Tenth International Water Technology Conference, IWTC10 2006, Alexandria, Egypt 357

AN EXPERIMENTAL STUDY OF SPHERICAL FLOATING BODIES
UNDER WAVES

0.S. Ragih, K.S. El-Alfy, M.T. Shamaa and R.M. Diab

Irrigation and Hydraulics Dept., Faculty of Engineg,
Mansoura University, EI-Mansoura, Egypt

ABSTRACT

An experimental research was carried out to ingagti the wave attenuate by using
spherical floating bodies. The new suggested figabireakwater (F.B.W) consists
of one, two, or three rows of spherical floatingdies which having different
diameter and draft. The floating bodies were atddby anchor chain to the bed and
restrained with others by mesh links. The effectddferent F.B.W parameters,
different incident waves and the location of breatev were tested.

The study indicated that the efficiency of the sgjgd F.B.W increases when used
near/at deepwater zone (i.e. the incident waveshast-crested waves). Also, the

increasing of the used rows number, the floatingid®m draft and diameter has

pronounced effect on the wave damping. On the dthed, the study shows that the
losses on the incident wave energy increased wieewave steepness increased.

The results were represented in the form of curesposed equations to calculate
the transmission wave coefficient for the suggediedting breakwater were

obtained by using regression analysis. The resukge compared with other

previous works and show good agreement.

INTRODUCTION

Floating breakwaters become increasingly populdotm small marinas, fishing port
and to control shoreline erosion at semi-sheltesiezs in estuaries and lakes, since
their structure can ensure usually acceptable wtHeauation at relatively low costs.

Different types of floating breakwaters were depeld and several conclusions were
made. The list of different types of breakwaterat tvere modeled and/or conducted
was quite long, but they could be divided into féwasic groups: box, pontoon, mat,
and tethered float.

Many investigators studied problems of floatingdiwater experimentally.
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Carr (1952) and Tolba (1998) studied the same problem when floating rectangular
breakwaters were used and many conclusions wenedifasvn.Wiegel (1960) carried
out an experimental study to test the efficiencyafgid thin vertical floating barrier
on the wave damping. He gave approximate equatmncalculate the wave
transmission coefficient behind the barrier. AlReddy and Neelamanit (1992)
studied experimentally the differences in the dylarnwave coefficients values which
resulted from using partially immersed thin rigiértical barrier under deepwater
waves condition. They concluded that the reflectiave coefficient was increased
and the transmission wave coefficient was decreasethe immersed part of the
barrier and the wave steepness were increadgtiams and Mc-Dougal (1996)
conducted two-dimensional analysis of long tethebedakwater with rectangular
cross section. They concluded that the increasiagltaft as well as the width of the
breakwater caused strong effect on the wave attienua

Many theoretical solutions for the floating breakevgoroblems were carried olitiu

et al (1982) applied the boundary integral equation method xanmene both the
vertical and inclined thin floating breakwater, ¥ehi osada et al. (1992), Gesrahab
(1995), and Abul-Azm et al. (1997) used the Eigen function expansion method to
solve such problenKriezi et al. (2001) investigated numerically the effects of the
rectangular floating breakwater on wave propagatoshallow water, whil& utands

et al. (2001) investigated the efficiency of moored floating dkkevater using the finite
difference technique knowing that the mathematicatiel is based on the Boussinesq
type equations in shallow and intermediate wa®ageh et al. (2005) carried out an
experimental study to determine the performanckE.BfW. on the wave attenuation.
They concluded that the wave energy and heights @ecreased with decreasing the
gaps of floating bodies. Also, the increasing & thws of floating bodies in addition
to the spacing between them motivated both the wenergy and heights to be
decreased.

In the present study, the wave reflection and trassion characteristics were tested
applying the new idea of the suggested spherioatifig bodies of different diameters
and drafts as floating breakwaters.

EXPERIMENTAL STUDY

The experiments were conducted in the Irrigatiod Biydraulic Laboratory, Faculty

of Engineering, EI-Mansoura University. The runsrevearried out to measure the
transmission and the reflection coefficient duethe existence of the suggested
F.B.W. using different parameters. The flume din@ms are 15.10m long, 1.00m
width, and 1.00m deep. The wave generator typeankp type, which was hinged at
the bed and connected with a flying wheel and Wwégisspeed motor. Two wave
absorbers were used at the first and the end dfuine to prevent the wave reflection.
The wave heights were recorded by using Digital @amand applying the slow
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motion technique, the wave heights were measurkéand after the model. Figure
(1) shows the details of the flume and the floabngakwater.
The following parameters were used for all runs:
- Water depth (d) = 0.50m.;
- Range of incident wave height;jH& 6.4 — 14cm.;
- Range of incident wave period (T) = 0.90 — 1.@Q0se
- Range of incident wave length (L) = 125 — 380cm.;
- The ratio between rows spacing and floating diem/D) = 2;
- The gaps of floating bodies to its diameter réidD) = O;
- Diameter of the floating bodies (D) = 8.50, 15&@ 20cm.;
- The draft of the floating bodies to water demta (d/d) = 0.10, 0.20, 0.30cm.;
and
- Length of anchor line (la) = 0.50, 0.75, and 00

The suggested F.B.W consisted of a mesh from ggaidlbpating bodies restrained to
the bed with anchor lines. The floating bodies ¢@psnd the rows spacing (S) were
fixed during runs while the floating bodies diame®), draft (di) and the length of

anchor lines (la) were changed three times.

During the experimental work, two measuring poatta distance L/4 and L/2 seaward
the model face were chosen to determine the intiaet the reflected wave heights.
The wave period, length and height were recordedusipng Sony MVC-CD 500
Digital Still Camera. The slow motion technique wagd to measure the wave period,
length, and the wave crest and also the troughagtes for each run. The measured
wave parameter data are colleted in table (1).
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The incident, reflected and transmitted wave hsigiMere recorded, then the
transmission wave coefficient (GHy/H;) and the reflection wave coefficient ,(C
=H,/H;) can be calculated based on measured wave heights.

Table (1): Measured Wave Parameters Data

F(H2) T (sec) L (cm) Hi (cm)
2.70 1.89 380.00 6.40
3.00 1.72 337.73 7.03
3.30 1.36 246.00 7.90
3.60 1.22 213.00 9.00
4.00 1.07 170.00 10.90
5.00 0.98 147.00 12.10
6.00 0.95 136.67 13.00
7.00 0.90 125.73 14.00

*The eccentricity of the flying wheel was 12.25 @on all runs.

EXPERIMENTAL RESULTSAND ANALYSIS

The experimental results showed that, the diffepamnameters of floating bodies had a
noticeable influence on the wave characteristicghef upstream and downstream
suggested F.B.W, which would be discussed in théowog analysis of the
experimental results.

Effect of Restrained and Anchor Line Length on the F.B.W Efficiency:

The free (unrestrained) and restrained floatingaknater models with chains were
tested as shown in figure (2) to (4). The testeswshl that, the transmission
coefficient of free model case was greater thahdhthe restrained one. In figure (2),
the use ofone row F.B.W, indicted that the difference in the valwdsC; increased
from about 0.04 when Hi/L was less than 0.06 toual®do30 when Hi/L = 0.111. Also
the use otwo rows of F.B.W as shown in figure (3) cleared that, diféerence in the
values of Cwas increased from about 0.04 when Hi/L less &6 to about 0.28
when Hi/L = 0.111. It is evident that for usitigee rows of F.B.W as shown in figure
(4), the restrained model gave values pleSs than those of free model about 17% to
29% with the increasing of Hi/L. It is worthy to teothat the high values of; Gf the
free model can be due to the free motion of eachtifig body, which generated
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additional waves. Then, the transmitted waves weseresult of the generated waves
and the portion of incident waves past the breagwetor the above mentioned
advantages the restrained floating breakwaterseprtw be better than the free model.

The variation of the transmission wave coefficietth the changing of anchor chain
was investigated. The anchor chain length to waégth ratio la/d was changed three
times 1.00, 1.25 and 1.50 for the suggested one, twthree rows of F.B.W. The
results showed that the length of anchor chain &asgery little effect on the
transmission wave coefficients. From which, thehamcchain was used to held the
floating breakwater in the place but it had no ffen the wave attenuation. Then, the
anchor chain length must be selected taking intesiceration the forces in the chain
and the tidal range effect in real open sea.

Effect of floating diameter D on Ct and Cr:

To check the influence of the diameter of the fldatdies, three values with
D/d=0.40,0.33 and 0.17 were used as shown in feggin@m (5) to (7). The results
showed that as the ratio D/d was increased, wherdransmission coefficient was
decreased and the reflection coefficient was irsgeéas well.

Figure (5) show that the relation between the ddefits of Cr & Ct and wave
steepness Hi/L for the different values of D/d.Rrthat figure, it is evident thdor

one row of floating bodies, when the wave steepness Hidraases the coefficient Ct
decreases and Cr increases. For Hi/L values less dabout 0.05, the effect of D/d
changes on {s insignificant that Cdecreases from 1.00 to 0.969 for D/d increases
from 0.17 to 0.40 for Hi/L = 0.017. When Hi/L imases to 0.111, the effect of
increasing of D/d from 0.17 to 0.40, while d&creases from 0.864 to 0.514.

For two rows of suggested F.B.W, as shown in figure (6), when the wave steepness
Hi/L increases the coefficient decreases from 0.800.393 and Cincreases from
0.266 to 0.729 for D/d = 0.40. For Hi/L values l¢isan about 0.05, the effect of D/d
changes on Qs insignificant that Cdecreases from 0.984 to 0.891 for D/d increases
from 0.17 to 0.40 for Hi/L = 0.017. Therefore, wheiiL increases to 0.111, the effect
of increasing of D/d from 0.17 to 0.40, whiled&creases from 0.786 to 0.393.

For the suggested F.B.W consists of three rows of floating bodies, as shown in figure
(7), when the wave steepness Hi/L increasedeCreases from 0.703 to 0.121 and C
increases from 0.625 to 0.643 for D/d = 0.40.

The effect of D/d changes on 8 sensitively for all values of Hi/L but thesdest
increases also with increases Hi/L. From figure Wwhen D/d increases from 0.17 to
0.40 G decrease from 0.969 to 0.720 at Hi/L = 0.017 andhf0.743 to 0.183 when
Hi/L = 0.111. Generally, when the ratio of D/d ieases the efficiency of F.B.W.
would be improved.
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Effect of floating draft di on Ct and Cr:

Figures from (8) to (10) show the relationship kestw the coefficients,@Gnd G and
wave number kd for the different values of theaati/d. From these figures, it is
evident that, as the value of draft di was incrddse constant water depth, the ratio
di/d increased as well as @ecreased and, @creased. For example when G/D = 0.00
and di/d increases from 0.10 to 0.30 thenl€reases from 0.65 to 0.514 éme rows

of F.B.W [see figure (8], (ecreases from 0.464 to 0.393 tiwo rows of F.B.W [see
figure (9)], and decreases from 0.343 to 0.121tloee rows of F.B.W [see figure
(10)]. It means that the effect of di/d opwhich increases due to the increase of the
number of rows used.

For the suggested F.B.W consists of one row of floating bodies, see figure (8) as an
example, when kd increases from 0.826 to 1.47/4h@nges with small value from
1.00 to 0.989. After this, when kd increases t®2.4 decreases to 0.736 for di/d =
0.30. Also, the difference in,@alues when kd decreases is less than that differe
when kd increases during di/d increases from (010.30. It means that the effect of
di/d changes is insignificant for kd small (i.endpincident waves) but when kd
increases (i.e. short incident waves) the effecli/ofis sensitively.

For the suggested F.B.W consists of two rows of floating bodies, see figure (9) as an
example, when kd increases from 0.826 to 1.4/dh@nges with a small value from
0.953 to 0.928. After this, when kd increases #92.G decreases to 0.579 for di/d =
0.30. Also, the difference in;@alues when kd decreases is less than that differe
when kd increases during di/d increases from (010.30. It means that the effect of
di/d changes is insignificant for kd which is retaty small (i.e. long incident waves)
but when kd increases (i.e. short incident wavhs) dffect of di/d is getting more
sensitive.

For the suggested F.B.W consists of three rows of floating bodies, when kd increases
from 0.826 to 1.474, &hanges with small value from 0.977 to 0.956. Affes, when
kd increases to 2.497, @ecreases to 0.671 for di/d = 0.20 as shown unrdig10).
Also, the difference in Gvalues when kd decreases is less than that differavhen
kd increases during di/d increases from 0.10 t®.G.3neans that the effect of di/d
changes is insignificant for small values of kd tten kd value increases the effect
of di/d is getting more clearly sensitive.

It is clear from the results shown in the previdigsires from (8) to (10) that, at the
same values of D/d and kd, coefficient of decreases and, Ghcreases with the

increase of the value of di/d. The figures alsodaté that maximum reflection and the
minimum transmission coefficients are found near deep water zone (i.e. short-
crested waves), while the maximum transmission taedminimum reflection occur

near shallow water zone (i.e. long-crested waves).
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Energy loss and wave-F.B.W. interaction:

Theoretically, energy equilibrium of an incident weaattack the F.B.W can be
expressed as follows:

E=E+E (1)
2 2 2
or ng. - mHt + er (2)
8 8 8
in which:

E; = the incident wave energy,
E; = the transmitted wave energy, and
E; = the reflected wave energy.

Equation (2) can be rewritten after dividing boittes by H as:

— Ht ’ Hr ’
1‘(H—J (HJ ©

1=C2 +C? (4)

or

In practice, when the wave reaches the F.B.W, weflection and transmission would
occur in order to some of the incident wave enavguld dissipate. Thus, the equation
(4) can be rewritten considering the coefficienenérgy loss as follows:

1=CZ +CZ +C! (5)

then, the loss coefficient can be expressed asisll

c, =4lt-c2-c? (6)

in which:
C: = the coefficient of transmission,
C, = the coefficient of reflection, and
C, = the coefficient of energy loss.

The energy loss increases when the wave steepr@sases too (as mentioned before
as most of the kinetic energy is concentrated mtiearwater surface) as shown in
figures (11), (12), and (13).

General equationsfor the transmission wave coefficient, ¢
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Using the regression analysis, the general fornecsadl in this work, where the

equation relating a dependent Pi-term with a nunob@ndependent Pi-terms is in the
form of the product of powers of relevant Pi-termes,,

7T1:C7T§2 77§3 77'24 .............. o (7)

This equation (7) can be transformed to a linequression by taking logarithms of
both sides of the equation, as follows:

logn, =logC +a,logn, +azlogn, +a,logn, +......... +a,logn, (8)
Finally, the equation can be rewritten in matrifagsn as follows:

Log

N > logm, > logms "t Y log C > lognl
Ylog > logm, > logms ee 2 logmy, q > logm,
T log log 7, ... logm, 2 log 7,
Ylog > logm, > log mz oo 2 logmn, q > logm;
T3 log 73 log 73 ... logms 3 | log s
Ylog > logm, > log > logm, q > lognl
Tm log 7, malog mm log 7, m log 7,

(9)

Where\N is the number of observations.

Then, the values of the paramet&s,,a,,.......a,, are obtained and can be replaced
back into equation (7).

Then the equations can be rewritten as follows:

*For suggested F.B.W consists of one row of floating bodies:

0.0004 -0.0469 -0.0335 0.0002
C, :O.S%E{%j (kd)~ % (9) (ﬁj (Ej (10)

d d D

*For suggested F.B.W consists of two rows of floating bodies:

-14191 -0.0618 -0.0928 0.0081 -0.0039
C, = 0.0037{%j (kd)?*8% (E) (ﬁj (Ej (E) (11)

d d D D
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*For suggested F.B.W consists of three rows of floating bodies:

-2.0052 -0.0989 -0.1395 0.0141 -0.0093
C, =0.0031 Ll (kd)*°7 (Ej a9 (9) (E) (12)
L d d D D

To examine the accuracy of equations (10), (119, @2), values of the independent
variables were applied to the equations to predatties ofC,.. The comparison of
predicted values with the observed values is shawigures (14), (15), and (16). The
comparison between predicted and observed valwegsshiood agreement.

Comparison between the new F.B.W. and the results of some previous works:

Comparison between the results of the present ¥arrkhe suggested F.B.W consist
of one, two, or three rows, di/d = 0.30, G/D = 0.80d S/D = 2.00, with the offers of
other authors for different types of floating breakers were shown in figure (17).
Masashi et al. (1964), Craig, (1982), McCartney 8@)9 and Williams (1988)
breakwater types were discussed in literature vevia the present comparison, the
transmission wave coefficient, @rawn versus the ratio between the width of flogti
and wavelength BJ/L.

For the present study B (i.e. the width of F.B.Valh be expressed as, (B = D) for one
row of floating breakwater, (B = 2D + S) for twows of floating breakwater, and

(B = 3D + 2S) for three rows of floating breakwatérmeans that for the previous

works B is the width of the floating breakwater stvaoction, but for the suggested
F.B.W, B with its contents of a breakwater struefwalso it contents in the mean time
water as a barrier. So, using water between rowwsaa® barrier will decrease the

overall construction cost for the suggested F.BTWe figure shows the efficiency of

the suggested F.B.W. compared with other works. fiju@es show also the strong

effect of the ratio of B/L on the transmission waeefficient.

CONCLUSIONS

In the present research, the idea of the suggés&dlV to attenuate incident waves
was tested under several wave conditions. The stedé.B.W were compared with
other works and showed acceptable agreement.

From the results and analysis the following conolus can be summarized:

(1) The transmission wave coefficient for the f(@arestrained) floating bodies is
30 % greater than the corresponding value in thigaimed floating bodies.

(2) The length of anchor chain has a very littteee on the transmission wave
coefficients.

(3) The efficiency of the breakwater increases wkige wave conditions changes
from long-crested to short-crested waves.
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(4) When the number of rows increases from orthree rows, the transmission wave
coefficient, G decreases from about 0.393 to 0.121. On the dihed, the
reflection coefficient, Cincreases under the same conditions.

(5) The transmission wave coefficientdecreased and the reflection wave coefficient
C, increased as the floating body draft to water ldegtio di/d increased.

(6) When the wave number kd was increased (i.dogteep water zones), the value
of C, decreased and the values pfr€reased too.

(7) The suggested floating breakwater has a higfiigiency in deep water zone than
that of shallow water zone.

(8) The losses in incident wave energy, f/1-C>-C? ] increases as the wave

steepness increases.

(9) Proposed equations were obtained to calctileevave transmission coefficient
C; by using regression analysis. These equationsaaseggpod agreement with the
experimental results.

NOTATIONS:
The following symbols are used in this researclrepap
B : The width of F.B.W.;
Cr : The reflection wave coefficient;
Ct : The transmission wave coefficient;
Cl : The coefficient of energy loss;
D : The floating bodies diameter;
d : Water depth;
di : The floating bodies draft;
G : The gaps between floating bodies in the sawe r
Hi : The incident wave height;
Hr : The reflected wave height;

Ht : The transmitted wave height;
kd : The wave number £8/L);

L : The incident wave length;
la : The anchor line length;
N : The number of rows used,
S : The spacing between floating breakwater r@ans,
T : The incident wave period.
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Figure (2): Relationship between Hi/L and C; for restrained and free models
(OneRow of F.B.W,G /D =0.00,D/d=0.40,di / D =0.75, la/d = 1.00)
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Figure (3): Relationship between Hi/L and Ct for restrained and free models (Two Rows
of F.B.W,G /D =0.00,D/d=0.40,di /D =0.75,la/ d = 1.00)
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Figure (4): Relationship between Hi/L and C; for restrained and free models (Three
Rowsof F.B.W,G /D =0.00,D/d=0.40,di /D =0.75, la/ d = 1.00)
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Figure (5): Relationship between Hi/L and C,, C; for different valuesof D/d ratio
(Restrained Body, N=1, G/ D =0.00,di /D =0.75,la/ d = 1.00)
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Figure (6): Relationship between Hi/L and Cr, Ct for different values of D/d ratio
(Restrained Body, Two Rows, S/D =2.00,G/D =0.00,di /D =0.75, la/d = 1.00)
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Figure (7): Relationship between Hi/L and C,, C; for different valuesof D/d ratio
(Restrained Body, Three Rows, S/D =2.00, G/ D =0.00,di /D =0.75,la/ d = 1.00)
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Figure (8): Effect of kd on C,, C; for different values of di/d ratio
(Restrained Body, N=1,D/d =0.40, la/ d = 1.00)
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Figure (9): Effect of kd on C,, C for different values of di/d ratio
(Restrained Body, N=2,D/d =0.40, la/d = 1.00)
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Figure (10): Effect of kd on C;, C; for different valuesof di/d ratio
(Restrained Body, N=3,D/d=0.40,la/d = 1.00)
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Figure (11): Variation of C;, C; and C; with Hi/L

(Restrained Body, OneRow, G/ D =0.00,di /D =0.75,la/d = 1.00)
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Figure (12): Variation of C;, C; and C; with Hi/L
(Restrained Body, n=2,S/D =2.00,G/D =0.00,di / D=0.75, la/ d =1.00)
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Figure (13): Variation of C,, C; and C; with Hi/L
(Restrained Body, Three Rows, S/D =2.00, G/ D =0.00,di /D =0.75,la/ d = 1.00)
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Figure (14): The Comparison between the Computed and Observed Transmission
Coefficient for One Restrained Rows of F.B.W.
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Figure (15): The Comparison between the Computed and Observed Transmission
Coefficient for Two Restrained Rows of F.B.W.
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Figure (16): The Comparison between the Computed and Observed
Transmission Coefficient for Three Restrained Rows of F.B.W.



Tenth International Water Technology Conference, IWTC10 2006, Alexandria, Egypt 375

1.20

1.00

0.80

0.60

Ct

0.40

0.20

0.00
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00

B/L

Figure (17): Comparison between the suggested F.B.W and other works



