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Breakwaters are designed to protect coastal infrastructure by dissipating wave 

energy, partially due to wave reflection. A submerged, horizontal deck located 

beneath free surface can be used as a breakwater. Some benefits include: 

 Less dependent on seafloor topography for foundation 

 No visual distractions, nor limits recreational activities in coastal regions, 

 Does not restrict natural circulation of water and sediment transport, 

 It is a simple geometry, and easy to construct and maintain  

Submerged plates act as breakwaters by reflecting part of the wave due to the fluid-

structure and fluid-fluid interaction, while the remaining wave energy is transferred 

above and below the plate.  

Many studies have been conducted on a submerged plate using linear deep  water 

or intermediate water waves. We will study the effects of a submerged plate as a 

breakwater using the Green-Naghdi (GN) nonlinear, shallow water wave equation. 
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The Level I Green-Naghdi (GN) equations originally developed by Green and 

Naghdi (1976a, 1976b) are used to solve the propagation of an inviscid and 

incompressible fluid over a submerged plate. The GN equations are given by the 

mass and combined momentum equations, Ertekin (1984): 

ηt + [(h + η − α)𝑢1]𝑥1 = α  ,        (1) 
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where α(x1,t) is the vertical location of the bottom of the fluid sheet, 𝑝  (x1,t) is the 

free surface pressure, ρ is the fluid’s mass density, the superimposed dot is the two-

dimensional material time derivative, and g is gravitational acceleration. See 

Hayatdavoodi and Ertekin (2015) for details on applying the GN equations to the 

problem of flow of an inviscid and incompressible fluid over a submerged plate. 

We measure the effectiveness of a submerged plate as a breakwater using reflection 

and transmission coefficients to describe wave scattering. A method similar to the 

two-point method for nonlinear waves given by Grue (1992) is applied to closely 

estimate scattered wave amplitudes. In this method, we use the dispersion relation 

of the linearized GN solution, given by  Green and  Naghdi (1974) as: 
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𝑔ℎ𝐾2

1+
1

3
ℎ²𝐾2

  ,    (3) 

where ω is the angular wave frequency,  and K is the wave number.  

We discern the reflected wave amplitude, 𝑎𝑅, incident wave amplitude, 𝑎𝐼, and 

transmitted wave amplitude, 𝑎𝑇, by performing a Fourier transform on the surface 

elevation time series recorded at the wave gauges and performing the method and 

analysis given by Grue (1992).  

The reflection coefficient, CR, is the ratio of  𝑎𝑅 to  𝑎𝐼, given by:  

𝐶𝑅 = 
𝑎𝑅
𝑎𝐼

  .    (4) 

The transmission coefficient, CT, is the ratio of 𝑎𝑇 to  𝑎𝐼,  given by:  

𝐶𝑇 = 
𝑎𝑇
𝑎𝐼

   .   (5) 

Further details obtaining CR and CT can be found in Grue (1992). 
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b) Surface Elevation Comparisons 

a) Snapshot of the Numerical Wave Tank 

c) Reflection and Transmission Coefficient Comparisons 

Fig. 4: GN comparison of dimensionless surface elevation (ƞ/h ) recorded at two wave gauges, Gauge 

1 (shown in graph (a)) and at Gauge 3 (shown in graph (b)). Conditions are H/h = 0.0667; hII/h = 

0.333; B/h = 2.0; L/B = 2.524.  

Fig. 3: GN comparison of dimensionless surface elevation (ƞ/h ) of waves travelling to the right, given 

by Hayatdavoodi et al. (2015) recorded at three gauges, Gauge 1 (shown in graph (a)), Gauge 2 (shown 

in graph (b)) and Gauge 3 (shown in graph (c)). Conditions are H/h = 0.3; hII/h = 0.6; B/h = 2.102; L/B 

= 6.234.  

Fig 2: Conditions are H/h = 0.2; B/h = 10; hII/h = 0.3; and L/h = 10. H and L are wave height and wave length, respectively.  

Here, we explore the possibility of wave scattering due to a submerged plate on 

incident shallow-water waves generated by Hurricane Ike (2008) off the Bolivar 

Peninsula coast, just north of Galveston Island. Figure 7 shows surface 

elevations of the waves, with and without the presence of a submerged plate.  

The wave data is given by Blender et al. (2011) who obtained the data through a 

buoy at a water depth of h = 9.48m. The peak wave height, H = 5.49 m, and 

peak wave period, T = 11.75s. We choose hII/h = 0.3 and L/B = 3 from the 

coefficient and transmission coefficient results to possibly produce significant 

reflection and small transmission without wave breaking. We compare the 

surface elevation  of a simulated non-scattered transmitted wave when the 

submerged plate is absent, and the surface elevation of a simulated scattered 

transmitted wave with the presence of the plate during Hurricane Ike.   

Here, the surface elevations (ƞ) calculated by the GN equations are compared with existing data. Figure 3 shows GN comparisons with Computational Fluid Dynamics (CFD) 

and wave flume measurements given by Hayatdavoodi et al. (2015). Figure 4 shows GN comparisons with the Desingularized Boundary Integral Equation Method (DBIEM) 

and measurements given by Liu (2009), and a curve fit to model the GN surface elevation recordings for use in Grue’s (1992) method. The results of GN compare well.   

The reflection coefficient, CR, and transmission coefficient, CT, determined from the GN equation surface elevation time series are compared with  measurements from 

Brossard (2009), Liu (2009) and DBIEM of Liu (2009), and Lin (2014) Boundary Element Method (BEM). Plate submergence depth, hII/h is varied in Fig 5; wave length to 

plate length ratio, L/B, is varied in Fig. 6. GN shows good comparison. It is observed within the studies shown that reflection coefficient increases as submergence depth 

decreases. The relation, however, remains nonlinear and as the submergence depth decreases, smaller variation is observed. As expected, CT shows opposite behavior compared 

to CR. As submergence depth decreases, CT also decreases, and CT increases as the submergence depth increases. For decreasing L/B ratios less than 3, CR decreases while CT 

increases. For increasing L/B ratios larger than 3, CR again decreases while CT increases.  

Scattering of waves by a submerged horizontal plate is studied by use of the 

GN equation. A submerged horizontal plate is shown to be very effective in 

reflecting a significant portion of wave energy, while  allowing some to 

transmit. Close  agreement can be observed between GN equations and existing 

measurements and data.  GN equations can be used for nonlinear wave 

scattering in shallow water conditions. CR and CT are shown to be significant 

due to a submerged plate, hence it can be used as a very simple and effective 

breakwater. A case study  shows that the severity of damage due to waves 

generated by Hurricane Ike could be reduced  by a submerged breakwater.  

Fig. 6: GN comparison of reflection coefficient, CR, and transmission,  coefficient CT, as a function 

of L/B. Conditions are H/h = 0.0667; hII/h = 0.333; B/h = 2.0; L/B = Variable. 

Fig 5: GN comparison of reflection coefficient, CR, and transmission,  coefficient CT, as a function of 

hII/h. Conditions are H/h = 0.1;  hII/h = Variable; B/h = 1.25; L/B = 2.5.  

Fig. 1:  Schematic of submerged horizontal plate as a breakwater.  

Fig 7: Case study of incident waves generated by Hurricane Ike (2008) over a submerged plate 

measured at 5B downwave. Conditions are: B/h =  3.74, H/h = 0.58, hII/h = 0.25, L/B = 3, and 

L/h = 11.39.  

The results show that the wave is significantly reduced, resulting  wave height 

that is smaller by approximately 40 % - 45 % 

ƞ
/h

 

In Fig. 2, a snapshot of the GN wave tank with a submerged plate is shown. The vertical axis is the dimensionless surface elevation (ƞ/h ), and the  horizontal axis is the dimensionless position (X/h). 

Cnoidal waves travelling from the left to right hand side of the figure are seen scattering can be seen occurring above the submerged plate, resulting in the combined incident and reflected waves 

travelling upwave from the plate, and transmitted waves travelling downwave from the plate. It is clear that the transmitted wave amplitude is considerably less than the combined incident and reflected 

wave amplitude.  

Figure 1 shows a schematic of submerged horizontal plate as a breakwater. B is plate 

length, h is water depth, hII is submergence depth from the still water level (SWL), 

hIII is the plate vertical location from the seafloor, ƞ𝐼 + ƞ𝑅is the combined  reflected 

and incident waves upwave of the plate, and ƞ𝑇is the transmitted waves downwave.  
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