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ABSTRACT 
 

     Water wave scattering by an array of identical rectangular block type breakwaters 
is investigated in the presence of a heterogenous bottom boundary. Boundary value 
problem is formulated by employing the small amplitude water wave theory and solved 
by using eigenfunction expansion method. Effects of different parameters on the total 
reflected and transmitted wave energy are computed and analyzed. Further, the 
surface profile is plotted to assure the wave phenomena in the vicinity of the 
breakwaters. This study will be helpful for the breakwater designers to install 
breakwaters in presence of uneven bottom topography. 
 
NOMENCLATURE 
 

( , , )x y z   Spatial velocity potential 

2a   Gap between two consecutive rectangular blocks 
2b  Distance between the centers of two consecutive blocks 
2c  Width of rectangular block 
H, h  Water depth in two different regions 
g  Gravitational constant 
   Angular frequency 
  

,  ,  a b c  Normalized value of , ,a b c  




            Normalized surface elevation 

 
1. INTRODUCTION 
 
     Different kinds of offshore breakwaters are installed parallel to coastline to protect 
beaches and offshore structures from incoming sea waves. An array of several identical 
block type bottom supported and surface piercing breakwaters, which are placed 
periodically parallel to coastline, is one of such breakwaters. This arrangement of 
breakwater is environment friendly and ecological as the gap between two units allow 
wave and water exchange between sea side and lee side of the breakwaters. These 

                                                 
1)

 Researcher 
2)

 Professor 



The 2018 World Congress on 
Advances in Civil, Environmental, & Materials Research (ACEM18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

  

breakwaters are installed in coastal region where the bottom topography is not uniform 
in general. Thus in the present study, water wave diffraction by an array of offshore 
breakwaters is studied in the presence of a step type bottom topography. 
 
     Twersky (1956), Miles (1985), Linton and Evans (1993) investigated wave 
impinging by periodic array of segmented lines in the field of acoustic. Similar concept 
was implemented on normal and oblique incident water wave scattering by an array of 
screen type breakwaters by Dalrymple and Martin (1990), Williams and Crull (1993). 
They used eigenfunction expansion method and variational approach to analyze water 
wave diffraction through gratings. Reflection and transmission coefficients are 
computed by Porter and Evans (1996) when oblique waves propagate through a single 
array of breakwaters and two arrays of breakwaters. Fernyhough and Evans (1993) 
generalized the problem of Porter and Evans (1996) considering rectangular block type 
breakwaters. Recently, Mondal et al. (2017) studied wave diffraction by a floating 
breakwater in the presence of an array of rectangular blocks using eigenfunction 
expansion method. In the aforementioned studies, water depth was considered uniform. 
According to the authors’ knowledge, the study on wave diffraction by breakwater in the 
presence of heterogeneous bottom topography is scarce. Using both analytical and 
experimental approach, Belibassakis et al. (2014) analyzed wave transformation 
through opening of coastal structures considering different water depths in three 
regions. 
 
     The objective of this work is to study the wave transmission through opening of 
breakwaters in three dimensions due to sudden change of water depth. The emphasis 
is given to compute reflection and transmission coefficient along with the water surface 
elevation in different regions. 
 
2. FORMULATION AND SOLUTION 
 
     In this study, mathematical problem is formulated as a boundary value problem 
under the assumption of linear water wave theory in the three dimensional Cartesian 
coordinate system such that the mean water surface is the xy-plane and the z-axis is 
considered positive in vertically upward direction. It is considered an array of identical 
block type breakwaters having a uniform opening 2a between two units (Fig 1a) and 

has an abrupt change in water depth from 𝐻  to ℎ (< 𝐻) at x=c (Fig 1c). As the 
breakwaters are periodic, the present problem can be converted into a channel problem 
as shown in Fig 1(b). Due to the presence of the periodic breakwaters, the fluid domain 
can be divides into three different regions: R1:        , , 0c x b y b H z , R2:

        , , 0c x c a y a h z , R3:         , , 0x c b y b h z . 

 
     It is considered the fluid is inviscid, incompressible and motion is irrotational, 
simple harmonic in time with angular frequency  . Thus, we can write velocity 

potential 
  ( , , , ) ( , , ) i tx y z t x y z e , where the spatial velocity potential ( , , )x y z

satisfies the three dimensional Laplace equation 
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   
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2 2 2
0

x y z
 (1) 

 
in the fluid domain.  Along rigid bottom, boundary conditions are 
 
   

            
 

0, at , ,   and   0, at , , z h H x c b y b H z h
z x

 (2) 

 
 

 
 

Fig. 1 Schematic diagram (a) top view of breakwaters, (b) top view and ,(c) side view of 
channel problem 
 
On the free surface,  0z  linearized free surface boundary condition is 
 
  




 


2

0.
z g

 (3) 

 
In addition, boundary conditions on the breakwater and lateral boundaries are 
 
 

        


0,   at  , , 0y a c x c h z
y

 (4) 
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 
           


U0,  at  ,  ( ) ( ),  0x c b y a a y b h z

x
 (5) 

 
 

         


U0,  at  y , ( ) ( )b x c c x
y

 (6) 

 
Solving the Eq. (1) along with the boundary conditions as in Eqs. (2) - (6), velocity 
potentials can be obtained as 
 
 

      
  

    

  

 
    
 

  0

1 0 0

0 1 0

( ) ( ) cos ( ) ( )n mnik x c ik x c ip x c

n n m mn n

n m n

e f z A e f z b y A e f z  (7) 

 
  

 
 

 





 

 

 
  

 

 
   

 



 

2 0 0

0

0

1 0

cos sin
( )

cos sin

cos sin
      cos ( ) ( )

cos sin

n n
n n n

n n n

mn mn
m mn n n

m n mn mn

x x
B C z

c c

q x q x
a y B C z

q c q c

 

(8) 
 

    
   

  
   

  

    3 0

0 1 0

( ) cos ( ) ( )n mni x c ir x c

n n m mn n

n m n

D e z b y D e z  (9) 

 

where                2 2 2 2 2 2/ ,  / ,  ,  q ,  rm m mn n m mn n m mn n mm b m a p k for 

m=1,2,… and n=0,1,2,.. and the eigenfunctions ( ) and ( )n nf z z  are given by 

 
 




 
 

cosh ( ) cosh ( )
( )       and      ( )

cosh cosh
n n

n n

n n

k H z h z
f z z

k H h
 (10) 

 

The eigenvalues  and n nk as appear in Eq. (10) satisfy the dispersion relations 

 
     2 2tanh       and      tanhn n n ngk k H g h  (11) 

 
For numerical computation the infinite series over m and n are truncated for m=M and 

n=N. This gives 4(M+1)(N+1) unknowns ( , ,  and )mn mn mn mnA B C D  in Eqs. (7) – (9). 

These unknowns can be computed by solving the same number of algebraic equations 
which are obtained by using the continuity of velocity and pressure at the interfaces 
 x c and the orthogonal relations as stated by Mondal and Takagi (2017) (page 4, 

Eqs. (15, 16)). Once, the solutions for , ,  and mn mn mn mnA B C D are computed the velocity 

potentials  , 1,2,3j j are known completely. Thus, the reflection, transmission 

coefficients and surface elevation can be evaluated. It is confirmed that numerical 
results converge for M=20 and N=24 and we used these values for numerical 
computation. 
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3. RESULTS AND DISCUSSIONS 
 
Rtotal and Ttotal versus non-dimensional wavenumber k0b are plotted in Fig. 2 for different 

values of non-dimensional gap length 


a  with 


 0.8c  and / 0.6h H .  Fig. 2 shows  

 
 
 

 
 

Fig 2. (a) Rtotal and (b) Ttotal versus k0b for different values of 


a . 
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Fig. 3 (a) Real part of surface elevation and (b) modulus of surface elevation in the 

vicinity of breakwater for k0b=2π/3, 
 

 0.5,  0.8a c  and h/H=0.6. 
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that Rtotal and Ttotal vary oppositely with increasing 


a  such that Rtotal decreases and 

Ttotal increases. This happens as an increase in 


a  leads to more wave transmitting in 
the lee side of breakwater. The Rtotal gets zero for two values of k0b (= 1.52, 2.94) 
before the first cut-off frequency k0b = π. On the other hand, Ttotal becomes zero at k0b 

= π only for lower values of 


a  which indicates that the wave energy completely 
reflects when the wavelength is equal to the channel width (Fig. 2b). For small values of 

wavelength Ttotal approaching towards 


a . Porter and Evans (1996) made a similar 
observation for screen type periodic barriers having a uniform water depth. In Fig. 3, 
the real part of surface profile and modulus of the wave field are plotted for k0b = 2π/3 

< π and 


 0.5a . It is observed that only progressive wave exists and a relatively calm 

zone prevails in the bay side (Fig 3b). More computational results associated with the 
present problem will be presented in the symposium. 
 
4. CONCLUSIONS 
 
     In the present study, efficiency of breakwaters is evaluated by computing the 
reflection, transmission coefficients and free surface motion by using eigenfunction 
expansion method. From free surface motion, it is observed that breakwaters can 
protect beaches from high wave attack. On the other hand, as this method provides an 
exact solution, the surface profile can find more conveniently than any other numerical 
methods such as finite element and boundary integral equation methods. It is observed 
that M=20 and N=24 terms are sufficient for numerical computation. Hence the method 
is convenient in terms of the computation time and computer memory. Numerical 
results for an array of screen type breakwaters can be obtained as a limiting case of the 

present solution by substituting


 0b . 
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