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: IHcantabria ) ,
szt HosfitcA NG Study of a Vertical

Breakwater

A vertical breakwater is studied in this example. The breakwater is
composed by a vertical caisson disposed over a rubble mound.

The bathymetry has a uniform 1:100 slope from the wave generation
region to the toe of the structure. The seabed is considered
horizontal at the breakwater location

The water depth in front of the breakwater is 18m. The submerged berm
crest is 12 m deep. The vertical breakwater freeboard is 5 m. The
rubble-mound slopes are 5H:1V.
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: IHcantabria :
szt HosfitcA NG — Study of a Vertical

Breakwater
The foundation is built by an outer layer made of 5 t quarry stones. The
inner layer is formed by quarry material of 0.3 m of nominal diameter.

The purpose of this example is to study the interaction between irregular
waves and a vertical breakwater.

The breakwater is tested considering irregular waves with a significant
wave height equal to 9m and a peak wave period of 12s. Wave
energy is distributed following a Jonswap-type spectrum with a peak
enhancemnt factor of 3.3.
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STTD 2 ok Study of a Vertical
Breakwater

IH2-VOF model is used to obtain the free surface, horizontal and vertical
velocities, pressure and turbulence in the entire domain. Maximum
pressure and forces in the structure are calculated. Furthermore,
energy spectra and free surface time series in some desired
locations are obtained.

* Objectives:

- Wave conditions analysis: time series, wave spectra
- Overtopping

- Pressure: stability analysis, forces in the caisson
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- Select directory, Select Folder

- Create New Case

iFile = SelectFolder!
99,

— N € S CASE NOT SELECTEL :
IHcantabria | |
HESTITUTO DL MIDRAULICA AMBIENTAL

Jhome/oubi/ AN ] .
= " -

rEd
Directory - ok p—

Mesh file not generated
Paddie not generated
Input file not generated
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-MESH GENERATION

-SECTION 1: “IMPORT GEOMETRY/GENERATE MESH FILE”

-SECTION 2: “GENERATE/IMPORT WAVE CONDITIONS”

-SECTION 3: “GENERATE PADDLE”

-SECTION 4: “GENERATE INPUT FILE”

-WAVE GAUGES

-OVERTOPPING

-PRESSURE

-DRAWFAST
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MESH GENERATION

-New mesh (CORAL):
CORAL mesh generator is
opened

File

Qe

X Subzones: 1-Y Subzones: 1 Adjust view

Width | 250 Height |40

Subzonas en Y

Subzone =

Subzonas en X

Subzone =

Center ,W Center ,W

Division ’W Division W

Num. cells left [5— Num. cells down [5—

Num. cells right ,5— Num. cells up ,5—

Max. sep. center ’W Max. sep. center W
add | Deete | add | Deete |

Information

Mesh export

Mesh quality
X: 50,6650, Y: -14.1621

£ Coral

l Mesh ‘ Obijects

1 Import ge,a:wv / Cenerste mesh file

Newmesh (CORAL) J

- W

2 Cenerste [ import olenje
_Mewware series |

Netwaave serie parameters

mpergeamEIN]  Ceom ety
B Mesh file r

PREPROCESSING

— bov——— s (> b 2 b

Objects
Obstacle
Porous
Water
Delete
No object selected
X Y 0k

Porous media type |Friccién no lineal v

Pzl =

Subwonat X 1 -Sudeonas Y: 1 QD Apnta vits
Anchees TEEET Ahira 10,000 Otpetoz
! ~ Obatsodo
Subiporas en X l"— Subaonas en Y ]‘_'
Tl Subaons - Subzons = | Posoro
! | | i
Cenerate paddie ! Centso 150,000 Cerbro 15000
3 rate p i | Bora
Fsadie type Dymamic pasdie pt Dévision 10.000 Division 10,000
N yl NF celdss iag |5 NI celdss annba |5
% Stmic paddie
l N¥celdas deha |5 NI celdas sbayo |5
_Dynamic paddie [

Sep mix certio |0 600

Sep. mix certo |1 000

Al I B I Al ] By l
— —
| Cadadmala | Inicemacilt Expotn mata| Geemw mata | Mats | Otycn .[" s &
K IIM6, Y. 454% 0 _;J P UWT k

"

- Domain specification:

L = 152m, considering around1.5L before
the breakwater: width = 250m

Rubble mound total height is equal to
25m, considering possible overtopping
events: height = 40m
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MESH GENERATION: Defining the elements

Introduce obstacles:

PREPROCESSING

-Bathymetry 1

-Crown wall 4

Element X Coordinate

Y Coordinate

UC
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MESH GENERATION: Defining the elements

Introduce porous media:

- Rubble mound

-Core

Vertices

X Coordinate

154

PREPROCESSING

Y Coordinate

N

172

204

222

146

172

181.5

181.5

172

154

194

194

204

230

222

OOl |lWIN|[~]JOJO|RR[OWIN|~]|R[OIN]|~-~

204

DININ|JO|O[OIN|O|OO|[O©O|O NN |O®
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MESH GENERATION: Defining the elements

Introduce porous media properties:

Characteristic Rubble Mound 1 Rubble Mound 2 & 3
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MESH GENERATION: Defining the elements

Introduce water:

Element Vertices X Coordinate Y Coordinate
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MESH GENERATION: Spatial discretization

File

At least 10 cells per wave
height! (H = 9m)

— Ay = 0.9m

Because overtopping events
areexpected
— Ay = 0.5m

X Subzones: 3-Y Subzones: 3 Qe Adjust view S
AS peCt ratlo : AX/Ay=2 Width [250.000 Height [40.000 Objects
Obstacle 1 Obstacle
A — 1 Subzonas en X . Subzonas en Y = Obstacle 2
— AX=1m Swzone[2 3] Suzore 2 3] oot mods 2 Pomce
! 3 2 Porous media 3 Water
Center |172.000 Center {11,000 Dot
e

Division [171.000 Division [10.500 Water
Num. cells left |1 Num. cells down |1 % [251 000 v [19000 Ok
Num. cells right |30 Num. cells up |38

Max sep. center |1.000 Max. sep. center |0.500 —
Porous media type | Friccién no lineal v
add | Delte | | Ak Delete
: | Mesh | Objects [0 3} [0 i]

Meshquaﬁtyl Information | Mesheo(pal| Generate! |

Y ok
X 233.9519,Y: 14.2440 0 3P UWTI|K

41 UC
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Variable grid system in both the horizontal and the vertical directions : three subzones

X=0 X=171m X =202m X = 250m
Y=0 : : <« Ay=0.8
12 03 1 e e e

i i Ay=0.5
| .1 ] S ——— T IR
Y=40ml : : J e ay=07

N J

Y

s Ax=1 Ax =2
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MESH GENERATION: Spatial discretization

X Direction

PREPROCESSING

Y Direction
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MESH GENERATION: Mesh quality

By pressing button “Mesh quality”:
; Calidad de la malla E]@@

— Detta2 X

U Detta X

1.1

1
09
0.8
074

06

0.5

04 : - - - - . -
09333(2) 29.0626(33) 57.2948(66) ©S7.61758(104) 120.4993(149) 153.1842(199) 186.0215(257) 2191984 (329) 252.0868 (412)

(WY~ T s T e e e e ST e ~Dettaz ¥
044 4 : ; ; ; : : : : 7 Loo3 Defta
[T e S —- L
() IEe22eeedaNpanaoe === ‘ TiiiiiiiTETooegioooc-di--- 1002
0.38”;; N S Smms : = R — - L0.01
036 4- N ; ; : :

I S L

032 - - ) —

wel : :
W2 oo seoss LN et R sesss SesasRay foamnesas SELEE e T
0264 - > - -
0_24_.3-. ZEEas == e ______:._.-.-.-.-_-_::__ o EDes et e SEome Pt == --0.03
0224t -o--- B M bscoooss T —— s p—
02k l : , . : ; ; : - ;
04667 (2) 34750(9) 66828(18) O8000(30) 1336800(48) 16.9120(66) 204640(84) 242133(103) 28.0252(120) 319560 (132) 356346 (141)
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MESH GENERATION: Mesh info

e

By pressing button “Information”:

PREPROCESSING

- [B]x]|

X Subzones: 3 -Y Subzones: 3

Width [250.000

Subzonas en X

Subzone |3 =

Center ’W
Division [202000

Num. cells left |1
Nurm. cells right W
Max. sep. center 'W

Q <y Adjust view
Height {40.000

Subzonas en Y

Subzone |1 =

Center ’W

Division [0.000

Num. cells down ’157
Num. cells up h
Max. sep. center W

X: 88.2560,Y: -5.9844

Information @

l/ Div. X: 468, Div. Y: 144

S

Objects

Obstacle 1 Obstacle
Obstacle 2

Porous media 1 Porous
Porous media 2

Porous media 3 Water
Water 1

Delete

X Y | )3
Porous media type |Friccién no lineal v

No object selected

add | Delte | add | Delete |
Mesh qualityl Infmmationl Meshexport| Generate! | I

Mesh I Objects |[] i‘ |D il

0 3P U WwWT

: e ]
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PREPROCESSING

SECTION 1 : “IMPORT GEOMETRY/GENERATE MESH FILE”

-Saving the generated mesh its “.dat” file appears in green in the GUI

-Mesh characteristics are exported to a “Mesh.mes”

om ¢/ gabi | EXAMPLE/EXAMPLE Y

v MESH_EXAMPLELDAT
o
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SECTION 2 : “GENERATE/IMPORT WAVE CONDITIONS”

-Wave series: Irregular

-Hs = 9m

-Tp =12s

- Time series 800 s long

Generate wave series

PREPROCESSING

" ol

UC

UNIVERSIDAD
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® .
) EXAMPLE_3 Folder—  |/hpme/maria/IH2VOF/CASES/EXAMPLE_3
* IHcantabria '
1. Import geometry / Generate mesh file
Geometry sketch :
Import geometry MESH_EXAMPLE3.DAT 40 H !
New mesh (CORAL) :
Generate mesh fing Mesh file generated 20
Still water level (m) 20 0 - - :
0 50 100 150 200 250
| Selected wave series
Eile Name Irr Wave series type Irregular Showwave s.
D_j \..) H é XN R ‘Sr? @ \'E ‘ D E Folder I /home/maria/IH2VOF JCASES /EXAMPLE_3/wave_series/Irr/
Free surface IH s
- . _ - - - : N° of waves 83
77| SECTRIREY R S S PR R R (EDTETERR s I POPPIR
. | 1 : Length (s) 800 Sampling frequency (Hz) 30
E o iy h I ‘ i 1
= i Hm (m) 5.72 Hs (m) 9.01
- ESE | G ] R RO R L 5 RN i RO | BeRbA S AR Al
L L i L L L L [ 32 |
0 100 200 300 400 500 600 700 800 e 238 ) 2221 Te &
Wave height histogram limee) Wave period histogram 5
RNETT , , 2 - - 4. Generate input file
Sl : : 5 Save for the entire domain
2 D | R S— Suieoniengtity) 200 W voF
SR e Initial dt (s) 0.005 i Horizontal velacity
E | - £ : & Vertical velocity
S 4L : = 3 00
0 i i 1000
=g 5 10 B = g 10 20 30 Fluid densty (kg /i 3) W Pressures
H(m) T(sec) & Left boundary absorption W Turbulence
JONSWAP Spectrum - Wave height vs. Period R Right boundary absorption Sampling franuency (H2) 10
200
@ e G Wave gauges Fs (Hz) 30 Save input file
g 100 2 . .1{.3?:}3 wat B |
& :?‘- Run-up J Pressure | Input file not generated
B
0 0
0 0,1 0,2 0.3 0 5 10 15 20 Featloecis %
f(Hz) H(m) HEomp eretase |
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SECTION 3 : “GENERATE PADDLE

-St

atic wave paddle

r-"","""" MESH_3.DAT
Generate mesn it |

PREPROCESSING

/home/maria/IH2VOF /CASES /EXAMPLE_3

Figure 1

(ErTES
£l (1))
i3 (rl2) LERGHINS))

Trdary

it gasitide (i) _
fEealultiul gosisig o) _

Static paddle generated

NEEde|RA0Da0E
o

© W PRy
= mcantabria - yelocity field: Horizontal component (mis) IH s 10

40

200 300 400 500 600
tés)
Velocity field: Vertical component {m/s)

41 UC
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SECTION 4 : “GENERATE INPUT FILE”

IH-2VOF Preprocessing
...
IHcantabria

°
{NSTITUTO DE HIDRAULICA AMBIENTAL

:
- Simulation length = 200 s

e [ meouwr 1 showvavesy] - Initial dt = 0.005 s

- Left and right boundary
absorption are activated

- VOF, horizontal and vertical
velocity, pressure fields and
turbulent intensity are saved

Static paddle generated N-up ressure Input file not generated

41 UC
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SECTION 4 : “GENERATE INPUT FILE” — Wave gauges

Different wave gauges are disposed in the domain to measured the wave conditions and overtopping.

Press the button | Wave gauges - Add gauge

Gauges positions are specified
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SECTION 4 : “GENERATE INPUT FILE” — Run-up

Press the button Run-up

The area where run-up is calculated is selected specifying two vertices
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SECTION 4 : “GENERATE INPUT FILE” — Pressure

Press the button Pressure

The area where pressure is calculated is selected specifying two vertices

IH-2VOF
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SUMMARY

All the variables are defined
The input file is saved

=>the case is ready to be simulated

X IH-2VOF Main Menu

File Preprocessing Postprocessing

2 IHcantabria

[/home /maria/IH2VOF /CASES/

EXAMPLE_3 2 : : ;
DAMPLE D 0 50 100 150 200 250
EXAMPLE_4
EXAMPLE_4BIS
Prueba
Prueba2
prueba3 . .
example3 Name : Irr Serie type : | Irregular I Mesh file generated
example2

example4 Hm (m) : 5.72 Hs (m) : I 9.01 l Static paddle generated

Geometric domain : MESH_EXAMPLE3.DAT

Wave serie Summary

v Length (s) : 800 l Input file generated

Run simulnion_l Delete caseJ

The simulation will starts by pressing the button Run simulation

- UC
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WAVE GAUGES - Show wave gauges

- 4 wave gauges were disposed along the domain.

Postprocessing | ——> | Free surface gauges | ———> Show wave gauges

... EXAMPLE_3 Folder : l/home/maria/lHEVOF/CASES/EXAMPLE_B
o o
bty (ocovgures |
— Free surface gauges: Eile

NEde|RA0DE|0E

Gauges:

. (x=140.00m)

(x=173.00m)

3.
4. (x=18350m)

Wave gauges position

40
- 30 }~
| |- —_
Showwave gauges ‘I—*\ p Z
)
10
Time interval (s)
0
| 800 0
x(m)
n max. (m) auto
n min. (m) auto
Obtain results j
Hradions IEZE SaVE! Saves|

—H— UG
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WAVE GAUGES — Time series

-Results of the free surface elevation are obtained by pressing the button

Postprocessing —> | Free surface gauges ——>| Time Series |=———> | Obtain results

[ IH-2VOF Postprocessing: Free Surface Gauges
... EXAMPLE_3
o .
° |[Hcantabria

Folder : I/home/maria/lHZVOF/CASES/EXAMPLE_S

B
4
2 -2
~— Free surface gauges: z
e 0
Gauges: =
-4
1. (x=65.00m) -
2. (x=140.00m)
3. (x=173.00m)
4 (x=18350m) B
4
=2
£
= 0
=2
-4
-
B
Showwave gauges J 4
2 2
TR
Time interval (s) =2
-4
E
n max. (m) auto 4
- 2
,7 £
n min. (m) auto oW
-2
Obtain results J i

Calculation of free surface finished.

1 UC
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WAVE GAUGES — Spectra

- Energy spectra associated to each one of the selected gauges before the simulation can be obtained

Postprocessing | =2 | Free surface gauges | ————> | Spectra |——> | Obtain results

@@ EXAMPLE_3 Folder: I/home/maria/IHZVOF/CASES/E)(AMPLE_B

 IHcantabria JRGECT TR

Wave gauge 1
T T

Wave gauge 2
T T

80
— Free surface gauges %
L 70
Gauges: é‘ 60
w0
1. (x=65.00m) a § 50
2. (x=140.00m) - =
3. (x=173.00m) = 40
4. (x=18350m) =
ﬁ- 30
E‘, 20
10 ...............................................................................
I~ 0 i | T L ! L L 0 ; | T ! ! L !
0 0,05 0.1 0,15 0.2 0,25 0.3 0,35 0.4 0 0,05 0,1 0,15 0,2 0,25 0.3 0,35 0.4
e J Frequency (Hz) Frequency (Hz)
Wave gauge 3 Wave gauge 4
. N T T T T T T T T T T T T T T T T
Time interval (s) 90 : 30 :

==}
b=3

nfft 2048

[r -]
= =

g &

Wave Spectral Density (me/s)
o
<

n
<

Obtain results | 0 ; ; ' ; ; ; . ; ; ; ; : : : ;
. o 005 01 045 0,2 025 03 0,35 04 0 005 01 045 0.2 025 0.3 035 04

F HZ F EALERY
/*.I'I'/ l alculation of;pectrz fanshed: e ), ErEVIGUS INEYE hescacy Save J
FUI N
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RUN-UP

Postprocessing | —————> | Run-up Analysis

IH-2VOF Postprocessing: Run-up Analysis

.. i /home/maria/IH2VOF/CASES /EXAMPLE_3
L ] ® 5
IHcantabria rup an

.....

41 UC
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ntabria

OVERTOPPING

- Select overtopping gauge: Postprocessing | ———> | Overtopping Analysis

IH-2VOF Postprocessing: Overtopping Analysis

nnnnnnnn
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OVERTOPPING

- Obtain results:

IH-2VOF Postprocessing: Overtopping Analysis

o XAMPLE x
~“IH cantabria [
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PRESSURE

- The produced pressure over the structure is calculated as well as the maximum forces.

Postprocessing | = | Pressure Analysis

IH-2VOF Postprocessing: Pressure Analysis

o 7
 IHcantabria

y
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IH-2VOF Drawfast

home/maria/IH2VOF /CASES /EXAMPLE_3

DRAWFAST L

A zoom of the area of interest can be done using
zoom controls in the figure below.

AH-EUC

The visualization properties: initial time, final time | ‘
and time step can be chosen, as well as the j
variable to display. : \

|/home/maria/IH2VOF/CASES /EXAMPLE_3

Horizontal Velocity drawfast Vertical Velocity drawfast

UNIVERSIDAD
DE CANTABRIA
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POSTPROCESSING

IH-2VOF Drawfast

o®® EXAMPLE_3 Folder:  |/home/maria/IH2VOF/CASES/EXAMPLE_3

: IHcantabria . : : .

— Video properties

Time interval (s)

DRAWFAST

p (kPa)
Step 10 dt=1s. T T T T T T T T T T 200
5 B
oisply———— || ol i
Velz 150
() . i
Heleiaogiel yldsic)
o o i
Verticlwelpeity Y
o5l i

(@ Pressures

| P
SrbulEnes 2

15

Py 'r_ ,f

PLAY

IH-2VOF Drawfast

EXAM 3 Folder : /home/maria/IH2VOF /CASES/EXAMPLE_3
«®® PLE_.

: Hcantabria
e Pressure drawfast

Time interval (s)

250

k (m/s)
0.1

Step 10 dt=1s.

Display
QVOE
[ eldeizgnelyalgzisy

0 Uartizal 210zie)

QPresslres:

(® [uriuience

O o B o1 |
PLAY

PAUSAR STOP.
Video finished. t= 259.01s. ZOOM I MOVE

- UC Turbulencedrawfast
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