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The design of sea dikes requires knowledge about the wave parameter right in front. Especially 
the wave propagation along the foreland with structures like summer dikes or submerged 
breakwaters, determines the wave characteristics at the toe of the dike. Shoaling, refraction, 
wave breaking, bottom friction and wave transmission are the predominant processes within this 
area. 

Standard numerical models, like SWAN (see ����������� [1994]), are good tools for the simula-
tion of these processes. Nevertheless physical model tests are still needed to calibrate the pa-
rameter and validate the numerical models. 

This paper deals with the wave transmission at summer dikes respectively submerged breakwa-
ters using the numerical model SWAN as well as laboratory tests in the 	�
���������������

����� of the �������������
��������
������ and in the ������������
�����
��
�������of 
the �
������� ��������, both located in Hannover, Germany. The focus is put on the analysis of 
wave spectra influenced by wave transmission. 
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The model tests in the wave flume GWK with dimensions of 324 m x 5 m x 7 m were carried 
out at prototype scale. Figure 1 (left) shows the experimental set-up with a summer dike build 
on a foreland (top) and the wave breaking induced by the summer dike (bottom). The height of 
the foreland is 1.4 m. The summer dike had a crest height of 1.6 m above the foreland, a crest 
width of 3 m and a slope of 1:7. The parameters of the incoming wave field were varied from 
0.6 m to 1.2 m for the significant wave height and from 3.5 s to 8.0 s for the peak wave period 
at water levels from 3 m to 4.5 m. The wave propagation was measured at 26 locations along 
the flume. A detailed description of the experiments in the GWK is given by ���������� (1999a). 

The model tests in the wave basin WBM with dimensions of  40 m x 24 m x 1.1 m were carried 
out in a side channel with a width of 1.7 m. Figure 1 (right) shows the experimental set-up with 
a submerged rubble mound breakwater with a height of 0.5 m, a crest width of 0.2 m and a 
slope of 1:2 (top) and the wave breaking at the breakwater (bottom). The parameters of the in-
coming wave field were varied from 2.5 cm to 17.5 cm for the significant wave height and from 
1 to 1.75 s for the peak wave period at water levels of 0.45 m to 0.7 m. Further information on 
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the experiments in the WBM is given by !��"
���������� (2002). 

The data, i.e. time series of water level elevation, collected in both experiments was analyzed in 
time domain and also in frequency domain. An example of this analysis is given in figure 2 and 
figure 3. 

In addition to the physical model tests numerical model tests were carried out using the phase –
averaged model SWAN� �see� ���#� 1997) applying the same boundary conditions (bathymetry, 
water level and wave spectrum). A description of the calibrated model parameter is given by 
��� (1999b). An example of the results of the numerical analysis is given in figure 2 and 3. 

 

   

   
 

Figure 1: Experimental set-up in scale in the 	�
���������������and the ������������
����

��
��
�at the University of Hannover 
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As shown in previous studies (see �����������[1999b]) the characteristic wave parameters (sig-
nificant wave height and peak wave period) were reproduced correctly by the numerical model. 
Figure 2 exemplifies this for the significant wave height measured in the GWK at a water level 
of 4 m and incoming waves with a significant wave height of 1 m and a peak period of 8 s. Be-
sides that, the analysis of the wave spectra at two positions (see figure 2) in the flume also re-
veals a quite good agreement for the spectral properties as shown in figure 3. On the left hand 
side of figure 3 the non influenced wave spectrum in front of the submerged breakwater is 
shown. The right hand side of figure 3 gives a comparable chart for the influenced wave spec-
trum behind the breakwater.  

Due to the transmission at the breakwater the wave spectrum is changed not only with respect to  
the total energy but also with respect to the spectral shape. The loss of total energy results in the 
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decrease of significant wave height (see figure 2) while the change in the spectral shape results 
in lower mean wave periods. The change in the wave spectrum is caused by non-linear wave 
transformation over the submerged breakwater resulting in a transfer of energy from the spectral 
peak to the higher harmonics (see  ��$�� ��� ���� [1996]). However the spectral peak remains 
nearly constant (see �����
����
������� [2000]). 

A measure for the energy transfer is the change in the ratio of the energy of the second har-
monic (2H) and the energy of the spectral peak (1H). Figure 4 (left) shows the increase of this 
ratio E2H/E1H directly at the summer dike for a water level of 4 m and incoming waves with a 
significant height of 1 m and a peak period of 8 s. The energy of the spectral peak with a fre-
quency fp was calculated by integration of the power spectral density from 0.5 fp to 1.5 fp. The 
energy of the second harmonic was set to the integral of the spectral density from 1.5 fp to 2.5 fp. 
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Figure 2: Change of the significant height of waves propagating over a foreland with summer dike - com-
parison of physical modelling (GWK) and numerical modelling (SWAN) (see ���������� [1999b]). 
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Figure 3:  Spectrum of the incoming (left) and the transmitted (right) wave spectrum - comparison of 
physical modelling (GWK) and numerical modelling (SWAN). 
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Figure 4: Ratio of the energy content of the first and second spectral peak (left) and normalised relative 
ratio of the energy content as a function of relative freeboard (right)  

 

The change in the ratio E2H/E1H due to wave transmission is given in figure 4 (right) as a func-
tion of the relative freeboard, i.e. the ratio of negative water depth over the crest of the breakwa-
ter and the significant wave height. Except for small relative freeboards, i.e. very small trans-
mission coefficients, the ratio E2H/E1H always exceeds unity. Similar results were also given by 
�����������������	
 [2000]. The influence of wave transmission on the spectral shape diminishes 
for high relative freeboards. 
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