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Fig. 1. An overview of the dimensions for the Losada et al.
laboratory model to the meter and the position of the laboratory

model in the flume, the location of the pressure gauges and
wave gauges.
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9876 Armor [A]
22.22 Armor [B]
146938 Filter [A]
85.71 Filter [B]
1800000 Core [A]
200 Core [B]

Table 1. Linear and nonlinear drag coefficients for A and B for
modeling.
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Improvement Relative Duration  Number
results change of of mesh
(percent) (percent) simulation
(hour)

500000—1000000 20.72 14 500000
12.19

8.53 43 1000000

1000000—2000000 6.89 121 2000000
1.46

Table 2. Improvement of the sensitivity analysis of the
numerical model compared to the experimental model by
considering the number of mesh and the duration of numerical
simulation.
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Fig. 3. Comparison of the time history for pressure changes in
pressure gauge 1, 2, 6 and 7 (blue for laboratory modeling, red
for numerical modeling).
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0.7

QA Exp.=0.002987 (m"3/(m.s))

QA Num(500000mesk), = 0,002368 (m"3/(m.s))
QA Num(1000000mesh). = 0.002732 (m"3/(m s))
QA Num(2000000mesh). = 0.002781 {m"3/(m.s))
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Fig. 2. Results of the sensitivity analysis of the numerical model
relative to the number of mesh (overtopping).



Qb&q.h}g)l:.&&f&aﬁf.l?w

N ORI S FERRCES BT

— L) i s Gl b ol aens 00 S
(e gl — 503 a2 5T

Qa Exp. = 0.003083 (m"3/(m.s))
Qa Num. = 0.002877 (m*3/(m.s))

o 20 40 60 BO 1o 120 140 160 180 200

Tlime(s)

ab —e—num
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Results Relative error (percent)
6.60 Pressure gauge 1
7.63 Pressure gauge 2
8.53 Pressure gauge 6
11.34 Pressure gauge 7
8.53 Overtopping
8.52 Average numerical modeling

error

Table 3. The value of the relative error percentage for the
numerical model.
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Type3 Type2 Typel composite beam
breakwater
1:1.25 1:1.25 1:1.25 Slope of the berm
0.135 0.135 0.135 Berm level (m)
0.2 0.2 0.2 Crest level (m)
1.04 1.04 1.04 Crest width (m)
0.135 0.135 0.135 Armor — class I Dn50
(m)
0.10 - - Class II Dn50 (m)
0.035 0.035 0.035 Filter — class ITII Dn50
(m)
0.01 0.01 0.01 Substructure materials
Dn50 (m)
0.55 0.55 0.55 Berm width

Table 4. Geometric values calculated for composite beam
breakwater.
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Fig. 7. A view of the three types of the composite berm
breakwater (A-first type, B-second type, C-third type).
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Py[Kpa]  Ps[Kpa]  P>[Kpa]  Pi[Kpa]
2.75 2.8 1.68 3.11
Table 5. Pressure values obtained from the Goda equation

(horizontally caisson breakwater).
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1:1.25 Slop of armor

0.2 Level of armor relative to surface water

(m)
0.2 Level of crest breakwater relative to
surface water (m)

1.04 Crest width of breakwater (m)
0.135 Armor Dn50 (m)
0.035 Filter Dn50 (m)

0.01 Substructure materials Dn50 (m)

Table 6. The values of geometric parameters used in the
numerical modeling of horizontally caisson breakwater.
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Py P3 P2 Pi Pressure (kPa)

Composite berm

1.59 breakwater — Type 1

0.91 0.59 1.79

Decrease pressure

42.18 64 64 (percent)

0.4

Table 7.Maximum Pressure (P1, P2, P3 and Py) of the first type
of the composite berm breakwater and its percentage decrease
in compare to the horizontally caisson breakwater.
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0.759 0.818 0.81 1.60 Composite berm
breakwater — Type 2
72.4  71.07 51.78 44.55 Decrease pressure

(percent)

Table 8. Maximum Pressure (P, P2, P3 and Pu) of the second
type of the composite berm breakwater and its percentage
decrease in compare to the horizontally caisson breakwater.
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Table 9. Maximum Pressure (P1, P2, P3 and Pu) of the third
type of the composite berm breakwater and its percentage
decrease in compare to the horizontally caisson breakwater.
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Table 10. Decrease and increase in the results of maximum
pressure values measured (P1, P2, P3 and Pu) on the caisson for
the composite berm breakwater (second and third types
compared to the first type).
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Abstract:

Coastal areas of each country are among the most valuable national resources. Proximity to Seas and oceans not only
provides unparalleled privileges for easy and inexpensive transportation, but also provides grounds for economical,
commercial and military activities. Breakwaters have changed a lot during their design history. In check the pressure
on caisson of composite berm breakwater is important according to its impact on the design of this breakwater
as well as its effect on hydraulic reactions. When composite berm breakwater is investigated against Wave
Interaction, knowing the created water pressure in berm of breakwater due to Wave Interaction is important
because of its effect on many reaction parameters of the porous structure, including wave run-up and wave
overtopping. The pressure distribution resulting from the wave interaction in the horizontally caisson
breakwater is one of the important parameters in the design of this breakwater. Due to the significant impact
of this parameter, the use of composite berm breakwater has been investigated to improve the performance
and reduce the forces applied to the structure .In this study, numerical modeling of pressure on composite berm
breakwater and its comparison with horizontally caisson breakwater has been investigated by numerical model
of FLOW-3D. Also, the use of the composite name is due to the presence of caisson in the berm breakwater.
The use of caisson in composite berm breakwater, in contrast to berm breakwater, reduces the volume of
consumable materials. On the other hand, by reducing the pressure on the caisson in the composite berm
breakwater, it will be possible to build a caisson with thinner walls, which reduces the cost of building
breakwater. The results of the laboratory model have been used to evaluate the outputs of the numerical model.
Therefore, by analyzing the sensitivity of the numerical model, the number of suitable mesh is selected and
then by calibrating and verifying the numerical model the accuracy of simulation results will be evaluated. To
ensure the function of the numerical model, its results was calibrated and verified with existing laboratory
data. In general, according to the results presented in the context of the pressure applied to caisson, the
composite berm breakwater has a very good performance compare to the horizontally caisson breakwater. The
greatest amount of pressure on the crest of composite berm breakwater (P2) is related to composite berm
breakwater type2. By examining velocity magnitude at the moment of maximum pressure occurrence in the
caisson crest, it is determined that at this moment the wave is broken and the impact pressure caused by the
wave break increased the pressure in the caisson crest. In the second type of the composite berm breakwater,
when the wave breakdown on the berm and the breaker plunge happens in the caisson proximity, it will
increase the pressure on the caisson of the composite berm breakwater. In composite berm breakwater,
compared with the horizontally caisson breakwater at P1 (the maximum pressure applied to the caisson at the
surface of the water), the amount of achieved pressure showed the reduction of 52.09% and at P2 (maximum
pressure in the caisson crest), the achieved pressure showed 63/07 % decrease. Also in P3 (maximum pressure
in caisson toe), the pressure was reduced by 76.09%, and in Pu (uplift pressure under caisson), this value
indicates a decrease of 53.92%.

Keywords: Composite Berm Breakwater, Pressure, Berm Breakwater, Horizontally Caisson Breakwater,
Porous Medium.
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