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Numerical Study for Interaction among Tsunami, Structure

and Seabed and Control of Tsunami by Wave Resonator

Lee, Yun Du

Department of Civil and Environmental Engineering

Graduate School Korea Maritime and Ocean University

Abstract

It is an important issue in terms of securing safety to evaluate movement of seabed
such as liquefaction in that it is considered to be one of the reasons why coastal
structures such as breakwaters, berths, and revetments built to protect tsunamis are
destructed. This study numerically evaluates movement of seabed that is represented
by the change of dynamic wave pressure in the case of tsunamis by looking at a
revetment, a typical coastal, harbor structure. When tsunami is regarded as dynamic
wave, water level difference is used to create dynamic wave. On the other hand,
when tsunami is regarded as a solitary wave, solitary wave is numerically analyzed by
2D-NIT(Two-Dimensional Numerical Irregular wave Tank), which interprets the
propagation of solitary or dynamic wave and their interaction with vertical
revetments. Simulation results were used as input data in a finite element analysis
liquefaction program(FLIP) for elasto-plastic seabed response. The time and spatial
variations in excess pore water pressure ratio, effective stress path, seabed
deformation, structure displacement and liquefaction potential in the seabed were
estimated. From the results of the analysis, the stability of the vertical revetment was
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evaluated.

Tsunami that overflows either river or a revetment causes much damages in terms
of human lives, economic costs and even difficulties in the restoration of losses by
destroying social infrastructure that includes breakwaters, bridges and ports. The study
hypothesizes tsunami as a solitary wave and calculates tsunami force that acts on
onshore bridges by adapting model TWOPM-3D, which is based on Navier-Strokes
solver and VOF method that can track free surface effectively. The validity of
numerical analysis was verified by comparing the experimental tsunami bore force
acting on vertical wall and column structure. In particular, the characteristics of
tsunami force with the changing tsunami intensity were surveyed through numerical
experiments. The availability of 3-dimensional numerical analysis was reviewed
through the comparison between the existing numerical results and design criteria for
each drag force coefficient by applying Morison equation considering only drag force.
As reasonable and high-precision . estimation ~method of tsunami force, it was
suggested to apply the estimation method taking drag and inertial force into
consideration at the same time.

In order to minimize the effect of tsunami mentioned above, it is necessary to
reduce tsunamis that enter harbors. Adaptation of a resonator was considered as one
of the solutions to control various stages of frequency range from that enter harbors.
After the invention of resonator, there is a real application of resonator to the real
sea such as Pier J in the port of Long Beach, USA and yacht harbor of Rome at
Ostia, Italy for the purpose of controlling the long-period motion of the vessels.
Furthermore, there is a case that verifies the utility and applicability of the resonator
in the aspect of controlling tsunamis approximated by solitary or super long-period
wave. However, there are no any reports yet about the utility of the resonator in the
real sea. In this research, by adapting the resonator already developed at Mukho and
Imwon ports in the eastern coast of South Korea, we numerically analyzed the
reduction rate of 1983 Central East Sea tsunami and 1993 Hokkaido southwest off
tsunami, then we could identify the ability of the resonator even though the length
of the resonator was too short to gain the proper resonant phenomenon.
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al., 2007a; Yoon et al, 2002; Cho et al, 2007)7} ‘&Y< /\}Eﬂﬂﬂ a1, Kim et
al.(2007b)%] ATroll WEW FF dEo| AFWAoA B T3 AL 27t
2 A&7t 48 d.

dukA o2 gt A AAE Zte oA e e viel Zo] ALY A
2o} sksteA FE2HE ARSI T 2 2
=7 fh F3e] A9E AA8) woﬂﬂr)w_e
2l
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o2 F3 MAAARY M= et H}Q} 2 WAz Aol TR Fa,
HS fASIHEA M3 Photo 149 L8 tix]z
thato] o9 1o o3 Fote] FfANS YERATH

0 K

P J(solitary wave)2} -
Aol QB Miyakoo| A LAY

)

Photo 1.1. Destroyed houses by East Poto 1.2, Destroyed bridge by Eagt

Japan Tsunami at Rikuzentakata in Japan Tsunami at Rikuzentakata in
Japan(Mori et al., 2011). Japan(Mori et al., 2011).
- 2 -
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Photo 1.3. Damaged caissons of Photo 1.4. Damaged quay walls by

e . . tsunami bore of East Japan Tsunami at
Kamaishi Brealégv g‘ierzgllf)apan(Takahashl the Miyako coast of Japan(Mori et al.,

2011).

H, QB ZukA) 3] o] (The Japanese Central Disaster Prevention Council, 2012)9l] A
= M9.29] =7]E zr= Tokai, Tonankai ¥ Nankaie] 3952 x o] AA7LFALS A7)

(a) Before (b) After
Photo 1.5. Damages by tsunami attack at Miyako of Japan(Norio et al., 2011).
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e ARALYAE F2SHE Zolth Leuh, o]o WEe Hud AMMT} A8
Hm, 7129 AGBAS A WSAIE GG Fol terd F Utk mepA, AE 9
FPsA o AT RG] FAFAE RS TR AGA

A9)ke] W7k EAR e 2 Aol weluAzt AWl EHH o WFe A
HE RFAUAE AZAAE FHolm, FAWANA 71 B HAUAT} EHH]
&

BEATE A7IA, Ded F4S Zhe ol ARl FXAA Y A9 dAtete e 9

Lol "3 FXZA2 dolE [/4Z2 3t FXo] dAHA T A H] A= 4]

Hata, FHO Folls 52 AFEEFE dA 2 31H FoF /402t AAVE

Ao g AYEA etk JAEE e tis) HA Y FAAA AV]E EFSH] A

MAe TR doly 3 Ze A7]E HMSAZ Hav) 3, 2o HHo it

< 23] MM E FXE HAUSAITIHEA FAC FAUAA 2IH g E
B,

st E, @73k (Nakamura et al, 1985; Nakamura et al., 1998; Nakamura et al.,
2007; Lee et al., 2010, 2012b) ¥ “&=7]3}(Poon et al., 1998; Bellotti, 2007; Lee et al.,
2012005 Aojstel= F2 o2 Fig. 1.13 Zo] FIAXE 7&W oA o] F2psh= W<k
o] AE - AFHo] gt} o]ZHE Imin 2Ue IAVE Zte= Aute] AF7 &S A
o}sl7] 9ste] wl= Long Beach®&W] JH-Foll A Photo 1.63 #-& FZAX](Poon et al.,
1998)7F, Z8]lar oleElo} Ostiaol Y= Zvl L EE] Photo 1.73 2 FXAXA
(Bellotti, 2007)7} Z+7F =4 Ardl7F Aok &3 Lee et al.(2010, 2012a, 2012b, 2012¢)
< Al g ddy 3D-NITE2(3-Dimensional Numerical Irregular wave Tank
modeDoll 7]1%=3F A H S A&t G579, AFr|a @ agae] 474 g s

o FA|A o o #ske] Fig. 113 22 3R F84e HESIAH.

3, Fig. 119 Z2AAA7F A AL L Ao ZEFHoz 7|&agAd FHEgss A
T% 35 o] gk(Nakamura and Latt, 2010; Latt and Nakamura, 2011a, 2011b; Lee

et al, 2010, 2012a). o]E9 AFolXE EF <A FAGZAA AMfde 24F7]
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Photo 1.6. Wave resonator
constructed at Pier J of Long Beach  Photo 1.7. Wave resonator constructed at
port in USA to attenuate excessive Ostia-Rome yacht harbour in Italy(Bellotti,
ship motions(Poon et al., 1998; 2007; http://earth.goole.com).

http://earth.goole.com).
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tsunami tsunami
R RE———
(a) Resonator 1 (b) Resonator II

Fig. 1.2. Newly developed resonator(Latt and Nakamura, 2011b).
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Fig. 1.3. Spatial areas for current study.
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Fig. 1.4. Elastic deformation of the seabed soil under a progressive wave(Sumer, 2014).
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Fig. 1.5. Schematic description of oscillatory and residual(buildup) pore-water

pressures(Sumer, 2014).
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Fig. 1.6. Schematic description for time series of residual pore pressure at depth
z(Sumer, 2014).
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1.5 @99} 1Y
Shore Protection Manual(CERC, 200Dl ¢]3t¥ @3k(bore)e} 18 IH(solitary wave)=
O3 o] Hoxa

-BORE : “A very rapid rise of the tide in which the advancing water presents an
abrupt front of considerable height. In shallow estuaries where the range of
tide is large, the heigh water is propagated inward faster than the low water
because of the greater depth at heigh water. If the heigh water overtakes the
low water, an abrupt front is presented with the heigh water crest finally
forward as the tide continues to advance.”

-SOLITARY WAVE : “A wave consisting of a single elevation(above the original
water surface), its height not necessarily small compared to the depth, and
neither followed nor preceded by another elevation or depression of the water

surfaces.”
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S 9o EAs, B4 ool

(—

Kl
I
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Hr, Falo] F43 WEE ASolE DY, FAo] S Wk FeolE @
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Fig. 1.8. General shape of solitary wave.
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A71M, o', = Z7IFEGA eIt

QDA AFART e 8 2E HPREol EAY @ v, —u, > 002
9 5 93, wee] AFUnth e BIuyo]l Foy w u, —u, < 022 9 5 9l
7] wEel o, 7h AL AAXNER FIANE o, < 002 HE 497 vehd 5 9
o ol gHel =2HE YA Aol A8 U= W, F FESHL oA, &

o

(oscillatory pore water pressure)® ZhiF/dJE(residual pore water pressure)o.&E

2 &y, 448 ME g2 PHoE d3dn. IR deiAe dEFoe=s
th-Z 2 &4 A uk(porous elastic seabed)ell 71% 3+ Madsen(1978), Yamamoto et al.(1978),
Tsai and Lee(1995), Jeng and Hsu(1996), Jeng(1997), AAE=TAFE # 83 Mei and
Foda(198D), s A ARk o] Z3tmo thet FeAS AS3H Okusa(1985), nxpH]-EH
3] A 2 ¥H(cross-anisotropic - seabed)ell - th3+ Kianto and Mase(1999) % Yuhi and
Ishida(2002) 52 AFE & F& Joh. E3 JFFAEL HESIFst o F50 o3
ob7|He AY=FTAe] FHo=E WA EH(Seed and Rahman, 1978; Sumer and
Fredsee, 2002), uzt-&A13toll Bl st =45 = FaFs vetdt. F5o= Qg 3
YFTEe S0 i WAUSFTS AKA Auigof] T == RYNFFYd FE
H3to] A Seed et al, 1979)ZFE FFHEOC] ATk o] g ATF= sjHHE
ERbH McDougal et al.(1989), Cheng et al.(2001), Chen et al.(2005), Jeng et al.(2006,
2010)7} Jeng and Seymour(2007), WrE-HAT-& o] Hx e} HYFF5dA4HE 18 5k
1A e 4~2dS 333 Seed and Rahman(1978) 2 Laplace®3+S Alg3le] F8
Eo R g Wil @A RE S A8 Sekiguchi et al.(1995) & & + I,
R rd o] sfdte] #aj A= Miyamoto, et al.(2004), Sassa and Sekiguchi(1999, 2001),
Sassa et al.(2001) &< A7 AT

A, et x=o] AAH oA AARY HY=5e 5o FHAAFS A
E3k 42 Mase et al.(1994), Ulker et al.(2010), Li and Jeng(2008), Ye et al.(2014),
Kang et al.(2013), Lee et al.(2014a, 2014b, 2014c) 5& A& E & Yt
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7 Aart o AZsd e Agstol] ARk A3 E AES ATdE dF FH
oA AL o3 M= FEIZHY AHNA FHZI Tonkin et al.(2003)] A,
AXALHE 1Y} = ZASEIL Boussinesq® A4 4lS A 83t Ao FASHAAE
Ao 2 HE AF3 Young et al.(2009)e] A+, AN LAE GHE FASH Y4B
FAA7IAA ST TA O 2Hgste G E g ANks L3I FxE e HE
skal, SPHHo 9og FXxdxe}l AFdZAAE vlug Miyake et al.(2009) % Imase et
al.2012)¢] A+, AL HE g2 FTAst 72X REe kSt AlE e s

5< %7Fe Yeh and Mason(2014)2] A+ 58 & & 3
2 AFodAE AL HE Gz AL, FAgEFEY THFEE QD AlClEY
ﬂ'oﬂdﬂthoﬂd ATA e FFAE ol &dte] @uE TAAZIT. T8
22 ] 35221 2D-NIT(Two- Dimensional Numerical Irregular wave Tank; Lee et
aLZM@E%% Agste] WAH @oo Ay g ogtTREde H45AEe siAst
3, fFrastsd = a3l FLIP(Finite element analysis Liquefaction Program; lai et
al., 1992a,p)& &3t A} 5943 FasEe By 9 A4 T3 2 A
WSS gttt T3, Imase et al.2012)9] &g AP} £ 2D-NIT & FLIPRE =
= FHE Hlw - HESH B Ao gEAdS ASTH ol 2

A7 Z
45 A TREY FAAF D FH AN 54T EHS

—

2.2 FA X ol &
2.2.1 2D-NIT=4 9] 78

233 AFAAE AsS sdHoz FHI 4 = VOFHMHirt and Nichols,
198Do] AQbd o]Fo AFAARE FHFste B TEEoFlA ol& &8&3 A7t
gtshAl 3= o] ok« 2, CDIT, 2001). &3], VOFHE S HAg3d 2 959 19
HYF} Zo] 2AfrHe] S48 HEEE s FAXHCE IHAERE AT 5 9
o] djtFetEofME VOFH S 83 gt = Ab=Ela . VOFH

0]
Aol BEAL FAE FEE BN AFFES FAFE FH/ ML o|F 3
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AL Ads] fsted] FE3 2 2oV Jdoh 2D-NITED(Lee et al, 2013)2 7]|E9]

o] AAFAZE Aoz 3 A42] 2 Navier-Stokes™4 212 PBM (Porous Body Model;

2]
Sakakiyama and Kajima, 1992)oll 2A3le] 43 th29] 2Q2.2)~2.4)0 2 Fo]Xth

O u 07w
= 22
ox 0z Top 22
oA uu  ON,wu \
i N :_7_8_19+i{ (26_u)}
ot ox 0z p oxr oz ox 23)
+ i{quue(a—u—i- 8_w)}_ Du—R,+S5,
0z 0z oxr
ow | OAuw | ONWW N, Tubp i{ (a_w 6_u)}
v ot ox 0% p 0z . ox " \Nox oz 24)
9 ow i
e 2—|i—Dw— R, + S, —

orthogonal grid system

i open boundary li

difference of water level for Az

generating tsunami-bore t \ 'f S0 Aaa Iy }—l
A — /
- d

impoundment calculation zone La

Fig. 2.1. Schematic sketch of the numerical wave tank used in 2D-NIT model.
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A\, T r, 2" 8% A EFFE, D,,D.< AANA ¥Agle] Ao E 9F] X3 AE
Aol Ao NUARHASE, S,8,.5,5 AdFANe 295 93 sxgo|th I,

d FEelHE 2259 2ol EEHY, R,
o] Folxitt

)\V = ,YV+ <1_71/)C]L1
A=+ (1=7,)Cy 29
)\ :f)/z—"_ <1_’72)C]L1

C
R, = e D(l—%)U\/u + w?

2 Ax
1 Cp (26)
R, =— 5 Az (l—vz)w\/u + w?

T ° < HAE 7HAH, F=19 A5 FAA,
F=09 2% 7144, 0<F<19 Afe 2942 35t AFsEaes F238H,
o9 o]FA Aol 93] VOFs47} o/ th

oF Youd' ¢ oy wE
o — 2.
Mot ox 02 S @)

A71A, S A FGU Y ki i FrtEE Folth

2.2.2 FLIPR=d 9] 78

FLPEY S EdduAUES o &3 23445390
1992a, 1992b)olH, o] RdoHE= JFTAHAAAS o
e} Mgz RAe) dAR AojEe olFEHow Uitk 9714, 7t 22
< Ot e 7 deddrAYUEelsta & ¢ AL, o= Aol Fo) &
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szT Vs external force
causing displacement

(0',-0')/2

E,—&,

cernal f (0',-0')/2
- external 1orce =
/ Ty

E,—&,
displacement =
- , £

Fig. 2.2. Schematic diagram of multi-spring model(Towata and Ishihara, 1985).

Zb 23

lH

Gol A A} WAL A=A Fy
ANA olFAe WMol dHl o WA %
ARz FolA WA AergHol b ¥
hgel A3} o] e 4 glv.

Ll

o

{{ }T {Uz’aJ’ z}

(28)
{S}T :{8x78y77xz}
A71M, {o'}= FESH, {¢J2 WIES HETH
TN TEH R 429 Zo] Fofxinh
{do'}" = [D]({de}—{de,}) 29

A7NA, {do'}E FESLHZE {deje HIEZE, [DE L9 2102 Ao
3, {de,} = T=9 A@21

Bt}
Il
= &l Hn 4 Y Y A Ha ) .10
i=1
{de,} = {de,/2, de,/2, 0} 2.11)
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('} = 11,1, 0} @1
{nm}T:{COSGi, —cosf;, sinf;} for i=1,2,---,1 (213)
o 7] A,
0,=(i—1)A0, for i=1,2,3,-,1 (2.14)
A0, =x/I for i=1,2,3,-,1 2.15)

FYRFEGe HEATGG] o) WY FO| ANNGH 1FE P GFpe
PN
T

9}e] AAZRE AT, HOTFLHEA Y G lai et al.(1992a, 1992b)

of o8] A¢td Fig. 2.3 A3tz EE(liquefaction front)E o] &3to] WHEH =8 o
o3 o] FAESHAA o3 fFiEs WEHS(cyclic mobility) B W3St AFE Al
3+ don, 19 HFse taHt 2ol FoI

S=5, for r=rg 2.16)
§= S/ (S = S) + {(r—ry)/mi}*  for r>m @17
714,
Ty = myS 2.18)
ry = m350 (2.19)
52 = So - (7“2 Ty )/m1 (2.20)
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A7IA, S Azl o3 stue] Vleor HoHW, m, 2 AIAHY 7&7], A
9A & ¢ = my =sing' ol o3 ot my,= el P (phase transformation)zt
T ¢, 2FH m,=sing, & HHI, myr= my=0.6Tm, 2 Fo|EH= e P
71€712, shel oA e dgor AAAHA HIFHY] A7 o, AA &
HAZ Fgejolel x3lo g AAEG. 181, Fig. 2.394 S& vlujAelol ol
ATFEgNA FESHHUIE orista, r2 AFSHH oY, T&3= 27 FESY

0'0 = (U’IO —I—a'zo)/QE A o=},

flo 1o 4

/ s
failure line /4"" =sing,’

/
\ ) /4”2 =sing,'

TI m;=0.67m,

liquefaction front

7.,/ (—=0"',) _Shear stress ratio

phase transformation

>S

r
o

0 S, S, 1.0
S_State variable
Fig. 2.3. Schematic diagram of liquefaction front, state variable S and shear stress

ratio(lai et al., 1992a, 1992b).

oo = AubAFHA 227 FLIPE=2(ai et al, 1992a, 1992b)e] o] &% <l
WA o] e s Zieston, FLIPEH o3 Fxejdae AN Fx2E9 &4
of g ASAAe} vu 2@ HEZRE F&3] HFEUArKSawada et al,, 2000; Ozutsmi et
al.,, 2002; lai et al., 1992a, 1992Db).

2~

2.3 FA A
231 XA AF
D YAEIAE

B Qo AE 2D-NIT & FLIPRE23E AAEE Aokl s x| ule] =A%
of gt AXAEE AS37] Aste] AAEIANG7] FRAA DdaE DA EX
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WA o] = AR Hke] WA E= YT FEY 5 ST Miyake et al.(2009)2]
A AT} v - AEZTE Fig. 2.4= Miyake et al.(2009)¢] A @A AlLH Al w
PFA PR} EALHA Y 2ES Yehdth AFoA ©aE AN 7Y
FZxA7]+ 3.5mx0.26melH, HAA et AFL(FA 10cme] FAAE o] &-3)
33 H=Tcme] @& SN, AA"E 7 XA gGAPL-PHSE =T
(PWPI~-PWPRE Ab&slted Fx2E ZA&dte 54 AvY 5 55
o QAREAR A HAL 300pme s ols FeslEEe] 3202l 3290 AR
= E"%E"é WA= A ekeE, Aol R ARG GIAA AL 1:3, FHEE 40%) 2
=

Ao
o
_0|L
82

150

Iry i o
*/ 4/ /Model area — PWE2 o—
e 3.4m PWPS &
&
Caisson-type ~— Seabed ground ©: Wave pressure meter ! T s

breakwater model

© : Pore water pressure meter

Unit : mm

(b) Layout plan of sensors (points P1~P5
(a) Cross section of the experimental represent the wave pressure meters and
device points PWP1~PWP9 represent the pore
water pressure meters)
Fig. 2.4. Outline of the experimental device and model of composite breakwater.

Miyake et al.(2009)2 HAAZFHA G| g AFNA =ZF z7]|9 EF&F A
B2 Ao o] &= &= Tabel 2.19 ¥ GArEAI(Ko, 198)ZFH A =AY, 2F
ANA FH7IEE] 3281 3295 A 8337l wWiEol Table 2.100A4 n=327} =, ot
A B AFA A9y £2EFLS 112m, ol 8.32m, AWFFAE 3.2m, 44 ukA

Ao A FAL 32m, AlolE Z& 28m, Aol Folx 4.8m, A =R o
+ 0.6m= Z+Zt A=, ojedt AF i FA AL AT AXA7]E 0.2m % 0.2m
£ A&3tth

(<3
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Table 2.1. Selected scaling factors for centrifuge modeling.

) Dimension in Dimension in centrifuge model at
Quantity :
prototype n times g
Gravity 1 n
Stress/strain 1 1
Length 1 1/n
Force 1 1/n?
Density 1 1
Unit weight 1 n
Acceleration 1 n
Time(consolidation) 1 1/n°

(2) N @RS FH A A ehe] B
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E PWP3(Numerical)
e R PWP3(Measured)
=
25
wn
g8
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(a) PWP3
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Fig. 2.5. Comparison of the predicted and measured pore water pressures at
PWP3~PWP6.
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= BIE WA F O, o] uf Tyt ST St FESiE FEEHLS UE9
AT (Lee et al., 2008a, 2008b; 2009a, 2009b) 5o F=nldo) 2D-NITRYE 2 HE w3
o] Mz & | W2 Yoty AU A, AAREH 2 SARA] Gl A
AIZPA S AFg g FA 9 FLIPUH‘OH AAZAAE ALl F2E9 THA
Y ARke] FH-ZFol| #I} FAALS FHSATY. AVIA, - SAHAL) SHEAA
oA FHMAE T, 5%-%7371]94 TAHL = s8N oH, FRAA A F
AWML= FEHAT A8E APEe] =ol= 20m, Z2 10m, AMA =R £o)
= 3m, AAFEY Zol= 10m, SAlAe] ZHole 20m= Z+7t H8Hlow, Zb7to
A AHFEA X = Table 2.29F £ <ubxQl go=z g3 AL 9 ool H
Az 242 23571 03 12 7H8 = Ao
Wave
v g am
JiSm
| 200m | 150m | 10m_ | S0 | I
Fig. 2.6. Schematic diagram of the numerical wave tank domain used for this
numerical simulation.
Table 2.2. Soil properties used for this numerical simulation.
. Saturated unit| Shear modulus | Bulk modulus | Initial effective | Internal friction | Cohesion .| Poisson's
Soil types| . o Porosity .
veight(kNm?)|  (kPa) (kPa) stress(kPa) angle(®) (kPa) ratio
Sand 7.053x10* 1.8393x10° R 36 - 046 0.33
Backfill 20 8.500%10* 2.126x10° 98 37 - 043 0.33
Gravel 1.801x10* 4.800x10° 98 50 - 046 0.25
3, Fig. 2.7 E gz ote] Wolel /&= 4FA 91X NI, N2, N39F =& %]k

bl R4
HI=rdnl B FEFaEsHE =2 A points 1-26< Z%Z% YERA T
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Fig. 2. 7 Measurmg points(N1, N2 and N3: measuring points of dynamic
displacement and accelerations of revetment, points 1~26: measuring points of
excess pore water pressure ratio and effective stress path).
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= 9 FA4E - ),lE‘r. a3y, Hystoziy hulke] HhAb ]ji— 15<¢<18s 9| A =

_3‘|_

Collection @ kmou



z 2 — g 2 i —NI
=l = O§ s M N e T =
YRy b,

:, : i 1A

g g I A

g 0.5 g 0.5 l \

= P W i i £ / \‘\\

= GEER . N ER

E=) s Mo T _.lw-n...c.-’"'"--- §

; -0.5 E -0.5

0 10 20 30 40 50 0 10 20 30 40 50
t(s) t(s)
(a) vertical displacement (b) horizontal displacement
Fig. 2.8. Time history of dynamic displacement at points N1 and N2.

o9 Fig. 2.9% N13k N3xH oA AzbagdE Yehd 2102, Fig. 29@e &
2R shHE, 19 Fig. 2.9 FHHAES)E 44 yehdt. Fig. 2.9@)9
2 (Fsh A N1 N3A Ao A =k A A] (10.4cme] A E, =3 Fig. 2.9(b)9
FHHY(FH)9 A oA= Nlol N3X AR ¢F (Hl.2cm o & HYE Y=g
AYPscte] FPog AE g FEH I, oY W ©rs} wAE o T A B
A= AS FA F ATk

z 2 ~— g 2 i —NI

R A w1 M N e T =

YRy b,

:, 5! A 1

g g I A

g 0.5 g 0.5 / T A e e g \

P s Je AN

£ : 7 / i

g 0 £ 0 -t

; -0.5 E -0.5

0 10 20 30 40 50 0 10 20 30 40 50
t(s) t(s)
(a) vertical displacement (b) horizontal displacement

Fig. 2.9. Time history of dynamic displacement at points N1 and N3.

»
iRk}
fo

O
0,
Ad)
%
2
A

)
lo
N
i

.I.‘

HolA HAHE AN RE =29
3 1009 Stristel vhebd Zlolth
27} gepith. 190 2Ry
o HAF £ 7, TERES

rr

o 1

N
i Ll

pall
=

Collection @ kmou



Ll

FRBAM o 4AY} 255

Aol At

o
)

9]

H

2o

e, Fig. 2.10(b)2] H=4dm 7= dl$-

o

2.34 FJBFFUH]

]
=i

Fig. 27014 AA =" 2 A

UERAT o714, 3

Fig. 2.11~2.20

Fpskel Ml p/o’y = AT webd, FYFF 5t 1o A 2

bl YebdiH, 714 o', 9k o= «

S

A48 = /2. + (0.~ 0, ) )4 S A

=
=

_33_

Collection @ kmou



- AT T RMT ST T
e g g - = B
s | TP e Ere ¥ s
H HHHH m. - .W. . M H M w M H H UA.U—IL ﬂ_—w ﬂAWwI ,u.lm OﬁE _‘:ﬂ ml_-_ w
EEREEE ! — . & X O
FE sl 1 gedanasessananns .l 2 ~ Boyom o7 2 oM Ml uu_m
FOECE Tk m .v,rr.x T T e & mb ) Hl MM — _L N~ ‘ul —~ N e
e I S I
S, . EEE S ST E s AE A
5aa: HE B FEFFHHHEH HE 8 = o oW 2 o 4 Mo ] o
T X PG N T
. e k=1 — o P = B gy W O B = &
- daiasdzaasase: EiEE TR S oy om oo RS
, 5 N A
- oG U T “
Tt R kg o T W
T N e B ot o H . el
£ 5 =B TR - BCIR e
i ! S3Sesiieisstast s o) T o e 9P
HH s | “ = v u_w Moo T 2o m W G
& 2i8aass: e £ e N I S AN
£ s N & KMgo N o ~ A
© I'T T T <t La T ‘jl J_I 0 T T
[ 2 aaass: T Ko B LB Wom oo T
SEilsY : : HHE N O - poE wﬁ Um " do M o Tm
BEEEEN L_W\‘ﬁ It T _r F ! T B~ ‘Aluﬂ = 0 9 _E OF
L3 BEiERELL 55 o H g S
aiiidasiss R= oo - =
SasaasRite - ﬂmﬂ@ﬁ%&%zww
S sussaties QPR L _c%ﬂﬂ
H HHEHHH /8 poE S g o X = me il £}
e ,,r g CO TR N T T L Oy
H ,v = R N =
| ” = T oy T w2 E
: ! 0 _— =
i | E B R R X TS
W = ST T T TR No oW T S
_h HEH . - E & . M % g F ]
_ 2 A EREREAEN .o ! ‘ o) o & ' O~ X o = J) H =
3.2 ! 50 1 S o] ™ b X o= ! e
e H H £ B S 5 = o M ¥ & Wo =
2 o~ — mw Moz 4w T e T TN o
| i | 22" M0 Tym oy M
T =E & R - S il o o
| Ljuﬁx#r|| _ i an X z/U TN o X T Q ﬂ_m w_m MTH
_ e el _ :T.L_._..l — e OT OT X B u o R
S <R RTFTET O MWE R

_34_

Collection @ kmou



1 : : 1 : :
Point 1|~ Point 1|~
0.9 Point 2| 0 Point 2|
0.8 —-— Point 3 - 0.8 —-— Point 3 -
0.7 — - - Point 4| 0.7 — - - Point 4|
_ 0.6 . 06
Sos Los
], =
0.4 0.4
0.3 0.3
0.2 0.2
0.1 A e s e Ema ] 0.1 et e ettt Rt et
0 )t 0 L A S e e e i B
0 10 20 30 40 50 0 10 20 30 40 50
t(s) t(s)
(i) #;=6m (i) H,=4m
(a) Excess pore water pressure ratio
60 — : 60 1 : :
,,,,,,,, Point 1 Point 1
50 4|7 Point 2 504" Point 2
) —=Point3| | i 0 - = Point 3
777777 — - - Poi — - - Point 4
40 Point 4 40
& 30 - =30
Mohr-Coulomb failure criterion
20 20
10 10
7% P r
0 0+—
0 20 40 60 80 100 120 0 20 40 60 80 100 120
pY pV
) H;=6m (i) H=4m

(b) Effective stress path at the point
Fig. 2.11. Excess pore water pressure ratio and effective stress path at the points
1~4.

(2) Points 5~8

o9 Fig. 2.12= Fig. 2.7°14 Ap4n} |
e A FFAHIY FESHAEE UE Aot AYFFARIE HERY
Fig. 2.12(@)9l A Point 5] ko A
UATE ol& t=5s o]F AYIREY AFo] AMmpER FIFE w| XL, T A
nte-= 27} Point 59 4
STl AZESHEel ded Fig 2.11(@<%t okt dols AsS UeleE AL
AbAutRE O FA AT o7t dFeE FAHM, ol AFLS At T}
748 Point 5014 Bt #AA3 wAHC. 18, Point 5olA A r=etn 7 18T
2he kS YEHER A3 AHde EE2HA &2 As ¢ F U FEIEAE

&

o) Fig. 4120 HE AZZol7l 2L52 PFAD

r-lo
—{u:
o
g
Q
5
1%
ol
(e'e]
2
S
.
%)
5:
of

%]

_35_

Coll

ion @ Kmou

(D
)
—



nE B% 4 vk w3, ARl W F43Y g9 ghol Fashe e A
S AgPacte] BFe o NWAFOR 0,9 gt 0,9 ghol AH A48
THadte Ao E AddEn. I8 i, AXPE A9 tlEo] Mohr-Coulombe] 33 A4l o
F 243t @84S JedY, £3) Point 59 9= Mohr-Coulombe] 33 de] A
e A9E vepdt
1 ‘ 1 ‘
Point 5[~ Point 5[
O Point 6| R S YUY O SO O B S Point 6|
0.8 — - — Point 7 - 0.8 — - — Point 7 -
0.7 —t -\Point 8| 0.7 — - - Point 8]
.06 o \ .06 = N
0 I © /
<X 0.5 <X 0.5
04 | h 04 ’l N\
' | ‘ [ AN
0.3 | 0.3 |
0.2 / 0.2 |
0.1 P e e e T 0.1 o
0 P ——m= + 0 i e e e ettt ettt = .
0 10 20 30 40 50 0 10 20 30 40 50
t(s) t(s)
() H,=6m (i) H;=4m
(a) Excess pore water pressure ratio
60 T T T 60 T T T
rrrrrrrr Point 5 Point 5
50 4| Point 6 50477 Point 6
77777777 = - = Point 7 ___|=-= Point7
— - - Point 8 — - - Point 8
40 40
= 30 = 30
20 20
10 ! 10 {
[ ‘.' r \
i it
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
p' p'
() H=6m (i) H,=4m

(b) Effective stress path at the point
Fig. 2.12. Excess pore water pressure ratio and effective stress path at the points
5~8.

(3) Points 92} 10
t+2-9] Fig. 2.139] AxE= 2y 3¢k vt2 AwWsl Points 99 1004 A ¥H-SEE T A

3 zlolth WA, Fig. 213@e) FYAF5UuE AW W g-6me] F$ ¢~ 125 4m
o 75 oF 1355014 747 A& Ul AS 2 5 Ak ole@ @S oy
A7k Ay Eere] vz Awolr] WEel g 8 wAgwe 597 FHH Hr

Collection @ kmou



=4m2]

g3e] =37]9

W&ol
Hl o] TAYAIZEO] B A

1

o
H

O~
oo Z_]._:EILT

]

g]7] W&ot 7|A, 3
Wi, dydo=s 18 & (.33 °]

LI

H=4m¢} 22 6me| 3}

297} 6mETH T

o8

SN = =2

A3kl H i

< YEE=R 9

bl 2k

S

-

T

2

9

L oA wrt B3

| A @A 77852 Mohr-Coulomb

A7) Zol7}

(o)} :]—y__’

<
T

o)
=

o

oy

50
120

Point 9
-----Point 10

100

40

80

30

4m
4m

’

t(s)

(i) 77,

(a) Excess pore water pressure ratio

60

p

(i) A,

(b) Effective stress path at the point
Fig. 2.13. Excess pore water pressure ratio and effective stress path at the points

20

40

N

I
g
£

10
Point 9
----- Point 10

20

60
50—
40
30
20
10

0

S

50
120
- 37 -

9 and 10.

Point 9
-=-=-Point 10

100

40

80

30

6m
6m

t(s)
60

20

0 A

O H,

40

10
Point 9
----- Point 10

20

60
50—
40
30
20
10

0

0

S

1@ Kmou

10

—
.,
@

Coll



(4) Points 113} 12
Fig. 2.14= 2P 35¢ vt 9 slet Points 113 122 F oA A ure] HA-2wS 1}
Ehd Zolth #YF4euE JEE Fig 214@ZRE & 5 e HEe 2ol %
<3 Fig. 2.11(a), Fig. 2.12(a) ¥ Fig. 2.13@X o 22 ks Yehlie, 53] €77
A A e H=AmolHE 00 717hE ghe vEhdth o3 A AP
S FA A oF 27 FA STl A, FA APEY Mol wiEe

i
oY
iV
m

t Sz agte] A7) WEel e wuE, delw vARe gedm A9E 7
22qto] mTh A7) wEolt. Fig. 214b)e] $ESHARE AWHTY 2/ WFHE
$¥o] Fig. 213b)e] A$RTH & g s ¢ 2 5 Utk ol AR5l
FEEGY &gt A, olo] wet AolLel 3 toeo] FFYol A§Hs] WE
Aoz 48 & Atk Ao A wE FESYPRE A& Fg 21309 3
SR WEol z}z, Mohr-Coulomb®) st 4lsl 4] o] olZslo] 917] wjzol |48

_38_

Collection @ kmou



1 T T 1 T
Point 11 Point 11
0.9 Point 12 0.9 Point 12
0.8 0.8
0.7 0.7
. 0.6 . 0.6
Los N E
X X
0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
0 — 0
0 10 20 30 40 50 0 10 20 30 40 50
t(s) t(s)
(i) #;=6m (i) #,=4m
(a) Excess pore water pressure ratio
60 1 1 1 60 1 1 1
rrrrrrrr Point 11 Point 11
504" Point 12 50477 Point 12
40 40
!
20 20
10 10
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
r' r'
(i) H;=6m (i) H,=4m

(b) Effective stress path at the point
Fig. 2.14. Excess pore water pressure ratio and effective stress path at the points
11 and 12.

(5) Points 133} 16

Fig. 2.15+= Fig. 2.79] A|A1E Points 13~16A| Fol A FHJIt=4Unel FESHAEE
2 gEhdt B35 p/o s dAEE ue} Lol AYsdonnE FyPo

T o]A= o] 7] wjiEol] WM& Fig. 21380t 22 e vepdth aela, o A A
o AP AR LAY FFES AT W] WFe] A& Fig 2149 F4
g p'o] FARHANL, ¢ o AMHEo] vda AA dEdhe Ae & F A% FEF
#7832 A Mohr-Coulombe] ¥l M Tha o]AH o] Q17| wiiel Hd3sto] et
FES W8S z= 202 Hridn 3, Points 17~2021 5 ol A4 A ¥k-3-H-2 13~16
Aol e Fig. 2159 Ao} FASA UetdER AABAYL A7 AANEA
gt

_39_

Collection @ kmou



1 : 1 :
Point 13 Point 13
0 Point 14 0 Point 14
0.8 — - — Point 15 0.8 — - — Point 15
0.7 — - - Point 16 0.7 — - - Point 16
. 0.6 0.6
Sos Sos
X Y
0.4 0.4
0.3 0.3
0.2 0.2
0.1 0.1
0 = e i e 0 e e e e
0 10 20 30 40 50 0 10 20 30 40 50
t(s) t(s)
(i) #;=6m (i) #,=4m
(a) Excess pore water pressure ratio
60 T T T 60 T T T
rrrrrrrr Point 13 Point 13
504" Point 14 504" Point 14
77777777 = - = Point 15 —__|=-— Point15
— - - Point 16 — - - Point 16
40 40
=30 oot &30 i
P '/ ‘{ [
20 20
10 10
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
r' r'
) H;=6m (i) H=4m

(b) Effective stress path at the point
Fig. 2.15. Excess pore water pressure ratio and effective stress path at the points
13~16.

(6) Points 213} 22

29| Fig. 2162 2Pz eke] nul= wjw el Points 213 22%] F ol A A -5 A A
g A3olr, B AFoA 7HE & ARESEAE YERAT 7] A, Point 219 129
A= 2=-10.5melaL, 22+ 2 =-15.5me|th. F AHoA HY=UH p/o’ o A

A Azl 7F e A H=tme 4-¢ AH35ds dFIT dFRTe FHHF
o W& HAJFFAdH APste] FHAFA AT dFS FAlN A wa, ¥k
o 4m¢] A9+ BlEFol7] wWEol AYzee FAHAFEE A W] W AL
2 FAHEY. a9, Ao Aojdes YIS AdHe AL add

)=
TZEHe AsEg o] s|AA|He] WAE= HAT-gEe] WH3Hlee and Focht,
1975; Rahman et al, 1977)¢} 3igto] AR = AL AA B st= I FF(seepage
force)e] W30 wE AP-2ee] wW3l(shihara and Yamazaki, 1984) o 253

fru
o
ol

_40_

Collection @ kmou

(D
)
—



JZt=FEgto] WHAEY] WREow AdEh w3, HFSEgH= Point 21004 19
7W7b2 0.9(H,=6m)¢}t 0.85(4m)e] ZkS Yeh==z 2 2 o] J33tE s
Aol 7t Ate AMES AT & Utk geoR, FESHAZE AnEd A
ol we} Mohr-Coulombe] k3| Mell AL ZHdle AHAE & F JYSBE T3 4tH
A3t Aol Ao =23 sloer wAgHAY

i)
foi
2
jur]
—~

1 : 1 :
Point 21 Point 21
g‘z I/ M| 2"({ Point 22 g‘z [/'\\ o e Point 22
- e } - AN A
0.7 \\ N 0.7 : { ) ,'" o) i "ﬁh
-~ 0.6 \ l“‘ - 0.6 3 " "m‘.\“l
Los Y- Los N
= A = ! |
0.4 ', 0.4 } \‘ o
0.3 " "‘l 0.3 ', \‘A '\I'I
0.2 hL 0.2 i "\1“ ¢
0.1 Y 0.1 4 -
0 > 5 A > j L
0 10 20 30 40 50 0 10 20 30 40 50
t(s) t(s)
(i) H;=6m (i) #,=4m
(a) Excess pore water pressure ratio
60 ! ! ! 60 ! ! T
rrrrrrrr Point 21 Point 21
504" Point 22 504|777 Point 22
40 40
=30 =30
20 20
10 4 10 p
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
r' r'
i) H;=6m (i) H=4m

(b) Effective stress path at the point
Fig. 2.16. Excess pore water pressure ratio and effective stress path at the points
21 and 22.

=

OEEESHESSIIE

A eo 2, Fig 2170] AUSANIEYu FAREE AN, o] 2RE 3
B9 FA W AAAMHA N AHFYDIEG] ANH FESFS 4D £
o AARoR me6mel Assh dme] Al fAT LZE VEE A ¢ 5

I, F AFA HPat w2 wjhbel A s E HUHYSeAuE e L, $-

ol

0 o

50

Collection @ kmou



W Ao}

el

s

=
T

&) A 2] kol A

L=
T

3}

SEXo| ngwHy mA|ute] A

kel Aol A thek 40m Eofxl

oy

)
—

STRUCTURE SCALE

4m

(a) H,

STRUCTURE SCALE

6m

(b) H,
Fig. 2.17. Final distributions of maximum excess pore water pressure ratio.

24 A

<

3}

LAY 713, 2

= d
=

bol v

£ ol &3

92}

:‘[:
FxF5529 2D-NIT(Lee et al., 2013) 22L& A 83la] el Ayt

b1 $istod

3

5H3YEe FNHOR PE

FLIP(Iai et al., 1992a, 1992b)%. 4 o)

=EE

_42_

Collection @ kmou



Sl A oFzrel

S

AAA NN E T 2 3}

S

-
L.

}.

[e)
nh ARl ANpresy

3 me o] 3

AR T =
4 ) atd My
© 2 T -
T X
olo 2 N o)
OT O# T N
A K my olJ
H o T %0
ol T 1
M,_ 1 4 ny
~NH
T T ww
< ™
TR h 4
ST R X
se]
CRCIC N )
N R i_ T
—_— O
O — =
o = Wo% K Mﬂc
T 3 m 11 E
oo BN &
ok B T op i3
o 2 % o
T ®2E P
= I = o
T s WMo =
T OY S i
T oo ok 8
) ﬂmﬂ o N
= & W
9 X T o}
o S = -
B o =
R JCUR
Ex ® o
8 2 w7

_43_

= AAIRE,

(e}

=

ot w2 RE A
Collection @ kmou

3

<
=]



References

- CDIT(2001). Research and development of numerical wave channel(CADMAS-SURF),
CDIT library, 12, Japan.

- Chen, Y., Lai, X., Ye, Y., Huang, B. and Ji, M. (2005). Water-induced pore water
pressure in marine cohesive soils, Acta Oceanologica Sinica, 24(4), 138-145.

- Cheng, L., Sumer, BM. and Fredsese, J. (2001). Solutions 1 of pore pressure build
up due to progressive waves, Intl. J. for Numerical and Analytical Methods in
Geomechanics, 25, 885-907.

- Hirt, C.W. and Nichols, B.D. (1981). Volume of fluid (VOF) method for the dynamics
of free boundaries, J. of Computational Physics, 39, 201-225.

- Jai, S., Matsunaga, Y. and Kameoka, T. (1992a). Strain space plasticity model for
cyclic mobility, Soils and Foundations, JSSMFE, 32(2), 1-15.

- lai, S., Matsunaga, Y. and Kameoka, T. (1992b). Analysis of undrained cyclic
behavior of sand under anisotropic consolidation, Soils and Foundation, JSMFE, 32(2),
16-20.

- Ishihara, K. and Yamazaki, A.(1984). Analysis of wave-induced liquefaction in seabed
deposits of sand, Soils and Foundations, JSMFE, 24(3), 85-10.

- Imase, T., Maeda, K. and Miyake, M. (2012). Destabilization of a caisson-type
breakwater by scouring and seepage failure of the seabed due to a tsunami,
ICSE6-128, Paris, 807-814.

- Jeng, D.S. (1997). Wave-induced seabed response in front of a breakwater, PhD
thesis, Univ. of Western Australia.

- Jeng, D.S. and Hsu, J.R.C. (1996). Wave-induced soil response in a nearly saturated
seabed of finite thickness, Geotechnique, 46(3), 427-440.

-Jeng, D.S. and Seymour, B.R. (2007). Simplified analytical approximation for
pore-water pressure buildup in marine sediments, J. of Waterway, Port, Coastal, and
Ocean Eng., ASCE, 133, 309-312.

- Jeng, D.S, Seymour, B. and Li, J. (2006). A new approximation for pore pressure
accumulation in marine sediment due to water waves, Research Report No.R868, The
Univ. of Sydney, Australia.

- Jeng, D.S., Zhou, X.L., Luo, X.D., Wang, JH., Zhang, J. and Gao, F.P. (2010).

- 44 -

Collection @ kmou



Response of porous seabed to dynamic loadings, Geotechnical Eng. J. of the SEAGS
& AGSSEA, 41(4).

- Kang, G.C., Yun, SXK. Kim, T.H. and Kim, D.S. (2013). Numerical analysis on
settlement behavior of seabed sand-coastal structure subjected to wave loads, J. of
Korean Society of Coastal and Ocean Engineers, 25(1), 20-27.

- Kianoto, T. and Mase, H. (1999). Boundary-layer theory for anisotropic seabed
response to sea waves, J. of Waterway, Port, Coastal and Ocean Eng., ASCE, 125(4),
187-194.

- Ko, H.Y. (1988). Summary of the state-of-the-art in centrifuge model testing,
Centrifuges in Soil Mechanics, Craig W.H., James R.G. & Schofield A.N. eds.,
Balkema, Rotterdam, 11-18.

- Li, J. and Jeng, D.S. (2008). Response of a porous seabed around breakwater heads,
Ocean Eng., 35, 864-886.

- Lee, KH., Baek, D.J., Kim, D.S., Kim, T.H. and Bae, K.S. (2014a). Numerical
simulation on seabed-structure dynamic responses due to the interaction between
waves, seabed and coastal structure, J. of Korean Society of Coastal and Ocean
Engineers, 26(1), 49-64.

- Lee, KH., Baek, D.J,, Kim, D.S., Kim, T.H. and Bae, K.S. (2014b). Numerical
simulation of dynamic response of seabed and structure due to the interaction
among seabed, composite breakwater and irregular waves(l), J. of Korean Society of
Coastal and Ocean Engineers, 26(3), 160-173.

- Lee, K.H., Baek, D.J.,, Kim, D.S., Kim, T.H. and Bae, K.S. (2014c). Numerical
simulation of dynamic response of seabed and structure due to the interaction
among seabed, composite breakwater and irregular waves(2), J. of Korean Society of
Coastal and Ocean Engineers, 26(3), 174-183.

- Lee, K.H., Kim, CH.,, Kim, DS., Yeh, H. and Hwang, Y.T. (2009a). Numerical
analysis of runup and wave force acting on coastal revetment and onshore structure
due to tsunami, J. of Korean Society of Civil Engineers, KSCE, 29(3B), 289-301.

- Lee, K.H.,, Kim, C.H., Kim, D.S. and Hwang, Y.T. (2009b). Numerical analysis of
wave transformation of bore in 2-dimensional water channel and resultant wave

loads acting on 2-dimensional vertical structure, J. of Korean Society of Civil

_45_

Collection @ kmou



Engineers, KSCE, 29(5B), 473-482.

-Lee, KH., Kim, CH., Hwang, Y.T. and Kim, D.S. (2008a). Applicability of
CADMAS-SURF code for the variation of water level and velocity due to bores, J. of
Ocean Eng. and Technology, KSOE, 22(5), 52-60.

- Lee, K.H., Kim, D.S. and Yeh, H. (2008b). Characteristics of water level and velocity
changes due to the propagation of bore, J. of Korean Society of Civil Engineers,
KSCE, 28(5B), 575-589.

- Lee, K.H., Park, J.H., Cho, S. and Kim, D.S. (2013). Numerical simulation of irregular
airflow in OWC wave generation system considering sea water exchange, J. of
Korean Society of Coastal and Ocean Engineers, 25(3), 128-137.

- Lee, K.L. and Focht, J.A.(1975). Liquefaction potential of Ekofisk Tank in North Sea,
J. of the Geotechnical Eng. Division, ASCE, 100, 1-18.

- Madsen, O.S. (1978). Wave-induced pore pressure and effective stresses in a porous
bed, Geotechnique, 28, 377-393.

- Mase, H., Sakai, T. and Sakamoto, M. (1994). Wave-induced porewater pressures and
effective stresses around breakwater, Ocean Eng., 21(4), 361-379.

- McDougal, W.G., Tsai, Y.T., Liu, P. L.-F. and Clukey, E.C. (1989). Wave-induced
pore water pressure accumulation in marine soils, J. of Offshore Mechanics and
Arctic Eng., ASME, 111(1), 1-11.

- Mei, C.C. and Foda, M.A. (1981). Wave-induced response in a fluid-filled poroelastic
solid with a free surface-A boundary layer theory, Geophysical J. of the Royal
Astrological Society, 66, 597-631.

- Miyake, T.(2014). A study on the tsunami disaster mechanism on coastal structures
due to instability of rubble mound and seabed ground and its countermeasure,
Doctoral Thesis, Nagoya Institute of Technology.

- Miyake, T., Sumida, H., Maeda, K., Sakai, H., and Imase, T. (2009). Development of
centrifuge modelling for tsunami and its application to stability of a caisson-type
breakwater, J. of Civil Eng. in the Ocean, 25, 87-92.

- Miyamoto, J., Sassa, S. and Sekiguchi, H. (2004). Progressive solidification of a
liquefied sand layer during continued wave loading, Geotechnique, 54(10), 617-629.

- Okusa, S. (1985). Wave-induced stresses in unsaturated submarine sediments,

_46_

Collection @ kmou



Geotechnique, 32(3), 235-247.

- Ozutsmi, O., Sawada, S., lai, S., Takeshima, Y., Sugiyama, W. and Shimasu, T.
(2002). Effective stress analysis of liquefaction-induced deformation in river dikes, J.
of Soil Dynamics and Earthquake Eng., 22, 1075-1082.

- Rahman, M. S., Seed, H. B. and Booker, J. R.(1977), Pore pressure development
under offshore gravity structures, J. of the Geotechnical Eng. Division, ASCE, 103,
1419-1436.

- Sassa, S. and Sekiguchi, H. (1999). Analysis of wave-induced liquefaction of beds of
sand in centrifuge, Geotechnique, 49(5), 621-638.

- Sassa, S. and Sekiguchi, H. (2001). Analysis of wave-induced liquefaction of sand
beds, Geotechnique, 51(12), 115-126.

- Sassa, S., Sekiguchi, H. and Miyamoto, J. (2001). Analysis of progressive liquefaction
as a moving-boundary problem, Geotechnique, 51(10), 847-857.

- Sakakiyama, T. and Kajima, R. (1992). Numerical simulation of nonlinear wave
interaction with permeable = breakwater, Proceedings of the 22nd ICCE, ASCE,
1517-1530.

- Sawada, S., Ozutsumi, O. and Ilai, S. (2000). Analysis of liquefaction induced residual
deformation for two types of quay wall: analysis by “FLIP“, Proceedings of the 12th
World Conference on Earthquake Eng., No.2486.

- Seed, H.B. and Rahman, M.S. (1978). Wave-induced pore pressure in relation to
ocean floor stability of cohesionless soil, Marine Geotechnology, 3(2), 123-150.

- Seed, H.B., Martin, P. O. and Lysmer, J. (1975). The generation and dissipation of
pore water pressure during soil liquefaction, Report EERC 75-26, Univ. of California,
Berkeley, California.

- Sekiguchi, H., Kita, K. and Okamoto, O. (1995). Response of poro-elastoplastic beds
to standing waves, Soil and Foundations, JSSMFE, 35(3), 31-42.

- Sumer, B.M. and Fredsee, J. (2002). The mechanics of scour in the marine
environment, World Scientific.

- Tonkin, S., H. Yeh, F. Kato, and S. Sato (2003). Tsunami scour around a cylinder, J.
of Fluid Mech., 496, 165-192.

- Towata, I. and Ishihara, K. (1985). Modeling soil behaviour under principal stress

_47_

Collection @ kmou



axes rotation, Proceeding of the 5th Intl. Conference on Numerical Method in
Geomechanics, 1, 523-530.

- Tsai, C.P. and Lee, T.L. (1995). Standing wave induced pore pressures in a porous
seabed, Ocean Eng., 22(6), 505-517.

- Ulker, M.B.C, Rahman, M.S. and Guddati, M.N. (2010). Wave-induced dynamic
response and instability of seabed around caisson breakwater, Ocean Eng., 37,
1522-1545.

- Yamamoto, T., Koning, H., Slimejjer, H. and Van Hijum, E. (1978). On the response
of a poroelastic bed to water waves, J. of Fluid Mechanics, 87, 193-206.

-Ye, J., Jeng, D., Liu, P. L.-F., Chan, AHC, Ren, W. and Changqi, Z. (2014).
Breaking wave-induced response of composite breakwater and liquefaction in seabed
foundation, Coastal Eng., 85, 72-86.

- Yeh, H. and Mason, H.B. (2014). Sediment response to tsunami loading : mechanisms
and estimates, Geotechnique, 64(2), 131-143.

- Young, Y.L., White, J.A., Xiao, H., Borja, R.I. (2009). Liquefaction potential of
coastal slopes induced by solitary waves. Acta Geotechnica, 4 (1), 17-34.

- Yuhi, M. and Ishida, H. (2002). Simplified solution of wave-induced seabed response
in anisotropic seabed, J. of Waterway, Port, Coastal and Ocean Eng., ASCE, 128(1),
46-50.

_48_

Collection @ kmou



A3 AL IE I FHANLY FAHIH

3.1 A&

2011 3¢ 110 HAg s EAAZ M0 &gt AL} (tsunamhD=E UA3h
YEo A= AR 13,3929, AFA}F 15,1337 2 FAAF 4,896 2] A G A ] &)
=2, 3%, 3, dAEEdAL FY JzgAE 9 g mE JbER4A

S g3 EFHIHE dJonm, HT LEZFYWAS (The Japanese Central

Disaster Prevention Council, 2012)°|4= M9.2¢] =Z7]E Zt= Tokai, Tonankai %

Nankai®] 3A&A 9 TAY7FsAEES A7Ista a, o2 Agk AR A&
o wata gk,

g, A= sl Al AT AAHTHLE AR AJA G A A 3|

Aol thgk s IR ANA F
QHe] mtFEolE A Algsta U Ao R Bk e AfbFxRES A<

A
omy WA 2 A489Y @ ARE LAY 5 AW, = A 2ANAN A2

m o 2

S L o-ARb T2 E=-X| VLY FAAFTANA AR AEeL AWy A=A T
< dutd o g HAYPF T FAHoR AEHW, FX 4 tig AT E= Miyamoto,
et al.(2004), Sassa and Sekiguchi(1999, 2001), Sassa et al.(2001), Mase et al.(1994),
Ulker et al.(2010), Li and Jeng(2008), Ye et al.(2014), Kang et al.(2013), Lee et al.(2014a,
2014b, 20140) 5= E = F Yok oI} IFY EFE FUIA T s YR

stal Q7] wiiEel HIFrIAdel A dF} ZEAld= ALH 5 gtk AALIAE
does 3 AFEc dF FHAA AL ol «lETL AEs FESHY T A
A3 Tonkin et al.(2003), XA L=S 1H9E ZASI Boussinesqd A4S &

st Ao FAHHAARE A2 HE ST Young et al.(2009), AL A5
2 FAst JAARFAIAT| A ST TA o 2ZEte TuiaE g Ak
ZE9 IS ZHES}A, SPH(Smoothed-particle Hydrodynamics)soll <3k X2 3}
o} HAAFNE w3 Y= Miyake et al(2009) L Imase et al.(2012), A &)L }=
AR A 72Nk k=49t AlE 7HeAd 55 %71sE Yeh and Mason(2014)

_49_

Collection @ kmou



2 AFolMe AXNYIE 1HHAZ ZAEIY 23 FA 3520 2D-NIT(Two-
Dimensional Numerical Irregular wave Tank; Lee et al., 2013)22-& 2 &3&le] 133}
E FAzEA, o2 A3 ARk hsedd st e ANbAFES WSt
A AL = A= F3Feis)4 =2 73821 FLIP(Finite element analysis Liquefaction
Program; lai et al., 1992a, 1992b)< A&ttt o] 2D-NIT & FLIPRIZRE LA ==
TR A el A& Young et al.(2009) <t HHAgE vln - HESIY 2 349

o) B e AEa.

olZHY YA A F e AL 283 APDel FE=] T2
A B FHAR =k, +EeY B AdE 5o AnbeEe WEs] AEIh
A71M, FAGFFE2 R vl Smek 2.5me| ALY aE Zuhslal, o|ZEE A=
ARk B FxE FAAA A F RS FLIPO| AlZtolgstso® 2-&A1A 5053t
A= AART o] w, YARIHIYE AFHEjbe dARse Aok dReA e

3.2 FA S| o] &

3.2.1 2D-NIT®d 9] 7|8

B 7o ID-NTRDY 242 98 FX95528 Fig 310 vehlel, 284
t 20 A% z9as 9 FHAE 9@ 2499 ol FolA i, PG
Z b FEW RPuARde sy Sstel dabvte] sy Lo 2ujnch 2 Best

d
&=
we

Atk 2D-NITE = (Lee et al, 2013)2 7|&9 2x3LdFA A sTE2EED S EF2G5HC
wd, AfEHA H4mde] VOFYL, g &

&3t Aok WA 2xdvIdEsAdY A4

PBM(Porous Body Model; Sakakiyama and Kajima, 1992)°.2 g-73sk

2oz FojAH, B} A HEE Lee et al.(2013)2 FZx3s17] gt

yd i

avier-StokeswA

3.2.2 1Yo X =x9}
B AFo A= Fig 3.19 sl gl Bronsen and Larsen(1987)el 2|3k Zu}ubH
S Hgsle] 1PFE £ 2FsY, 2FA2Z 52 Grimshaw(197Dd] &3] 5% 1

_50_

Collection @ kmou



o] 3xFAEHHERS-4E H 83 cHFenton, 1972). Bt AAMSH AR E Lee et al.(2008)
S zhzupgt

orthogonal grid system

4|0pen boundary i open boundary |7

l—{added dissipation zone ATZ added dissipation zone }—‘
z —PAX ke—
wave =[—wave

s X
0
§ wave maker

: La(>2L) calculation zone La
Fig. 3.1. Schematic sketch of the numerical wave tank used in 2D-NIT model.
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Table 3.1. Parameters used in the experiment and 2D-NIT and FLIP models.
. _____________ |

Permeability 1.5x107°m/s
Porosity 0.39
Poisson ratio 04
Friction angle 35°
Dilatancy angle 20°
Pore fluid bulk modulus 4.0MPa

Legend: O = Wave gauges
B = Pore pressure sensors

O WGl

\/_ Still water line

Om 10m 12m  15m [7m 19m 21m 23m 25m 27m 29m  32m 41.5m

Fig. 3.2. Elevation view of the experimental setup. The triangular area between 12
and 41.5m is the mobile sand bed, which sits on the concrete bottom of the flume
(Young et al., 2009).

Fig. 33 H-60cme wgste] ©ls) z=27melA A= FomEol Azuss U
BhiTh 4714, z=2Tm 9AelA Aol b QAT ILRY e 50em FEE e
= AL r~22m AANA t~755A0 AFHs] B, 12T & ~385mAA
WA 2ol WAAT Fig. 33025 E g=2imeld <R0s7HAE A AHe B 53
NAD e B AAEE AL HAT 4 AAR, IslAE run-upE 97t

run-down¥ = ®HALTLS] JFo 2 o7 AoVl Y= AS B & AT

| Numerical |~

Wave height (m)
>
N

0 —
-0.2
0
t(s)
Fig. 3.3. Comparison of the predicted and measured wave elevation time history at
x= 27m.
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Fig. 3.4. Comparison of the predicted and measured pore water pressures at
x=27m. The z-values are measured from the bed surface at z=27m.
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Hhol Aol #3 FAALS FHEAT. o] uf, FF - $AA Y} sFBANA +H
Hele FEHEJL, F - $AAY FAHAE 8o, sHFEAANA FARAE
TEHJAT. FA A AHNA L s f F AR w5 F330 AN At
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59| E4/%+= Table 3.29} #t}.
Fig. 3.6014 = APty Helel 7kEE 4912 N1, N2, N39F =iz vy 73t

LS.
St BeErEsY B AdASadvle] A8 9A points 1-26e YERAT

Sm

Wave
damping zone
Lim

Wave
damping zone

250m | 10m | S0m |

Fig. 3.5. Schematic diagram of the numerical wave tank domain uséd for this
numerical simulation.

Table 3.2. Soil properties used for this numerical simulation.

Soil types Saturated unit | Shear modulus|Bulk modulus e;:;?\l/e Ets:;l Cohesion Porosity Poisson's
weight(kN/nr’) (kPa) (kPa) stress(kPa) | angle(®) (kPa) ratio
Sand 7.053 < 10" | 1.839 < 10° 98 36 - 0.46 0.33
Backfill 20 8.500 < 10* | 2.126 < 10° 98 37 - 043 0.33
Gravel 1.801 % 10°% | 4.800 < 10° 98 50 - 0.46 0.25
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Fig. 3.10. Excess pore water pressure, mean effective stress and excess pore water
pressure ratio at the points 1~4.
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Fig. 3.13. Excess pore water pressure, mean effective stress and excess pore water
pressure ratio at the points 11 and 12.
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Fig. 3.14. Excess pore water pressure, mean effective stress and excess pore water

pressure ratio at the points 13~16.
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pressure ratio at the points 21 and 22.

_66_



goz Ehl
. oA, ArBERESYR A g w/«v o B, 4RI B
Wk H5mel A7t HABFEGAAE Bk 2 e YB AT, BEFESH

2 AG7HA ] Aol 71zt HPEl vkE wjdo] H4gdstd sl 7 Avs
e AT F A, oJAL FEEY FAAFLERE APAA IFE W] o
72 Aoz dAddyg

.4000
L6000
.8000
.9000 ]
.000 I

\
{ Poooo

STRUCTURE SCALE
.4000
.6000
.8000
.9000
.000

AR vv
roooo

(b) H;=5m
Fig. 3.16. Final distributions of maximum excess pore water pressure ratio.

PARo 2, Fig 31600 Uelle Ais HiHYFFagme] FhEEot. A
o2 H=bme A7} 2.5me Adun Z e BEE
Az oke] ulZ WA 71 = AU FYEdnE YeE L, F£Ho =

_67_

Collection @ kmou



W oE o
ﬂ@ﬁw@
@@m«% mwﬂore_
e Iy
> X RN
H o ®T oF o o8 A o W ]
ﬂwnﬁé %Man@#ﬂi 5 2 -
R H%ﬁ%;}ﬁﬁmﬁw . 5 3
N Lo T s 0y o = B0
mwﬂOM, ﬂW&u]HﬂMO 0 ™ .:LHT ﬂﬂ. )
=+ ml_amaz_;.ww > B g <% ©
Mr%iaw ﬂﬂ#%%.ﬁ% i = T h L T
3 lﬁl_}ﬂa , ik N
= = ) r J
w o B wnm@amﬁ;:_o ) 5t B W ad
©E L s TEIETE S S IR YL S ©
e T N o o O =pd  wY =
Moo W o o T o Mo P 4 4
?%Jz ﬂimﬂlﬂ%a..% oo ﬂ_fo&o %@E a
_fﬂwo% @#ﬂm@qﬂ%ﬂ R m T }mvm o
W E & Eowmahﬂmoa iy w R R T
A o w R o A NS SN G w e X
o] 2 émﬂ@_ﬁ X ey g N
S al o?i.%ﬂﬁaﬂ YA = o )
.%%W %mﬂmﬂﬁzﬂwg )% :_Ma C B TR oo
¥ 45 ®E A o e Wb o o S A
ER e JPp il 2 Y 5 3
my ‘M el = ) MH_H o R = mﬁ A o = ,m.m T oy oy . = N2 MM
-— N ]_Juo ! of
T2zl o%w¢%1mq 717 I i
oﬁaﬂ_d‘_ﬂour Wow @_@m_a% 3 T w TR 5T )
B w o o o B 9 sn Mo o v Ca, gl < ¥ o5
0 o _MOMHUHEAT A X lo Vlﬁ >
R b Jo° w5 = il 0 gy ) I~ e
oo B 52 ) = of = By il - XN o
IS W s E DR U T 3w o
r: Iva n_A-_l L_L 1:1_ _EE dl o .Ol o° 7U ,@% _.E \UI ZI ﬂ_1ﬂ ﬁi " ‘_Ir,” A_O 10°
s oI L puT e Rl AT 15 2%° B
> T o X 5 = ° aa]ﬂ
CON o Lo N E P = R o
= X R o M M : Ky TE
Tzl éﬁwmgﬁ_%ﬂﬂ T = MTM_MW 2w & >
F A o o P T M oo ir R o
oy = B oF iy o [ _Um niaey o< N oo BK
< A TH [ H ° S oo N ioh
. T4 > .0 i
25 83 TEd Lo
HEL \Q}umﬂﬁ ﬁd:i
c W -
(;OO

- 68 -

ol el =
- o
€ 2D-NIT & FLIPEH

Collection @ kmou



_69_

Collection @ kmou



References

- Brorsen, M. and Larsen, J. (1987). Source generation of nonlinear gravity waves
with boundary integral equation method., Coastal Eng., 11, 93-113.

- De Groot, M.B. and Meijers, P. (2004). Wave induced liquefaction underneath gravity
structures, Intl. Conference on Cyclic Behaviour of Soils and Liquefaction
Phenomena, 399-406.

- Fenton, J. (1972). A ninth-order solution for the solitary wave, J. of Fluid Mech.,
53(2), 257-271.

- Grimshaw, R. (1971). The solitary wave in water of variable depth: Part 2, J. of
Fluid Mech., 46, 611-622.

- Jai, S., Matsunaga, Y. and Kameoka, T. (1992a). Strain space plasticity model for
cyclic mobility, Soils and Foundations, Japanese Society of Soil Mechanics and
Foundation Eng., 32(2), 1-15.

-lai, S., Matsunaga, Y. and Kameoka, T. (1992b). Analysis of undrained cyclic
behavior of sand under anisotropic consolidation, Soils and Foundation, Japanese
Society of Soil Mechanics and Foundation Eng., 32(2), 16-20.

- Ishihara, K. and Yamazaki, A.(1984). Analysis of wave-induced liquefaction in seabed
deposits of sand, Soils and Foundations, 24(3), 85-10.

- Imase, T., Maeda, K. and Miyake, M. (2012). Destabilization of a caisson-type
breakwater by scouring and seepage failure of the seabed due to a tsunami,
ICSE6-128, 807-814.

- Kang, G.C., Yun, SK., Kim, T.H. and Kim, D.S. (2013). Numerical analysis on
settlement behavior of seabed sand-coastal structure subjected to wave loads,
Journal of Korean Society of Coastal and Ocean Engineers, 25(1), 20-27.

- Li, J. and Jeng, D.S. (2008). Response of a porous seabed around breakwater heads,
Ocean Eng., 35, 864-886.

- Lee, K.L. and Focht, J.A.(1975). Liquefaction potential of Ekofisk Tank in North Sea,
J. of the Geotechnical Eng. Division, ASCE, 100, 1-18.

- Lee, K.H., Park, J.H., Cho, S. and Kim, D.S. (2013). Numerical simulation of irregular
airflow in OWC wave generation system considering sea water exchange, J. of

Korean Society of Coastal and Ocean Engineers, 25(3), 128-137.

_70_

Collection @ kmou



- Lee, KH., Baek, D.J.,, Kim, D.S., Kim, T.H. and Bae, K.S. (2014a). Numerical
simulation on seabed-structure dynamic responses due to the interaction between
waves, seabed and coastal structure, J. of Korean Society of Coastal and Ocean
Engineers, 26(1), 49-64.

- Lee, K.H., Baek, D.J., Kim, D.S., Kim, T.H. and Bae, K.S. (2014b). Numerical
simulation of dynamic response of seabed and structure due to the interaction
among seabed, composite breakwater and irregular waves(l), J. of Korean Society of
Coastal and Ocean Engineers, 26(3), 160-173.

- Lee, KH., Baek, D.J.,, Kim, D.S., Kim, T.H. and Bae, K.S. (2014c). Numerical
simulation of dynamic response of seabed and structure due to the interaction
among seabed, composite breakwater and irregular waves(2), J. of Korean Society of
Coastal and Ocean Engineers, 26(3), 174-183.

- Lee, K.H., Lee, SK., Shin, D.H. and Kim. D.S. (2008). 3-Dimensional analysis for
nonlinear wave forces acting on dual vertical columns and their nonlinear wave
transformations, J. of Korean Society of Coastal and Ocean Engineers, 20(1), 1-13.

- Mase, H., Sakai, T. and Sakamoto, M. (1994). Wave-induced porewater pressures and
effective stresses around breakwater, Ocean Eng., 21(4), 361-379.

- Miyake, T., Sumida, H., Maeda, K., Sakai, H., and Imase, T. (2009). Development of
centrifuge modelling for tsunami and its application to stability of a caisson-type
breakwater, J. of Civil Eng. in the Ocean, 25, 87-92.

- Miyamoto, J.,, Sassa, S. and Sekiguchi, H. (2004). Progressive solidification of a
liquefied sand layer during continued wave loading, Geotechnique, 54(10), 617-629.

- Ozutsmi, O., Sawada, S., lai, S., Takeshima, Y., Sugiyama, W. and Shimasu, T.
(2002). Effective stress analysis of liquefaction-induced deformation in river dikes, J.
of Soil Dynamics and Earthquake Eng., 22, 1075-1082.

- Rahman, M. S., Seed, H. B. and Booker, J. R.(1977). Pore pressure development
under offshore gravity structures, J. of the Geotechnical Eng. Division, ASCE, 103,
1419-1436.

- Sassa, S. and Sekiguchi, H. (1999). Analysis of wave-induced liquefaction of beds of
sand in centrifuge, Geotechnique, 49(5), 621-638.

- Sassa, S. and Sekiguchi, H. (2001). Analysis of wave-induced liquefaction of sand

_7’]_

Collection @ kmou



beds, Geotechnique, 51(12), 115-126.

- Sassa, S., Sekiguchi, H. and Miyamoto, J. (2001). Analysis of progressive liquefaction
as a moving-boundary problem, Geotechnique, 51(10), 847-857.

- Sakakiyama, T. and Kajima, R. (1992). Numerical simulation of nonlinear wave
interaction with permeable breakwater, Proceedings of the 22nd ICCE, ASCE,
1517-1530.

- Sawada, S., Ozutsumi, O. and Iai, S. (2000). Analysis of liquefaction induced residual
deformation for two types of quay wall: analysis by “FLIP®, Proceedings of the 12th
World Conference on Earthquake Eng., 2486.

- The Japanese Central Disaster Prevention Council (2012). Investigative commission
of giant earthquake model of Nankai trough, The 16th, About proceedings summary,
http://www.bousai.go.jp/jishin/chubou/nankai/16/.

- Tonkin, S., H. Yeh, F. Kato, and S. Sato (2003). Tsunami scour around a cylinder, J.
of Fluid Mech., 496, 165-192.

- Ulker, M.B.C, Rahman, M.S. and Guddati, M.N. (2010). Wave-induced dynamic
response and instability of seabed around caisson breakwater, Ocean Eng., 37,
1522-1545.

-Ye, J., Jeng, D., Liu, P. L-F., Chan, AHC, Ren, W. and Changqi, Z. (2014).
Breaking wave-induced response of composite breakwater and liquefaction in seabed
foundation, Coastal Eng., 85, 72-86.

- Yeh, H. and Mason, H.B. (2014). Sediment response to tsunami loading : mechanisms
and estimates, Geotechnique, 64(2), 131-143.

- Young, Y.L., White, J.A., Xiao, H., Borja, R.1.(2009). Liquefaction potential of coastal

slopes induced by solitary waves. Acta Geotechnica, 4 (1), 17-34.

_72_

Collection @ kmou



Al 47 SEuF] FAEshe AW LAH

4.1 A

AL 5o wep ik AR 5 - Ho] o) 2 <l
s A, 53] AL o IuE =2,
HAAR ] Fld= ALS] - ATl A4 FE I U=
€ 269 FAS 5 MI1 Ao 93 A=A Y, 2010 29 27€ He oA
wAlel R M8.8el AR o3 A A XY L 20119 39 11Y €3 Ao A
LA 7R M09S FLEAAN F ARHLES & F Utk 53] sLEAALY
2 Qg osj@ret ofye}t 10919 71Eas] 2 ARFRa @ dxg ddie] 2
F 2 I A glo] T AYe mE Q=g I8 B e gS A Ag AA

g5 Hid gsE /PSS the9 Photo 4.10] m kel FjALEE A gL

A

o

]o

Photo 4. 1 Br1dges damaged by tsunami due to East Japan Earthquake

Aol A Asd vl o] SAdu ol Zr&ste A duteged it A= 2004
W A=A LA e wFgo] fFAEHE AfE Y2 olF EAX R F3 5
71 A&AEA T o &, lemura et al.(2005), Shoji and Moriyama(2007) 5-& BA] w9
g3 AT D wEFe] QA Ao thal, Araki et al.(2010a, 2010b) 5& AF| 7] %23}
W) Zgste= AW LGHo] thsl], Shoji et al(2009) T& AUyt BF
tf&l, Shigihara et al.(2010) & A& Yat= 7} wFo ?l%iz%oﬂ sl 242 A=

_73_

Collection @ kmou



Saskglth. 53, Shoji et al(2010} Asekute] agatol mwapel g3 5§ 2
ARpgae] AN LT YA S e ATE FASAT
S !

, AR gg ol FA e o] AR FAAEoE 4HI

Navier-Stokes*5%4 23 VOFMHirt and Nichols, 198D¥& W&l 9 &

SPH(Smoothed-Particle Hydrodynamics)'i &< 283t St o] digt A7 AHH=E

Arikawa et al.(2005), Xiao and Huang(2008), Shigihara et al.(2010), Nakamura et

al.(2013), Tanabe et al.(2013), Yim and Azadbakht(2013), Bricker and Nakayama(2014)

2 Xu015) T & & F Utk ol WEEL FAAHAE AFA A} vt
o

of FAYe 8 &

o
T

ol FA M E T 2xAAA HIHE &S 7] R F2E 2
A AL HR AF B AR XY FRETY IF T4 22 3ALAHA FoW
T4 B F1E F glde 91S Adoh a8, B A7E g3 o3 A
Y mee] AyATe] FHukS w3k Morisond & 283t Ay F4
sl vk ERE, A Fee dHo AAde] B3 dFA ke HuzRE
A4 efFAdnte] F2 =0 F 1, Morisong 53 A AU FHe HEHXA
&l A

B

gl B3 AMs Fd5H] fst TR Y FHl=
VOFH S, o] AHHA 2 ol = SMAC(Simplified Marker and Cell; Amsden and Harlow, 1970)

HS, dHs A o= LES(Large Eddy Simulation; Smagorinsky, 1963)22-& z+zF 2 -3}

Awelo] A G o] B AT A9} o] FAe} 714
: Mo 44T A9t B Y

7 =5 3 5 Bt} 1=
Ao g FaFEch TWOPM-3Do| thdt AAgE AFSHS Lee et al.(201)S #a13tr] uvf
Ca=s

ogozRE 20049 ASFANNUYA HAAE e A=Al Lueng le
)% AL te] NEA Agu e

TWOPM-3D& <x|s]43it). vt o] F=Hol= dHus vHs= 7|£2 3y 2y

]
3.
&
@
w
=
2.
D
@
o
Do
o
(@)
L
i
=
ox
o
il
k]
iA!
o
9
1o

Collection @ kmou
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Fig. 4.1. Comparison of experimental results(Matutomi,1991) and numerical ones
of this study for the bore force acting on the vertical revetment.
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Fig. 4.2. Setup of vertical cylindrical pile and water levels in higher and lower
water tank to generate bore.
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Fig. 4.3. Comparison of experimental results of Arnason(2005) and numerical ones
of this study for the bore force acting on the vertical cylindrical pile.
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Fig. 4.4. Comparison of experimental results of Arnason(2005) and numerical ones of
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this study for the horizontal velocity of a bore.

Table 4.1. Water depths and solitary wave heights.

h, (cm)

hy(cm)

B, (cm)

H;(em)

on the water depth h;

on the water depth A

60

3

6 402 | 498 | 60 | 72

72 | 101 | 114 | 135

Table 4.2. Sizes of plate and girder in model bridge.

B(cm)

L(cm)

1{cm)

D(cm)

L, (cm)

Ly (cm)

36

19

3

3.7

3

4
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Fig. 4.5. Definition sketch of 3-dimensional numerical wave tank in order to
estimate tsunami forces acting on the bridge.
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Fig. 4.6. Definition sketch of model bridge.
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20
15 — CASE 1
10 1 Horizontal tsunami wave force
4 == Vertical tsunami wave force
£ 57 .
eé 0 £ e
5 n
= 5—
~10 —
_15 —
-20 LI IR B E D I S I U I R B E—
7 8 9 10 11 12 13 14
Time|s]
20
15 — CASE 2
10 1 Horizontal tsunami wave force

——————— Vertical tsunami wave force

Force[N]
S W
[
g

,-

7 8 9 10 11 12 13 14
Time]s]

15 — CASE 3
Horizontal tsunami wave force

4 b W S Vertical tsunami wave force
5 — FI\

e '
01 i =S

Force[N]

Time][s]

15 — CASE 4
7 3 ~———— Horizontal tsunami wave force
——————— Vertical tsunami wave force

Force[N]

7 8 9 10 11 12 13 14
Time[s]

Fig. 4.7. Time variation of horizontal and vertical tsunami forces acting on the
bridge.
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Time=8.5338

Time=8.5338

(a) Front and side views at ¢=8.533sec

Time=9.1498

Time=9.1498

b
.

(b) Front and side views at ¢=9.149sec
Fig. 4.8. Snapshots of fluctuation of simulated tsunami water level.
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Fig. 4.9. Time variation of the simulated water levels and velocities at the position
in the absence of the bridge.

FDl = _pODlB(hiu?)max (46)
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Fig. 4.10. Estimated drag coefficients.
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Fig. 4.11. Comparison between the estimated maximum tsunami forces by Morison
eq. considering drag force only and the numerical ones.
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Fig. 4.12. Time variation of the computed and estimated tsunami forces in the
bridge.
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Table 4.3. Estimated drag and inertia coefficients.

CD 2) C]l[ ODQ CM' CD 2) C]lf CD 2 GW
CASE 2 0.46 0.16 CASE 3 041 0.14
CASE 4 0.45 0.22 Average 0.44 0.17
14 —
N O
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=g — e 2
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£ 4 e ¢
7 |© © O Designcriteria(2008)(C ;=1.82)
2 — A A 4 Design force component(C ,=1.16)
T e & Dragand inertia force components
0— (Cp, =0.44,C , =0.44)
L T B T L L L
0 2 4 6 8 10 12 14
Bifmay[N]

Fig. 4.13. Comparison of computed and estimated wave forces acting on the bridge.
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2012a), =713} (Nakamuta et al.,, 1998; Nakamura and Latt, 2010; Poon et al., 1998;
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M= udz = U(h+n)= UD (54)

N= vdz= V(h+n)= VD 5.5)

Table 5.1. Fault parameters for 1983 Central East Sea earthquake(Aida, 1984).

Faults Latitude | Longitude | Depth | Strike Dip Slip Length | Width | Dislocation
°N) (°E) (km) | angle(®) | angle(®) | angle(®) | (km) | (km) (km)
fault 1 40.21 138.84 2 22 40 90 40 30 7.60
fault 2 40.54 139.02 3 355 25 80 60 30 3.05
Table 5.2. Computation conditions.
Number of area Number of grids Grid size(m) Coord. system SWE type
Area No.1 1333x1629 1215
Area No.2 687x1182 405
Area No.3 1098x1101 135 Cartesian Linear
Area No.4 1218x1068 45
Area No.5 1368x1281 15
Area No.6 408x393 5 Nonlinear

SWE : Shallow Water Equation

Figs. 513 52+ &l HuF9le FHEExe} e - S Uehd Aol
M, Fig. 512 £ A9 Y Aida(198H) A ZHE vl d g o AT #3
AT REP S o] L3t AL Lee et al.(2002)¢] XA #Z, Fig. 5.2 COMCOTE=
E2HEH & o] FXNAAE ZZ et 7 FANAARE vt - &S5
A Hug9 " AHS - 1y Yo]l ALY Y AL AT 5 A3, 53] P H=d
A A E SR de]l F i ATNA FLdEA HEETE A & F Ao 1Y
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FZF gol@ A& ¥ F Atk ot AW A=t AW 1A S Holel ojs Ay
A oz BUsH, AWHOR I - WFGe] W L Ause el g Fol AL &
AStE2 ol F B Ao Hgaks COMCOTRH | o3t Sx\a)daste] A s
YZT & Ue Ao wudn

54 538X FAZX FEAL AE

A4 Fx %2 Google earth proZRE E353 A2 FoA FA7 FHo A Y
HolH & 2424 g53da, 334 F842 1993 7€ 129 dE H3l= Okusiri
AolA BT FEledAdafiAzlids o2 AESAT. o w, &3t E
(Takahashi et al, 1994 % A4tdS T A4bz1d2 Tables 5.3, 5.4 AA]
2t} Fig. 532 Hal=dAgsiAdside]l & Hsjx= Okusiri HolAFEH 53
st= B ALY Y-S, Fig 54 3ol FHAA A 2 FEAFe x3
247y AAei, AL WFe R, FHAFPS Fie OFSE F7|Ho ot AL
EogoA AL FFo] FE3I THE & AEF AU TR Aol A FE
180min &<+ A= AT T27laL, Fig. 2.50] £ ALtel H&H FxAXe 43 =7]
2 Yehie, ol 4,=20m, dy=23m, (=335m, L=200m, B=735m, B'=200m (B=2B'+1)
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o

Fig. 5.1. Simulation of inundation at
Imwon port during 1983 Central East
Sea tsunami (Lee et al., 2002).

Fig. 5.2. Present simulation by COMCOT
model.
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Table 5.3. Fault parameters for 1993 Hokkaido Southwest Off earthquake
(Takahashi et al., 1994).

Fauls Latitude | Longitude | Depth | Strike Dip Slip | Length | Width | Dislocation
CN) (E) (km) | angle(®) | angle(®) | angle(®) | (km) | (km) (km)
fault 1 | 42.10 139.30 5 163 60 105 24.5 25 12
fault 2 | 42.34 139.25 5 175 60 105 30 25 2.5
fault 3 | 43.13 139.40 10 188 35 80 90 25 5.71
Table 5.4. Computation conditions.
Number of area Number of grid Grid size(m) Coord. system SWE type
Area No.1 1333x1629 1215
Area No.2 687x1182 405
Area No.3 1098x1101 135 Cartesian Linear
Area No.4 975x873 45
Area No.5 1314x1311 15
Area No.6 1116x891 5 Nonlinear
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[1993.7.12 Tsunami] AREA No.1

Fig. 5.3. Computation areas.

Fig. 5.4. Spat1a1 dlstrlbutlon of water depth
and terrain elevation around Mukho port

Fig. 5.5. Size and shape of resonator installed to the existing breakwater of Mukho
port.
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1993.7.12 Mukho 7 1993.7.12 Mukho Harbor
) 993,712 Muktio B

water level height] | o9 0.4 0.8 12 1.4 16 18202224 26 2832 3.6 40 water level height] | 0.0 0.4 0.8 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.2 3.6 4.0

(a) Without resonator (b) With resonator
Fig. 5.6. Maximum tsunami water level at Mukho port whether the resonator is
installed or not.
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Fig. 5.7. Time variation of tsunami water elevation at the most inside of Mukho
port whether the resonator is installed or not.

Fig. 5.8. Size and shape of resonator with the change of width B or B’(for the
fixed £=200m).
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(a) B=635m(B"=100m) (b) B=835m(B"=300m)
Fig. 5.9. Comparison of maximum tsunami water level with the change of resonator
width B at Mukho port(for the fixed £=200m).
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Fig. 5.10. Time variation of tsunami water level with the change of resonator
width B at Mukho port(for the fixed £=200m).
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Fig. 5.11. Size and shape of resonator with the change of length L(for the fixed
B=735m or B’'=200m).
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Fig. 5.12. Comparison of maximum tsunami water level with the change of

resonator length £ at Mukho port(for the fixed B£=735m or B’=200m).
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Fig. 5.13. Time variation of tsunami water level with the change of resonator

length L at Mukho port(for the fixed B=735m or B’=200m).
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Fig. 5.15. Spatial distribution of water
Fig. 5.14. Computation areas. depth and terrain elevation around
Imwon port.
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Fig. 5.16. Size and shape of resonator installed to the existing breakwater of
Imwon port.
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(a) Without resonator . (b) With resonator
Fig. 5.17. Maximum tsunami water level at Imwon port whether the resonator is
installed or not.
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Fig. 5.18. Time variation of tsunami water surface elevation at the most inside of

Imwon port.
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Fig. 5.19. Size and shape of resonator with the change of width B or B’(for the
fixed £=100m).
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Fig. 5.20. Comparison of maximum tsunami water level with the change of
resonator width B at Imwon port(for the fixed £=100m).
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Fig. 5.21. Time variation of tsunami water level with the change of resonator
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Fig. 5.22. Size and shape of resonator with the change of length L(for the fixed
B5=330m or B’'=100m).
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Fig. 5.23. Comparison of maximum tsunami water level with the change of
resonator length £ at Imwon port(for the fixed B=330m or B’=100m).
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N

A No.1 .

Fig. 6.3. Spatial distribution of water
Fig. 6.2. Computation area. depth and terrain elevation around
Samcheok port.

[1993.7.12 Tsunami] ARE

Table 6.1. Computation conditions.

Number of area Number of grids Grid size (m) Coord. system SWE type
Area No.l 1333x1629 1215
Area No.2 687x1182 405
Area No.3 888x1311 135 Cartesian Linear
Area No4 180x216 45
Area No.5 171x189 15
Area No.6 342x240 5 Nonlinear

SWE : Shallow Water Equation

6.2.2 AP FARA [ 19 F&= =7]
Latt and Nakamura(2011a, 2011b)oll ¢J3f 7Rt¥ Fig. 1.29] A2 FHAA] [ 53l
QF At %7] wWabAlo &g A $-E Fig. 6.4 AASHH, o] AlLtelA= 4
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TR 19] dolE L=50m, 100m, 150m= ¥H3}A|ZIt} o522, Latt and Nakamura(2011a,
2011b)oll &f3f AAE Fig. 1.29] = & AP FEA = FL3tA Fig. 6.50] A|Al
stH, Fig. 6.5(@)+« type I B,=50m, [,=50mE 2A3s}ar [,=100m, 135m, 170m= 3}
AN ZA AL, ¥rEe) Fig. 6.5(b)= type 12 B,=50m, [,=170mE A3} [,=50m, 70m, 90m
2 HIIAHT. Aq7A, AFAE3ARZA 1Y Ade dFEA
A} ol d,=9.2m, d,=9.4m, [=83m, B(2B’ +1)=183m= 2z} FAH = A}

O:

Fig. 6.4. Size and shape of new type of resonator I installed to the initial
breakwater of Samcheok port.

(@) Type 1 (b) Type II
Fig. 6.5. Size and shape of new type of resonator II installed to the initial
breakwater of Samcheok port.
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(a) Without resonator (b) With new type of resonator I
Fig. 6.6. Maximum tsunami water level at Samcheok port whether the resonator I
is installed or not.

PLTLEI T

(@ £=100m B (b) £=150m
Fig. 6.7. Comparison of maximum tsunami water level with the change of length L
of resonator I at Samcheok port.
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Samcheok port _i__ R : . L o N N .
Location 7 i | i i !
0.8 L=50m
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Water Surface Elevation(m)
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(a) Location 7
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(b) Location 9
Fig. 6.9. Time history of tsunami water level with the change of the length L of
resonator I at Samcheok port.
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