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Estimate of Wave Overtopping Rate on Vertical Wall Using
FUNWAVE-TVD Model
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Abstract : This study established a numerical model capable of calculating the wave overtopping rate of coastal
structures by nonlinear irregular waves using the FUNWAVE-TVD model, a fully nonlinear Boussinesq equation
model. Here, a numerical model was established by coding the mean value approach equations of EurOtop (2018)
and empirical formula by Goda (2009), and adding them as subroutines of the FUNWAVE-TVD model. The veri-
fication of the model was performed by numerically calculating the wave overtopping rate of nonlinear irregular
waves on vertical wall structures and comparing them with the experimental results presented in EurOtop (2018).
As a result of the verification, the numerical calculation result according to the EurOtop equation of this model
was very well matched with the experimental result in all relative freeboard (R./H,,,) range under non-impulsive
wave conditions, and the numerical calculation result of empirical formula was evaluated slightly smaller than the
experimental result in R./H,,, < 0.8 and slightly larger than the experimental result in R/H,,, > 0.8. The results of
this model were well represented in both the exponential curve and the power curve under impulsive wave condi-
tions. Therefore, it was confirmed that this numerical model can simulate the wave overtopping rate caused by
nonlinear irregular waves in an vertical wall structure.

Keywords : fully nonlinear Boussinesq equation, irregular waves, wave overtopping rate, EurOtop manual, vertical
wall structure
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Vertical or composite vertical?[d/h > 0.6?]

Yes (treat as vertical) | | No (treat as composite)

Possible breaking? Possible breaking?
hz /(Hma Lo ) <0.23? h- d/(HmuLm-Lo) <0.65?

Yes | | No No | | Yes

I I

Low freeboard? Low freeboard?

R/H,, <1352 R./H,, <1357

Yes l l No Yes | ‘ No

I I I I
Eqg. 10 Eq. 11 Eq. 9 Eg. 12 Eqg. 13

Fig. 1. Decision chart for prediction of mean discharge at vertical
and composite vertical walls (EurOtop, 2018).
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Table 1. Simulation conditions of model verification
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Fig. 2. Sketch of model structure.
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Parameters and items

Properties

depth at toe of structure (/)
crest freeboard (R,)

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

wave generating time

scale factor

10.8, 14.4, 18.0 m
1.8,2.7,3.6,4.5,54,63,72m
1.8,2.7,3.6,4.5,54,63,72m

irregular waves by TMA spectrum
600 sec
1:36
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Fig. 3. Sketch of simulation domain and bottom condition.
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1E-02

1.E-03

2

1.E-05

Relative overtopping rate q/(gHmo>)"5

1.E-06

& CLASH dataset

— mean value, Eq. 7.5 of EurOtop 2018

= = design and assessment, Eq. 7.6 of EurOtop 2018
® present model

------ trend line of present model

00 05 10

15 20 25 30

Relative freeboard R./Hpo

Fig. 4. Comparison results of mean overtopping at plain vertical wall under non-impulsive conditions (Equation 9).
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1.E-01

\\ & CLASH dataset

—— mean value, Eq. 7.5 of EurOtop 2018

= = design and assessment, Eq. 7.6 of EurOtop 2018
) present model
-+ trend line of present model

1E-02

1.E-03

2

1.E-05

Re/Hmo = 0.8 Re/Hmo = 2.0

Relative overtopping rate q/(gHmo>)0S

1.E-06

00 05 10 15 20 25 30

Relative freeboard R./H,

Fig. 5. Comparison results of mean overtopping at plain vertical wall under non-impulsive conditions (Equation 14).

1.E-01

A CLASH dataset

. ® R./Hpe < 1.35 by present model
Exponential curve 1 Power curve @ R./Hy, > 135 by present model

«+wwo trend line of R./Hy,, < 1.35 by present model

16-02 Sl S trend line of R./Hy,, > 1.35 by present model

Design and assessment approach
Egs. 7.9 and 7.10 of EurOtop 2018

1.E-03

Relative overtopping rate
q/ (gHmo3)/{Hmo/(hs * Sm—l,o)}O'5

Re/Hmo = 1.35 T

1E-05

Mean value approach, Egs. 7.7 and 7.8 of EurOtop 2018

1E-06
00 05 10 15 20 25 30 35

Relative freeboard R./H o

Fig. 6. Comparison results of mean overtopping at plain vertical wall under impulsive conditions (Equation 10 and 11).
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