WAVE IMPACTS AT SMALL AND REAL SCALE FOR THE STEPPED SLOPED
SEAWALL DESIGN AT DEN OEVER
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The dike in Den Oevéras tobe improved. To keep the dike as low as possible and to inskieable for other uses,
the choice was made to instabteppedevetment on theea sideln order to determine thiesignwave loading, scale
model tests and tests full scalewere performed The comparison shows thagds as a result of modehd scale
effects and by averaging the sensor signals, coutttbeeased ba factor 4relative to the scale model tests.

Key words:steppedevetment, scale model teftll scaletest, wave rusup simulator, pressure measurements, model
and scale effects

DIKE IMPROVEMENT DEN OEVER

Den Oever is a harbour location at the Wad8ea with a connection to theake IJssel by means
of ashiplock, see Figure .1Between the village and the harbour a dékpresentvhich must ensure the
village and the hinterlahare protected against flooding, also with extremely high water levels and wave
loads.
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Figurel:sect i on 1 HaDea @aler jvikh as red line the dike to be improved

The periodic safety assessment of the dike in Den Oever led to the conclusion that the dike no longer
meets the legal standards for water safety. It became apparent that the height of the flood defence is
insufficient to adequately withstand weawvertopping under extreme conditions. Extreme conditions
means in this case a water level with associated waves which has an exceeding frequency of 1/4000 per
year. A first study for the necessary improvement of the flood defence indicated that thkodgéhe
village would have to be raised by approximately 3 meters.

The Den Oever harbourv&ry much connected tbé village but the dike forms a physical barrier.
Raising the dike byhreemeters meanthatthe barrier effect of the dike will increasgrficantly not
only in heightbut also in footprintThis was not acceptable for the fishermen who use ##far drying
their nets.Therefore,it wasinvestigatedo limit the heighteningandfootprint) as much as possible.

Part of the solution is the upgrading of a number of preéfseedying dams see Figure 1as part of the
dike reinforcement project. Hereby, the hydraulic loadinghe dike is reduced.

The requiredheight of the dike is determined by the hydradtiads in combination with the
geometry and roughnetige waves encounter on moving up the dike. Ifdtigerionis maintained that
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no or only very little water may cognover the dikeduring extreme conditions, then a smooth dike
requires ahighercrestthan a dikewith roughness

For this reason, a rough seawaldpeof the dike was soughtaking into account that the dike is
part of the village and part of the harlbolihe ambition of the municipality and the villagasto make
the village and the harbour more attractive. Therefore it was studied whether thelapgybesides
the function for the water safetypuldalso fulfil a broader social function. This Hasd to the idea of a
steppedrevetment on theseawardslopethat can also function as a grandstand to view the harbour
activities and for possible festivities which could be organised on the harbour terrain.

The effectiveness o steppedrevetment was tésd a generic way in &calemodel teston a
geometricscale of 110 (Deltares, 2012nd Van Steeg et al, 20118n these experiments systematic
variations of wave conditions and dike geometries were nfaden the standpoint that trstepped
revetment, bsides a water safety function, also has a grandstand function, the ideal seating height was
studied. Literature study revealed that this is 0.48omDutch people Therefore, this height was
assumed in the determination of the effectiveness dftdppd revetment. Furthermore, the effect was
studied of reducing the height of the step to 0.23 m. The results of the model testd thlabwwith the
hydraulic loading associated with thermconditions, a stepped slope with a step height of 0.46 m has
aroghness c pogd.6fta Oc7i Tdese valoes have been corrected for model and scale effects.
For a st ep hisavasdobndtobe 0.8 .0.9.1argenstep height is in the case in Den Oever
therefore more effective ireducingthe wave ra-up.

After the effectivenessn wave overtopping/as determined, first designof the dike in Den Oever
with this effectivestepped slope wanade(seeFigure 2) This predesign of the dike thewastested in
a scale modelQeltares 2013). By means dhese tests, theequiredheight of the dike at the various
crosssections was determined.

For making a detailed design of thieeppedevetment, a design methodology (HHNK, 2014) was
developed duringhe project. In this methodology the various possthiemechanisms were studied
and attributedo a calculation methodology to determine the strength properties siffiygedevetment.

In the design procestis essential to know the wave loading in terms of pressures, forces and impulses
on the elemest For this aalytical methods were considered and furthermore, pressure sensors were
placed in the in the laboratory tesBe{tares 2013).

It is generally known that iscalelaboratory tests fonydraulicloads orstructuresmodel and scale
effectsmay be presentin order to determinthe wave loading on th&eppedevetment for Den Oever
testswere performedt full scale using the wave rwp simulator(Van der Meer, 2012)n this paper,
both testsat small and full scalare considered and compd with each other. The result was adopted
by the contractor as the starting point in the final design cdtémpedevetment.

SCALE MODEL WAVE LOADING
The scale model research was carried out in the DeEargtern Scheldt Flumaith a geometric
scaleof 1:10. TheEastern Scheldt Flunis 55 m long, 1.00 m wide and 1.25 m high. Tloene has a
wave generatowhereboth regular and irregular waves can be credtbd wavegenerator has @wave
reflection compensation system and can generate s@rdedvavesAll values mentioned in this
paper are corresponding to the prototype (this is the 1:1 reality) unless otherwise indicated. The Froude
scalingwas used to determine the dimensions ofshectureand the hydraulic preequisites to be
used in the madel.
Thestructurewas installed in thBume, see Figures 2 and IB concerns the prdesign of the
seaward side of one of the cresextions of the future dike (the most nostasterly part).
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Figure 2: Cross-section pre-design (all measures in m)



Figure 3: Test stepped structure installed in the Eastern Scheldt Flume

In this crosssection, two pressure sensarsreinstalled in the vertical part of the lower stspe
Figure 4,(DRO1 and DRO 2: NAP + 5.44 m) and in the second lower step (DRO 3 and DRO 4: NAP
+ 5.90 m) where NAP is reference levdlhe pressure sensosgre placed at a distance of 0.33 m
from the channel sides and 0.33 m agerddel values)During the test, the pressures were recorded
with a sampling frequency of 1000 kizorder to measureery shortbut high peak pressures and also
guasi static pressures after the peak.
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Figure 4: front view pressure sensors (sizes in model)
The measured hydraulic conditions just in front ofdtractureat the test were: Water leviek 5.05m
NAP, Wave heigt Hno = 1.41 m and Wave periobhi10=5.2 s.

For each pressure sensor the maximum measured pressure was detanditiess@re shown in
Table 1.

Table 1. Maximum measured pressures (prototype values)
Pressure sensor Maximum pressure (kN/m?)
DROO01 99
DRO02 119
DRO03 110
DRO04 66

For all measurements, tléstributionof the peak pressures was generase@ Figure 5
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Figure 5: Exceedance curves of the measured peak pressures in the Eastern Scheldt Flume (prototype
values).

It can clearlybeseen that the pressures on the bottom step (DRO01 and DROO02) are higher than
on the step above (DRO03 and DRO04).



For the design of thsteppedevetment it is important to know the fosdbe structuremust be
able towithstard without being displacedThe pressures were converted to forces on the steps. Hereby
it wasassumed that the measured pressures apply over the entire height of the stept ather
assumed that the averagetwb pressurgecordscouldbe usedas given in equations 1 and 2
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This results in the force distribution Figure 6
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Figure 6: Exceedance curves of the force per m width on the steps (prototype values).

When the peak pressuresFigure Swould occur in both pressure sensors at exactly the same
time, the force per unit of width is approximatelyl@¥m [(119 kN/n¥+99 kN/n?)/2 * step height
0.46 m]. This is considerably more than can be se€&igure 6 In Figure 6 the maximum force is
equal to 31 kN/m. This difference can be explained by the fact that the maximum peak pressures at the
left and right pressure sensato not occur at exactly the same moment.

FULL SCALE STUDY WAVE LOADING

The maximum measured pressure inEastern Scheldt Flumeas 119 kN/r Due to scale and
model effects (among others, fresh vs. salt water) the actual pressures could be loveetdryup to
2. To measure the actual pressurédlascaletest (scale 1:1) with the wave rup simulator (Van der
Meer et al. 2012, Steendam et al. 2016) perdormed see Figure.7

Figure 7. Wave impulse with the wave run-up simulator

For model veffication for wave rurup on grassed dike slop@s2014 wave rurup tests were
performedwith the wave rurup simulator at thdike between Kats and Colijnsplaat at Noord
Beveland (Steendam et al. 201This test configuration was usdd determine the ave loading for
Den Oever.



Firstit was verified whether the loading from the scale model tests iBabktern Scheldt Flume
could be compared with the tests with the waveuprsimulatoy see the next section

Verification of the applicability of the wave run-up simulator as an instrument for carrying out
the full scale test

The loading on theteppedevetment is caused by theaterflow. Therefore a comparison has
been made between the laboratory test anéuthscaletest concerning the front velo@t of
individual waves on thquayin front of thestructure The wave®vertopping the quaffom the
laboratory test were analysed using video analysis. The results of the video analysiewere
compared with the velocity measuremegmtsformed for thavave runup simulator

Based on a limited numbef large wavesn the laboratory teg6 waves which caused wave fun
up over thestructureor ran high up the slopej,wasdetermined that the wave front velocity on the
bermwas between 4.5 and 7 m/s. &eise the analysis was done with a limited number of waves, it is
probable that the highest waves in the test were not analysed. By applying a Rayleigh distribution an
extrapolation was carried out to the highest vgandhe test. Based on a test with D0@aves, this
means an exceeding frequency of 0.1%. This leads to a front velocity of the highesbivave
approximately 8 9 m/s.

Earlier measurements with the wave-tumsimulator indicated that these velocities could be
reproduced with this device his provided sufficient confidence that the tests with the waweipun
simulator could be applied &gl scaletest as a means to determine the wave loading to be taken into
accountn the design ofhe steppedevetment at Den Oever.

Layer thickness

It was foundthat themaximumlayer thickness's in the laboratory test were substantzther
than those measured with the wave-umnsimulator. With the wave rewp simulator, layer
t hi c k n e gesedaedipioeOr7 en while in the laboratory testetthickness's varied from 0.6 to
1.2 m (prototype)Thefull scaletess wereintended to determine the wave forces on individual steps.
Because the layer thickness which resti be reproduceis largerthan the height of the step
(0.46m), the whole steps loaded. In practice)so the secondtep will be loadedut it is assumed that
thebottomstep willhave the largest loadall steps in the design for Den Oever are designed as
bottomstep. The higher steps are tloyerdimensioned.

FULL SCALE TEST

For thefull scaletest the wave runp simulator was moved after the WBI2017 tests to the test
strip were hydraulic measurements wpeeformed earlielWith these measurements at various
locations on the slope layer thickness's and (front) velocitiesritus runups were measured. The
hydraulic measurements were carried out with increasing filling heights of the waup simulator
whereby each filling height was repeathteetimes. These measurements provide insight into the
velocities and layetickness's at various locations on the slope. By comparing the velecitydsat
various locations the front velocity of then-up can be determined.

At 5 m from the outflow of the wave reup simulator the schematic model of the step was
installed (se Figure8).
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Figuré 8. Overview wave run-up simulator and the first step wi



The tested step corresponds to the schematic-seas®n of the design for Den Oever. In the
schematicross sectiolisee Figure 2) there is a 6.5wide bermat a slope of 1:30 followed by steps
0.46 m high. The steps lie on a slope of 1:4. The profile at the wavgprtests at Noord Beveland
correspondto this. The flood defence there lmseawardbermwith a slope of approximately 1:30
and ispavedwith concrete blocks. The test was carried out with salt water (Oosterschelde).

The tested step modehs a widthof 2 m wide anda height 00,46 m. The pressure sensors were
regularlyplaced in the cover pIategt the front (FigQye
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Figure 9. Pressure sensors in the step.

The top and bottom sensor are placed 0.095 m from the top and bottom. The distance between the
sensorss 0.09 m. The constructiasf the step wasuch that there was no movement due to the impact
of the waves.

Test program

Figure 10. Impression of wave impact on step.

A series of3x8 impacts was caed out. For the reproducibiligach impact was repeated three
times. The wave runp simulator was filled in stages (1, 2, 3, 4,5, 6, 7 and 7.3 m). In total, 24 impacts
were simulated. At the end of the test program, the impacts with a filling height of 4 and 5 m were
repeated twice. Figure 10 shows the development of a wave impact.

Front velocity full scale test

In Figure 11 the locationsf sensorgluring the WBI2017 test aiadicated. The location of the
sensorsn the WBI2017 test at 5m corresponds with the location of the front of the step of Den Oever.
These measurements are thus important input for the testssiéfipedevetment.
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Figure 11. Locations of sensors during WBI2017 test (circled location is also measured during the full scale
test).

The measuredelocity during the WBI2017 test are presented as a function of the filling height of

the simulator in Figure 12.
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Figure 12. Relation front velocity wave run-up on the berm and filling height of the simulator (v1-v3 means
calculated front velocity between paddle wheels 1 and 3. Same for v3-v5).

The trend line which fits up to a filling height of 6 m can be represented by:
w=45K83(h O 6 m) (3)

in which y = front velocity in m/sandh = the filling height of the simulator in ri&g. (3) can also
be used to determine the front velocity of the wave which impdaica@against the step of the
structureof Den Oever. During the test with teeppedevetment, only the velocity at the location at
3 m (2 min front of the step) could beeasured. This measureméentisedas a validation of the
hydraulic measurements

Figure 13 shows an overview of the measured maximum vieleattthe point 2 m in front of the
step, with and without this step. The measurements with the step (measubeméddver) are equal
to or slightly higher than without the step (hydraulic measurement). There is no clear reason for this
but the differences are small. A trend line is also given for the measured maximum velocity closer to
the opening of the ruap sinulator, at 1.6 m measured in an earlier test with the wavepun
simulator on another dike with a different craggstion. Especially with large filling heights a higher
velocity was found there. For comparison, the trend line (formula 3) for the frimityefound in the
hydraulic measurements at thil scaletest is also shown. In the figure, the front velocity corresponds
reasonably with the maximum velocity which was measured with the test with the step (the blue
points).
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Figure 13. Measured maximum velocity full scale test.

As indicated earlier, to be able to convert the measured pressures to an exceedance curve, a
relationship must be determined between the tests iBakern Scheldt Flurrend the test on site.
The starting point is that with ¢hsame velocities in the small scale modelfalidcaletestlead to
similar pressures or forces whereby in thé scaletessthere are no mommodelandscale effects.

For this, besides thearlieranalysis okix large waves, a more extensive analysithefoccurring
front velocities was made for tiigastern Scheldt Flum@&his analysis concerned all waves in a 10
minute video. Figure 14 shows the exceedance curve of the front velocities. On this line a Rayleigh
distribution is fitted and thelack conthuous line is represented by:

2
P, =P, =exp (— (z%) )

(4)
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Figure 14. Simulated front velocities coupled with the Rayleigh distribution.

The front velocity from thdull scaletest can be calculated wilyg. (3). Theexceedance
probability of this front velocitycan be calculated witq. (4) Thisexceedance probabilitg then
also theexceedance probabilityhich must be maintained for the pressures found and wave impacts.
This isthebasisto link thesmall and full scaléests. The front velocitiefsom thefull scaletestare
marked with a blue square on the fitted Rayleigh distribution in Figure 14.

Table 2 shows the relation between filling height, front velocity and exceeding frequency in
values. Herewith, the relation between the tests with the waveprgimulator and the test in the
Eastern Scheldt Flunis determinedA maximum filling heightof 6 mis listedbecause the front
velocity does not increase with greater filling heights.



Table 2. Relation between filling height,
front velocity and exceeding frequency
Fill level |Frontvelocity Exceedance prob.
(m) (m/s) (%)
1 4.50 6.739
2 5.54 1.677
3 6.26 0.544
4 6.82 0.204
5 7.29 0.084
6 7.70 0.037
7 - -
7.3 - -

Pressure measurements
The pressure measurements inftiiescaletest were sampled with 2000 Hz.
An impression of a measurement (impact 18, pressure sensor 1) is girgarim 15
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Figure 15. Registration of pressure trajectory during impact 18 (filling height = 6 m) in pressure sensor 1

From Figure 15 (test with a fill height of 6 m) it follows that the maximum measured pressure at
this location is equal to approximately 52 kN/fihis maximumis reachedalmost immediatelyvhen
the watereaches the pressurensor

In Figure 16 the trajectory of all pressure sensors during this impact is shown. Here, the upper four
figures show the individual pressure measurem@&uth pressure sensors at the same elevatien
shown in the same figur&he lower figure shows the average pressure across all pressure sensors
(also differentiated over the four pressure sensors on the left and the four pressure sensors on the right).

From Figure 16 it can be deduced that each pressure sensor durecattimg of impact 18 has
a maximum value of between approximately 31 kNamd 59 kN/m. At some pressure sensors a high
frequency vibration can be seen. This is possibly a vibration in the construction of the pressure sensor
holders. Further, this vibratiahall not influence the analysis and results. On the left, the pressure
seems to increase after 0.5 s. The reason for this wasvestigated
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Figure 16. Records of pressure trajectories during impact 18 (filling height =6 m) in all pressure sensors

The peak pressures have been determined for all impacts per pressure seasestarveh in
Figurel?7.

180
+ DROD1 .
160 = DROD2
< 140 » DROO3
£ 490 | = DROD4
2 « DRODS :
T 100 DRO06
@ 80 - DROO7 :
@ :
£ e DRO0S .
] u & all
40 i E [ ]
B § & % O
20 [ 3 (] '
g *
0
0 2 4 6 8

Filing height(m)
Figure 17. Maximum pressures for all pressure sensors and all tests as a function of filling height (h)).

In Figure 17it canbe see that at filling reighths = 4 m, pressure sensors DRO05, DRO06 and
DROO07recordeca maximum pressure which is clearly higher than the other maximum pressures
measured. This is also the case with sotheromeasurements. Theattetoweveris small. From
experience with physal model tests it is known that even with regular waves thesebe a
significant scatterThis ispossiblycaused byhe variation of the amount of aircludedthe water.

Possibly the variation of th&hapeof the loading (the impact is more like ailahan a breaking wave)
is less in this case.

Figure 17 alsshowsthat the pressures on the lower pressure sensors (DRO01 and DROO5) are
higher in general than the pressures on the higher placed pressure sensors (DRO04 and DROQS).
Further, itappearghatthe pressure does not seem to increase with a filling height more than 6 m. This
can be explained by the design of the simulator. At a certain moment, the water cannot flow out of the
simulator any faster.



Forces

Analysishas beemperformed orthe force on the step as a function of time, F(t). The force is the
pressure integrated over the height of the step. With the integration, the (very short) extremes are
filtered "naturally". Such an analysis was carried out for all impacts. For all these impacts, th
maximum force per unit of width was determined. In Figure 18, this is plotted graphically against the
filling height of the ruaup simulator.
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Figure 18. Maximum determined force on the step as a function of the filling height.

In Figure 18 therés a clear link between the filling height and the maxinfonse on the step.
Based on the analysis of both the maximum pressures and the maximum force, it seems there are no
more severe impacts above a filling height of 6 m. Based on the data uditaydélight of 6 m, there
seems to be a linear relation between the force and the filling height.

The trend line in figurd 8 can be described as:

F=28h +0.7 for 1 On 60 ()

Eqg. (5)is not valid for a filling height higher than 6 ¢for example, 7 m and 7.3 m) as there is a
different trend seethere. With this, the relation between the maximum force on the step and the filling
height of the wave runp simulator is determined.

The corresponding exceeding frequencies are shown ile 2adnd this table together wily. (5)
lead tosix points for the exceedance curve for the forces on the lower step. These points are shown
with squares in Figure 19. From the figure it follows that the forces do not follow a Rayleigh
distribution but anuch steeper distribution (just as individual volumes of breaking waves with wave

overtopping).
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Figure 19. Exceedance curve for the forces on the lower step per m width.

The pointdan Figure 19 can be fivith a Weibull distributionEq. (6) shows thdrend line through
the points. The number of waves N results in, witke R/N, the probability of the greatest force. With
this the necessary safety factors must of course be respected.

_ F 065
Pr = Pr = exp (— (ﬁ) ) ©6)
The maximum force for N waves can be calculated directly: with
F =0.72 ¢ [-In(1/N)]"0 @)

Figure 19 is based on measurements at full scale and with salt water. Prior to the test it was
expectedthat, because of both scale and model effects, the foréel sealewould be smaller than in



the tests in th&astern Scheldt Flumé&he presures in th&astern Scheldt Flumeere also analysed

further.It was seen that the individual pressures of around 1203@®moccur but that pressure peaks

do not occur simultaneously on a horizontal line, thus not simultaneously on DRO01 and DROO02.
The exceedance curve for the forces determined from the averaging of the peak pressures on the

lower step is showim Figure 20 together with the forces found in fiéscaletest. With this, the tests

in theEastern Scheldt Flurrend the simulator test @ become directly comparablehas to be

noted that in small scale tests only two pressure sensors were instdfiedower step whereasthe

full scale teskight This mayhave beewf influence a the differencdound
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Figure 20. Comparison forces per unit of width for the Eastern Scheldt Flume tests (based on two DRO&)
and the simulator tests at full scale (based on eight DROG).

The forces found in thEastern Scheldt Flumest are clearly larger than those in the simulator
test On the basis of 1000 waves (0.1%), the force from the Schelde tests is approximately 30 kN/m
and for the simulator tests approximately 15 kN/m. This is a factor 2 difference in the maximum force.

It can be concluded that betwespproaches (small scaldlume test withfreshwater an@d
limited number of pressure sensors aridllascaletest with salt wateand multiple pressure sensqrs)
there is a factor 2 difference in the (peak) forces on the lowerBBggmnding on the number of waves
or storm durationin the desigrapproximately 15 kN/m on this stéas to be takeimto account
(without safety factors and unknowns). This is alnfiost times smaller than was assumed eafter
the first desigrbased on maximum individual pressure pdaks small scale flumdt should be noted
thatfor final design calculating forces basauindividual peak pressusés not an appropiate
approachEq. (7) can be used to calculate the force on the lower step aea giorm duration.

IMPULSE

The maximunpeakforces lastonly a very short time during a wave impdtis questiomble
whether this parameter is the correct one for the delsiggulse(or a parameter derived from this) can
possibly be a better detemitig parameter. The forcéBimir) whereby no movements, deformations,
rotations or damage to the block occur may not be included in the determination of the impulse. These
forces are already "absorbed" by the friction force and are thus not availabiegtéhe block into
motion. The limit value kit depends on the design of the step. Friction, for example, is one of the
resisting forces odi step.Depending on the design, the resisting force due to underlying ground mass
and/or resisting force due tigher placed stepsaycan be considereéigure 21 shows for one force
record(one wave) different threshold values fariF
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Figure 21. Threshold values for a recorded force signal (one wave)

The integrated area under the threshold value datemthe impulsealue.
The occurring impulsér each wave in thaull scaletestis analysed by integrating the foraeer
time. InFigure 22 the resultis plotted against the filling height of the rup simulator.

[y
5]
|

E 3
2 10 /_...../:"
S 8 /{
S ~
E &
£ 6 /.,/
9]
Qo
o 4
@
=}
Q.
E 21
&
0 .
0 1 2 3 4 5 6 7 8

Filing height(m)
Figure 22. Momentum (or impulse) on the step as a function of the filling height.

In Figure 22, aclearlinear relationis seen. The spread is very small. Other than with the orce
measurements with a filling heigbter6 m also lie on the trend line. Apparerdlfilling height even
above6 m leads to a longer lasting loading and not necessariliatgermaximum force. The
formula for the trend line ikigure22is:

I=1.5 hill -0.2 (8)

Whereby | mimpulseper unit of width(kNs/m)and hy is the filling height of the ruup simulator
(m).

In Tablethe relation between filling height and maximum force emplulseon the step per unit of
width is shown. The numerical values for both unitscaméved fromEq. (3) andEq. (4). Considering
thatequation(3) is not valid for a filling height greater than 6 m, for 7 and 7.3 m no forces are shown.

Table 3: Relation between filling height and maximum force and momentum on
step
filling height maximum force momentum
hiin per unit of width per unit of width
F |
[m] [kN/m] [kNs/m]
1 35 1.3
2 6.3 2.8
3 9.1 4.3
4 11.9 5.8
5 14.7 7.3
6 17.5 8.8
7 - 10.3
7.3 10.8

For each identified wave impact on the steps, the impulse was determined.
Also for each of the identified wave impacts on the steps itefts in thécastern Scheldt Flume
the impulse was determined. The exceedance curve of the calculated impulse (thus the surface under

Impulseon lower step



the graph but above the limit value) is represented in Figdiré/h this various values ofik: are
maintained.
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Figure 23. Exceedance percentage of the impulse per unit of width of the steps.

The above was also done for the upper agemeasured in the small scale testirigs showed
that the impulse on the uppstepwas clearly smaller than on the lowere Thusit has been
concludel that the lower step idecisivein the design.

From the exceedance curves the exceedance values can be read, for example the impulse at the
2%, 1% and 0.1% exceeding frequency. The exceedance curves were determined for a whdie range o
limit values Fmit. This was done for both thell scaletests and th&astern Scheldt Fluntests. In
Figure 2 both are shown.
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Figure 24. Comparison between the Eastern Scheldt Flume and the wave run-up simulator

As an example, the 0.1% largest wampacts of th&astern Scheldt Flunmest are considered.
These most resemble the test with theuprsimulator with a filling height of 5.0 m. The trajectory of
the impulse as a function of the limit valugiFfor both cases is shown in Figurg. 2
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Figure 25. Comparison between the Eastern Scheldt Flume and the wave run-up simulator. Dotted lines
indicate the results obtained in the small scale tests, continuous lines indicate full scale tests.



