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Summary

 A model test was conducted for models with two kinds of bow  flare form in both regular and 

irregular waves in order to obtain information on effects of the bow flare to the deck wetness and 

asymmetry of the vertical wave bending moment. The model was made of synthetic resins so as to 

simulate bending rigidity of a full scale ship. The measured results are analysed to give the intensity 

of impact pressure in the bow, the frequency of the deck wetness and green sea and the asymmetry of 

the bending moment. Discussions are given to the effectiveness of the flare form against the deck 

wetness and the estimation method of nonlinearity of the bending moment.

1. Foreword

 The bow flare shape is connected to wave loads 
through various ways. It affects hull girder bending 

moment as a source of reserve buoyancy and nonlinear 
hydrodynamic disturbances generated in the bow 

region. It also influences wave loads as governing factor 

over deck wetness frequency and the wave impact 
severity on the bow region. 

 These effects cannot be predicted by linear theories 

which assume constant water plane shape in the verti-

cal direction. Nor can they be explained by nonlinear 
simulation programs at present level since 

hydrodynamical complexity of the flow field around the 
bow is out of scope of the programs. Hence, main efforts 

have been given through experimental works in order to 

clarify these relations. 
 There are two major themes which have to be taken 

care of. Tne is effectiveness of the flare against ship-

ping water. One of the earlier works along this line 
was done by Tasaki[  1  ]. He measured shipping water 

in a model of a relatively full ship with several kinds of 
bow flare variation. He has not observed  definite rela-

tion between the flare shape and the amount of shipping 
water, O'Dea has made an experiment on a model of a 

frigate[ 2  1. He found, "The iscreased flare variant has 

somewhat less wetness. While the decreased flare vari-
ant shows considerably greater wetness.". Later, Lloyd 

had done more extensive  experiment[ 3  1 by using the 
same model as O'Dea had done, but with more system-

atic bow flare variations. And he observed, "More 
heavily flared forms experienced greater relative

motions and more frequent freeboard exceedance and 

deck wetness". These contradicting results tell that we 

need further works to fully understand roles of the flare 

to the deck wetness. 

 Another theme is asymmetry of vertical bending 

moment in hogging and sagging sides. There has to be 

a contribution coming from the above water hull form 

especially from the bow flare part as well as a major 

component from underwater hull form. It is the problem 

to put much efforts in assessing the wave loads on the 

ship hull. 

 Taking these backgrounds into account, a model 

experiment in waves was set up to obtain detailed 

information experimentally on the deck wetness and 

asymmetry of wave loads. The model was prepared to 

accomodate an additional flare so that one can easily 

realize another model with increased flare form but 

with the same underwater profile and dynamic charac- 

teristics.

2. Experiment

 Body profile of two model configurations used in the 

experiment are shown in Fig. 1. By solid lines the 

original hull form known as  SR108 or S-175 model is 

drawn. Dashed lines are those of the modified model 

having identical hull form as the SR 108 model except 

bow flare which was increased by attaching additional 

flare part to the original model. These two models will 

be called the  O-model and the M-model respectively in 

the following discussions. The model length (L) is  4.5 

m and its priscipal particulars are shown in Table 1. 

  The flare are characterized by Lloyd's notation as 

follows, the flare angle  (82) is 45 deg. for the  O-model
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and 50 deg. for the M-model. The overhang of bow. 

(xo/L) is 0.029 for the  0-model and 0.065 for the M- 
model respectively. 

 Experiments were done in full load condition. The 
hull of the model is made of synthetic resin and foam 

urethane so as to simulate the bending rigidity of hull of 

a real ship. The increased flare part is made of foam 
urethane. 

 Measured items during the experiments were vertical 
wave bending moment, relative motion at the FP (not 

the stem) and SS81/2, vertical acceleration at the FP 

and pressure in the bow region, in addition to pitching 
and rolling motions. The bending moment was mea-

sured through strain gauges glued at longitudinal sta-

tions along the deck. The relative motion was measured 

by capacitance type probes extended perpendicular to 

the LWL at the deckside of respective stations. The 

locations of measurement are shown in Fig. 2. The 

model was equipped with a video camera focused on the 

deck in the bow so that deck wetness can be observed in 

detail. 

 The wave and running conditions are tabulated in 

Table 2. In this paper only results in the head sea 

condition are discussed. The regular waves were set to 

have approximately 15 cm (L/30) of the wave height. 

The generated irregular wave had a ISSC spectrum 

shape of mean period  Tp  = 2.32 sec and significant wave 

height  H8=21 cm  (L/21). More than 20 runs in different 

wave time histories of the same spectrum for one speed 

were summed up in getting statistical results in an 

irregular wave case. 

3. Results 

 3. 1 Regular Wave Case 

 Two kinds of response amplitude are used in analys-

ing test results. One is linear amplitude defined by 

Fourier coefficient of the encountering wave frequency. 

The other is peak to peak amplitude defined by average

Fig. 1 Body Profile of Models

Table 1 Principal Particulars

Fig. 2 Arrangement of Mearuring Stations

Table 2 Wave Conditions
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value of distance between maxima and minima. The 

latter amplitude can be taken as an index of nonlinear-

ity in that response. The estimation is made by using 

New Strip Method (NSM) since it is known to give 

better results of responses of a fast ship like a container 

ship than the Ordinary Strip Method  (OSM).  

(  I  ) Motion in Waves 

 Fig. 3 shows response of pitching motion to the wave 

length. There are four kinds of symbols corresponding 

to the amplitudes for two models. Since the M-model 

and the  0-model have almost same behavior in the 

figure, it can be said that pitching is hardly affected by 

bow flare form. The calculated response by NSM gives 

larger response than the experimented response for the 

both models. 

 The vertical acceleration at FP centerline, as is 

shown in Fig. 4, is a little greater in the  0-model than 

the M-model. The trend in pitching is magnified further 

in the vertical acceleration. The estimation by NSM is 

poor in the wave region of 0.8 L to 1.2 L, as is the case 

with pitching. 

 The relative motion at FP in Fig. 5 shows appreciable 

difference for different flare forms. The M-model is 

smaller in not only peak to peak amplitude but also 

linear amplitude in the wave range near  A/L=1.0, where 

severe responses take place. These measured results tell 

us that the bow shape affects the relative motion in the 

linear part considerably as well as higher order compo-

nent. Since the ship motion does not vary to the flare 

forms significantly, the difference in the relative motion 

comes from the wave deformation. The calculation by

NSM which only takes into account of static relative 

motion is in fairly good agreement with the experiment-

ed. 

 The relative motion at SS81/2 in Fig. 6, on the other 

hand, has less pronounced tendency to the flare varia- 

tion. The calculation includes dynamic swell-up terms 

such as radiation and diffraction terms. The experiment 

gives rather flat response to the wave legth while the 
theory predicts more tuned response near  AIL=1.0.  

(  2  ) Wave Impact Pressure 

 Measurements of wave impact pressure in the bow 

are summarized in the form of mean and maximum 

values in Fig. 7, 8 and 9. The pressure at the bottom 

centerline of SS 91/2 shows almost identical variation 

for the both models, as is shown in Fig. 7. On the other 

hand, the pressure at the FP on the deck and the 

pressure on the stem above the LWL show distinct 

difference from bottom pressure. From Fig. 8 and 9, it is 

clear that the M-model experiences stronger impact

Fig. 3 Response of Pitching

Fig. 4 Response of Vertical Acceleration at FP

Fig. 5 Response of Relative Motion at FP

Fig. 6 Response of Relative Motion at SS 81/2

Fig. 7 Impact Pressure at SS91/2 on the Bottom
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pressure on the stem and weaker impact on the deck. It 
is natural that the M-model experiences severe impact 

pressure on the stem since it has longer overhang and 
thus smaller contact angle to the wave surface. By 

observing details of the shipping water from the video 

onboard, more than spray like shipping water is neces-

sary to the deck impact pressure. 

 The impact pressure on the deck also tells us in what 

condition and how the deck wetness takes place. Fig. 8 

tells us that the severe deck wetness occurs in the wave 

range 0.8 to 1.1 and the  0-model is more susceptible to 

heavy impact pressure than the M-model. The result 

agrees with that of O'Dea and  others[  2].  

(  3  ) Vertical Wave Bending Moment 

 The vertical wave bending moments at respective 

stations are shown in Fig. 10 in the form of linear 

double amplitude variation to the wave length. The 

moment is made dimensionless by  pgiThh.. Although 

some up and down of the moment are seen by the wave

ranges, there are little difference due to flare shape as 

far as the linear amplitude in the midship and further 

aft is concerned. But discrepancy is a little more 

significant in the forepart as the amplitude at SS71/2 

shows us. The M-model experiences larger bending 

variation. Estimation of NSM denoted by lines account 

fairly well for the behavior of the experiment except 

 AIL=0.8 through 1.1 region where the theory becomes 

poor to estimate ship motions, as is shown before. 
 Longitudinal distributions of the amplitude for sev-

eral wave lengthes are shown in Fig. 11. The moment 

reaches at its maximum in the neighborhood of SS5. 

The calculation tends to be smaller in the forepart and 

larger in the aftpart than the experimented values. 

 Let us turn to the examination of higher order effects 

of bow flare to the bending moment. Fig. 12 and 13 

show the second order offset component  (Cr= 

 Mtl(pgL2BaLld),  a.  ; wave amplitude,  d; draft) 

extracted by Fourier analysis from measured data of 

both models. By the second order offset we mean the 

offset component due to second order interaction. The 

experimental results are shown after subtracting steady 

running component. It is seen that the offset takes place 

in the negative side, sagging side and becomes appre-

ciable in the  AIL-0.8 to 1.1. By comparing Fig. 12 and 

13, it is seen that the M-model experiences larger offset

Fig. 8 Impact Pressure at the FP on the Deck

Fig. 9 Impact Pressure at the Stem above LWL

Fig. 10 Amplitude of Vertical Bending Moment vs the 

      Wavelength

Fig. 11 Distribution of Vertical Bending Moment 

      Amplitude

Fig. 12 The 2nd order Offset of Bending Moment for 

      the  0-model
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bending possibly because of the strong nonlinear inter-

action in the case of increased flare form. The  estima-

tion[  4] with higher order correction to the strip 

method in good accordance to the measurement in 

longer wave range. The calculation is also successful in 

estimating influence of the flare form on the bending 

moment qualitatively. The discrepancy in the wave 

region 0.8 to 1.1 may be attributed partly to 

insufficiency in ship motion prediction and partly to the 

facts that the hydrodynamically perturbed components 

are dominant over such hydrostatic components as 

buoyancy and Froude-Krylov forces which present cal-

culation is based on. The second order component  (2coe 

component)  WV are shown in Fig. 14 and 15. The 

same trends can be observed as in the case of the zeroth 

order component. The definition of  C$ is the same as

 Cr. 

 To view the nonlinearity from another point, the 

calculation and the experiment are compared for peaks 

in hogging and sagging sides in Fig. 16. Sagging and 

hogging sides are taken from stationary condition in 

still water, which means the calculation includes still 

water component other than  linear, and second order 

components discussed above. The still water component 

was computed from the pressure distribution by Hess 

and Smith method, as described in  reference[  4]. It is 

seen that the calculation gives good prediction. The 

discrepancy in the forepart may be attributed partly to 

the whipping components which had been observed in 

the severe ship motion range. 

 3.  2 Irregular Wave Case 

 Significant values of relative motion at the FP are 

plotted against the forward speed in Fig. 17. The rela-

tive motion is greater in the  0-model for the whole 

speed range treated here. If we make comparison of 

these values with theoretical values by assuming 

Rayleigh process, the values of the  0-model is closer to 

that of Rayleigh distribution and values of the M-model 

show deviation from the theoretical values. For exam-

ple, the mean of measured 1/10 highest values is lower 

than expected by the theory. This means that the rela-

Fig. 13 The 2nd order Offset of Bending Moment for 

      the M-model

Fig. 14 The 2nd order Harmonics of Bending Moment 

      for the  0-model

Fig. 15 The 2nd order Harmonics of Bending Moment 

      for the M-model Fig. 16 Distribution of Bending Moment (Regular 

      Wave)

Fig. 17 Relative Motion at the FP vs. Forward Speed
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tive motion is influencd by the flare. 

 Let us examine nature of the peak variation of the 

relative motion by taking the cumulative distributions 

of peaks in the elevation side of relative motion at the 

FP in several speed, as are shown in Fig. 18. The zero 

level is here taken to the load water line at rest in the 

still water. The open circles denote results of the 

 0-model and the solid circles denote those of the 

M-model. Distributions for both models have different 

features each other. The curves of the M-model reaches 

at its maxmum at smaller values while the curves for 

the  0-model go further beyond them in any speed cases. 

It is clear that the M-model has saturated peaks 

compared with the  0-model. The increased flare may be 

acting to supress the wave elevation. 

 Fig. 19 shows the average of the wave impact pres-

sures at the FP on the deck, at the stem above the 

waterline and at SS91/2 on the bottom. The M-model 

experiences much lower impact pressure on the deck, 

while it has higher pressure on the fore stem than the 

 0-model. The same trends as in the regular wave can be 

seen. There are almost identical pressures on the bot-

tom at SS9 1/2 for the both models. It can be said that 

the increased flare reduces the wave impact on the deck. 

 Three kinds of frequency of deck wetness are used in 

this paper. First of them is ratio of the number of 

relative motion exceeding the bow bulwark measured

at the FP side to the number of encounter wave. The 

number had been counted from time history on the 

recorder. The next one is the frequency of the impact 

pressure measured by the pressure gauge placed face up 
at the FP on the deck. The third is through the video 

observation, where the deck wetness was counted if 

more than sheet of water flowed on the deck. Roughly 

speaking, the deck wetness by the pressure on the deck 

corresponds to green sea and the deck wetness by 

relative motion at the FP and by observation includes 

from spraylike shipping up to green sea. 

 Fig. 20 shows the deck wetness frequency by these 

three definitions. The hollow symbols are for the  0- 

model and the solid symbols are for the M-model. It is 

clear by the pressure on the deck the deck wetness 

occurs more frequently on the  0-model. However, 

according to the relative motion and video observation, 

the M-model is more subject to deck wetness. Detailed 

observation of video scene revealed that the shipping 

water in the M-model was much more spraylike and 

thus seldom to lead to deck impact pressure. This is 

why frequent deck wetness was not necessarily ac-

companied by deck impact occurence. There is another 

problem that the shipping frequency is greater in the 
M-model while the response level of relative motion is 

greater in the  0-model. One of the reasons may be 

explained by the distribution of relative motion discus-

sed in Fig. 16. Namely, the wave elevation around the 

M-model are truncated of the higher part and its rela-

tively lower parts which are just at the level of shipping 

water are increased in return. 

 Longitudinal distribution of the double amplitude of 

the vertical bending moment are shown in Fig. 21, 22 

and 23 by significant value. Definition of moment fol-

lows that of regular wave. Symbols with hollow inside 

denote results of the  0-model, while solid symbols 

denote those of the M-model. A thick line drawn in the 

figure shows the distribution by a linear estimation of 

NSM with correction of steady forward motion. Three 

figures correspond to three different forward speed 

cases respectively. One can see that the M-model 

experiences larger bending especially in the sagging

Fig. 18 Cumulative distribution of the Relative Motion 

     at FP

Fig. 19 Average Impact Pressure in the Bow vs. For 

      ward Speed

Fig. 20 Frequency of Deck Wetness vs. Forward Speed



Effects of Bow Flare Shape to the Wave Loads of a container ship 265

side than the  0-model does. This trend of sagging 

moment is pronounced in the forepart and higher 

Froude number condition. The hogging moment is 

almost identical for the both models and, in other word, 

is less sensitive to the flare form. This may be explained 

by the fact that additional bending created from in-

creased flare is directed to sagging side. Calculation is 

good at estimating experimented bending moments in 

hogging side. 

4. Discussion 

 As mentioned in the introduction there have been two 

opposite views on the effect of the flare on the deck 

wetness. The present results show that the shipping

water to the extent to cause appreciable deck impact 

pressure is likely to occur more frequently to the 

 0-model, namely to the less flare model. They are in the 

same line as O'Dea and others. On the other hand, it was 

shown that the deck wetness defined by the exceedance 

of the relative motion is greater for the increased flare 

while the significant relative motion is smaller. This 

supports Lloyd and others view. But in any way, the 

detailed examination showed that the distribution could 

be deformed by the presense of the flare to certain 

extent. Therefore automatic application of Rayleigh 

process is dangerous even if consideration is given to 

swell-up effects and the effect of the flare against deck 

wetness is likely to vary from a ship to a ship. There-

fore its effectiveness has to be discussed further for an 

individual ship basis before general conclusion could be 

drawn. 

 Since nonlinear calculations at hand are far short of 

telling us details of the wave motion and its interaction 

with the hull body in the bow region, Much efforts 

should be given to improve the calculation scheme in 

order to present definite answer solely based upon the 

calculation on effectiveness of specific bow flare form.

5. Conclusion

 A model test was made for a container ship of two 

kinds of bow flare forms with otherwise identical hull 

form and dynamic characteristics. The conculsions are  

(  1  ) Relative motion in the bow can be influenced very 

much by the shape of the flare. The increased bow form 

experiences smaller relative motion. The change occurs 

not only in nonlinear part but also linear part of the 

amplitude.  

(  2  ) The increased bow experiences weaker impact 

pressure and the stronger stem impact pressure.  
(  3  ) The vertical bending moment is little influenced 

by the flare form as far as linear double amplitude is 

concerned. But peak values of bending in the sagging 

side are influenced very much.  

(  4  ) Deck wetness is closely related to the flare form. 

If we look at shipping of sheet of water, the increased 

flare form has more frequent occurence. But for the 

grees seas or dominant deck impact pressure, the smal-

ler flare bow was subject to such impact far more.  

(  5  ) The asymmetry of the bending moment can be 

estimated fairly well by the method which makes higher 

order correction to the strip method. 
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Fig. 21 Distribution of Significant Bending Moment 

 (Fa-0.17)

Fig. 22 Distribution of Significant Bending Moment 

 (Fn 21)

Fig. 23 Distribution of Significant Bending Moment 

 (Fn  =0.25)
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