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ABSTRACT:

This paper presents the results of an experimental investigation on the effect of the
characteristics . of the supporting pile system which fixes the semi-immersed caisson
breakwater on the breakwater efficiency and seabed changes. The efficiency of the breakwater
was presented as a function of wave transmission for different wave . caisson. supporting pile
system and seabed parameters. Also, the sandy bed hydrography was recorded around the
breakwater and the maximum erosion and acerction were determined. [t is concluded that the
supporting pile system increases the efficiency of the caisson breukwater by § 10 20 %
according to the number of piles per unit length of the breakwater. Also, the maximum
erosion depth und the maximum aceretion height near the structure were found 15% and 3%
relative to the water depth. Finally, the imbedded length of the supporling piles must be
increased by 12% to cover lhe local scour around the piles.

1. INTRODUCTION: wave barrier. This breakwater model may

be used for coastal protection to control the

The caisson structure extending wave height shoreward. This breakwater

from above the water surface to some was successfully employed for different
distance below and supporting on a system wave encrgy applications. The contral of

of piles may be considered as a partially
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wave field near the shores tends to control
the sea bed stability and the shore line
response. Seabed stability is a major
concemn in the design of many marine
structures. Considerable researches were
devoted 1o analyze the efficiency of this
breakwater type and the seabed changes
around it.

The performance of the rectangular
semi-immersed  body was  studied
experimentally and theoretically by Carr
{1952), Macagno (1953), Mc-Dougal, and
Sulisy (1989), Mani (1991), Gesrahab
(1995), Mani and Murali (1997), Sundar and
Subbarao (2003) Heikal (2004) and Heikal
and Koraim (2004).

Sumer et al. (1992) and Kobayashi
and Oda (1994) studied the scour around
single piles. Chow and Herbich (1978)
studied the scour around six-, four-, and
three-legged pile structures. Sumer and
Fredsqe (1993) and (1998) and Bayram and
Larson (2000) sludied the wave scour
around a group of vertical piles.

Mc-Dougal, and Sulisy (1989)
cxamined the effects of fixed and {loating
structures on sea bed stability. They
modeled the soil as a poro-elastic
continnum using Biot Consolidation
theory.

Heikal E.M. (2004) investigated the
wave field (pattern) and local scour at
semi-immersed body fixed on pile system
experimentally. The wave height and the
seabed configuration are measured along
the bed for intermediate and long water
waves.

In this paper the effect of the
characteristics of the supporting pile
system which fixes the semi-immersed
caisson breakwater on the breakwater
efficiency and seabed changes investigated

experimentally with wide range of wave
and structural conditions. The effect of the
supporting pile spacing and diameter on
the breakwater efficiency and scour near
the breakwater were studied. Also, the
seabed configuration was measured along
ihe bed for different water waves and
structure  conditions.  Different wave
frequencies, relative structure dimensions
and bed malerial properties were taken into
considerations.

2. EXPERIMENTAL WORK:

Thosc experiments were carried out
in a wave [lume of 12 m length, 0.45 m
depth and 0.30 m width, The variable
speed flap type wave generator was used to
generate wave periods ranged between 0.66
and 2.86 seconds wilh stroke distance of 22
cm as shown in figure (1). The mean water
depth was held constant at 2¢ cm, The
dimensions and details of the models tested
on solid bed are presented in table (1) and
figure (2).

There were three tested models
lesied on movable sandy bed. The first
model parameters were B/h=1.0 and D/h
=0.2 with supporting pile system of
d/h=0.16 and G/h=0.5. The second model
parameters were B/h=1.0 and D/h =04
with supporting pile system of d/h=0.16
and G/h=0.5. The third model was a
caisson supported on a large spaced pile
system and its parameters were B/h=1.0
and D/h =0.4. The characteristics of the
breakwalter models and the datum of the
bed topography arc shown in figure (3).
The grain size of sand was dsg = 0.30 mm.
The bed topography around and under the
lested breakwater models was recorded for
the equilibrium erosion and accretion using
linear scale (point gauge).

3. EXPERIMENTAL ANALYSIS:

The breakwater cfficiency as a
function of the transmission cocfficient (k;
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Table (1) The dimensions and details of the models tested on solid bed.

Parameter The ranges Notes
Breakwater Width (B) (¢cm) 20 and 30 -
Breakwater Drafi (D) (em) | 0,4,8,12 and 16
Pile Diameter (d) (em) 3.3and 4.9
Pile Spacing (G) (em) 7.5, 15 and 30 Perpendicular to wave direction
Pile Spacing (S) (cm) 10 Parallel to the wave direction
Bed Slope (sy) 0%, 1% and 2% For solid bed
Scaward Breakwalter Shoreward
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= H¢H;) may be dependent upon the
following non-dimensional paramelers;

k.= fi (HyL, WL, D/L, B/L, G/L, d/L, S/L,
sp) (h

In which H, is the (ransmitted wave height,
H; is the incident wave height and L is the
wave length.

Also, the equilibrium erosion depth
“Ds” and accretion height “Dy” were
obtained when the sediment transport in
the scour area was equal to the sediment
transport far from the structurc (live bed
case) and may be dependent upon the
following non-dimensional parameters:

D, H, H, D

I——¢| (H_: R kh, T 0) (2)

Dy H H, D
ToRGo A Yo

In which H;, is the reflected wave height, k
is the wave number (k=2n/L), and O is the
shield’s parameter and defined as follows:

Ufn
(S - gdsg @
Uf = % U (5)
f=§“§r? (©)
Ry = U:’ ° ™

In which , s is the sediment relative
density, Uy, is the maximum value of the
undisturbed bed shear velocity, f is the
friction coefficient, Uy, the maximum
orbital velocity (Up=ma), w is the angular
wave frequency (0=2n/T), a is the wave
amplitude (a=Hy/2), R, is Reynolds’s

number, and v is the kinamalic viscosity of
water at 20% (107 m%/sec.).

Figure (4) presents the effect of the
relative pile diameter (d/h) and the
dimensionless wave number (kD) on the
transmission coeflicient (k,). This is when
B/h = 1.0 and G/h = 0.5 for different
seabed slopes. The figure shows that the
transmission coefficient decreases as the
increase of kD and d/h. Also, the effect of
the relative pile diameter (d/h) on the
transmission coefficient decreases as kD
increases. In  which the breakwater
cfTiciency increases with a value less than
8% when the d/h increases from 0.16 to
0.25. While the efficiency of the caisson
fixed on the pile system is more than the
cfficiency of the fixed floating model
(without piles) by about 5 to 20%. By
comparing figures (4a), (4b) and (4c), the
elficiency of the breakwater increases as
the seabed slope decreases.

Figure (5) presents the effect d/h
and kD on k, when B/h = 1.0 and G/h =
0.75 for different seabed slopes. The
figure shows that the t(ransmission
cocflicient decreases as the increase of kD
and d/h. Also, the effect of the relative pile
diameter (d/h) on the ‘ransmission
coclTicient decreases as kD increases. In
which the breakwalter efficiency increases
with a value less than 5% when the d/h
increases from 0.16 to 0.25. While the
cfficiency of the caisson fixed on the pile
system is more than the efficiency of the
fixed floating model (without piles) by
about 5 10 10%.

Figure (6) presents the effect d/h
and kDonk,when B/h=10and G/h=1.5
for different seabed slopes. The figure
shows that the transmission coefficient
decreases as the increase of kD and d/h.
Also, the breakwaler elficiency increases
with a small values as d/h increases. By
comparing the figures (4) to (6), the
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supporting pile system increases the
efficiency of the caisson breakwater by 5 to
20 % according to the number of piles per
unit length of the breakwater.

For the semi-immersed caisson
breakwaler, a partial standing wave, which
formed due to the interaction of the
incident and the reflected wave heights is
developed and the maximum boltom
pressure occurs at the antinodes of the
standing wave. The maximum pressure
occurs under the structure and large
velocities are developed under the structure
greater than the amplitude of the incident
wave bottom velocity. The most important
transporting term is probably the wave
orbital velocity [8].

Figures (7) to (9) present the
contour maps of the seabed around and
under the breakwater for different wave
and structural conditions. Figure (7) shows
the effect of the three breakwater models
on the seabed deformation when the
dimensionless wave number (kh) is 1.32. It
is clear that the maximum seabed erosion
occurs under the seaward lip of structure
especially for the first and the second
models, figures (7a) and (7b). While the
maximum seabed erosion occurs at relative
distance of x/L=0.25 for the third model
figure (7c). Also, the maximum seabed
accretion occurs shoreward  structure
especially for the first and the sccond
models. While the effect of the third model
on the seabed shoreward structure is very
small and it can be neglected. The
maximum relative seaward erosion depth,
scour hole length and shoreward accretion
height (Dgmax/h, lsmax/’L and Dgmavh) are
0.075, 0.15 and 0.075 for the first model,
0.1, 0.16 and 0.05 for the second model
and 0.06, 0.12 and 0.01 for the third model.

Figure (8) shows the effect of the
three breakwater models on the seabed
deformation when the dimensionless wave
number (kh) is 0.8. The figure shows that

the maximum seabed erosion occurs at a
distance from the seaward tip of structurc.
Also there is small erosion zones occur
around the supporting piles. Also, the
figures show that accretion zones occur at
different locations. For the first model, the
maximum relative seaward erosion depth,
and length (Dsmaxh, lsma/L) are 0.12 and
0.16. Also, the maximum relative erosion
depth, and length around the supporting
piles (Dsmax/h, lsmax/L) are 0.03 and 0.06.
Also, the maximum shoreward accretion
height (Dyma/h) is 0.05. For the second
model, Dgmax/h and lmay/L seaward are 0.11
and 0.12. Also. Dgnavh and Lina/L around
the supporling piles are 0.07 and 0.08.
Also, Dyna/h shoreward is 0 05. For the
third model, there are two basic scour
holes; the biggest one occurs seaward with
Dgmax'h and lgmai/L of 0.15 and 0.16. While
the other one occurs shoreward with
Dyaxh and lgua/L of 0.09 and 0.12. Also,
there are basic accretion zone under the
model with Dumax/h of 0.09. Also, the
maximum shoreward accretion height
(Dymax'h) is 0.03.

Figure {9) shows the effect of the
three breakwater models on the scabed
deformation when the dimensionless wave
number (kh) is 0.26. The figure shows that
many crosion zones occur around the
supporting piles for the first and the second
models, figures (9a) and (9b). Also, there
are basic accretion zone occurs near
shoreward the first and second models. The
maximum relative erosion depth, scour
hole length and shoreward accretion height
(Dgmax'h, lsmax/L and Dypan/h) are 0.05, 0.01
and 0.04 for the first model and 0.09, 0.04
and 0.1 for the second model. Also, the
figures show that the effcet of the third
model on the seabed is very small and it
can be neglected.

Figure (10) presents the
longitudinal seabed sections at the middle
of the wave flume around the three
breakwater models for different wave
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conditions, The figure shows that the bed
proftle is not uniform due to the high
turbulence caused by the partial standing
waves formed due to the interact between
the incident and the reflected waves,
besides the horseshoe vortex in front of the
structure and the wave breaking.

Figure (11) shows the maximum
dimensionless bed erosion depth seaward
three models (Dsna/h)  versus  the
dimensionless wave number (kh) . The
results indicate that the maximum
equilibrium erosion depth increases when
kh increases up to kh = 0.62 (hen it begins
to decrease. This is due to the maximum
bottom pressure and increasing of the wave
orbital velocity [B]. The maximum relative
erosion depth (Dgmax/h) ranged between
0.13 and 0.15 when the dimensionless
wave number (kh) ranged between 0.6 and
0.8.

Fipure (12) shows the maximum
dimensionless seaward erosion hole length
(lsmas/L) versus the dimensionless wave
number (kh). The results indicate that the
scour hole length increases as kh values
increase for the first and second models.
While for the third model, it increascs as
kh values increase up to kh = 0.62 then it
begins to decrease. Figure (13) shows the
maximum dimensionless bed accretion
height shoreward the three models
{Dumax’h) versus the dimensionless wave
number (kh). For the first and second
model, the maximum dimensionless bed
accrction height slowly decreases as kb
increases up to kh = 1.0 then increases.
While for the third model, the maximum
dimensionless bed accretion  height
increases as kh increases up to kh = 0.62
then it begins to decrease.

Figures (I4) and (15) show the
maximum dimensionless bed erosion depth
and scour hole length (Dsmavh and lgya/L)
around the piles versus the dimensionless
wave number (kh) . The results indicale
that the maximum equilibrium crosion

depth reaches maximum value when kh =
0.62. Also, the scour hole length increases
as kh values increase.

Figures (16) and (17) show the
maximum dimensionless bed erosion depth
and scour hole length (Dgmadh and knadL)
around the piles wversus the Shield's
Parameter {B). Figure (16) shows that the
maximum  equilibrium  erosion  depth
(Dimar/) decreases  as the Shield's
Parameter (0) increases. Figure (17) shows
that the maximum scour hole tength
(lima/LL) increases as the Shield's Parameter
(0) increases.

CONCLUSIONS:

Series of experiments were carried
oul to study the effect of the characleristics
of the supporting pile system which were
fixed to the semi-immersed <caisson
breakwater on the breakwater efficiency
and scabed changes. The summary of
conclusions is:

1. The eftect of the supporting pile system
on lhe breakwater efficiency decreased
as the waves became shorter, the
distance between piles increased and (he
pile diameter was decreased.

2. The supporling pile syslem increased
the efficiency of the breakwater by S to
20 % according to the number of piles
per unit fength of the breakwater.

3. The maximum relative seaward erosion
depth (Dgag/h) ranged between 0.13
and 0.15. Also, the maximum relative
scour hole length (Ima/L} ranged
between 0.12 and 0.15. This is when the
dimensionless wave number (kh) ranged
between 0.6 and 0.8.

4. The maximum relative erosion depth
around supporting piles (Dgna/h) ranged
between (.08 and 0.12 when the
dimensionless wave number (kh) ranged
between 0.6 and 0.7.

5. The maximum relative scour hole length
around the supporting piles (lgpad/L)
incrcases as the dimensionless wave
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Fig.(11) The Effect of the Dimnensionless Wave Number (kh) on the Maximum

Dimensionless Seabed Erosion Depth {Dima/h) Seaward Structure.
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Fig.(12) The Effect of the Dimensionless Wave Number (kh) on the Maximum
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Fig.(13) The Effect of the Dimensionless Wave Number (kh) on the Maximum

Dimensionless Seabed Accretion Hieght (Damx/h) Shoreward Structure.
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Fig.(15) The Effect of the Dimensionless Wave Number (kh) on the Maximum
Dimensionless Seabed Erosion Hole Length (lsmax/L) around piles.
020
E | —— Dm0 wihptes |
0.16 F
1 — & — DA=D.4 wilh piles
012 .
J———— e
Soosf  « e . e
1 A
2 L]
Lo
E
o'm - IR —Y ol b P Al F w1 L ' A el Y F U Ny Y F
0.0 20 4.0 6.0 3.0 100 120 14.0
Fig.(16) The Effect of the Shield's Parameler (@) on the Maximum Dimensionless
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Fig.(17} The Effect of the Shield's Parameter (0) on the Maximum Dimensionless
Seabed Erosion Hole Length (Ismax/L) around piles,
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number (kh) was increased especially
when the breakwater drafi was
increased.

6. The maximum scabed accretion height

7. The maximum

shoreward ranged between 0.075 and
0.13 relative to the water depth.

equilibrium crosion
depth (Dgna/l) around the supporting

piles decreased as the  Shield’s
Parameter (0) was increased.
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LIST OF SYMBOLS:

a : The wave amplitude “a=H/2"

D : The breakwater draft

B : The breakwater width

Dy : The seabed deformation

Dy @ The accretion height

D;  :Fhe erosion depth

Dymax @ The maximum accretion hieight

Dymay - The maximum erosion depth

d : The piles diameter

dsp : The cffective grain size of sand

{ : The [riction coefTicient

G : The spacing between piles
perpendicular to wave direction

g : The gravitational acceleration

H; : The incident wave height

H, : The rellected wave height

H, : The transmilicd wave height

i @ The water depth

k  :The wave number “k=2n/L”

k, :The transmission coefficient

L : The wave length

lemax : The maximum crosion hiole length

R, :The Reynolds’s number

S : The spacing between piles parallel to

wave direction

sy : The scabed slope

sy : The sediment relative density

T  : The wave period

Us :The maximum value of the
undisturbed bed shear velocity

Un  : The maximum orbital velocity

v : The kinamatic viscosity of water at
20% “v=1x10"* m¥/sec.”

0 : The Shields parameter

o : The angular wave frequency
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