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The Study on the Wave Interaction Due to Offshore Structures
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Abstract

The present study is to investigate the effect of wave-structure interaction such as wave oscillation. The
theoretical method is based upon the linear diffraction theory obtained by the boundary element method. The
water depth and incident wave period in fluid region are assumed to be constant. To investigate the wave
interaction due to offshore structures, the numerical program has been developed and the simulation has been
carried out by varying the conditions of distance and width of offshore structures. This study can effectively be
utilized for safety assessment to various breakwater systems and layout of offshore breakwater in the ocean and
coastal field. It can give information for the safety to construct offshore structure and revetment in coastal region.
Keywords : Wave-Structure Interaction, Linear Diffraction Theory, Bounary Element Method, Offshore Structure

1. A & af FollAe] WAl A= ok sieh FEE
Abolol|Ae] FEES BSAIZITE 1EBERE et 7=
A % Fuish o7bREe] Aol ZksiA o BT S Al SRSl skl SRES ]
o} g Aol et FAle] olx|a 9k o]o] uwia} 7= lete] sliQh FEL] A vix|7t T8t
o] Yo §F FJuA MRS 3 Azt 2 2 AN o g et FREe] At
Blo] TrEe] ATE Ew ojge] A9 w-#A ol T3k o229 Y|z Fre] Mo FuHo
94 gr___g_oﬂ 1?_%3&]_ _{F 9}]\1‘3 q_7]%01-3c]_9] 7HL‘j°ﬂ '?’_]'t:ﬂ' = tﬂ']ﬂr ‘?i?}o-ﬂ.oﬂ*iﬂ ﬂ%ﬂ ﬂgﬁlﬁ% Penny &
Q77h Bus) QYslo] F2ABL. webd] gwpae) el Ao Puttnam & Arhur, Bue & Johnson,
Aow s)Ee] Ao} AP BEao] koA Carr & Stelzriedeol 2J8] 7l& A= AH5]6][7].
gajsie] A& Thakst WulAe] slae] Zalslal 9) A=Y sidalE A8stelr] flske] Wiegele thel
0. o3t gloF TREL Fote] AW Jrodd] Ax|a SRS A8 oA Pos & Kilner, #11 e
A% Zore) AW Fdol WAl ofa) Ausie, s P AT el Kol St feh sa
Fab FrEae] GaAgel ofs) Sobdux ey = AHESIel SRl dHislel FAARLS ekt
WjBo] Z=oloa] TR A o] WAlST) o]zet TR [81[9]. Spring & Monkmyer= FA12%} ko] X250
SEES A7), HokAeE s9ke] AR, sQke] wh 7108 e AH8-S ZAKI10], 1% Linton & Evans,
AT BEste] Bgals] vepdth = sl b Kagemoto & Yue ‘5] 3ot 72=Eolx o] o ahgo] #
Ao] A = Floh PR Zolo] W] W 9 3k 321 mleke] SARAE ATl [12].
PR o), TR AFA FYT AR 410 ¥R EE T

M-P:010-8956-5582, E-mail:lhjce@chungbuk.ac.kr
20099 10€¥ 209 #H4 20099 129 49 F=AHE HS 20093 129 8Y AA A



140 B3} sjdTEEF FaFgo A AT A4 Y-z -8 5

E‘ o\_:]_?_{‘ -%]'E' ‘?\Fﬁ}ﬂ}% 1:7!1 E‘—IE% —‘SH?':_]OH 94—3]1 HEL}g gp(g;,y,z,t): qﬁ(x,y,z)e_jot (1)
s 45719 AEd quAE 2 B} ke
et ool wWubdel ot AloloAe) AdaAgow AN, o AFHF (= 27/ T, T2 F7), t3= A
Aol Bk Sk el Al B sijE Bl gtolrh A (DS A5 Hgs ten e
Aol velE A7 Aol F40] itk =, X197 Laplace uggé;o] o} ze},
Mol gt 24w olg % vk} M 3t
Fel Avke EHoz wiAeh: e dIAsh AL Gig(p L) =0 2
Sl Aegshs sae] FAALE 2D A
oIt Beksk wupA] Apelel AwjHle] wme g 7 AFER R Aol AAxAL 4 Q) 2 WR
25 AsAgor WAshs FxdAde] A B 2= 9
STEES A7) A% AnES Ao AE 1A
of &3 ARE AEgich e b

94 soke AYmon Mg AHs I, o ( o ) +g(g) 70 ©®
e Ae] v Sok WokAlE A B9k AN o
bRz Jbgeta sieh WAl Fe wbg
o] w2 AAeta, sheke F7]7) 10Z0]v Wuba] 2 (g) 0 ()
Fote] Hztom Alat. o] wl sieh A Eer )
ZAste] WAl WS Seb Avlel dek el o
FdE AR o

A9 coshk(z+h) iot

2 O] % ¢(xvyvz7t)_ o COSh(kh) f(wvy)e ®)
2.1 Aul A2 A, AR RE ke gl g A

(27 119} 2ol Zgke] Hwol] st WypAlE A

o

oz 7pAs) sfor WulA o
ﬁﬁ]xﬁ_o_ Rzg} O}J— _[T;q]_/] ] AS

9ol A 102 719 THo] =
AARNE Bl, 3ot
v A4, vk

agn fAYAe] £E vEageR s marl

3 FEoR 7PgshY Laplace WA2AS RHESsheE

&% ¥eldo] Exgta v o] AHeold 4 gtk
Incident Wave

Offshore Breakwater Revetment

[ 1] sfet

WopA|eh seke) Flojolx

HomiE ol

khtanh (kh)= o°h/g 6)
T3 flz,y)E Fegdr2A AN walegl 9 Al

gule] gEoz FAHEH, 2 (D o] yepd

At

f(x,y): fi(xvy)+ fr(x,y)Jr fs(x,y) (7)

QAkstel BerolAe] WAl ejah gt 77t A
(8} Q)9 7+o] Folxlr).

Fila,y)= —ie iklreost+ ysing) ®)

. —ik(zcosf— ysind) 9)

webA sbdslke] sbEe fo(z,y)E A4S, &
T xdde] dntdled odl ¢(x,y,z)7F ARSI 5
o Ul Ihso] gt



o &<t 73 @ A 33 A

A 114 A 4 5 20093 12€ 141

2.2 AAX EA HEuAA

[ 1J¢] Fluid Regionel*fe] Akebe] k515 £, (2.y)
= Green Aaldl] 2 thea} o] ekl 2= 9iuk

o[ i 0y,
s = [ [ena-5arun] a0
— 3f5(£,77)
—(—5}1; >(kr))7an ]dl“
o W r= 8ok WapAlel soks A9k 9]

A 9, (&)= AAA Bl R2Fe) #=4d, #Y (kr)
= Zﬂ 1% 0% Hankel @]tk r& AA)¢) Fluid
Region WlellAe] defe] Ml (x,y)et AAFe] A
(&n) o] AZEA b o] Foizitt

R= (z—)2+ (y—n)* 11)

4 (1004 B AN K AL Bk
FEL W Pk mebd, B AAN Rl
WaAe) G W W BAHEE o

A5 2, < Ry < 0% 7Ps R3S f, (&)=
o] W9 QoA zero®2 FHudH7] wlitoll wQboAle]
A AEHAAE d 8AR UrE}”—é T Utk A 10)
S ajol WaAe) Bt AAE 27 BEeste] A&
sk, A (122 7388 4= Uk
1 O (o
ren =y [ en 5] a2
EvTL
N I =)
2J [fs(&n) 6y( 2 01((’“”))
B TN LS
5 Ol(kr) 2 dx

€)= /Bl[fs(&n)a—i( ;fzf”(km) (13)
7(7%}[5”( )) fs;f;")]dl?l
- / ' [fs(i,n)a%(—glﬁ%r))
Il—(—iﬂm(kr) o/, (&) dx
2°° oy

ZAAA Bl, Rl 9= AAZFAES v 2

an

ﬁ 0 6_fs_(&fi+afr

an on on

) on Bl (14)

’

an  on  on  on  dy

=0 on R2 (15)

o] BA=

A A8s9 4 (129 19€ 247 4
16)7 (17)e] e,

few) = / i [fﬁ&@%(— éH;U(kr)) (16)

2 167 ANE siXshs 2ol o st &gk
vkulA] AlololAe] 3| Au} Zro]l AAELE <leoje] A
(z,y) oM EEERAEL f (z,y)E A Gl k=
Ao e = 9lrh dolel A (a,y)old A Al
K= oed) 2

Kd:|fi($7y)+fr($vy)+fs(-T’y)| 13

2 (16)3F (7)ol oigk 2] Arkels 75FE 22
Moz spdalar, 24 (18)9] AFe Yo A4
gt} webd, HE E=itol 4 o gk 3
A ohaHghs e

1-’0

/\
AX zA



142 gt AATFRER] JE4E B

;L

A4E-05-24 %

o T4 #HE(&n)i=1,2, « « , M+ Nl °J3iA
77e] 25 A A (19)9} 2ol o]ikshery.

M

£ (&) =— 2 [f, (§j7ﬂj)Aij + A,ij(f,i +£)1 19

Jj=1
M+ N

- E [f. (fjvnj)Bij]

j=M+1

__ g0
Ay == H, kA B

NN, f & 2 Abteh Abgiste] WA
ko] gl o]t}

A (19)sk 7ol ol
sae e e
2 e ol mE Au gEe B el A

A B,

B QTN AFE AW 2AL et 2ok %
ol AT 102, Sk WabA AW 9 uFel S
2 10m, Aksbgel A ok %3m, I 4
o] Zhet QPR AT S WhAls Eot Apol
A stege] gR@gel Z1Qd el FEE 54
Al ez % 29 SRAEE e, shet
WstAlel A s AL s 7
Ash S0P, 1 ol SIAbe 2ufel 2L, st
wsAle] Ee gialmae] 0191) 0ILE ST

R, Eokh sk WAl Afele] Awlw atsgel
gl RAst sgom, 1 Asle 05L 07
1.0L, 1.25L, 1.5L°] 57}A] Case® “d7dste] FAAAS
ERET

rkﬂ
I
E‘ﬁ
z
ot
o
it
o
=
il

o

=

AEe o]29 s 9 31-e] FAH FAAL

S 7HA AL Sf_t WakAleh St Atole] A Wzt
e SAREEES AT o] W, st WA
Sk AA FejE aekskgith

= 5714 Case®] Wskel 7zjol]l thsted,

Ababe] AR AR Sotat WAl o] 4 @
007H¢] Fadxw=s vepdch [27] 2Jol4] Ho
X AAE St WAl St Afele] oA g3
ol LA, FEFER = dEhth ol I

G} FrEe] daakge] gk 7191 zsm}

— Aeldl=0.5L

L~
™
L~
™
L~

Acocddododododdocooddocdooooocoo oo

2falitl A Z2xI2l AHel

—Azelyl=0.75L

SN SN\ /

oA ]

W\
V

mmmmmm TR NTC O SRS NORN NSO MO B .
SodrrbRdidmd i858 ndmsn @ ER B 00
ooooooooooooooooooooooooooooo

Kd

sl A Z IS AHel

—HelHl=1.0L S

N W
NNV /

mmmmmm T RO NS ST NGO R INN ORI MO 0N m
nmmhh\omqrﬂ_mmaoccHN_N_m_q:mm_\qra:cqm_u!qa_
ooooooooooooooooooooooooooooo

sl A E‘HD}II_I )iEI

Kd
=
1

<l

—Heldl=1.280

PN A~ /N o
2/\\ // ANAY
SERY \ /

Kd

' Vv
05
a
mmmmmm R T L L
gHBRENIGANI 25 IRARYNEENERRED
e PIENe.8 0 Biglaia o PR TITRN ¢ Higk 9
QUsHoll A Z 2D AHel
3
— —2Rlbl=18
25
2 P

Kd
—
™~
o
—
|1
=

a
DDDD MO CNoRYNOEGAChD MO DN,
SHBRREATANE S I NaRYR2ERRRELD
HScddE8c8c50085050088¢8899Q98ST9Q
i o
Llaioll A 2201 Hel

[ 2] yupA|eh zote] Aol me JaudEi




o 3k 7 g 7433 A

A 114 A 435

20099 12¢

143

TEE Aol oA 34 stamrt b =A o
Bt Aglels 125080 A9-2 31" mhaw] ghe of
2.38% ‘JrF)r‘/L—’ I tggeR 10Le XHoew 34 1
& 25% AR ol TEw 1) ARwrt
2 g9 ZEZEZo] Zolxthe=E AL 9u|st

of 15Lel 49+= 05Le 499} w3k vl

}d‘ﬁﬁﬂmiiﬂ
2 =
ri'imﬁ
rﬂ%

TEHEES e, At vaed g A

Zh-g-o] dF WMeE Hlolwty] wizelth

AERt A e od S F A dge] BE
5okdAdE SEs] flste] elsliel ik WukAlE
AAE wf gebAel ool ZejHZE 10LY 1.25L81
35 Fgfjof ghpal A

22 SRl oM FAN-e] Tefazel A}
© s o] Aet 1518 A9t Hue] ZEE
ol 7H =7 ‘/}E]r‘fh—“ﬂ A7k 7P 77k 051”1

T/K]J_:,Lq]/\ﬂ}‘_:‘ kvl evA o%% ] 2];].}] ln:x] OJ—OI—O

= Hloj 054143 +051V4°ﬂ/\1 g5
of g1 Wto] ekl ol FxELIE A2} 2
g AEHIEY 7Pk Al J‘ra*ﬂr TEE R
Aol A AHeaa 28-S e,

g, Agu)7E 07500 499k 1.25L81 8% 9
o} wiapste] FHew <8 iRk wabA Aw ol

5] = WEsk

[E 1] FAARE 27100 e At A
=71 | WA = o 1} _
=7 3} 313
W A e e . 3} 313
KR
Case 1 0.5L 10s 2.10
Peak
Case 2| 0.75L | 10s 2.25 o5
Case 3| 1.0L 10s 2.49 o5
w53
Case 4| 1.25L 10s 2.80
Peak
Case 5| 15L 10s 2.10 53




144 343 SATEERS 5agd BF AT

o,
fol
R
b1
ol
oy

>

BT ek gohle] Axo] ofa) Heel
ApEE sl els) wAshe 31 54

L R

o ol

L Bt

sl

=k

rr s

o

% R

y S

I Q@

A £

o Mt i

19 rlo >

o o i

o M > o N

HH eox o W 2 2

41 1o oy ot o & px B

AN o T M o
A i
e N2 gy 3R
[0 o oo ¥ o4l X o > & T

iy
M
ok
o d
1>
A
-
j)
o -
L)
mlru
o
oo
&
o
1>
[o
jur]
=
ol

7 =
=2 @ﬁl&i‘ﬁ% 01%5& 4?151%1-% 7hskATh
Bl
[e}

& pen 2 AsEg s 9 2
Hele] SHER Lehlek 2izte) Casedl thsfe] ey
& FA) %}04 e A
(Lol ehste] FAH1skE Sk QAbte] AEIE 102
Qb ik WAlel AZel aX e s
Abstrel AR ATE B9t WeAle] A
H007179) SATEEE o)l st e
B @yel wARow, Azt
LBLY A9ol 4 e sdvhans Yehiy, o
%, FEE o] FEAE

é;v F2E 9] At

A gele] A Gelelel gl g 244l
s F W] Fule 48Pl Peak E

Fl

9399 Peak’h R 92 & & Ak 27
YRR AZu7E 1250 497} el

Z5o] 7 =A yepgen, Agrt 7P 7k

S oo e fr &
1=
o

Ll 79 FAH o= 3ol FEEo| IR =X
okoroi}) FARE "Hloju 05X A7} +05R| Kol A %
Bago] 22 dAlo] UeRIT) o]#dt AvsS £33

3 2 o o WulAe} Fote] Ao weld wehE

2 S YR A, olejgk A
gH)7} 5pare] SEE| tiste] s Fagk a4vt

Ol

A FAA 7474]% Zélf: ‘EiJ—, °lc0ﬂ

AF % et AGelAe] g Bush] 9F
ShAIS Eoke] ebgHel AuE RS o4
2 ATE Ao gol AN Qe N, ofF, A
FRE 7 SO Siot TARNN S et T
M FER ARE AT AR sl FFol
Storm Surge, oVgslel % 2ate] o) G5} sier
o g el WS Y ik TR AelAe]
BRG] U AR 2 AT7 QAslelok & el

5 F 1 & 3
(1] 1AY, "5 wapAle] obdAdel] Jgke nx=
ey AT, ek Es]X] A23H, 5%, pp.

[2] BlYFARE, "AeA bRt AAASAE 4

[3] OH oLIJﬂ'
629, 2000.

[4] WG Penny and AT, Price, "Diffraction of sea waves
by breakwater”, Artifical Harburs, Dire Visc. Weapon,
Tech. His. No. 66, pp. 56-78, 1944.

[6] RC. Puttnam and R.S. Arthur, "Diffraction of sea
waves by breakwaters”, Trans. A.G.U., Vol. 29(4),
pp. 481-490, 1948,

[6] FL. Blue and JW. Johnson, "Diffraction of sea waves
passing through a breakwater gap’, Trans. AGU,
Vol. 30(), pp. 706-718 1948

[7]1 TH Car and ME Sterzide, "Diffraction of water waves’,
National Bureau of Standards, pp 100125, 1061,

[8] JD Pos and FA Kilner, "Bredkwater gap wave diffraction:
an experinental and mumercal study”, ] Waterway, R,
Coastal, andO:eanEng &'EE Vd. 13, pp 1-21, 187

9] Il 7, "HBREE 2L BYFIEATICOWT, B
ZOIE]Y%WB'@E, PD. 89*97. 1978.

[10] BH. Spring and PL. Monkmeyer, "Interaction of
plane waves with vertical cylinders.”, Proceedings
14th International Coastal Engineering Conference,
Copenhagen, Denmark, pp. 1828-1847, 1974.

[11] CM Linton and DV. Evans "The interaction waves
with arrays of vertical circular cylinders.”, J. of Flud
Mechanics Vol. 215, pp. 549-569, 1990.

[12] H. Kagemoto, and DKP. Yue, "Interactions among
multiple three-dimensional bodies in water waves:
an exact algebraic method.” J. of Fluid Mechanics,
Vol. 166, pp. 189-209, 19%6.

ol 9 o184 ASAT, pp



145

A 114 A 4 5 20093 12€

SECELEE

o

.

o

A A &N

}, Univ. of

I

Fdjgtalof A
Minnesota®] Civil Eng. Dept.l]

Al MS¢} PhD.

%o

bs

3

AL RIS S

AL,

&

g A5

3w A4 ol

FHo

Tor

Ho

=

Tor

;AT
|
=
B




