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Abstract : The allowable mean overtopping discharge is used as a design parameter for coastal structures. The
crest elevation of coastal structures should ensure the wave overtopping discharge within acceptable limits for
structural safety and the safety of pedestrians, vehicles, operations, and so on. In this study, two-dimensional phys-
ical model tests on typical rubble-mound structure geometries were performed and the the mean wave overtop-
ping discharges under various water depth and wave conditions were measrued. The various test conditions were
applied to the tests with the change of the wave steepness, relative freeboard and relative wave height. An empiri-
cal formula from the experimental data was proposed to predict the mean wave overtopping volumes.

Keywords : rubble-mound structure, physical model test, mean wave overtopping, relative wave height, empirical
formula
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Fig. 1. Experimental facilities.
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Table 1. Target wave conditions in the physical model test

Water depth at toe Significant wave period

Significant wave height

Remarks
(d, m) (TS)argen> S€C) ((H9)1arger, M)
0.4 2.1~3.6 0.16~0.32 AT¢=0.3 sec
0.55 2.13.6 0.16~0.32 AHg=0.04 m
Bretschneider-Mitsuyasu
0.7 2.1~3.6 0.16~0.36 ﬁ'equency spectrum
—
S.W.L.
underlayer d
core
Fig. 2. Cross-section of model structure.
Table 2. Geometric parameters of model structure
d (m) R (m) Ac (m) Gc (m) Ar (m) Ur (m) cotar
0.16 0.16
04 0.20 0.20
0.24 0.24
0.55 0.28 0.28 0.2 0.035 1.5
0.32 0.32
0.28 0.28
0.7 0.32 0.32
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Fig. 3. Comparison of the mean wave overtopping by EurOtop
(2018) and this study.
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Table 3. Existing formulae of the mean wave overtopping discharge for rubble-mound structures

Overtopping Dimensionless Dimensionless
Authors :
formula discharge, O freeboard, R
Re( s\
Owen (1982) 0 = aexp(— bR) g —C(—j)
gHsT H\2
2 05
_ q RN( s,
Bradbury and Allsop (1988) =aR”’ o) (20
Q gl T Hy \2
qTs H
Pedersen and Burcharth (1992) QO =aR 5 -
Ly R
q So Ro s
van der Meer and Janssen (1995) 0O = aexp(— bR) —— €70
[gr N tana Hgtano
1.0E400 12603
O Ts=2.1sec O Ts=2.1sec
1.0E-01 O Ts=2.4sec © Ts=24sec
® Ts=2.7sec 1.0E-03 ® Ts=2.7sec
1.0€-02 ® Ts=3.0sec ® Ts=3.0sec
® Ts=3.3sec ® Ts=33sec
1.06:03 S —_— 8.0E:04 D —
:: 10508 ~ Owen (1982) ‘,_3» — Bradbury and Allsop (1988)
5 % 60604
< 10605 =
o ] © o
1.06:06 4.06-04
1.0e-07
20604
1.0E-08
R?=0.62 R?=0.85
1.06-09 0.0E400
0.02 0.04 0.06 008 01 0.12 0.14 0 002 004 006 008 01 012 014 016 018 02
(Re/Hg)(sp/2m)°3 (Re/Hg)*(s0/2m)°
(a) Owen(1982) (b) Bradbury and Allsop(1988)
1.4€-04 1.0€400
O Ts=2.1sec
0 Ts=24sec 1.06-01
1.26-04 ® Ts=2.7sec
©® Ts =3.0sec 1.0€-02
1.0€-04 ® Ts=3.3sec 2
° =
® Ts=3.6sec ° T 10603
~_ B.0E05 ~ Pedersen and Burcharth (1992) ° % o
- g+
» @
T 6.0£-05 ?C L0E05 o Tem s asec
Eo 10606 | © Ts=2.4sec
4.0€-05 = ® Ts=2.7sec
1.0€-07 ® Ts=3.0sec
2.0E-05 ® Ts=33sec
2_ 1.0e-08 ® Ts=3.6sec s
R*=0.82 =~ van der Meer and Janssen (1995) .
0.0£400 1.06-09
02 04 14 16 18 01 015 02 025 03 035 04 045 05
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(c) Pedersen and Burcharth(1992)

(Re/Hg)(s,>*/tanat)

(d) van der Meer and Janssen(1995)

Fig. 4. Comparison of the dimensionless parameters using the existing mean wave overtopping formula for d=0.55 m.
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Fig. 5. Comparison of the measured data using the dimensionless
parameters of the Bradbury and Allsop (1988) for d=10.4,
0.55, 0.7 m.
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height.
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Fig. 7. Comparison of the measured data using the relative wave
height and the relative armour thickness.

Eq. )5 T&sh=t] ARE¥ A3AtEe] Tk o=
R/Hg=0.77~1.63, s, =0.007~0.049, Hgd=0.30~0.52, A,/
Hy=0.77~1.63°]th. Eq. (3)2 A4HS UelA Eq. Q)F
o] g3sh= Zlo] HFaABIAIRL, Fig. 7(b)e] AEFo® vl o

- A9 Hlold Ag-el 418 7Fsd o= gheler),

54 =

2 AFelM = HESREET) 25 9551, ST E50
2 EfO|LErt X BARTFRES tPo R APAAAL
(cota)’} cotar=1.50]1L A 2B E vlFzo] 8} 3] &A=
O)7F BE(RJA = 1) 270 sl Bt Eakgs 2P

)= AFAL Aloks ].o:n;]_ 7]7~ AF A o)A AFEH T2k
H 2ol Aoiukar 2 A FAE FARRTE 37 =
dakelet. F7124Q1 FARIRTE EYo A Addvte)
ok o & ek Fakdol Rl .

Aol Ak Bt dak VS 25 B o
=3 2

0=0.0013exp(— 30R)

71, g A HaukEe) i, RS AR FaLEA

o
oy
BC)

2HAY: R/A-=1 % cota=1.5 F7 55

0- chT 5
@

2 el AR B wiEzol o} wR Ao ) 22
& ZURAA = )& WO R SO, ARk gt gl

T EE AN ol gebllo] AR Y= (R # 1)
o] W1, APAZAF Tt cotar =231 BHE FTF ERITE w}
2P RJA- =1 2 cota=2%) 1S E§e A7) Qloh
TS 7] AR T RES 1Sl Qlo] 71 I EA] AT
o 1T YEANE F7IE AEsh= A7 S718kaL 8l
o] FAZAE A 5] o7 %o Wslel] whE JF
= 1HE Fert gk ofelsh 215 Ejlehs g
2 AP ARES S8l F7HAQ) A S AE A
7F St

ARGl =

A= SrelluR 7|8 7] A7) AL A S
20224B10200040)= Hro} 3w gl om, A1) X|Qof 7hAL
=Yk

References

Altomare, C., Suzuki, T., Chen, X., Verwaest, T. and Kortenhaus,
A. (2016). Wave overtopping of sea dikes with very shallow
foreshores. Coastal Engineering, 116, 236-257.

Aminti, P. and Franco, L. (1988). Wave overtopping on rubble
mound breakwaters. Proc. of the 21th International Coastal
Engineering Conference, ASCE, 1, 770-781.

Bradbury, A.P. and Allsop, N.W. (1988). Hydraulic performance of
breakwater crown walls. Report No. SR146, Wallingford, UK.

Kim, Y.T., Choi, H.J. and Lee, H.G. (2022). Hydraulic and numer-
ical tests on wave overtopping for vertical seawall with rela-
tively shallow and steep sloped water depth. Journal of Korean
Society of Coastal and Ocean Engineers, 34(6), 258-265 (in
Korean).

Kim, Y.T. and Lee, J.I. (2012). Wave overtopping formula for ver-
tical structure including effects of wave period: non-breaking
conditions. Journal of Korean Society of Coastal and Ocean
Engineers, 24(3), 228-234 (in Korean).

Kim, Y.T. and Lee, J.I. (2023). Physical model test for wave over-
topping for vertical seawall with relatively steep bottom slope
for the impulsive wave condition. Journal of Korean Society of
Coastal and Ocean Engineers, 35(2), 33-40 (in Korean).

Korea Construction Engineering and Transport Developement Col-
laboratory Management Institute (KOCED) (2019), Wave set-
ting up technique for physical model test of harbor and coastal



56 o]&<l

engineering field, SPS-F KOCED 0004-7382:2019, Available
at: www.standard.go.kr (Accessed: March 2, 2020).

Owen, M.W. (1982). The hydraulic design of seawall profiles.
Proc. of the Coastal Protection Conference, Institution of Civil
Engineers, Thomas Telford Publishing, London, UK, 185-192.

Pedersen, J. (1996). Experimental study of wave forces and wave
overtopping on breakwater crown walls. Series Paper 12,
Hydraulic and Coastal Engineering Lab., Dept. of Civil Eng.,
Aalborg Univ., Denmark.

Pedersen, J. and Burcharth, H.F. (1992). Wave forces on crown
walls. Proc. of the 23th International Coastal Engineering Con-
ference, ASCE, 2, 1489-1502.

van der Meer, J.W., Allsop, N.-W.H., Bruce, T., De Rouck, J.,
Kortenhaus, A., Pullen, T. Schiittrumpf, H., Troch, P. and
Zanuttigh, B. (2018). EurOtop, Manual on wave overtopping of

.710412141

™ o

sea defences and related structures. An overtopping manual
largely based on European research, but for worldwide appli-
cation (www.overtopping-manual.com).

van der Meer, J.W. and Bruce, T. (2014). New physical insights and
design formulas on wave overtopping at sloping and vertical
structures. Journal of Waterway, Port, Coastal, and Ocean Engi-
neering, ASCE, 140(6), 04014025.

van der Meer, J.W. and Janssen, W. (1995). Wave run-up and wave
overtopping at dikes. In Wave Forces on Inclined and Verical
Wall Structures, ASCE, 1-27.

Received 15 June, 2023
Revised 26 June, 2023
Accepted 26 June, 2023



