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Motivation & Objectives

Rising sea water levels make the development of new coastal protection systems
necessary. An innovative approach to these new requirements is the use of

Improve understanding of the processes and variables involved in the interaction

between waves and porous revetments and how to model it for the analysis of its
. hydraulic performance

; H ¢

Large-scale Tests ‘ ‘ Small-scale Tests Numerical modeling

‘ (GWK) (LWI) (COBRAS-UC)
(OpenFOAM® model framework)
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Large-scale tests: GWK-tests overview

= Objective |

= |mprove understanding of wave-structure
interaction & PBA hydraulic performance.

_ = Test program |
= Surf similarity parameter : ¢, = 1.3 - 8.1
= Deep water wave height: H,=0.17-1.4m
= Wave period: T,=3.0-8.1s
= [nitial water depth: hp=3.4-42m
= Revetment thickness: d., =0.15;0.25 & 0.35 m
= Slope steepness: cota=3

: |
Initiatioﬂ'zqne
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= _Analysis in Oumeraci et al. (2010) J b bl

= Reflection analysis

= Wave run-up and run-down
= Pressures on and just beneath the revetment Large-scale model tests in the Grosser Wellenkanal

. . (GWK)
= Pore pressures in sand foundation
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Large-scale tests: GWK-tests overview

Polyurethane Bonded Aggregate (PBA) revetment in GWK and location of wave gauges
0 X position LE Wave gauges 1 — 13 | m E] IW‘

— > X Voo -

Cortainer | | PBArevetmentf eV
+11° 7,00
7~ —

F ol

Existing asphalt
dike with 1:6 slope

Experimental set-up
Y position

Tested PBA revetment models in GWK

Model A PBA: crushed Model B Model C PBA: crushed

limestone (20/40 mm granite (16/36 mm)
A
Filter layer: crushed

w. limestone (20/40 mm

o Filter layer: crushed
granite (76/36 mm)

Geotextile (Terrafix 609) «-- Geotextile (Terrafix 609)

<€4— Sand foundation

«4— Sand foundation —p

PBA revetment models

(Ds, = 0.34 mm, U = 2.11) (Dsp = 0.34 mm, U = 2.11)
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Numerical simulations with COBRAS-UC

Objective

J

Extend the range of the tested conditions in the GWK

Q =
2 2=z (= = = | |2 |z o
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Test conditions
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Universitit

Deep water mean wave height
Mean wave period

Surf similarity parameter

Initial water depth

Revetment thickness

Slope steepness

Cell sizes

H,=0.15-1.08m
T,=299-9.00s

n= =0.62-19.40
hp=4.0m
d,ey = 0.00; 0.25 & 0.50 m
cota=1.5;2;3;4&6
Ax=2-4cm;Ay=2-7cm

Porosity of revetment & Forchheimer coefficients: n= 0.4; a;= 200; ;= 0.8, C,, = 0.34
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Numerical simulations with COBRAS-UC
Comparison between GWK Results and COBRAS-UC Simulations
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Numerical simulations with COBRAS-UC

Effect of revetment thickness on reflection (COBRAS-UC)
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Small-scale tests: BoPoRe project

_ = Objective |
» Describe the effect of the porosity and
roughness of revetments on wave run-up
and run-down, wave-induced loads and
wave-induced pore-pressure.

= Develop generic and process-based
formulae for the design of PBA revetments
with an explicit consideration of porosity

= BoPoRe Project description J
= BoPoRe = Bonded Porous Revetments.

= Facilities of the LeichtweiB-Institute (LWI) in
Braunschweig.

= Funded by the German Research Council
(DFG).

1Ly

Universitat
Braunschweig

oVila, .
,e”.}i s+ Technische
3 & %’ 26t February 2013 | Alcérreca Huerta et al. | FZK-Kolloquium 2013| Slide 13
7
w

R o >
o5\
'fo fa )

Nsc



Small-scale tests: BoPoRe project

Set-up
wave run-up gauges
| (1=3.00m) g
SWL,., (h=0.70 m)
: NS
i £
5 - 3 S
'SWL,,, (h=0.50 m) I lope 8/16 mm; t;=0,05m v
steepness 1:3 2 =
S <
sand
D5,=0.14 mm
. metal box cable lead-through
! v

@ pressuretransducers
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Small-scale tests: BoPoRe project

Reflection behavior for different roughnesses of impermeable revetments

1 \
fitting formula ¢ _—
N C=A-E2/(B+E&?) /< BoPoRe, pOr0
‘ / * C,=1.08£2/(7.89+£2)
7 0.8 - regular waves _— °
|_L| _ tan u=1/3 < 0/ A e
(O] N P A. __,—\::"'—_ I
T e N - N R L e e
C / e - _J == ®
(] .- - BoPoRe, pOrl
‘o 0.6 P T C,=0.86£%/(8.68+£2)
t:: L-—" - ’\ 4
8 1 BoPoRe, pOr2
o C,=0.81£%/(9.32+£2)
C 04
o
e
O |
()
K
« 0.2 A BoPoRe dataset, p0r2 |
@ BoPoRe dataset, pOr1
N €@  BoPoRe dataset, pOr0
0 T
0 1 2 3 4 5 6 7 8
surf similarity parameter & _ [-]
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Small-scale tests: BoPoRe project

Reflection behavior for different porosities of smooth revetments

1 I
fitting formula ¢ —
N C=A-E*/(B+E /<BOPOR6, poro
r é /( | E_, ) / . C,=1.08£2/(7.89+£2)
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5 | - C,=0.88£2/(7.47+%2)
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C
O 04
)
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Q o
O
)
| - 0 2 l
A BoPoRe dataset, p2r0
i @  BoPoRe dataset, p1r0
€  BoPoRe dataset, p0r0
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Small-scale tests: BoPoRe project

Reflection behavior for highly porous revetments with different roughnesses

1 ‘
fitting formula '
N AL E2 2 Reference pOr0 BoPoRe, p2r0
i e
. 0.8 - regular waves - ¢ ° /
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; 7 ///'./ ----- IR
KD . eemn N .
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"'qo—) . Lt ,;—_'_/ R /\ C,=0.82£2/(9.11+E2)
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O 04 4 j‘ - °
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A BoPoRe dataset, p2r2
| @  BoPoRe dataset, p2r1
@  BoPoRe dataset, p2r0
0 \ \ i \
0 1 2 3 4 5 6 7 8
surf similarity parameter &
Both porosity and roughness have a decreasing effect on the reflection coefficient, but
the effect of roughness is more significant
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Numerical simulations within OpenFOAM ®

" Objective J Open\VFOAM
= Extend GWK tests conditions with... (<7 N
= |mprove shortcomings observed in other B\ 4
models.
= Reproduce hydrodynamic processes
on/beneath the revetment.

= Develop generic and process-based
formulae for the design of PBA
revetments.

= Numerical model features J
= OpenFOAM®: Open source CFD toolbox
= Volume-Averaged RANS-VOF model

= New solver developed within the
OpenFOAM framework:

waveFoam (Jacob tal., 2012
wavePorousFoam { (Jacobsen eta )

porousinterFoam
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Numerical simulations within OpenFOAM ®

Comparison between GWK Results and wavePorousFoam simulations

| Pressure_ measurements at_ the tpg of the cover Ia;_/_er (_D1A)_ |

Dynamic Pressure [kPa)
5 o o o =
- =] - L] L

&
=

Wave conditions: Regular waves with H=0.16m, T=2.0s, h=0.678m

66.0

730
Time [s]

740 75.0

Pressure measurements at the tog of the sand core (D2) |

N

5 o © o =
[ =

Dynamic Pressure [kPa]
Y

5
o

76.0

Numerical

i,

79.0 80,

SWL,,, (h=0.70 m)

SWL,;, (h=0.50 m)

66.0 68.0 69.0

70.0 7.0 120 730

Time [s]

740

76.0

° 20
. T
oo 0
yaC*

metal box

~slope
steepness 1:3

e =
wave run-up gauges
{1=3.00m)

<" Tfilter material

8/16 mm; t=0,05m

sand
D5,=0.14 mm

cable lead-through

2

@ pressure transducers
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Numerical simulations within OpenFOAM

Simulations performed with wavePorousFoam

Content of water
0‘5 075\ 11 1 1
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Summary and concluding remarks

= The large scale tests in the GWK mostly serve as a kind of bench mark tests for all
following investigations.

» Using different modelling approaches, (large scale tests, small scale tests and numerical
simulations) it is possible to improve the knowledge on the interaction between waves
and porous revetments of different roughnesses and porosities on sand foundations.

» The effects of roughness and porosity were analyzed using the reflection coefficient as a
comparative parameter between the test series. It was found that the surface roughness
affects the reflection more than the porosity.

= Some shortcomings of the numerical model COBRAS-UC were identified. Therefore, a
new solver was developed in the OpenFOAM® framework and validated by experimental
data.

= The new model, although still under development, show a better performance than
COBRAS-UC in terms of the prediction of the porous flow in the revetment
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