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This study describes the experimental work and preliminary results of investigations made on 
the effects of wind and currents on wave run-up and wave overtopping. The tests were carried 
out in the shallow water wave basin at the DHI (Hørsholm / Denmark). A detailed description 
of the set-up and measurements will be given followed by a parametric and a regression 
analysis which aims at the development of reduction factors for wind, current and obliquity. 
This is done with respect to the existent design formulae in the Eurotop-Manual (2007) and the 
results are discussed with regard to former investigations. 

 
1. INTRODUCTION 

In the past, a variety of structures was built to protect the hinterland during high water levels from 
coastal flooding or river flooding. Common use in practice is the application of smooth sloped dikes as 
well as steep or vertical walls. Today the knowledge of the design water level, wind surge, wave run- 
up and/or wave overtopping is used to determine the crest height of these structures. Due to the choice 
of the return interval of the design water level, the uncertainties in applied formulae for wave run-up 
or wave overtopping as well as the incoming wave parameters, wave overtopping can not be avoided. 

Relevant for the freeboard design in wide rivers, estuaries and at the coast are the incoming wave 
parameters at the toe of the structure. These are influenced by local wind fields and strong currents - 
occurring at high water levels mostly parallel to the structure. Earlier investigations did not consider 
the combined effects of wind and current on wave run-up and wave overtopping. Only few papers, 
dealing either with wind effects or current influence, are published (see references). 
 
2. EXPERIMENTAL SETUP 

The model tests were conducted in the shallow water wave basin of the DHI in Hørsholm (Denmark). 
The basin has a length of 35 m, a width of 25 m and can be flooded to a maximum water depth of 0.9 
m. Along the east side (35 m in length) the basin is equipped with a multidirectional wave maker 
composed of 36-segments. The 0.5 m wide and 1.2 m high segments can be programmed to generate, 
multidirectional, long or short crested waves. Dynamic wave absorption for reflected waves is 
integrated in the wave generation with the DHI software by an automatic control system called Active 
Wave Absorption Control System (AWACS). For further absorption of reflection and diffraction 
effects gravel and metallic wave absorbers are placed on the edges of the dike. 

This study focuses on a dike structure with a slope of 1:3. The toe of the structure is situated in a 
distance of 6.5 m from the wave machine (Fig. 1). It has an over all length of 26.5 m which is 
necessary to generate a homogeneous wave field in front of the dike for all investigated parameter 
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combinations. The backside and crest of the dike are brick-built with a width of 0.3 m and its core is 
out of compacted gravel covered with 50 mm concrete. In order to acquire wave overtopping data for 
freeboard heights of 0.1 m and 0.2 m the dike is divided in two sections. The first 15 m upstream the 
weir, the dike has a crest height of 60 cm and 11.5 m further up the crest level is 70 cm from the basin 
floor. A variable crest extends the 70 cm crest 7 m further downstream. This additional part made of 
plywood is used to change the set-up configuration during the test programme. 
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Fig. 1. Overview of the model with instruments and flow direction 

 
 

The cross section for the wave overtopping unit is given in Fig. 2. For sampling of the overtopping 
volume a plywood channel is mounted at the landward edge of the crest and leads the incoming water 
directly into one of the four overtopping tanks. Two tanks are installed per section (60 cm and 70 cm 
crest) and the amount of water is measured by load cells and wave gauges. Dry boxes are constructed 
to prevent the tanks and load cells from uplift when the basin is flooded. 

 

 
 

Fig. 2. Cross section of overtopping unit for the 70cm crest 
 

3. PRELIMINARY RESULTS 

Remarks 
The tests were carried out with short crested waves using a JONSWAP spectrum. According to the test 
set up in Fig. 1 wave run-up and wave overtopping were measured in separate sections in the middle 
of the dike to avoid the influence of edge effects. As described in the previous chapter wave field 
analysis are implemented in time and frequency domain. Existent approaches and theoretical 
investigations are used to verify and compare the data. 
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Wave overtopping tests 
The objective of the wave overtopping tests is to study the influence of currents and wind on the 
average wave overtopping rate q. Furthermore, the influence of oblique wave attack is identified and 
compared to former investigations by Oumeraci et al. (2001). Wave overtopping tests were performed 
in addition to wave run-up tests. Using dimensionless factors for the average wave overtopping rate 
and a dimensionless freeboard height, presented in the Eurotop-Manual (2007), all four overtopping 
tanks for both crest heights could be included in the analysis. The dimensionless factors correspond to 
an exponential relationship used for the design formula of the average overtopping rate. 

 ( )∗∗ ⋅−⋅= RbQQ exp0  (1)
with: Q0, b = dimensionless factors. 

Reduction factors for obliqueness and currents (γθ; γC) and in case of the wind influence an 
increasing factor (γW) can be investigated by comparison of the different exponential coefficients b 
(see formula (2)). The coefficient b is obtained using a regression analysis for the test series of the 
decisive parameter, e.g. in Fig. 3 the corresponding graphs for current influence are shown. A 
distinction is also made between breaking and non breaking waves. 
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Fig. 3. Wave overtopping data influenced by current (non-breaking) 
 

4. CONCLUSIONS 

In the past a large variety of investigations concerning wave run-up and wave overtopping has been 
performed. Given by the diversity of influencing factors, uncertainties will still remain which have to 
be considered in the design of dikes in estuarine and coastal areas. Therefore, model tests are 
conducted in order to indicate these parameters. Parallel current and wind are two of the missing 
effects in freeboard design; hence model tests were performed in a shallow water wave basin at DHI 
(Denmark). The investigations carried out on a 1:3 sloped dike, used a JONSWAP spectrum with short 
crested waves.  

The influence of oblique waves on overtopping has been validated. Preliminary correction factors 
(γθ; γC; γW) were designated for each influencing parameter of this validation. It can be stated that 
increasing overtopping volumes were determined for wind application, as well as decreasing volumes 
for test series with currents or oblique waves. 
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Finally the combined effects for wind, current and obliquity is still a matter of further analysis, 
especially the adoption of the factors by formulas has to be investigated. In addition, more theoretical 
work is required to determine the effect of currents on wave evolution and the resulting wave run-up 
and wave overtopping processes. 
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