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Numerical Simulation of Large-Scale Experiments on Local Scouring
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To establish a numerical model for quantifying the resilience of coastal dikes, a three-dimensional coupled
fluid-structure-sediment-seabed interaction model was applied to large-scale hydraulic experiments on local scouring
at the landward toe of a coastal dike and resulting displacement of armor blocks due to tsunami overflow. From a

comparison between numerical results and experimental data, the predictive capability of the model was demonstrated
in terms of the evolution of a scour hole and its width and depth after the tsunami overflow. Furthermore, it was found
that the model overestimated water pressure on the lower surface of the armor blocks and pore-water pressure inside
the dike and foundation, suggesting that it is essential to consistently model the degree of saturation inside the dike.
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Fig. 1 Critical force on a sediment particle
on a sloping bed.

VRO Transfer Field 25 &, 3%k & 5 OBy, IX2h2h

5=+ Cang 20, -3~ (3, - )} G1)

v, = v, + Cog {40y, = v,) = 6(v, =) +4(v, = v) - (v, =)} (32)
LEFHW. L3 T, GS Yy, DR 0 IzR(30)7HR(32)
DT BRDIZ Y, 2ANTRRND Y, #FHHT5Z LT,
Shields £ 7. 12 L CIROZBREZZIEL 5 5.

FoT, RRHDv,, ZRDDHT-0IZ, Fig 2 ITRITHHAIIET
BT 2 EEh 2525, £, Fig 2@ R LZFBAWE T
[Flo>TWD & X, v ERFAIB L OER SO IIOSY ENED,

F,cos\¥, +(W —F,)sin Bcos(a —¥)

(33)
=u, {(W—F,)cos B—F,} +F,
F,sin¥, =(W —F,)sin Bsin(a —¥) (34
L%, ETo, Covp, v, v, OBMFBHRLY,
v,sin'¥, =C, v, sin'¥ (35)
v,cos¥; +v, =C, v, cos¥ (36)

Ehrn. 22T, RBI)MHREONTH L THRAEIE v, v, WP,
YD 4 OTHDLZEND, BVIELFRIZEY w EZOKEMmY,
FTibbwiROBILD. Lizhd>TC, Rl Lz F.<W T,
EHHET, AN LRSS LV giskpbNS.

—7, FoN W & HE->TWD & &, EERIT- ISR ) 2ME
L7 725 Z LD, Fig 2009 & D IEER ZERT 2
INZ Fp &(Fw—W)sin f+Fc DI L7210, IREDRRTT 5.

L S 37

DL E, EEEHSMONDODENED

F —W)si F,

v, = \/(”)Smﬂ” (38)
CFD
LB, F, CV/ Vis Vs DR FHIENR L D,
v, =C,v,cos¥ —v, cos¥, 39
2
2(v.cosa—C, v
‘l—’:ilarccos ( . A f) ~—1

2 vsin® o + (v, cosa — Cva‘,.) (40)

(YiZak 55 5)

D, Lo, ERED wtZ2OHRYIROONDZ &
2D, R L7z Fy > WD, LHHET, HkANT(24) L
25 &Y ghRDHIA.

pol(W-F)cosB-Fij+Fe

(a) Fo<w

%29 BRERANFED VRO L
AO7-1

b)) F>W
Fig.2 Force on a sediment particle in bed-load motion on a sloping bed.
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Fig. 6 Comparison of the final scour profile for the local scouring at the landward toe of the coastal dike.
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Fig.7 Comparison of the evolution of the scour profile.
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Fig. 8 Flow field at the landward side of the coastal dike (left: water pressure P; right: suspended sediment concentration C):
(a)t=80.0s; (b) =160.0s; (c) =240.0 s; and (d) =420.0s.
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Fig.9 Position of the pressure transdusers (No. 1-No .7).
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Fig. 10 Comparison of the water pressure on the surface of the armor blocks: (a) No. 2; (b) No. 4; and (c) No. 6.
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Fig. 12 Comparison of the pore-water pressure inside the coastal dike: (a) No. 1; (b) No. 5; (c) No. 9; (d) No. 11; (¢) No. 15; and (f) No. 17.
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Fig. 14 Comparison of the final scour profile for the movable armor blocks.
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