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MOUND BREAKWATERS: HYDRAULIC STABILITY OF ARMORS

Design formulas derived from physical tests in non-breaking wave conditions
Rayleigh distribution: H,,= 1.4 H,
Most structures are built in depth-limited breaking wave conditions

Nonlinear and highest waves break before reaching the structure: H,,< 1.4 H

H . -
Ng = —— = (Kp cota)'/s  breaking wave conditions: H=H,
ns50

Kp 35(USACE 1975) and K,;=2.0 (USACE, 1984) IMPLICIT SAFETY FACTORS?

. -_m ___‘_.‘!r -
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1. Design wave height (intermediate-depth)

B {[,KSHO"] for h/L, =02

2 \min(( G, Hy + Boh), (BsHy'), (KsHy')| - for hjLy <02
breaker index method | 0_ ’
(1.8K,H,') for hfl,>0.2

Goda (1974, 2000 and 2012) H’"“:H”m:{min (8o *Ho' B * B} *Ho' V(18K Ho')| for b/, <02

2. Shallow foreshore: Wave height distribution Battjes and Groenendijk (2000)
h " Composite Weibull 1— EKD[—(H;’H. 'Zlkl] :H < H,
18l Non-breaking - F(H) =
. wave conditions Distribution (CWD) 1—exp[—[H;-“H2]k2} ‘H>H,
.g 16| 11
E Numerical simulations (SwanOne)
L Depth-limited  \|'® &
T =Hs I reakin 08 & i
% H=H : b (e:::d“i;:‘asve S E InCIdent {Hmo,Tp} ‘ Hmo, Hl/lO’ H2% (CWD)
i 1.0 I E?
T oe : o wave generation zone wave breaking zone

0.5 —H04

05 09 0.95 0.89 0.995 0.999 0.9995 (deep Water) (Sha”OW Water)

P (H): Non-exceedance probability
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P = (Kpcota)”s {502) H, non-breaking + regular

ADp 59
" V4

= §%2% (max[f;(Ir, P,N); f,(Ir, P, N, cota)])

USACE (1975, 1984): N =

Van der Meer (1988): N =

nso0

H, ‘ H,. /1.4 <5% tests in breaking wave conditions (m=1/30 and cot a =2.0)
tests in breaking wave conditions

Melby and Kobayashi (1998): H, S(t)=5(tn)+0-025£
(m=1/20 and cot a =2.0) l

Van Gent et al. (2003): H,, de =, S*TPOEN, e T (Plunging) “measurement?
(M=1/30 and 1/100) H, Hyy, ?

(cot a =2.0 and 4.0)

H. ]5 (to.zs _tg.zs) S=k NSS

(T )0.25

(Surging)
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SINGLE- AND DOUBLE-LAYER ARMORS
H

Ng=——= (Kp cot a)1/3 (Hudson formula for preliminary design)
n50

USACE (1975 and 1984): Ky(breaking) < Kp(non-breaking) higher safety factor?
Xbloc® (2014): Ky(non-breaking) < Ky(breaking) depth-limited H__....?

max *

CLI (2018): K(breaking) < Ky(non-breaking) higher safety factor?

= bottom slope
SWL Soiap> '
"4,:.5.@:,,¢
h "\'@“@ﬁ;@} 3 o ° ege
h=hs(1+3tang) 8B hydraulic stability
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LPC-UPV wave flume (30x1.2x1.2 meters), bottom slope m=1/50

Wave Model
maker location
G1G2G3 G4 G5 G6 G7G8G9G10G11G12 G13
!
ﬁ ] al 7 7t st HE A IAA LA S IALLD TSI THI A AL I A A |II||""|
i dt -d1H- A dmdmd 1Hadtdmd 1
1.25d2
_tg2 d2
m=0 m=1/25 m=1/50
5.5 6.3 8.5
30.0
d1=80 cm, d2=40cm, dm=120 cm
Piston wave-maker 13 wave gauges (G1to G13) passive wave absorption

(active wave absorption)
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Tests with and without breakwater model (2L rock armor)
(D,50(cm)=3.18, p,(g/cm3)=2.677, Wc,(g)=86.1)

h(cm) §, S H,o(cm) T,(s) Htests

20 3.0 0.049 8.0-18.0 1.02-1.53 11
20 50 0.018 8.0-15.0 1.70-2.32 8

310 _
30 3.0 0049 80-17.0 1.02-148 10 | R y |
30 50 0018 80-14.0 170225 7 Rock Amor 2 V.
40 3.0 0049 80-160 1.02-1.44 9 15 7 RN LS Filter

1l

/

36TH INTERNATIONAL CONFERENCE
ON COASTAL ENGINEERING 2018

Baltimore, Maryland | July 30 - August 3, 2018




J.R. Medina

introduction - 2D TESTS - Analysis of results - Conclusions VP Rerrera

M.E. Gédmez-Martin

TESTS WITH BREAKWATER MODEL

Separation Incident + Reflected Waves
LASA-V method (Figures and Medina, 2004)

Incident waves at the wave generation zone (G1 to G4)

Armor damage measurement
Virtual Net (Gomez-Martin and Medina, 2014)  =—)
Visual Counting (Vidal et al., 2006)

Numerical model: SwanOne software
SWAN- CWD method

Incident waves (H,,o,T,) at wave generation zone

Estimations H,,, Hy0and H,,, at G5 to G12

a5 :
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WAVE ANALYSIS

Tests without breakwater model:
measured waves = incident waves

Tests with breakwater model:
Incident + reflected waves at wave-maker

Numerical simulations with SwanOne:
estimated waves = incident waves

1 <N,
MSE N_Zn=1(en — 0,)°
rMSE = =2

1 on, _
Var N_OZZ=1(OTL _ 0)2

Best agreement: H_, (rMSE=5.8%)

SwanOne explained 94.2% of the variance of
measured H_,, without structure

25

20

[y
o

H swanOne (cm)

average G11 and G12

riMSE=0.058
r=0.995

A H=H,,

s ICCE
A

10 15 20 25
H tests(cm)
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ARMOR DAMAGE MEASUREMENTS

START OF SERIES
IR RERT

By % g

IDe
4.0
H,.. /H, ,=1.38
3.5
3.0 A O
Ns 2% =2.89 O
Q 2.5 |
=
Q 20 {Ngumo=2.09 [~AF------- '“‘P -------
S
4L 1.5
Ilm A H=HmO_tests without structure
< 10 A H=H2%_tests without structure
0.5 ® H=HmO_SwanOne
O H=H2%_SwanOne
0.0
0.00 0.01 0.02 0.03 0.04 0.05

2ntH,0/8T,?
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S.=S,=S

H=H_,: SwanOne

H, 1S the best descriptor of armor damage

H=H;,,0:5wanOne

H=H,. : SwanOne

20 O hs(cm)=20_£p=3 20 - - 20
P O hs(cm)=20_fp=3 O hs(cm)=20_£p=3
A hs(cm)=20_Ep=5 @ A hs(em)=20_£p=5 @ A hs(em)=20_gp=5 @
15 @ hs(cm)=30_Ep=3 15 | @hs{cm)=30_gp=3 15 | ®hs(cm)=30_£p=3
A hs(cm)=30_gp=5 A hs(cm)=30_£p=5 A u A hs(cm)=30_£p=5 A |
. Ihs[c.m}=4D_Ep=3 W hs(cm)=40_£p=3 @5 m hs(cm)=40_£p=3
oy 10 Ay vy 10 R ﬂ;xa;ﬁ}' [ w 10 [EEF = Q?
¥ 8 “.:-*:-T:* A% é}
°
5 5 ég > @
Y. Qe
0 0 Q@d 0 ”ﬁﬁi
] 1 P 1 2 3 1 2 3 4
N5=HmeﬂDn5-D N5=H1,-"1Elfra'Dn5El N5=H2%fﬂDn5ﬂ

k;

K K H=HmO S—k H
)3 ( )4— =ki\3p—

k3

n50

s,,.=H 0/L andh dlscarded (5% significance level)

EEE
S
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H,.o (d*=3h,) is the best 2 . _ 0066( Hono )6
i e AD,, 7 .
explanatory variable . 50 95%, - .
X — 1," ’,,
d 0 P ,/’ 5%
v 15 A
| e /, /’
: o JL Y S
& E 10 o/ e’
A g v i d*=3h,
N vl
5 ”
o rMSE=0.022
r=0.989
0 |
0 5 10 15 20 25

measured S,
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m=1/50 and cota=H/V=1.5
H o (d*=3hs)
6
H
g 1 S =0.066 | —2
v ADnSO
ki H
i Ng(50%) = — " = 1.57 - §1/6
E . H=H_.<<H, ADys0
il
W USACE (1975) % H 1/5
! ] USACE (1984) % Ng = F =1.62-5
< Van Gent et al. (2003) ns0
0.5 ® This study USACE* (1975)

0.5 1.0 1.5 2.0 H=H,>>H ,
SF=1.4
= {C'CE 36TH INTERNATIONAL CONFERENCE
) N

measured S/6
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HYDRAULIC STABILITY OR ARMOR LAYERS

Most physical tests in non-breaking wave conditions
Design formulas based on non-breaking wave conditions
Methods to separate incident and reflected (I+R) waves

Most structures built in depth-limited breaking wave condiins
Nonlinear effects and no method to separate 1+R waves (h,, 1/m,s.) S=k NS5?

Breaker Index method (Goda, 1974 to 2012)
CWD Method (Battjes and Groenendijk, 2000) SWAN - SwanOne

|I+R waves (wave generation) SWAN H. o H, (fOreshore)

—
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H k; A : m=1/50 S0 066< H,, )6
S=k 3 + ) S = 0. —
'\AD, 50 (s ) CWD (SWAN) ADys0

20
)l 7/
15
A
MSE=2.2% J

=
o

measured S,
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