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BREAKWATER DESIGN

(] ) wTRopucTIoN = | ow crested breakwaters

* Open view to the sea
* Lower building cost
(3 ) ruesieouo » Existing high crested: decrease due to SLR

(s " Low overtopping discharges

g TEST SET-UP

6 CONCLUSIONS
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HOW TO CALCULATE OVERTOPPING?

.
o A Non-breaking waves on rubble mound structures
Q EurOtop 2007
q R
=02 |— (26
NZTEn 0 [ ( 0 Hmn.,}/f.ﬁm)] for RJH. 5> 0.5
Q EurOtop 2016
q ) R 1.3
\ q | R. 1.3 ]
=0.09 - —(15-
VaH T ( Hmﬂ"'f*) _
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HOW TO CALCULATE OVERTOPPING?
@m==m  Crest Freeboard (R.) vs Armour Freeboard (A,)

© EurOtop 2016

Overtopping
measured

Crest - behind wall
C

swi

Figure 1.4: Crest freeboard different from armour freeboard. R can also be equal or larger than A..

I = Formulae set up for R, =A_, G, = 3D,
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HOW TO CALCULATE OVERTOPPING?

Omm=ErEd = Unclear advice when R, # A,
= Use the highest value, except when A, > R,

© EurOtop 2016

no wall
b using A. - underestimation
Crest behind wall

EurOtop 2007: use R,
EurOtop 2016: use (A.+R.)/2

'""f::::::::"; . /

small wall

using A. = (slight) underestimation
EurOtop 2007: use R,

EurOtop 2016: use A_

swi
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ADVICE EUROTOP
@I = \/arying crown wall

q
\( V QHEm

hwall >0

= 0.09 -exp | — (1.5 :

T

\ P4
&y
A T St
'-ﬁ .’.b'-.' ‘."G-‘
=

7 VERIFY AND
5% "l IMPROVE ADVICE
EUROTOP THROUGH
EXPERIMENTAL
MODELLING

Re <A, — A, (wall)
— (A.+R,)/2 (no wall)
— R, (EurOtop 2007)

= Varying crest
No clear guidelines available!
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2.
TEST PROGRAMME &
MODEL SET-UP




TEST PROGRAMME

(1) TRODUCTION
Data series waII
OI==D

Ref case 3Dn50
(3 ) RussLE MOUND
70 3D, 5o 10 s - Varying wall, other parameters fixed
(4 ) concreTE UNITS
(5 ) concLusions S 0 1/3/5D,, 7/10/12s > Varying crest width & wave period,

other parameters fixed

Combination 70 1/3/5D,cy, 7/10/12s - Combining the above

2016/2017: 191 tests on rubble mound, 21 on HARO 47 teste
T 2017/2018: 33 on rubble mound, 128 on HARO, 74 on XblocP'us -
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MODEL SET-UP

Quarry rock breakwater Ge=42
[m]
(1) NTRODUCTION -
o —= =4
— ta= 2,6 \ '
Q== Hop=40om 2225 9C
v e,  BF e 12
: I Under layer 9,3
o \ P4 | Core
Light: 0.1-100 kg
KRR ALK
N N N N N N N N N N NN NN
5, ) conclusions 1/20 PROTOTYPE 1/41
0,790 0,216 (3B)
] iesonsass | Hyp=0.20m He m = 0.099 m
’ AT '

Underlayer Dg,=38,73mm

0,120 (3B)

| core D.;=5.93mm wl[~ 4 ﬁh *{:}‘ Armour layer Xblod™'S - m =584
0.216 (38) |, a
@Umﬂw&ﬂz-wmm
- § “.... , Core: 8 - 16 mm
ae o ATEETTT Ny 066 . \ 10 20.0 ]
o~ { 0,417 10,1141 0.850 § 0.0 0441 7 8 L
- 0,883 o
It L2 = <
GHENT LWF MODEL DMC MODEL
UNIVERSITY
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TESTED CONFIGURATIONS
» Reference case

9 TEST SET-UP

TP-PFOtOtYPe

. il "

Table 3.7: Reference case conditions for a rubble mound breakwater

Reference case conditions

Slope « 1:1.5
= Crest width G. 3B
i R /A, 1
GHENT T rototype 108
UNIVERSITY p.prototyp
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TESTED CONFIGURATIONS

= Geometrical modifications
() esTsETup hpy>0 ScssBi= W
8L

— W2

\\;S_: Armour layer Underlayer | | Core

(a) Representation of the crown wall variations

=

T4
;\\% A
af% % oS /
Ao
d o E
o~ : L
I |
GHENT i - |
UNIVERSITY &34 Underlayer |. - :|Core
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3.
RESULTS FOR RUBBLE




TEST PROGRAMME

_ R e
= 0.09 -exp | — (1.5 - *)
ey

o INTRODUCTION q

JoH3 H,,
(2) restserup Hmo ’
Derived
(3 ) russiemoun pataseries | h, G, tactor
(4 ) concrere s _ SO 0 3D, 10's Y=, Y
(5) concuusions Oy #0 3D, 10 Y =1y, @
Crest and T
T LN 0 135D, 7/10/12's NETT
syt #0 1/3/5D,, 7/10/12 s Y =V Verest_v
/\ Yerest v— fen(yy Yerest)
i
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e RUBBLE MOUND
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DETERMINATION ROUGHNESS FACTOR

0.2 l,II I

0.16 1 Rm

o

—

=
I

F:I

—

M2
I

RMSE-value |-
-]

0.08 -

0.06

0.04

0.02

0.4 0.45 0.5

Roughness factor 7

0.55

Relative overtopping rate q/(gH,03)%° [-]

1,E-01 ¢

1,E-02 +

1,E-03 +

1,6-04 4

1,E-05

—5% lower bound
—Theoretical

—5% upper bound

+ Ac=0.075m
x Ac=0.125m v:=0,481
¥x Ac=0.175m
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 ~0

Relative freeboard R./H,,[-]

vy = 0.48 within expected range (0.4-0.55)
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INFLUENCE OF THE WALL HEIGHT

1,E-01 ¢

1,E-02 F

e RUBBLE MOUND

1,E-03 F

- —5% lower bouhd
| —Theoretical
- —5% upper bound
o +W2
o +W1
o Reference case
-W1

0 -W2
1,E-05 L B o L I s B
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0

Relative freeboard R_/H,,[-]

1,E-04

Relative overtopping rate q/(gH,.03)°" [-]

T = Clear wall height variation

GHENT
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INFLUENCE OF THE WALL HEIGHT: +W

1,E-01

= Not that surprising...

1,E-02 |

1,E-03 |

5% lower bound

e RUBBLE MOUND

—Theoretical

5% upper bound

o +W2

o +W1

o Reference case
-wW1

o -W2

1,E-04 |

Relative overtopping rate q/(gH,..>)** [-]

2,0

GHENT = EuOtop’s advice (use R.) leads to underestimation

UNIVERSITY
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e RUBBLE MOUND
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INFLUENCE OF THE WALL HEIGHT: -W

N [ ] [ ] 1,E-01

i
n
(=]
o 1,E-02 |

(=]

£

I
=
~

o

[}

=

©

oo LEO3 |

£

& 5% lower boUW

g —Theoretical

0>J 5% upper bound

(=}

o 1804 | D +W2 (]
= o +Wi1

©

i o Reference case o
o

-W1
o -W2 v;=0,481
1,E-05 } } } } } } } } }
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0

Relative freeboard R./H,[-]
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INFLUENCE OF THE WALL HEIGHT: -W

= Not that surprising...

= EurOtop’s advice
O A (wall) :

Underestimating

— (A. + R.)/2 (no wall)
Rather good advice
coincidental

—5% lower bound
| —Theoretical

- —5% upper bound
eos b O +W2
- O +W1
o Reference case
_ -W1

o -W2

Relative overtopping rate q/(gH,,3)%° [-]

- 0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4
rOtO p 2 OO 7) Relative freeboard R /H,,[-]

—~ C

[T . .
HENT Large overestimation
UNIVERSITY
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UPDATED ADVICE FOR WALL HEIGHT

Similar to smooth dike slopes: y, = fcn(h,,,/R.)
(3 ) RusaLemoND Iﬁf 12 0, _ hwair
W | Yy = exp| 0.313 B
o -W2 1,0k ¢
y = e03131x '
R*=0,9354 .
> v, > 1. less reductive
compared to reference
"1 case
@ hyan/Rc[]
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g RUBBLE MOUND
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INFLUENCE OF THE WALL HEIGHT

Relative overtopping rate q/(gH,o3)*° [-]

1,E-01

1,E-02

1,E-03

1,E-04

1,E-05

5% lower bound

| —Theoretical

5% upper bound
0O +W2
o +W1
o Reference case

()

0,0

0,2 0,4 0,6

1,0 1,2 1,4 1,6 1,8 2,0

Relative freeboard R_./H, ,[-]
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INFLUENCE OF THE WAVE PERIOD

1,E-01 ¢

=
m
o
M
L]

e RUBBLE MOUND

=
m
o
w
L]

Relative overtopping rate q/(gH,,*)%°[-]

1Le-04 ' —5% lower bound
—Theoretical
—5% upper bound ve=0,481
1,6-05 F m Tp=1.565s
: O Tp=2.229s
Tp =2.683s
i R e S L e e E e
—~ 0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0
i Relative freeboard R./H, -]
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INFLUENCE OF THE CREST WIDTH

1,E-01
o
v 1 E-02
e RUBBLE MOUND o
MD
=
-
20
=
o LE03
e
©
| -
a0
=
o
o
O 1,E-04
o
| -
)
S
o
)
2
®© 1E05
O
(o'
1,E-06
—
il
GHENT
UNIVERSITY

- /A 1P Ac=0.125m
P Al

5% lower bound
—Theoretical

5% upper bound
O 3P Ac=0.075m
0O 3P Ac=0.125m
O 3P A 5m

v:=0,481

0,0

1,0

1,5 2,0

Relative freeboard R./H,[-]
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UPDATED ADVICE

Similar to smooth dike slopes: y. s = fcn (G /L1 o)
- Influence of wave period Is also taken into account via L, 4 4

Ge
Yerest = 0.0695 — 0.2741n( )

m-—1,0

e RUBBLE MOUND

1,E-01 ¢

1,E-02

1,E-03 |

—5% lower bound

Relative overtopping rate q/(gH,,*)* [-]

—Theoretical
—5% upper bound
1,E-04 |
: 1P
o 3P
P o 5p Vf:01481
T N
GHENT 0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0
UNIVERSITY Relative freeboard R_/(H,; Vcrest) [-]
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e RUBBLE MOUND
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COMBINED INFLUENCE OF WALL
HEIGHT AND CREST WIDTH

Ycrest v [']

1,8

16 |
14 |

1,2 |

0,8

0,6

A 1P -+W2
A 1P -W2
03P -+W2
03P --W2
O 5P -+W2

O5P--W2

y £.0,9662x
R2=0,8788

ﬁfcrest_v — HJ/’U ) ﬁ}’crest

1,0 1,2 1,4 1,6

Ycrest Yv [']

1,8
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COMBINED INFLUENCE OF WALL
HEIGHT AND CREST WIDTH

1.E+00
0 0.5 1 1.5 2 2.5

Gc =1P, +W2
e RUBBLE MOUND
1.E-01

Gc = 1P, no wall
Gc=1P, -W2
Gc = 3P, no wall
Gc =3P, +W1
Gc =3P, +W2
Gc =3P, -W1
Gc =3P, -W2
Gc = 5P, no wall
Gc = 5P, +W2
N o Gc = 5P, -W2
N B 2 Zﬁﬁ N —theoretical

e A - = 5% lower bound

Ag 4  ===-5% upper bound

1.E-02

©O 0o ononoOooOooo¢®P>DP> P

1.E-03

W@ Hus)*®
%

\
1.E-04 °© o QKA
1.E-05 o

1.E-06

I N

— N
GHENT LE07 RIHAr)
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A

OUTLOOK TO RESULTS
FOR CONCRETE UNITS




HARO ARMOUR UNIT

@ CONCRETE UNITS ‘
- a el

: I
o E

_—

c
L
. h
LI .
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XBLOCPFLYS ARMOUR UNIT

o INTRODUCTION

g TEST SET-UP
e RUBBLE MOUND

9 CONCRETE UNITS

6 CONCLUSIONS

GHENT
UNIVERSITY - a

(d) Xbloc"!VS side view placement pattern
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INFLUENCE OF THE CREST WIDTH:
A GENERAL APPROACH

10'1 F | | | | | | |
.2 102 ¢ ;
(4 ) concReTE UNTs &
= 43l -
0 10 ]
8
ﬁ' -4
Z 10 ;
z
= O Rock (LWF '16-'17)
3 g5k B HARO(LWF'17-18) \ ]
C M ]
O xploe™YS (DMC 117-18) N
EurOtop 2016 N
— — 90% confidence interval b .
~ 1D_E | | | | | | |
[T 0 0.5 1 1.5 2 2.5 3 35 4
GHENT Relative freeboard R./(Hmo - )
UNIVERSITY
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a CONCRETE UNITS
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COMBINED INFLUENCE:
A GENERAL APPROACH

107"

3
m0

Relative overtopping q/ g-

107

O Rock (LWF '"16-'17)
O HARO (LWF '17-'18)

O Xploc™-Y° (DMC '17-'18)

= EurOtop 2016
FRET — — 90% confidence interval | hwall
D'y O 1| 7» = exp| 0.31
O § Rc
O O -
A0 g uzle
o G
O ;
ﬁfﬂ?‘ﬂﬂt —_ 0.2289 - 0.232 ' 1]_].
B Lim—10
m . .
O O = : p— °
ycrest_v _ yCTQSt yv
O
O :
AN
N\
] 1 ] | l | l l \\ l
0.5 1 1.5 2 2.5 3 3.5 4 4.5 S

Relative freeboard R./(Ho - V)
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e CONCLUSIONS
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CONCLUSIONS

= Approach with influence factors in

EurOtop (2016)

Influence of a crown wall
- Independent of armour type

Influence of crest width

-> slight dependency of armour type
-> nevertheless: general formula for
preliminary breakwater design
(approximate calculation)

DESIGN GUIDELINES FOR RUBBLE MOUND BREAKWATERS
INFLUENCE OF CROWN WALL AND CREST WIDTH ON WAVE OVERTOPPING

QUARRY ROCK HARO XBLOCPLUS

% BN
Q . |
v O L 4

ROUGHNESS |

CROWN WAIT |
CROWN WALL |

h‘*rr.lnH
. =exp [ 0.31-
7 exp ( R )I

CREST WIDTH |

G
9 =p—gq-In
ferest P tf Lm_ 10

p=00695 | p=02066  p=02785
g =0.274 g = 0.229 g = 0.24

p = 0.2289

g = (.232

CROWN WALL AND CREST WIDTH

; —_— a
F}E‘?'E.‘Ht_'t-‘ — lerest [
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