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Hydraulic and Numerical Tests on Wave Overtopping for Vertical Seawall
with Relatively Shallow and Steep Sloped Water Depth
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Abstract : In Korea, the hydraulic model tests for measuring the wave overtopping have been almost conducted
with no bottom slope or single slope condition in Korea. In this study, the bottom seabed for the coastal road area
was fabricated at the wave flume and the wave overtopping was measured. The overtopping rate was also mea-
sured with the numerical modelling by OLAFoam. The measuring data were compared with EurOtop manual. It
could be known the the influence of the foreslope in front of the vertical wall was significant and the these effects
should be concerned when designing the coastal structures. And also it could be known that OLAFoam could be
used to predict the wave overtopping rate for the complex bottom topography.

Keywords : vertical structure, hydraulic model test, OLAFoam, wave overtopping, EurOtop
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Fig. 1. Schematic sketch of wave flume.
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Fig. 2. Sea bottom topography and photos for fabrication of seabed and the test site.
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Fig. 3. Schematic sketch of sea bottom topography and computational grid.

Table 1. Boundary condition for OLAFoam

Turbulent model

RNG k-£ Model

Xmin: Inflow (irregular wave, Bretschneider-Misuyasu spectrum)

Boundary condition

Xmax: Outflow (Active wave absorption)
Zmin: Wall

Zmax: Pressure

Computational grid

1,380 m x 50 m (prototype)
dx=0.5~1.0m, dz=0.5m

Table 2. Test condition for hydraulic model test

Prototype Model (scale = 1/10)
Wave height Wave period Water level Wave height Wave period Water level
(HS5 m) (TS’ S) (DL’ 1’1’1) (HS5 m) (TS5 S) (DL, m)
0.5 6.0 0 0.05 1.90 0

8.0 2.52 0.05
1.0 0.5 0.10

10.0 3.16 0.10
2.0 1.1 0.25

30 12.2 20 030 3.86 0.15

’ 14 ’ ’ 443 0.20

Table 3. Test condition for numerical test
Prototype Model (scale =1/10)
Wave height Wave period Water level Wave height Wave period Water level
(HS7 1’1’1) (TSa S) (DLs m) (HS: m) (TS7 S) (DL, 1’1’1)
0.5 0.05
2.5 0 0.25 0

5.0 38 0.5 0.50 ;22 0.05

55 13'0 1.0 0.55 4'11 0.10

6.0 17’0 1.5 0.60 5'37 0.15

6.5 ’ 2.0 0.65 ’ 0.20
7.0 0.70
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Fig. 4. Schematic sketch of model setup and wave flume in model scale.
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Fig. 6. Snapshot of wave overtopping using OLAFOAM (water level DL(+)2.0 m
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—(Eqg.3) No influecne of foreshore
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1.0E-05

—(Eq.4) Influencing foreshore, non-impulsive (no breaking)
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Fig. 7. Comparison of relative wave overtopping rate (EurOtop) according to the influence of the foreshore.
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Fig. 8. Comparison of relative wave overtopping rate between EurOtop and these study (OLAFoam and experiment).

A9t A3} 8] 7 EurOtopollA] AAISFAL 1= 21 (3) (4)2}
L5 v wEkdth Fig. 8 FRlo] =88 el n gy
OLAFoam 4! EurOtop#}9] F-21-¢] w23 vl wolt}, zl
W AAPH ] JakS 13 $E EurOtop 2] (4)8] Duleo] 21(3)
of niste] AidoR SRy ul X439k fAlSH
Eht 28 o 5= ok 2| 23432 OLAFomZ 5 H]
H A2 S %2 OLAFoam®] A7} I veh= A&

il

ol
-

(B L RO A i ST

3t Ado]E (raw data)l X% LER = @20t} EurOtopS]
739 o] o2 tlofE| 9 tAtel] tisto] Fatgks A8k A
Al(mean value approach)?} 3= XS 118 3H= % (design

and assessment approach) > & #|Fs}al St}

4.4 E
T AT SRS P TEER 5] 2afelA]
S igAl SR} SR AP S Folo] wuie
& AZsta vlwelgich. 53] Felng Aol 4 aw
2 g A 8oe) £A1e ggre] Adsle] o 8
ool Fr] A3t skl ASE 5 AES SAh. 1



A 0= o] kAW

21 FREAY W FAAE Ay A sl o
3t Ll AP 2] (BurOtop)a} Bl walith. 53] A Zapd
o] FFE fi

el e B EakEs nluskglon, 5
£ &oto] o5 AEE 52 vk

(1) EurOtop?] 7(—1_9_0]] 3l {E‘i ZAApAa e o
E 4] % ]
ato] fro]sfof & ]E}

Q) FAREZ % 231 OLAFoam¥} —rFJE'_?fé
H]wsPH OLAFoamol &3t |uleF gho] $8|=
R 3 58 Aoz el 18Xt o
A, AFAL W1, AT 52 2oz whAyst

PN
Fa & gk,

el Aol AT HAE i Al 2
o] dske

o oBL >
>}L from o

|o
it

el
gy

oy, &
Jo N &

o

o r_\AL
2

(
—

Ty =
=
L2 e

30,
ki
It
ol
FIF
N
o
=
.«
AL
i
—W
E
ot
i
)
1
4
jant
ofl

)
o
o,
fo
=
=]
ol
FIF
Y
o
D

o
f
o]
:quzt
X,
Ir
(o,
X
ol
X
i\
Qo o

o

B A= skl 1Ex1s-1e] X[ @A S 20210233)
o= FIEGow, A Aol TAFEH YT

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.

De Rouck, J., Van der Meer, J.W., Allsop, N.-W.H., Franco, L. and
Verhaeghe, H. (2002). Wave overtopping at coastal structures:
development of a database toward up-graded prediction model.
Proceedings 28th International Conference Coastal Engineering,
ASCE, 2140-2152.

Engelund, F. (1953). On the laminar and turbulent flow of ground
water through homogeneous sand. Transactions of the Danish
Academy of Technical Sciences 3.

Higuera, P., Lara, J.L. and Losada, 1.J. (2013). Realistic wave gen-
eration and active wave absorption for Navier-Stokes models:
Application to OpenFOAM®. Coastal Engineering, 71, 102-

HAVE: 2k ARA Sheli o] At Aol Bt

T 9 4 AE 265

118.

Higuera, P.,, Losada, 1.J. and Lara, J.L. (2015). Three-dimensional
numerical wave generation with moving boundaries. Coastal
Engineering, 101, 35-47.

Jacobsen, N.G,, Fuhrman, D.R. and Fredsee, J. (2012). A wave
generation toolbox for the open-source CFD library: Open-
Foam®. International Journal for Numerical Methods in Fluids,
70(9), 1073-1088.

Ministry of Oceans and Fisheries (MOF) (2016). Design standard
of harbor and fishery ports.

Ministry of Oceans and Fisheries (MOF) (2021). Development of
a warning system based on artificial intelligence overtopping
prediction model for the preparedness in the typhoon disaster at
the coastal area.

Hwang, W.-K., Kim, T.-H., Kim, D.-S., Oh, M.H. and Park, J.-Y.
(2018). Effect of wave-induced seepage on the stability of the
rubble mound breakwater. Journal of the Koean Geotechnical
Society, 34(3), 13-27 (in Korean).

Lee, K.-H., Bae, J.-H., An, S.-W., Kim, D.-S. and Bae, K.-S.
(2016). Numerical Analysis on Wave Characteristics around
Submerged Breakwater in Wave and Current Coexisting Field
by OLAFoam. Journal of Korean Society of Coastal and Ocean
Engineers, 28(6), 332-349 (in Korean).

Lee, GS., Oh, S.-H. and Yoon, S.B. (2019). Evaluation of empirical
porous-media parameters for numerical simulation of wave
pressure on caisson breakwater armored with tetrapods. Journal
of Korean Society of Coastal and Ocean Engineers. 31(6), 344-
350 (in Korean).

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
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., Verhaeghe, H. and Steendam, GJ. (2009). The
new wave overtopping database for coastal structures. Coastal
Engineering, 56, 108-120.

Verhaeghe, H. (2005). Neural Network Prediction of Wave Over-
topping at Coastal Structure, Doctorate Dissertation, Ghent Uni-
versity.

Received 14 November, 2022
Revised 7 December, 2022
Accepted 8 December, 2022



