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ARTICLE INFO ABSTRACT

Article History: An important point in design of coastal structures is their structural response to design
Received: 5 Dec. 2017 waves. In this study, wave interaction with a caisson breakwater is studied
Accepted: 26 Nov. 2018 numerically by means of a modified SPH method. An efficient method is introduced

to take into account the static and dynamic sliding forces at the interface boundary
beneath the caisson. After a validation test, a time history analysis is done to

Keywords:

Ca?lsvgon breakwater investigate the structural response of a caisson breakwater against waves. The results

Modified boundary condition are compared with experimental data as well as with similar numerical outcomes.

Smoothed Particle Hydrodynamic There are good compatibilities between the experiments and the predicted values

Dynamic boundary condition regarding both caisson movements and applied wave forces. In addition, three
different solid boundary conditions are applied and it is concluded that utilizing a
dynamic boundary condition is computationally efficient and numerically appropriate
for modeling the problems involve with solid-fluid interactions.

ikt o)lse Jolis ool 2l slavge 5 Wisd oo JSaT (S doudo — )

“ S gl 5 (SOl (G genS Gl g o33 el anil o Jolo 5l cdadlns (slp olbbojle SgmaS slacSizge

Sl 5 2909, )l ol (Kiwods i S5 cla 0845y (S35 (o pubie o Sgl 585 )15 5l boee 4

V-q


mailto:Akbari.h@modares.ac.ir
https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.4.3
http://marine-eng.ir/article-1-647-en.html

[ Downloaded from marine-eng.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17357608.1397.14.28.4.3 ]

Slall s 55V St 15 55 (553 sl bl (55,5 S 53 b s OS5 3m 5 90 (Selnd 5 8l i85 e 1 S0l e

9 Jlosl 0,50, Dol o g g0 S, (55l
o dmlie Coled 50 9 pAnlded fis g (gmeS o SBLa
Si by 5 (2T (59 gilome DS o 0 byl
o=l 5o il e cdo e g Jlew (S il Al jo (Sl
Joe bl 5 a8l ax vy soue Jow ol gaiod o L,
b, b Jlsl b aS 6,550 gooe Jowo mls b ¢gans ol o yelus
oS sl Al s gl pols Babod go0e Joo @l iz g
A b pdlied J  sEe SenS Sizse 5 plaie Eoe
ooe Jow mlo b Jolv o ;o0 SKlaol (59,0 285
dnwgs B 28105 (55, o 50 by Jleel b as 5,55 SPH
B ubd.’_.u}: Jd._.o @‘)U M_JLQ; B Cwlodds d.ml.o.a ‘cb..SL»
0 cdo e g Jhw JiaS il gileans gl pols sads
o=l o SWhasl 59 Jlosl 092 (rizrps 9 (b glsel Sl
o e byd Jloel (g) a9 4385 )18 (o) 2 990 s

Cawloads ML(LA )ih.\ia LvSPH k}“"j) L
U"‘ ) as S Ja.i‘fw ¥ J.éq)o Cwlodds 6\3‘)‘ Alﬁ.m.c)») pSl}
O Widu 5o Cewload ool pusgr «id I 13 oolainl 8,90 Bubos
oS o] ais gl Sl (g9, e (g0 Joe gl
dss Joo @l Guizpp 9 ylid o a9 plate gl
el g oas adl)) Sl sl 5,0 Jlasl L adbas wgs
O 5o ol 50 awloods duglie clice (g00e 5 2ol
-plxl Glaglie 5 adlarwgy goue Jow bl 3l (6 S ammai 4 #

Clodls a1s 4y ool

Slgad O1)d Soolydg)u g3ae B9y Hgw¥ g0, - ¥
S8 b slaSidgn HISY gy lyen I3 Salusg e
aols ;1 o a8 ol OVl Slawlre Seals dai) 4o lgl)3
S Blaod SIS 0580 oo pred slannS OIS 4 Sl
oatie sl lpen LTS @l ol @ (59 b alewsar 008 0

r “ p4 . . . . &
ol 15,5 2l Vo lgan Jsbo N 50,3 55 oy alols T as” wisy
b wgiea b b0 J 5,5 bl ol 5 o
ewloass eslil [V Y]Wendland
CusBge ;0 CueS SOl laen SIS Sieluog uue g, 4o
3kais g GlSe sl Silaos 4y azgi bl S
oo Convsty i alal

F(r) = ) F(rb)%W(ra ~1p) o
b

VY-

0355 foy (59510 (SirenS g GgeS (S gblie S0
P A aals |y ojle (nl (2l Gl on (IS ok 095 o
S5 1A 0 (Siwedgh pww 4 alusly o3 g (S (g
> SLsge s 55 pete iy oot abol Slidss as V]
9 Yuan-Zhan L»_w‘) u—l‘ ) .CA_.»‘ooj__: ] u}m.»: 4 wlj
5l gyl (2S00l alilesT Slalhae yo [Y] 1S
B ey 9 |y (Kiwodss jm (59, e (S g
Glwands |y ais ol (g0ae Jow arwgi b iz o g 00lo
sEsteban Lowg as 5,0 ol iol;l Sldlas ;o .ailes,S
RTINS A F [EIPCESR STV | NN

WCelaid )53 s 3590 S jkke glael 3555 S (SgmnS
s G 90 Ghlo S e (e plralr go0e il
S Jlosl g 5l Clo o L b 25,000 (5500
dJ)uLJ‘ d_ml:so k;.....ucés.: Ju.m 9 ‘5,...\.: 09“5 Oy S|
s Hadzic 4 [6] )L o g Kleefsman [f] -, Saa
Jhw oz 6ol 30 Lo g, 5l ol b [£] ]S
S=L,3Y soae b, 5 eoliul Ly [V] Panizzo 5 Manenti
S cdeo 0 by b 605,54 5 lgen &S Salnog,uun
ez GBS ol ay byye oLl sl 5l (S (55l
sjian ales S g3L—war 5 1, [A] Martinelli 5 Ruol
Sl aBbanngs pageS1,S Joe 5l gidos o (2] 5a
L D] len 3 ROGErS oo ns ailos S ooliiul S e
JJJ_ar\,.ﬂ)_a )‘9_0& u_:|)¢ &mbéﬁ)\.\_& God—< L.)""5) )‘ oola_ul
&ilwan s gl 1) goae Jas SPHySICS |38l 5 1o 55>
St $9) 2 48553 (SganS (Sbza— Samgd S5 >
S o (6lwancd gl oolaiwl 0550 Lo (550 by losls
9 iz il jo a3l [VV] Kos s Monaghan
"Slded 55 398 BBt w5 (S0 S G S
o ds 0 Sao! (69,5 opl TG0 o v iy 5 b 4S 00l
9 Cwloa i M‘u VG:L».A 9 é...nLu\) géut.w‘ SKlas! 65).0
e (Soalind 4 Gleo 5l g Sl 4 (Sliwl el 5l S
L gl S ol als e & fy Olalllae 45 az g5 b
mad ol s Bus (o lge cwdige jo Jole ool

VY 9 O



https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.4.3
http://marine-eng.ir/article-1-647-en.html

[ Downloaded from marine-eng.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17357608.1397.14.28.4.3 ]

VP10 AY i) 5 5l VAo ez JLo 3 (it 5 (5551 (e o5l ol

oS g 9 gU Y Olao - V-
w3l S¥ole Gaios ol 5o Jlws olyz g a5l SYolee
P9y Bl oo &S moslail g (Sowsy Jolds (uSginl sl ons
b )2 SLd ey (S5 pdueSly Jlgen SIS Salusg e
DS e S O (IS Ll 5 009 Sl (glwand o
oeles pj abaly &)go & (Siwgy dole > b J& Sl s

Al oo casody nloads ools

%=Zmbvb-v Wab V)
dt : a a a

daxs 3 Jlw ol,3 Lled aule sl [VY]Joe {Monaghan

L calite | 05 Lt e 45 wlos,S soliul ;3 >
S oo dle ) JB

p=b((L) -1), b=k ®

Po Y

Ll ol gl a5 e S8z o 5 Y = 7 g8 abal, 5o
H Vs b JB o 0o e Co g 2ol V- - -kg/m3
Iz Sllag L ogdoe a8 )5 Slaiss Jlow e pu iS1a>
- yre M egian Syl eolatul b cpizan ol 7Y 5l eSS
) Oge 4 pyiies abl) [VE] JOB sMonaghan lawg ous

D9 en (s33l
dVa Pa + Pb
E:_Zmb( +nab>vawab+g Q)
5 Pa-Pb
ol Q—l Slate a5 abl oo Eoas c Moy 698 all, o a8
_aEabp-ab
_— Vap - Tap < 0
Iy = Pab abTab )
0 Vab-Tap = 0

Ig &S Jud Vo, = Vg — Vg g Fgp = Ty — Iy 398 alayl, o
Cab Wbl o 33550 0,5 a5 Sprgo o 4 Ve
dlne ) abaly 5l Hap g Sl 0)3 93 G Do Lawgie Co

83,5 o0

hvap Tab

p—ab = (rzab+n2)1 (\ \)

12 = 0.01h?

o) lacie 5l gadss ol o [V0] o) Ken o Altomare gl
Leawloads solarwl ‘_g‘).g

S kulyh -F
5o 5y slag s Tl SLs 5l (Sslemts sles V Lo
L 0y93 0 (fyme j0 a5 amd oo lid |y (o yis (59,0 o

F(rp) @ 0,3 slm ,ais,90 caeS oo F(Ip) alal, cpl jo oS
u_uﬁﬁ.o u_..v)ad_urb 5ra sb o)é L.S‘)—' )JaJ.))?_Au...oS)‘u\.o.a
u—" ‘5ll_<_>)|q_o.opb 5b 0)5 ra).?)‘..ﬁmmb 5b5a o)\S G‘Lio

Ll 0,3

Sl Yol — Y

Sl OYolie g cdo pu OS> @Sl DYl Caad g0 4y

o g &S > Y Sleo —-Y
g 51 sl o V iy Mz (sl o i 51
Sealiys c¥oles 45 (1) 5 (¥) Laly, & 295 b sl O (slaus;
) o e &S > (g5 o0 i o0 LS | (Fg oo
@ azg b @b (ol 0 a5 Coul S e Y 0lsl3 w090
ool g oads Hlaidy o ()])90 adoles jleygunS” (B33 (o)

20,5 ol
M wv_ f \
dt LTk ™
da L = a
[—= Z mk(rk - Ro)fk D)
dt -

72 3ly Gy fie codo 03 0 0 M 358 Ll 4o
0,5 & Cadge T oyl Blbl Jlow &3 B )b 5l o guaz 0,
O Bkl Jlms Sl,3 Bk 5l o puz 0)5 58 0,5 (59,05

255 e s i aba 31 i

fi = Z fra f)
a

e 053 5 3ls oy >y (6950 ke firg (398 alaly jo a5
po 39l8 olwlp gasb e Jlwo,d b ik Clo

0,5 b sl o pz )3 1 0)ly (S slade (g &S >

B30 dmle o alaly b ply Jlew
mkaa = _ma?ak @
15 odio e @l 0V e o8 1> c¥oles o b cules 5o
‘wWo)é)&prwﬂso&Mbu@bjﬁlf}m
50 adaly ool 5l 6 S LSl b g ool Cawss ) llas Uy

..\.».5‘5‘» Jywwu‘)b OLQ)’

l_ik = \_/) + '(_i(Fk - _R)O) (9)


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.4.3
http://marine-eng.ir/article-1-647-en.html

[ Downloaded from marine-eng.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17357608.1397.14.28.4.3 ]

Slall s 55V St 15 55 (553 sl bl (55,5 S 53 b s OS5 3m 5 90 (Selnd 5 8l i85 e 1 S0l e

Cl 5l aaS o oyl 5l s 5 0S o G5 > A g, e
Sl sl b oo A o pets (Sl > 4 Sslul
- Sl s Sl ol oo 5l iy olgan Sl

Dyalast
) SISkl (53 Sl (55,5 55 sl Sas, 5 5 5
KU PP RSO EH P WON TR | E VR W W] L | E
sacd 6l 05 oue Jow yo [V o] Ses o Rogers [Y-]
ol 5l phae glgel b (2,0l J1 S pote (gmeS 25 > (55l
g Jae yo Lz olxl 5l 605 el> (sl g wilos S solaawl 5,55,
Sl o 5 |y JUE o (e SIS
Sl oieBs sy Sl & g b e S s s Sals
30 Cawloais &Sl )l Slasl (g9, Jlogl jo (o> ey duslxo
oola ol SElasl 59, Jloel slp ga> Co w3l pol> Gubms

)‘ sffriction s 9 (P 05.“...5 Oy Slasl &9y 9 S PR WA

ffriction =uxk,

{ ffriction static = Ustatic * Fz oY)

ffriction ,dynamic — .udynamic * Fz

Fz g (Seolino L (Soilonl SKaol g o [ 398 alayl, jo a5
Sthaol co b atbioe (0 GgeS = 0y I8 (59,0
s Yuan — Zhan a8 _isbejl olallas a sl 0y Sl o0
Sl sl (5 5 (Haynamic = 0.5) .0 b Iy [¥] ) 1Sen
s Tanimoto g oo dolping lade L el Sosbenl
a3 5 s (Ustaric = 0.6) +,# L i, [YV]Takahashi
30 b 00ls bl 8 slaciand jo 4 jeb les . Cwlond
S8 ool 0550 Sasl (59, Jlasl aig, oyl cpien Olago
oy Jlosl gm0y Loy S)Largld V IS8 ol 428 5
oaddsl 3, Shg, )0 il jiws 5 (S GpeS e S
S,lg 88l (9, ST .0 o las 1) b pl jo eolaiul 5,90
wiilyss (B (59,00 el yoS Shasl 595 5l o e 2
Sor 51939, o0 yho Blade 5 05 Al SBhasl 595 2
e il i Sl (65,5 5 o ez 2 8)ly A
P 0gd s alS e 2 0y (Bl (59 5 Sasl (5
S9y5 Bl Cnll o @ Blg 0 9 0Bl i pnr e
il ey 5L i 5T 5 008y (Seliaal 5] 5 0l SISl
L as bl 5lhaciboe (Sealins o1 5 o)ly Saol (5,0
Sle Sl (Sten (g30e Jams 50 o (39 denS 4 a8
OS5 S o b Gl (ol 5o s Al Jio bl ey

Cwloals Lol b i ol Jlaie Sy a5 50 50 S s Cnd

Wy

2 Uielad 9550 (50 b b acw (pl 516 2 0510 18 s

Alodds 0ol dgr Ao & g0 4 dnld]

ST s 5350 by ¥

310 3 e o 15 L ol e 4o &S 1
OO S o g 005 (65T arluan IS gl (Sl
oS Wgd oo J&z 2l s 5 b oliT s o S &6
Sl e )5 e S T iy I 2 ne
Lol oo oslawl ol v ool

et Sip b

e oy S

Sipe o

S b

[ Yo - e

kom0 A 0y

ol e 3y oM s ap

Silwdee 53 39290 50 bl b Seilouds glad — Y S5

o pw g Jlw w2 $3 0 by -T-F

o ez g Jbow o S0 LS Jlesl sl ol i o
5 Crespo by ooi —3,n0 (Kol 00 (550 by |
Lyl s Cad 630 byd opl caslonds oolial [V8] 1S
Slle Glaj cle an ilome D)5 5 (A S955 550
Od Sealusg s g3ae by, Ly, (Be)y nl 5o 9 (S
) u‘)é LgLAu..\.oSB 0 J-> JLM: 9 ) g_;‘)o r:Lo.J 61).: )‘5.0.2
e DS gl S Jlaie (g 098 o0 dnlne Sloj o 5o
9 by Ngis raslr 550 SIS 08 o0 )3 jhe plp cul o
23,8 oozl [N V]zge sasSadgs ' Jou @l)d

oy g oo e 2§50 by 4> Mol -Y-F
Phcde jw g cdo ez G 50 b pol Glid o
$oolil U 5 Seoltys 5 Sesbionl SWlaol o 28,5 i

el ould Mol (6550 Ly cnl ((Sealus 650 b0
L ool olod 59 6,500 clo e L a5 (o e 25 >
Ol o$l8 ool el #,8 0l oo 8y o8 Coulomb 508
W8 9 22 Sl o 99 ey Saol (9,0 45 WS (o
9 (nl s wlies Cavody SBol 38 50 ez 99 G oled
(IEIRNCESP R V'Y F SR AN IPVSURPSICK PSP ) PR
Sor e Jl o pz 1 0)ly S e 59,5 45 Sl
Sloj g 4l 5 o o e el oS Sl STSlas!


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.4.3
http://marine-eng.ir/article-1-647-en.html

[ Downloaded from marine-eng.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17357608.1397.14.28.4.3 ]

VP10 AY i) 5 5l VAo ez JLo 3 (it 5 (5551 (e o5l ol

Q- S92 @L._ml.?m ul_n) ‘CFL:02 ul_>h.>‘ l_' Sl 0ol
] 009y el

R

/\/\/ 0.121

Gauge #3
.

0.515

1.29

29U o s g i Zlgel (S ol Ao (glos - Y S5

> U8 sl oloals 4 by i Y SO 6 axg b
39 oo oanlive s o lis (gilwand loy Job jo 1y H5lel

S A 9y S Sl Sl e (giluancd 9,0 L oS
maol> ol sl ley cldS L g 00, W1 slily jo gwgiw
Pl VUl Loy latet ke 4 b asdly (ialidl ol
aBlarngl gode Joo gl a5 o5 cdalin Glei oo Canlodw,
i a gilee &3 50 b s a4l gove Jow gl 4 s
Seolad yo byl sy oo Sl @ adle F S5 Rl
20,5 bl 0 cel Wil o pole aios o colatl 550
Su05 080 4 goae Jow 90 b ey cundS Lol e
0.03
0.02
0.01

0
-0.01

-0.02

-0.03
0 2 4 6 8

t (sec)

heave (m)

105l 4 S y3liud Sz gn ol ol Gllug gl -F JSb
sManenti gsue Juo gl () polo Guind go0e Joro gl ()
[Al Ruol g Martinelli 2%l ;T Juo g ts (—) {¥] Panizzo

o pwr 9 plio lgol (Garrgd (S juil alino —V-0

(Saol (595 9) Gmos T 5o H3lusd
Yuan- ol sle;l oladas & JSCs llas oo ol o
A, B o e 8 bzl o5 (Y] Ken 5 ZhaN
S addllae 550 allislesl olad jo 1) (Siwodss s 59,5
S S Bl g o e ok anload a3 3 s s caslesls
b (dlas by caslosgy jo il TY.O § Yo o Fe by plpy s
5559 o a0 aSa a0 S VFE e IS
5 a3b VY Gyl 0,90 o C‘B—"‘ 5039 yio ¢, YYD zgo pold
9039 ;i 0, YO Ol aJgl alold il o yie L VFY gl

Gt (600 Jdu 2, el aidy SIS 40,3 VWe e g0

WYy

Y

_.yn . -
lfl,,#‘_1 <0 pif F:\' = Iﬁ'wctmn,\tanc - Fx =0
£3 if F > =F [
o if rx = ffnction. static rx rx - 1Iii»:liou . static
P A s .
if F >0 F if Fx = tﬁmnon.dwmmic d Fx =0
x e 3 _ e
- if Fx - fﬁnction. dynaime - Fx - Fx - t1”.|'1cnon . dynamic

~—

Sl g9 Jlos! 09205 @yl gld ¥ S

pLS o X bl jo (0 (gmnS ey v Sylgld ol po
Sl 30 zge Byb 5l (s g 2 0)ly 698 P g N (Sl
J}NGA OQLL.M:‘ Q?"““‘S ‘5>L7ul> Lg‘)" as w‘ ‘5.\]4..1 Bk X

o Jowo i -0
S50 o j,0 bbb g azilaswgl goae Jae S blB adl
o e 5 phiie glymal (28,00l g5ldns (gl ool
o S5 Shaol (69,5 (58,5 Ja )0 e SIS oS
b398 s g o ez (o e Dbl e 9 4385115
oSyl als (g3lwan
Manenti Lwg a5 Geee ol )0 j5lid Clo pu g oo zlsal
3 ibzme ohd cdo 5,0 b 5l sslinal L ¢ [Y] Panizzo

S bs ) cwloads suwions

©dae Jaw 3l eolatul b wcewloass (gjlwacs SPH soue o,
) Shaol g5, Jlas] gy oyl iz o ailiasgs
5 [v] Panizzo s Manenti ssae Jowo gl b gl ol 5 o
awslic [Al Martinelli s Ruol alKagle;l Jow guls oo
9 f‘,.‘a..._.a C‘H‘ UMS)&J alis LS)LJW C.:L..: B Csloads
Sodliial L paldehi yim (59,2 48,518 (SgmaS (Sigge
G Jlosl b, bl 5dmd ;o aBlas_wgy goo e Jos
@oue Joo @l b @mls (ul g a5 )3 () 12 9)90 «SBacl
Lol esliul U 1) alias cpeen a5 [Vo] o) IKen 5 ROgErS
ales S (g 3lwares SPH (g0 (g, 5o (8105 (595 b 5 5o
awlio [Y] 5o 5 Yuan-Zhan alKisle;l gl o en g

Cawloaids

o rr g pliio Zlgol (Gumrgd (S Huil aliuso V-0

(SEaol (5955 9) Gaos T 5o H3luid
sRuol a5 __il;l il 5 ol yo
5 oolatwl L 4 jqbis clo cuSe S sl [A] Martinelli
5 00t SRS olr o e (Wl OS> Sl (6 T ol slaget
B e o0 el g a4l AV ol L plate lsel (500 50
s adgl al ol ocwloas a8 F oV S Billaoe )ls
oolaiwl g3ldde lym 0,3 #Y e - -

s T )~| Con

Jj..\_‘>50.>5_3):uo . YO


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.4.3
http://marine-eng.ir/article-1-647-en.html

[ Downloaded from marine-eng.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17357608.1397.14.28.4.3 ]

Slall s 55V St 15 55 (553 sl bl (55,5 S 53 b s OS5 3m 5 90 (Selnd 5 8l i85 e 1 S0l e

szrdg) (6,500 C8 > S (Gom Tse 0,55 0 b g 00g i
Wy, e slo Jow a5 5 5 sanliv (lgi oo bl anlas Lol
sl BLad 5l Jg ailes S it 550 |y (gen 25 >
- Joe pas ool Yo 5l (SO aS a3 gl mls opl (oS
A ISt Gl iz il (gmeS e 63098 S5l
o)l A tolojl @l b (g5 Gl (gunS 2 0l (B (59505
sRogers s> aslllae B>, a4 Sl L SSa 6y
Syl leme dn g S SO i i L [l s
o1 (Seelys 4y Slinl SWol Jl Lyl 5 oy gl S
Vol 45 8,5 o olss oo gl dgliie b Canl o0nzs 3l
5 Jl RSl it sl (Seelas 50 Lyd Jlos!
o950 Lili § 0l o ool 5 ooy Uas 1,18 el o 3 3l
e i8S L 8) e oyl s SWhol (g5, Jlos!
ot 25 S0 o s gl 4 (Sl 5 (Sl STl

a3 oo )11, Joud BB b ((Sestin] SSlasl

Jlid e sl D o] LSen 5 ROgErS (soue Jao 5 ol
Cawloads ools las # IS jo Sy a8 F o Jlew

Paddle 300

-—
-}
Caisson
_
/\ 385
325 1:3 -~ 12
175 200
L 2|
6000 1575

T 50 oSyl (g0 00 g 3 by dliane Seilonds gles —O JS
S (ST g0 9 plio

Tlo—l 2,95 3 ot GgmanS (Sdizge plraly wslsl )
Jome mls b g Y Ut o Slasls by Job 5o plaie
Yuan-Zhan sl Jos 5 [Ve]4l,5en g ROgErs gsue
- oo oanlie S8 cpl 4y azgi b cewlond awglio [Y] ) Kan 4
A E9 0 Og—rS (SenS Shae bgae 0)s5 b aS 05
Sy Jlow gl g 4iS 5 Cde 4 zge a5 Jloj g 00,5 &S >
gy &S o ol il ol sl Jls s 51 S0l S

—._.._.-__-‘a’ - -
&.___‘b"' —~ . n
c C

A JL

e — — 4 = e, m— -
d d

2000 3000 4.000¢+03

WL L

ol Gudizd goue Jow 1o Ceow Vo] oy on g ROGErS (g0 Joo el y oo ¢l HLikd -5 JSi

Horizontal Forc (N)

t (sec)

Gz (600 Juo tiylo) 4y G (yguunsS 1 05lg (S (590 —A S

Jow 9 ) [1e] 1)Ko g ROgErS goue Joo o(—) ol
(=) [¥] 1,500 g Yuan-Zhan al&isle;l

0.0025
0.002

0.0015

D (m)
o
o
S
=

t (sec)

POl Gudizd (gous Joo tle) 4 G (gunsS A8l gl asl —Y S
Pyl Juo g () [1e] 4, en g ROgers goue Joo (—)
(——) [¥] 4l 5e2 9 Yuan-Zhan

WY


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.4.3
http://marine-eng.ir/article-1-647-en.html

[ Downloaded from marine-eng.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17357608.1397.14.28.4.3 ]

VP10 AY i) 5 5l VAo ez JLo 3 (it 5 (5551 (e o5l ol

O3S oromt S ol 45 iy Sligios M, ¥
Sire byt ilos S (giluand | o s 5 (50
Ol 2ol ogdle ol (5o )3 0ad (3yee
Sores Jlosl sl 1y 6 5388 0,505, ¢ Sl
" e Ol bl 45l e Sasl
&S

SS SDEee St S NSek 58,5 Sl s pae -F
Joe 50 oS (881 o3a) mls o Uas ol el
Vo] LSon g ROGENS 3iows o o (pml (s00e
e L 6,0 oliabs (o oles e aS Cawloads
il sl (Joo dnngs 9 s pdadoki ol B85
oealS |y Lz ol oo Lo (39,0 Jbew Ol
P OseS = 3)ls Jlw $Ylass; (5955 i1 g ol
235

&lp—A
1. Goda, Y. and H. Takagi, A reliability design
method of caisson breakwaters with optimal wave
heights. Coastal Engineering Journal, 2000. 42(04): p.
357-387
2. Yuan-Zhan, W., C. Nan-Nan, and C. Li-Hua,
Numerical simulation on joint motion process of
various modes of caisson breakwater under wave
excitation. International Journal for Numerical
Methods in Biomedical Engineering, 2006. 22(6): p.
535-545
3. Esteban, M., et al. Laboratory experiments on the
sliding failure of a caisson breakwater subjected to
solitary wave attack. in The Eighth ISOPE
Pacific/Asia Offshore Mechanics Symposium. 2008.
International Society of Offshore and Polar Engineers.
4, Panahi, R., E. Jahanbakhsh, and M.S. Seif,
Development of a VoF-fractional step solver for
floating body motion simulation. Applied Ocean
Research, 2006. 28(3): p. 171-181
5. Kleefsman, K., et al. An improved volume-of-fluid
method for wave impact problems. in The Fourteenth
International Offshore and Polar Engineering
Conference. 2004. International Society of Offshore
and Polar Engineers.
6. Hadzi¢, 1., et al., Computation of flow-induced
motion of floating bodies. Applied mathematical
modelling, 2005. 29(12): p. 1196-1210
7. Manenti, S., et al. SPH simulation of a floating
body forced by regular waves. in Proceedings of 3rd
SPHERIC Workshop. 2008.
8. Ruol, P. and L. Martinelli, Wave flume investigation
on different mooring systems for floating breakwaters,
in Coastal Structures 2007: (In 2 Volumes). 2009,
World Scientific. p. 327-338.

o

& S A =
oo byt Jlacl s SPH (sone s, 3l solitasl b e ol 0
ez 5l 2355000 (loard gl go0e (Jae (Sl
e Oy (S oy Ll ol jo nlonds 00ls Ay o
phiie gge (Sl alies 5 0ud Dol pLSed s 5 o
Slotard Joo cnl 5l ooliial b Geee O 50 j5lids o pur
bys Jlasl s SPH (39, anlp gove oo mli b ol b
a5 Cawlodds duslie 2lBiole;] Jow =l g ilre OIS (5550
@das Jae poooliiul 550 o 0 b ot was oo (LS ol
5 Jl 5,0l Giluoand QUlg yol> Gudios )0 abanny
e Joo (nl pizps Sl Ll (o9 ]y ol o e
s SPH (39, anlp (soue Jos 4 i 1) 5 380 @l
aslol yo o e 4l (giloe Dl Clo e byl 5l eolanl
S5 bcde i g oz G 0 ol b oS
Jlosl sl Foe (63,509, (Hrme 5 (Sonld o 50 by
5 S-S SOEe— o Seeled 5 Sl S8l g5
ool (S sl alie goas Joo 5o of Jlosl 5 230U5980 ymn
“ded p3ldea (S (§9)0 s (S SdEge g plate
Joce gl Uy ol aios go0e oo gl Cambodds o5k
9 S5 byt jlesliial g SPH (g, 4l 6,500 go0e
=l oad anlie B ioles] Joo b iz o g 28l
30 00 B yme 9, KG9, duy oo AT Ay ol Cewsdy il Ll
ool iz 5 SISkl (gg,0 Jloel 2ol (6l Buis ol
sl Joe @l wlgioe g0 Joo 5o (Sealus 55,0 L5
Sl 5 S 8l olrailr W9, a5 laigs wid e
Wil (e JB ol SBS L (geeS 2 3)ly (B (5950
a1y easel Cowodayy Gass ol 5l aS ol ol g culgs o
12,5 4> 5 D90
oSyl aivs jo (Soelins (65,0 byl eolanul )
el Gee O 0 5t cdo e 5 plaie oo
SlS Gie bt Al p g3 Joe & S | s e
Sire brd (s ip l pogdle 5 a3 o Al (5lne
A Cond |y goae Juo glwlre aiyie  Soluo
S so Sl g BB lade 4y 505 6550 Ll yd
L pdnlded jlaw 5 oo oz G 550 b0 Mol Y
doaz 0,509, g (Seeld o e b b (6,55
by oae Juw jo oas By Sl (59,0 Jlasl
lralr 5 (Bl (59 et Bs, (53 A Geiod
i 1y pldes s (S9) 0 Hites (gunS (A8

.C«w‘cé;


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.4.3
http://marine-eng.ir/article-1-647-en.html

[ Downloaded from marine-eng.ir on 2026-01-02 ]

[ DOR: 20.1001.1.17357608.1397.14.28.4.3 ]

Slall s 55V St 15 55 (553 sl bl (55,5 S 53 b s OS5 3m 5 90 (Selnd 5 8l i85 e 1 S0l e

15. Altomare, C., et al. Numerical wave dynamics
using Lagrangian approach: wave generation and
passive & active wave absorption. in 10th SPHERIC
International Workshop. 2015.

16. Crespo, A., M. Gbmez-Gesteira, and R.A.J.C.-
T.S.P.-. Dalrymple, Boundary conditions generated by
dynamic particles in SPH methods. 2007. 5(3): p. 173.
17. Dalrymple, R.A. and O. Knio. SPH modelling of
water waves. in Coastal Dynamics' 2001, 01.

18. Stewart, D.E., Rigid-body dynamics with friction
and impact. SIAM review, 2000. 42(1): p. 3-39.

19. Olsson, H., et al., Friction models and friction
compensation. European journal of control, 1998.
4(3): p. 176-195.

20. Kawachi, K., H. Suzuki, and F. Kimura. Technical
issues on simulating impulse and friction in three
dimensional rigid body dynamics. in Computer
Animation 98. Proceedings. 1998. IEEE.

21. Tanimoto, K. and S. Takahashi, Design and
construction of caisson breakwaters—the Japanese
experience. Coastal engineering, 1994. 22(1-2): p. 57-
77.

V&

9. Jian, W., et al., Smoothed particle hydrodynamics
simulations of dam-break flows around movable
structures. International Journal of Offshore and Polar
Engineering, 2016. 26(01): p. 33-40

10. Rogers, B.D., R.A. Dalrymple, and P.K. Stansby,
Simulation of caisson breakwater movement using 2-
D SPH. Journal of Hydraulic Research, 2010. 48(S1):
p. 135-141

11. Monaghan, J. and A. Kos, Solitary waves on a
Cretan beach. Journal of waterway, port, coastal, and
ocean engineering, 1999. 125(3): p. 145-155.

12. Wendland, H., Piecewise polynomial, positive
definite and compactly supported radial functions of
minimal  degree. Advances in computational
Mathematics, 1995. 4(1): p 389-396.

13. Monaghan, J.J., Simulating free surface flows with
SPH. Journal of computational physics 1994. 110(2):
p. 399-406

14, Monaghan, JJ., Smoothed particle
hydrodynamics. Annual review of astronomy and
astrophysics, 1992. 30 (1): p. 543-574.


https://dor.isc.ac/dor/20.1001.1.17357608.1397.14.28.4.3
http://marine-eng.ir/article-1-647-en.html
http://www.tcpdf.org

