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Abstract

  Wind waves has high impact on the coastal area, either to the shoreline or to the structure of the buildings in the 
coastal  area.   To  protect  the  coastal  area  from the  waves,  the  coast  needs  a  protection  structure  such  as 
breakwater. Aims of the structure are to reduce and to destroy the wave energy.

  The aims of the research are to see the natural phenomenon of the surface wave propagation, and how is the 
impact of the wave propagation if it is happen in the reality, the same as the condition of the simulation as the 
scenario planned.  In this research,  the wave equation that we used for the modeling of wave propagation that 
pass through the submerged breakwater was a 2-D Hyperbolic wave equation.

 Breakwater can be modelled numerically to study and to investigate dispersion effects. Based on results of this 
research concluded that the energy of the wave can be reduced significantly by submerged breakwater, so the 
coastal area can be protected.

KEYWORDS: analysis diffraction effects, submerged breakwater, 2-D hyperbolic wave equation

1. Introduction

Wind waves has high impact on coastal area, either to 
the shore line or the structure of the buildings in the 
coastal  area.   To  protect  the coastal  area  from the 
waves,  the coast  needs protection structure  such as 
breakwater. Aims of the structure are to reduce and to 
destroy  the  wave  energy.   The  conditions  of  the 
coastal area nowadays is not in good condition due to 
the abrasion, erosion and sedimentation because the 
lack of protection to the coast.  The natural protection 
which are exist such as mangrove or  coral, most of 
them are  not  in  good condition  due  to  the  human 
factor,  so that  the coast  has no protection from the 
impact of the wave.

Nowadays  many  researchers  are  interested  in  the 
natural  protection of  the  coastal  area  such as  coral 
rock which is close to the beach, to reduce the wave 
energy. Many researchers in sciences and engineering 
used numerical  modeling to simulate the movement 
of  the  waves  in  two  dimensions.   Aims  of  the 
research  are  to  see  the  natural  phenomenon  of  the 
wave  propagation  in  the  surface,  and  how  is  the 
impact of the wave propagation if it is happen in the 
reality, the same as the condition of the simulation as 
the scenario planned.  These phenomenon give many 
ideas  to  researchers  about  the  protection  of  the 

coastal  area  by  coral  rock  or  to  build  the 
configuration of stone which is look like coral rock. 
They are expected that these configuration is possible 
to protect the sea shore as the coral rock do and these 
sometimes called as submerged breakwater.

2. Methodology

Research methodology used in this research is only 
using a numerical method. Using the method, cost of 
the  research  is  more  least  if  it  is  compared  with 
physical modeling and field modeling researches.

In this research,  the wave equation that we used for 
the  modeling  of  wave  propagation  [3]  that  pass 
through the submerged breakwater is 2-D Hyperbolic 
wave equation as follow, 
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Where: 

η = the elevation of the surface

 C =  g .h =  the speed of wave propagation  

  g =  gravitation
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To  find  a  solution  of  the  2-D  hyperbolic  wave 
equation above we are going to use the explicit finite-
difference method.
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From  the  equation  (2),  (3)  and  (4)  and  with 

substituted c =  g .h  (Miharja, 1989) we can find 

full equation as follow:
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The equation (5) is a solution of the explicit finite-
difference  method  from  the  2-D  hyperbolic  wave 
equation.   The  surface  of  the  wave  propagation 
modeled is bounded by a limit which does physically 
not exist. The condition of the limit above sometime 
called  as  the  limit  condition.  The  equation  for  the 
limit condition is as follow:
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3. Setting Model

In the numerical modeling, as a source is line source. 
to  model  surface  wave  source,  a  source  model  of 
Ricker  wavelet  is  applied  as  used  in  [3].  Source 
waves  employed  as  line  waves  which  having  the 
same  direction  with  the  coral.  In  this  research,  to 

model  wave  propagation  is  using  four  scenarios 
(scenario 1, 2, 3 and scenario 4).

For the scenario  1,  breakwater  which reveal  to the 
surface with the form of trapezoidal,  in the center of 
the breakwater location is opened. It is intended as a 
way for  the  waves  to  propagate  over  and  pass  the 
coral model (see Fig. 1)

For the scenario 2, also the breakwater are located in 
the  same  direction  with  the  scenario  1,  but  the 
breakwater is submerged. And we called submerged 
breakwater (see Fig. 2)  

For the scenario 3,  Breakwater  which reveal  to the 
surface with the form of rectangular,  in the center of 
the breakwater location is opened. It is intended as a 
way for  the  waves  to  propagate  over  and  pass  the 
coral model (see Fig. 3).

For the scenario 4, also the breakwater are located in 
the  same  direction  with  the  scenario  3,  but  the 
breakwater is submerged (see Fig. 4). 

Fig. 1. Set up for scenario 1 (trapezoidal
           breakwater).

Fig. 2. Set up for scenario 2 (trapezoidal
            submerged breakwater).
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Fig. 3. Set up for scenario 3 (rectangular
breakwater).

Fig. 4. Set up for scenario 4 (rectangular
submerged breakwater).

4. Results 

Results  of  this  research  are  presented  in  four 
scenarios, scenario 1,2,3 and scenario 4. For results 
of the scenario 1 are presented in Fig. 5, Fig. 6, and 
Fig. 7. For results of the scenario 2 are presented in 
Fig. 8, Fig. 9, and Fig. 10. For results of scenario 3 
are  presented  in  Fig.  11,  Fig.  12  and  Fig.  13.  For 
results of the scenario 4 are presented in Fig. 14, Fig. 
15 and Fig. 16 as follow, 

Fig. 5. Snapshot of wave propagation
at t = 3.3 sec (scene 1)

Fig. 6. Snapshot of wave propagation
at t = 7.2 sec (scene 1)

Fig. 7. Contour plot diffraction effect
of the coral model (scene 1)

Fig. 8. Snapshot of wave propagation
at t = 3.3 sec (scene 2)
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Fig. 9. Snapshot of wave propagation
at t = 7.2 sec (scene 2)

Fig. 10. Contour plot diffraction effect
of the coral model (scene 2)

Fig.11. Snapshot of wave propagation
at t = 3.3 sec (scene 3)

Fig. 12. Snapshot of wave propagation
at t = 7.2 sec (scene 3)

Fig.12. Snapshot of wave propagation
at t = 7.2 sec (scene 3)

Fig. 13. Contour plot diffraction effect
of the coral model (scene 3)

Fig. 14. Snapshot of wave propagation
at t = 3.3 sec (scene 4)
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Fig. 15. Snapshot of wave propagation
at t = 7.2 sec (scene 4)

Fig. 16. Contour plot diffraction effect
of the coral model (scene 4)

Fig. 17. Contour plot diffraction effect
from Shore Protection Manual [7]

To generate  and simulate wave propagation such 
as  presented  above, 101 times  101  grid  points  are 
used. The grid spaces  x equal  to  y used in this 
model are 1 meter. The depth (h) which used in the 
numerical  domain is 5 meters. The grid time  t  in 
this model is 0.01 second. So numerically, the model 

is stable, because t is less than Δx / gh  . 

Second  order  accuracies  of  finite  difference 
method are  used  to   approximate  the second order 
derivatives of the hyperbolic wave equation. 

Snapshot results  of the scenario 1 and 3  can be 
compared with snapshot results of the scenario 2 and 
4. In the scenario 1 and 3, the wave propagation is 
completely dissipated, and the waves only propagate 
by the opened location. The waves propagate in the 
domain clearly dispersed. In the scenario 2 and 4, we 

use submerged breakwater, a half of the waves still 
propagate  with  slightly  dissipated  and  the  others 
wave  propagate  over  the  breakwaters  from the  top 
side and opened location. In the scenario 2 and 4, the 
energy  of  wave  more  less  than  before,  the  waves 
almost dissipated by the submerged breakwater (see 
Fig.  8,  9,  14,  and  15).  Dispersion  effects  of  the 
breakwater also can be studied ( see Fig. 7,10, 13 and 
16) and especially  for  the Fig.  13 can be compare 
with  the  dispersion  literature  produced  by  Shore 
Protection Manual from U. S. Army [7] (see Fig. 17). 
The  result  indicated  the  good  agreement  with  the 
published  literature.  For  the  scenario  1  and  3,  the 
waves  dissipated  significantly,  and  waves  only 
propagate by opened location of the breakwater. For 
the scenario 2 and 4 the wave almost dissipated, but 
few  of   the  waves  propagate  pass  trough  the 
breakwater by the opened location. 

5. Conclusions

Based on the results of this research concluded : 

 The energy of wave can be reduce significantly by 
submerged breakwater, so we can protect the coastal 
zone.

 The  Breakwater  can  be   modelled  numerically  to 
study and to investigate dispersion effects. 

Diffraction  result  of  the  model  indicate  the  good 
agreement with the published literature. 
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