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Two and Three Dimensional Wave Loads Acting on the Vertical Revetment and
Cylindrical Pile due to a Bore

HAAL, Az, = A48

Hyun Seok Choi’, Do Sam Kim’ and Sung Cho®

1. M

rhu

200430 PG PR 8.99] Q=
AJRE 3ol 1om oo A Axls|dS TAA

, ol® °10P°1 304k el %‘#3}—‘& 1 vl of
[e]

[e)

28N A F2RES FYT 4 ElJ— 4 TH
F2 3 A= (Nakamura, 2008)< :ﬁ%hﬂ A
A5 (|2, Takahashi et al., 1999)% o]:7]
i3 Ak, w3, vl 2 J‘rJ—Qr [ RS
A4S et B2 9 B HAedsE 011710}
al o] gk 9 IR e B QIgk A
A & Sog 22 EEE 2Hske A= Atk
(Matsutomi and Shuto, 1994).

A AL b= s 3kAlol overturning tipe] AW <]

ol ZAsHAl HFEHWA FAZ 92 Ha, olE
gies] 21 9y wiitel] A s| el dis) %JJr(bore)
2 ad F drk. ojgk EA w2 AT
He dupel FREale) %Hlﬁﬁé @ o
ZAaulE s FxFo R g, B AT 5§aA
1 gkl g shal o skl AALg

2 gk s oo gt A4 3 FE g

3 Sl ol 8l o skl ubAlatg

& 3] skl Anish 2e watel 485
oA Hpm] AT v EHS AR
o) wee

Matsutomi(1991)2] A& A3 = A}1Z2+¥
Zbe FATFEE #Este FEHe 548
Yeh(SMU, 2009)°] HAAz}e} 2 Aol &
FA S AAE 247 v - HES

Aget @ FAFRE AEste duEs
FAH R HIsr] fte] & AFeME Y
o] FA o= VOFH(Hirt & Nichols, 1981)%, |4k
g 2o = SMACH (Amsden & Harlow, 1970)2, W5
3| Aol = LESE 2 (Smagorinsky, 1963)<S Z}ZF o]-&
Sl 22 2 AT A|FE TR (0] FE 5, 2008)
£ A&33it.

AR A Fe A4 s
Newtonf-#15 Lzl ddfAZE S
o] AT o] A ASHAA 2 A(2)

SEulgAl o 7 J)ad 4= Qirh

L

v V=g @
YN - - 1
(Ve v)V=g-Lvyp @
ot p

-196 -



2
)

<
e
o
e dp
=
n
=
rlr
A
i
M wy
rr
of\

)

e >

=)
o ‘H'I

)

4

Al‘
AN
2o Jb

o
o -
Fy
[>
o i
off dod £ & N

i)

g
offt

i)
ox,
o

=
=
>,
)
lo
%
=4 <)

.
rir
i

off 12 of >
)

o

.~ 0
- 12
e 24 ol

r
Mo 2
ol
ol
1> %
2
1o,
:‘,71:’
=2

I-R
s
N
i
o
2
N
N
U
ox
ol
ol
rlr
2
2

0(71 41 ¢] 73‘0)011*1 1A 4574 9l
zt= A#F<(color function) Fol| 71%E F
ATH VOFEHS AMEshE 0<F<1S 20 ZF ALt
oA HHo] ARt Arthrl, A Ao Z+
Aol W= pg]_ EAXAG vE g3} 2ol
A& VOFgell 9@l H7hery.

a3
1 d o2 |o

L dopz Romu ro

-1N

p=F<p,>+(1—F) <p,> (3)
v=F<y,>+(1—F) <y, > (4)
71, AR w B aT NALH VA =

o 7b7h ek, OFsHe) ol thewt 2ol
7k Aol A nEe Tejstezn oA,

X g
2
O
i~
st
o 2 1o 2 H oMo

rl

Nood 2 orE

2o 22 oon 2%
r
(o]
0,
)

: lo,
o,
2
N
.
o

)

3.1 Matsutomi(1991)2| A€zl H|- HE
Matsutomi(1991) = <Pl ell A 753 sHr-Sell &

FAAE 2t Aol E] Flel <& WAyg whort

S+ «1 A A 283 98-S A ©]

11w
o, Aol AR gr20) 2715 o] 1im, % 0.3m, 5%
ol 05mel 2R oI, A4 A o 0z

5m A zlel Ale]EE AAstitt. Aol tigk B &}
Ak A2 Matsutomi(1991) - #+=3817] Bl
Aol A AR 2xF A A ShE R o] Holeh &

< Matsutomi(1991)2] 283} 53 7= FA S
a1, S-S54 hy =2cm S} hy =4em 2] Aol Fx
o] %0]5= 0.7m, hy =8em 9] ¢l ¥ol 1.2me] 3
oA Ay o] P E At

Fig. 12 Aol E9] 7554l 0] hy =40cm o)L, Al
o] BHFEFA] 242 @hy =2em, (b)h, = dem,
©hy=8cm<l FxoIA FH® 2xdTE Y
Matsutomi (1991)°l] o]t Fe]H @ X5 nlaLgh o]
t} 7] 4], wave force gage<} wave pressure gage2] 23}
groll efgre] o= grelze] Rak9) Aol we} S et
& 71Ae Ao AR T e, wWe) Aol o8
WA E do]E o] RAIHAA] ARl WS YE
W= dshgre] FAlAlo] 83 AR g A% A
SeAel  olg Azt AgEs] et
(Matsutomi, 1988).

Jioll A GuptAy $eof] 9p7h e o] A &
=3 __}\]XJ KR /\]7]-_._4 e} x—l o7 O]_Oﬂl:}

f

o EXP (wave force gage)
4 EXP (wave pressure gage)
THIS STUDY

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

(@ hy =40cm, hy =2cm

60

50 | C o EXP (wave force gage)
R A & EXP (wave pressure gage)
THIS STUDY

—~

f=2)
<30

LLZO, o 9 A8 A A A
RN -
10 1

0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

t(s)
(b) hy =40cm, hy =4cem

50 |© o o EXP (wave force gage)
a0l |2 a s EXP (wave pressure gage)
§ THIS STUDY
< 30
"ol - AOOOAGD%SAAA
H B A
10 |
0
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8
t(s)
(©) hy =40cm, hy =8cm
Fig. 1. Comparisons of experimental results of

Matsutomi(1991) and numerical ones of this
study for the bore force acting on the vertical
revetment.

-197 -



ho?7t 85574 hyoll ¥18) w9~ Srol turbulent bore”}
A E] 31, vl e A rpRo] AojA o g & dERs 1|
7] Wi Aoz gakEch Fig 1b)e] A9+ 2 <
o] 4284 A 12} Matsutomi(1991) ] =24 3 A 3}

7} Ao 2 2hg-ghe o] W stagol A uf-g- 2 o3
3 RS gele 4= 9laL Fig. 1(c) 2] 73-$-& t>0.6s001 4

iy
QA (b)oF 2ol 7 2} 5 v
= &3tk
37]4], CADMAS-SURF(CDIT, 2001)E #43}e] %
A3k chute] 29)-E B A8 a9t S s A skaL gl ol
B%. 52008, 2009)] =] 8)4 Ao}k vk spike
o] A SHA] Sethe AS & 5 vk w2
Eo] a4 Autol = spike@ S AAS] A3
: ]i numerical low pass filtere} -2 & 4
A7) -61-94 3l o] 7.14_ }\]_z =) HAom ¥

== N—

(o mlo

e oo F
oA

[e)
1=
2= 0=
TR

rﬂﬁrﬂr}qr&

o},

3.2 Yeh(SMU, 200 ) AMyADL HW-HE
Yeh(SMU, 2009)9] 2 3& ARaHqo] 2 =931 2t

= Aol =0 FApel S8l WA Bl A
e FgTaEel 433 st Sgac

>

230l ALE-H 42324 7]% Z o] 160cm, = 61cm, 0] 75
emQl AP g z0l T 71101EL BREAA SRS
S = 40em Aol AAHA I, FTEES g A
©]7} 12cmQl WP‘@ s 7PX1E1, Eole X =
ole} T3l Al gk Hrh Mg Al
Yeh(SMU, 2009) & z.}& 7] v}y,

2 AFoA AFEE 3T A| IR ] dAER
2 Yeh(SMU, 2009)°] A3 xx13 FUatn, Fx%0]
= 80emE 3 F At Fig. 201 2 Aol AFE-F 331
A d-ErR ] 7 85 Vet

WAVE =

Measuring point
of velocity

40 cm
75 cm

2.6 cm
v 1cm

i

<ﬁ>‘r

e

50 cm 12 cm
e

354om O .}“m

<HHE >
Fig. 2. Definition sketch of 3-dimensional numerical
wave tank.

Fig. 32 7594l o] 30cn, 37544 0] 1emdl 7

W Gt Astelel

A2V RS Zhe T AR AEH 3k
2.9 AlZPASE Lebdl o]t Yeh(SMU, 2009)2] 4]
HolA 249 ghol vlste] AAH 0.2 tha ke 31
& Uehlla glow, dtshee] T xR 485
e okl A MR A B 5 Q)
o). olels Aaks e el AolEe] el A

Q= A7kl o)g Skl 711 A ek
whebd, oleld SAtE nelste] APAIAE H

o7 fAtol BN 7= AS-E Azbsld F A= o9

2 o) x|k Ao w webE T} 121, t=1.5s Lol A

(XY te] Rio-al) o] The gho] UrE‘r‘/‘rL AL A}

| gy} fxuvozRe uhalse] FATRE]

vl eel 2h8-5k Axte, AdE v E A gl ]
S A& o Ak A7, &

28t gk 1 Ay o) B
AL F= A, ARkl A ARl R FRhA
ZANA A hare] JFE v B FF e
AP 52 FHUAEA P/t Bag Ao Wy
et
607 | | |
r | | I this study
50;777L7777L7777L O O O measured
= | | | T T
~ | | | | |
C | | | | |
40— - F-b -
= | |
r | |
C h I
00— -—fJl=tL L
- ?o | |
z - al |
@ C g |
|_%I_zoi——— b - — - — ‘L
r |
C | |
ol kLN L
= | |
= | |
r ° |
0 .y o [ [
E50 0 I
- | o s
C I
0l ——L_ ,,,L,,,,?,,,,L,,, [
:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 05 1 2 25 3
Time[s]

Fig. 3. Comparisons of experimental results of
Yeh(SMU, 2009) and numerical ones of
present study for the bore force acting on the
vertical cylindrical pile.

Fig. 4= Alo|EC| A d}F5 2.2 35.4cm, vl o=
26cm] AN F455 S Ao, durt 19y
o 241 Bk w7 Akl v 9o

-198 -



ER AT dzgh viep o], Alo]Ee] el upE
Ak Qe Hzo] frE&gte] AR
B} oz 2 el Ao g ks, Ao
Yeh(SMU, 2009)°] A& #tat 79 FrAkeh <
e As & 4 Ak =8, A g o] wistd
1@%%01 = HHPEﬂ J 2k

)4
ﬁ
N
22
X

this study

2B - - - - - - - - - e HO & O measured
T

Horizontal velocity [m/s]

0 0.5 1 15 2 25
Time [s]

Fig. 4. Comparisons of experimental results of Yeh(SMU,
2009) and numerical ones of present study for the
horizontal velocity of a bore.

o] 4 SH*”UH E‘rﬁw 2 d%ﬁ}ﬂ f13te] Aol
of Fgel e FA ] Ah-g-ah= 224
o] 33k Matsutomi (1991)2] <=2} 3
Foe] FdTxE A&she 3Ad vt 4
= 3k Yeh(SMU, 2009)9] 2] 4§ A 7}o}& o]
WA ST A A A Tl = ko] kg
T o] AR St A oF3ho] 9] Al7t A B A vk
EARE o]-g-5}o] 22X Bh5 4= 2ol A
Matsutomi(1991)2] A& A x}e} 7 o] H5 3 dhulul
o] AR E D& T AL, FA AL A IFF
2o % Yeh(SMU, 2009)2] A& Ax}el & )55 +=
FAHAARE ds F 0 AU 53
CADMAS-SURF(CDIT, 2001)¢] #-8-3}ol| A 2k =)=
spike@ o] B A ol A=k AlSHA] o g vyt

m

d

SRel VOPHRTHE B4, el geldel 2
WESHE A 0R o A, T8 Fe A

HAsE dele] BAGAE Aztad 9
el 201, Aiitel 93 S el 2
1 g)goll 4] thane] Aol 7} Sk

W AEHS A7k 0 e g 5o gk,

o N oo &Y K
a fémlm

'{q' >{

l-['I
bl
~
™
oS
S
99

G K3
Aﬂ JJrE‘XﬂOi o gk
5}3], #|28¢d A|3BZ,

CADMAS- SURFoﬂ o3k ute] ¢ 7-3 %é—t&ﬁ}
of g dSArxe] AE, el de s, Al
22 A|5%., pp.52-60.

o] F%, A%&F, A=At 288 (2009) 232 ol
A erke] WY FREA 2§k whbuiy o
e AN, JAEZ 3 =27, 4207 A58
_9_(0 /KH_é_)

Amsden, A.A. And Harlow, F.H. (1970) The SMAC
method : a numerical technique for calculating
incompressible fluid flow. Los Alamos Scientific
Laboratory Report LA-4370, Los Alaomos, N.M.

Fenton, J. (1972) A ninth-order solution for the solitaty
wave: Part2, J. Fluid Mech., Vol. 53, pp. 257-271.

Hirt, C.W and Nichols, B.D. (1981) Volume of
fluid(VOF) method for the dynamics of free
boundaries. J. Comput. Phys., Vol. 287,pp. 299-316.

Matsutomi, H. (1991) An experimental study on pressure
and total force due to bore, Proc. of Coastal Engrg.,
JSCE, Vol. 36, pp.626-630.

Matsutomi, H. and Shuto, N. (1994) Tsunami inundation
depth, current velocity and damage to houses, Proc.
of Coastal Engrg., JSCE, Vol. 41, pp. 246-250.

Matsutomi, H. (1998) Impulsive force on walls due to
the collision of a bore, Proc. of the Japan society of
civil Engineers, JSCE, Vol. 399, No. II-10, pp.
147-155.

Nakamura, T. (2008) Sand foundation instability due to
wave-seabed-structure dynamics interaction, Ph.D.
Thesis, Nagoya University, Nagoya, Japan.

Smagorinsky, J. (1963) General circulation experiments
with the primitive equations. Mon, Weath. Rev., Vol.
91, No. 3, pp. 99-164.

SMU(2009) : www.engr.smu.edu/waves .

Takahashi, T., Shuto, N., Imamura, F. and Asai, D. (1999)
A movable bed model for tsunami with exchange rate
between bed land and suspend layer, Proc. of Coastal
Engrg., JSCE, Vol. 46, pp. 606-610.

Yeh, H. (2007) Design tsunami force for onshore
structures, J. of Disaster Research, Vol.2, No. 6, pp.
1-6.

-199 -





