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Abstract

To develop a practical estimation method for the impact load owing to deck wetness and bow
flare slamming, series of model tests in regular and irregular waves were conducted. Green sea
loads were measured using models of a bulk carrier and a general cargo ship. Water impact
pressure on the bow flare was measured using a model of Post-Panamax container ship.

Applying the model of flooded waves, an estimation method of ship motion and green sea loads
when the deck wetness occurs frequently is proposed. Having compared with measured data, it is
found that the present method shows good agreement with the measured one. A probability
density function of green sea loads is calculated by the use of the prediction method, which had
been developed by the one of authors. It is found that the calculated probability agrees very well
with the measured one. It is concluded that not only the validity of the present method but also
the consistency of the measured green sea loads with a physical explanation.

Based on these findings, the effects of the dynamic load factor of green sea loads and the bow
height on the green sea loads are examined. It is found that these effects should be taken into
account for the rational design load of the hatch cover.

Measured water impact pressure owing to bow flare slamming in the long crested waves is
calculated using the estimation method, which takes a nonlinear effect of ship hull into account. It
is found that the calculated impact pressure agrees well with the measured one. A practical
prediction method for a probability density function of water impact pressure on the bow flare is
proposed. It is found that the calculated probability agrees with the measured one. It is confirmed
that the probability density function of water impact pressure could be estimated by the use of the
present method without an empirical formula.
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Table 2.1 Principal Particulars of bulk carrier

Table2.3

Ship Model
Lpp(m) 307.0 4.5
B(m) 50.42 0.739
D(m) 26.61 0.390
d(m) 19.44 0.285
Bow height(m) 7.16 0.105
GM(m) 7.467 0.109
Ch 0.806 0.806
Disp.(ton) 260523.00 0.82

Table 2.2 Conditions of experiments
(Irregular waves)

Encounter Angle deg x =180° | x =90°
Significant Wave Height(m) 10.6

Wave period(sec) 14

Froude Number(Fn) 0.131, 0.014 | 0.131

Table 2.3 Conditions of experiments
(Regular head seas)

Wave Height(m)

6 10, 12, 14

Wave length(A /L)

0.6 1.5 0.6 1.5

Froude Number(Fn) | 0.131, 0.014 0.131
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Table 2.4 Scale of panels

lengthx width

PG-1

100x 100

PG-2

180x 236

PG-3

207x 322

Fig.2.5

(unit: mm)
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Table2.5 Principal particulars of a cargo ship

Ship Model

Lpp(m) 160.0 5.0
B(m) 24.13 0.75
d(m) 9.58 0.30
D(m) 15.79 0.49
Disp.(m’) 24546.32 0.75
Block coef. :Cy 0.66 0.66
GM(m) 3.03 0.09
Longitudinal

gyration(K /Lpp) 0.252 0.252
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(Horizontal, Vertical)
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Fig.2.9 Setup of measuring instruments on a
cargo ship

Table2.6 Conditions of experiments (Head seas)

Wave Height(m) 4 8,10,12
Wave length(A/L) 0.6,0.8,1.0,1.2,1.5 0.8,1.0,1.2
4knot 2knot
1SSC

12m 10.4

500 500
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4knot Fn=0.0390 2 knot
Fn=0.0195
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Fig.2.10 Amplitude ratio of heave (Head seas,
Fn=0.039)
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Fig.2.12 Amplitude ratio of Pitch (Head seas,
Fn=0.039)

Pitch (Fn=0.0195, ¥=180°)

——Cal(NSM)
08 | ® Exp.(Hw=4m) T
X Exp.(Hw=8m)
06 | A Exp.(Hw=10m) <
7 ¢ Exp.(Hw=12m)
g p( ) 7
: ]
02
0
0 0.5 1 1.5 2

ML

Fig.2.13 Amplitude ratio of Pitch (Head seas,
Fn=0.0195)
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Fig.2.14 Amplitude ratio of vertical acceleration
at F.P. (Head seas, Fn=0.039)
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Fig.2.15 Amplitude ratio of vertical acceleration
at F.P. (Head seas, Fn=0.0195)
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Fig.2.16 Phase angle between pitch and vertical
acceleration at F.P. (Head seas, Fn=0.039)
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Fig.2.17 Phase angle between pitch and vertical
acceleration at F.P. (Head seas, Fn=0.0195)
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Fig.2.18 Amplitude ratio of vertical acceleration
at S.S. 9 (Head seas, Fn=0.039)
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Fig.2.23 Amplitude ratio of vertical acceleration
at S.S. 8 (Head seas, Fn=0.0195)
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Fig.2.26 Amplitude ratio of relative water height
at stem (Head seas, Fn=0.039)
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Fig.2.27 Amplitude ratio of relative water height
at stem (Head seas, Fn=0.0195)
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Fig.2.28 Phase angle between pitch and relative
water height at stem (Head seas, Fn=0.039)
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Fig.2.29 Phase angle between pitch and relative
water height at stem (Head seas, Fn=0.0195)
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Fig.2.30 Amplitude ratio of relative water height
at S.S. 9 1/2 (Head seas, Fn=0.039)
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Fig.2.31 Amplitude ratio of relative water height
at S.S. 9 1/2 (Head seas, Fn=0.0195)
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Fig.2.33 Phase angle between pitch and relative
water height at S.S. 9 1/2 (Head seas,
Fn=0.0195)
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Fig.2.34 Amplitude ratio of relative water height
at S.S. 7 (Head seas, Fn=0.039)
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Fig.2.35 Amplitude ratio of relative water height
at S.S. 7 (Head seas, Fn=0.0195)
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Fig.2.36 Phase angle between pitch and relative
water height at S.S. 7 (Head seas, Fn=0.039)
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Fig.2.37 Phase angle between pitch and relative
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Fig.2.38 Amplitude ratio of relative water height
at S.S. 5 (Head seas, Fn=0.039)
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Fig.2.39 Amplitude ratio of relative water height
at S.S. 5 (Head seas, Fn=0.0195)
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Fig.2.40 Phase angle between pitch and relative
water height at S.S. 5 (Head seas, Fn=0.039)
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Fig.2.41 Phase angle between pitch and relative
water height at S.S. 5 (Head seas, Fn=0.0195)
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Fig.2.42 Amplitude ratio of relative water height
at S.S. 3 (Head seas, Fn=0.039)

RW.L. (S.8.3, Fn=0.0195, y=180°)

—— Cal(NSM)
1.4 ® Exp.(Hw=4m)
12 + X Exp.(Hw=8m)
1k A Exp.(Hw=10m)
% o Exp.(Hw=12m)
w 0.8
=06
0.4 <.‘>
ol \_
0 .
0 0.5 1 1.5 2

Fig.2.43 Amplitude ratio of relative water height
at S.S. 3 (Head seas, Fn=0.0195)
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Fig.2.44 Phase angle between pitch and relative
water height at S.S. 3 (Head seas, Fn=0.039)
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Fig.2.45 Phase angle between pitch and relative
water height at S.S. 3 (Head seas, Fn=0.0195)
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Fig.2.46 Effect of wave height on pressure due to
green sea (P1 (S.S.10.2), Head seas, Fn=0.039)
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Fig.2.47 Effect of wave height on pressure due to
green sea (P1 (S.S.10.2), Head seas, Fn=0.0195)
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Fig.2.48 Effect of wave height on pressure due to
green sea (P2 (S.S.9.75), Head seas, Fn=0.039)
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Fig.2.49 Effect of wave height on pressure due to
green sea (P2 (S.S.9.75), Head seas, Fn=0.0195)
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Fig.2.50 Effect of wave height on pressure due to
green sea (P3 (S.S.9.5), Head seas, Fn=0.039)
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Fig.2.51 Effect of wave height on pressure due to
green sea (P3 (S.S.9.5), Head seas, Fn=0.0195)
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Fig.2.52 Effect of wave height on green sea load
at No.1 hatch position (S.S.9) (Head seas,
Fn=0.039)

Green Sea Load (S.S.9, Fn=0.0195)

30 i i

25 e WL=0.8
g 20 Ho ML=1.0
> 15 anL=12 B
Z

5t 4

0 2 4 6 8 10 12 14
Hw(m)

jZmu]

Fig.2.53 Effect of wave height on green sea load
at No.1 hatch position (S.S.9) (Head seas,
Fn=0.0195)
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Fig.2.54 Effect of wave height on green sea load
at No.2 hatch position (S.S.8) (Head seas,
Fn=0.039)
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Table 2.8 Locations of pressure gauges on bow

flare
Longitudinal Horizontal Vertical distance
distance from distance from from water Line
80m midship(m) Center Line(m) (m)
Tabel 2.7 Body Plan Pl 146.25 0.00 8.48
. P2 141.90 3.14 8.02
Fig.2.64 P3 141.90 7.95 10.97
P4 127.71 4.47 5.01
Fig.2.64 6 P5 127.71 8.05 8.00
Tabel P6 127.71 12.97 10.97
PG 134.81 8.85 10.01
2.8 2000Hz
X =180° X =135°
A/L 0.8 1.0 1.2 3
F.P. S.S.9 $.5.8 3 59
12 14m 4 X =90°
F.P. A/L 1.0 1.5 2.0 3
(Stem) 4 5 9 12m 3
§.5.91/2 S.S.7 S.S.5 S.S.3 5 24 5kt Fn=0.239
Fn=0.239
PG P6 X =180° X =135°
1SSC
12m 13.5
500 500
24 5kt
Fn=0.239
Fig.2.64 Body Plan of a Post-Panamax Container
Table 2.7 Principal particulars of Post-Panamax ()
Container
Ship Model Fig.2.65 Fig.2.78
L,, (m) 283.8 5.0 1
Breadth (m) 42.80 0.75
Depth (m) 04.00 0.42 A /L
Draft (m) 14.00 0.25 (NSM)
Displacement (ton) 107072.20 0.59 NSM
GM (m) 1.08 0.02
Block coefficient Cg  0.63 0.63
Longitudinal Gyration0.244 0 244 5m
(<y/Lpp)

(NSM)
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Fig.2.66 Amplitude ratio of pitch (Head seas,
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Fig.2.67 Amplitude ratio of surge (Head seas,
Fn=0.239)

Fig.2.71 Amplitude ratio of sway (Bow seas,
Fn=0.239)
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Fig. 2.76 Amplitude ratio of sway (Beam seas,
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Fig. 2.72 Amplitude ratio of roll (Bow seas,
Fn=0.239)
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Fig. 2.73 Amplitude ratio of yaw (Bow seas,
Fn=0.239)
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Fig.2.74 Amplitude ratio of heave (Beam seas,

Fn=0.239)
Pitch(3@=90°)
1.2 I
1 ——Cal.(NSM)
0.8 1 @ Exp.(Hw=5m)
y : X Exp.(Hw=9m)
0.6 A Exp.(Hw=12m)
0.4
0.2
o . N Py
0 0.5 1 1.5 2
AL

Fig.2.75 Amplitude ratio of pitch (Beam seas,

Fn=0.239)
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Fig.2.77 Amplitude ratio of roll
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Fig.2.78 Amplitude ratio of yaw (Beam seas,
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Fig.2.79 Amplitude ratio of vertical acceleration at
F.P. (Head seas, Fn=0.239)
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Fig.2.80 Amplitude ratio of vertical acceleration at
S.S.9 (Head seas, Fn=0.239)
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Fig.2.81 Amplitude ratio of vertical acceleration at
S.S.9 (Head seas, Fn=0.239)
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Fig.2.82 Phase angle between pitch and vertical
acceleration at F.P. (Head seas, Fn=0.239)
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Fig.2.83 Phase angle between pitch and vertical
acceleration at S.S.9 (Head seas, Fn=0.239)
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Fig.2.84 Phase angle between pitch and vertical
acceleration at S.S.8 (Head seas, Fn=0.239)
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Fig.2.85 Amplitude ratio of vertical acceleration
at F.P. (Bow seas, Fn=0.239)
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Fig.2.86 Amplitude ratio of vertical acceleration
at S.S.9 (Bow seas, Fn=0.239)
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Fig.2.87 Amplitude ratio of vertical acceleration
at S.S.8 (Bow seas, Fn=0.239)
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Fig.2.89 Phase angle between pitch and vertical
acceleration at F.P. (Bow seas, Fn=0.239)
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Fig.2.92 Phase angle between pitch and
horizontal acceleration at F.P. (Bow seas,
Fn=0.239)
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Fig. 2.93 Amplitude ratio of vertical acceleration
at F.P. (Beam seas, Fn=0.239)



Vertical acceleration (S.S. 9, y=90°)
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Fig. 2.94 Amplitude ratio of vertical acceleration
at S.S.9 (Beam seas, Fn=0.239)
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Fig. 2.95 Amplitude ratio of vertical acceleration
at S.S.8 (Beam seas, Fn=0.239)
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Fig.2.96  Amplitude ratio of  horizontal

acceleration at F.P. (Beam seas, Fn=0.239)

Vertical acceleration (F.P., x=90°)

180
.
90
E,
<3 0
s 05 1 5
90 . S
— Cal(NSM) "
® Exp.(Hw=5m) X
-180 % » Exp.(Hw=9m)
A Exp.(Hw=12m)| 1

Fig.2.97 Phase angle between pitch and vertical
acceleration at F.P. (Beam seas, Fn=0.239)
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Fig.2.98 Phase angle between pitch and vertical
acceleration at S.S.9 (Beam seas, Fn=0.239)
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Fig.2.99 Phase angle between pitch and vertical
acceleration at S.S.8 (Beam seas, Fn=0.239)
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Fig.2.101 Amplitude ratio of relative water height
at Stem (Head seas, Fn=0.239)
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Fig. 2.102 Amplitude ratio of relative water height
at S.5.91/2 (Head seas, Fn=0.239)
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Fig.2.103 Amplitude ratio of relative water height
at S.S.7 (Head seas, Fn=0.239)
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Fig.2.104 Amplitude ratio of relative water height
at S.S.5 (Head seas, Fn=0.239)
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Fig.2.105 Amplitude ratio of relative water height
at S.S.3 (Head seas, Fn=0.239)
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Fig.2.106 Phase angle between pitch and relative
water height at Stem (Head seas, Fn=0.239)
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Fig.2.107 Phase angle between pitch and relative
water height at S.5.91/2 (Head seas, Fn=0.239)
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Fig.2.108 Phase angle between pitch and relative
water height at S.S.7 (Head seas, Fn=0.239)
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Fig.2.109 Phase angle between pitch and relative
water height at S.S.5 (Head seas, Fn=0.239)
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Fig.2.110 Phase angle between pitch and relative
water height at S.S.3 (Head seas, Fn=0.239)
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Fig.2.111 Amplitude ratio of relative water height
at Stem (Bow seas, Fn=0.239)
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Fig.2.112 Amplitude ratio of relative water height
at S.S.91/2 (Bow seas, Fn=0.239)
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Fig.2.113 Amplitude ratio of relative water height
at S.S.7 (Bow seas, Fn=0.239)
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Fig.2.114 Amplitude ratio of relative water height
at S.S.5 (Bow seas, Fn=0.239)
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Fig.2.115 Amplitude ratio of relative water height
at S.S.3 (Bow seas, Fn=0.239)
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Fig.2.116 Phase angle between pitch and relative
water height at Stem (Bow seas, Fn=0.239)
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Fig.2.117 Phase angle between pitch and relative
water height at S.S5.91/2 (Bow seas, Fn=0.239)
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Fig.2.118 Phase angle between pitch and relative
water height at S.S.7 (Bow seas, Fn=0.239)
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Fig.2.119 Phase angle between pitch and relative
water height at S.S.5 (Bow seas, Fn=0.239)
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Fig.2.120 Phase angle between pitch and relative
water height at S.S.3 (Bow seas, Fn=0.239)
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Fig.2.121 Amplitude ratio of relative water height
at Stem (Beam seas, Fn=0.239)
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Fig.2.122 Amplitude ratio of relative water height
at S.S.91/2 (Beam seas, Fn=0.239)
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Fig.2.123 Amplitude ratio of relative water height
at S.S.7 (Beam seas, Fn=0.239)
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Fig.2.124 Amplitude ratio of relative water height
at S.S.5 (Beam eas, Fn=0.239)
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Fig.2.128 Phase angle between pitch and relative
water height at S.S.7 (Beam seas, Fn=0.239)
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Fig.2.125 Amplitude ratio of relative water height
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at S.S.3 (Beam seas, Fn=0.239)
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Fig.2.126 Phase angle between pitch and relative
water height at Stem (Beam seas, Fn=0.239)
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Fig.2.127 Phase angle between pitch and relative
water height at S.5.91/2 (Beam seas, Fn=0.239)

Fig.2.129 Phase angle between pitch and relative
water height at S.S.5 (Beam seas, Fn=0.239)
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Fig.2.130 Phase angle between pitch and relative
water height at S.S.3 (Beam seas, Fn=0.239)
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Fig.2.131 Effect of wave height on water impact
pressure (P1, Head seas, Fn=0.239)
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Fig.2.132 Effect of wave height on water impact
pressure (P2, Head seas, Fn=0.239)
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Fig.2.133 Effect of wave height on water impact
pressure (P3, Head seas, Fn=0.239)
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Fig.2.134 Effect of wave height on water impact
pressure (P4, Head seas, Fn=0.239)
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Fig.2.135 Effect of wave height on water impact
pressure (P5, Head seas, Fn=0.239)
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Fig.2.136 Effect of wave height on water impact
pressure (P6, Head seas, Fn=0.239)
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Fig.2.137 Effect of wave height on water impact
pressure (PG, Head seas, Fn=0.239)
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Fig.2.138 Effect of wave height on water impact
pressure (P1, Bow seas, Fn=0.239)
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pressure (P5, Bow seas, Fn=0.239)
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Effect of wave height on water impact
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Fig.2.139 Effect of wave height on water impact
pressure (P2, Bow seas, Fn=0.239)
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Fig.2.143 Effect of wave height on water impact
pressure (P6, Bow seas, Fn=0.239)

PG (3=135°, Fn=0.239)

80
70
60
o 50
40
30
20

mA«

P3(;=135°, Fn=0.239)

1 © Hw=5m

| X Hw=9m Py

— & Hw=12m

— ¢ Hw=14m

e 1 4

10 o le)

0 02 04 06 08 1 12 14 16
ML

Fig.2.140 Effect of wave height on water impact
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Fig.2.144 Effect of wave height on water impact
pressure (PG, Bow seas, Fn=0.239)
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Effect of wave height on water impact
pressure (P4, Bow seas, Fn=0.239)
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(Head seas, Hi1/3=12.0m, To1=13.5sec, Fn=0.239)
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Fig.2.146 Probability of exceedance of relative
water height at stem (Head seas, Hi3=12.0m,
To1=13.5sec, Fn=0.239)

R.W.L.(S.S. 9 1/2, x=180°, Fn=0.239)

o Exp.

0.001 —--- Rayleigh(exp.)

— Rayleigh(Cal.)

Probability of exceedance
(=]
2
T

0.0001 |

(m)

Fig.2.147 Probability of exceedance of relative
water height at S.S. 91/2 (Head seas, H1/3=12.0m,
To1=13.5sec, Fn=0.239)



Probability of exceedance

0.1

0.01

0.001

0.0001

Pitch (=135°, Fn=0.239)

o Exp.

— Rayleigh ° N

(deg)

Fig.2.148 Probability of exceedance of pitch (Bow
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Fig.2.152 Probability of exceedance of water
impact pressure (Bow seas, Hi3=12.0m,
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Fig.3.6 Effect of wave height on amplitude ratio
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Fig.3.10 Effect of wave height on amplitude
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seas, Fn=0.0585)

R.W.H. at stem (head seas, Fn=0.039)

Hw(m) Exp. Cal.
5 1
4 | W |-
8 W
4 10 & | —
° b 12] & |—---
3 r‘“—'-:\z\
w 7,757 2%
S 4 s
Ill .’.
2 Wy - =
,l ’.
----- /a
1
°
0 03 I i3 2
AL

Fig.3.11 Effect of wave height on amplitude
ration of relative water height at stem (Head
seas, Fn=0.0390)



Green sea loads

R.W.H. at stem (head seas, Fn=0.0585)
(Mean, S.S.9, head seas, Hw=12m, A/L =1.2, Fn=0.0585)

180
40
90
%D 0 /q W
W Hw(m)| Exp. Cal. E E.
4 | - Z i
-90 8 S mnam =~ 5‘:
10| & |—— i
PR
180 0.5 13 2
ML 10
0 80 90 100 110 120
Fig.3.12 Effect of height h le of . . . Hsec)
11g . etc ° hw.ax;et @8 ton P (ilse an ©o Fig.3.15 Time history of green sea load on the
t , .
1];e 301\(,)(958;;3 er heg at stem cad  seas No.1 hatch position (Head seas, Hw=12m,
n=y. AL=1.2, Fn=0.0585)
Pressure due to Green Sea
(S.8.91/2, head seas, A/L=1.0)
R.W.H. at stem (head seas, Fn=0.039) 150 R i
Bw—y— e Cal.(Fn=0.039)
120 || —Cal.(Fn=0.0195) H
1 ® Exp.Fn=0.039) :
0 O Exp.(Fn=0.0195) i
9% f
E A= e ]
-%D . ypﬂ""“—-ﬂ E 1 I
== : =60 ;
w Hw(m)| Exp. Cal. g
0 4w %
- 8 W feeeeead 30 4
10 | & |[—— ‘ E?__/-/
2| =
-180 ‘ 0 [
0 05 15 2 0 2 4 6 8 10 12 14
ML Hw(m)
Fig.3.16 Effect of wave height on pressure due to

Fig.3.13 Effect of wave height on phase angle of
green sea (P3 (S.8.91/2), Head seas, A/L=1.0)

relative water height at stem (Head seas,

Fn=0.039)
Pressuredueto Green sea Green Seaload
(S.8.91/2, head seas, Hw=12m, A/L=1.2, Fn=0.0585) (Mean, S.S.9, head seasA/L=1.0)
40 100 T T T
----- Cal. : : .
—Exp.| Cal.(Fn=0.039)
g0 || ——Cal.(Fn=0.0195)
30 f ® Exp.(Fn=0.039) :
A O Exp.(Fn=0.0195) !
BT : i ~ 60 i
Z Z /
= 10 T {
WL | [
o [V YR i Teen 20 /(‘
: 't
10 i 0 —
70 80 90 100 110 120 o 2 4 6 8 10 12 14
t(sec) Hw(m)
Fig.3.17 Effect of wave height on green sea load

Fig.3.14 Time history of pressure due to green
on the No.1 hatch position (Head seas, A/L=1.0)

sea on fore deck (P3 (S.8.91/2), Head seas,
Hw=12m, A/L=1.2, Fn=0.0585)



DX, LT HIARMEORAMEL E &
FICHREET D720z, /IS 22 X D BIs S =47
HIABMED FHEZ AW THEIBHEROFIHEZIT I,

NS 290, BB IR TR L 72 FT HiA ok B K
OV & AR E X KA O BE D & . FGEAK T,
BHARVBX oA S (BESsS) THERSICW
BT 2 CTHRETPOIMAL TS 2HAMR L,
FEEEOEBITHE PICZ-THBELNATWS, &
AR E L EIT/ND OF, T IA BT E O MK E
F aBE&Ess AV TKRADI TR L,

Fo =apB0;_ — £)? =apgBs,, (13)

TIZT, alXHBIRE. o IZKOEE, ¢ IXES
AR, BiIMbE, FiIME & S, o, I3 E MR K
MOEERZELZRDT, RFRICBWTH RO
REMBLIEZOT, 0O —fl%x Fig.3.18 KW
Fig. 3. 19 (27”9, MEEITFT BIAA MW EOMAAE, 4
IR & S EZNFNEMA T — VICHE LI E
THRT, ERMEEAT, 13)XZHVTEE L
EETRT, WHBERCESWEARIERITLL
EBREREZDHLTBY, FHTOHDIERGDMD
AP EBR COMEE L LT, AV 727X U T O
Fore deck THY#E 14knot DA IZ «=0.3, FHRIEY
it S.S.9 KN S.S.8 T, Ml 4knot DAL o
=0.158 KN 0.076, [EIAFIZHE 2knot DAL o
=0.131 KT 0.049 & L7=,

FI 5 3A FAnf TE OO HR KAE O fle 2% B BRI pp(F,,) &M E
FH kE K AT 00 B KA O e 2485 BEBAER o, (1 o) P HITIE
WX ORI Y LD,

(Fmax)dF - p77 (nmax )dnmax (14)

Flo AHRRALD AR N T L a2 L RET D
& MR E AR KA O R R BB p, (0, ) 12—V
=AM TRAD L H IR Z LB KD,

p (ﬂmax)—L“‘“e p{ 77‘“3‘} (15)
a,] 2

I To  3MEHEKRMOERFEZXRT, =
T, (1) ;5 X%xE (14) NICRAT D &, FTHIAA
o B8 OO fife SR 45 FE B (L) 1R

-
—

[sI78
)W

1 nm mw
mwwmm—

f-«/apr+\/a.eX (f VapgB \/K)

Pe(Fo) = =Py (e

2apgBo;\[F,.. 20,apgB
(16)
L%, Flo, TNERST DI LITL VB

R P(FOF)IFRKDO L IR TERHEKS,

P(F.>F)=
2
® f- B+ .F
[ e o LD
Fo 20,ap9B

(17)

FEHr A T — VAT HF U 72 iR KL O AR HE R
ZiX, FHAEREROERE S, S xx VT
D HYE 14knot THJI 8.8 (m) . FHHRIE By D i 4knot
K ¥ 2knot TENFIS.37(m) 2 TV4.84(m) TH » 7=,

’®$%%mwfﬁ%LtNW?%k)7
DOBBEMHRL Fig. 2.6 (A THRT, £/,
9*”%%%@@3&%&4% F1g 3.20 K Fig.3.21 1
RY, RPIETHEE LBl R mIBIRIZT T
e BWAMELERME L —H LT, AFE
DI HIALMBOREMPHEIZAHTHLFELE
BMTEONTHRERBIIEENICLAHEMFHERT
HDHZENRbND,

Green sea loads (4knots)

3500 /
3000
2500 ® Exp.(S.S.9)
4 Exp.(S.S.8)
22000 |—— Approximation(S.S.9) b2
% - - Approximation(S.S.8) o N
LE1500 o .
1000 —x -
LT
/ - Ta
PO
500 it R
0 - -
0 2 4 6 8 10
8 pax(m)

Fig.3.18 Relation between green sea loads and
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Fig3.22 Effect of wave height on amplitude ratio
of heave (Head seas, Fn=0.239)
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Fig.3.23 Effect of wave height on amplitude ratio
of pitch (Head seas, Fn=0.239)
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Fig.3.24 Effect of wave height on amplitude ratio
of vertical acceleration at F.P. (Head
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Fig.3.25 Effect of wave height on amplitude ratio
of vertical acceleration at S.S.9 (Head seas,
Fn=0.239)
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Fig.3.27 Effect of wave height on phase angle of
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Fig.3.28 Effect of wave height on amplitude ratio
of relative water height at stem. (Head seas,
Fn=0.239)
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Fig.3.29 Effect of wave height on amplitude ratio
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Fn=0.239)
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Fig.3.30 Effect of wave height on phase angle of

relative water height at stem (Head
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Fig.3.31 Effect of wave height on phase angle of
relative water height at S.S.9 1/2 (Head seas,
Fn=0.239)
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