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ABSTRACT

When studying the structural response of rubble mound breakwaters to wave loading,
the knowledge of water surface fluctuations, pore pressure variations and related wave
attenuation inside the porous structure is important since the pore pressures affect
most responses, such as wave run-up, wave overtopping, reflections, transmission and
the hydraulic and geotechnical stability of the breakwater. For this purpose a
numerical model was developed to investigate the water surface and pressure
fluctuations outside and inside the statically conventional rubble mound breakwater by
using FLOW-3D software. The water - structure interaction is obtained by k —¢
model to simulate the corresponding turbulence field and volume of fluid (VOF)
theory to simulate the free surface. The comparison between numerical and
experimental results shows a good agreement in terms of both water surface and pore
pressure Fluctuations in conventional rubble mound breakwaters.

o)l 4 losle izl Lol o)l slayl Aol 3 doddo .Y
o,k cnl s (Sas lojlor 5 (SeiST g5 (( Slgyaen o Jare oo (lo pdydoai sloojle alox 5| (Siwosy sl Sizge
b 69y ¢ 2l 2B S 4 by slajl 4 Gl |, 2 o5l cpl Culy po el ddlate sbml g Jolgaw cbila> oy oS
35 g o5l g0 ol 3 e8> S e sas oy slayb 5 Jo o (cwiige 5o Slog Camdl 5l i65,55 » zae de Iy
el oads olowl syl elgil o ege 31 (S 05 s A 15,95 1 ol

AR



s (S 0395 sla Siizge diay 48 (sdhte Hlid Ol g O e Sllog goae (& jladoe padio A5 ez

338 sy 3y5e | 03l JoIs Ol rla 515 el Yl 5 5
I\

o5l J3 jLad Sllug asls awlxe sl |, 55 alal, Biesel
L¥] ols al)l zoe Sl Cow pdydgas

2r

P(x)=Pe V" »
OY w5 e 5o e 4 cod B8l ol X by (ol yo
X =0 Cuxdgo po 2z ye ,lid ke Po ol 5 0 p0 s 5 28
X ey (Glad lugs asels ply g0) (gdaie Hlid glas )| P(X)
Ap ojle diwa J2o zge Job LT o Sptul oy 8
slp el e Doy 63,650 goe Job L ‘L':%5
bsgi Oz g Sl 1y Ol cetd Jsb (051 Sleny
las slp I, D (oo jlaie Mehaute siie  Sow slaails
ol lade Miche .o,51 cavss VE plp 0)56 &g (i ails
olas abaly b oged aalone VO plp 695 Ojpa |) oo
L opdudeas ojle ol jlod Sllug sl jlade a5 awo 0
@y il Caz ) ez e Jlid 6y o3l oo jlalols il
DT O JS8) sl oo 205 oled &)

5 abl) [#] ol Kea g Troch 4 [8] l,Kea g Burcharth
Olwe Sy &5 (6) Sl s i aulxe sl
wioges bl 5 &g mae JLasil sl 55 (65 51 Sl

nL,’

)

Hb

(ptie Gos p3 oxie aY (e b esie a¥ JRlan o o a8
bl ol aule oo Jsb Lp 5 zoe w5 gl Ty oHs
ly a5 oy Jloie ) Ken g Troch .aiws zge oy e Sbe
OSiEge lp Camb o pSolal jlad polie 4 azgs b
Loges olgaiy as =0.014 L, Zeebrugge

ol a5 009 o5l g0 ol U3 S pl o solxl
‘S’LAAAJ‘ C.la».: 9 )L.MB u‘).u..u ‘c)'L.u Oﬁ)é P g_;T Q}m l) J)'LQ,A-»J‘
30 Swodgs ojlw Fwly a5 Sley adly jo .ol e ojle 5o
5 Dbl g Ll 0,8 (oo 515 adlllas 9,90 90 0,95 5 2l
Jls sdaie Hlid Ol wjle o> ol b Sllug ais;
ot o3l 515 50 o e (s aomitsys 5 Jbiie ol
9y 2 Mo il SO plgi gdiie Ol jlad g wialys
9o $9,Yb alex I Jodstis o5l (ks sl il Sl 65k
Oeizmen g 03l (39,0 5l Zee JUI ge olSal zge S35
oo Bl 51558 e 3l ol (ST 5 (Slyen 5l
zoe 395 Bl o osle Sl o gdaie ol Hled ol s obx!
b 15 ST aSi ek o0 )8 S5e LA ks 0 yomie o5l 4
S (S &5 Wl el o> a4 Fhe Jlad Sl
oLl sl a4y Sz olw g Il Ll og>g

- OSigge wiile Glgk Jsbo 50 lapSizge 5l solans w3 (o>
-z 50 il j5u5 o Bilbao Sizse (Jy 5iS o Sines
,» Diablo Canyon Sizge ¢ ood ,925 ;o Tripoli S
b lp ogzge Lalg, o5 wims oo (las 0 s g Syl H9aS
IV )l (o yian asdllas 4 5L 500,50 colaS Sizge o3l
7S sboSizee | sl > e oy n L Harlow
Sdiie HLad 1) oael s9>gr (sl > ol Yo 51 (S ceas
De [¥] o405 (5,55 ySizae dimd a¥ [0 saal 3429 VU
21y ol JBls e [lid w)p cuesl o, See g Groot
S 3 ol o sl s 3 oy Siise ok
2 @i Jlad Sl aizmen g il WY (B S0o3) b
3 T3e S oo SV gey] Y (Sgrae b

[#] (s 0897 (55l g i 43¥ J510 sk ;L 2395 (oRigS 31 Sl JSCb ) IS

Gy ool Wy Eae wp 4 epat 5 6095 0 o
) 25 abuly g wages Bl (V) abal) 51 1) zge glas)| 31 bl

V] s )5 al,l Szl o po dle 5l p

)

JnL,
b

=a;

o8l Cawss gl 2&isle;l Joe Troch 4 Vanneste
Wogad ol Ll oged by ojl S5 (gdite jLad o8 (SisSr
gy Lid laie 0 65l jpe)l 4Y Elas g5 b JS8 a5
S 4 (Po) w5 1ld Y 50 )0 aje a3 e 5 0l



(FV=Y1) AY leasl 5 5l O Vs Jlo bjo pudige 45,85 o g8 dames

(g =0t Oy (k) Sl i o5, Wl g6 5 (

6x/. 6x/.

el 00l oolaiw! s

S0 @ e Gl Hses S0 oad sbnl (Shasl slag
o5 ) Dppe 4 yelledyss doles b Jilie L
Fdigus 5o

I=au+ b‘u‘u + c.a—u *
ot

ol el g amb wolyoc gb @ las (Lol ST T o as
Ok 4 Loy o gl dolee ol cul) Con o s
5 oAl g wkSl Gl e @ baips o5 (e sl
L Stasl colps asian Qb 5l (A6 (cw il ppe 4 Loy
b 5l Slakie 4 C (s*/m) s b (sm’) a (s/m) o
S S S g s JA s sl
Sy slp $3b) (27 Ao g (22 Sy W)ls (S
@ @ olye sehite (pa o5 wloud Wl ol cnl oyl
[4] 5405 o, Ll Van Gent _al8isle;l IS

2l 5l oolil b Jsdsts ojle U351 b,z gl 8 > aloles
Vo] e as 5 ks o 5 o904 Van Gent I8

Ou. 1 O(uu;)
c—+— =-

i

ot n’g Ox;

1o
Pg ox;

—au, —buJuu, —g, %

3 Cab a culys g oo IS 1AL Sl g Al cnl

Mg o0 Ry 15 D y50 A

i-a v(l-n)? )
n’gD
p=pl=" @
n gD
_lte, ()
ng

oy €, o Jodiie lase SIS Jolre 1 Kilo a8 D o Jodiio

Al s 0 fos g (¢ _034( )) 03938l 2>
n

BUERTON] olg,w.u’ e B=1.1

Gous Jo Y Y
S g dgdome x> g, 3l eolwl b Juw ol oS O¥olee
TS gy SeS 4 g o0d (3ke 4t 3518 Sl
Al g0 yo SYoles Jo Shgy (ol 5o aileads Jo al> 6 g0 o
I lad alem 285 oaualb b Jol a5 j0 098 oo plxil Lol
dnlee gl ey Glawe S S > ojlul sladoles 5,0

Yy

GSoslal polas o ‘Smli&iuﬂ i bl akaly cul jo oS
Cewdy a5 =0.5 laie (Zeebrugge Sizge) cond 1o 0uls

Sl

S 31 3 Sbgse o b 5l and (Seid Jas <L
oS oo sanline B oo olool sledaw 5l can o .l o
odls oboul (Sizge ojre Y J3l o SaSUg) (SisenS
Gdiie LolF jlade 092y il o (K3 ) &8ly o ool
mojlail (S8 Jae o Aol ! Dg sn ! YU (5B il
g 009 JKie (NS Al (Su03 0 gdaie Hlid (6,5
515 5 oot ol 3530 5 S G 2l oSl & a5
090 (Siwosg (Shgge ol oSles b)) 6l ojl
S8le 5 5l eolainl b (goae Jao G axwgs cplply s
—dlolae 9o Jaw 0y sl vite e Liuly ol ;o FLOW-3D
ol b gilwans slp g ‘si.\.a,ﬂ Glwdow Cp> k—g (&l
oon oA e 5 Ngdee 85 S 4 VOF i,
Joe 5 goae Jow zmlls ool ools dxwgl (goue Juw o Slas
Slr o g ojle sl o gl Sllug sl oo R
oo dmlie S (Ko 0358 lagSizge yo Lid Ol s

g

RIS WKV §

oSl w¥olze N Y

(A 58) ojle golz bz 1o Lz oSl il
Obyr Al j0 oS S sjlail 5 px ke gl ale
Sagas Wolas loj 3 0ud (65 bawgie Djgo 4 5 atidl
[A] o9 oo glymnl Lol 51(0 alul)) 5009, alolas o (F alal)

Ou,
=0 ()
Ox,
6 U a o
ou Owu)  1op 10| fow G ®)
ot Ox; pox, pox; ox; Ox, !

39 iy Jawgie gloadlie lgie a0 U (1=1,2) g8 S¥olas o
9 Jbw (Sslos cad p (JBs p lad bl 2 g
ol sde a3l julyn; bds Olye @ puu, Al
U,) Sz 90 50 Sk o (loadlie Juld Jagzme o 1)l Yoles
adlie aw gyl oS > ojlail ol S,k 5l o Lid g (W

5 095 JolS 558 Volas i W conl jadaiy ;) 35 Jagee
Ao J0ain ) glouiad canlio ‘Si..a,ﬂ Joe leolannl b suasls

kzlu.'u.' ) Sin] b 55k &S k—g el as sladolae
2 1 1



s (S 0395 sla Siizge diay 48 (sdhte Hlid Ol g O e Sllog goae (& jladoe padio A5 ez

285 e g K sloypaie oled sly o (LolS 6550 Ly
D9 s

Jo olaae wlasin . ¥ .Y
@mjlkgoxkjmww)%@&bawl)o
ol oo 438 5 o 00 Malmedal Liwg oo plosl afisle;l
“zye SO Gl zee el SO, Malmedal  alBisle;l Jow
JS V] ool 42,8 ool ¥ S gillae Slaseiin b oS5
Sl Gl ez 5 515 0550 ol @se pold 5l (Siledy
Dgb oo edalin ¥ S yo Ol zhe Sbleg 5,5 ojlul
S dw lp ol 4 (60,930 g Sy Slasie
2285 bl ) o)leds Joax @il zoe w5 gl Sgline
99> n goe &6 Hin 9 625072 goe wn T Joox ol
Sl ol g,lke o5l ol O Gas dpiolej] adS o axius

el peile Ve
yo V¥ g 88l oz 0 o Ve Djg0 4 Slowle aisls slal
Slawlrs asals ol (F o) wad a3 )8 L o 5B cp 5l
S (Fexdge (g e W B SHE) (Bl Sz )3 Jobo 00+ 4
N els L (Y S o Xx=0) as 515 ] s (Sazge
CSSy S)ge a Glewlre Jsbeo V00 ol 51 e 5 sk ok
U5 aSi,sky e Yo b 2o VY gl X 51 (Ax =0.02m)
‘f’jb S o S 00 (o 35 DS wy ‘) US.MJC}A c]a.n.n
) Sl Oy 4 Slale Jokw £oa Slasbre als
Jols VWY 5 e /AP L g ¢ g9l Z 5l (Az=0.016m
)] ey Gl b e VE G187 (gslune Z 5 Gliwslone

Gk 3l bl g Sle Sle e S5 ped pl 50 5 00
Giledoe jolate a5 . W5gd co dnlone Hlid yolie ( Siwgy dloles
g Cwloasaid 3 ISk —g Gldolae g0 Jow ( Sad]
Nichols ¢ Hirt lwg a5 VOF kg, 5l ol mhaw (gjluwacs
4 piie U SO 5 VOF g, 50 048 o0 colaul 0l 3,20
Slale Jokuw ;0 Ol po s> a5 058 o0 oolatul @ b
sy 0ol ez o3 lp ) (Swge dolee > L el

[10] 55,5 e mesi Jor e JS 5 oo

(QR)

5 93lse Sl 5 sk 005 5 oaies las a3l Syl a S
el oo o1 5l o, 9 ol Jshe 5l sas,e O<a <1
“ e o2 55 S o ol g 88 0 bl
S, asia !y b, o\ﬂc_la,woljs

Acwl calie )0 Ll i pad @ 55 ildoe jshaie
bgie Gl b Jolae ojle )5 5:Sile by i ) 4
5o ohKer g Liu Jg s J5dste Lazme 4o (Sloj Jawgie)
SS o Hlis oyl g pl A4S Wioged duzg 199 Jlw
5 Sl Glete e (Siugn Olgee plple s L
Lo G 50 gl 5o 1) LS izen g 00l (65 langte
DYT 250 23 (&) Oy 5 Sl

5 oud Jlosl (phy 15 o sho byd (iSke Sl gl o
ws)S L pkpoe by (2B bz selr e e o
bl sy aasl gby> )0 @i s Gy 50 gde
Plghe ) 5 ouboe Cop sln o) 8 056 0)lsis o3

1.2 )5-“)T 4y
1 o
0.8 SWL
e
3
0.6
£
- 6. P
0.4 // T8 T
T7
0.2 // T4 T5
T3
0
0 0.5 1 1.5 2 2.5 3 3.5
(m) 2 5e

Y] 03l 50 s i (glorioms sLid ConxBign 9 Gialo3T 2590 (xSl Z g0 Jobo ilaskiun - S

Wave Gauges

SWL / \

Wave Maker

\

/

Y¥



(FV=Y1) AY leasl 5 5l O Vs Jlo bjo pudige 45,85 o g8 dames

[\v] Malmedal ol lo;T olakivw 5 zgo pald Suilows S — ¥ S5

DY) o3le 2 (63,95 2 T9o (Sdgyoud Glaselo JSb-) Jgor

H;, (m) T (s) d (m) W5 0,los
<IYAY VD <Y \
QAR Y/ <Y Y
ARN Yo <Y Y
/
A

\

14m -~ 4
17m 3m

5 lowlro ainls slagl -F JSCo

ol Jxs &S w8 eslansl (W, =1kg, D,s, =0.071m
D] el oo (3,155 /Y L ol Alas

L PERETTICHPSIC S TP SN J NN T P
oila U disg 0wd S cuad ojle 4 (63,95 Tae EB)] 4
g Hlad Slpess Sl ol i Hlad A sl Sz ge
Gl (F IS8) was ad s s o e e 3D
sl 3150 ead sloml 58S g 0,5 blas jo Ol mlaw 5,505l
ol 485l )0 ead LSS gy 9y 2 9 o)le o> zae
o 43,5 o Y Sy s o5 5 5 Ll LS5 Jo
5 e B LS 615 o i alali Jpar ol 55
ols uizen g (Shgge ojle (gl ol g (Slinnl aw 515
ool oylis (|xWG1 —xWGz|) Sodes jl &S g0 a8l
BUCIECO-SPCT VNPV R S\ ¥ IV P S ORI IR PR
b g sem,l 4 90 50 50 To 5 To loomins Jlid aiss s
b g s g xld Y 90 50 50 T7 9 T sleamin Jlas
AVELPORRVLE I S JE IO PV g B K Ty 3 Tg Ts Ta slozw
Ol ¥ Jguz 5o 5 i JL28 4 barye Jobo 35,0 (Slaiies
Sloals ools

JH 50 ead cual loomiw Hlad el o)1 O mhaw a5 Sl
Slad b ol e s o plad 1y (Soslslgyae Las o5l
Slemin i 5 JISuly F8-+ e Ts 5 Ta T T sloomi
Y] slosls i |, Jab Yo+ ,Lad To b T

by &5 ggo Wgo (2b) @b I LB lanl 5o zge a5 sl
A 0590 b [VF] ol eolanwl 0o 5 slgiiy Liu 4 Lin
Eom den e 5 ol o oy Shlgs 51 55 S L
Sl 4l )0 @l zlsol ol 4y 05 ;xﬂ‘sn S
T d.:).: 9 &Lﬂ.ﬂ)‘ QL.o.b L: dJlas Q"‘ )d 03 J.,Jy C‘j.n‘ ML"SA
30 ok b ye S gl e (698 bawg oliulel jo sady
oSogse 5l sl QUL el eyl 4y BB wad b5k
Slwlna 03900l 79,5 ojlal izge Wgo 4 o Sl

Al anslas 2 las gadsi zlael L b clils walgs

ool 8590 B boj] Joo . Y
Gedzs (nl )d oud a5 I goue oo (i Como jslane
dwdid .ol 00 oolarwl Malmedal al8iole;l Jow mls ;)
el ¥ S ol Ll Slidos jo oo (iolesl (\Sizae Jow
oo i plite gl 95 5 (Sdzge ojle 4 sl glsal
A8 L aule s plaes jl awe LB 4 SO Jols ol
“z9e At ol pendis VAL landio VT oogumme jo ol
TEVE T RS i o8 00y udusi Y s g5 5| oS
Voo Culbo a4 ks Y aes a5l ow ol sol sy
e s e [0V lawgie Jh8 L Sl wllae iz ) el
Y 5l ol o b ad S hie VYl dlae SRl
g e [V el a8 L (S slaails 51 ISt 50,1 (g

) PSS N Lis
(I Aol (rizmen 5 (Sbzee o)l 219k s 5 (il i 1 3595 2 Joxe U 0T el Sllugd (5 a0l slogm (81 alold —F Jgur
DY] Kse 5l g5 90
Xpor = Xy WG2 WGl T (s) Wiy ol
\/-vm Y/FO M (oS5) YIYA M (o,5) Vo )
VYY m YY) M (oS) ¥/FY m (o,5) Y/ Y
VY m FYA M (6,5) Y/AY M (o5) YIo ¥

Yo



s (S 0395 sla Siizge diay 48 (sdhte Hlid Ol g O e Sllog goae (& jladoe padio A5 ez

DY) o Ui &2 bgr yo Jogbw 55 50 (Flaisio Cpmigo - Jgur

T9 Tg T7 T6 T5 T4 T3 Tz J}L,.J O)LQ_;L
AR AR AR AR AT DATN AT AT pjlsuLM
AR AR IYA- Y VY- AR <[OYO AR @3‘ Slaise

PRkl mls b goae Jow lawg Ll &lpss sogosme
ol rhw Ol 5l Glawslas © Jgax il ool Bollas
L (©) ikl Jow 5 ) oe Jow lawg sdal Cosy
abii )0 (H ) g9 e85 pouSle Jgozr cnl jo oo oo (LS
o Sy Al 0,5 sl 3 (H ) gm 6| st g5
GrSl oS 33 by oad oo e marsSle 5 g
) z5e Sy 5 (A1) ol s Sllugs
gl 3 g o A2 e olas ) (C:|xWGl_'xWGZ|/At
(Crpr) b g 695 bwgs gge Sy jlade Joux
li oaimy Ll oy N 5 € lpnail Ll oalls ools ylis
A (04 g ‘Sbl.i».ia.iLA)"“

S P Sl 09 n ovalin & 52 g T Jyaz 5l 45 jshailea
S G WS 0939 5l ylis sael Cawss S ¥ o)l zge
393 oS 5 opl 5o ead Lo BB 5 )ls goue 5 Kbl
©ode Jae g ‘smLi::%Laﬂ Joe 5l sl s Toe Sy o |,
o Cud Jlsie pouSle 515 90 o Sloj alols ams o lis
Al gose Joo 5o Ol mhw Sblug 6 pSejlal 7S g0 lawgs
Ay @Babel Jaw jo Jlade cpl a5 0540 Af, =0.60s
5 (8908 Zgo Ity e Mlie el ool sy Af, =0.31s
Al ey edel Cawds Af Glade g0 gl 4 ekl
oo cpl Jobee aies C,=39m/s 4 C,=2.0m/s
ol sdal sy C=23m/s plp ot zee &9 lawg
@S G s )lne AW pgus 5 Jol > 50 o0 S 5 sl
g o odalive goue 5 2Kinls)

0.15 4
0.1 4

0.05 A

oy g @l ¥

5 Al Jao | Jol qulis o jsliiony 2 ol 2
5ol s Olposs auglie g owy o 4 @Bl drwgl go0e o
dlie g g0 A1 5 (go0e g ‘smli@.uﬂ Joe yo ol lus
Pl 09290 Too &y g B Dglite oS 5 4w (gl 0 plox]
o0 ‘Sbl.i».ia.iLA)"“ claools 5l oolaiwl lp c8F waly>
abadi flg Bolal Ojgar Gl az U ) alais G g lie
- o bl oBiolo;l ,o oo el o) o0gamme SO 0 Eg
Sloy azesu ) goae Jowo gl b anglie slol gl 0gd
ol Jskb ,o Ta e Lid gl goae Jow ool Cawds
SRaole;l Jow s bl sldasl o yiis b odged bul> il
Shexe plgrn ploj Gardas pl wams las iw jLad 4 b e
mo ooliinl 35250 Sl )lad plo lp oley Gk Lol
sl slos,55) G e 5B @ bgipe SlLI (nlply g
D aalgs Lais 398 (g, b zae <o 5 Sl e j0 0ad

ol b & gty ) Y
sdel Cawds o5l sol> Ol maw Sl Sy o O JSB
-o3lail glrosls sl wol mhaw Sllug 5 uSo3lail 28 g0 lawgs
3 a0 oo lid 1) goae Jaw mls oBiale;l ;o ool (65
Joe lawgs saal casss Ol mhaw Sllug Sloj 5w JS& 0l
sl 00 00l iales 55 To i jlid caad Jowe jo (g00e
s e po ol mhaw Sllug olKilejl o 4l azgs LB
09z 45 B oo lid gl lenis (6,505l T, e lid
e 5 @S 90 oo 0 o s Gloj (65w 50500 Dl s

Water Surface (m)
o

-0.05 -

-0.1 4

-0.15 -

12



(FV=Y1) AY leasl 5 5l O Vs Jlo bjo pudige 45,85 o g8 dames

Water Surface (m)

-0.25 -

Water Surface (m)

-0.2 4

t(s)

9 EW )l @gliio s 37 s (63 T i HLid i Jomo 9 0 b lilusgi (5 oS0l g’ 90 Jomo 30 o b ol (Sloj (gm0 =0 S
(P loT Joo guls = (e b (goue Jow gt = wiow ) Zgo oy

(€) P bo3T Joo 9 (M) goue Joo Lawgs ool Cowdy o gebaw &l pds’ dun o —F Jgu

Cour C, C, At, At, Huinn  Humine  Hmaxn  Hmaxe  @iged o)les
m/s) (ms) (ms)  (5) s) (m) — m  (m)  (m)

YN AIATA YN F BN <10 <N\Y AR <IYY LARY \

YIY YN AT - |OY AR AR AR AR} AR Y

Y/¥ Y/-¥ Yo i - |OF AV AR <IYA AR Y

odal Gy jlad uSls ladie o IS duo )0 e O Jga
P2l o 31, @ (pBRiles] Jus 5 () goas Joo Lo
Ty Sy g WLl Dglite oS aw Gl Lo Jlid I S
a8 5Kl a0 Glis Jgaz (pl &5 jghailen amd oo Glis
pled slp pRaslesl Jow g goae Jow lawg onsl caway
dos IR JBa a4 e Solite e 5 5 i 23
ams opl a5 Wleawl Cavdy KoaSs a0 VY/FD iSTas
ol (2Biolesl Jow g g3ae Joo guls colio gl 51 Sl
5 Bl @l G Sezse oF DS (al sg2s e 5l (S
i a5 el gaoge )y Glgiee 1) gove Jow ls
S 035 Sigge e Ll s alSlagl s Jalis
ol Jaw Jodsw Jlaae a5 > 0 w0y e alless OIS L)

Yy

o Hlas ¥y
Sgliie oS aws (glp ploj ey O Jlid Sl 7S
s ol 1y Raglesl bl g goae Juw jl ool cawas zge
& S35 Tre 0 S5 A g 5l AU ol s e
zoe J5b Sul 4 azg bl o5l | (Sl Zge oo g 05l
Iy Sl 039 (qwgion Dpga Gl g 05 ojle 4 50595 0
Gy ol Hlid Dl s 0ah oo cvalin £ JSG j0 a5 jshiles
el 0098 cwsiw Dyg0 4 g3 Jde g olSinlejl 5l onel
aS e oo plad il Jao b gooe Jow gl anglie

el 03591 G w95u |y Lid peyiSle 489 Loy (go0e Jowe



Pore Pressure (pa)

s (S 0395 sla Siizge diay 48 (sdhte Hlid Ol g O e Sllog goae (& jladoe padio A5 ez

g el )l Sglaie oS 5 aw (gl Lz JLid 51 SO jo cual e
a3 e plis Jgaz cnl &5 pebiles amo e L | zge w
Joe g goae Joe lawg sael cavns Hlid Olss asls
& 3 aliie oS 5 it ol sl ol
VEIY Lsgie o doys Y925 Sl woys /PA Jils lais
bl o lis asmd cpl a5 Wiloss] Cawdy JUERL VRS

0dd,S B8 CHeSy Oyge 4 bla sled o (goae Jow o
Hlad Sl Jlade o 99290 AW Jawgie 0929 ol b .ol
BUES V- ‘SeLi.iﬁLaﬂ Jow g gose Jow Lawgs o] Cawdy
S99 )0 zee duy g g, Dglite oS gl Lo HLAS
w‘ Jj..é J.:L9 9 )*}LJ )L..w..: as od.A] w&.’ j.i:d.i’ M)Q ?/?
Slad Ol dals Jlade o ST o0 £ Jads ioen
50 (©) @@bﬂ Joe g ) o0 Joo Lawgs W S

Sglis S 5 duw (6l Laiow HLid 51 S 2 40 B Lo3T Jie g g0ue Joo bawgs outel cawny jLid uiles jldio cp SIS o y0 -0 Jgao

Too My g gL

T9 Tg T7 T6

Ts

T4 T; T, Gged 0ylas

VIVE Yoy YIXY /%)

OIAG

Yy -IfY VYA \

ATAPA Y/ag #ITY A

f/.Y

YIFY YIVA V/Aay Y

AR YV \Ag! AR

vy

AOA \-/FY \YI5D Y

oS a5 Lo jLES 31 S5 yp 50 A Lo3T Jow g goue Jow trwgl sl Gy HLid il ki diold jlaito (s SIS | S0 y0 —F Jgu

TP MR

Wl welae

T9 Tg T7 T6

Ts

T4 T; T, Gged oylas

5127 FIF4 ¥/ A \las

\lia1

YNy YAXL o) \

YOINY \YINE \a/ey YA

Va/gn

<IFA YIo¥ IRAR

YYIAN Y/-4 ARVARY \lia1

vy

b/fa YIAY  #A8

goe ol 55
3500 4 3500
5400 7 5400 B 5
5200 5200 3000 | 3000
5000 E 5000 H i
g ® 2500 4 2500
4800 2 4800 5 X H \
4600 4 g 4600 2000 1\ { 2 2000
o \ 2
4400 4400 & \ e
1500 1500
4200 4200
t(s] t(s)
4000 t(s) 4000 t(s) 1000 ) 1000 R
61 62 63 6 65 61 62 63 64 65 61 62 63 64 65 61 62 63 64 65
5400 T 5400 ™ 3300 3500
] ™
5200 3000 3000
5000 g s000 = =
> 2 2
4800 £ Le00 r % 2500 1% g 2500
| P i
g 4600 § 2000 § 2000
~ 5
< 4400 < H
1500 1500
4200
t(s) t(s) tls) t(s)
4000 1000 + 1000 +
65 61 62 63 64 65 61 62 63 64 65 61 62 63 64 65
T P90 S 5
5500 4000
, ™ 6
! i -
/ ; N
{ 5000 3500 / N
i N = i / \\ i ,
3 & 3000 ! \ | "
@ 4500 K1 if N H |
E H \ i/ \ i i
i § =0 4 y I/\ ) | i
A i
3 4000 $ i i \\ J
H 5 2000 1% \ =\ /
A\ 3500 I Voo
i 1500 [ v
Vi W Voo \_}
\/ N\ i ~/
N H t
3000 ts) 3000 + 1000 + L Sl t “
46 47 48 49 50 51 46 47 48 48 50 51 a6 47 a8 49 50 s1t® 46 47 48 49 50 51

YA



5500
5000

4500 Yy

Pore Pressure (pa)
Pore Pressure (pa)

4000

(FV=Y1) AY leasl 5 5l O Vs Jlo bjo pudige 45,85 o g8 dames

tls)
3500 tls)
46 47 48 49 50 s1 st
6500
6000 6500 4300
3800 h
5500 6000 3800 |\
w A\
£ 5000 5500 _ 3300
H T B & 3300
H < 5000 H g
7 4s00 ® N o 2800 e
£ H 5 2 2800
@ 4000 \ g 4s00 i ]
e 3 & & 2300 £ 2300
3500 { @ 4000 2 g
L ' I3 S
3000 \ /’ \ = 2500 & 1800 € 1800
~ . (s)
2500 T T 3000 1300 1300
65 66 67 68 69 70 71 t(s)
2500 800 800
65 66 67 68 69 70 71 65 66 67 68 69 70 71
4500
6500 6500 ~ 4000
6000 4000 !
6000 \ \ 3500
\
& 5500 & 5500 1 = 3500 |\ \ _
z H £ foA £ s000
o @ 3 \ o
£ 5000 £ s000 £ s000 \ / ! / \ £
2 \ H 2 A if 4 1y 2 2500
g \ H H 3 i A N 8
& 4500 \ & 4500 & 2500 % H i \ £
5 \ o o % /i i 4 § 2000
\ 5 5 \ [ / \
4000 a 4000 - 2 2000 v § / \ &
s ‘\v//
3500 3500 1500 e’ 1500
t(s) t(s)
3000 + 3000 o 1000 1000
65 66 67 68 69 70 71 t(s] t(s]
65 66 67 68 69 70 7 65 6 & . . 70 5t 65 66 67 68 69 70 71

Joe gl = wiow L) Zge a9y 9 £l gliio S 57 duw 1y 0 3bw J315 oud cuad (glogriaw jLiS 10 O HLid &l Sloj (g —F S5
(P loT Joo gubi = (e s (gous

Cuod 5930y sk 55 29 obsS T Lo )50 S5
$9,0mb 5l (Gl eogazme y0 (gl b (29,5 Gl des
el 4>l oo omb Jdo aes o &) o3l 59, 2oe
dyo i (Gay0ml o 0 ojle B 50 Ol w5 O
Ol Sy sl Lo il by Wb ojle B Ol e
CiS p g Z35 0598 1 50 $99)9 O b pln (e bz
3ok Ghgls g saaoml Jsb o Sl 4 azg Ly g4
Sl sl 53 (Krms ol glaie gl JHie s
sl Oz ey b Wl (395 by ) 5eST (SBl 5
a5 el 3529 ((599,5) 3985 Sy &y S (b ((7955)
315 o 655 (Sgpien JLad (Lol 092 4 5L ey
Jdas ool lo as o)l o5le )l Sl 5l g o3l S5l O
Ol Seod 50 5 69)0ml A 40 03l Sl (295 bz 4SS
o3lw 5l &l o <l o aSul 4 axgi b g a8l o lasl ol
3983 Sl 4y S (6585 (glad jl el jgme O (b9l
o3 5l 95 5 soaps 2l e ST Gl (nlply W5 5
Gl &5l 35z e (Sgyuen jLid LalS Wb asl pluSe
e Egbge ol 9 98,5 o el L3I BT mlaw ialEl bl

55gn 03l (515 gm0 a8 (Sl sl 4

Y4

Gl bz JLid 1 G o Jore jo jlad Sl s asals V(S
Joe cgoae Jow Glp 1y zae a5 glay)l Gl oS 5 4
oles (Y 9V Lalg,) Troch 4 Vanneste akl, 5 ofisl;l
L) goue Joo mls cslin By 09290 SO 020 o0
s Vanneste akl, g (Lux b3) ikl Joo (ot
ISl e 020 o LiS pg5u 1) (alais g L3) Troch
Lot ,Lid (gl o0el s jLid &l pas aials a5 s oo ol
aS b oo sralS ol J3l Cow a4y &S > Lol 5l S o
a0l 355 Sl ) @se 5 sl 0975 Sl 4 e300 0l
Sy Biesel aluly 0 8 oo b aS Jodsie lasme S5
Joe lo 5l eolaiwl b onds awlxe Sl jliasd Jlade A S
S g el Oglite SleeS 5 )0 Leamiylid pled gl goue
Sgd oo 0ddlive SO cpl jo aS I 4SS aes o lii |y g0
Sade ojle S G a5 &S > b ol 5l SO jo A cl
|) )A‘ Q"‘ J.Jo | w‘)sl A9, OAAT Cowdo )Lmﬁ u.x.i)l.uc
Ssi5 5 moe 69,k Jsb 0 a5 ol 2,8 Syse a4 lgee
v (( Swesgs e e S 4 ol 51 36 oL,
ot Jsb tlnlir 5 039 5550 B ol 5l o3l e



s (S 0395 sla Siizge diay 48 (sdhte Hlid Ol g O e Sllog goae (& jladoe padio A5 ez

—(n) Jd S5 - (&) JJ Sy == (Troch ;Vanneste) |d .S
—(n) ps> S5 == (&) ps S — * (Troch sVanneste) pss .S 3
T (N) pe S5 (©) poms S5 ==~ (Troch s Vanneste) pss S5
3500 -
3000 +
2
.3 2500
1 2000 4
3
-3 1500 A
=
® 1000 -
()
500
0 T T
1 2 3 4 5 6 7 8 9 10
o ;L3S o las

Ty Ny 9 EW, Wglitte cuS 5 dw gl Lo LA 51 S 2 oo 52 50 Jwly o 2 5L Ol pdd adols -V S
(Troch s Vanneste akul,= ahii g ks 2Es b1 Jow gubi = (e b (goas Jow zuls = wiow bas)

5500

5000 +

on

4500 +

i gyaSiino
H
o
3

g

3000 -+
2500 -+

2000 - . .
0 1 2 3 4 5

T HLLS o jledy

¢ JsleeS s
By oS3
Py S
|
= .
| .
| | *
.
6 7 8 9 10

Too My g gL, glaso S 7 1o Lo )L plod' (5l (goue Juw gl 3 coliivw!l b oal duwlo (il jLES Hlado - A JSCo

SOASS oo TIF sgas 0 zae M g gl Sl oS
30 1y 5zl BBl 0g2g Judo SO lgs oo 45T B0l ae S
calizes blas jo oBisle;l jo Jodsw Jlaie (og csless e
blas als o sl ol oged (0,8 €S g (Siwosgi o5l
olis oals Jol> zls Jlg>l b .cd)$ ,lai o goae Juw o
JHle jlad s 0 ol goae Joe ceslie el cnins

] J.?!J.?M ‘Si.w.:ooy uiwcyo
dw Gl Lz Hlid 51 SO oo jo [Lid Ol s asalo =Y
oo sdse oo gl oo wn g i)l Oglite oS5
l, omle @l Troch 4 Vanneste akl, 5  ofil;!
bl gy jlid Olpss asly sl ol SKaSS a4 Cad
Sade ojlw J2Id Caow a4 S L ocul Iy SO e iz

& 3 i ¥

5 ol gl Cllog o)y Coz @oue Joo Gokos ol o
ookl b s (Siwosgd o Sizge Jolo jo jlud ol s
onl 50 el ey gl .o 00ls axwes FLOW-3D l58le 5 5
12,5 Ol gy Soge @ Olgiee |y G

oads oolaiwl alisle;l Jaw 5 s00e Jow gl awolie -)
Ol 1) ol Gl 21 by g ojle Ggm Gl G2
Joe g so0e Jaw lawg ool Casay jLid Sl poas aels Laisls
4 g Dslite eSS 5 kmylid plas ol aRigles]
Logie pized g widel Cands 0050 a0 VHIY Lawgie Hob
Joe lawg ool Cawds Hlid nSles jlade opo S9ge NS
aw lp Lo Hlad 5l SO e o aBabe] Jow g goae



(FV=Y1) AY leasl 5 5l O Vs Jlo bjo pudige 45,85 o g8 dames

model tests, Proc. 5th COPEDEC, Cape Town (South
Africa), p. 1518-1528.

6- Troch, P. , De Rouck, J. and Burcharth, H.F.,
(2002), Experimental study and numerical modeling
of wave induced pore pressure attenuation inside a
rubble mound breakwater, Proc. 28th International
Conference on Coastal Engineering, ASCE, p. 1607-
1619.

7- Vanneste, D. and Troch, P., (2010), Experimental
research on pore pressure attenuation in rubble —
mound breakwaters, Proc. of the International
Conference on Coastal Engineering, ASCE, Shanghai,
China.

8- Daily, J.W., (1973), Fluid Dynamics, Addishing-
Westley Publishing Company, Boston.

9- Van Gent, M., (1993), Stationary and oscillatory
flow through course porous media, Communications
on Hydraulic and Geotechnical Engineering 93-9,
Delft University of Technology.

10- Van Gent, M., (1995), Wave interaction with berm
breakwaters, J. of Waterway, Port, Coastal and Ocean
Engineering, Vol. 121, No. 5.

11- Hirt, C.W. and Nichols, B.D., (1981), Volume of
Fluid (VOF) method for dynamics of free boundaries,
J. Comp. Phys., Vol. 39, p. 201-225.

12- Liu, P., Lin, P., Chang, K. and Sakakiyama, T.,
(1999), Numerical modeling of wave interaction with
porous structures, J. of Waterway, Port, Coastal,
Ocean Eng., 125(6), p. 322-330.

13- Malmedal, LJ., (2002), Hydraulic and
geotechnical stability of rubble mound breakwater,
M.Sc. thesis, Dep. of Structural Engineering,
Norwegian University of Science and Technology,
Trondheim, Norway.

14- Lin, P. and Liu, L.-F. P., (1999), Internal wave-
maker for Navier-Stokes equation models, J. of
Waterway, Port, Coastal and Ocean Engineering,
125(4), pp. 207-215.

AR

Ty S5l Sl 0929 Lo 4 g9d90 (nl &5 il e 05

sl e bawe 3l a0 o] S9i5 51 0
25 G0l by oile 5l 25 bz 4T oy <Y
zo> S o asiyl 4y axgi g a8l co 3Ll ol ol Coendd
) G (655 sS (5L 5l el jgumme ST (sl ) o5les 5l &
5 605 ol 2 4T Gly Galaln WS s 358 >
VRN SWRNREIR K NS T Pe
35,5 o0 el A5 O el il L el ol 45 il 39290
S sleiend o jlid SOl (8l 4 e £9o9e (0l g
wibow J Cioms 4 &8 > L 2ol 515 SO 50 e 098 o0 05l

OB 5lg s

1-Forchheimer
2- Projection

P N
1- Troch, P., (2000), Experimental study and
numerical simulation of wave interaction with rubble
mound breakwaters, Ph.D. thesis, Dept. of Civil
Engineering, Ghent University, Belgium.
2- Harlow, E.H., (1980), Large rubble mound
breakwater failures, Proc. ASCE, J. of Waterway,
Port, Coastal and Ocean Engineering, Vol. 106,
WWwW2.
3- de Groot, M.B., Yamazaki, H., Van Gent M. and
Kheyruri, Z., (1994), Pore pressures in rubble mound
breakwaters, Proc. 24th International Conference on
Coastal Engineering, Kobe, Japan. ASCE, New York,
Vol. 2, p. 1727-1738.
4- Biésel, F., (1950), Equations de l'écoulement non
lent en milieu permeable, La Houille Blanche, No. 2.
5- Burcharth, H.F., Liu, Z. and Troch, P., (1999),
Scaling of core material in rubble mound breakwater



