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Rubble Mound Structures and
Breakwaters
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Wave-Induced Internal Flow and
Hydraulic Performance

References:
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e Muttray, M., Omeraci, H. (2005): Theoretical and empirical study on wave damping inside
a rubble mound breakwater, Coastal Engineering vol. 52 .pp. 709-725.







Research Strategy for Rubble Mound Breakwaters

nearfield in front
of breakwater

on seaward slope

below seaward slope
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xperimental Set-Up for Rubble Mound Breakwater Model 2 /2/.[

wave gauges & wave run-up gauges
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Wave-Induced Pore Pressure Field
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Regular Waves
max. Wave Run-up: t = 0 [s]

Internal Wave-Induced Pressure Gradient

Water Depth : d = 4,50 [m]
Wave Height : H=1,00 [m]
Wave Period : T = 6,00 [s]

Scale: 5 [kPa/m]
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I Wave Energy Dissipation at and in the Breakwater N
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Effect of Core Permeability on Hydraulic
Stability and Performance of Rubble
Mound Breakwater

References:

e Oumeraci, H.; Kortenhaus, A.; Werth, (2007): Stability and Hydraulic Performance of a
conventional rubble mound breakwater and breakwater with sand in geo containers.
Submitted to ASCE Coastal Structure, Conf. Venice.




Twin-Wave Flume at Leichtwelld Institut

Depth = 1,25m (a) General bird view of twin-flume

e Regular waves: up to H= 30cm
e Random wave: up to H;= 20cm

e Solitary waves: up to H= 30cm

Length ~ 90m

b) Twin-Wave Paddle (Synchron
or independent)
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lume

(b) Geo-Core Breakwater model in the

first flume

eo-Core and Conventional Rubble Mound Breakwater Models in Twin-

(a) Model Breakwaters in the Twin-flume

(c) Conventional Breakwater model in the
2nd. flume
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Permeability Model Tests w

Darcy 's permeability
Mode of Placement Description coefficient k value

[m/s]

GSC-structure made of
geotextile sand

. 2.412 x 102
containers placed
randomly
Structure made of 3881 x 10-1

gravel




Stability Number: Geo-Core vs. Traditional Breakwater
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— Value in HUDSON-Formula for Geo-Core Breakwater
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Stability Number for the Rear Side
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Wave Overtopping Performance

L

LW

1,00E-02 -

1,00E-03 -

1,00E-04 -

1,00E-05 -

Q* = g/(2g*Hmo”3)"0.5

1,00E-06 -

Traditional Breakwater

Q" =0.09exp(-3.103-R")
R? =0.928

m Traditional Breakwater
A Geo-Core Breakwater

Geo-Core Breakwater

Q" =0.096 exp(—2.81 : R*)
R? =0.967

1,00E-07
1,50

T T T T

1,80 2,10 2,40 2,70

3,00 3,30 3,60
R* = R/H, "1l

3,90 4,20 4,50

4,80



I Wave Reflection Performance N
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I Wave Transmission Performance ;\[/‘VJ
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Hydraulic Performance of an Artificial
Reef with Rectangular Shape

References:

e Bleck, M. (2003): Hydraulic performance of artificial reef with rectangular shape. PhD-
Thesis (in German): www.biblio.tu-bs.de

e Bleck, M; Oumeraci, H. (2002): Hydraulic performance of artificial reefs: global and local
description. Proc. ICCE "02

e Bleck, M.; Oumeraci, H. (2004): Analytical model for wave transmission behind artificial
reefs. Proc. ICCE "04




Wave Transformation at a Reef in Waikiki/Hawaii (Gerritsen,
1981)

¥ ".. & F

'Incident Waves




Position of the Problem ;&gﬂf]

>

5(f) 1
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» Present design: |C,=H,/H/[(1) and |C°% + C3 + C% = 1| (2)

However:
» Shift of wave energy towards higher frequencies behind reef

U

Equations (1) and (2) not sufficient to describe hydraulic performance




CCD-Camera for PIV measurement
(Thelmaging Source DMP 60 H 13)

i y digitalisation if

required

Wave maker

Wave gauges (14)

J digital video camera
for test documentation

Experimental Set-Up in the Wave Flume of LWI
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I Wave Transformation at a Reef

Regular Wave
(Hs=0.12; T = 1.5s)

Irregular Wave
(Hs=0.12; T = 1.5s)
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Energie Coefficient C;, C,, C4[-]
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~ Effect of Relative Submergence Depth d,/H; on Hydraulic

C=1.0-0.83-exp(-0.72- d/H,)
¢'=6.7%

C,=0.57-exp(-0.23-d /H.)
6=26.5%

A Transmission Coefficient C,
+ Reflection Coefficient C,
A Dissipation Coefficient Cy
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Influencing Parameters on Hydraulic Performance Ll

Multiple Regression Analysis
(d/H;; H/L;; B/Ly)
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Effect of Relative Submergence Depth d /H; on Periods of ;\—[ Vj
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Description of Transmitted Wave Spectrum by Three Spectral TR VJ
Parameters Je
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Breaking Criterion and Breaker Types N
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Breaker Types on Reefs: Energy Dissipation w

E
Ci= % with E,, E, = dissipated and incident wave energy.

Two- Step breaker Drop- type breaker

C, = 0.4 +0.60 C, = 0.35 +0.85 C, = 0.4 0.90

(C; = 0.55) (C, = 0.54) (C,; =~ 0.68)

* Non-Breaking waves: C, = 0.33




Breaker Types on Reefs: Energy Dissipation

Spilling breaker

Two-Step breaker

Drop-type breaker

C

(Cq ~ 0.55)*

(C4 ~ 0.54)

—> —> —>
)\ \,,,.\/—/ return flow
return flow
Reef Reef Reef
L) _>C
Reef Reef Reef
Cd =04 +0.6 Cd= 0.35 +0.85 Cd =0.4+-0.90

(C4 ~ 0.68)

* Non-Breaking waves: C4 =0.33




Vortex Losses

seaward upper
vortex

reef induced
current deflection

seaward lower
vortex

leeward upper

wave induced
orbital velocity

leeward lower
vortex

reef induced current
deflection




Non-Linear Effects with Wind Waves for B/L = 0.16
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Non-Linear Effects with Wind Waves for B/L = 0.32 ;?__&L&Vj
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Possible Application for Tsunami (Feasibility Study in Progress)
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R A T A T

| | Sand Volume ?
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e Location depth h

e Structure width B and slope steepness 1:n and 1:m
 Reef height h, and submergence depth R

¢ Size (volume, weight) of geotextile containers

Reef Parameters

must be determined as a function of target incident

‘attenuation (transmitted wave parameters). The latter will depend on the nature of the next defence line(s)

and the vulnerability of the flood prone area.




E le of Mega G tai df fing Reef in Australi LA
Xample o €ga Geocontalners use Oor a surting =eer In Australia Jé\éﬁ

Megq_ -Geo- Contalne.rmt': B
(20mx%;, 80m)

LWL

| | '
Large\_i i

|

Artificial !

Reef @

' _ colonised by reef organlsm'&*
= - (only after few months)

Terrafix Soft Rogk"

(1b) Mega-Geo-

Feasibility for the full range of wave periods (5 - 60 minutes)
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of tsunamis has first to be first checked.




Hydraulic Performance of Wave
Absorbers
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Submerged Wave Absorbers as Artificial
Reefs for Coastal Protection




Experimental and Theoretical
Investigations for Storm Waves

References:

e Oumeraci, H.; Clauss, G.F.; Habel R. Koether, G. (2001): Unterwasserfiltersysteme zur Wellendampfung.
Abschlussbericht zum BMBF-Vorhaben ,Unterwasserfiltersysteme zur Wellendampfung®. Final Research
Report, (in German)

o Koether, G. (2002): Hydraulische Wirksamkeit und Wellenbelastung getauchter Eiinzelfilter und
Unterwasserfiltersysteme flir den Kistenschutz, PhD-Thesis, TU Braunschweig, Leichtweiss-Institut fur
Wasserbau, (in German)

e Oumeraci, H.; Koether, G. (2004): Innovative Reef for Coastal Protection Part I: Hydraulic Performance,
Proc. 2nd joint German-Chinese Symposium on Coastal and Ocean Engineering.

e QOumeraci, H.; Koether, G. (2007): Innovative Reef for Coastal Protection — Part II Wave Loading (in
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Coastline
Tourist Activities

L~Fun“-Waves

Three-Filter-System

ubmerged Wave Absorbers for Beach Protection M



I Experimental Set-Up in Large Wave Flume Hannover (GWK) M

HWL h=5.00m N/

LWL h=4.00m
- Structure Height d;=3.94m

| £=0%, 5%, 11%, 20%

HWL h=5.00m N/

LWL h=4.00m

N/

- LWL h=4.00m
_ £=20% |+ - Structure Height d;=3.94m
Three - Filter - System . _110;, & | ¢=50

= Wave Heights: H, = 0.5m - 1.5m
— Wave Periods: Tp =35 -12s




I Measuring Devices at the Wall

1m 4.KS 2m U.KS 3m u.KS 4m U.KS 5m 0.KS 6m U.KS
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Single Screen € = 5%

¢ Pressure Transducers (20)
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Micro-Propeller Current Meters (4)
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25 _ | | |
- 1 H/H -~ | |
® 21 ... . SN TN [
@ _ ave damping |
@ : at Filter 1
§1_5- ____________ i H = H,= H,
¢ i at Filter 2 = e —
B -‘I 1 | j’% (| 5%
(i) l 4 : J o =
- | | 11% =1
£ Hy/H, | | de= | g 8 i
e Ol B 3.94m | 8 B=10m &
. : : fu il
E | ! e
=100 - : (H.-H,,)/H, measured : '
21] A r ., | _I -
RPNy T Y
= a0 T S R e S R e E"r_———l——————:_?-‘ ————— e
= -f/ Wave Damping Filter 1 / Total Damping :
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Analytical Flow Model

H, H 2zt H,
_— @ 3 —
(h+n) A
-dg
0
h 9 |98
Fluid ® | Fluid B
Domain 1 d omain 2 _
o B X

S= Structure Parameter
including drag, inertia and
vortex losses

= Velocity Potential
61=0; =) 8 €S (1, Z) €XP (ki X)
m=0

0,=9, ""i: A COS(“mZ)eXp(_umX)

= Matching Conditions at Wall
* Upper Zone A (Velocity and Pressure)

ob, 0b,
ox  ox and ¢, =9,

* Lower Zone B (Velocity o Pressure diff.)

b, 0, _ .
ox o —-IS(¢2—¢1)

LV




w Structure Parameter S for Submerged Filter

Modified MORISON-Equation
F.=Cy -%W-d-\ul\ul +C, p, 1ty 4.2

| 5

Drag Component
Force Measurement at ou,/ot = 0, u, # 0,

Modified
Drag Coeff.

!

—

Linearisation

Inertia Component
Force Measurement at u, = 0, ou,/ot # 0

l

Modified Inertia
Coeff.C*

Vortex Loss
C, by Stiassnie et al. (1984)

Modified Loss
Coeff.
C*=C,1-€¥?)
and Linearisation

fV= V(CV*)

|

S =

1

(fptfy) - if;




Calculated Reflected and Transmitted Wave Spectra by Reef ;é\&T/VJ
(a) Two filter System

04 |
Si(f) I
= incident | |
:“g 03| : .
< |
B / |
- !
:.U;; 02 i Sr(f) | ]
g | reflected S,(f) _
= i transmitted (b) Three filter System
201} 0.4 , . . , ,
2 |
. S(f) ||
\ incident | |
% ' ' w 0.3F | -
.0 f=1/5.0 04 S |
Frequency f [H ; !
~ I
- !
202 sm | 1
5 reflected | |
> | |
> | S(f)
50-1 i | transtmitted ]
M
\*&—h‘ .

0.0

0.4 0.6 0.8




Model Validation for Irregular Waves gg_l/ﬁ\/j

Ly

0.75 0.25
ulated
< — 1O
2 AU — g 0.8} RS @ :17 e .
$ 0.50 s a,,=0.93
§ | 8 0.6»' }
& 0.4} e {1 .
3 = 0ol #7244  3FS 0,*=26% |
o o 02 : a, =1.00 |
-5 | 00 C (Caicullated) —
8 025_ .\‘ Tp=3'E 10 | | | r ' | | | |
= Incident \ / H=0.5! = 0gl 2FS 0.7=7% ]
12 Waves reflected h=4.00 2 7 a_=0.96
N _Waves 3 06l U .
. [72)
| % B ol 3FS |
' s | 0. *=7%
000 y r— V\“\““ﬁ ~ 0.2 A 2FS € (1) )
0.0 £=1/35 0.4 0.6 o oL 0 a0u
Frequency f [Hz] ' C, (Calculated)
1G u T y T y T " ;
g 08_2FS O'E*=6(yo -{
3 06l a,,=1.03 : )
8 |
| 3FS 0,*=5% |
| a,,=1.02 ]
00—02 06 08 1

0.4
C, (Calculated)




Differences between Short and Longer
Waves



Differences Related to the Involved Processes (1) w

Wave Energy Distribution over the Entire Water column

Shorter Period Waves (larger h/L) Longer Period Waves (smaller h/L)
(representative for storm waves) (representative for tsunami)

L u




Differences Related to the Involved Processes (2) w

Orbital Flow characteristics

Shorter Period Waves (larger h/L) Longer Period Waves (smaller h/L)
Flow field actively involved in
— wave transmission process —




Ifferences Related to the Involved Processes (3) w

Energy Loss due to Flow Separation and Vorticies at Wall Crest

Shorter Period Waves (larger h/L) Longer Period Waves (smaller h/L)




Differences Related to the Involved Processes (4)

. L ( A Efgic:::t of Phhase
. ift on the
WZ ( n) min performance of
i \/M\/ Submerged
%Am Progressive Filter
/\/\D = - Systems
O i —
5 12 2" L2 =
¥ L f . (An) max
()
B~
45




Hydraulic Performance for Solitary
Waves




Performance of Submerged impermeable single Wall subject to solitary fé;[ VI
waves =

A Reflected 4
n Incident wave Transmitted
wave wave A"""

t=188.565 t=215.865 t=204.70s t

=

m  55.91m 162.42m _
©] [ Wave gauge [ Wave gauge < I Incident wave
4 | | =
(2)_ £=0% II h,=3.93m | h=4.00m| Transmitted wave
(c;=0.54) .
E N
= 04 / Reflected wave -
& (ck=0.38)
9 . R
& 0.2
)
() -
O
O
5 0-
7
_0.2 I 1 I I I 1 ]
-4 -3 -2 -1 0 1 2 3

Time relative to wave crest [s]
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Performance of Two-Filter-Reef System for Solitary Waves ,/;égyyj

-,

Y ncident | Reflected 4 _ Submerged two-Filter System
ul M il Tra\r/‘vzn\j(':ted m subject to a solitary wave
t=188.05s t=213.765 t=208.07s t "
b B2 182,40m ! _~1~._ Incident wave
o T 11°/2_§% Tane QaUQGA v |
*1 Two-Filtersystem : E,, hg=3.94m  |h=4.00m Transmitted wave
° (CT=O- 40) -

Reflected wave
(cg=0.28)

NN

Surface elevation n [m]
\\\
|

'0.2 1 I I I I 1 ]
-4 -3 -2 -1 0 1 2 3
Time relative to wave crest [s]




Performance of Three-Filter-Reef System for Solitary Waves

Wi

+ Reflected 4 _ Submerged three-Filter System

1] [ M N Tranwsa”\j'etted m subject to a solitary wave
t=188.024s t=210.63s t=208.19s t "

() 52.23m 182.40m _ _~~_ Incident wave

. T 20% 11% 5% TWave gauge v N\

z' : o [hs=3.94m | h=4.00m \ Transmitted wave

(;=0.33)  —

Reflected wave A
(cg=0.18)

Surface elevation n [m]
o o
N AN

'0.2 1 I I I I 1 ]
-4 -3 -2 -1 0 1 2 3
Time relative to wave crest [s]
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Surface Piercing Wave Absorbers as
Seawalls and Breakwaters




I Wave Damping at One Chamber System (OCS) ‘% Tz}/ [
impermeable wave chamber

Incident Waegc@

Energ B

E -7 000000
7 000G
g adl

3

\YV

XVave Damping relative to incident wave Energy E, o VIVEr E verforated front
100% | eflected Wave Energy wall
] total wave damping
8 |
80% " wave damping by —
] . destructive interferencge
KO o /
60% |
) wave damping
by friction
40%-
] ST | ig
20% | ey by
_ - kiu £ 4 \‘-,\h
,r"- ! s ﬁ--\x"‘-—\.
O% /- : ’S. In : | g : : H_'“‘—I———..
0 01 02 03 0.4 0.5
relative chamberwidth B/L [-]




Front Wall of Wave Absorber in GWK




Breaking Wave on Wave Absorber in GWK




aves Absorbers Under Freak Wave Loading (Video) ;&_&Vj




Reflection Coefficient of OCS and MCS N

Ly

Traditional Jarlan
1 (OCS) »
[N T
1 : ’ .
09 - B X r’ =
] +—— ¥ /‘ New Concept (MCS)
. F— — ¥ —|6m
A 0.8 | \7/ 265%  20% 11% 0%
) 8 : g 3
% 0.7 e E&Bﬂ\ asm 8 & E
'G | o % 500m77§7¥gg7€%7
= 06 G Pl 32%— ¥ 5 & |6m
% /($§ rhz hs s : g
o 66 R T T
O 05 et
C - ;, =
9 04 y — B=15m —
Jd
O 1 18 14 L 4 /
(D] 1
= %3770 ocs1(B=48m) it%ﬁ ST f;% fg —e2 84 €2
& 1|/¢ OCS2(B=7.8m) 216 11
0.2 =& MCS1(B,=2.8m)
1 & MCS?2 (B,=7.3m)
0.1 - @ impermeable wall
0 I

0 0.1 0.2 0.3 04 0.5 0.6 0.7
relative chamber width B/L




Resultant Horizontal Wave Forces on OCS and MCS N

Traditional Jarlan

1.25 (OCS)
20% 0%
som | New Concept (MCS)
1 T4h 26.5% 20% 11% 0%
4.75m_ 7g_c, 8
§ ;25m7££:§57i; 6m
o 0.75 he °
1L LN
= e T
< ~— B=15m —
+2 05 |[o ocs1(B=4.8m)
LL ¢ OCS2 ((B:7.8m)) }/ o1, o
& MCS1 (B;=2.8m
& MCS2 (B;=7.3m) k o0,
0.25 |1 *° B3
Fotar = Total horizontal shoreward wave force on overall CS P4
F*o, = Horizontal wave force on vertical impermeable wall
under same incident wave conditions
0 ‘ | ‘ | | | |

0 0.1 0.2 | 0‘.3 | 0‘.4 | 0.5 | 0.6 | 0.7
relative chamber width B/L




Overall Load on One and Multi Chamber System

—

Wi

Ly

Overall Load on One and Multi Chamber Systems
E& description of wave parameters > OCS 1 (B=4.8m)
0 T\H | 050 0.75 1.00 1.25 1.50 [m] ® OCS 2 (B=7.8m)
: ggs é 3 g 3 155 & MCS 1 (B;=2.8m)
N \F : \F 2 goslm o213 ou - ® MCS 2 (B,=7.3m)
O = — | 120s| 15 16 17
o [
d o - < : %//
: F T 9 — 11 ﬁ
- ot = | Fioto = 12 - tanh=+(0.009 - FF,) a5
3 a ]
=
o ]
L6
P=26.5% 20% 11% 0% I ] - —
It regression coefficient
o B o E § r=0.97
° 1: g LL standard deviation
o~ —7q H 1 $=0.18
E b b 3 12
~Z b : : | 0CS and MCS
P o g ] monochr. wave
‘ ot b Mot B Mot o b ot T =4.5-12s
g g : ] 1 H=05-15m
d : : - - d = 3.25-4.75m
‘ b F : 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
E s} tO E [a— 2/3 . '1
R R FFior = (d/B)™° - (HilLa)™ [-]

(Oumeraci et al, 2001)
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Soft Wave Barriers for Coastal Protection

References:

e Oumeraci, H.; Schittrumpf, H.; Kortenhaus, A.; Kudella, M.; Mdller, J.; Muttray, M.
(2002): Large-Scale Model Tests for the Rehabilitation and Extension of the Coastal
Protection of the North Beach Area in Norderney. Res. Report no. 853, LWI, TU
Braunschweig, (in German)




ave Damping Structures in Norderney ;&QMI

Design (Computer Model)







Open Sea Wall on Island Norderney, North Sea (Video) Ll
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I ‘Application to Tsunami Wil

Objective: — To progressively weaken tsunami power without
completely blocking inundation, but with additional
benefit of broadly blocking floating debris.

Application: — As multi-purpose structures everywhere where planting
of coastal forests is not feasible

— Especially appropriate for touristic and urbanized
coastal areas where man-made protective structures
should be fitted aesthetically into the local marine
landscape.

a) Design (Computer Animation) b) Built in Norderney (North Sea)




Geotextile Structures for Coastal
Protection



Dune Reinforcement and Coastal Protection with Innovative
Geotextile

=l

g v

L

ylt Picture

tPicture: S

Sand trap fences made of bushes
and marram grass

GWK Model




Geotextile Sand Container for Beach Reinforcement




Geotextile Sand Containers for Coastal Protection and Dune
Reinforcement: Experimental Set-Up in GWK

plan View

I:gissure TranSducerT—ProﬁIe Pressure Transducer
ar

A\

Wellenangriffsrichtung

Sand Container lagen Presssure Transducer

Location WP 22

S

Y  Geotextile

Sand Container Sand core

for Scourt
protection :

Foreshore (1:m = 1:25) Installed Pressure Transducer
= Pressure Transducer (10bar) e Pressure Transducer (5bar)  (Frotn view and seaside Dlope)




Geotextile Sand Containers: Tests in GWK (Video) w




Hydraulic Stability Formulae for Geotextile Sand Containers é\_‘f‘/?

E S
3.0
2 Effect of Freebord (crest elements) Crest Elements
- <%1.00 [~
. g
25 L B %
0.90 —a ) °
i
20 |- - O
0.80 0 N,=0,79 + 0,09 (RC/HS)| Crest elements
— 1 | | | |
f 0 0.2 0.4 0.6 0.8 1 1.2
= 15+ PO R./H,
Z
2,75
Slope elements
10+
tan o
0 = .. . N
05 (H, /Lo)l/z 0 I:h Lower Limit for motion of crest elements (Ns=0,79)
NL = Hs o No motion (150 liter Bags)
ST ) — e 4 Motion of slope elements (150 liter Bags)
(Pe/py1) D D =Isina @ Motion of crest elements (150 liter Bags)
0.0 | | ‘ | ‘ |
0 4 8 12 16 20
Eo(Hs)

Improved Stability formulae by accounting for Deformation of GSC see PhD-Thesis of J. Recio (2007)




Harlehoérn - Island Wangerooge 2002
(North Sea)
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