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Introduction



Objectives

1. To study overtopped wave impact processes on a vertical wall for:
— irregular and broken waves
— shallow water
— mild foreshore

2. To derive “simple” semi-empirical equations to predict the maximum impact force

3. To elaborate on an analytical model termed “Elevator theory” to describe the impact force
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Model Set-Up

N\

testiD  Waves  hyggnoe  hice A Himo,ofshore Hiote  Tm-1.00ffshore V1,00 |§teetrl\j,g|
- - m m m m m s s I/s per m years
Irr 1 F ~1000 17.16 1.20 1.08 4.52 1.29 12.0 25.5 256.3 17000
Irr 4 F ~1000 16.30 0.34 1.94 3.74 0.95 11.2 25.0 16.7 \000

T

* All values in prototype

- Largest 30 impacts for each testID selected for further analysis = 60 impacts
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Pressure Time Series Postprocessing
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Bore Impact Process
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Bore Impact Types

- “Twin Peaks" force impact signal shape (slightly different to “Church-roof* shape, Oumeraci et al. (1998))
- 3 Impact types distinguished: (1) Impulsive, (2) Dynamic, (3) Quasi-static

- Quasi-static impact types comprise the majority (~3/4) of impacts AND largest impact force
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Semi-Empirical Prediction of Quasi-Static Impacts

+ Quasi-static impacts are generated by hydrostatic
pressure of water in front of wall + downfall pressure

2
thd'ms!ﬂtic =05p-g-(C;- Rmax)
c, =0.78

FBest—fir =030-p-g- R'III.(I.X2

Fmeas—F comp

ey 1
» Fitting: MAPE = -,

Fmeas

» Good prediction of impacts until 20 kN/m
(measured for 1000 yearly storm conditions)
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Semi-Empirical Prediction of Quasi-Static Impacts
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Semi-Empirical Prediction of Dynamic Impacts

 Fitting parameters

MAPE R?
Cross et al. (1967) 0.99 0.76
Robertson et al. (2011) 0.96 0.78
Van Doorslaer et al. (2012) 0.93 0.64
Cappietti et al. (2018) 0.84 0.62

* QOver-, underprediction up to ~2 times

I_l_l

2 times



Analytical “Elevator Theorie" prediction

» Hypothesis: The change in pressure over the length of the vertical wall
consists of the hydrostatic pressure due to gravity minus the pressure

o

due to the positive upward or negative downward “Elevator acceleration”
of the run-up water

source: Vincent Gruwez
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Conclusions

1. Maximum overtopped wave impacts on vertical walls investigated
2. “Twin Peaks" force signal shape and 3 impact types identified

3. Quasi-static impact type comprised the majority (~3/4) AND largest impact

4. Semi-empirical prediction derived for:
- Quasi-static impact with hydrostatic theory
- Dynamic impact with momentum flux theory

5. Elevator theory used to partially explain the “Twin Peaks” impact force signal shape
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Thank you!
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Run-up Measurement

» Motion tracking of bore leading edge from GoPro images

» Settings GoPro Herob:
+ 59.94 fps
* Spatial resolution <2 mm
* Line-mode
* Synchronized with pressure measurement

* Problems: foamy leading edge, detachement of water from wall, 3D effects
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Bore Thickness and Velocity Measurement

» Bore velocity (paddle wheels)
» Bore thickness (wave gauges)
* Measurement location: 2m in front of wall
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