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Numerical Slmulatlon on Reduced Runup Height of Solitary Wave by Fixed

Submerged and Floating Rectangular Obstacles
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Abstract : The wave runup height is one of the most important parameters for affecting the design of coastal
structures such as dikes, revetments, and breakwaters. In this study, SWASH (Zijlema et al., 2011), a non-hydro-
static pressure numerical model, was used to analyze the effect of reducing The wave runup height of solitary
waves by submerged and floating rectangular obstacles. It was confirmed that the SWASH model reproduces the
propagation, breaking, and runup of solitary waves quite well. In addition, it was confirmed that the wave defor-
mation of the solitary wave by submerged and floating rectangular obstacles was well reproduced. Finally, we
conducted an examination of the effect of reducing the runup height of submerged and floating rectangular obsta-
cles. Reduced runup heights are calculated and the characteristics of runup height reduction according to the
dimensions of the obstacle were analyzed. The energy attenuation effect of the floating obstacle is greater than the
submerged obstacle, and it is shown to be more effective in reducing the runup height.

Keywords : non-hydrostatic numerical model, submerged obstacle, floating obstacle, solitary wave, runup height

1.A 2 a1 Qi ofefgt whef = Bskal H SRS o
o] oA 5 9l F-f-2 o] FxEo] A5
ﬂﬁﬂil‘%Ei Ulgshs o= <dbel] Axd Ad= 1 Q= FAlolth
Fat7] Q& oheFst Ant FREEe] AAE o, Frederiksen(1971y> 2] W 5 73252 29 Aol
2401 8-S T8 FAA T4 WAt F2 A st d ARl AFE T8I, o] thekst At 48

Xlﬂoi%%ﬁ‘r HA THA WaAlE Hold B sE& 7HA otk 5 FREe] g 1] WHE oSehs A
L glo}, Ao e A7ka) Bl go] AQ % A&t & (Madsen and Mei, 1969; Seabra-Santos et al., 1987; Goring

-0 o

a3 wgo] 71 gwje]

Z0% o ABIAA 44 oFsl= oly)sl= S0 Wdo] Q) and Raichlen, 1992)E A|Zto. 2 tjefst 2] W #2]43-g
ole] thgk tijko & 3ll4=] 55 WalsHA] = 5 H 3l 7 TE2E SE Fehe 1T SA(Grilli et al,

2] 33‘:419] TEEo] W2 ARl 8l A= 1994)7} Y3} 75 FRES S8 F2E FElA
2] GHS T 25 ST Sas AfdelA| oot WA E) = el (vortical flow) -2l il A18h= A7}

3 ‘H'ﬂ S 43k v gy J257) oA A 3 ¥ Yl th(Zhuang and Lee, 1996; Tang and Chang, 1998;
= Fa8dkA Esiohs JEe 714 Huang and Dong, 1999; Chang et al., 2001; Huang and

*Skor =2 Y 218 (F7) A Y A -9 (Senior Researcher, Korea Hydro & Nuclear Power Co., Ltd.)

National University, 55

AL Sk B %"il} Z 3 5(Corresponding author: Hyeong Seok Kim, Assistant Professor, Department of Civil Engineering, Kunsan
Daehak-ro, Gunsan-si, Jeollabuk-do 54150, Korea, Tel: +82-63-469-4754, Fax: +82-63-469-7434, hskim0824(@kunsan.ac.kr)

211

==



212 AFE -

Dong, 2001; Hsu et al., 2004). Lin(2004)2 A28 &) =
T TEE Foleh o] Wstel] mE 1 uke] AsE —rxl‘j
ofetan, T WAL, Al @ oA A
A}Z‘] ;].031;].
=U¢] -, Cho et al.(2002)3} Lee et al.(2003)2 2+2}
A2V 5% BT e G £ PRI BE
skl WS el % FARE B AR,
ok AR Y T o F32El o3l Jung et al.(2004)
9} Jung et al.2007)> Z17; AW B2 uke} thia Bt
2 uke] WAREAS ] B AT Fal HESISiTE Kim
et al.(2004)> VOF(Volume Of Fluid) & AREslo] T3}
9 BRI SE TR BE s Wge Avale
o BFaby bl
Zol s B3 WAL 542 AT,
ldrwgr*—]l 20 75, TheFe Wakel] T AT} o)l
%1 (Hales, 1981; Western Canada Hydraulic Laboratories
Ltd., 1981; McCartney, 1985; Sutko and Haden, 1974),
1 AR B kAol sk v, 54, |94 ol i
Zuk EAJo] AAE AT FU2] 79, Yang et al. (2001 2
A FE QAL o] g3 AP R TR WA uh
& vt A 7 maE ARSI C™, Cho(2002)2 3l41E]
2 o) ARR AZIY P52 TR0 23 Aol tlste]
AESIT Lee(2005)= B @A ks o] &8l AAxA
off w2 F-ra] 2o WskEAd9 sl sl sl 2
23133t} Yoon et al.(2005) F-72) F+2E9] 2] B4
A& 93 42487} RANS(Raynolds Averaged Navier-
Stokes) W74 RE-E o] &gt AFE FASF3ITE 3 Yoon
et al.(2010) 48] & 7} Navier-Stokes g2 &S o] &
PGS ol F-0a) Pl G B mE
54 wskel f543 9ol Jea g A
91014 TR k) o] 5 9 H-fa) Feo] FEEO
23k Asel theh thekdt A7 ARG o, £ TR
of 9k AegFiEol Aztel theh A (Park et al., 2007;
Irtem et al.,, 2011; Ha et al., 2012; Wang et al., 2018)
o aEglon), ha FaRel o)F AeBel A7
of thet A= EETE A eEEols EHOHLZ“ o] A
& Wrkstar, ARl F2E AAE A% Tag v
ojt}. B35k Hul| A eF3xole] ekt &2@3 bl
o] A S AR 7| 2ARE v)g- Feslit) welA, &
Aol = Zijlema et al.(2011)°] 713t 1]
F(SWASH)= &850 e A 45 8L 74 7%
ol o3k i uke] A @ Fxo] Azt avtel thsl 4813l
o} AR AES 9l AAAEA sk g 9
Al tist X438 35kl Synolakis(1986, 1987)
o 52143 Aste} vl on], WH Y 55 90
F2) FEEO] g3 T WIS $AAPS 1 At
= Lin(2006)2] 329 A¥kel vlwsiSith A5 A5

o Hwang et al.(2004)2 VOF H& Ab

/\z

Hm

2. =X E2H

2.1 K|HHEFRIAL

% Aol X<= Delft thstellA] 7HEkst v 49k =2 53
Q1 SWASH(Surface WAves till SHore; Zijlema et al.,
20112 AHE-381ITE SWASH 28-S 81458t B4 3 (non-
hydrostatic pressure correction term)©| S=7}¢ H]AE H4=
WS AP A o= skar glom AP AL vhet

2t

0¢ . Ohu
4+ —_—=
ot Ox 0 M
Ou  Ouu  Owu _ 10(p, T Pw) o1, Q}_-x_ ?)
ot Ox 0z p  Ox 6x 0z
8w+8uw oww _ l_a_lzﬂ,+_a_f_z_z+_a_f§ 3)
ot Ox 0z p Ox 0z  Ox
ou , ow
—+ == 4
ot 0z 0 “)
A7V &= A A, he T, ulx, z, D2 wix, z, 1)
b7} SR, AN R4, pi 2] UE, p A
o puis 18T, 4, o T 2o W S HOITR SWASH
2L Keller-box7 |9 o]&38l AHG<md 91x]2] ¢ke A
15 &7 428k 91oH, Stelling and Zijlema(2003),

Stelling and Duinmeijer(2003), Zijlema and Stelling(2005,

2008), Smit et al.(2013) 5] ATA=l Q& Fw3] A5

HA W Edol AvfEe] ok ek AR P g
ZHAIEE W82 1 w3 EE Al st
3. 2RI
3.1 X2l Z % - NI} 2ot A
2 ATelA A8H FAEF AFES A8 Synolakis
FEAES Adsl

(1986, 1987)°ll <]&ll 3= 15 312
t}. Synolakis(1986, 1987)= 81482 &3l Fig. 17} 22
AAA B elA ko] Ay 7 Aok W o) skzgd el
2 Hol A eEE0lE ArEta Hol A eFEelE A o}
= A= At Fig. 10014 b= 54, B 9L,
S, RS AQEolE udehid) wie 3AK(1:19.85,
cot(B) = 19.85)°lA Thekst =413t st s o] &l e Alds
Tl o, Bt ZAgt Y H= Synolakis(1986, 1987)%
ZHzek 4= Qe 2 Aol = Synolakis(1986, 1987)7} Al

ﬁ\“*



off &3t us]uke] A eF5z0] A FAI5e 213

H ; \ . % R
1 h i
h : B :
] I
1 1
t I
1 1
[ X0 1
Fig. 1. Definition sketch for simple beach bathymetry (from Synolakis (1987)).
Table 1. Simulation condition of a solitary wave runup on a simple slope
o Component
Description - -
Non-breaking Breaking
Water Depth (%) 1.0m
Wave Height (H) 0.0185 m 03m
o x-axis direction 0.05m
Grid size ——— — - -
z-axis direction 3 equidistant vertical layers (o coordinate)
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Fig. 2. Propagation of solitary wave (#=1.0m, H=0.1 m).
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Fig. 4. Measured (circles) and calculated (lines) free surface profiles at different dimensionless time for H/A=0.3.
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Fig. 6. Schematic view of numerical model for a solitary wave passing over the submerged and floating rectangular obstacles.

Table 2. Simulation condition of a solitary wave passing over obstacles

Description Component
Water Depth (/) 1.0m
Wave Height (H) 0.1 m

x-axis direction 0.05m

Grid size —
z-axis direction

3 equidistant vertical layers (o coordinate)
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Fig. 9. Schematic view of numerical model setup for a solitary wave passing over submerged and floating rectangular obstacles.

Table 3. Simulation condition of the run-up of a solitary wave after passing over obstacles

Description Component
Water Depth (/) 1.0m

0.0025 m, 0.004 m, 0.0063 m, 0.01 m, 0.0158 m, 0.0251 m,
0.0398 m, 0.0631 m, 0.1 m, 0.1585m, 0.25 m (11 case)

Wave Height (H)

x-axis direction 0.05m

Grid size — — - -
z-axis direction 5 equidistant vertical layers (o coordinate)

Table 4. Specifications of submerged and floating obstacles

Height Width Height Width
Case Type a (m) b (m) Case Type a (m) b (m)

Sa02b05 5 Fa02b05 5

Sa02b10 10 Fa02b10 10
_ 0.2 0.2

Sa02b15 15 Fa02b15 15

Sa02b20 20 Fa02b20 20

Sa04b05 5 Fa04b05 5

Sa04b10 10 Fa04b10 10
_ 0.4 0.4 _

Sa04b15 15 Fa04b15 15

Sa04b20 20 Fa04b20 20
_— Submerged Floating

Sa06b05 5 Fa06b05 5

Sa06b10 10 Fa06b10 10
_ 0.6 0.6

Sa06b15 15 Fa06b15 15

Sa06b20 20 Fa06b20 20

Sa08b05 5 Fa08b05 5

Sa08b10 10 Fa08b10 10
_ 0.8 0.8

Sa08b15 15 Fa08b15 15

Sa08b20 20 Fa08b20 20

A 9Fo Ao 7 Vet on, o= ek Zo|r} A ke et al.(2012)°] X438 Aye} FLst Ao}, o]t A
A5 15ule] FAtaa) 34 ol Yeld 2102 oli= Ha AZHE 5 F252 FUE o7t dA] k2 Hf-el=
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