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In this example the interaction of a regular wave train with a rubble-mound
breakwater is considered.
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The bottom has a uniform slope 1:50 in front of the breakwater. The breakwater is
assumed to be founded on a horizontal bottom.
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The breakwater is tested considering regular wave conditions with a
wave height equal to 10m and a wave period of 14s.

The purpose of this example is to study the interaction between regular
waves and a rubble-mound breakwater. Different functional variable
will be analyzed:

- Wave run-up
- Overtopping discharge
- Wave induced forces on the crown-wall
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-Select directory, Select Folder

- Create New Case

INSTITUTO OF mPlAUL CA AMBIENTAL
WL IEADAD O Cartlagmta

home/gabi/EXAMPLES/
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Dlrectory - FT! ucancel

CREATE NEW CASE

© — Ne CASE NOT SELECTED
: IHcantabriajEes

Not available

Mesh file not generated
Paddle 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

-RUN UP

-OVERTOPPING

-PRESSURE

-DRAWFAST
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MESH GENERATION

2 Cenerate / import Sleje
Newwave series |

Newaave serie parameters

- New mesh (CORAL):
CORAL mesh generator is

m—p
— = Archivo
1 Import gega;uv / Cenerste mesh file |

| Import geomenry | Ceometry
Newmesh (CORALY ‘ e ¥ T 1V b et
Nesh file

Impoct ware secies |

PREPROCESSING

Qo

X Subzones: 1-Y Subzones: 1 Adjust view

O e n ed Subzonas X 1 -Suboonas Y 1 ":& ﬂ Apnty vits
p Anchues TEREEL Ahra 10000 Otyetoz
atsor,
Suboras en X |_ Subaones en Y p— Obaticuo
- ] Suboons || 3] Suboons 1 4] Poscso
"3 3 Ceneraie paddie Ceniso 150,000 Cerbio 5000 s
] -
Faddie type Dymamic paddie pf Difison) 0.000 Division !xj 000
; s o NFceldss g |5 N celdss anba |5
* Staic paddie
N¥ celdas deha r’;—- NI celdas sbao F—
_Dynami paddie

Width {300

Subzonas en X

Subzone 5

Center /W

Division W

Num. cells left ’5—
Nurm. cells right ’5—
Maz. sep. center W

Add ‘

Delete ‘

Height |37
Subzonas en Y

Subzone =

Center W

Division W

Num. cells down ’5—
Num. cells up ’5—
Max. sep. center W

Add ‘

Delete ‘

Mesh quality | Information

X:269.9019,Y: -30.1800

Mesh export

| Mesh | Obijects IU

Objects

Obstacle
Porous

Water

Delete
0 |
Porous media type W
I

No object selected

X Y

Sep mix centio [0 600

Bmal

Sep. mbx cortso |1.000

Bonu]

ams |

Expotn Mn' Germey mala

s |

[ mots | otyeten O | I
0 _;4' P UWT K

J— Caldadmala |  Infoemactl

4 X134, Y. 4A4%

- Domain specification:

L = 162m, considering 1.5L before the
breakwater: width = 320 m

Rubble mound total height is equal to
28m, considering possible overtopping
events: height =44 m

0 3P U W T K
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MESH GENERATION: Defining the elements

Introduce obstacles:

-Bathymetry

-Crown wall 1 &156

Introduce porous media:

- Core: 1 4

23

- Armor layer: /
1 23 24
- Under layers: 1/ 1/

2
1.2 1
- Leeward layers: - \ \\
3 3

Introduce water body:
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MESH GENERATION: Defining the elements

Introduce porous media properties:

Characteristic Under layer 2 Under layer 1 Armor layer Leeward layer2 Leeward layer 1

7 .I H uc
E CANTABRIA




. PREPROCESSING
IHcantabria

INSTITUTO DE HIDRAULICA AMBIENTAL

UNIVERSIDAD DE CANTABRIA

MESH GENERATION: Spatial discretization

- Avariable grid is chosen to mesh the domain.

- The maximum resolution zone is placed around the breakwater.

-The tested wave height will be 10 m — Ay =1m. As overtopping events are expected in
this case, a small vertical discretization is considered — Ay = 0.5m.

- An aspect ratio equal to Ax/Ay = 2 is selected which means Ax = 1m.

X=0 X = 230m X = 280m X = 320m
Y=0 . : « Ay=0.7
Y =0m feoeomm e —— fer e —————
E ' Ay=0.5
| 7 1 || S ——————————— T ———— I ———
Y=44ml : : - < Dy=0.8
- ~ /
Ax= 1.4 Ax=1 Ax=1.6
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MESH GENERATION: Spatial discretization

Maximum discretization zone

Y Subzone 1

™
£ Y Subzone 2 X Subzone 1 i X Subzone 2 &% X Subzone 35

Y Sobzone 3 e T

X Subzones: 3 - Subzones: 3 Ck U] Adjust view =
Width [320.000 Height |44.000 Obiects

Crown Wall A Obstacle
Subzonas en X Subzonasen Y Underlayer2
e | Underlayerl P
}Subzone 2 3 ‘Subzone 2 :I‘ Almorla_:er aus
Leewardlayer2 Water

Center [231.000 Center [9.500 Lesuadas -
v elete
Division |230.000 Division |9.000 Water
Num. cells left |1 Num. cells down |1 % v | ok
Num. cells right |50 Num. cells up 50

Max. sep. center {1.000 Max. sep. center |0.500
Porous media type | Friccidn no lineal v

add | Delete | add | Delete |
Mesh Objects m m
uc Mesh qualit_n,u| Information | Mesh exporll Generate! | -
-~
St X: 323.3124, Y -25.2093 o 2P UWTk




. PREPROCESSING
IHcantabria

INSTITUTO DE HIDRAULICA AMBIENTAL
UNIVERSIDAD DE CANTABRIA

MESH GENERATION: Mesh quality

By pressing button “Mesh quality”:
£ Calidad de la malla (=[e3]

— Defta2 X
Defta X

1154 ---

-0.02

14105(2) 31.8926(24) 626361 (47) 922306 (70) 124.3016(96) 1594820 (126) 194.8531 (158) 230.0000 (192) 265.3000(228) 300.8138 (261)

076 7
0.74 -
072
07 P
0684
066
064 4+
0624
06}
058}
0564~
054}
0524=
05 — : : : : : -

07143(2) 40385(7) ©0000(14) 124400(23) 16.8500(32) 21.2600(41) 256700(50) 30.0800(58) 34.5000(68)  39.0333(76) 43.2333(82)

— Defta2 ¥
Defta v

UC
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MESH GENERATION: Mesh info

yUVDACION

UC

UNIVERSIDAD
DE CANTABRIA

B

By pressing button “Information”:

AT

Division W

Num. cells left ,17
Num. cells right F
Max. sep. center W

Division W

Num. cells down h
Num. cells up ‘ﬁ
Max. sep. center W

X 323.3124,Y: -25.2093

Information

X

X |

Ok
Porous media type |Friccién no lineal v

Div. X: 274, Div. Y: 83
1)
% Subzones: 3 -Y Subzones: 3 Q @] Adjust view
width [320.000 Height [44.000 Obiects
Crown Wall 4 DObstacle
Subzonas en X Subzonasen Y Underlayer2
Underlayer P
Subzone |2 = Subzone |2 = Ar?‘n;[l:;:r[ Qfous
Water
Center |231.000 Center [9.500 Delet
v elete

Water

0 3P U W T

add | Deete | add | Deee |
- | Mesh | Objects IU 3‘ IU 3[
Mesh quality || Information Mesh export | Generate! |
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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.mesh”

[} H-2VOF Preprocessing =B
«®®
® .
° Example_2 : C:\IH2VOF\CASES\Example_2
: IHcantabria ple_ Z
. TITUTO DE HIDRA CA AMBIENTA
1. Import geometry / Generate mesh file.
[_Irrmgeo_me!_ry_] mesh_example2.DAT l—\
New mesh (CORAL)
i Generate mesh.file] | Mesh file generated
Still water level (m) 19.3
— 2. Generate / import wave series. =
New wave series ] [ Import wave series ] [Reconstrua wave series
— New wave serie parameter:
litary
No wave series selected
Boussine
|
>enera wav T
— 3. Generate paddle — 4. Generate input file
. » Save for the entire domain
Paddletype— Dynamic paddle position Simulation lenath (s} FIVOE
@ Static paddle Initial dt (s) 0.008 [ Horizontal velocity
= Z Fluid densitv (ka/m3) 1000 [T] Vertical velocity
() Dynamic paddle =
2 ["] Pressures
[T] Left boundary absorption Totanea
[~ Right boundary absorption
™ Samolina freauency (Hz) 10
s FsHz) | 30
Activate Jnd order generition Generate Paddle [ Run-up ] [ P ] Save input file
uc Paddle not generated [7] Activate turbulence Input file not generated

EUNDACION  yNIVERSIDAD
LTS DE CANTABRIA
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SECTION 2 : “GENERATE/IMPORT WAVE CONDITIONS”

Wave series: Regular
H =10 m high
T=14s

Time series 200 s long

Stokes V

Generate wave series

/{H’. uc
FUNDACION UNIVERSIDAD
3 DECANTABRIA

PREPROCESSING

EXAMPLE_2

Folder : |/home/gabl/D(AMPLES/EXAMPLE_Z

1.Import geometry / Generate mesh file

Import geometry MESH_EXAMPLE2.DAT
Generate mesh file ] Mesh file generated

Newmesh (CORAL) J

Geom etry sketch ;

Still water level (m) 148

2. Generate / import oleaje Selected wave series
Name R_Wave

File Edit View |Insert Tools Desktop Window Help k]
NEES | MNALODEL- S| 08| D
:_‘.lz.‘crmtshn a Free surface IH 2o
Eo
=
0 50 100 150 200 250 300
e “ Time(s g .
@ Wave height histogram ,S, ) wave period histogram
$ 40 . . 2 40 - -
E 20 ...... E 20
E‘ 0: E 0 i fi
2 15 2 0 10 20 30
H{m) T(sec)
JONSWAP Spectrum Wave height vs. Period
o 400
% sl
g 200 z *
28 0
0 02 04 06 0 1 2 3 4
f(Hz) H(m)

Wave series type

Regular Showwave s.

l Folder | /home/gabi/EXAMPLES /EXAMPLE_2 /wave_series/R_Wave/

- Generation theory Stokes Il N° of waves 35
Length (s) 300 Sampling frequency (Hz) 30

H (m) 4 T(s) 8

4. Generate input file
Save for the entire domain

Simulation length (s) 300 ~ |vor
Initial dt (s) 0.005 _|Horizontal velocity
- __|Vertical velocity
Fluid density (kg/m3) 1000 [Pressures
[ Left boundary absorption _|Turbulence
& Right boundary absarption sampling frequency (Hz)

10

Wave gauges Fs (Hz) 30 Save input file
Run-up | Pressure | [ Input file not generated

IHeomplEteGase
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SECTION 3 : “GENERATE PADDLE

n IH-2VOF Preprocessing

=3 %)
L
=°°®
. . 1 Example_2 Folder : C:\H2VOF\CASES\Example_2
_Static wave paddle | : IHcantabria \
hal e u Figure 1 @E‘ﬁ
1. Import geometry / Generate mesh file—3 % _ 5 -
File Edit View Inset Tools Desktop Window Help

e
Generate me§

‘ } e NGBS (X RAODEL- S |[0E|aD '
New mesh (CORAL) U

< 11 cantabria

Velocity field: Horizontal component {mis)

— 2. Generate / import wave series

[ New waveseres | [ mg

— New wave serie parameters

Solitary

| S N— Y 'y

Velocity field: Vertical component (m/s)
Gerl af ' ' ' ' '

— 3. Generate paddle.

Paddle type

@ Static paddle

0
0 50
Wave gauges Fs (Hz)
Generate Paddle ]

[ Runup | [ Pressure | Save input file
[] Activate turbulence

Static paddle generated

Input file not generated

UC
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SECTION 4 : “GENERATE INPUT FILE”

i n IH-2VOF Preprocessing . — =|E &J“
..- @

: IHcanta b na Example_2 Folder:  |CAH2VORCASES\Example_2
b4 ST O DE .:t::r-.‘ CA AMBIENTA

— 1. Import geometry / G te mesh file
Geometrv sketch
[ import geometry | | mesh_example2.DAT
New mesh (CORAL)
Generate mesh file Mesh file generated
. .
st [ 193 - Simulation length = 200 s
— 2. Generate / import wave serie! — Selected wave series.
[ Wewwaveseries | [ importwaveseries |  [Reconstruct wave series| Name re Wave series type Regular

— New wave serie par: Folder C:\H2VORCASES\Example_2\wave_series\re\ - I n itia I dt = O . O O 5 S ( po r
it Generation theory Stokes V Ntof 12 d efe Cto)

30 Lenath (s) 300 Sampling frequency (Hz) 30

H (m) 10 T(s) 14

' — - Left and right boundary
absorption are activated

— 3. Generate paddle. — 4. Generate input file
X - Save for the entire domain
Paddletype— Dynamic paddle position——— Simulation lenath (s) 300 =
0 - [V] voF
@ Static paddie fnkial dt:(s) 0.005 [¥] Horizontal velocity . .
Fluid densitv (ka/m3) 1000 [¥] Vertical velocity VO F h t I d t I
Dynamic paddie -
ynamic pa , Norizontal and vertuca

| ity fi
] Rt smunrysvsorton T velocity fields are saved

Samoling freauencv (Hz)

Smoothina time (s) 10 gauges Fs (Hz) | 30

Generate Paddle (] (b k Save input.file. J

Static paddle generated D Activate turbulence Input file generated

UC

EUNDACION  yNIVERSIDAD
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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.

‘Evor ESHEC ™)
B — ectwalvegaugesposmon ] | — : D 18‘7
Press the button | Wave gauges - Add gauge N . i 3 i Enlt
)| A R, I

Gauges positions are specified

zoow | [ wove | [ meservew Add gauge I i Hide gauges l [ save ]




s . PREPROCESSING
. IHcantabria
SECTION 4 : “GENERATE INPUT FILE” — Run-up
Press the button Run-up
The area where run-up is calculated is selected specifying two vertices
B tH-2voF =

wove |

[38.00 |

AD
AAAAAAAAA
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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
"B T-2vor - - 3 = (2| © S

y(m)

MOVE

FUNDACION DAD
AAAAAAAAA
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SUMMARY

All the variables are defined
The input file is saved

=>the case is ready to be simulated

B 1H-2VOF Main Menu
File Preprocessing Postprocessing
... ® . Example_2
© t b 40 .';IIIZZIIZZZIIIIZZIIIZZZIIII’.ZIIZZZZIIIIZIIIZZZZIIIZZIII!ZZIIIIZIIIIZZZIIIIIIIIZZZZII!:IIIZIZZZZIIIIIIZIZZZIIIIIIZIEZZZIIIIIIZIZZZZIIIIIZZIZZlZI{IIIZIIZZZIIIIIZZIZZZZIIIIIZ%IZZZZIIII"
. iHcantapria
P — Goll)| e ...............................................................
prueba -
Example_2
Geometric domain : mesh_example2.DAT
Wave serie Yy
Name : re Serie type : Regular Mesh file generated
H (m): 10 T(s): 14 Static paddle generated
v Length (s) : 300 Input file generated
Run simulation ] [ Delete case ]

Run simulation

The simulation which will starts by pressing the button

UC

UNIVERSIDAD
DE CANTABRIA

FUNDACION
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POSTPROCESSING

In the present example different aspects are analyzed: - Free surface evolution
- The energy spectra evolution
- The run-up
- The overtopping
- Pressure around the crown-wall
- Visual analysis

WAVE GAUGES — Time series

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

'n IH-2VOF Postprocessing: Free Surface Gauges | =@ %
Example_2 Folder : C:H2VOF\CASES\Example_2
-2®
o 3
2 IHcantabria
— Free surface gauges: Figure 1 T )
File Edit View Inset Tools Desktop Window Help N
auges: - — :
DEgde [ h|ARAOUVEL- S| 0H aD
. (x=120.00 m)

3. (x=200.00m)
4. (x=265.00m)

Wave gauges position

Show wave gauges

Time interval (s)

0 300
n max. (m) auto
n min. (m) auto

Obtain results
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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 Postpr;cessin : F

C:\H2VOF\CASES\Example_2

Folder :

2 IHcantabria

-

— Free surface gauges:

Show wave

Time interval (s)

0 300
n max. (m) auto
n min. (m) auto
I Obtain results ]

' Calculation of free surface finished.

Bcsseedilionler oo N
-4 UC

UNIVERSIDAD
DE CANTABRIA
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WAVE GAUGES — Spectra
- Energy spectra associated to each one of the selected gauges before the simulation can be obtained

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

: AIH-‘Zv\‘;OF‘Pos rocesing: Free Sutace

... Example_2
® 2
)
* IHcantabria
» NSTITUTO Dt HIDRAULICA AMBIENTA
— Free surface gauges————————
&
E
Gauges: =
=
A a
E
B
3
&
:
-~ 1
0 0.05 0.1 0.15 02 0.25
Frequency (Hz)
Show wave gauges
Wave gauge 3
300 T T T T T
Time interval (s) ;
'
ST L RS SR Y | SR S
S0 300
@ =
& &
(i )| MR RN RAE GRS SR: JR R RRRRRP | SRR SRS AR (S )| ARRRRRRNP FRRRRSRRE NSRS RS SRR TRSPRR R SRRRE- RRRRSR:
nfft 2048 = =
' 5
g 5
L T R L. o L e .
l g g
T g
2 2
100 |mmmmm e e e e e e Y] 100 fmmmmmmm e e e e e e e e
% 00 % 00
= =
] L, T | Bl scssaasslis s tus e Rl e S A e R SR dE M s e s s e T AT SRR S A e e S A T e s A ee M
| H H H H H H H H
[ Obtain results 0 ———— 0 L L L L L L
0 0.05 0.1 0.15 02 0.25 0.3 0 0.05 0.1 0.15 0.2 0.25 0.3
l Freque: Hz) Frequer {Hz)
1 C ion of sp finished. Previous Next Save ‘ I Save all

UNIVERSIDAD
DE CANTABRIA
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RUN UP - Envelopes displayed area

- The run up produced over the structure can be calculated.

Postprocessing | ———> | Run-up Analysis | ——> | Envelopes displayed area

B 1H-2VOF Postprocessing: Run-up Analysis — l=lE] % ]
.. @ Example_2 Folder : C:\H2VOF\CASES\Example_2
g .
)
* IHcantabria
» NSTITUTO DL HIDRAULICA AMBIENTAL
— Run-u D
p
Time interval (s) n
IH-2VOF
g 200 Select th i istributi
e area to displav the envelooes distribution
80
Time series properties:
Upper RU (m) aute 60
Lower RU (m) auto
40
Histogram properties:
E 20|
n° bins auto B
y ax. fim. auto of
xax.im | auto auto

-20

Envelopes properties:

' i ' ' i '
0 50 100 150 200 250 300
x(m) n
% Bt % Cawt

AX 145 355 [ zoom ] [ move | [Reserview]

AY | 10 38

Obtain results

- UC — : — —

UNIVERSIDAD
DE CANTABRIA
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RUN UP — Obtain results

- Run up results shows the run up time series in which the scale can be chosen.

Postprocessing | = | Run up analysis | ———> | Obtain results

u IH-2VOF Postprocessing: Run-up Analysis ==

LY | Example_2 Folder : C:\H2VOFR\CASES\Example_2

:‘. I H Ca n t a b ri a Run-up analysis

— Run-up
p

Run-up (m)

Time interval (s)

0 300

Time series properties:

Upper RU (m) auto
Lower RU (m) auto o -

§ £

z 3

Histogram properties: s B
=
I
n° bins auto
y ax. lim. auto 5 “e 85 7 75 ) 85 3
Run-up(m) Run-up (m)
x ax. lim. aute auto
o Envelopes Results report:
Envelopes properties: ol T T T T T T T T
. Envelopes displayed area | 2 Mean Run-up = 8.03 m
~ D

E

AX 13912 | 2997 s Max Run-up = 8.69 m }
0pF
; e

AY 0.28 3156 s| Run-up 2% = 8.67 m

[ Obtain results ]

® u C ion of run up fini Save

UNIVEY
DE CANTABRIA
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OVERTOPPING- Select overtopping area

-The overtopping produce over the structure is analyzed.

as is shown in Figure .

. n IH-2VOF Postprocessing: Overtogpi.ng Analysis

Postprocessing| ———| Overtopping Analysis | ————>

POSTPROCESSING

-The gauge where the overtopping is calculated is selected as well as the crown wall top height,

Select overtopping area

Select overtopping gauge and crown wall top height

Crown wall tan heinht

[ ZOOM ] [ MOVE ] [ RESET VIEW ] Nuartnnninn naim

-

(CsEECT ) 21.25

& -2500m) v
a

FUNDACION

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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OVERTOPPING- Obtain results | Lostprocessing | —>| Overtopping Analysis |— | Obtain results

Pressing the button Obtain results: - The cumulative overtopping volume.
- The instantaneous overtopping discharge.
- Overtopping thickness and the mean overtopping velocity

= | E S

u IH-2VOF Postprocessing: Overtopping Analysis

Y | Example_2 Folder : C:\H2VOFR\CASES\Example_2

.
Cumulative overtopping volume

$ IHcantabria | = : y : ! [

[ Select overtopping gauge } L

Overtopping gauge
( Gauge n. 4

X =265.00m.y=27.25m.

[ Obtain results I

— Figure properties.

Time interval (s)

0 300

Cumulative overt. volume:

Upper limit {(m3/m} auto

Instantaneous overt. discharge:

Upper limit (m3/m) auto 2
0 50 100 150 200 280 200
Mean overtopping velocity
Overtopping thickness: 5 T
Upper limit (m) auto

Mean overtopping velocity:

Upper limit (m) auto

- t(s)

ruNpacion | Calculation of overtopping

—
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PRESSURE- Obtain results

Postprocessing | =———>| Pressure analysis | =————> | Obtain results

i ]
u IH-2VOF Postprocessing: Pressure Analysis lﬂlglg |
i e ke e o
. C:H2VOR\CASES\Example_2
... Example_2 Folder : S\Example_2
.. Dynamic load: Seawards i
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] Obtain results

— Figure properties

Time interval (s)

0 300
FH - Upper lim (kN/m) auto }
! FV - Upper lim (kN/m) auto
Pressure distribution:
VL B[R Results report:
Time instant (s) 253.40
Scale (Kpa/m) 10 Maximum horizontal force = 844.63 kN/m
Arrow size (m) 10 Maximum vertical force = 569.97 kN/m
Separation (m)
2 Max. momentum due to hor. forces = 2788.41 kN*m/m
[ Pres. distr. displayed area | Max. momentum due to vert. forces = 4271.16 kN*m/m
230 240 250 280 270 280 2% 200 \
x{m)
Calculation of free surface finished. [ Save pressure distribution ] [ Save ] J
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- A video of the different variables chosen
before the simulation can be seen.

-Choose the initial time, final time and time step

-The lower panel allows a zoom of the area of
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Video finished. t= 66.01 s.
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