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SUMMARY 
  
A practical simplified method to evaluate design loads due to green water is proposed for the structural strength 
assessment of a water breaker of container ships in order to prevent its structural damage from green water in this 
paper. The design sea state considered as the most severe in its lifetime for the relative water level (height) between 
the wave surface and upper deck at bow, which is necessary for evaluating the design loads, are firstly proposed. 
Secondly, simplified formulae to evaluate the relative water level at bow are developed. Finally, simplified formulae 
for the practical design loads (pressures) due to green water are proposed based on a series of direct load analysis 
results obtained by a commercial CFD code using the so-called “dam breaking flow” model with respect to different 
ship speeds, relative water levels between the wave surface and upper deck and distances from bow to water breaker. 
  
  
1.  INTRODUCTION 
  
The loads due to green water in extreme waves may 
cause damages to goods carried on the exposed deck, 
facilities or equipments (for instance, a water breaker in 
the case of container ships) on the exposed deck. Figure 
1 shows an example of a damaged water breaker of a 
Panamax container ship. 
  

 
(a) View from bow 

Collapse damage

Concave and convex damage 
positions due to buckling 

Collapse damage

Concave and convex damage 
positions due to buckling 

 
(b) View from stern 

Figure 1 An example of a damaged water breaker of a 
Panamax container ship 

Although the water breaker of container ships does not 
generally apply the steel ship rules, its damage may in 
turn damage the connected hull structures. In order to 
prevent such structural damages of the water breaker, it 
is necessary to evaluate design loads due to green water 
which are equivalent to the extreme values in long-term 
predictions at an exceedance probability level of 10-8 
corresponding to a 25-year ship’s lifetime. As the 
phenomenon of green water is a very complicated and 
strongly nonlinear problem, there are little realistic and 
practical methods to evaluate the loads due to green 
water so far. Therefore, a practical simplified method to 
evaluate the design loads due to green water on the 
water breaker of container ships is proposed. 
  
Firstly, the design sea state considered as the most 
severe for the relative water level (height) between the 
wave surface and upper deck at bow, which is 
necessary for evaluating the design loads due to green 
water are proposed based on the results of a series of 
direct load analyses of 18 container ships of different 
ship lengths and speeds. 
  
Secondly, simplified formulae to evaluate the relative 
water level at bow are developed.  
  
Finally, simplified formulae for the practical design 
loads (pressures) due to green water are proposed based 
on a series of direct load analysis results by a 
commercial CFD code (Flow-3D [1]) using the so-
called “dam breaking flow” model with respect to 
different ship speeds, relative water levels between the 
wave surface and upper deck and distances from bow to 
water breaker. 

Inclination approximately 30 
degrees occurred due to damage 
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2. EVALUATION OF THE RELATIVE WATER 
LEVEL  
  
In order to evaluate relative water level (height) 
between the wave surface and upper deck at bow, the 
design sea state considered as the most severe for the 
relative water level in ship’s lifetime is investigated 
firstly. The design sea state used in this paper is a short-
term sea state that generates response values equivalent 
to the long-term predictions (exceedance probability 
Q=10-8, all headings) of the concerned response. 
Furthermore, for further practical use from the 
viewpoint of the design, design regular waves of the 
relative water level that generate response values 
equivalent to the response values under the design sea 
states are then proposed as equivalent design waves, 
considering that the regular waves are simple and the 
phases between various design loads are clear. 
  
2.1 DESIGN SEA STATE  
  
Making use of the statistical property [2] that only the 
sea state at which the maximum response, that is, the 
standard deviation of the response value becomes 
maximum, is significant for the long-term predicted 
value in the range of small exceedance probability 
(where the extreme value may occur just once or 
several times in the intended service lifetime of a ship), 
the selection of the mean wave period and wave 
encountering angle required for setting the design sea 
state of the relative water level between the wave 
surface and upper deck at bow is studied. A series of 
direct load analyses of the relative water level were 
carried out for 18 container ships of different ship 
lengths. Table 1 shows the principal particulars of the 
ships used in the study. The full loading condition for 
each ship was chosen for the analyses, meanwhile four 
ship speeds, Vs (service speed), 75%Vs, 50%Vs and 
25%Vs were used to investigate speed effect on the 
responses. 
  
Table 1 List of ships used in the parametric study by 
direct load analyses 

No. L B D Cb d V
1 110 18.2 11.0 0.77 7.8 15.0
2 121 24.2 11.0 0.71 8.2 15.0
3 136 25.0 12.8 0.66 8.8 17.3
4 150 25.0 12.8 0.68 8.7 18.0
5 172 27.6 14.0 0.65 10.0 19.1
6 181 28.0 14.0 0.65 9.5 20.0
7 191 32.2 16.8 0.63 10.5 20.0
8 195 32.2 19.0 0.61 11.6 19.2
9 202 32.2 21.4 0.61 11.5 20.0
10 230 32.2 18.2 0.63 11.6 23.3
11 230 32.2 21.0 0.59 10.9 22.0
12 236 32.2 21.2 0.59 10.3 23.5
13 261 32.2 21.2 0.63 12.2 24.0
14 273 32.2 21.2 0.67 13.1 23.9
15 281 32.2 21.3 0.67 12.7 23.2
16 283 37.1 21.8 0.61 12.5 23.5
17 283 37.2 21.8 0.59 11.7 23.5
18 287 40.0 23.9 0.66 13.0 23.0  

The procedure of selecting the short-term sea state 
includes performing, firstly, the seakeeping analysis of 
the ships, secondly, the determination of response 
function of the relative water level for each ship. Next, 
the short-term predictions are made using the 
determined response functions and wave spectra. The 
combinations of the mean wave period (Tm) and wave 
encountering angle (χ) at which the standard deviation 
per significant wave height becomes maximum are 
selected. For estimating the short-term predictions, the 
ISSC-1964 wave spectrum and a directionality function 
(2/π)cos2θ  were used. 
  
Table 2 Selected results of the dominant sea states of 
the relative water level at FP 

χ Tm χ Tm χ Tm χ Tm
1 180 7.8 180 7.5 180 7.2 180 6.8
2 180 8.1 180 7.9 180 7.6 180 7.2
3 180 8.4 180 8.1 180 7.8 180 7.4
4 180 8.7 180 8.3 180 8.0 180 7.7
5 180 9.2 180 9.0 180 8.6 180 8.2
6 180 9.5 180 9.2 180 8.9 180 8.5
7 180 9.9 180 9.5 180 9.2 180 8.8
8 180 9.8 180 9.4 180 9.2 180 8.9
9 180 10.1 180 9.8 180 9.4 180 9.1
10 180 10.5 180 10.2 180 9.8 180 9.4
11 180 10.4 180 10.1 180 9.8 180 9.4
12 180 10.4 180 10.1 180 9.8 180 9.4
13 180 11.1 180 10.7 180 10.4 180 10.1
14 180 11.2 180 10.7 180 10.4 180 10.1
15 180 11.2 180 10.7 180 10.4 180 10.2
16 180 11.3 180 10.8 180 10.5 180 10.3
17 180 11.3 180 11.0 180 10.6 180 10.3
18 180 11.4 180 11.1 180 10.6 180 10.3

No. V=100％VS V=75％VS V=50％VS V=25％VS

Relative water level at FP

 
  
Table 2 shows the selected results of the dominant sea 
states of the relative water level corresponding to the 
ships. From the results, it can be seen that the dominant 
sea states (design sea states), at which the standard 
deviation of the relative water level at FP becomes 
maximum are all the head sea (χ=180 deg.) for the 
different ship lengths and speeds. 
  
On the other hand, the first author has developed the 
practical estimation methods of design sea states that 
could reproduce short-term sea states equivalent to the 
short-term sea states selected at the stress level for 
primary structural members of tankers [3], bulk carriers 
[4] and container ships [5] focusing mainly on yielding 
and buckling strengths for which the maximum loads 
are critical. In these methods, the following four 
dominant wave-induced load components that 
correspond to four design sea states are proposed. 

(1) Vertical wave bending moment (head sea) 
corresponding to Design sea state L-180: 180° (head 
sea) 
(2) Vertical wave bending moment (following sea) 
corresponding to Design sea state L-0: 0° (following 
sea) 
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(3) Roll (beam sea, or quartering sea) 
corresponding to Design sea state R: 90° or 60° 
(beam or quartering sea) 
(4) Hydrodynamic pressure at waterline (beam 
sea) corresponding to Design sea state P: 90° (beam 
sea) 

  
As an example, the selected results of the dominant sea 
states of the vertical wave bending moment amidships 
corresponding to all the container ships listed in Table 1 
are shown in Table 3. It can be confirmed from Table 3 
that the design sea states of the vertical wave bending 
moment at which the standard deviation becomes 
maximum are also the head sea (χ=180 deg.) for the 
different ship lengths and speeds. Furthermore, the 
mean wave period (Tm) of the design sea states for the 
relative water level are compared with those for vertical 
wave bending moment regarding each ship, and it is 
found that they are almost in the same degree for each 
ship and speed. Therefore, the developed simplified 
formulae (mainly wave height, wave encountering 
angle, mean wave period, ship motions, etc) of the 
design sea state for the vertical wave bending moment 
amidships [3-5] can be also applied to estimation of the 
design sea state of the relative water level. 
  
Table 3 Selected results of the dominant sea states of 
the vertical wave bending moment amidships 

χ Tm χ Tm χ Tm χ Tm
1 180 7.7 180 7.4 180 7.2 180 7.0
2 180 7.9 180 7.6 180 7.4 180 7.3
3 180 8.1 180 7.9 180 7.6 180 7.5
4 180 8.3 180 8.1 180 8.0 180 7.9
5 180 9.0 180 8.7 180 8.3 180 8.3
6 180 9.0 180 8.8 180 8.6 180 8.6
7 180 9.2 180 8.9 180 8.7 180 8.6
8 180 9.2 180 9.0 180 8.8 180 8.8
9 180 9.5 180 9.3 180 9.1 180 9.1
10 180 10.0 180 9.6 180 9.4 180 9.5
11 180 9.6 180 9.3 180 9.2 180 9.2
12 180 9.6 180 9.4 180 9.3 180 9.3
13 180 10.3 180 10.2 180 10.1 180 10.3
14 180 10.6 180 10.4 180 10.3 180 10.6
15 180 10.5 180 10.3 180 10.4 180 10.6
16 180 10.4 180 10.3 180 10.3 180 10.4
17 180 10.4 180 10.2 180 10.2 180 10.3
18 180 10.6 180 10.4 180 10.3 180 10.5

Vertical wave bending moment amidships
V=100％VS V=75％VS V=50％VS V=25％VSNo.

 
  
2.2 SIMPLIFIED FORMULAE OF SHIP MOTIONS 
(PITCH AND HEAVE)  
  
In this section, design regular waves of the relative 
water level that generate response values equivalent to 
the response values under the selected design sea states 
mentioned above are then proposed as equivalent 
design waves for further practical use. First pitching 
and heaving motions in the proposed equivalent design 
waves at which the responses of the relative water level 
and vertical wave bending moment become maximum 
are proposed respectively as follows. 
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Here, 
C1: wave height coefficient, corresponding to the IACS 
UR 11’s vertical wave bending moment given as: 
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L: scantling length of ship, in meters 
B: greatest moulded breadth of ship, in meters 
Cb: block coefficient corresponding to design moulded 
draft of ship 
V: ship speed used in calculation, in knots 
HL-180: wave height of equivalent design waves 
corresponding to the design sea state L-180 (vertical 
wave bendng moment maximum), in meters 
HP: wave height of equivalent design waves 
corresponding to the design sea state P (hydrodynamic 
pressure at waterline maximum), in meters 
λL-180: wave length of equivalent design wave 
corresponding to corresponding to the design sea state 
L-180, equal to L, in meters 
λP: wave length of equivalent design wave 
corresponding to corresponding to the design sea state 
P, equal to 0.35L, in meters 
C4: Correction coefficient for regular wave height, 0.65 
for HL-180 and 0.70 for HP
C5: Correction coefficient for non-linear effect, 0.90 for 
HL-180 and 0.70 for HP. 
  
Figure 2 shows comparisons of the long-term values of 
pitching and heaving motions in full loading condition 
corresponding to 18 container ships listed in Table 1 
and a 8000 TEU container ship (L × B × D × d = 328 m 
× 45.8 m × 24.4 m × 13.0 m) obtained by the direct load 
analyses (Pitch_D, Heave_D) and those obtained by the 
simplified formulae (Pitch_F, Heave_F). “V100”, 
“V75”, “V50” and “V25” in the figure indicate the 
results for 100%, 75%, 50% and 25% of the design 
service ship speed respectively. Three-dimensional 
effect and nonlinear effect in large waves are not 
considered in the long-term predictions. Therefore, the 
correction coefficient C5 equal to 1.0 has been used in 
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the simplified formulae (1) and (2). (Hereinafter, the 
same assumption is made for the comparison with long-
term prediction values). Although there are slight 
differences between the results obtained by direct load 
analyses and the simplified formulae, Figure 1 shows 
that the simplified formulae used for evaluating the 
pitching and heaving motions of long-term predictions 
are quite accurate for the practical use. 
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Figure 2 Comparisons of pitching and heaving motions 
obtained by direct load analyses and those obtained by 
simplified formulae for the full loading condition 
  
2.3 SIMPLIFIED FORMULAE OF THE RELATIVE 
WATER LEVEL BETWEEN THE WAVE SURFACE 
AND UPPER DECK AT BOW 
  
If pitching and heaving motions at the centre of the 
gravity of the ship are known, the relative water level 
between the wave surface and upper deck at bow at the 
proposed equivalent design waves as shown in Figure 3 
can be evaluated by the following formulae. 
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Here, 
RM: relative water level between the wave surface and 
static design moulded draft waterline, in meters 
VS: design service ship speed, in knots 
V: ship speed used in calculation, in knots 
zd: distance from the bottom of the water breaker to the 
design moulded draft of ship, in meters 
θ: pitching motion, in rad. 
ζ: heaving motion, in meters 
CL: correction coefficient of the ship length, 0.77+(L-
100)/500 for L<215 m, 1.0  for L 215 m. ≥
  

Water breaker

RM
Zre

z d

 
Figure 3 A sketch of the definition of the relative water 
level between the wave surface and upper deck at bow 
  
Figure 4 gives comparisons of the long-term values of 
the relative water level between the wave surface and 
upper deck at FP in full loading condition 
corresponding to 19 container ships mentioned above 
obtained by the direct load analyses (Zre_D) and those 
obtained by the proposed simplified formulae (Zre_F). 
From Figure 4, it is observed that the values of the 
relative water level (Zre_F) are almost equal to the long-
term prediction values (Zre_D). That is, the relative 
water level can be estimated with very good accuracy 
using the proposed simplified formulae. 
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Figure 4 Comparisons of the relative water level 
between the wave surface and upper deck at FP 
obtained by direct load analyses and those obtained by 
simplified formulae 
  
2.4 CORRECTION OF NON-LINEAR EFFECT 
  
As described in 2.2, C5 is the correction coefficient 
considering the nonlinear effect due to wave heights, 
which is to be taken equal 0.90 and 0.7 for calculating 
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pitching and heaving motions respectively. These 
values are based on the results of very comprehensive 
experiments made on a post-Panamax container ship 
model [6]. As an example, Figure 5 shows the model 
test results of a post-Panamax container ship in large 
waves. This figure shows the results of long-term 
predictions of the relative water level between the wave 
surface and static design moulded draft waterline at 
stem in head sea (χ=180°) obtained by the measured 
data. “H=3.5 m”, “H=9.0 m” and “H=15.0 m” in the 
figure indicate the model test results corresponding to 
the wave heights of 3.5 m, 9.0 m and 15.0 m 
respectively. The 75% design service ship speed is used 
in the experiments. It can be observed from Figure 5 
that the long-term prediction values of the model test 
results decrease as the wave height increases from 3.5 
m to 15.0 m due to the nonlinear phenomenon. 
Furthermore, it is found that the long-term prediction 
value of the relative water level between the wave 
surface and static design moulded draft waterline  (RM) 
at stem at the probability level 10-8 (corresponding to 
the 25-year ship’s lifetime) in the 15 m wave decreases 
14% compared to that in the 3.5 m wave approximately. 
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Figure 5 The long-term predcition distribution of the 
relative water level (RM) at stem in waves of different 
wave heights obtained by model tests 
  
A series of calculations regarding the relative water 
levels between the wave surface and static design 
moulded draft waterline (RM) at FP corresponding to 
19 container ships mentioned above are conducted by 
the proposed formula (4) using different nonlinear 
coefficients and the results are shown in Table 4. In 
Table 4, two kinds of the results are compared with 
each other. The results in column with notation “L.” 
means the linear results. That is the correction 
coefficient C5 equal to 1.0 is used in calculating 
pitching and heaving motions. The other under notation 
“N.L.” is nonlinear results in which C5 0.90 for pitching 
motion and 0.70 for heaving motion is used. “Ratio” in 
Table 4 represents the ratio of N.L./L. Furthermore, the 
75% design service ship speed V=75%Vs is used in the 
calculation. From the results shown in Table 4, it can be 
confirmed that the results considering the nonlinear 
effect is about 14% smaller than those in which the 

nonlinear effect is not considered. Therefore, it could be 
concluded through comparing with the experimental 
results of the relative water level mentioned above that 
it is proper to take the correction coefficient C5 equal to 
0.90 and 0.7 for calculating pitching and heaving 
motions respectively. 
  
Table 4 Comparisons of the relative water level 
between the wave surface and static design moulded 
draft waterline at FP obtained by simplified formula 
using different nonlinear coefficient C5

No. L (m) N.L. L. Ratio
1 110 17.4 20.7 0.84
2 121 18.1 21.3 0.85
3 136 19.8 23.3 0.85
4 150 20.7 24.4 0.85
5 172 22.7 26.6 0.85
6 181 23.3 27.4 0.85
7 191 24.0 28.0 0.86
8 195 24.4 28.5 0.86
9 202 25.1 29.3 0.86

10 230 26.5 30.9 0.86
11 230 26.9 31.4 0.86
12 236 27.2 31.7 0.86
13 261 27.0 31.4 0.86
14 273 26.5 30.9 0.86
15 281 26.4 30.8 0.86
16 283 27.0 31.3 0.86
17 283 27.3 31.7 0.86
18 287 26.1 30.2 0.86
19 318 26.1 30.2 0.87

Average= 0.86
S.D. 0.01

R M  

V =75% V S

 
  
3. PRACTICAL DESIGN LOADS (PRESSURES) 
DUE TO GREEN WATER 
  
If the relative water level due to green water between 
the wave surface and upper deck at the bow is known, 
the pressures on the water breaker due to green water 
could be evaluated by CFD method based on the so-
called “dam breaking flow” model. A commercial CFD 
code, Flow-3D [1] is used in our study. 
  
3.1 SOME NUMERICAL EXAMPLES OF THE 
PRESSURES ON THE WATER BREAKER DUE TO 
GREEN WATER  
  
The model used for evaluating the pressures due to 
green water by a CFD (Flow-3D) code is two 
dimensional and shown in Figure 6. The water column 
height and length above the deck is set as Zre. It is 
assumed that the water column has an initial velocity 
equal to the ship speed and a direction parallel to the 
upper deck of the ship. Furthermore, at the beginning of 
the calculation, the water column is suddenly released 
at t=0, then the green water flows along the upper deck 
and eventually hits the vertical water breaker located at 
a distance lx from the stem to the water breaker. The 
propagation velocity of the wave and particle velocity 
are neglected in the numerical analysis as they are 
relatively small in comparison with the ship speed. 
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Figure 6 A sketch of the model used in the numerical 
analysis of the pressures due to green water 
  
For three different size container ships listed in Table 1 
(Ship A: No. 1, L=110 m, Ship B: No. 12, L=236 m and 
Ship C: No. 18, L=287 m), some numerical simulation 
of the pressures on water breaker due to green water are 
carried out for 4 ship speeds V (100%, 75%, 50% and 
25% of the design service ship speed (Vs) and 5 
distances lx (from the stem to the water breaker) 
respectively. The obtained results are shown in Figure 7 
(a), (b) and (c) for Ship A, Ship B and Ship C 
respectively. The vertical axis of each figure in Figure 7 
expresses the pressure due to green water while the 
horizontal one represents the distance (lx) from the stem 
to the water breaker. The notations “V100”, “V75”, 
“V50” and “V25” in the figures indicate the results for 
100%, 75%, 50% and 25% of the design service ship 
speed Vs respectively. The bold line in each figure 
indicates the distance lx1 from FP to water breaker of 
each ship. The distance lx1 used in the calculations is 6.5 
m, 12.2 m and 12.0 m for Ship A, Ship B and Ship C 
respectively. 
  
From the figure, it can be understood that the resultant 
pressures due to green water with the ship speed above 
50% of the design service ship speed Vs are very large.  
  
When a ship encounters rough weather such as the 
design sea state proposed in this paper at which the 
relative water level between the wave surface and upper 
deck at bow becomes maximum, the appropriate actions 
such as the speed-down of the ship (the natural speed-
down of the ship is also included) are taken based on 
the judgment of the operator considering various 
aspects such as ensuring the ship’s stability, preventing 
cargo shifting, and protecting machinery, equipment 
and outfitting items. Furthermore, the speed-down of 
the ship is also confirmed in the full-scale 
measurements on hull responses of a post-Panamax 
container ship in service [7], when ship navigates in 
similar sea states. The ship speed V will fall to 30% to 
50% of the design service ship speed Vs. Considering 
these discussed things, a series of numerical simulation 
of the pressure on water breaker due to green water is 
carried out by the fore-mentioned CFD code using the 
different parameters of the ship speed V (under 50% of 
the design service ship speed Vs), the distance from the 
stem to the water breaker lx and the relative water level 
between the wave surface and upper deck at bow Zre. 
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(b) Ship B 

0

200

400

600

800

1000

1200

1400

0 5 10 15 20 25
lx  (m)

P
 (k

N
/m

2 )

v100

v75

v50

v25

Ship C

 
(c) Ship C 

Figure 7 Some numerical examples of pressures on the 
water breaker due to green water 
  
3.2 SIMLIFIED FORMULAE OF THE PRESSURES 
ON THE WATER BREAKER DUE TO GREEN 
WATER 
  
Using the CFD method mentioned above, a series of 
numerical simulation of the pressures on water breaker 
due to green water is carried out varying the parameters 
such as the ship speed V (three kinds: V=50%Vs, 
V=30%Vs and V=20%Vs), the distance from stem to 
the water breaker lx (seven kinds:  lx=5m, lx=7.5m, 
lx=10m, lx=12.5m, lx=15m, lx=17.5m and lx=20m) and 
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the relative water level between the wave surface and 
upper deck at bow Zre (eight kinds: Zre=5m, Zre=8m, 
Zre=10m, Zre=12m, Zr =14m, Zre=16m, Zre=18m and 
Zre=20m). The obtained numerical results are shown in 
Figure 8 (a), (b), and (c) corresponding to three 
different ship speeds (V=50%Vs, V=30%Vs and 
V=20%Vs) respectively. The vertical axis of each 
figure in Figure 8 indicates the pressure due to green 
water. The horizontal axis expresses the relative water 
level between the wave surface and upper deck at bow 
Zre. The results regarding the different the distance lx 
are shown in the figures in solid line with different 
symbols (◊, *, ○, ×, ∆, +, □) respectively. 
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(a) Ship speed V=50%Vs 
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(b) Ship speed V=30%Vs 
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(c) Ship speed V=20%Vs 

Figure 8 Results obtained by a series of numerical 
simulation of the pressures on water breaker due to 
green water by the CFD code 

Based on these numerical results, simplified formulae 
for evaluating the pressures on the water breaker due to 
green water are proposed as follows. 
  

rexrex ZlfZlfP )()( 2
2

1 +=   (kN/m2)                   (5) 
                      (6) 3

3
2

2101 )( xxxx lalalaalf +++=
3

3
2

2102 )( xxxx lblblbblf +++=                  (7) 
  
Here,  

Lll xx 03.01 +=  
Lx1: distance from FP to the water breaker, in meters 
a0, a1, a2, a3 and  b0, b1, b2, b3 : coefficients which are 
dependent on the ship speed used in the calculation and 
are taken as the values given in the Table 5 and Table 6 
respectively. 
  
Table 5 The values of coefficients a0, a1, a2 and a3

Speed a0 a1 a2 a3
V=50%Vs -2.70 0.65 -0.0370 0.69×10-3

V=30%Vs -2.25 0.71 -0.0500 1.12×10-3

V=20%Vs -0.50 0.27 -0.0175 0.36×10-3

  
Table 6 The values of coefficients b0, b1, b2 and b3

Speed b0 b1 b2 b3
V=50%Vs 94.0 -12.5 0.580  -9.00×10-3

V=30%Vs 69.5 -13.0 0.833 -17.75×10-3

V=20%Vs 36.5 -6.4 0.386  -7.85×10-3

  
Figure 9 (a), (b) and (c) show comparisons of the 
pressures due to green water above the upper deck of 
the ship for three different ship speeds respectively 
corresponding to the various distance from the stem to 
the water breaker lx and relative water level between the 
wave surface and upper deck at the bow Zre obtained by 
the direct CFD analyses (PCFD) and those obtained by 
the simplified formulae (PSIMP). “V=50%Vs”, 
“V=30%Vs” and “V=20%Vs” in the figure indicate that 
the results are for 50%, 30% and 20% of the design 
service ship speed respectively. It could be concluded 
from the figures that the proposed simplified formulae 
can be used for evaluating the pressures due to green 
water with very adequate accuracy. 
  
4. CONCLUSIONS 
  
Regarding the structural strength assessment of the 
water breaker of container ships, the dominant short-
term sea states, which generate response values 
equivalent to the long-term predictions of the relative 
water level (height) between the wave surface and 
upper deck due to green water at bow at probability 
level Q=10-8, were evaluated and proposed as the 
design sea states. It was confirmed that the dominant 
short-term sea states of the relative water level (height) 
due to green water are all the head sea (χ=180 deg.) for 
the different ship lengths and speeds and almost same 
as those of the vertical wave bending moment 
amidships for the same ship. The simplified formulae to 
evaluate the relative water level at bow are developed 
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based on a series of direct load analyses of 18 container 
ships of different ship lengths and speeds. It was 
confirmed that the results obtained by the simplified 
formulae are in very good agreement with those 
obtained by the direct load analyses. Simplified 
formulae for practical design loads (pressures) due to 
green water are also proposed based on a series of 
direct load analysis results by a commercial CFD code 
(Flow-3D) using the so-called “dam breaking flow” 
model for different ship speeds, different relative water 
levels between the wave surface and upper deck and 
different distances from bow to the water breaker. 
Furthermore, the values of the pressures obtained by the 
simplified formulae due to green water were confirmed 
to be equivalent to the numerical values of the direct 
load analysis by the CFD code. 
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Figure 9 Comparison of the pressures due to green 
water obtained by direct CFD analyses and those 
obtained by simplified formulae for three different ship 
speeds 
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