and estimated green water pressure

(Cargo ship, 50mm fore from F.P., \/L =1.2, F,,=0.17, x=180°)

Figure 3.40 Comparison between measured and estimated green water pressure

(Cargo ship, 50mm fore from F.P., \/L =1.0, F,,=0.17, x=150"°)

Figure 3.41 Comparison between measured and estimated green water pressure

(Cargo ship, 50mm fore from F.P., \/L =1.2, F,,=0.17, x=150"°)

Figure 3.42 Comparison between measured and estimated green water pressure

(Cargo ship, 50mm aft from F.P., \/L =1.0, F,,=0.17, x=180° )

Figure 3.43 Comparison between measured and estimated green water pressure

(Cargo ship, 50mm aft from F.P., \/L =1.2, F,,=0.17, x=180° )

Figure 3.44 Comparison between measured and estimated green water pressure

(Cargo ship, 50mm aft from F.P., \/L =1.0, F,,=0.17, x=150° )

Figure 3.45 Comparison between measured and estimated green water pressure

(Cargo ship, 50mm aft from F.P., \/L =1.2, F,,=0.17, x=150° )

Figure 3.46 Comparison between measured and estimated horizontal impact pressure

(Cargo ship, S.S.9, F,, = 0.17, A\ /L = 1.0, x = 180°)

Figure 3.47 Comparison between measured and estimated horizontal impact pressure

(Cargo ship, S.S5.9, F,, = 0.17, A\ /L =12, x =180°)

Figure 3.48 Comparison between measured and estimated horizontal impact pressure

(Cargo ship, S.S.9, A /L = 1.0, H/A =1/25, x = 180°)

Figure 3.49 Comparison between measured and estimated horizontal impact pressure

(Cargo ship, S.S.9, A /L =12, H/A =1/35 x =180°)

Figure 4.1 Relation between green water load and relative water height at stem (Tanker, F,=0.1)

Figure 4.2 Relation between green water load and relative water height at stem (Cargo ship,

F,=0.17)

Figure 4.3 Estimation of probability of exceedance of green water load (mean green water pres-

sure) (Tanker, Hy/3=3.13m, Tty =6.19sec, F,=0.1, x=180° )
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Figure 4.4 Estimation of probability of exceedance of green water load (mean green water pres-
sure) (Cargo ship, H;/3=3.70m, Ty, =6.73sec, F,=0.17, x=180° )

Figure 4.5 Effect of bow height on probability of exceedance of green water load (mean green
water pressure) (Tanker, H;/3=>5.0m, Ty =>5.56sec, F;,=0.1, x=180° )

Figure 4.6 Effect of bow height on probability of exceedance of green water load (mean green
water pressure) (Cargo ship, Hy/3=5.0m, Ty;=5.56sec, F,=0.17, x=180° )

Figure 4.7 Effect of wave height on probability of exceedance of green water load (mean green
water pressure) (Tanker, Tp;=5.56sec, F,=0.1, x=180°)

Figure 4.8 Effect of wave height on probability of exceedance of green water load (mean green

water pressure) (Cargo ship, Tp;=5.56sec, F,,=0.17, x=180°)

Figure 4.9 Comparison between conventional and present method for long term prediction of

green water load (mean green water pressure)

Figure 4.10 Relation between green water volume and relative water height at stem

(Cargo ship, F,,=0.17)

Figure 4.11 Estimation of probability of exceedance of green water volume (mean green water
height) (Cargo ship, H;/3=3.70m, To1=6.73sec, F,,=0.17, x=180° )

Figure 4.12 Effect of bow height on probability of exceedance of green water volume (mean
green water height) (Cargo ship, Hy/3=5.0m, Ty =>5.56sec, F,,=0.17, x=180° )

Figure 4.13 Effect of wave height on probability of exceedance of green water volume (mean
green water height) (Cargo ship, Ty =5.56sec, F,,=0.17, x=180°)

Figure 4.14 Comparison between conventional and present method for long term prediction of

green water volume (mean green water height)

Figure 5.1 Estimation of freeboard in the limited greater coastal area based on the rule for the

coastal area

Figure 5.2 Estimation of freeboard in the limited greater coastal area based on the rule for the

greater coastal area
Figure 5.3 Freeboard in the limited greater coastal area (C'p=0.68)

Figure 5.4 Estimation of minimum bow height in the limited greater coastal area based on the

rule for the greater coastal area

Figure 5.5 Estimation of minimum bow height in the coastal area based on the rule for the

greater coastal area
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Figure 5.6 Estimation of minimum bow height in the limited greater coastal area based on the

rule of green water load for the gerater coastal area

Figure 5.7 Relation of minimum bow height between the coastal and the limited greater coastal

area
Figure 5.8 Minimum bow height in the limited greater coastal area (C'z=0.68)

Figure 5.9 Location of measurement of green water load

Figure 5.10 Probability of exceedance of incident wave (H;/3= 10.6m, Tt =14.0sec)

Figure 5.11 Probability of exceedance of pitch (H;/3= 10.6m, Tt =14.0sec, x=180° , U=14kt)

Figure 5.12 Probability of exceedance ofrelative water height at stem

(Hy/3= 10.6m, To1=14.0sec, x=180 ° , U=14kt)

Figure 5.13 Probability of exceedance of relative water height at stem

(Hy/3= 10.6m, Tp1=14.0sec, x=180° , U=1.4kt)

Figure 5.14 Probability of exceedance of green water load (mean green water pressure)

(Hy/3= 10.6m, To1=14.0sec, x=180 ° , U=14kt)

Figure 5.15 Probability of exceedance of green water load (mean green water pressure)

(H1/3: 106m, T01:14.0SGC, X:90 ° s U:14kt)

Figure 5.16 Probability of exceedance of green water load (mean green water pressure)

(Hy/3= 10.6m, Tp1=14.0sec, x=180° , U=1.4kt)

Figure 5.17 Time histries of green water load (mean green water pressure) on fore deck

(Hy/3= 10.6m, Tp1=14.0sec, x=180 ° , U=14kt)

Figure 5.18 Time histries of green water load (mean green water pressure) on No.l deck

(Hy/3= 10.6m, To1=14.0sec, x=180 ° , U=14kt)

Figure 5.19 Time histries of green water load (mean green water pressure) on fore deck

(Hy/3= 10.6m, Tp1=14.0sec, x=180° , U=1.4kt)

Figure 5.20 Time histries of green water load (mean green water pressure) on No.l deck

(Hy/3= 10.6m, Tp1=14.0sec, x=180° , U=1.4kt)

Figure 5.21 Relation between green water load (mean green water pressure) and relative water
height at stem (Bulk carrier, U=14kt)
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Figure 5.22 Longitudinal distribution of green water load (mean green water pressure)

(Hy/3= 10.6m, Tp1=14.0sec, x=180° , U=1.4kt)
Table 2.1 Principal Particulars of tanker
Table 2.2 Principal Particulars of cargo ship
Table 2.3 Location of pressure gauge (distance from F.P.)

Table 5.1 Principal Particulars of bulk carrier
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Table 2.1: Principal Particulars of tanker

Ship | Model
Lyp(m) 720 | 4.0
Breadth(m) 11.5 | 0.638
Depth(m) 5.3 | 0.292
draft(m) 47 | 0.263
Displacement(ton) 2720 | 0.466
Block coefficient Cpg 0.68 | 0.68
Bow top height(m) 2.45 | 0.136
GM(m) 14 | 0.076
Longitudinal gyration (ky, / L,,) | — | 0.250

Figure 2.1:

:
le
|
|

¢

Body plan (Tanker)

I0)

9

/



Table 2.2: Principal Particulars of cargo ship

_ Model Model
Ship
(Typel and 3) | (Type2)
Lyp(m) 785 4.1 4.1
Breadth(m) 12.8 0.669 0.669
Depth(m) 7.8 0.407 0.278
draft(m) 4.52 0.236 0.236
Displacement(ton) 3136 0.447 0.447
Block coefficient Cpg 0.671 0.671 0.671
Bow top height(m) 3.78 0.198 0.168
GM(m) 1.97 0.086 0.096
Longitudinal gyration (ky, / Lyp) | — 0.274 0.274
1
B W WO A
FP.
\p. |
Type-1 |
(Base) 1 R
Type—2 |-------
1 9
|
2 |
I
| 8
I

Figure 2.2:  Body plan (Cargo ship, Typel and Type2)
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Type—1
(Base)
Type—-3 |-------

Figure 2.3:  Body plan (Cargo ship, Typel and Type3)

Table 2.3: Location of pressure gauge (distance from F.P.)

Tanker Cargo ship

P,4: 120 mm fore | P;: 50 mm fore
Pg: 70 mm fore | P5: 50 mm aft

Pe: 50 mm aft P5: 410 mm aft
Pp: 120 mm aft

7
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Figure 2.6:  Setup of measuring instruments at fore deck
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Figure 2.15:  Amplitude ratio of relative water height at S.S. 4 1/2 (Tanker, Weather side,
F,=0.1, H/\=1/30)
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Figure 2.16:  Amplitude ratio of relative water height at S.S. 4 1/2 (Tanker, Lee side, F,,=0.1,
H/\=1/30)
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Figure 2.19:  Effect of wave height on green water volume (mean green water height) (Tanker,
F,=0.1, x =180°)
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Figure 2.20:  Effect of wave height on green water load (mean green water pressure) (Tanker,
F,=0.1, x = 180°)
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Figure 2.21:  Effect of wave height on green water pressure (Tanker, 50mm fore from F.P.,
F,=0.1, x = 180°)
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Figure 2.22:  Effect of ship speed on green water volume (mean green water height) (Tanker,
H/\=1/30, x = 180° )
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Figure 2.23: Effect of ship speed on green water load (mean green water pressure) (Tanker,
H/A=1/30, xy = 180 °)
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Figure 2.24: Effect of ship speed on green water pressure (Tanker, 50mm fore form F.P.
H/A=1/30, x = 180°)
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Figure 2.26:  Effect of wave height on heave (Cargo ship, F,,=0.17, x=180° )
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Figure 2.27:  Effect of wave height on pitch (Cargo ship, F,,=0.17, x=150°)
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Figure 2.28:  Effect of wave height on heave (Cargo ship, F,,=0.17, x=150° )
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Figure 2.29:  Effect of wave height on relative water height at stem (Cargo ship, F,=0.17,
x=180°)
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Figure 2.30:  Effect of wave height on relative water height at stem (Cargo ship, F,=0.17,
x=150°)
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Mean green water pressure
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Figure 2.31:  Effect of wave height on green water load (mean green water pressure) (Cargo

ship, A/L =1.0, F,,=0.17, x=180° )
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Figure 2.32:  Effect of wave height on green water load (mean green water pressure) (Cargo
ship, A/L =1.2, F,,=0.17, x=180° )
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Figure 2.33:  Effect of wave height on green water load (mean green water pressure) (Cargo
ship, A/L =1.0, F,,=0.17, x=150° )
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Figure 2.34:  Effect of wave height on green water load (mean green water pressure) (Cargo
ship, A/L =1.2, F,,=0.17, x=150° )
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Figure 2.35:

ship, A/L =1.0, F,,=0.17, x=180° )
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Figure 2.36:

ship, A/L =1.2, F,=0.17, y=180° )
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Figure 2.37:

ship, /L =1.0, F,=0.17, x=150° )
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Figure 2.38:

ship, A/L =1.2, F,=0.17, y=150° )
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Figure 2.39:  Effect of wave height on green water pressure (Cargo ship, 50mm fore from F.P.,
AL =1.0, F,,=0.17, x=180"°)
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Figure 2.40:  Effect of wave height on green water pressure (Cargo ship, 50mm fore from F.P.,
AL =12, F,=0.17, x=180°)
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Figure 2.41:  Effect of wave height on green water pressure (Cargo ship, 50mm fore from F.P.,
AL =1.0, F,,=0.17, x=150°)
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Figure 2.42:  Effect of wave height on green water pressure (Cargo ship, 50mm fore from F.P.,
AL =12, F,=0.17, x=150°)
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Figure 2.43:  Effect of wave height on green water pressure (Cargo ship, 50mm aft from F.P.,
AL =1.0, F,,=0.17, x=180"°)
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Figure 2.44:  Effect of wave height on green water pressure (Cargo ship, 50mm aft from F.P.,
AL =12, F,=0.17, x=180"°)
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Figure 2.45:  Effect of wave height on green water pressure (Cargo ship, 50mm aft from F.P.,
AL =1.0, F,,=0.17, x=150°)
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Figure 2.46:  Effect of wave height on green water pressure (Cargo ship, 50mm aft from F.P.,
AL =12, F,=0.17, x=150°)
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Horizontal impact pressure
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Figure 2.47:  Efffect of wave height on horizontal impact pressure (Cargo ship, S.S.9, F,, = 0.17,
A/L=1.0,x=180°).
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Figure 2.48:  Probability of exceedance of relative water height at stem (Tanker, H;/3=3.13m,
To1=6.19sec, F,,=0.1, x=180° )
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Figure 2.49:  Probability of exceedance of green water load (mean green water pressure) (Tanker,
Hy/3=3.13m, T =6.19sec, F,=0.1, x=180° )
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Figure 2.50: Probability of exceedance of green water pressure (Tanker, H;/;3=3.13m,

To1=6.19sec, F,,=0.1, x=180° )
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Figure 2.51: Probability of exceedance of relative water height at stem (Cargo ship,
H1/3:3.701'I1, T01:6.73SGC, Fn:O]_?, X:180 ° )
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Figure 2.52:  Probability of exceedance of green water load (mean green water pressure) (Cargo
ship, Hy/3=3.70m, Ty, =6.73sec, F,,=0.17, x=180° )
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Figure 2.53:  Probability of exceedance of green water pressure (Cargo ship, 50mm fore from
F.P., Hy/3=3.70m, T4;=6.73sec, F,,=0.17, x=180"° )
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Figure 2.54:  Probability of exceedance of green water pressure (Cargo ship, 50mm aft from
F.P. Hy/3=3.70m, Ty1=6.73sec, F;,=0.17, x=180° )
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Figure 2.55:  Pitch amplitude ratio (Cargo ship, F,=0.17, x=180° )
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Figure 2.56:  Heave amplitude ratio (Cargo ship, F,,=0.17, x=180° )
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Figure 2.57: Phase angle between pitch and heave (Cargo ship, F,=0.17, x=180° )
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Figure 2.58:  Surge amplitude ratio (Cargo ship, F,,=0.17, x=180°)
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Figure 2.59: Phase angle between pitch and surge (Cargo ship, F,=0.17, y=180° )
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Figure 2.60: Amplitude ratio of relative water height at stem (Cargo ship, F,,=0.17, x=180° )
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Figure 2.61: Phase angle between pitch and relative water height at stem (Cargo ship, F,,=0.17,
x=180°)
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Figure 2.62: Example of time histories of relative water height at stem (Cargo ship, F,,=0.17,
x=180°, \/L=1.0, H/A=1/50)

113



Relative water height at stem
(A/L=1.0, H/ A=1/25)
AR

N

— Relative water height
----- Relative motion
0 1 2 3 5
t(sec)

Figure 2.63: Example of time histories of relative water height at stem (Cargo ship, F,=0.17,

X=180° , A/L=1.0, H/A=1/25)
. Fn=0.17)
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Figure 2.64: Effect of wave height on pitch (Cargo ship, F,,=0.17, x=180° )
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Figure 2.65:  Effect of wave height on heave (Cargo ship, F,,=0.17, x=180° )
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Figure 2.66: Effect of wave height on relative water height at stem(Cargo ship, F,,=0.17,x=180

°)
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Figure 3.1: Flow of green water on deck (Tanker, F,,=0.1, x=180° , H/A=1/35)
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Figure 3.2: Coordinate system for dam break model

q

X —~—
W A

Figure 3.3: Coordinate system for channel flow
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Figure 3.4:  Model of flooded waves
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Figure 3.6: Relation between relative water height at stem and green water volume (Cargo ship)

119



1
o
o
N
T T TTT T[T T T[T 17T

(m)
o
8
ARILARRNRARRN LA

.
a

r/é

o
TTT
r

co5 ————

(m)
o
8
RILAARRRRRRN LAY

= = <)

d
d
1
I
0
I
I
|
|
I

i v = =

~ SS.91/4
0.03

= 0.02
0.01

b . (m)

o
T P|I|IIII|IIII|IIII|IIII TTTT IIII|IIII|IIII|IIII
\l
g
If - - 4
N

0.05
0.04
0.03
|_S" 0.02

0.01

(m)

0F T

1(sec
Fn=0.1,A /L=15, H/ A =1/35

Figure 3.7:  Time histories of green water height (Tanker, F,, = 0.1, A /L = 1.5, H/\ = 1/35,
x = 180°)
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Figure 3.8:  Time histories of green water height (Tanker, F,, = 0.1, A /L = 1.5, H/\ = 1/25,
x = 180°)
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Figure 3.9:  Flow of green water on deck (Tanker, F,,=0.1, x=180° , H/A=1/25 )
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Figure 3.10:  Time histories of green water height (Cargo ship, F,, = 0.19, A /L = 1.2, H/\ =
1/35, x = 180° )
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Figure 3.11:  Relation between green water load and volume (Tanker, F,, = 0.1, A /L = 1.0,
H/A=1/25 x =180°)
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Figure 3.12:  Relation between green water load and volume (Tanker, F,, = 0.12, A /L = 1.0,
H/A=1/30, x =180°)
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Figure 3.13: Comparison between measured and estimated green water height at S.S.9

(\/L=1.0, F,=0.17, x = 180° ).
X, v b Nk

(a) >0 (b)8=0 (c)B <0

Figure 3.14:  Classification of wave impact models ((a)Wagner type, (b)Bagnold+Wagner Type,
(c)Bagnold Type)
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Figure 3.15:  Water height distribution on deck (Cargo ship, At=0.03sec, A\/L =1.2, H/A\=1/30,
F,=0.17, x=180° )
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Figure 3.16: Time history of horizontal impact pressure (Cargo ship,S.S.9, A/L =1.2,
H/\=1/35, F,=0.19, xy=180° )
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Figure 3.17:  Water impact mopdel of Wagner
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Figure 3.18:  Model of green water impact
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Figure 3.19:  Time history of green water volume (mean green water height) (Tanker, F,, = 0.1,
A/L =10 H/A=1/30, x =180°)
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Figure 3.20:  Time history of green water pressure (Tanker, 120mm fore from F.P., F},, = 0.12,
A/L =125 H/A=1/30, x =180°)
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Figure 3.21:

water height) (Cargo ship, A/L =1.0, F,,=0.17, x=180° )
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Figure 3.22:

water height) (Cargo ship, A\/L =1.2, F,,=0.17, x=180° )
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Figure 3.23:
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Figure 3.24:

water height) (Cargo ship, A\/L =1.2, F,,=0.17, x=150° )
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Mean green water pressure
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Figure 3.25:  Comparison between measured and estimated green water load (mean green water
pressure) (Tanker, F,, = 0.1, x = 180°)
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Figure 3.26: Comparison between measured and estimated green water pressure (Tanker,

120mm fore from F.P., F,, = 0.1, x = 180° )
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Figure 3.27:  Comparison between measured and estimated green water load (mean green water
pressure) (Tanker, H/A=1/30, x = 180° )
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Figure 3.28:

120mm fore from F.P., H/A=1/30, x = 180° )
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Figure 3.29:  Comparison between measured and estimated green water load (mean green water

pressure) (Tanker, F,, = 0.1, x = 150° )
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Figure 3.30: Comparison between measured and estimated green water pressure (Tanker,

120mm fore from F.P., F,,= 0.1, x = 150 °)
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Figure 3.31:  Comparison between measured and estimated green water load (mean green water
pressure) (Tanker, H/A=1/30, x = 150° )
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Figure 3.32: Comparison between measured and estimated green water pressure (Tanker,
120mm fore from F.P., H/A=1/30, x = 150° )
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Figure 3.33:  Flow of green water on deck (Tanker, F,,=0.1, x=150° , H/A=1/35)
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Figure 3.34:

pressure) (Cargo ship, A/L =1.0, F,,=0.17, x=180° )
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Figure 3.35:

pressure) (Cargo ship, A/L =1.2, F,,=0.17, xy=180° )

137

Comparison between measured and estimated green water load (mean green water



Mean green water pressure
19 (Cargo ship, A /L=1.0, x=150° )

i ;i
10 | . ]

8 /

~~ : -,' A
E 6 L y"/',/ [
< /
X i
iz, /:// Exp. | Cal.
I e Type—1| gu | . . ..
X - (Base) H X
2 - Type—2| @ |—x—
i . Type-3| A |—%—
0 L L PR T T S T T S S S T
0025 0029 0033 0.037 0.041 0.045
H/ A

Figure 3.36:  Comparison between measured and estimated green water load (mean green water
pressure) (Cargo ship, A/L =1.0, F,,=0.17, xy=150° )
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Figure 3.37:  Comparison between measured and estimated green water load (mean green water
pressure) (Cargo ship, A/L =1.2, F,,=0.17, xy=150° )
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Figure 3.38:  Comparison between measured and estimated green water pressure (Cargo ship,
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Figure 3.39:  Comparison between measured and estimated green water pressure (Cargo ship,

50mm fore from F.P., \/L =1.2, F,,=0.17, x=180°)

139



Green water pressure
(Cargo ship, A /L=1.0, x=150° )

100 — | |
[ Exp. | Cal.
| [Type—1 R SRV LI
75 (Base) /k
- | [Type-2| @ |—x— / |
N
= - — % — / T
E Type-3| A /-/ x|
Z 50 > 4L
o [ —_ 4
i /x‘/'?
25 X %
i A
® u

0025 0020 0033 0.037 0.041 0,045
H/ A

Figure 3.40:  Comparison between measured and estimated green water pressure (Cargo ship,
50mm fore from F.P., \/L =1.0, F,,=0.17, x=150°)
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Figure 3.41:  Comparison between measured and estimated green water pressure (Cargo ship,
50mm fore from F.P., \/L =1.2, F,,=0.17, x=150°)
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Figure 3.42:  Comparison between measured and estimated green water pressure (Cargo ship,
50mm aft from F.P., A\/L =1.0, F,,=0.17, x=180°)
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Figure 3.43:  Comparison between measured and estimated green water pressure (Cargo ship,
50mm aft from F.P., A\/L =1.2, F,,=0.17, x=180°)
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Figure 3.46:  Comparison between measured and estimated horizontal impact pressure (Cargo
ship, S.S.9, F,, = 0.17, A\ /L = 1.0, x = 180 ° ).
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Figure 3.47:  Comparison between measured and estimated horizontal impact pressure (Cargo
ship, S.S5.9, F,, = 0.17, A\ /L =12, x = 180° ).
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Figure 4.1:  Relation between green water load and relative water height at stem (Tanker,
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Green water load (Cargo ship)

| s
— " | Approximation |———|- - - 1
< L
8100 - /
T /
i 7 L
50 L
I A/“"
0 | | MF/ | | | | | | | |
0 0.05 0.1 0.15 0.2
8 maxm)

Figure 4.2:  Relation between green water load and relative water height at stem (Cargo ship,
F,=0.17)
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Figure 4.3:  Estimation of probability of exceedance of green water load (mean green water

pressure) (Tanker, H;/3=3.13m, Tt;=6.19sec, F,=0.1, x=180° )
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Figure 4.4:  Estimation of probability of exceedance of green water load (mean green water
pressure) (Cargo ship, Hy/3=3.70m, T5,=6.73sec, F,,=0.17, x=180° )
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Figure 4.7:  Effect of wave height on probability of exceedance of green water load (mean green
water pressure) (Tanker, Ty;=5.56sec, F,,=0.1, x=180°)
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Figure 4.8:  Effect of wave height on probability of exceedance of green water load (mean green
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Figure 4.11:  Estimation of probability of exceedance of green water volume (mean green water
height) (Cargo ship, H;/3=3.70m, T4,=6.73sec, F,=0.17, x=180° )
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Figure 4.12:  Effect of bow height on probability of exceedance of green water volume (mean
green water height) (Cargo ship, Hy/3=5.0m, Ty =>5.56sec, F,,=0.17, x=180° )
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Figure 4.13:  Effect of wave height on probability of exceedance of green water volume (mean
green water height) (Cargo ship, Ty =5.56sec, F,,=0.17, x=180°)
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Figure 4.14: ~ Comparison between conventional and present method for long term prediction of

green water volume (mean green water height)
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Freeboard in the limited greater coastal area
(Based on the rule for the coastal area)
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Figure 5.1: Estimation of freeboard in the limited greater coastal area based on the rule for
the coastal area
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Figure 5.2: Estimation of freeboard in the limited greater coastal area based on the rule for
the greater coastal area
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Freeboard in the limited greater coastal area

(CB=0.68)
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Figure 5.3: Freeboard in the limited greater coastal area (C'z=0.68)

Minimum bow height
(The limited greater coastal area)

T T T T T T T T T T T T T T T T T T T T

1.2
1.1

0.9 [ T ]
o
0.7
0.6
05 [ |
04
0.3
02 [

0.1 Approximation of results of estimation ||

0 11lllllllllllllllllllllllllA
0 20 40 60 8 100 120 140

Lpp(m)

Ratio (estimation/rule)

Figure 5.4: Estimation of minimum bow height in the limited greater coastal area based on
the rule for the greater coastal area
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Minimum bow height
(The coastal area)
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Figure 5.5: Estimation of minimum bow height in the coastal area based on the rule for the
greater coastal area
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Figure 5.6: Estimation of minimum bow height in the limited greater coastal area based on

the rule of green water load for the gerater coastal area
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Comparison of minimum bow height between

- the coastal and the limited greater coastal area
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Figure 5.7: Relation of minimum bow height between the coastal and the limited greater
coastal area
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Figure 5.8: Minimum bow height in the limited greater coastal area (Cp=0.68)
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Table 5.1: Principal Particulars of bulk carrier

Ship Model
Lyp(m) 307.0 | 45
B(m) 54.10 0.793
D(m) 26.61 | 0.390
d(m) 19.44 | 0.285
Bow top height(m) | 7.16 0.105
GM(m) 7.467 | 0.109
Cp 0.806 0.806
Displacement(ton) | 260523.0 | 0.82

PG-3

AP.SS1SS2SS3SS4 % SS 6 SS7SS8SS9 FP.

Figure 5.9:  Location of measurement of green water load
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Incident wave (H1/3=10.6m, T,=14.0sec)
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Figure 5.10:  Probability of exceedance of incident wave (H; 3= 10.6m, T 01=14.0sec)

Pitch (H1/3=10.6m, T;,=14.0sec, x =180° )
1 o

T oy | | |
o Exp. (U=14kt)
§ Rayleigh
©
e]
S 0.1
3]
X
(]
5 %,
2 g
2 0,01 \
o)
o
(al @)
@)
0.001 \
0 1 2 3 4 5 6 7

(deg.)

Figure 5.11:  Probability of exceedance of pitch (H;,3= 10.6m, Ty;=14.0sec, x=180° , U=14kt)
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Relative water height at Stem
(H1/3=10.6m, T,,=14.0sec, X =180° )

R I o= PRG 'iﬁlliliﬁm'-r I I ]
2, o Exp. (U=14kt)
§ i Rayleigh
3 i ----- Bow height
(] 1
§ 0.1 i D
o : %%)
S : 2
2 i @,
8 : N
S 0.01 :
o o o
(al ﬂi O
Bow|height of \.iessel o \
0.001 '

(&

10 15 20 25 30
(m)

Figure 5.12: Probability of exceedance of relative water height at stem (H;;3= 10.6m,
To1=14.0sec, x=180"° , U=14kt)
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Figure 5.13: Probability of exceedance of relative water height at stem (H;;3= 10.6m,
To1=14.0sec, x=180"° , U=1.4kt)

158



Mean green water pressure

(H1/3=10.6m, T;=14.0sec, x =180° )
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Figure 5.14: Probability of exceedance of green water load (mean green water
pressure)(f3=10.6m, Tp;=14.0sec, x=180° , U=14kt)
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Figure 5.15: Probability of exceedance of green water load (mean green water
pressure)(H; 3=10.6m, Tp;=14.0sec, x=90 ° , U=14kt)

159



Mean green water pressure
(H1/3=10.6m, Ty;=14.0sec, x =180° )
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Figure 5.16: Probability of exceedance of green water load (mean green water

pressure)(H; 3=10.6m, Tp;=14.0sec, x=180 ° , U=1.4kt)
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Figure 5.17: Time histries of green water load (mean green water pressure) on fore
deck(H1/3:10.6m, T01:]_4.0SGC, X:180 ° s U:14kt)
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H,,=10.6m, T=14.0sec, x =180deg
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Figure 5.18: Time histries of green water load (mean green water pressure) on No.l
deck(H1/3:10.6m, T01:14.0SGC, X:180 ° s U:14kt)
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Figure 5.19: Time histries of green water load (mean green water pressure) on fore
deck(H;/3=10.6m, Toy=14.0sec, x=180° , U=1.4kt)
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H,,=10.6m, T=14.0sec, x =180deg

6
| |
; - Exp.(PG2-2) _|U=1.4knot
| m———- CaI X
4 .
— . %
o X
<€ 3 %
E :
i
i

ol

59 5 56 L —
t(sec)

62 64

Figure 5.20: Time histries of green water load (mean green water pressure) on No.l
deck(H,/3=10.6m, Ty;=14.0sec, x=180° , U=1.4kt)
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Figure 5.21:  Relation between green water load (mean green water pressure) and relative water
height at stem (Bulk carrier, U=14kt)
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H1/3=10.6m, T=14.0sec, x =180°
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Figure 5.22: Longitudinal distribution of green water load (mean green water
pressure)(H; 3=10.6m, Tp;=14.0sec, x=180° , U=1.4kt)
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