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Abstract

The objectiveof thisreportis to serveasafinal reportfor my Bachelorthesis,with the main goa being

determining the relation betwegary oblique wave attack and overtoppjrand toaccordinglyadjust the

formulae for obliqgue wave attackhe required knowledge to be able to read and understand this igpbet

Bachelor in civil engineering leveAll around the world different types of structures are built to protect adjacent
areas from river or coastal flooding during high water lev@idy limited research is available on the influence

of oblique wave attack (for angles over 45°) on wave overtgppipdralab is an Ekproject, 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. T@®rnerdikeresearctprojectwasperformed at the shallowater basin at

DHI in Hgrsholm,Denmark.To achieve theyoal of this researghests, data processingdanalysis were done.
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1. Introduction

In this chapter an introdtion to this research reportgéven. The reasons for performing ttesearch are
described, the goal and research question are given and theibufdhe 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 coabtaj floo
during high water levels. The crest height of these structures is mostly determined by a design water level and
wave runup and/or wavevertopping. Only limited research is available on the influence of oblique wave attack
(for anglesof incidenceover 45°) on wave rup and wave overtopping due to the complexity and the high
costsof model tests in wave basir@nly very few experiments are alable and the available formulabow
considerable differences for angels of wave attack overl4&fdefinition ofthe angle of wave attadkcan be

found infigure 1.1.Most of the relevant research was performed on the influence of long crested waves and only
few investigations are avable on the influence of shectested waves on wave Fup and wae overtopping

(Pohl, 201). Long crestd 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 crestedwaaeiré, storm waves are
shortcrested. This means, that wave crests are not pathadirection of the individual waves is scattered

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

Fig. 1.: Definition d¢Pulleraenal,l2€0f of wave attack b

Overtopping duringragles of wave attack larger than 99possible. ie main direction of the waves

determines the angle of incidence, batause of the spreadiimga wave field (shoftrested wavesjhere

always exist wavewith other angles, which lead to other angles of att8ckeven if the main direction is

offshore (larger than 90°), there will always be waves that reach theustrdte amount of waves that still
reaches the structure becomes smaller for larger angles of incidence. Currently, the most comprehensive source
on wave overtopping ithe European Overtopping Manual (EurOtéPyllen et al., 20077 In the European
Overtopping Manual (EurOtogPullen et al., 200yt 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 needowdred due to diffracton. For angles larger
than 110°, the crest height is allowed to be the same as the water leved andrtopping is set to zefBullen

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

Examples of places in The Netherlands where obliqgue wave attack occurs, are the Dutch Wadden isles, the
southern dike of the Noordoostpoldedahe Oostr- and Westerscheld®&'an der Meer, 2013cExperimental

data are required to estimate the waveuprand wave overtoppirtgehaviorin these cases and to reduce the
remaining uncertainties.

Cornerdike is aesearch that igartof the Hydralab IV programHydralab is an Etproject, 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 hatarted partnerships anthde research proposals. Cornerdike is a
partnership between the universities of Dresden, Aken, Brno aedt@hd Van der Meer Consultiigan der

Meer, 2012} Theresearch owvertopping ad rurrup were both performed at the shallewater basin at DHI in
Harsholm, Denmark. The tests for overtopping were performed in September 2012, the testagoveom
performed in October 2012.
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1.2.Goal of this report
The main research questiontbfs report and of Cornerdike is:

What is the inflance ofhortcrestedveryobliquewaves on wave overtoppiagd how do the current desifpmmulae need to
be adjusted

The hypothesis is as follow§he prediction is that the overtopping will aérfy similar to the values calilated
with the design formulgevhen the angls of incidence are still quitgnall. With the enlargement of the angles
of incidence, the prediction is thiie deviations will also become larger. The wawrrup and overtoping will
become smaller with increiag angles of incidence, but will not become zero at 110°.dEsgn 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 Cornaxiketéesmine
the relation betweewery oblique wave attack and overtopping, and to accordingly adjusietsign formulae for
oblique wave attack

1.3. Structure of this report

This reportusesthe overtopping researati Cornerdikeand contains a firgtnalysis of these research dathis
report containg short literature revievinformation onsetup and construction, instrumentation and calibration,
test programs, information on data managendatg processingha ananalysis othe waveovertoppingresults

The format of this report is as follows this report, first, a description of the project is giv€hen a literature
review is presentenh chapter 2Next, the setip and experimental procedures are desciibledpter 3)The
experimental procedures are described in chaptier ehapter Sdata processinig described. After that, in

chapter 6the analysis is describeBinally, conclusions are given in chapter 7. There are two appendices, A and
B. Appendix A gives an overvieof the test setip and instruments. Appendix B gives an overview of all the
tests and results.

The analysis consists of three pafikefirst part of theanalysisconsiss of comparing calculatedvertopping
discharg&predicteat0 measured overtopping dischamgasuredor three diffeent wave types, shedrested 1
shortcrested 2and long crested waves (see table 4la.)hesecondpartthe influence of the spreading width
(see table 2.1.) is examined by comparing dinteniess overtopping discharg&snally new empiricatlesign
formulae are determined.
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2. Literature review

This chapter desofftichets 6t bé designtf osmatae aachd resear
oblique wave attack

2.1.Information on overtopping

The most complete overview of tests and formulae for waveipusnd overtopping is the Ovepping Manual
(EurOtop (Pullen et al., 2007 The Overtopping Manual bringsgether information from othesources on
overtopping duringbliqgue wave attack, such @schnisch Rapport Golfoploom&olfoverslag bij Dijken
(TAW) (Van der Meer, 2002Wave runup and overtopping on coastal structuiee Waal & Van der Meer,
1992, Wave runup and wave overtopping at dikes and revetm@ras der Meer & Janssen, 19%hdWave
runrup and overtoppin§van der Meer, 1998 The most important thindhat can be derived from theseurces
is, that nogoodinformation is available for angles of wave attack larger than®@.information presented in
this chapters modly from the Overtopping Manu#Pullen et al., 2007

For wave overtopping considerations, the waveup R simply exceeds the crest heighfThe wave
overtopping is usually characterized by an overtopping disclugpge meter of the water defense, averaged over
time. This discharge depends on:

1 The wave height;

1 The wave steepness;

1 The slope;

1 The existig freeboard.

The equation for the average overtopping discharge in probabilistic design and prediction or comparison of
measurements is given fiyrmula 2.1.

2 3 3 ;MonTgu

(2.1

n RO 00900

with a maximum of:

g Nwn ¢H

(2.2)

090

where:

g = average overtopping discharge’[sim];

Hmo = estimate of the significant wave height from spectral analydisi(gnm];
g = acceleration due to gravity (=9.81) B/

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

R. = crest freeboard of structure [m];

I = correction factor concerning the roughness and permeabjlity [
b = correction factor concerning a berm with width-B [

% = correction factor concerning oblique wave attagk [

2y = correction factor for a vertical wall on top of the crekt [

= dimensionless overtopping dischargle [

o}
— = relative crest freeboard] [

The breaker parameter, also referred to as surf similarity or Iribarren n{xhisedefined as follows:

2]

L —— (23)

WherelLmn-1,0is the deepvater wave length [m]:

O 'k

(2.4)
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where:
Tm1,0= average @&ve period [s].

The correction factor concerning oblique wave attack will be treated in greater detail in the nextSecton.
explanation of all the correction factosge the Overtopping Manu@ullen 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 difgrtpagation of waves
and the axis perpendicular to the struciive perpendicular wave attagk= 0, #ee figure 1.1n the

Overtopping ManuaPullen et al., 200yt is described that, for obligue wave attack with angles over 45°, the
wave overtopping will eventually keero, if the angle of wave attack is large enougir.overtopping

calculations during oblique wave attack, the paranmt@presents the influence of the oblique wave attack. For
overtopping and shodrested waves, the influence facters calculated as follows:

r p MIinge Qg Y (2.5)
No research is available for angles over 80°, so an estimation was made in TAW T&00Br Meer, 2002
[ T o s YmJ (2.6)
The influence factow, for long crested waves holds:

r QOEN pmMOOAA 0 Qa O QEETOEQ pdT'Qé I T p 1 {De Waal & Van der
Meer, 1992 (2.7))

These estimatios in formulae 2.5., 2.6. and 2.\Werenot based on any information from research. However, it is
true that, the larger the angle of incidence, the smalleswibegopping discharge becomé&®ar angles between

80° and 110° the wave height and wave period need to be adjusted déaectasingvave height (formula 2.8.)
and wave period (formula 2)9wvhen waves approach the structure

0 Qb6 a6 QR HED (2.8)
YR Qb 0 a0 Qb ed (2.9.)

Formula 2.8 creates aetreasing wave height, fouta 2.9 creates a decreasing wave period, for angles of
incidence80° <| BO| 1.Fd@ Angledarger than 11Q°formulae 2.8. and 2.9. are set to zero, which leads to zero
overtopping in formula 2.1. Thugrfangles larger thahlO°the crest height is allowed to be the same as the
water level(Pullen et al., 2007

Figure 21. displays assummary of systematic research on the influence of oblique wave attack on wane run
and wave overtopping undshortcrested wave conditions.
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Fig. 2.1.: A summary of research ablique wave attack under shantested wave conditior{®ullen et al., 200y

In figure 22. valuesof various influence (formulae 2.5. and 2.8ndadjustment (famulae 2.8and2.9.) 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 heightmo and wave periodm1,0 become zero at an angle of incidence of 110°, which leads

to zero overtopping and reup. All theseproceduresire, however, assumed procedures, and have never been
validated.

Lpm e e e ShortCrested

o
o]
1
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Influence factors {]
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»
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0 20 40 60 80 100 120 140

Angle of incidence (Beta)j

Fig. 2.2.: Influence and adjustment factdos oblique wave attack and sharested wavedor variousangles of incidence.

The directional spreadinaf wave fieldsmight be characterized by the directional spreading widththe
spreading factos. Some properties of shectested waves are thilie wave crests are not parallel, the direction
of the individual waves is scattered around the main direction and the crestsvai/#eehave a finite length
Long crested waves have no directional distribution and wave cregtsuallel and of infinite lengthror long
crested waves, @directional spreading widté=0° and the spreading factstD, see table 2.1.

A distribution function is necessary to be able to generate-shested waveslhis distribution function
indicates the spreading around the main direchomodel that was sed in previous research is tes2s
model(Van der Meer, 2012b

O"®— 0 Qwéi — — I¢ (2.10)
Where:

D ( f 5 ik distribution functiomf directional spreadinfy];
A(f) = a function dependent sf which leads to a constdiotr a certairchoserspreading-];
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2s= spreading factoGoefficient larger thad [-];
d = the directiorof wave propagatioff];
dm = the main directioof wave propagatioff].

The value oPsdetermines whether the distribution is narrow or wide. A small val@slefads to a wide
distribution, a large value @sleads to a narrow distribution.

For the analysisfairectional distribution dataftenanormal distribution with corresponding standard
deviationd is used. According to Sand and Myngsand & Mynett, 198)'the relatiorbetweer2sandl is:

Spreading facto?s[-] | Spreading widthi (°)
2 65
4 51
10 34
20 25
80 12
b 0 (long crested)

Table 2.1 Relation between2said accor di ng t ¢De Waah&Varederdieew) a9k t t

Thus, often theshortcrestedvave field is generated with tlies2s-modeland the analysis is done on basis of
the spreadingl (De Waal & Van der Meer, 1990

10
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3. Setup and instrumentation

An overview of the setip and instrumentatiofor the testof Cornerdikecan be found inhis chapterAlso, the
calibration procedures are described.

3.1.Setup of Cornerdike
In this section, the setp for Cornerdike is covered.

1 Basin
For Cornerdikehe shallow water wave basin at DHI in Harsholm, Denmark was used. The length of the basin is
35 m, the width is 25 m and the maximum water depth is 0@ravel was placed along the edges of the basin
to provide absorption of the wavésgures 3.1. an8.2. show an overview of the basin.

S

Fig. 3.2.: Overview of the basin, dike and-sptfor Cornerdike.

11
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1 Wave generator
The wave generator that was usedCornerdikewas 22 m long, and consisted of two parts, one of 18 m and
one of 4 m. The wave generator could be controlled and programn@ddmgputer running th@ave
generation software of DHI, called AWACBigure 3.3. shows the wave generator.

Fig. 3.3.: Wavegenerator at DHI.

M1 Dike
The concrete dike had a slope of 1:4 and was divided into two parts, connected by éseerfigure 3.7. In
figure 3.4. can be seen thatepart is almost normal in relation to the wave makediig), the other pais
almostparallelto the wave maker ¢Bike). The whole dike is rotated 1&lativeto the wave makei he water
levels and crest heights wethosen according to the characteristics of the bakieyhad to be chosen in such
a way that there would always be aepping, but not too muchi.he expected overtopping discharges were
larger at the Rlike than at the Mlike, because the angles of incidence were smaller at-tikeRhan at the N
dike. Thusthe crest height of the-éike was set to 75 cm and the heaighthe Ndike was set to 70 cr short
overview of the setip onthe dike is given in figure3.5. and 3.6For a complete overview of thedations of
the dike and altlevicessee Appendix A.

12
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Fig. 3.4.:Overview of setip and @finition of the Nand Rdike (Pohl & Kriiger, 20123
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Fig. 3.5: Experimental setip with locations of differerdeviceqPohl & Krtiger, 2012

13
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Fig. 3.7.: The dike in a drppasin(Pohl & Kriiger, 2012&

1 Overtoppimg boxes
During Cornerdike five overtopping boxes were used. The boxes were mounted on a load cell to be able to
determine the overtopping voluraed the individual overtopping wave volumé&$e overtopped water was
transported by means of chutes. Thates at the Blike were 10 cm wide and the chsitat the Ndike were 30
cm wide, so that there would always be overtopping, but not too fMhelmvertopping boxes consisted two
parts: an inner and an outer box. The outer box contained the innéhddoad cell andraautomatic pump.
The function of the outer box is to keep the inner box @mg inner boxcontained a controllable pump and a
mat, which reduces the measurement peaks of the falling Wwatedimensions of the inner boxes were 0.75 m
x 0.75 m x 0.43 nfPohl & Kruger, 2012a The overtopping boxesnd chutes are the same ottext were used
for the FlowDike researcfiLorke etal., 2010Q. For an overview of an overtopping box, with inner and outer box,
chute and pumps, see figure 3.8

14
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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 settiersampling frequency for all the instruments
(and thus the datayas 40 HzFor a complete overview of all the devicasd their locationsee Appendix A.

M Load cells
Five load cells weresed to measure the amount of overtopped walkerload cells were mounted under the
inner overtopping boxes. A load cell has a height of approximatetynlénd gives a signal in Volt. The load
cells were calibrated in such a way that an increase bfi2fave an increase of 1 Yhe maximum capacity of
a load cell was 2150 N'he accuracy of a load cell is approximately 0.05%.

T  Pumps
Eleven pumps were used to empty the iraret outer overtopping boxes. All outer boxesitained 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 wetarned on when the overtopped water reached a certain level, and were turned
off before the pump started sucking dihe capacities of the pumps waletermined before the testing started
The pump in box 1 had a capacity of 1.72 I/s, the capacity of @unvegs 3.30 I/s, the combined capacity of the
pumps in box 3 was 3.39 I/s, the capacity of pump 4 was 1.75 I/s, and of pump 5 was D@@nigsthe data
processing, the amount of pumped out water was added to the amount of water artthygpong boxsee
chapter 5.

i Wave gauges
A total of 40 wae gauges were usedl wave gauge is a device which can determine wave height, water level
elevationand flow depthThe wave gauge measueshange of conductivity between two thin, parallel stainless
steel eletrodes. The conductivity changes proportionally to changes in the surface elevation of the water
between the electrodéisorke 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 Difid Wave gauges were placed in
wavearrays.A wave array is a row of wave gauges. The wave acagtined three dive wave gaugesio be
able to analyze a shectested wave fieldhe gauges were placed in a pentagon arrangeémariwave gauge
array, andthe gaugesvere placed in a triangular arrangemiena 3wave gauge arrayhe wave gauges at the
crest wergplaced one behind the oth&igure 3.9 shows three wave gauges and a propeller.

1 Propellers
Six propellers were useBropellers are based on the concept of an impeller. The rotations of the fan were
measured and transformed to an output signebih (Lorke et al., 201 The propellers had a range of 0i08
m/s and an accuracy of 2%here was @ropeller at every overtopping chute

15
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1T Acoustic Doppler Velocity meters (ADVOds/ Vectrino)
Four ADVdés were used. An ADV is a current meter, whic
transmitter generates a short pulse of sound at a known frequency. The energy of the pulseqagséiseh
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 electroniteaéhe shift in frequencforke et al., 201 The range
thatwasusefl or t he A D Vnisthewampling\reduéncy evas 40 Had the resolution 1 mm/s

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

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

Everymormning:

1 Checking the water level: The water level needed tchieeked to make sure it was cotraccording to
the next test (60, 65 or 68 cm);

9 Calibration of the load cells: Every morning a weight of 20 kg was placed in each of the overtopping
boxes andhe resulting signal valu@n increase of 1 Wvas checked;

1 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 whichtlesput in a bucket of water. The vakief he
signals wereecorded. After that the gauges were lowered into the bucket. Thessigaarecorded
again. Then, the gauges were raised again, and thessigaadrecorded once mor&he recorded
signds were compared to each other. Whiam differerce between the signals weeary close to zero
the calibrdion file was saved and applied athé wave gauges were returned to thermallocation

1 Checling therange othe ADV 6 s : Every morning the configuration
right renge and sampling frequency (100 crarsl 40 Hz);

1 Offsetof thewavegauges, propellers, load cellshe 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:
1 Checking the \ater level: The water level needed to beaked to make sure it was corractording to

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

Emptying theovertopping boxesAfter every test, the overtopping boxes were emptied,;

Blowing out the propellers: Before every testneone blew into the propellers a few times, to undo

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

i Offset of the wave gauges, propellers, load cells: The values of the wave gauges, propellers and load
cells were set taero. The offset was applied.

f
f

16
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4. Experimental proceduresand test program

In this chapter, the buitdp of the test program and experimental procedures of Cornerdike are described.

The overtopping and runp have been measured for tests, which, &awh consist of ifferent sets of wave
parametersThe test program of Cornerdikensisted of 30 test series. In total 129 tests were dbwmewater
levelsd were 60, 65 and 68 crithe cresheight of the Ndike was70 cmand the height of the-8ike was75

cm. This resulted in crest freeboards of 10 and 15 crwéder depthd=60 cm, of 5 and 10 cm fa=65 cmand

of 2 and 7 cm fod=68 cm.The significant wave heightdmowere 7, 10 and 15 cm and the angles of the waves
relative to the wave mak@havemakeere 0, 7.5, 15, 22.5, +30, 37.5 degreBseresultingangles of incidence

at the dikebgike were 0°, 7.5°, 15°, 22.5°, 30°, 45°, 60°, 75°, 8290°, 97.5°, 105° and 112.5Phere vere six
different types of waveanditions The waves consisted dfree mairtypes of crest widthshort 1, short 2 @h
longcrestedvaves, and one of t IxpeEathwithe 80 tdstfseriesdon Cornerdikee pness 6 s
consisted of a bundle of the six different waves, which are described in talff@dah overview oéll the tests
and their results, sefppendix B

wave numbewny[-] wave typd-] spreading factos[-] | spreading widthil steepnessy [-]
wl short 1 5 [34]1 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 b 0 0,025
w6 Long b 0 0,05

Table 4.1.: The different waves used for Cornerdike.

The wave maker was controlled bg@mputer running avave syntheager programpPHI AWACS, in which the
test parametersould be entexd. 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 synthesizerrurigeamore, e
duration of the test waantered and the programming filassaved The wavesvere generated with thms2s
model(Van der Meer, 20129mand the analysis will be done wiflaccording to Sand and Myng¢8and &

Mynett, 1987, see section 2.2.
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5. Data processingand storage

The acquired dta areprocessed and analyzed to determine the effect of very oblique waveaattaskup and
wave overtoppingThese procedures are described in this chapter.

The instruments were placed in wave arrays, which contained three or five wave gédlupesnstruments

were connected to amplifiers and Analog/Digitahverters (A/Bconverters), 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 add be monitored in redlme, the offset and calibration could be done, and with walich
the data was stored. The wave generator could be controllgat@pémmed by another computer.

The sampling fequency for all the instruments was 40 Hz,tfeasured 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 durationsofmputey;

Speed: e.g. water velocities (propellers and ADV®
Frequency: e.gsampling frequency (computer);

Voltage: e.g. signals of instruments (Addnverters).

=A =4 =48 =4 -4 -4

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 whtterdata recording ran one minute longer than the wave
generation, so that the data recording also ended with a steady watéf state. t he dat a processing
processod wAanNsad gracsss meang that the data processing needsdodt@nd with full wave

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

The data werstored in files with thelfsOextension. Thelatafiles contain althe data and can be opened in
MIKE Zero. MIKE is a software pekage 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_wl m150_015 60 means test series 5, wave short 1 (long perled)58ngignificant wave
height 15 cm, water depth 60 cm.

In Mike, the zero levels and crossing levels for all propellers and wave gauges were detefenméxels are
the levels at which the device should give a zero value, crossing levels are levels above whictatbe data
reliable, and below which the dateeunreliable, for example because of noiBee zero and crossingvels
were noted in Excellfés. With the help of Mike, thmeasured wave heights, wave periods and angles of
incidence could be determined for every wave arfag zero and crossing levels wéater alsaused to perform
aCrossing analysis, Directional wave analysis and Wavectafteanaysisfor every testn Mike, which will be
used in the final Cornerdike report, but are not included in this report.

After that, thedfsOfiles were exported t&SClHiles (table files) in Mike. ThASCIHiles were then renamed to
daffiles. Thedaffiles contain the same information as tiieGfiles, but in a table formaf he daf-files could be
accessed by a Matlab-file, which was acustomized version of a Hydralab Flowdike file. Thdile was used

to calculatethe overtoppingndadjustthe amount of overtopped water for when pumps were running. The
amount of overtopped water was adjusted with the capacity of thpgponmitiplied by pump run times (see
section 3.2. for the capacities of the pump#ius the file @lculatel the pumped valime per overtopping box,
volume of water in each of the boxes anel civertopping discharge per box

Finally, all the results were collected in Brcelile called summarize_data_org.xEhis file contains all the
data, for exampléest names, test ndorars, wave heights, wave numbers, water levels, wave directions, wave
paraneters, overtopping information, wave array paramegars analysis information.
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6. Analysis

In the analysi®f this reportpredicted overtopping compared to measuresdertopping the influence of the
spreading width is examinexhdfirst empirical adjustments to the design formulae are given.

6.1.General analysisinformation

The results of the tests should be compared to existing research and lit€raturehapte® it can be

concluded that, in shotthe larger the angle of incidenbdecomes, the smaller the overtopping discharge
becomes. fe existing design method sapsitfor angles of incidenck larger than 80°, the waveight Hno

and the wave periodnli o0 need to be adjustedeeformulae 2.8. and 2.9he result of these adjustments is, that
according to theurrent formulagthe wave height and wave period become zebsh10°, and thuthe
overtopping discharge alé®comegero at 110{Pullen et al., 2007

As mentioned in sectioh.2, the goal of this report and of Cornerdikgasietermine the relation betweeary
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 paraméaed 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 decreaggpvdaehing the dike.

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

In a memaVan der Meer, 2013do the Cornerdike partners, J.W. Van der Meer provided-apstdr a first
analysis of the resultfn this memat is stated that, due to the fixed testgptnot all instruments will gie
correct values at all times, becatisey might be out of the correct wave field or htige influenced by
reflection at the cornefhis leads to wrong wave heights, wave periaaglles of incidence and thus to wrong
overtopping discharges. According to the mefoothisfirst analysiswave gauges 180 are usedhs the wave
conditions for the total wave fielfdue to the location of ave gauges 180, theyare less influencedyb
reflection and are always in tleerrect zonef the wave field TheHmo andTm10from these gauges can be used
for afirst analysisThesame holds for the overtopping boxes. The boxes@reetimes alsout of the corect
wave field and will not alwag give correct overtopping dischargesthe memo, an overview is given, sakso
figure 6.1. For thisfirst analysis onlyovertopping bogs 4 and 5 aresed because ttse arethe boxs that are
the farthest from the corner, and will be least influeme diffraction at the cornefhe overtopping discharges
from boxes 4 and can be used for a first analysis

Fig. 6.1.: Overview of reliability of test results at overtopping bdxes der Meer, 2013a

Excel filesweremade for the analysis. One taks an overview of all the tests and resulibis talte contains

the information of all the tests, the results from all the tests (of which the information for wave ga@@esnte
overtopping bogs 4 and was used), and the calculated overtopping for all the tests. The measured wave height
and wave periodrdm wave gauges 180 were used for the calculatioff$he table ca be found in Appendix B

The accuracy of the loacell (0.05%, see section 3.2ombined with the maximum measuring range
(approxmately 220 kg, see section 3.Rads to a detectable load of 0.11 Wging the maximum test duration
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