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Application of 3-D Numerical Wave Tank for Dynamic Analysis of
Nonlinear Interaction between Tsunami and Vegetation

ABSTRACT

The disaster preventing system using vegetation has been growing in the field of coastal engineering in recent years. To analyze wave
and flow fields under nonlinear interactions between tsunami and vegetation, the purpose of this study is to evaluate newly-developed
3-D numerical wave tank including energy dissipation by tsunami-vegetation interaction based on existing N-S solver with porous body
model. Comparing numerical results using mean drag coefficient and dynamic drag coefficient due to Reynolds number to existing
experimental results it is revealed that computed results considering the dynamic drag coefficient are in good agreement with the
laboratory test results for time-domain waveform. In addition, the calculated transmission coefficients of solitary waves in various
vegetation densities and incident wave heights are also in good agreement with the experimental values. This confirms the validity and
effectiveness of the developed 3-D numerical wave tank with the fluid resistance by vegetation.
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Table 1. Drag Coefficients Used in Fluid Resistance Terms

Cal. Drag coefficient

1 Cp = 1.245-&-4.5877i (Tanino and Nepf, 2008)

v

50

Re
2 | Cy= W+0.7{1 *exp(m)} (Chen and Nguyen, 2011)

A7V, o AgEERA 449 ARuee Jugch R
(0 e 2pe) Bogololw, obf e AL 48

th)e dols=golt

[y

M)
-

Vol.36 No.5 October 2016 833



o)A w0y HEAGe] B

23 WA} EIA|AL

Brorsen and Larsen (1987)7} A2kt Fubil= ulel/ 5S84
o] 7Fedt 9HE Artd e JEEK e £ s vyt
S50 Meuy] wiizel Eq. (6)% 22 WAL= ¢& 7tk
53 rlupel W) SHE A9l BR 935S Qs
A& 4= ¢17] wjFe] Ohyama and Nadaoka (1991)7} #|o¥st
%, (n+h)/(n,+h)& 43k

(6)

o 7 A wiiel] A4 271 A8k nek = AR
olde] AV elg) Tela A Sl Zh7h R,
o] FATFEFEE A AXAAE AL 3] Wil
Eq. (7)7 2o] B73713e] A7) (Ax )l whe A8 =(g)9]
o] fElE ¢ & A3y dea g =

APV )& AT UolA] Aol 0] Fofalck web BEgk

(I} e 38)8 A3 WA 4 drk
)

2.3.1 DO 2AE

B AFeMe 2o} fAkeE 3He] aigaks A8atH,
AZ¥FE-& Fenton (1972)0] #|Q¥8k 32} 24}o]
ol-g-gick

;
1
es!
=

&
tlo

A~ 5 101 45
n= h{652t+63(%82t2_ %54152)}

)M, e AL AN BI(= H/h), s9k i
SPgako 2 thee] Egs. (9a)~(9d)2 AojHch 181 3 O
Eq. (10)3} 2tk

s = sechrz (9a)
3 (5., T,

R=4 6(1 8E+ 128 € (9b)

-z, —Ct 9

= %)

834 Journal of the Korean Society of Civil Engineers

A

o
4o
<
(98]
Wi
>4
e
>

Aol A

t=tanhkz (9d)
= l _i 2 i 3
C=+/gh 1+2€ 206 +566 (10)

TR LHIRE A/FE] FIiAE Eq. (8)9] ARE
TFFEe opa), A} ZupalzEle] ] Eq. (6)0 58
£ Jdstedof 3tk B Qo= Grimshaw (1971)0] &3]
=9 33 241 Eq. (1) Ag3ith

V=Gles” = €K+ (K + ;)| (1
K :—%824’844’,22(%82_% 4) (12a)
K, = %32-&-%34 - gsc’—l— i(— %SQ - %s'l + 17536
(12b)
K,=z —%(924-%34—%36) (12¢)

o7, Gy o] 3=v/gh) 2L 2, = A SR
s} ABRe] Bl(=z/h; 2= AP} viEto 25 E] Holxl ¢IXA
o]t

3. #AIS+X0 25

3.1 £X|OESEE| I

Fig. 12 Huang et al. (2011)2] S5 28lo| 7]%3}e] -4
3k Zdo] 32 m, & 55 cm, 0] 30 cme] FXFsSgxo ) 1ala
T4 15 em?] A g elli= AP} 3k o] 9lom, 2o
NG A2 Table 29} ok B3k Ajulsaee] U Aol
o] WS viAA717] flste] oA St Akt S 2183k
o oM S-S SR e s e st AREAR=
7] Az=1.5 cm, Ay=2.5 cm, Az=0.5 cm 28|31 At=1/1000 s2]
AR S aLEgic)




<P

]
<
g
n

“
@

=
]
c
£

unit: cm

Fig. 1. Schematic Diagram of Numerical Wave Tank Based on Huang et al. (2011)'s Experimental One

Table 2. Vegetation Types Used in Huang et al. (2011)'s Experiment

Vegetation
CASE
density, ¢ width, B[cm]
Al 0.175 54.5
B1 0.087 54.5
Cl 0.044 54.5
C3 0.044 163.5
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Fig. 2. Comparison Between Measured and Simulated Time-Domain Waveform for CASE C3
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