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Introduction

1. Introduction

Wave propagation within coastal zones is strongly

influenced by coastal morphology

Predominant processes in the coastal zone are:
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SURGING PLUNGING WIND GENERATION

Investigations:

. Measurements of the wave propagation along a foreland with and without
a submerged dike (summer dike) in the large wave tank of the FZK

. Numerical simulation of some of the above processes with standard wave

models

. Test of the models by comparing the simulation results with the physical

model - Adjustment of the parameters bottom friction and wave breaking

. Calculation of the transmission coefficients
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Map and cross-section of a summer dike

2.

L

Physical Modeling
cation and topographical map of a summer dike:
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Summer dike in nature and as mode/

Summer dike in nature

Summer dike in model

Due to the grass sods and the flat slope the dike is difficult to be seen. Concrete coverage replaces clay and grass sods
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Experiment set-up and measurements in the large wave tank

wave generator
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Calculation of the transmission coefficient
. . Calculation of the transmission coefficient
T . ' .
rh R summer dike H, o N
i N Nd . e C;= I cr: transmission coefficient
0.8 N \ 1'\ Hr: transmitted wave height
© N ‘\# H: incoming wave height
AN N
N e d’Angremond (1996): 0,075< cy <0,80 - slopes: tana > (1:4)
0.6 : . .
cr =B q_rc +B2(Hj (1_ e-Bﬂ)
— L — s s Rc: freebord
0.4} transmission coefficient: L .
- Hs: significant wave height
Cr=-041 (Rc/Hs) +w i B: crest widht
classification: HIL: steepness
w=0.58 (B/H_)?*8(1- e259%) ' '
0.2 s’ .
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Transmission coefficient (measured by different authors)
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Theoretical Background of the Numerical Programs

3

Numerical Modeling

Standard Wave Models (used):

HISWA
Hindcast Shallow Water WAves, TU Delft

SWAN
Simulation WAves Nearshore, TU Delft

MIKE 21 EMS
Mike 21 Elliptic Mild Slope, Danish Hydraulic Institute

Basic Model Equations:

HISWA and SWAN

Action Balance Equation
Wave Breaking by Battjes and Jansen (1978)

Bottom Friction by Collins (1972) and Madsen (1988)

=
=
. MIKE 21 EMS
= Wave Breaking by Battjes and Jansen (1978)
=  Bottom Friction by Dingemans (1983)
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Dissipation of wave energy due to wave breaking

Numerical formulation of wave breaking - Formula by Battjes and Jansen:

2
Dy, = %Qb, fpgHZ,, 1In gb*:r = —{S:;J v Hpw = T(ltanh{://ik Edj
D : mean dissipation rate per area
Qr : fraction of breaking waves
p : water density
H ms : root mean square
H max : maximum wave height
a, Y1, Y2 : adjustable coefficients

Dissipation of wave enerqy S 45 pr.due to wave breaking:

E
— (xy.8)
. HISWA: Susr(xy0) = Dbr % » , where Ey ) =J‘E(vave)d9

tot(x,y)
. S =-D ELX'V'U'S) -
. SWAN: 'ds,br (x,y,0,8) br Etot(x,y) , where Etot(x,y) —J] E(x,y,o,e)dcde
0 Dor
. MIKE 21 EMS :  ®or E -
UNIVERSITAT HANNOVER Dipl.-Phys. S. Mai
FRANZIUS-INSTITUT Dipl.-Ing. N. Ohle
UR WASSERBAU UND KUSTENNGENEURWESEN Dr-Ing. K -F. Daemrich




Vortrag / Presentation: HYDRALAB-Workshop, Hannover, Germany, 1999

EXPERIMENTAL RESEARCH AND SYNERGY EFFECTS WITH MATHEMATICAL MODELS

Dissipation of wave energy due to bottom friction

Dissipation of wave energy S 4s., due to bottom friction:

2
. _ Op
e HISWA:  Supixye = _CmtmE(x,y,G)

O.2

«  SWAN: Sasbixy.c.6) = —CmtmE(x,y,om

ko .00 : mean wave number and mean wave frequency

C ot : friction coefficient.

. MIKE 21 EMS - Formula by Dingemans

024 , 2, /Ky <2

D. = fo ((.o[li-lrm5 js (= . )0
b~ 160y sinh(k )/ * e ™ exp{—5.977+5.213[@ij J L a, /Ky 22)
N

and & ODu/E

- 2
E=plgHL,/8 ; energy density of the wave field

fe : energy loss factor.

Bottom friction coefficient C o::

2

C..=C @ [ o
bot fw ™ and Upps = Hm E(x,y,o,e)dOdG

. Collins:

g 1 1 [ abj
. . Cpy =f,, = ——+lg ——|=m; +Ilg —
Madsen: bot wr /2 ms, 4 lffwr 9(4 fer i 9 KN

1
2
ag =l ——FE dod6
o=l sinh? (k i)~ *¥)
Ums : Orbital velocity at the bottom
Ky : equivalent Nikuradse bottom roughness
ayp : representative near-bottom excursion amplitude

C tw, fwr, m¢: model parameter
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Simulation of the significant wave height by different wave models

sigréficant wave hesght Hg fm]  skgréficant wave hesght Hgfm]  skgnifizant e hikght H g [r]

waterlevel z [m]

1.25

1.00

075

050

1.25

1.00

1.00

075

0.50
5.00
4.00
3.00
2.00
1.00
0.00

] N %= MeALUramane
A + b P —
[ \
\H’.‘h'%f
IMIKE21 EMS
I | I
u} 2 =0 [l 100 125 120 1rh 200
] N == P n U e e
PO — el ]
T
TISWA ’
I
o 2 = 7h 100 125 150 17Fh 200
. " = measuresent
4+ —_—
» P = s el \ e
e
THISWA)]
I
o 2 = 7h 100 125 150 17Fh 200
1 1 1
1 |boundary conditions: waterlevel
{ |waterdepth: d =40m
—-1sig. wave height: Hs=1.0m -
1 |peak period: Tp=8.0s ] \\
. R PR |
= {summer-}
] _ - | [foreland] | dike | polder]
I I I
Owave 25 50 75 100 125 150 175 200
direction X [m]

UNIVERSITAT HANNOVER

FRANZIUS-INSTITUT

FUR BAU UND KUSTE
Prof. Dr.-Ing. C. Zimmermann

IRWESEN

Dipl.-Phys. S. Mai
Dipl.-Ing. N. Ohle

Dr.-Ing. K.-F. Daemrich




Vortrag / Presentation: HYDRALAB-Workshop, Hannover, Germany, 1999

EXPERIMENTAL RESEARCH AND SYNERGY EFFECTS WITH MATHEMATICAL MODELS

Comparison of the results (transmission coefficients)

4. Comparison of the Results

Comparison of the transmission coefficients :
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Conclusion and discussion - Calibration parameters

5. Conclusion and Discussion

Adjustment of the parameters bottom friction and wave breaking:

NUMERICAL MODEL

boundary conditions.

. All Standard numerical wave models worked well.
. Still it is necessary to calibrate the models.

e This can be done with physical models or field data.

DISSIPATION

PROCESS HISWA SWAN MIKE 21 EMS
_ a=1.0

Wave a B 822 a=1.45 (not adjustable)

breaking yl: 0'95 y=0.75 vi = 1.05

Yo =0 V2= 0.85

ﬁf’ct:% " Cw=001 Kn=0.02 Ky = 0.03

Summary:

Advantage of physical models are the well defined boundary conditions.

Difficulties of field measurements are costs, extreme and unreliable
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