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Abstract 
 

 

The objective of this report is to serve as a final report for my Bachelor thesis, with the main goals being 

determining the relation between very oblique wave attack and overtopping, and to accordingly adjust the 

formulae for oblique wave attack. The required knowledge to be able to read and understand this report is of a 

Bachelor in civil engineering level. All  around the world different types of structures are built to protect adjacent 

areas from river or coastal flooding during high water levels. Only limited research is available on the influence 

of oblique wave attack (for angles over 45°) on wave overtopping. Hydralab is an EU-project, which gives 

researchers in the European Union the possibility to carry out research in large hydraulic facilities. Cornerdike is 

a part of the Hydralab IV program. The Cornerdike research project was performed at the shallow-water basin at 

DHI in Hørsholm, Denmark. To achieve the goal of this research, tests, data processing and analysis were done. 
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1. Introduction  
 

 

In this chapter an introduction to this research report is given. The reasons for performing the research are 

described, the goal and research question are given and the build-up of the report is disclosed. 

 

1.1. Introduction  to Cornerdike 
All around the world different types of structures are built to protect adjacent areas from river or coastal flooding 

during high water levels. The crest height of these structures is mostly determined by a design water level and 

wave run-up and/or wave overtopping. Only limited research is available on the influence of oblique wave attack 

(for angles of incidence over 45°) on wave run-up and wave overtopping due to the complexity and the high 

costs of model tests in wave basins. Only very few experiments are available and the available formulae show 

considerable differences for angels of wave attack over 45°. The definition of the angle of wave attack ɓ can be 

found in figure 1.1. Most of the relevant research was performed on the influence of long crested waves and only 

few investigations are available on the influence of short-crested waves on wave run-up and wave overtopping 

(Pohl, 2011). Long crested waves have no directional distribution and wave crests are parallel and of infinite 

width. Only swell coming from the ocean can be regarded as a long crested wave. In nature, storm waves are 

short-crested. This means, that wave crests are not parallel, the direction of the individual waves is scattered 

around the main direction and the crests of the waves have a finite width. 

 

 
Fig. 1.1.: Definition of angle of wave attack ɓ (Pullen et al., 2007). 

 

Overtopping during angles of wave attack larger than 90° is possible. The main direction of the waves 

determines the angle of incidence, but because of the spreading in a wave field (short-crested waves), there 

always exist waves with other angles, which lead to other angles of attack. So even if the main direction is 

offshore (larger than 90°), there will always be waves that reach the structure. The amount of waves that still 

reaches the structure becomes smaller for larger angles of incidence. Currently, the most comprehensive source 

on wave overtopping is the European Overtopping Manual (EurOtop) (Pullen et al., 2007). In the European 

Overtopping Manual (EurOtop) (Pullen et al., 2007) it is described that, for oblique wave attack with angles over 

45°, the wave overtopping will eventually be zero, if the angle of wave attack is large enough. For angles 

between 80° and 110° the wave height and wave period need to be lowered, due to diffraction. For angles larger 

than 110°, the crest height is allowed to be the same as the water level and the overtopping is set to zero (Pullen 

et al., 2007). For more information, see sections 2.1. and 2.2. 

 

Examples of places in The Netherlands where oblique wave attack occurs, are the Dutch Wadden isles, the 

southern dike of the Noordoostpolder and the Ooster- and Westerschelde (Van der Meer, 2012c). Experimental 

data are required to estimate the wave run-up and wave overtopping behavior in these cases and to reduce the 

remaining uncertainties. 

 

Cornerdike is a research that is part of the Hydralab IV program. Hydralab is an EU-project, which gives 

researchers in the European Union the possibility to carry out research in large hydraulic facilities. This has led 

to the fact that European universities have started partnerships and made research proposals. Cornerdike is a 

partnership between the universities of Dresden, Aken, Brno and Ghent and Van der Meer Consulting (Van der 

Meer, 2012c). The research on overtopping and run-up were both performed at the shallow-water basin at DHI in 

Hørsholm, Denmark. The tests for overtopping were performed in September 2012, the tests for run-up were 

performed in October 2012. 
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1.2. Goal of this report 
The main research question of this report and of Cornerdike is: 

 

What is the influence of short-crested very oblique waves on wave overtopping and how do the current design formulae need to 

be adjusted? 

 

The hypothesis is as follows. The prediction is that the overtopping will be fairly similar to the values calculated 

with the design formulae, when the angles of incidence are still quite small. With the enlargement of the angles 

of incidence, the prediction is that the deviations will also become larger. The wave run-up and overtopping will 

become smaller with increasing angles of incidence, but will not become zero at 110°. The design formulae will 

need to be adjusted accordingly. 

 

This leads to the goal of this report and of Cornerdike: The goal of this report and of Cornerdike is to determine 

the relation between very oblique wave attack and overtopping, and to accordingly adjust the design formulae for 

oblique wave attack. 

 

 

1.3. Structure of this report 
This report uses the overtopping research of Cornerdike and contains a first analysis of these research data. This 

report contains a short literature review, information on set-up and construction, instrumentation and calibration, 

test programs, information on data management, data processing and an analysis of the wave overtopping results. 

 

The format of this report is as follows. In this report, first, a description of the project is given. Then, a literature 

review is presented in chapter 2. Next, the set-up and experimental procedures are described (chapter 3). The 

experimental procedures are described in chapter 4. In chapter 5, data processing is described. After that, in 

chapter 6, the analysis is described. Finally, conclusions are given in chapter 7. There are two appendices, A and 

B. Appendix A gives an overview of the test set-up and instruments. Appendix B gives an overview of all the 

tests and results. 

 

The analysis consists of three parts. The first part of the analysis consists of comparing calculated overtopping 

discharge qpredicted to measured overtopping discharge qmeasured for three different wave types, short-crested 1, 

short-crested 2 and long crested waves (see table 4.1.). In the second part the influence of the spreading width 

(see table 2.1.) is examined by comparing dimensionless overtopping discharges. Finally new empirical design 

formulae are determined. 
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2. Literature review  
 

 

This chapter describes the current óstate-of-the-artô of design formulae and research on wave overtopping and 

oblique wave attack. 

 

2.1. Information on overtopping 
The most complete overview of tests and formulae for wave run-up and overtopping is the Overtopping Manual 

(EurOtop) (Pullen et al., 2007). The Overtopping Manual brings together information from other sources on 

overtopping during oblique wave attack, such as Technisch Rapport Golfoploop en Golfoverslag bij Dijken 

(TAW) (Van der Meer, 2002), Wave run-up and overtopping on coastal structures (De Waal & Van der Meer, 

1992), Wave run-up and wave overtopping at dikes and revetments (Van der Meer & Janssen, 1994) and Wave 

run-up and overtopping (Van der Meer, 1998). The most important thing that can be derived from these sources 

is, that no good information is available for angles of wave attack larger than 90°. The information presented in 

this chapter is mostly from the Overtopping Manual (Pullen et al., 2007). 

 

For wave overtopping considerations, the wave run-up R simply exceeds the crest height z. The wave 

overtopping is usually characterized by an overtopping discharge q per meter of the water defense, averaged over 

time. This discharge depends on: 

¶ The wave height; 

¶ The wave steepness; 

¶ The slope; 

¶ The existing freeboard. 

 

The equation for the average overtopping discharge in probabilistic design and prediction or comparison of 

measurements is given by formula 2.1.: 

 

Ͻ

Ȣ

Ѝ
Ͻ‎Ͻ‚ ȟϽὩὼὴτȢχυ

ȟϽ Ͻ Ͻ Ͻ Ͻ
 (2.1.) 

 

with a maximum of: 

 

Ͻ

πȢςϽὩὼὴςȢφ
Ͻ Ͻ

 (2.2.) 

 

where: 

q = average overtopping discharge [m3/s/m]; 

Hm0 = estimate of the significant wave height from spectral analysis (=4ãm0) [m]; 

g = acceleration due to gravity (=9.81) [m/s2]; 

Ŭ = the angle of the structure slope with the horizontal [°]; 

Rc = crest freeboard of structure [m]; 

ɔf = correction factor concerning the roughness and permeability [-]; 

ɔb = correction factor concerning a berm with width B [-]; 

ɔɓ = correction factor concerning oblique wave attack [-]; 

ɔv = correction factor for a vertical wall on top of the crest [-]; 

Ͻ

 = dimensionless overtopping discharge [-]; 

 = relative crest freeboard [-]. 

 

The breaker parameter, also referred to as surf similarity or Iribarren number [-] is defined as follows: 

 

‚ ȟ
ᶿ

Ⱦ ȟ
 (2.3.) 

 

Where Lm,-1,0 is the deep-water wave length [m]: 

 

 ὒȟ ȟ
Ͻ ȟ

 (2.4.) 
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where: 

Tm-1,0 = average wave period [s]. 

 

The correction factor concerning oblique wave attack will be treated in greater detail in the next section. For an 

explanation of all the correction factors, see the Overtopping Manual (Pullen et al., 2007). 

 

 

2.2. Information on  oblique wave attack 
For oblique waves the angle of wave attack is defined as the angle between the direction of propagation of waves 

and the axis perpendicular to the structure (for perpendicular wave attack ɓ=0Á), see figure 1.1. In the 

Overtopping Manual (Pullen et al., 2007) it is described that, for oblique wave attack with angles over 45°, the 

wave overtopping will eventually be zero, if the angle of wave attack is large enough. For overtopping 

calculations during oblique wave attack, the parameter ɔɓ represents the influence of the oblique wave attack. For 

overtopping and short-crested waves, the influence factor ɔɓ is calculated as follows: 

 

‎ ρ πȢππσσȿ‍ȿ ὪέὶȡπЈ‍ ψπЈ (2.5.) 

 

No research is available for angles over 80°, so an estimation was made in TAW TR 2002 (Van der Meer, 2002): 

 

‎ πȢχσφ Ὢέὶȡ ȿ‍ȿ ψπЈ (2.6.) 

 

The influence factor ɔɓ for long crested waves holds: 

 

‎ ὧέί‍ ρπЈȠὡὭὸὬ ὩίὸὭάὥὸὭέὲί ‎ πȢφπ ὥὲὨ ‎ ρȢπ Ὢέὶ πЈ‍ ρπЈ (De Waal & Van der 

Meer, 1992) (2.7.) 

 

These estimations in formulae 2.5., 2.6. and 2.7. were not based on any information from research. However, it is 

true that, the larger the angle of incidence, the smaller the overtopping discharge becomes. For angles between 

80° and 110° the wave height and wave period need to be adjusted, due to decreasing wave height (formula 2.8.) 

and wave period (formula 2.9.) when waves approach the structure: 

 

Ὄ  Ὥί άόὰὸὭὴὰὭὩὨ ὦώ 
ȿȿ

 (2.8.) 

 

Ὕ ȟ Ὥί άόὰὸὭὴὰὭὩὨ ὦώ 
ȿȿ

 (2.9.) 

 

Formula 2.8. creates a decreasing wave height, formula 2.9. creates a decreasing wave period, for angles of 

incidence 80° < |ɓ| Ò 110Á. For angles larger than 110°, formulae 2.8. and 2.9. are set to zero, which leads to zero 

overtopping in formula 2.1. Thus, for angles larger than 110° the crest height is allowed to be the same as the 

water level (Pullen et al., 2007). 

 

Figure 2.1. displays a summary of systematic research on the influence of oblique wave attack on wave run-up 

and wave overtopping under short-crested wave conditions. 
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Fig. 2.1.: A summary of research on oblique wave attack under short-crested wave conditions (Pullen et al., 2007). 

 

In figure 2.2. values of various influence (formulae 2.5. and 2.6.) and adjustment (formulae 2.8. and 2.9.) factors 

can be seen, for various angles of incidence. As one can see in the graph, the adjustment factors were chosen in a 

way that the wave height Hm0 and wave period Tm-1,0 become zero at an angle of incidence of 110°, which leads 

to zero overtopping and run-up. All these procedures are, however, assumed procedures, and have never been 

validated. 

 

 
Fig. 2.2.: Influence and adjustment factors for oblique wave attack and short-crested waves, for various angles of incidence. 

 

The directional spreading of wave fields might be characterized by the directional spreading width ů or the 

spreading factor s. Some properties of short-crested waves are that the wave crests are not parallel, the direction 

of the individual waves is scattered around the main direction and the crests of the waves have a finite length. 

Long crested waves have no directional distribution and wave crests are parallel and of infinite length. For long 

crested waves, the directional spreading width ů=0° and the spreading factor s=Ð, see table 2.1. 

 

A distribution function is necessary to be able to generate short-crested waves. This distribution function 

indicates the spreading around the main direction. A model that was used in previous research is the cos-2s-

model (Van der Meer, 2012b): 

 

ὈὪȟ— ὃὪ ὧέί— — Ⱦς (2.10.) 

 

Where: 

D(f,ɗ) = the distribution function of directional spreading [-]; 

A(f) = a function dependent of s, which leads to a constant for a certain chosen spreading [-]; 
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2s = spreading factor, coefficient larger than 1 [-]; 

ɗ = the direction of wave propagation [°];  

ɗm = the main direction of wave propagation [°] . 

 

The value of 2s determines whether the distribution is narrow or wide. A small value of 2s leads to a wide 

distribution, a large value of 2s leads to a narrow distribution. 

 

For the analysis of directional distribution data, often a normal distribution with corresponding standard 

deviation ů is used. According to Sand and Mynett (Sand & Mynett, 1987) the relation between 2s and ů is: 

 

Spreading factor 2s [-] Spreading width ů (°) 

2 65 

4 51 

10 34 

20 25 

80 12 

Ð 0 (long crested) 
Table 2.1.: Relation between 2s and ů according to Sand and Mynett (De Waal & Van der Meer, 1990). 

 

Thus, often the short-crested wave field is generated with the cos-2s-model and the analysis is done on basis of 

the spreading ů (De Waal & Van der Meer, 1990). 
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3. Set-up and instrumentation 
 

 

An overview of the set-up and instrumentation for the tests of Cornerdike can be found in this chapter. Also, the 

calibration procedures are described. 

 

3.1. Set-up of Cornerdike 
In this section, the set-up for Cornerdike is covered. 

 

¶ Basin 

For Cornerdike the shallow water wave basin at DHI in Hørsholm, Denmark was used. The length of the basin is 

35 m, the width is 25 m and the maximum water depth is 0.9 m. Gravel was placed along the edges of the basin 

to provide absorption of the waves. Figures 3.1. and 3.2. show an overview of the basin. 

 

 
Fig. 3.1.: Overview of the shallow wave basin at DHI. 

 

 
Fig. 3.2.: Overview of the basin, dike and set-up for Cornerdike. 
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¶ Wave generator 

The wave generator that was used for Cornerdike was 22 m long, and consisted of two parts, one of 18 m and 

one of 4 m. The wave generator could be controlled and programmed by a computer running the wave 

generation software of DHI, called AWACS. Figure 3.3. shows the wave generator. 

 

 
Fig. 3.3.: Wave generator at DHI. 

 

¶ Dike 

The concrete dike had a slope of 1:4 and was divided into two parts, connected by a corner (see figure 3.7.). In 

figure 3.4. can be seen that one part is almost normal in relation to the wave maker (N-dike), the other part is 

almost parallel to the wave maker (P-dike). The whole dike is rotated 15° relative to the wave maker. The water 

levels and crest heights were chosen according to the characteristics of the basin. They had to be chosen in such 

a way that there would always be overtopping, but not too much. The expected overtopping discharges were 

larger at the P-dike than at the N-dike, because the angles of incidence were smaller at the P-dike than at the N-

dike. Thus, the crest height of the P-dike was set to 75 cm and the height of the N-dike was set to 70 cm. A short 

overview of the set-up on the dike is given in figures 3.5. and 3.6. For a complete overview of the locations of 

the dike and all devices see Appendix A. 
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Fig. 3.4.: Overview of set-up and definition of the N- and P-dike (Pohl & Krüger, 2012a). 

 

 
Fig. 3.5.: Experimental set-up with locations of different devices (Pohl & Krüger, 2012b). 
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Fig. 3.6.: Experimental set-up on the crest (Pohl & Krüger, 2012a). 

 

 
Fig. 3.7.: The dike in a dry basin (Pohl & Krüger, 2012a). 

 

¶ Overtopping boxes 

During Cornerdike five overtopping boxes were used. The boxes were mounted on a load cell to be able to 

determine the overtopping volume and the individual overtopping wave volumes. The overtopped water was 

transported by means of chutes. The chutes at the P-dike were 10 cm wide and the chutes at the N-dike were 30 

cm wide, so that there would always be overtopping, but not too much. The overtopping boxes consisted of two 

parts: an inner and an outer box. The outer box contained the inner box, the load cell and an automatic pump. 

The function of the outer box is to keep the inner box dry. The inner box contained a controllable pump and a 

mat, which reduces the measurement peaks of the falling water. The dimensions of the inner boxes were 0.75 m 

x 0.75 m x 0.43 m (Pohl & Krüger, 2012a). The overtopping boxes and chutes are the same ones that were used 

for the FlowDike research (Lorke et al., 2010). For an overview of an overtopping box, with inner and outer box, 

chute and pumps, see figure 3.8. 
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Fig. 3.8.: Overtopping box with pumps and chute. 

 

 

3.2. Instrumentation of Cornerdike 
The instruments used for Cornerdike are described in this section. The sampling frequency for all the instruments 

(and thus the data) was 40 Hz. For a complete overview of all the devices and their locations see Appendix A. 

 

¶ Load cells 

Five load cells were used to measure the amount of overtopped water. The load cells were mounted under the 

inner overtopping boxes. A load cell has a height of approximately 10 cm and gives a signal in Volt. The load 

cells were calibrated in such a way that an increase of 20 kg gave an increase of 1 V. The maximum capacity of 

a load cell was 2150 N. The accuracy of a load cell is approximately 0.05%. 

 

¶ Pumps 

Eleven pumps were used to empty the inner and outer overtopping boxes. All outer boxes contained one 

automatic pump. First, the inner boxes also contained one controllable pump, but an extra pump was placed in 

overtopping box 3 during the tests, because the overtopping was too large. The inner boxes contained 

controllable pumps, which were turned on when the overtopped water reached a certain level, and were turned 

off before the pump started sucking air. The capacities of the pumps were determined before the testing started. 

The pump in box 1 had a capacity of 1.72 l/s, the capacity of pump 2 was 3.30 l/s, the combined capacity of the 

pumps in box 3 was 3.39 l/s, the capacity of pump 4 was 1.75 l/s, and of pump 5 was 1.60 l/s. During the data 

processing, the amount of pumped out water was added to the amount of water in the overtopping box, see 

chapter 5. 

 

¶ Wave gauges 

A total of 40 wave gauges were used. A wave gauge is a device which can determine wave height, water level 

elevation and flow depth. The wave gauge measures a change of conductivity between two thin, parallel stainless 

steel electrodes. The conductivity changes proportionally to changes in the surface elevation of the water 

between the electrodes (Lorke et al., 2010). A wave gauge gives a signal in Volt. The wave gauges were 

calibrated in such a way that an increase of 10 cm gave an increase of 1 V. The wave gauges were placed in 

wave arrays. A wave array is a row of wave gauges. The wave arrays contained three or five wave gauges. To be 

able to analyze a short-crested wave field, the gauges were placed in a pentagon arrangement in a 5-wave gauge 

array, and the gauges were placed in a triangular arrangement in a 3-wave gauge array. The wave gauges at the 

crest were placed one behind the other. Figure 3.9. shows three wave gauges and a propeller. 

 

¶ Propellers 

Six propellers were used. Propellers are based on the concept of an impeller. The rotations of the fan were 

measured and transformed to an output signal in Volt (Lorke et al., 2010). The propellers had a range of 0.04 ï 5 

m/s and an accuracy of 2%. There was a propeller at every overtopping chute. 
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¶ Acoustic Doppler Velocity meters (ADVôs/Vectrino) 

Four ADVôs were used. An ADV is a current meter, which measures the current using the Doppler effect. The 

transmitter generates a short pulse of sound at a known frequency. The energy of the pulse passes through the 

sampling volume. Part of this energy is reflected by suspended matter along the axis of the receiver, where it is 

sampled by the velocity meter, whose electronics detect the shift in frequency (Lorke et al., 2010). The range 

that was used for the ADVôs was Ñ100 cm/s, the sampling frequency was 40 Hz and the resolution 1 mm/s. 

 

 
Fig. 3.9.: Three wave gauges and a propeller on the crest. 

 

 

3.3. Calibration  procedures 
Calibration was done every morning and between tests according to the following schedule: 

 

Every morning: 

¶ Checking the water level: The water level needed to be checked to make sure it was correct according to 

the next test (60, 65 or 68 cm); 

¶ Calibration of the load cells: Every morning a weight of 20 kg was placed in each of the overtopping 

boxes and the resulting signal value (an increase of 1 V) was checked; 

¶ Calibration of the wave gauges: Every morning all wave gauges were calibrated. The gauges were 

placed one wave array at a time on a stand which was then put in a bucket of water. The values of the 

signals were recorded. After that the gauges were lowered into the bucket. The signals were recorded 

again. Then, the gauges were raised again, and the signals were recorded once more. The recorded 

signals were compared to each other. When the difference between the signals was very close to zero, 

the calibration file was saved and applied and the wave gauges were returned to their normal location; 

¶ Checking the range of the ADVôs: Every morning the configuration of the ADVôs was checked for the 

right range and sampling frequency (±100 cm/s and 40 Hz); 

¶ Offset of the wave gauges, propellers, load cells: The values of the wave gauges, propellers and load 

cells were set to zero. The first offset file of every day was saved. 

 

Before every test: 

¶ Checking the water level: The water level needed to be checked to make sure it was correct according to 

the next test (60, 65 or 68 cm); 

¶ Emptying the overtopping boxes: After every test, the overtopping boxes were emptied; 

¶ Blowing out the propellers: Before every test someone blew into the propellers a few times, to undo 

them from remaining water and to check if the propeller blades could turn freely; 

¶ Offset of the wave gauges, propellers, load cells: The values of the wave gauges, propellers and load 

cells were set to zero. The offset was applied. 
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4. Experimental procedures and test program 
 

 

In this chapter, the build-up of the test program and experimental procedures of Cornerdike are described. 

 

The overtopping and run-up have been measured for tests, which, each time, consist of different sets of wave 

parameters. The test program of Cornerdike consisted of 30 test series. In total 129 tests were done. The water 

levels d were 60, 65 and 68 cm. The crest height of the N-dike was 70 cm and the height of the P-dike was 75 

cm. This resulted in crest freeboards of 10 and 15 cm for water depth d=60 cm, of 5 and 10 cm for d=65 cm and 

of 2 and 7 cm for d=68 cm. The significant wave heights Hm0 were 7, 10 and 15 cm and the angles of the waves 

relative to the wave maker ɓwavemaker were 0, 7.5, ±15, 22.5, ±30, 37.5 degrees. The resulting angles of incidence 

at the dike ɓdike were 0°, 7.5°, 15°, 22.5°, 30°, 45°, 60°, 75°, 82.5°, 90°, 97.5°, 105° and 112.5°. There were six 

different types of wave conditions. The waves consisted of three main types of crest widths, short 1, short 2 and 

long crested waves, and one of the two different steepnessôs s0p. Each of the 30 test series for Cornerdike 

consisted of a bundle of the six different waves, which are described in table 4.1. For an overview of all the tests 

and their results, see Appendix B. 

 

wave number wx [-] wave type [-] spreading factor s [-] spreading width ů 

[°] 

steepness s0p [-] 

w1 short 1 5 34 0,025 

w2 short 1 5 34 0,05 

w3 short 2 40 12 0,025 

w4 short 2 40 12 0,05 

w5 Long Ð 0 0,025 

w6 Long Ð 0 0,05 

Table 4.1.: The different waves used for Cornerdike. 

 

The wave maker was controlled by a computer running a wave synthesizer program, DHI AWACS, in which the 

test parameters could be entered. The angle of the waves relative to the wave maker, the spreading factor, the 

steepness, the wave height and the water depth were entered in the wave synthesizer program. Furthermore, the 

duration of the test was entered and the programming file was saved. The waves were generated with the cos-2s-

model (Van der Meer, 2012b) and the analysis will be done with ů according to Sand and Mynett (Sand & 

Mynett, 1987), see section 2.2. 
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5. Data processing and storage 
 

 

The acquired data are processed and analyzed to determine the effect of very oblique wave attack on run-up and 

wave overtopping. These procedures are described in this chapter. 

 

The instruments were placed in wave arrays, which contained three or five wave gauges. All the instruments 

were connected to amplifiers and Analog/Digital-converters (A/D-converters), the amplifiers and converters 

were connected to a computer by a serial cable. The computer ran the DHI Wave Synthesizer program, with 

which all the signals could be monitored in real-time, the offset and calibration could be done, and with which all 

the data was stored. The wave generator could be controlled and programmed by another computer. 

 

The sampling frequency for all the instruments was 40 Hz, the measured units of measurement are: 

¶ Mass: e.g. weight of the overtopped water (load cells); 

¶ Length: e.g. water level elevations (wave gauges); 

¶ Time: e.g. test/pumping durations (computer); 

¶ Speed: e.g. water velocities (propellers and ADVôs); 

¶ Frequency: e.g. sampling frequency (computer); 

¶ Voltage: e.g. signals of instruments (A/D-converters). 

 

The data recording and wave generation were started at the same time by means of a countdown, so that the data 

recording started with a steady state of the basin water. The data recording ran one minute longer than the wave 

generation, so that the data recording also ended with a steady water state. For the data processing, a óconstant 

processô was necessary. A constant process means that the data processing needs to start and end with full wave 

generation. Thus, during the data processing, the start and end times were redefined. 

 

The data were stored in files with the dfs0 extension. The data files contain all the data and can be opened in 

MIKE Zero. MIKE is a software package developed by DHI. The file names that have been used are of the 

format [test series][number]_w[wave number]_[minus/plus][wave angle]_[wave height]_[water depth]. So for 

example, ts05_w1_m150_015_60 means test series 5, wave short 1 (long period), angle -15°, significant wave 

height 15 cm, water depth 60 cm. 

 

In Mike, the zero levels and crossing levels for all propellers and wave gauges were determined. Zero levels are 

the levels at which the device should give a zero value, crossing levels are levels above which the data are 

reliable, and below which the data are unreliable, for example because of noise. The zero and crossing levels 

were noted in Excel files. With the help of Mike, the measured wave heights, wave periods and angles of 

incidence could be determined for every wave array. The zero and crossing levels were later also used to perform 

a Crossing analysis, Directional wave analysis and Wave reflection analysis for every test in Mike, which will be 

used in the final Cornerdike report, but are not included in this report. 

 

After that, the dfs0-files were exported to ASCII-files (table files) in Mike. The ASCII-files were then renamed to 

daf-files. The daf-files contain the same information as the dfs0-files, but in a table format. The daf-files could be 

accessed by a Matlab m-file, which was a customized version of a Hydralab Flowdike file. The m-file was used 

to calculate the overtopping and adjust the amount of overtopped water for when pumps were running. The 

amount of overtopped water was adjusted with the capacity of the pumps multiplied by pump run times (see 

section 3.2. for the capacities of the pumps). Thus, the file calculated the pumped volume per overtopping box, 

volume of water in each of the boxes and the overtopping discharge per box.  

 

Finally, all the results were collected in an Excel-file called summarize_data_org.xls. This file contains all the 

data, for example test names, test numbers, wave heights, wave numbers, water levels, wave directions, wave 

parameters, overtopping information, wave array parameters, and analysis information. 
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6. Analysis 
 

 

In the analysis of this report, predicted overtopping is compared to measured overtopping, the influence of the 

spreading width is examined and first empirical adjustments to the design formulae are given. 

 

6.1. General analysis information  
The results of the tests should be compared to existing research and literature. From chapter 2 it can be 

concluded that, in short, the larger the angle of incidence ɓ becomes, the smaller the overtopping discharge 

becomes. The existing design method says that for angles of incidence ɓ larger than 80°, the wave height Hm0 

and the wave period Tm-1,0 need to be adjusted, see formulae 2.8. and 2.9. The result of these adjustments is, that 

according to the current formulae, the wave height and wave period become zero at ɓ=110°, and thus the 

overtopping discharge also becomes zero at 110° (Pullen et al., 2007). 

 

As mentioned in section 1.2., the goal of this report and of Cornerdike is to determine the relation between very 

oblique wave attack and overtopping, and to accordingly adjust the formulae for the oblique wave attack 

influence and adjustment factors. 

 

The correctness of the entered wave parameters (and thus waves) was measured in front of the wave maker. 

When the angle of incidence comes close to, or becomes larger than 90°, the wave field at the dike will not be 

equal to the entered wave field, because the wave height and wave period decrease when approaching the dike. 

This is also why the adjustment factors are included in the current design theory. 

 

In a memo (Van der Meer, 2012a) to the Cornerdike partners, J.W. Van der Meer provided a set-up for a first 

analysis of the results. In this memo it is stated that, due to the fixed test set-up not all instruments will give 

correct values at all times, because they might be out of the correct wave field or might be influenced by 

reflection at the corner. This leads to wrong wave heights, wave periods, angles of incidence and thus to wrong 

overtopping discharges. According to the memo, for this fi rst analysis, wave gauges 16-20 are used as the wave 

conditions for the total wave field. Due to the location of wave gauges 16-20, they are less influenced by 

reflection and are always in the correct zone of the wave field. The Hm0 and Tm-1,0 from these gauges can be used 

for a first analysis. The same holds for the overtopping boxes. The boxes are sometimes also out of the correct 

wave field and will not always give correct overtopping discharges. In the memo, an overview is given, see also 

figure 6.1. For this first analysis only overtopping boxes 4 and 5 are used, because these are the boxes that are 

the farthest from the corner, and will be least influenced by diffraction at the corner. The overtopping discharges 

from boxes 4 and 5 can be used for a first analysis. 

 

 
Fig. 6.1.: Overview of reliability of test results at overtopping boxes (Van der Meer, 2012a). 

 

Excel files were made for the analysis. One table is an overview of all the tests and results. This table contains 

the information of all the tests, the results from all the tests (of which the information for wave gauges 16-20 and 

overtopping boxes 4 and 5 was used), and the calculated overtopping for all the tests. The measured wave height 

and wave period from wave gauges 16-20 were used for the calculations. The table can be found in Appendix B. 

 

The accuracy of the load cell (0.05%, see section 3.2.) combined with the maximum measuring range 

(approximately 220 kg, see section 3.2.) leads to a detectable load of 0.11 kg. Using the maximum test duration 










































