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Numerical Analysis on the Determination of Hydraulic Characteristics
of Rubble Mound Breakwater
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Abstract [J A numerical method to efficiently secure necessary design informations of the hydraulic character-
istics of rubble mound breakwater was attempted here. The method combines the exterior wave field with the
interior wave field which is formulated incorporating porous media flow inside the breakwater. An approximate
method based on the long wave assumption was used for the exterior wave field while a boundary element
method was used for the interior wave field. A hydraulic experiment was also performed to verify the validity of
the numerical analysis. The numerical results were compared with experimental data and results from existing
formulae. They generally agreed in both reflection and transmission coefficients. The calculated pore pressures
also showed a similar pattern with experimental data, even if they gave some significant differences in their
values for some cases. The main cause of such differences can be attributed to the strongly nonlinear wave field
occurring on the frontal slope of the breakwater. The direct input of dynamic pressures(measured from hydraulic
experiment) into the numerical method was suggested as a promising method to enhance the predictability of
pore pressures.

Keywords : rubble mound breakwater, reflection coefficient, transmission coefficient, pore pressure, bound-
ary element method
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Fig. 1. Hydraulic characteristics of rubble mound breakwater.
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Table 1. Summary of the application conditions of existing methods for the hydraulic characteristics of rubble mound breakwater
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Table 2. Existing experimental formulae for the hydraulic characteristics of rubble mound breakwater
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Table 3. Applicability of existing numerical models
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Fig. 2. Calculation flow of numerical model.




SWL

AR o] Fel5g A8s

9% SR04 23

Fig. 3. Exterior wave field of rubble mound breakwater.
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Fig. 4. Flow domain of boundary element method.

x=0

Ei YA mHE DolA e B AB o)HY F59E, 9
9 1= AA ABERE WA Ade) B3A CD 74A9
%‘ g g me AA ] Wi F9S, 3 1ve B
A W cFozRE A 1 vF olFH] Y= F
A AB AN 48, 49 vE FA AB °|F2 9
& viehdit}. of7]elA, AAE CDe FARHE F 549
ZAE AS R AREez jic) usia HakE F
B o] ik o]n] 9 mhEl ¥l =317 wiEett
(Madsen and White, 1976). Al 84A¥E 49 11, 1L
vell ztzk Aot 2 G9o] AAENAN 7% Nij= i
WA GGl A FAL AR 55 Jehich. iEy
s 49 19} Ive AANEeR, 99 11 vAAY
gro 2 Zgich B AA 4] JAolN HHA(x.)9]
Ao A AREY B, & e AP
2.3.2 3579 AEgrgy
()99 LILIV, V
H1FEA - 1A A A9 EEo] uig R Aol 7t
Asld Yo 99 o X8 @ = L2 Laplace



[N
B
iz
e
-
2,
9,
£

I, D,
—+—=0 3)
X 4

N7 3 Zre] d=) YUl @, z NS FZ
9 5 ¢x, 2 YERIA

igCa —iot
o ¢i(x’z)e

Dx,z; )=~ 4
9} 2t} o7, ¢ & AR FE, o 2t Fulerolct 4
@ 4 @)l vidshd, Rl £2394 g o=
Laplace %34 izt At

87 97
AN FHES (), FAEZ(w), () I F
HH (e 34 o] 7zt

2 2
90,90 _, 5)

o, o,
U= VTR ©®
8d)i —io
p=p— =pgk, $x2)e ' Q)
8¢i —iat
P ®

2] (5)% shel] STEAEE 7] FAE olels
& AARASS AHstedol Bk, NYSHE AR
AAZDE A @ 2o, 1 9% P ¥ 4
(103 e}, wheRlo] sk 4 (11 2 BFH 2
AL 48% 5 Utk

a . 2

at'=2¢, z=0 ©)
— 9 &

O (10)
— 00

f=oi=0 ; #%% v (11

) 34 am

49 S| 35L& B, vislde s JHAsE &
=¥ElE @F olgale] Al 4 (35 2 Laplace
galo) ok B, FH LFWAAE A 7}
Aol ol FFE TAIA

Codu_ 1 9p G,

ndt pdx n (12)

C C

Fx T i a3
9} ZTHMadsen, 1974; ljima and Chou, 1976). 9714, ne&
F2E, G FFEEAMY vtEAFelt ¢, & #A
gAlgoln FFAA gk 2P HAIS .5 o83
& Cp=1+(1-m)CSr B0) YERE 4 vk

SEXE-, w)=(0D/ox, oB/9zyS A (12)8} (13)°]l
tigleta 7eksle Eds) AH AAZRNE 488t
H ], B4gt 2 FEAA 244 uig ok AE
S = & Aok FATH, 2001).

n=Cyl,pe (14)
2 =eCil 0™ (s)
%_ Ty e

=00 2=0 (16)

& 71X, C1=Cp+iCs/0, C2=C1/n®]T}.

3 B50] AHRY ALE A (2%
g[u an
7} Ak, 2 (17)9) $-= & Forchheimer 2](McWhorter and
Sunada, 1977)& o] &3t Yehi™A

Cyu = n(au+Plulu) (18)

o]t}. Engelund(1953) 21 (18)9] q, BE T3 2ol
A8t

3
PEPACS A (19)

D
l-nl(8
B= BO_H_SB(EE) (20)

o714, DE AR 9] W27, ae=780~1500 = 1 o),
B=1.8~3.6 =& 1 o]ifo|t}.

2] (18)904 ¢; & THe 3t 2] Lorentz 92} E ©]8-3}
o] 78 4 UThSollitt and Cross, 1972; Sulisz, 1985).

rsz(Jj+ ' (o +p Vs)dt)dR

Cf - +T
| ( ) Vzdt)dR
RN 1

21



B A SEiS 4 25E 98 S8 25

=
O
3

% o
¥ b
iy
o’
18
tlo
lo,
=
gl_,
XL
<
M

A7, RE B
S RN Frgro A thest 2ol g Stk

V= )+ (w)’ (22)

(upwy) = WEAY A ol FEAAE (e wi)

o) A5l (Wi

;85000 _ 8500 -io

W= T T e (23)
o ggqa_(p ggo_@ —iot
W= T ooz 24

9} 2T}, 9¢/ox, ¢/dz = BG] AN ¢} dg/on-&
olg3tad & Ut
2 21)E o183 ¢ & T3] fEiAE ARl v

£ g3 glojof 3l o] HA] B FRFAE Tt
A AABANML 99k dpon ) Fhol 2=t ule}
A, A Mo] 2 7E W B £X|$|2 e s 271X 2A
S/ A A E Ay FUE AR JARE B )
t)5}] Madsen and White(1976)¢] o] 2.8 =83}
TE v @A SFE o&3tA
233 993 AA=Y

M IFF O

EEZHAE ¢ (v, 5 YA, WAL, AEste] G
< gt 4 259 2o vERd 4=

k() —1k(x+l)]COShk(Z+ h)
Ay-e COSAMZTR)

9i(x.2) =le coshkh

k,(+D)_ cosk,(z+h) (25)

+m§] (dne cosk,,h

2] (25004 45 & A Z QAN v 2Rar &
W1} (evanescent mode)S VFEMACTH AA7A, I k) knm
& 77 g 2L BABAAE ol 8ste T8 5

At
&
ktanhkh = — (26)
g
&
—k tank, h = E 27)

BEAA (e=-DelA 83 o9 9§ e 74
Zy 2] (28), (29)9} Zo] e Xt

coshk(z+h)

cosk,,(z+h)
9/(-h2) = (144,22 i

Z " cosk,h

m=1

(23)

9¢1( ,2) coshk(z+h)

[k(l —Ao) coshkh

= cosk,(z+h)
+ X Ankn cosk,h ]

m=1

a,(—l,z) =
(29)

2] (25)2] &E}(evanescent mode)llA] AFE Pl
B el Ae AEsir) wRle)) B Hgsn
FH20 2 A5E WASI= A58 73 (exponential decayys
HER 7] % Aol

(2) 99 1

577 ABIIA 99 1, 19} FR £uA 57
g £EE SUsteiol S ke ge Ho] 49
.

(o

03 (2) = ¢(-1.2) (30)

97(2) A1,
i'(2) =~ "’gn(z) =_¢1§ . ?)
24 (P ne 9% WAEE e 9579 ()
3 x5} no] A2 WRGL UER7] ootk 43
A1)y 39 ne] AAMs S Q]U]@-q.(lzig_ 4 ZAx).
2] 30), 3N 4] (28), 29)F tidshA

(3D

coshk(z+h) | < , 00Skn(z+h)

= ¢l
coshkh ~ &7"  cosk,h a

(1+4,) (32)

m=1

| coshk(z+h) & cosk,(z+h) | -
{lk(l_A”) coshkh 2. Ak cosk,h =9u

(33)
ojtt. 2] (33)2] N coshkiz+h), cosknz+hyE 2t FHaL,
coshk(z+m)2F coskn(z+m)ZHS] A 54 (orthgonal property )&
o83l Al A RS Al A9 A & T 2ol 23
& 4= Joh(jima and Chou, 1976).

N.

. 1 2,1

A= lmi=m S ¢ (p)coshk(zp+h) Az (34)
4 p=1

1

=
A, = N smkmh Z @i (p)cosk,(zp+h)Az 35)



2 was - A2

o7]A,
I(, . 2k
No = 2(1 +sinh2kh) 36)
N, = 312l 37
'"‘2( +sinh2kmh) 37)

2] (34), 35)% 4 (329 viglstA

Ny |
hk h = —
) =2 2MG ) < i Az: p = 1N

cosh kh ~
(3%
I 2} o71A,
L .coshk(z, + h)coshk(z,+h)
Arp) = A i khcoshikh
(39)

& cos k,(z,+h)cos k,(z,+h)
N,sink, h cosk,h

m=1

olct.

(3) 99 am
49 19} nrtele] &A1 Ccpellirel BAxLE o
=3 2o

(3)
feen =2 el A% o
2
Bh-g ATUANY A5 A% @D
* 99 V)

SEXHA gy, o= FHIe} Adute] JS ¥
ke A (42)9] FEl= YEd 4= o

ikx-rycosh K'(z+h")

¢V(x7z)=BOe cosh k'h/

42
il -k (x-1ycoshk, (z+h") “42)
e /= m TR

mel coshk,,h’

2] 42)0 M 9= &2 AdE Fat9), &g (evanes-
cent mode)s YEPAT AA71A, gl4= ko) £, & 22 5
A nel) oist BarAl A (A (26), 27) FE)YE 0831
T8 4 Utk

RAERA (x=cc’ +1') X FelA5} o)) <3 W Au
B 217} gt gol et & & ek

cosh K'(z+h) & ,, coshk,(z+h')

cosh Kh' " &4 coshkl k'

plcc’+1',2) = By

(43)

cosh k'(z+h")

occ’+1',2) = ik'B, cosh £ 1

= ,cosh k,(z+h") (“44)
Bk, ——————

mim ,
m=1 cosh &, i’

G) 99 av)

277 ABOIA Y shelat Sgale] Sunule) Sri
EQstaiol gk waba,

01y = plec’ +1,2) (45)

7 = 9,(cc’+1',2) (46)

4 (4601 A @H% st 4 AR A% B
S} B, 4%

. N3
—1 —(3) ’ ,
By=—""—Y ¢icoshk’(z,+h")Az 47
*7 N:sinh kLK qu ’
1 N4,3_(3)
B,= Y ¢y coshk’(z,+ ')Az (48)

© NZsinh K

g=1

¢} Zo] "o}, o7)A,

1, 2N
No= 2(1 * sinh2k’h') “9)
1 2k
N, = 2(1 * sinthnh’) (50)

21 (45)9) A1 43), (47), 48)S st

N43

03(s) = T Aq.5) B@)Az; s=1~N, 5 51

q=1

—icosh k’(zq +h")coshk'(z,+h")

Rgs) = — —
N, sinhk’h” coshk’h
(52)
R coshk;, (zq+h')coshk,',(zs+h')
n=1 N, sinhk,h" coshk,h’
s} o] ®e}.

234 P2 74



AARA viakAe] 2184 43S Y SAjsiA 27

449 1, ;3 vy Z}Z}Oﬂ e BAL 2 (53)3
2ol Greend] o2 AL B3l 13T 4= 9dr)

-——a(z o) = ZG,,‘W) 2 790 (53)
j=1

J7) A, i = field point, j = source point, a(i) =i AH
e (@A L A AALANE n9) BT, G=
Green ¥4, Hy= Green 32] HAUEX], Nr= G
% Aot & A2 7 He] AAEHAE 1
8o 7ABT,
235 #5439 23

W les Yy B8-S R3] eie UA & 8

94 Fol 7 BPAN HlAG ¢ EE §  Foha
oV5E A 349t 4] @l sk 45k B8 AN

ok gAY Ul LS Koo R FER 12 O
sk o] A AT
Ky =}4, (54)
T, =B (53)
wHEASG G

AAs7] AT vHEA A AR T
E3gol SUANAR L 23] vlE] 4T LAY
(tolerance) Yol E01 20 ¥HE A4 vl3]|1L 7559
9] AN FPY 5 AEE 3P

kA W dej3d golie] 1Es ZAE] 9
e AA ggoirel E=ZE ¢,8 Falor st o]
£ 99 e FAE YA ¢ 95 01831 o}
<3 Zo] AP

zeropoint { x, z)

wave—\t .

K34 K34

mlq) = z G ¢III(I) z 9m() (56)

j=1
A7VM, K34=N314+N32+N33+N3a 01T
7Eske A (159 A5

i) = pgCrl,9ulq )e (57)

s} 2ol 7¥ + ik,
3. 5 A

3.1 28 9oty

REEAE Fig. 59 PR ube} o) A
2, FAZAY 1:1.59) AL gatAjelt), 4
mEA A8 Al o] & 1409 FHHL k= Eﬁgo]
o JAPR-E A Sl 100 ¢2] TTP 23&
A 9.3 cme 2 ARSI £ TTP 2§ 2Hy
3k AETIE Hudson 3400 21A, oF 12 cme]H ©1E
3 o i&*&a}ﬂa o 5 mol iRt Fo) 31 emel
3 vl e A 7 ems] AXEIEEE A
o AF XA Axelel 1159 HolE Hte 3
B3 Aejaigom uir AL Fidol 1.26 cm,
F=5-0) 0.4980]ch

A

o?E.FL
Pﬂm&ﬁi

24K Y AHE

A8 A AYel 18 m LX0.4 m WX0.6 m HY
224 ZIFEZE o] 31991, Fig. 62 4230 HXH
o] Q= RwlAle] S1A)9) slsAEe) $1A1E Rejn)

Fig. 5. Model breakwater and the installation of pore pressure sensors (unit: cm).
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Table 4. Locations of pore pressure sensors (unit : cm)
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