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ABSTRACT: This study investigated interactions between the infernal-external wave field of a permenble coastal structure comsisting of rubble.
The study examined the application criteria of an existing numerical model (CADMAS-SURF V.4.0) and proposed a modified method to provik
reasonable results. In particular, the study focused on and emphasized the water surface profiles in front of a structure, wave run-up/run-doun
on a slope, and internal water level fluctuations due to the drag coefficient and porosity of a rubble mound structure. In conclusion, the resul
show that when the vertical fluctuations of the internal water levels in permeable coastal structures exhibited high-quality representation. Sam
responses can be seen for wave run-up/run-down characteristics on its slopes.

.M B Astek. =G AR Al FEF 5ol TRE vl W

At 5 RS Qe vA, S e REe] Wave

Qubsow qitelol] g ol Agu algipaeel 5 Tuvup/ruvdownst Coree] vivsl S Mg 3

ob XA WA SL fjEE AP o uhEolA Enpa a 7t iekar AljbetAtk. AAS- 5(2002)-2 Fal 5 57, shd

] o] olg - lw @ mEolels Fmely 1 gaxge]  Cl(Wave rundlengthh AIRFE AP Ulel g Gl

il Sk AT oleldt Ty shetake] vspaAe) /T OFE UPEESId e S Wave nups] S
P AT T2 paR ANnEge) Jeagel Fe E G AUE TEAR ANs el Aldd v 3.

Aol titolgith. e} kel Fagel me uyagy SO S SAIGE el e el divel el

o cElmas cam Ambe wale, Awae wwe U HEAE AHSAN L ol WA o,

runup/rundown 59 e QRS vIAE ol T sy RESS TARFETE CADMAS SURF(Coastal Development

o] o] aq-Fr).

Fad F2EY URESsFd di$ d+F=2A Bruun and
Johanesson(1974)-2 AMd G252 U 34935 (Internal water
level fluctuation)o] WAl HALE A= 83
21}¢] Wave run-up/run-downel] &3+ 7258 Y7o 9=
HrE Aolof s AYsH, WAL ebgAgel A wHrh
3 Haskh Ryu(1984) = UF-r9ils 2 72s il
Wl a3 Faedl AER 534 o8 wayst
H, ol A9 A7, 355 FY IR 2 =AM o "
3 gpu| ]9l A o] BpAldeell A4l EkS. v=tar X
WAARL AFT: M EEA] g 4ks 830-24 . T . -

02-508-0651 shoutkarma@hanmail.net Fig. 1 Definition of internal-external wave field

external wave field

&

i ) ‘ﬁ .

18



by SRR W2 el SeEy

Institute of Technology, 2001)7} 2tk 2 A0t oA 7}x|w= 4=
A2 o7 dHsoksle AlgHE 7L 9loH, 53] FAAE
I e & gl Bgde Algee] Al glolA g ofefzel
.

Fig 19} 2e Fapy 728 YrasSae) 93l ne o)

nupEgel wEd v AR A vIEw Ao Bek
o m pagel FAAG B drmt AR = o)
el 5 7RE, 7 5L dien @ Al Agdes
o]z gt (Morison et al., 1950; Wang, 1968, Sarpkaya, 1976,
Lighthill, 1986). 53] al=E7|4(c,)E dvaE oz A R4 <]
Co 2 olgdll® Fov Aol G, 2%, JdaFAlste] 3t
A, Hol=24(R,), K-C5(Keulegan and Carpenter, 1958) -
oA < walshng o2 s AgslolstCoastal
Engineering Research Center, 1984).

FA9Hs 42 CADMASSURFOI A &2 51 #4g2 Algol 1]
gl 71E waer AME g F2 olgshl s AAelth 1w
v EarERE Bt =201 e AR RSt ol AE
o] F= el sl gAdTaE 2N E ol FAAR gk A
HAAor Agsrldl= Fa7t & 4 Aok w13 AT s
A vk FAARE ddazEd vl o & FAAEe] 2
|2 Zlow ARHA, Nt A% 52 42 fleiMs v
A% AR hE =9 Aert v dddn

W= AET(2006)] A8t At gk Ak, Ao
2 F8E T eldkr s dAwie] £ued, Abnsde]
Wave run-up/un-down, T3 ie] 4:9H%d £5-8 F
o] 71& el o miE dolxl Avte} thekdt ik 24
o we AEF o] HAS FEl Pl FANErR
CADMASSURF  (V4.0)(Coastal Development Institute of
Techrology, 2001)e] AxE A& v - AESTE 3 Uil
B4 wEel 2 9L AL FFEN) gE ArEE
-2l el A gl B 4AEAE A melei

[y

2 R U Y

21 sAEIES2| e

B dAellr A48 g5 CADMAS-SURF(V.4.0)<]
Az AN 229 Nk AARAE ke s @ A%
23} Navier-Stokest}44]-2- Porous body model(Sakakiyama
and kajima, 1992)¢ll =A8l0] 43 o-FW A ARg3It)
w3k e AARRE e 44 A R RE 6,2 49
Aol vlesks Jo cheat gol tehik,

_1,/Cpf 5 7 7
X = ?/’?/'(1 -YX‘,)U u +w (1)
1/Cor CT—
R, = 75 (1-Y, )w u - +w (2)
AP X, tz b g, Al ARRA, o, ok 4,

v b B o4 Y VY PIE
ﬂz]l}’]'j}—/ u, WA= ‘/"F\é/ ﬂ;gl/{é'ﬂ?‘o/] T ng YZ"‘E‘ _'__»(:)]/ ﬂz_}

o] T3l 4=X] 1.2 19

Wkl WA FEahgolrk. Jlel AR AR A ¢t
71% A7 E CADMAS-SURF(VA.0) vl 722 a1s}7] nlgch

22 SAlEETZO| A5 U FBY
RN Avkel B AFe] Slal 209 2y
Astw slekrel sl Ao AR Fabyd ok
28 ULl 5] £R5AS Qe Qe 5D 4
A8 Askel 1 A4 Avke e vlw - RS,
Fig 2t 2] A8 Al 46l A8 pagel W 2 ¢
ZFE Amye] s A|(WCH), Ap#aAke] Wave run-up gauge,
T% U] WRSIAICH, Toeol X $53 i 180
cm)E HEM L Atk AZA o2 Sakakiyama and Suzuki(1998)
7P SAA L] ApAA Al 283 0,=1.02] 739, WCHoNA 574
B g2E Ande] fagdd gig) & SxEA Aaket 7
48 A vad kst A4S JeRlgdh Ty
ICHAA 2% upipsiee v Aaae] dat 422
2 sy Fojsles 2o ve. ol g AAd
ARzA g Adedl diaire &84t 5(2005) 2 2F55(2006)
= Fwso] ke

2 Aollre T #3259 6, V.2 M 555 Ui
THHEC PAE d3E SRR =, ik A
9] mE 2 AMAGe] Wave run-up/run-downel] v]x]:= o
el allM = FASlAS 53

jica

A,

31. 5ol w2 R mo| o
311 &35 LT otis

Fig. 3(a)~3(f)= F=ATF co 9 el e T3 Ui
FHE AAGS e o FRE Y, = 2 dgA s
FA% 044, YA H) 5.71em, QAF7)(T,) 25sece] 7
o]t}

GA1AE ke Sakakiyama and Suzuki(1998)7} EAdA|e] A}
3+ FoR ¢,=1.0, AHAAT(cy)=122 H83]

AR A A8

Fig. 2 Setting of permeable structure and measuring gauges
for wave height, wave run-up and internal water level



20 53 - St
Cp=1.0
sl EgeEi
= Cp=2.0 R

H=ec)
(2 €. = L0~30

t{zec)

tzec)
["2‘] C"-' = 3':”:'.-' EOU.-' 1':'0-0
Fig 3 Comparison of the e wariation of internal water

surface profiles due to the drag coefficiert

Ak Ao w A8H FAAY e S 2 9T
A ke Qlow bR, A TRE FAAY el 4

A9 gEAgl aE n 439 /bt Bash. o
2ol 4% i) eliEt WP P} gtk weke
Cosk T4 e USRS AR nlashs Zlo] ao]
Ak,

A

Fig. 3@+ F532 ¢, = 1.0~3.002 243 Aoz FA¢
lFle] 3-8 grol oF 0.5~0.8714] velgtor, Uil d<s

o] ubgalx] gtttk Fig. 3(b), (o), (DS AHnm ¢, =

nfH;

Cp=10.0

cp=12.0

tizec)
(d) <o = 100~12.0
10 I I T
—— ExpJMam et al., 2002]
| — Thiz study{ Cp=11.0]

tizec)
(f) Corparison between experimentsl 2nd this study [Co = 100
results

Aol whe} Ul9lel gL HAA 0w AolAn @%‘w}
= 29 1R 4 3l Fig 30F %9l ¢,7h 300
100002 A & 92 o7 2 A% UrE‘rUﬁ °‘E}.

w3k ICHolM 9] Ui AlAIgo] el 5(2002)9]
X ¢} v|we)] B c,= 2k 11.04) 8]]%2‘{}% A2 Fig. 3(f)
B3l o 4 Slek ol ARTARE
o Gakg ol B e Wk A Jene, wiFe 9
AaA7E EAShs 2ot 2 &3 o =4 vehdthe
Van der meer(1988)e] AZz}e}l A%t

}é]

¢li= Wave run-up

il



by AT U9 el SelSAel T A we

E O g

H=429, 448, 595, 6.72cm, T,=1.0,

(2

5, 20, 25secs} 7ro] ThokalAl WsAZ 79, ICHSIAe) 1)

—

= Esp.(Mam stal., 2002)

i

S AlAGo] AR A fAE gk vEhlE o, Jwen:
717} 4, 8,9 100115k ©]21g ¢, ghol AgA] vjRss)
5 AL 2 QG ol itk gl shiel 9E R
=, 7 5ol ol BAd mop) A2 Zhe Alelr, E3]
FRAE oL Qo fAXT] B =) AgH ] wEow
SR,

rr

d

=
£
=

¢

312 X2 QRIS HE

——— Thic stud y(Sg=1.0) —
Thic stud ¥, =11.0)

Fig. 4= X ==z7A0] H=b7lan, T,=25secd W], C,=

4T

21

10, 11.02 A&hs A% WCH AFolxe] FAA5-HES  Fig 4 Comparisen of the tenpors] wapistion of weter sipface
(n/H)S A9} nmet Hoz Zu) 20z o Ayuas prefiles due to the drag coefficiert at WCH [ 4 = 571

e sleld. ¢, 7k 11021 A%, 102 wjel v tha w4l am, = 25 0ed)

B2 Tgetel ABAE ok wi=steka gl oleld 2
T 0o9) Bl WE T4 uie duEs ATR dhe

= Exp.(Mam stal., 2002)
—— — Thic sludy{Sg=1.0)

—_ Thls :tmﬂc:n=11.u]

Ve Rs WAl 5o gk wekEth e AAgow
1.0, 110l Wk Akl APA 9} vz ek XL v
T,

Fig. 5t Tig 4°] 459} 59 =46l val ¢, Wl e 3
Wave run-up/run-downe] #H3}= veldl Aot} B 42|34
el x2] Wave run-up/run-down dlo]e] HEHEE A
o mE AARIA VORgH: Fel 984RA% 7ok, Al

Ape] 2l vhg ghe el Aet Ak v ke el
Ael ol 77t Bejskel T Agel HloltE Wave
run-up/run-downo 2 Z3gslgdrl Fig 52 R B e 2

Az ANME ¢, 7) 11.09 o /\E]@x]/] Wave run-up/run-down
3 s e FAE el

WEEEY  external wave field  up-rush
3

Wl =5348201
=

impermeable layer

35“3‘&%‘?%? external wave field
-

down-rush

lires] ANOERDT
USED external wave field

down-rush

impermeable layer

(@) Case of ¢, =10

571 am, T, = 2.5 sec

2

tiTi

57 em, = 2.5 geo)

el Z0ED external wave field up-rus

impermeable layer

~internal-wave field

impermeable layer

(b) Case of ¢, =11.0
Fig. 6 Snapshots of velocity at the t = 12.9 sec(top) and t = 14.0 sec(bottom) due to the drag coefficient for the case of H,

Fig 5 Compstison of the fanporal weristion o  weee
rurcupruedewn due to the drag coeffident [ 4 =



2 AR

31.3 AR S=& U 55 LR T2IE4

Fig. 6 Fig. 49} 5% xt=h =elM 25 W-2]4e]
FAYA £ B 555 Ui SU53S AlRRIRHE=129,
14.0sec)ol] whe} 7FAIskete] vhebdl Zlojtk Fig. 6(a)= co= 1.0
2 A8 A2, M AES vl o] YR A7
AR Felg velda o, 43 mige] By A
A Al pE AW R RE Ak gteddll oa)A
Wave run-up/run-downo| @bllsl= 718 A28l 4= Qi) o]
T2E RSS2 Aoz Qg 125 Ugae] A
5 7P AdAL) Aglolgla wdkd k. =38 ¢, 5 1102
= 243 7921 Fig. 6(b)= Fig. 6(a)2} nlarsto] AR AR
Hellale] 491 FA8] EolEal WHe] =72 AuE {A49]
Ao Erw gudoz 7hAE AL e 4= gl

314 PX2 el TEF| 2

FHARE(,0/ H), A3l Wave run-up(R,/H), 5% W
B ds (0 H)2 AL A= FA18 43S el
i stk F5Ee] corh 11090 A¥ R/HE oF 1292
i/ H: €1 ©F 0180l W] oF 7168 =w, 1,/ H,¢] oF 0.740]
AlElAe ok L7an) A 2 g JEITh w7 0,/ H e
7k oF 0743 0, /H 2] 3k ©F 0180) nlel| oF 411w & ke 1}
Bl i,

=

32 I580 WE A=2of Znf

LHEo| S0l
= A=

e Uiabsd Wil b 2 43S vAE
¢1z} & sho|t). Fig 88 H,=595cm, T;=2.0sece] {Arlulzt

2AY A%, Vol el wE F43 uvel 59%
(/) E4E n33t7] 98 52314 Feolek. olu ¢,

1102 431900k Y71 0.1-049) A9 APAA e 2
mgow ola) uRse] Tae wg 2l vesker, 4]
bl w2} ol le] FH o 1 UPslds dabol A
2 AP AL VA 5 Ak Y7} 054069 A9
=)ol FA o g UPEslds Fabol 2 ehix|
.

29t

322 I=E U-2lF miESEe| 2

Fig. 95 H.=57lcm, T,=25sec?l 7%, Y,o W= Fa}A 4
ZE -9 FAQANGFANE (1, H)S 4E8AE et
W Aoew ¢, =110 Agslgon, V.o SVl uwEhA
e/ Hy RyJH,, 1,/ H2) oAk Ok whalel sz 7hae)

al o

—+— 1 wen T Hy

—a RUIH,

—— 1 n H

Fig 7 Relatiorships of irternsl-externsl weane field due to the
drag coeffident [ =571 am, = 2.5 50

n & H;

n 4 H

tizac)

(b) & 04~05
Fig 8 Time wariation o irternsl water swrface profiles due to
the poresity [ = 595 am, = 20 sed)

—=— N weh fHj [
S TREGEH |
—e— N jeh FHj |

Fig 9 Relatiorships of irternal-externs] weame field due to the
porcity



by ok raE Ul w1 S S B R wel 23

2 AzA44 Y7k 019 BS, RJ/H #e < 177=
Nien/ H € Fk ¥ 05500 n[3) eF 3210 J% =51, 0,/ H©) 7%
oF 0.9590 nlsir= oF 186w Aw & ghS vehldeh =3
e/ Hi 2] 3k 2F 095 1,/ H 2] 3k <F 0.55¢] n|&] oF 1.72u)
Aw & S ek Yot 049 Aeele R,/H 9 g
oF 14003 n,,/H o] 7k <F 0214 Bl&| °F 6.660) A= =n,
N/ H;2) 3 ¥ 07700 wlEIME oF 1819 F= & kS vl
itk w3k g,/ H9 g ok 0772 n,,,/H.2l 7k <k 0214 1]
af ok 3.668) & g VERASITE

4. @oF gl Z=

2 Apdas Aem pAE By slbras ul-eR
el EEgs uEEIth ol fdl ARY
CADMASSURF(VA0) = o|g3le 7] A7H FEaddAae}
o] Rl Falo] ARpEREL] AA AL Al gk 27
el el =skaek. 53], Fabd ApraREe] Whebsd W
ol & 4%¢S vAE FHGAS oo FHE Yol e R
ARe] Trud, APAZde] Wave run-up/run-down, £~
yiige] S9ise o8l sk 2 Ao 8 ARs
Qoksti thEa k.

(1) FXAAkellA] Sakakiyama and Suzuki(1998)7} &34
ARAAA ] A-88 ¢,=1.0& 283 T, 2 SR U
T2 AT ARy A=A

(2 5554 ¢, Wl m2 Yol SAozRE Ui
THNE ARS AT A ¢, k2 AgksiTh ol9) 22
Z2zA8ell A pREe] R Enk oldel ApdEsde] Wave
run-up/run-down ZFe ®Hoh Hx =4 A@stch

(B) FA AR NA Fod 2B A3 A=A o, = ST
Ad5E B URSSs AsAdem ds3ela, old we
AprAZge] Wave run-upie HlglA o= Frlels A vER
Ak =3k 55 VoL ARFE FRE] Wt 3
2 2 JERR] ghgkon, AlElde] Wave run-up2 7hAdle
S vEISIch

ol o

o2t

P

A
o

Wo1al, Sk 158, FAR (002). "Ry dloktaEe)
27T R YRS Eell wisel Bgk ARy, b
s EaE) R, Al6A, A5%, pp 34-40.

S 2SR, At (2000). FRd sliokyzme] Wave
Run-upell gk CADMAS-SURF®] 28", k=3l g53}5]
A, A19A, A4S, pp 49-55.

AAS, &), FAZ (2002). "Eabg wakAle] U] W
3 AL 54, el dEEtE] A, Alled, AR
<, pp 46-53.

A (006). b AkrRE Upeln wpEde] Jurs
o Pt A wel, HAshn Al

Bruun, P. and Johanesson, P. (1974). A Critical Review of
the Hydraulics of Rubble Mound Structures, Div. of
Port & Ocean Eng., Univ. of Trongheim, Norway,
Institute Rep., R3.

Coastal Institute ~ of (2001).
Investigation and Development of Numerical Wave
Flume: CADMAS-SUREF, pp 5-16 (in Japanese).

Coastal Engineering Research Center (1984). Shore Protection

Development Technology

Manual, Department of Army Corps of Engineers.

Keulegan, GH. and Carpenter, LH. (1958). “Forces on
Cylinders and Plates in an Oscillating Fluid”, Journal of
the National Bureau of Standards, Vol 60, No 5, pp
423-440.

Lighthill, M.J. (1986).
Loading on Offshore Structures”, Journal of Fluid
Mechanics, Vol 173, pp 667-681.

Morison, J.R., O'Brien, M.P.,, Johnson, J.W. and Schaaf, S. A.
(1950). “The Forces Exerted by Surface Waves on Piles”,
Petroleum Transactions, AIME, Vol 189, pp 149-157.

Ryu, CR. (1984). A Study on the Hydraulic Optimal Design
of the Rubble Mound Breakwaters, Thesis of Doctor of
Eng., Osaka Univ (in Japanese).

Sakakiyama, T. and Kajima, R
Simulation  of
Permeable Breakwaters”, Proc. 22nd Int. Conference on
Coastal Engineering, ASCE, Venice, pp 1517-1530.

Sakakiyama, T. and Suzuki, K. (1998). “Fstimation of
Sediment Lift-Out through Mound of Discharge Caisson
Using Numerical Wave TFlume”, Proc. of Coastal
Engineering, JSCE, Vol 45, pp 566-5670 (in Japanese).

Sarpkaya, T. (1976). In-Line and Transverse Forces on
Smooth and Sand-Roughened Circular Cylinders in
Oscillating Flow at High Reynolds Numbers, Technical
Report No. NPS-695L76062, Naval Postgraduate School,
Monterey, CA.

Van der Meer, JW. (1988). “Deterministic and Probabilistic
Design of Breakwater Armor Layers”, Journal of
Waterway, Port, Coastal, and Ocean Eng, Vol 114, No
1, pp 537-557.

Wang, CY. (1968). “On the High Frequency Oscillating
Viscous Flows”, Journal of Fluid Mechanics, Vol 32, pp
55-68.

“Fundamentals Concerning Wave

(1992).  “Numerical

Nonlinear Wave Interacting with

20074 129 109 a1 4=
20083 69 3d HFT AL A



