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22 9 : Boussinesq 8-S o838l FH 3 A (Regular wave conditiom)olA] stebad 9 swiFe] $xxE syt slghad
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Abstract : In the present study, wave deformation and wave-induced current were calculated under the regular wave conditions using the
Boussinesq model. The model results of the wave deformation showed good agreements with the preceeding laboratory experiments oi
others. The wave-induced current of the filly developed sea state was calculated, For feld application of model, the preceeding field data
by others in the real scale of the water area were compared, the numerical result of wave deformation showed a relatively good agreement
with the feld data. Although the numerical result of wave—induced current was underestimated over the longshore bar developed ares, the
Boussinesq model is generally suitable to predict the wave-induced current
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1. A BEE UAste] FHlFe) g FFH HrhE NS
At Noda(1974)7 FH 8483 ol f7t4e g FA 8
Aol A g Fere Ao ke AR Agsiwa x| SHE MRt 55 3(Stream function) FEe] -3 F
¥ 2 549 wWale] et M4 W ¢ 2AYL T go A FEIMIE 1P AL e FIAEHUEDM LR
1WA B3tetA wear. ol2ig wae AW o] of  AHE AN, Birkemeier and Dalrtmple(1976)> 252
= grold 1 U7} AR olZ™W Tyt RAxwA Hu AN EEHFE ALESHA ¥3 BERELE 1EE MR
7} ol w3 grloo]d Sao] FAA Fol WFss] H-EEFS FITAHE TS FIAEHE AEIGL
o) MES Yo HUHE MY YT, ANHE B 2o Liang(1983)2 A3Fee] Ay ds #E¥LWU(FEM) L
o531} 18 Q% AN Wsle) g9lo] Uk 2 FAHAA A9k Zo] d-5Fe] FuAge] #d
sifel B ol€N HFL Longuel-Higging and BTE WA SEAAS 1T & = AL} FARIE
Stewart(1962, 1964), Longuet-Higgins(1970)7} #hciojoly g  S3tl AIEE 8l 4eIgH IXF T34l |52 AFwE
#(Radiation stress)oll tit 71d-e Aokst &, Aso) ojx  EE AH3 aNlFe] BEFE AAI 2 o] AR
ojg] @A W A7s)} o]2o] Fom Somu9): giFr N EFEAES @ FFEYC] JHst FHE J48HT
& T3k o)F o] §3te] BEES Al Adtshe d¥Y ke
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Nonlinear Boussinesq Wave Model) =& Boussinesq 4&
o] &3te HAY BP0 2A AuupgAle)] o]n] FHH S} &
Aol 7|EX o s AFH] QUck webA, HRFE AAs}
7] 918t gojdlold $¥& dx2 T8 Hart glon &l
e 2RE F5A4ES YA AbEe BEd 55 HHE T
33 4 ik

o9} 22 Boussinesq & #Hgto] ul A iAo
n@iEe], WA" 7MY} o2 He8y WA= 433 FF
g E¥o|Agt oH4kAd(Weak dispersion)® 2FH] X413 (Weak
non-linearity) 714 W&ol 1 2gujde] Asga vjxyg &
H7}b A B2 A=A Table D).

FUlolAl Boussinesq E¥& ©] 83 F=hHyd @ A7
&9 0l(1999)9 2FEA] AASE AL AR Q%
TAE siAsy] A8 | WEzRSE HerzE s
Nwogu(1993)¢] #7438 Boussinesq 28 < o] &3l AAAAL
& 7M1 46l diste] FRIRQE sl dE Adel vast
o AAstsieh $3 2(2001)€ Kennedy et al.(2000)9) 2444
289 Hur|¥E 3713 Kirhy et al(1998)2] ¢hdu|Ag
Boussinesq 23& o] &3lo] $E5HEH ] Uidt 4 & FAREY
st SEldd dael vt AA St &3 9H2006)&
Wei and Kirby(1995)¢] €+38]43 Boussinesq 23 & o] &3}
o A E I M FFUPE T Rs 4
2 2 ARG ol &7 LMYRFe] Ane} 8|asio]
AR BAY. o] F(2007)2 o9k #(2006)0] FHg FAF 4
HZA i8] 14} Boussinesg R8& o] &3l 522951
3, FEAE A3 2 $EY A6 98 FaisiA A} b
#ate] FHLAE AESATE F Q007 Aol ol8g
Boussinesq 23] Fxzrieh ALzt A dig Alate]
FEAS FESY] f8d AF AAE TG FFAFS

Table 1. Application limits of Boussinesq equations

K]

SRt AABIAh HZolE o2k 7(2008)°] Lynett
and Liu(2004a, byoll 93] f=5o] Asig7A] & &o] 7
t}% Boussinesq 2] 239 &4 @5t HEU

ol B3 A4 A F(2005)°] 43 Boussinesq &
& o] &3} Vincent and Briggs(1989)9] 43 F Hldgzx
Aol A3t} Abet Aol AP EAA ] A¥e 2Y 2
HEHERY e Agste] AN AAE v|Zsto AAEACh
%% A 520068 Vincent and Briggs(1989)2] &3 49
ARE o|&3le] ErEw AR A 18 A F200)0] 3
3 ololx fejaly AnE wlwste] AAEIch F Q0002
FUNWAVE 2#& o}&3l9) Vincent and Briggs(1989)e] 4%
Z 45 2 uidggzdel vigk] FA g ANFE TS}
o AAjEtct.

B AT delgelA i ds} sivlfie] g Boussinesq
8o g4 TR skl Bakhoff et al(198)S] E1IY
&9} Watanabe and Maruyama,(1984)9] ]¢tale] F2l4ld =4
o tjale] sEhAg e SNIFE A, SRS 7Y, g
3 T2x $AnAE Boussinesq A& o]-83le] Ay Ao}
v A AZec) 2 2ye] @7 4842 ¢7H)d3 Boussinesq £
e o)gdld Sonu(1972)9 DELILAH PROJECT(Birkermeler et
al, 1997)9] dgAEe} vla-dEste] PHyst SNFEE At
2 1 ANE HEsfas} gk

2. Boussinesq £X 2%

B z8d A83¥ Boussinesq A& Nwogu(1993)9] #33
Boussinesq & 71% % &to] Wei and Kirby(1995)¢ <jsf ¢
AuHE BN A9E /BN gHle v 2ok(Kiby et
al., 1998, 2003).

Application of deep water Application of nonli Application of water depth changes
Boussinesq Eq. | depth(relative water depth maintained (O@h. /)2, including) (O(Vh,Vh,...(Vh)2,(Vh)3,..)
accuracy of 90% for phase velocity) ’ "" including)
. Weak ; Constant
Boussinesq(1872) kh<05811 Ota/h) nonlinear Impassible depth
. Weak O(v3h) Mild slope
Peregrine(1967) kh<05811 Ofa/h) nolinear Including depth
Weak O(v3h) Mild slope
Nwogu(1993) kh=<1.3211 Extended Ota/h) nonfinear Including depth
Wei and Including Fully O(v3h) Mild slope
< - E}{telld . .
Kirby(1995) kh=1.32I1 ed all orders nonlinear Iincluding parts depth

% ki Wave number, h: Water depth, a2 Wave amplitude,V: (3/9x, 8/9y)
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n, = EXnu,v) +yBy (n,u,0) + f(2,9.t) o)

[U(w)], = Fln,u,v) +F, (0)], +91F (nu,0) + Finu,v,)]
+F+F, +F +F, (2a)

V)], = Glpu,w) + (G (u)], +4(Gy (nw,v) + G, ,))
+G+G, G+ G, (2b)

A7IM, ust vE z=2,=-05319 FHNN £ W 5
o} yFoA otk F) (u, v)E u olth IR 4= @A
Ex oF Bldd Alele] Fhg AMESE Aol MEEA 19 B¢
¢4 ¥4 ¥ Boussinesq 1ol H 1 00] H'W Nwoguel &343
Boussinesq 2jo] ©ch. E3, flz,y,t) & 293, (F, G)E A
"2, (F,, G,)& 4313438, (£, G,)& A0 £33,
(F,, G, )& &EA o))

¥% U V,E B, F' F, R, G G, G, F, G g5
FUNWAVE 1.0 Manual(Kirby et al,, 1998)°l zb4}3] 71& 5 o]
£ dojxl= Aok

3. Boussinesq £X|289o| H=

3.1 EI¢E HES HP

Berkhoff et al.(1982)° €& A¥& AL Wb 4d) 7
§ AE 2y #Ag FFEoR Sl A AFEAY, o] A
HellA ZA49 gue] FE3 AR A 24, 34, Ay
BAbE X3 a4 9] o #Aste] o AAH oz A
oA vjA¥ A9l F2 4L Kirby and Dalrymple.(1984)0] ]3]
FHEAT. st AH(kh=1.9)A & kh #% Wi =3
2 o] 43l vjdy A4 = ¥F Boussinesq Aol
71zt A gtk FEACA MY AFRNEALS
71 @ 2E-2 Nwogu(1993)9] 344 Boussinesq 2] =+ 9
A Bdgtg el Ao A &g AAske 48 5

(m)
3

%

T T ¥ ¥ T T J U T U
3 10 12 14 16 18 20 22 24 26 28 30 32 34
x(m)

Fig. 1. Bottom contours and computational domain for the
Berkhoff et al.(1982)'s elliptic shoal.

FHAFEUY J99 HH X3 Berkhoff et al.(1982)°
o3 APzzdez dA A 1/508 71 vlud FHe sjet
oA EFE WEL EAE AL B3 YW A FPLS yFo
gt 20°9) Wge Mtk AN 2H0 2 HE AAFT 2
N A7 EUE 9 AAZAS 7MY g o2 F4AA
7t 1A %)

FARY Az 7Ee] Fejdde] FYguct %
o2 AU F9E& et frt 88 s At 4
o9& Fig. 13} o] L7, 9fst #4¢] 45em, YAbtn
464cm, 7] 129 FH A7} sjrade] Aoz Qs &
Aotk FAFE 499 x=2molA WEZAFFE o] &3]
Bg st adan AEA] FAE A9 22
x=2m¢} SetA BT x=34mell ¢A3ta, S AR vy
wgko 2 7|1&E Qo) el 2 wE Agste] FFAAAY
E shgeh ARke AAE ack 0Imoli AIHE Are
CFL z7d) wEty 00122 stgon 2057] o)4e B4
ez Esta 2y AMER AR 200571004 SEEt
£ 2P0 3.

FRANETRE Fig. 1944 Aoz BA)H 8719 ddelA
Berkhoff et al.(1982)¢] s2]d¥ Z#e} vasle] Fig. 29
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Fig. 2. Wave height ratic along the specified sections, Solid
line: A fully non-linear Eg. Short dash: Extended
Eq.; Dash-dot: Basic Eq.; Circles: Experiment data.
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el 1~52t8e)A 712 Boussinesq R¥4FE x-= &
& FEAA ol AuFrtEn 95 A4 Jehd g
H AAFH o2 23Y Boussinesq EHol N v¢ Uz
3la o B} ] A8 MY Boussinesqg 289 At 37
9 oolle fdAEA o F& AAE 2k oA
Berkhoff et al.(1982)°l &} A¥o] v|Ad v Hadd o)
FEE 433 Wi gl WololA] 7]E Boussinesq ZE BT}
+ 79 Boussinesq R8oA ©] & A} vhelget 6~8
L HE oA x-F ol g BuRI A, Ak
22 7123 Boussinesq R¥RTHE 873 Boussinesq 2.3
o] Ayt FY4AE doel £2 AH9E Byt A v ggd
X HES FFoE FFo] A BAHRA gu ofile]
FHE VehlY, 7128 2golA B} U At Jehd A
Y el

RIFE F 20057] F AT 1008018 Uder ¢ 4
& Fig. 30 vt 2 29 HEE F4og Awe &
oz ofd AR/ DAt T A FFo g FHHAFI}
wAysterk el ok EeAe AR AAe o
B JAREoz Py, ¥ AL 3o gze
2 £379 58S Ak old Ao 16cm/s &l Yehg
o} 3t BIoA R Siehd S F2olA sge gl o
e HaFoR IR EE Ve

T T T

x(m)

Fig. 3. Wave-induced currents around the elliptic shoal.

3.2 O[2H[| FHP

TZEA o wAlEt EA5e Y HFEE d4s
7] 9184 olkAlZE AXE FHsR HAANE FAHE /0
o WY SAdE Ze AFolrt. dAdA 30m, +4 6cme]
Aol Aol 267me] o]/t st HasiA dXg 2
ot AR HAPzAL YAl disl Aslw sm
20cm, 7] 1222 A7 ditdde) 2zog Yalshs =
Zojth. BAXAL oltAe] FAE A2E A E oA
Me ¥ ZAZ 4d sz, 1 99 AAE AFEX 3
AR Gk AARE Az 0.06mo) AE AtE 0022
2 3lem, 2057] ol g AAFHE 1Fstn 2y An
£ 20057] W& vehidoh

. Bl‘oé:g;

i

Fig. 4% d3 £¥ & 99 wel s8] g (Watanabe and
Maruyama, 1984)%} v g AFHZ oIQHAIE FAHoZ A3}
£ 549 vz} 3 5 Ag v Fig. 4@9AA oA
AW(x=2m, front side)d IAEF HuEEXE ¥
Boussinesq 283 4% Boussinesq £3 = t} o]¢tA] 3
o] gl RHEAME APgE AR Fgrt Hrt
o] HA] F-Zoll A 9] wkAli}= 7| & Boussinesq EHo] AFgE
o} 287} H0ew, 244 Boussinesq £¥-& %7} 5
otk kx| uk $hAu| Y Boussinesq B3 AdE Aulxog
AREI 2L AFNE BYI oA RN vl AEx
& AxE 29t Fig 4b)olA oA FH(x=2m, rear
side)e] A HeF FuEEE 7€ Boussinesq 237 &34
Boussinesq 28 & t} o|tAl AW fAsHA AP gt A
AH oz sohHst =och oAl B9l 3dd= 8
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ANA o2 AR £& 498 B

Fig. 5& 3% e i3t ainlF §3& vepidck &)
HF F3L2 oA wjF9] y=4mEFE 7|F 0.2 o] YFo g
Ak aFo R A AFsE Ao Al 19em/s
o] Z71E /KItk 248 A= (Nishimura et al., 1985)9}F W]
ste] ANk 02 oA QIF o R AT fd FHol AR F
AFsHAl Vet
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Fig. 5 Comparison between computed and observed
wave-induced currents pattern behind the

detached breakwater.
4. &F™H|ME Boussinesq 2H2 HBZHE

4.1 ST HXNXFY H2(Sonu, 1972)

Fig. 62 3RFE AF3t7] 93 H-E F34& o] &3}
W E B35S AAF Sonu(1972)91419] 14X 8L ebdc)
Aol ALg¥ FAHAE Boussinesq ZHL o] 949L Ax
=05mZ 220x1609] Ax Loz FAFHE JARAL a
0.3m, 77| 377sec, TaFo] stAlol] Aoz YAtgt. 18
3 AT 2702 HNF(t=200sec)E AT

0 10 20 30 40 50 60 70 80 90 100 110
x{(m)

Fig. 6. Field area of Sonu(1972)'s study.

s¥y 9 fulFo) i3t Boussinesq B3 HE44 AE

Tw), FREE(Fig. 70), ANF(Fig. 7)) FHez U
W FEEE QA ARl HEAoz Aase
B9 4% AW AV NAEHA As} e,

y{m)

50 60 70 80
x(m)

(a) Surface elevation(t=200s)

y(m)

oy -
é///k//mw.ggk ERR

110

(c) Wave-induced currents pattern(t=200s)

Fig. 7. Surface elevation, wave height distribution and
wave-induced currents pattern by Sonu(1972)'s
bathymetry.
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AP FRAFANA B3 FaPEE Jehia e v
ol sjtdell A #E53 $F SR ZAME v gt
SGAFE7F e 53, $F $AR2Y Hddde &
2 FAd we A5 Zd7t veiyh

A sl ddbe dF FEFIAA oltF Hele
EFo] Hol 02ny/s =2 BT TG AN H=
& TR 59 FAL2 TR ANFIE AFHUA g

Hate e BYAch Fg 82 7z AdA Alkg g
Sonu(1972)¢] ARAEEIN AR vlud AHAZ, suife
7|9} Hgpo] tha Zolg HolAT ANHOZ FuF
S 2 vehiie Z oz Argdnh ol 2 Aol AR
= #5E ®230M FRY FEESENGeI, A F4
Hog 55024 AUFE Ar] dFolch
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Fig 8 Comparison between computed and observed wave—
induced currents at 39 stations.

4.2 HOAETL gigs| S o] AR (North Carolina®l Duck)
AR sG] 4848 Boussinesg 289 A4 95k

el

ojop

19004 =818 DELILAH(Duck Experiment on Low-frequency
and Incident-band Longshore and Across-shore Hydrodynarmics)
PROJECT®] &% #&x8(Birkemeier et al, 1997)¢} vlwalsict
Birkemeier et al.(1997)] <japd, #5 492 1= North
Carolina®l Duck 3gte2A4, Fig. 9= #= 999 8 ¢ 4
(http:/frfusace. army.mil/delilah)-& Viehlln, AAAE e F%-
Hy=90m)ollA AaFo.z 9719] 59k shaAle AR A
& X3l gae) WFE A g SR 97l &
EXA F kel 71 sk s fEAlse )79 &
2 93] 4L 59T 4 glo] B AA 2 A AlYEich
83 AMRE ARES 19909 10¥ 9Y9d EAE etk

5 26 @0 6w B30 We0  Wn. sadn.
CrsarOne BEHIOR from bASHENG. i

‘...., L
FEEINEEES 2§
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Fig. 9. Observation stations and bathymetry Duck experiment
arealafter Birkereier et al,, 1997).

289 AMzAL YA 09m, F7] 10.72sec, I A
oln], AL 93 4 gmolA FHEHE Hom 743t
501x401( Az =2m, Ay =4m)E  FAsEY. Z8Ea 39
ZH08 sHIF{t=8300sec)E Alst )

2o AAzE A3 Fig. 10@)~(c)e Zhzh e,
WngE Fe 84 vehd Rojo) FHHEAE YA
A Fhgko]l 3002 ARHEAl AL dEd A
(x=200m)oll A HE vXgH o2 watgr) SaR¥ys 4
AolA w7} A g2 JYSFEA QAT EEE A FolA
B 37} g3t AHAeZ et BE7bA] A dnt o]
o wte} ulFe AAEE ded AYS we ERse A
SHIT F2 e Ao 440] 065m/selth £33, Fig. 89
A8} gho] y-& gk 1200m F-7+9] AgtolA HEEA o whel
ez 22k e Arle o JehrE gk

Fig. 115} Fig. 123= o= AE a1 9] #3459
Atd ol x-eF wul(y=08m)el digh Z274E vad R
2, gui¥e HNRE ek i8I AAFA
g7t gulsle] AR oz Fadle 4 259 go] 824
T 2HE HYD A dNlFE EF A5 A
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Fig. 10. Surface elevation, wave height distribution and wave-induced currents pattern by numerical simulations.
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Fig. 11. Comparison between observed and various calculated

wave heights; Solid line: present study; circles: field

data; short dash line: Water depth.
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AR g Aste i 2L AHYE Ao

(1) 98 A7} EAgte Ao A3 FAAN A= ¢
Y Bygo] i ¥ ol 4243 gk(Berkhoff et al., 1982)
I 7V £& A%E 2ok dANRE AH wFTAA A7
AL wet AXFIE FA e A 16cm/s AEZ Y
225e=4

(2) oI 7t EA3HE ol NE X ALME Y, o)kA A
Fol| A wialube}l - AHLE A HNE mYo] =AYzt
(Watanabe and Maruyama, 1984)3} ujisle] £& A9E 1
Aok olekA] wiFe) SNIF FAAMAFE FAER
(Nishimura et al, 1985)¢} vl st 88 §3o] A& FASH
A vdebgen, Ao f&el 19cmy/solth
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