Summary of existing formulas for the design of the armor units of rubble-mound breakwaters
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with CV = 11%

Reference Structure Armor unit Wave condition Formula
pagH® Hy  (Kpcota)'/?
Regular waves, deep and shallow waters, breaking and Wso = K- A3cota - AD - 1.27
Hudson (1974) Two-layer armored, non-overtopped Various ’ . ’ 2 w3 ' (1)
non-breaking waves
with CV = 18%
Two-layer armored, overtopped but not Nyg —1/3 Hg 53/3 1 Nyg
Powell and Allsop (1985) submerged, low-crested Rock Irregular waves N = a exp[bs, "°Hy /(ADyso)| - ADpgy Tln <E Ntot> (2)
H _ cpr SEEPPENTOIEDS T (plunging waves &y < o)
ADpso  |cs - S92P7 013N~ (cot a)05&R, (surging waves &, > &, cota < 4)
for 0.005 < s,,, < 0.06
van der Meer (1988a) Two-layer armored, non-overtopped Rock Irregular waves, deep waters, shallow waters o = { 6.2 (CV = 6.5%) for deep waters (3)
PL™18.7 (CV = 6.5%) for shallow waters
_ { 1.0 (CV = 8%) for deep waters
57 1.4 (CV = 8%) for shallow waters
N < 7500 (for higher values, N = 7500) and 0.1 < P < 0.6
H for - S9FPOTBN0TE 08 (plunging waves &, < &)
AfiDpso Cg* SYEP~OBN 01 (cota)5EP  (surging waves &, > &)
for 0.005 < s, < 0.06
o = { 6.2 (CV = 6.5%) for deep waters
g =
Two-layer armored, overtopped but not P 8.7 (CV = 6.5%) for shallow waters
van der Meer (1991) I . Rock Irregular waves, deep and shallow waters o { 1.0 (CV = 8%) for deep waters (4)
ST 1.4 (CV = 8%) for shallow waters
N < 7500 (for higher values, N = 7500) and 0.1 < P < 0.6
-1
fi = (1.25 —48% S—") for 0< ﬁ\/i < 0.052
Hs A 21 Hg A 21
hl
FC = (Coup + 0.18)exp(—0.14N, - 5,/*)
van der Meer (1991) Two-layer armored, submerged Rock Irregular waves (5)
where cg,, = 2.1 (CV = 17%)
_ . ; _ _ t—t
Melby and Kobayashi (1998) URTEAEREP ETRIEG, 21 HOh, M el Rock Irregular waves, breaking condition [S()]V/Pmr = [S(t,)]V/PMK 4 (agNS)VPmk — 5 t <t <ty (6)
overtopped T
Cpr - SSZPOIBN 01 S pr0s (plunging waves &n 0 < &)
Hy Hyy, '
ADgo _ —oa H ,
ns0 @ ° Sup P~ Ry =0 H—S(cot a)?5gk 1 o (surging waves &,_10 = &)
van Gent et al. (2003) Two-layer armored, non-overtopped Rock Irregular waves, shallow waters 2% (7)
cpp =84 (CV =8%) and c¢s =13 (CV =12%)
N < 7500 (for higher values, N = 7500) and 0.1 < P < 0.6
Sa (0 5715 ! )5
—= 0. an a
\/N ADnSO 1+ DnSOcore/DnSO
Two-layer, slope 1:2 and 1:4, non- Irregular waves, deep and shallow waters, breaking
Vel e e el (e overtopped ek and non-breaking conditions for 0.6 < A:S <43,1<¢,<5,018< % <27,0< D";Z—;‘(’)” < 2.7 (®)
ns0
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S 0.2
5 P%18 \/cot a (\/_ﬁ) Sm = Sme
Np, = §\02 _P
5 P08 cot 5P <\/_N> Sp> Sm < Sme
Melby and Hughes (2004); Melby Two-layer armored, 1:1.5 and 1:2 slope, Rock Irreeular waves. deep waters using vdM database (9)
and Kobayashi (2011) marginally overtopped & ! P g 1
M 2z
_ fmax -1
Nm - <ngh2A) h’DnSO
Sme = —0.0035 cota + 0.028
{45 Spa\"? 1.6P £(0:4P=0.67) I ]
Two-layer armored, 1:1.5 and 1:2 slope, H, . W . fm—1,o (plunging waves &, _10 < &cr)
Eldrup and Andersen (2019) non-overtopped Rock Irregular waves, shallow waters AD 5. \02 (20)
neo 3.1 <LA) P%7 min[cota, 2]°?  (surging waves &,_10 = &)
VN
Hy  (45- cpzv—lfws;ff,;i/ﬁg(1 — 3m) (plunging waves &,,_1 o < 1.8)
ADys 3.9- CpN‘l/loS;fle,;l_/f_o(l — 3m) (surging waves &,_,, = 1.8)
Etemad-Shahidi et al. (2020) Two-layer armored, 1:2 slope, non- Rock Irregular waves, deep anc! shaIIow-v.vaters, breaking . (11)
overtopped and no-breaking conditions with CV = 11%
here C, = [1 + (D Dyso)?/1°]%"°
where C,p [ + ( nSOCore/ nSO) ]
Homo 51\%?
mi
AD,so = 3.3vcota (1 + DnSOcore/DnSO)Sgil—l,O (\/_N)
. Irregular waves, shallow waters from intermediate to
SEIEEETenEElelh (EE) TR VEIR I X, MR T G heek extremely shallow water conditions for 1.47 < AIZ)LO <3.44, 042 < % <494, 021< D";Z—;‘(’)re <0.71 (12)
ns50
with o= 0.36
s (67ﬁ+ 1)5-0-1 for 3<&, <6andP = 0.4
- . - AD, T NO3 m m ’
van der Meer (1988b) USTEAEREP EIMEIEE, Hdlad S, e Cube Irregular waves, deep waters " (13)
overtopped
with CV = 10%
H; 2.0 = 3.0 start of damage (N,; = 0)
van Gent et al. (1999, 2002) One-layer, slope 1:1.5 Cube Irregular waves, deep waters AD, = 3.0+ 3.5 failure (N,g = 0.2) (14)
H NO.S
2 = (375304 +0.85) ;0% for 3.5 < g <G6andP =04
Two-layer armored, 1:1.5 slope, non- . ADp s
van der Meer (1988b) Tetrapod Irregular waves, deep waters, surging waves (15)
overtopped )
with CV = 10%
0.5
Haw = 1.4 <3.75 Zloi 0.85) smi? for 3.5< ¢, <6andP =04
, Two-layer armored, 1:1.5 slope, non- ADp, NO-
d’Angremond et al. (1994) overtooned Tetrapod Irregular waves, shallow waters (16)
pp with CV = 10%
H N 0.5
S = 8.6( "d) +3.94 | 592
De Jong (1996) U RS S L IR L e Tetrapod Irregular waves, deep waters, plunging waves Al NO* (17)
g overtopped P g , deep , plunging
with CV = 50%
Hs Nod 03 Rc
= 8.6( ) 2.64k, + 1.25 | s%2 [1 0.17 (—0.61—)]
Two-layer armored, 1:1.5 slope, low- . AD,, < NO-5 + et Sm + exp D,
De Jong (1996) crested Tetrapod Irregular waves, deep waters, plunging waves (18)
with CV = 50%
Hy {3.7 (CV = 20%) no damge (N,q = 0)
. AD, 4.1 (CV = 20%) failure (N,q > 0.5)
van der Meer (1988b) One-layer, slope 1:1.33 Accropode 7 Irregular waves, deep waters, non-breaking waves (29)
It is recommended to use a safety coefficient for design of about 1.5.
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oned one 1:1.33 g M;‘ = ANJ?+7.70) for 35<¢&, <45
Burcharth et al. (1998) e OP? :1.33, non-overtoppe Accropode 7 Irregular waves, breaking and non-breaking conditions " (20)
or marginally overtopped
A =0.46(CV =0.02 + 0.05(1 — N,;)°)
H
A = (47 = 72r)D VAN = (17 = 26r) @ *Ny N~
n
Burcharth and Liu (1992 Two-layer armored, 1:1.5 slope, non- Dol | | breaki d breaki diti 21
urcharth and Liu ( ) . olos rregular waves, breaking and non-breaking conditions 032<7r<042 061<@<1 1%<D<15% 249 <& <117 (21)
with CV = 22%
7
Two-layer armored, 1:1.5 slope, non- . . . -5 ( Hy ) 1.51
J N,; = 6.95-10

Holtzhausen (1996) . Dolos Irregular waves, breaking and non-breaking conditions 53l AO74D, ) (22)
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Summary of existing formulas for the estimation of mean wave overtopping discharge of rubble-mound breakwaters

Reference Armor units Formula

Ac R. 1 R,
=0.2-exp|0.53¢&, — 3.27R—c— 2'161'1_5.; for 2.7<¢&, <7, cota = 1.5, 1.30 < Fs < 2.80

q
gH?

Smolka et al. (2009) Cube, Cubipod (24)
0.50 for Cubes — 2 layers (0.70 < A./R. < 1.00)

¥r =1 0.46 for Cubipods — 1 layer (0.40 < A./R. < 0.65)
0.44 for Cubipods — 2 layers (0.58 < A./R. < 0.80)

R \/S R G,
exp (—0.6396—6—” —0.7085tana — 11.4897 if —= > 2.08 and — > 1.51 )
yfyﬁHs tan a H, Hg
R VS R [s
s exp (—6.18—c Logal g — o 0.86>
gHZ YrYpHstana YrygHstana
Rc vV Sp Rc \/SP
q ! R ) A exp (—3.1—— —6.05tana —2.63 if —————>0.86
Jafari and Etemad-Shahidi (2012) and Etemad-Shahidi and Various — CLASH database YrvpHstana YrypHstana (25)

Jafari (2014)

R G
for 131<§,<9.27, 050< Fc <259, 0.00 < FC < 3.88

s S

_{1—0.0063|B| for 0°<|B| < 80°
YE=1 1-0063-80 forl|B|=80°

q R. 1
——— = exp )'2/13/14—)'516 a, ar b1 e
gH? Hs vryp

RC GC RC AC
for 1.65<¢&, 10<721, 052<—<3.75 0.00<—<350 009<-—<134, 038<-—<138,
: H, H, h H,
B h¢
0.00 < I <159, 145< T < 17.50
Molines and Medina (2016) Various — CLASH database (conventional breakwaters) s s (26)

Ay =az+by- (fm—Lov Rc/Hs) A3 = az +bs-exp(csR./Hs) Ay = max(cy; a4 + by - Go/Hy]
_ ) _ (max[cg; ag + bs - R./hl
As = as +bs-Ac/Rc 16—{ dg ifB =0
_ {1 ~0.0077|B]
Y8 = 11— 0.0058]8]

3

13
R R

=ag-exp —<bE 2 ) for2 < cota < 4/3, 0.00<—<< 3,50, $p =2
9gH; Hs

Hgyryp

EurOtop (2018) Various — extended CLASH database ag = 0.09 (¢ =0.0135) and bg=1.5(c = 0.15) (27)

_ {1 —0.0063|g] for 0°<|B| < 80°
YB=1 1-0063-80 forl|B|=80°

R 1
< =0.20-exp | —6.45—=

[aH3 H
9Hs sV 3’2”/97"1%—1,0@
Vieira et al. (2021) Cube (single layer) R, h (28)
for cota =15, 14< A <37, 28=<¢&n_190=44, s,=002and0.05 31=< A < 6.6
S S
L ags * ex [b (—RZ% _ RC) G &]
\/ﬁ ES P |YEs H, ES H,
- Various — data from Thompson and Shuttler (1975), van der R,
- . 0.25 < t <080, 043<—<270, 1.27<é&,_10=11.74
St gBell (2072 Meer (19883, ¢), van Gent et al. (2003), Vidal et al. (2006) for ana H, $m-10 (29)

aps = 1.22-107* (¢ = 1.30-1075), bgs = 3.50 (6 = 0.13), cps = 0.64 (o = 0.07)
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