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Estimate of Wave Overtopping Rate on Armoured Slope Structures Using

FUNWAVE-TVD Model
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Ato] 715852 EurOtop(2018)8] A# A4S Z7taelo] T2 73S £43190th $A4H 53] 2y AAlA| o) tfst
CLASH data ¥ 2|28 43 59} vlwste] 7 efd/do] ATH Itk & 2L 93 552 2544 ztol|
w2 Gutke] WskE ge] Adstia, Adlolfal Tl wE Aukske] HFAagS 2 AldSith BAR S €
gL v & E=0] vix] Aol wieba 2 Ao]E B SIT) TetrapodsS 7 A (regular positioning) O 2 Hj 2] 3+ 749+
4 (random positioning) ©. = W | gt 7K.t} Gulego] A T718FA A Rocks®2 Wl S w2} A= F3ict $HE,
RocksE 192 A3t 9= 242 =gt 491} dujsfo] ARl om o] 28 o] 2wel F542 o
w30 7 FehEin,

MO : AAT2E, LIk, FAAE o)A, 2hdn]413 Boussinesq '87d 2], EurOtop

Abstract : In this study, the program was modified by adding the empirical formula of EurOtop (2018) to enable
calculation of wave overtopping on armoured slope structures in the FUNWAVE-TVD model using the fully
nonlinear Boussinesq equation. The validity of the modified numerical model was verified by comparing it with
CLASH data and experiment data for the rubble mound structure. This model accurately reproduced the change
in wave overtopping rate according to the difference in the roughness factor of the armoured block, and well re-
produced the rate of decrease in wave overtopping rate due to the increase in relative freeboard. The overtopping
rate of the armoured slope structures showed significant differences depending on the positioning condition of the
armoured blocks. When Tetrapods were placed with regular positioning, the overtopping rate increased signifi-
cantly compared to when they were placed with random positioning, and it was consistent with when they were
placed with Rocks. Meanwhile, when rocks were placed in one row, the wave overtopping rate was greater than
when rocks were placed in two rows, which is believed to be due to the influence of the roughness and permea-
bility of the structure’s surface.

Keywords : armoured slope structures, wave overtopping rate, computer simulation, fully nonlinear Boussinesq
equation, EurOtop
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Fig. 1. Sketch of simulation domain (upper) and bottom condition
(lower).
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Table 1. Computer simulation conditions for model verification with CLASH data

Parameters and items

Properties

Depth at toe of structure (/,)

Crest freeboard (R,)

Generated waves height (/,,,,)
Generated wave type

Wave generating times

Bottom slope

Roughness factor (7))

Influence factor for oblique waves ()

10.8, 144, 18.0 m
1.8,2.7,3.6,4.5,54,63,72 m
1.8,2.7,3.6,45,54,63,72 m

irregular waves by TMA spectrum
600 sec
1/40
045, 1.0
1.0
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Fig. 2. Comparison results of mean overtopping rate on armoured slope structures.
A HHEEe] 0452 A9skglc) = (Model gf = 1.0), = 92 ZEA7] 0459 wl(Model

02

Fo )% 22 2
F7AAE IARERS] & AIG(7) = 1.0(normal wave attack) O %
FATH Table 1).
Fig. 21 Chabet 3% B2 ojst ZAHAS) Ut
S 2gngas o7 =A5 3 A o] garel tisk Tl
AylFo @ vpebd CLASH data®} &2 $=x|280] 2]t 7
Ak A3S v w sk Zlo|th CLASH data®] 230l AL-g% ]
EE FF+= w23k 327 (Smooth), Cube rough, Anitfer,
Tetrapods, Accropode, Xbloc, Rock, Cube flat, Haro, Cube-1
layer, Coreloc 5-©]th W#] CLASH data A¥}= AR o}
&FSh )3 B0 thgk AR S| DafeFo] AAlEe] Qo
Tetrapods(+)% w €u}gFo] 7b 2L whd el 1]¥ 550]
Sl st F9(Smooth, A)Y W Lulako] g we A
= ¢ T Ak I 9] B2 22AI59 Atole whebA
ko] zjol7} o] Harsirl 1A sl 25
T7H1.0Y ), e AT 0459 o] BHA 0w HE
Poixl gulegolrt. o] wf LA 045 Aol AREE 1]
E550 A Bk Qv dty BAA ] et
| 550 Al wet AA @RItk =, BAM]
%01 HHJ’&%#% datko] S7kek= 215 CLASH datas

o

0

O

JFI

e o i

Ef‘éfﬂ AN Adhs 34 AL 25

AF7F 1.0 )

gf = 0.45)2] AsjgFolr). 2
AN E AP o Duleky} A
01&4% Eaiks éﬂri/\i 2

28 9] Av}= CLASH data©]
3] E]j]g]_: 74_0_ ol- /\ o]

LASH data® 5-E]

ol et dujks 2 AdeS - 5

32 2| BSEAIS XI=2f H| W
2 AFelA = Whﬂ o tist 3
and Kim, 2023)¢} 2 2|23 o]t Alrt AoE v]wste]
5320 eFdAS ASsigleh Al ARE BAMAIE I8
AL ol 9} A ZATES] Eo|7F FUst 274, = R)
Oll AA 2] ApAZARE 1150tk 28] ar AE T A
2- Tetrapods & 25 35511 572 Tripods® 3] 55 %)

FAheE A8 AF(Lee

CHFig. 3).

2 Ree 2837 99 AN dol 0 AR, A%
A4 58 99 Fig. 13 2 &3, 725 A A
HAA = B AT 0] =29 EdsHA 1/500.2 4
kot 2a)d A 24 S ngasl o] A9 1:30

9] scale factorsS #-2-5fo] Alaf|Yd scale® AT G4

AR A FZ2E AdHe] 48 12.0 m, 16.5 m, 21.0 m2]
=R, 1 |
)
o

Fig. 3. Cross section of model structure with armoured slope (Lee and Kim, 2023).
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Table 2. Computer simulation conditions for model verification with experiment data

Parameters and items

Properties

Depth at toe of structure (/)
Crest freeboard (R,)
Generated waves height (/,,,,)
Generated wave type

12.0, 16.5,21.0 m
48,6.0,7.2,84,9.6 m
438,6.0,7.2,84,9.6,10.8 m
irregular waves by TMA spectrum

Wave generating times 600 sec
Bottom slope 1/50
Scale factor 1:30
Roughness factor (7)) 0.38, 0.47, 0.55, 0.60
Influence factor for oblique waves () 1.0
1.£+00
]
2 1E01 E
)
o
g
T 1E-02
o0
—/
S~
S 1E-03
o o .
© I o. S L s S |
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c Q... | ... ()
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Q. O Experiment (Lee and Kim, 2023) e | .
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> © Present model (f=0.55, Rocks 2 layers, impermeable)
o 1607 L @ Present model (f=0.60, Rocks 1 layer, impermeable)
Q>) ------- Trendline of model (f=0.38, Tetrapods)
e R Trendline of model (f=0.47, Cubes 2 layers, random positioning)
1 1E-08 L Trendline of model (f=0.55, Rocks 2 layers, impermeable)
[3) . N
x @ F Trendline of model (f=0.60, Rocks 1 layer, impermeable)
1.E-09
0.6 0.8 1.0 1.2 14 1.6 18 2.0

Relative freeboard R./H,,

Fig. 4. Comparison results of mean overtopping rate on armoured slope structure (4, = 12.0 m).
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