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Reanalysis of Average Wave Overtopping Rate for Vertical Structures
with the Effect of Foreshore Slope
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Abstract : This study presents the prediction formulae for average wave overtopping rate for the simple vertical
structures with a foreshore slope, based on a series of 2D hydraulic model tests. The experimental results reported
by Kim and Lee (2015) were reanalyzed with the similar framework of EurOtop (2018) and revised average
overtopping formulae are suggested. When analyzing the average wave overtopping data, the impulsive and non-
impulsive wave conditions were separated, and suggests (i) mean average overtopping rate (mean value approach)
and (ii) design approach accounting for one standard deviation of average value. In particular, for non-impulsive
conditions, the EurOtop (2018) formulation is improved by incorporating wave steepness and relative wave
height, enabling the influence of wave period on average overtopping rate to be considered.
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Fig. 1. Schematic sketch of wave flume.
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Table 1. Test wave and freeboard conditions of experiments

Parameter Properties
T3 arger (5€C) 14,16,18,2.0,22,24,26,28, 3.0
Hi /3 garger (M) 0.05, 0.075, 0.1, 0.125, 0.15, 0.175, 0.2
freeboard (R., m) 0.05, 0.075, 0.1, 0.125, 0.15, 0.175, 0.2
h (m) 0.3, 04, 0.5
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Fig. 2. Schematic sketch of model setup for vertical structure with
foreshore slope.
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Fig. 3. Calculation of wave overtopping for vertical and composite type vertical structure (EurOtop, 2018).
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Fig. 9. Wave overtopping at vertical structures under impulsive
wave conditions considering foreshore effect: comparison
between EurOtop (2018) and the present study.

[ A1) T3 3ol AL GaFo] aeld A=Al
EJ A 2] 7d-9-(impulsive wave condition at vertical
structures with influence of foreshore slope)

A. for 0.4 < R/H,; < 1.35

(mean value approach for /. < 0.23)

H 0.5 R ]
—4_-o. 016( ”3) exp(— ¢ ) (23)
[_I]/3 h H1/3
design approach for 4. < 0.23
gn app
H 0.5 R
—4_ - 0017( ”3) exp(— 2.47—‘) (24)
h H1/3

gHm

B. for 1.35 < R/H,; < 1.8

(mean value approach for /. < 0.23)

N 0.00145(13)05(&)_3'] (25

«/gHi/z hes Hys

(design approach for /. < 0.23)
0.5 -3.1
-4 - 0.0016(1—1—1&) (—E—) (26)

«/gH?/a hes Huys



)
g
o
>
o2
oot
o
=
)
e
>
iy
BN
it

B o o] A= Kim and Lee(2015)2] €u}e A A0=
EurOtop(2018)2] #4118} ¥ AA| 2} FA st Fe= A%
g]3lo] AEA3IATE EurOtop(2007)2 EurOtop(2018)% 7H
dsPHA 2 7A|S] A-poll AHZARe] AR f577F 523 7

B Q9107 AXE QT EurOtop(2018) AFE A1 HES] 1.
H, YT Al ool el A ARAEARE ek ek
7357t sk A--Hh Fadaiake] AA AP 21e
¢k 4= QJt}. Kim and Lee(2015)8] Ad2 x5 Hde] 1/
400] et ARAATL AR 2N e Lvtek A
= A3z AU g3 3 Apgo|r} ool & A
TolME AdAEE A% ¢ nSA T 2o s ek
A4 3kaL, EurOtop(2018) Ate} vty A&
Qoksbd 33

(1) 71 2219 #2]41 8 2FE(Kim and Lee, 2015)E Al
At g A gA v o] Hadae AP A Al
Q}3}al, EurOtop(2018) 2 ¥} v] w331t}

(2) FAA e olebd v|FAs oAM= 2 AFEAL
EurOtop(2018)°]] ]3] A4 kA] gk 42 Yuleks: o
ok v, T2 3} 27 o4 = EurOtop(2018) tH]
AT H FukRRs oSk 2 o® vERT

(3) BlEAT} 2ol theliM= A gAke} Aot s &
Al Wpo)] Zksle] 7] YFEHT avhe 1
ST ol e o B B P KT 7 =
(4) EurOtop(2018)°ll4] AAJ U-8-2} FAHA & A+l

A& 1tk 2Fd " (mean value approach)@} A2 Al 4k

APJ " (design approach) . & T-735o] Lyl A

AAE ARSI i Ald=2] A st 4
TS HEl FEARS T8l AEshs Agole B
Tk APgrel o)t Frdukd AP AlS A8k, A

A iEe] Ado] A g Af-ole BA
O AAZE APIRel o)t Fyrdakk AP AE A8
st}

A EurOtop(2018)ell A|A1¥ Dbk AP 2o 49, A
BAPE Sl 224, AlA vRETE iR o A AAE &
A FH S AT 2E, Wby so] AAE FEREEel o

AopE AP A& AljEekar Stk 5 o9} BE 7}

A7t Wed Ao yekAn,

B A7 Slgabe) skl e e o] At
(RS-2022-KS221567, 20180323) A|¢-& Rlo} =8|l om, ¢
TH] A el A= U}

ol o BB} A2 AR 19

References

Cecioni, C., Pepi, Y. and Franc, L. (2025). New 2D laboratory
experiments on wave overtopping at vertical walls under impul-
sive and non-impulsive conditions. Coastal Engineering, 197,
104689.

De Rouck, J., Verhaeghe, H. and Geeraerts, J. (2009). Crest level
assessment of coastal structures—General overview. Coastal
Engineering, 56(2), 99-107.

Etemad-Shahidi, A., Shaeri, S. and Jafari, E. (2016). Prediction of
wave overtopping at vertical structures. Coastal Engineering,
109, 42-52.

EurOtop (2007). In: Pullen, T., Allsop, N.-W.H., Bruce, T., Korten-
haus, A., Schittrumpf, H., Van der Meer, J.W. (Eds.), Wave
overtopping of sea defences and related structures: Assessment
manual.

EurOtop (2018). In: Van der Meer, J., Allsop, N., Bruce, T., De
Rouck, J., Kortenhaus, A., Pullen, T., Schiittrumpf, H., Troch,
P.,, Zanuttigh, B. (Eds.), Manual on wave overtopping of sea
defences and related structures: An overtopping manual largely
based on European research, but for world wide application.

Goda, Y., Kishira, Y. and Kamiyama, Y. (1975). Laboratory inves-
tigation on the overtopping rate of seawalls by irregular waves.
Technical Report of Port and Airport Research Institute, 14(4),
3-44.

Goda, Y. (2009). Derivation of unified wave overtopping formulas
for seawalls with smooth, impermeable surfaces based on
selected clash data sets. Coastal Engineering, 56, 385-399.

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

Kim, Y.T. and Lee, J.I. (2015). Wave overtopping formula for
impulsive and non-impulsive wave conditions against vertical
wall. Journal of Korean Society of Coastal and Ocean Engi-
neers, 27(3), 175-181 (in Korean).

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. (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).

Ministry of Oceans and Fisheries (MOF) (2024). Design standard
for harbor and fishery port (in Korean).

Owen, M. (1980). Design of seawalls allowing for wave overtop-
ping. Report Ex 924 (39).

Shaeri, S. and Etemad-Shahidi, A. (2021). Wave overtopping at
vertical and battered smooth impermeable structures. Coastal



20 7193en

Engineering, 166, 103889.

Van der Meer, J. and Janssen, J. (1994). Wave runup and wave
overtopping at dikes. Technical report, vol. 485, Delft Hydrau-
lics, Delft.

Van der Meer, J. 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, 140(6), 04014025.

Yoo, C.-H., Choi, Y.-H., An, D.-H. and Lee, K.-H. (2025). Devel-
opment of an empirical formula for wave overtopping of a sin-

RER

gle-chamber slit caisson based on hydraulic model tests. Journal
of Korean Society of Coastal and Ocean Engineers, 37(4), 152-
161 (in Korean).

Received 24 December, 2025
1™ Revised 3 February, 2026
2" Revised 19 February, 2026
Accepted 23 February, 2026



