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3 24k
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e AFs A3 Z¥olt}. Peregrine(1967)
& Fudge FAYT F5& Ao WA
o] 3 A& WHEEQ D Freilich and Guza(1984)
¢} Elgar and Guza(1985)% Peregrine®l H34&
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88)= $F A E(shoa)oll &3 FHA Lol Boussi-
nesqe) WA A& AMEESITH

o]2]3t YW Boussinesq WAAEL G4
(weak dispersion)® ©F4) 43 (weak nonlinearity) 7}
A W 1 Agoiadel Asig wiHdg "N}
2o Az A ATt Ywt Boussinesq WA
o] BapAAe A¥ BEiuAdn vludtd 3
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Az 245 2 o7 AR BFe BALE A
g2 2T 7 Q. o R E Bds)
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R AAUGE E53Es A
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424 oMol & FAHL Uk fHol
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BoF o, ARz g4 SAL A
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AZAR AP AE 2 ALE vE & £t
Qonz gty oz wkiiste] &= 9 mg
2 Mg Eo s, AT o Sa1H A
2l ARl € B A= 23k FHE
bR e Aar At BT,

Israeli and Orszag(1981)7} A|¢4e AZA] AAFL
g8 ev e A FHANE 7t Jenz W
AlZ g9l 2EAFE AMETE AT wE
AFAY EAE I 5 Yok, o] F¢d HE A
7} ofd Ul Foll A Zws] Fojof 3=t Larsen and
Dancy(1983)= 128 2 AH(staggered grid)el thal A4
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F4g s, SR A JRzasyge dz
d Fxr} old A FLo] ¢t He Ut e
2 Wei et al(1999)2 Y- (source terms)S X T
Myste wA2e E Falo YA FUHA
o2 RYHE W WiRGV|YE LRSI

3 Boussinesq ‘Aol HHF2E =Y
A% A=t A= o] g Heitmer and Housner
(19700 5% BEH M H A Wartificial
viscosity term)& Frtete] AX&LE &43H
I, Zelt(199)E= M o2 EPHE Hu7zE
Atgste] mYPute HutE ReojEq ot EFF]
BEHR Rae Dol UTh. Shiffer er al
(1993)7} Madsen et al.(1997)2 &8 TAKroller-
based approximation) & AM43 AT EE A¢He}
%13, Kennedy er al.(2000)& <34 Helel
2ol Hae A R FRO g JEE A
A@go) 2ot RYEHEF e,

B ApdME Wei er al(1995)9 SAHAY
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A GolMe HFRYE L SN2 ATt =F
A AAE 2 ¥ WFzgrIol ASEAR d5
T2 Kennedy er al(2000)9) A Eo] ALE
Hotk FAAEL 5o HAHY 2y HAFEA

9 AgolAe) A3t WYL Rosn 4gA 2
SAAEHAE o) 8% NYRYe) Ash Hwal
QA3 018 Fol A} $PAY oo wHY
2o 348 A=,

2. 289 Px

2.1 X[l 24
Wei et al.(1995)2] €Av] A3 Boussinesq 74

Aol WRERE 98 AAY f(zy, 1) SHBA
#F,, G, 3 2EAZN RARE, GspE
F7t% F Aelotd thes gol A5l &
s¥dgdos g9

n=E'(n, u, v) (1)
[U@)]e= Fn,u,v)+[F(v)] )
(V()le=G'(n, % v) +[Gi(u)], (3)
7)1 4

E=E@m uwv)+vEMm v v)+f(zyt) (4

F= F(77: u, U)+7[F2(ny u, ’U)

(5)
+F(77: ut: vt)] +Fbr+F:sp

G'= G(’I], u, v)+’7[G2(77’ U, 'U)

+G'(n, u, )] +G,+G, ®
agln FEL o 2ot

U= u+th [bhtig, + by (hu),J] )

V= v+h[bhv,+ b (hv),) 8

B=— = [(Au),+(4v),]

- {alh 8 (uzz + v::y) + a2h2 [(hu)zz+ (hv)my]}z
—{ayh® (ugy +v,y) + ah* [(hu) .y + (hv)y )},

9
F=— gn,— (v, +vy,) (10)
G =— gn, — (uv,+vy,) (11)
Fy =— h|[bhv,, + by (hv) ) I( 12)
Gy =— h[biha,, + bs (hu).,) (13)
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E2 z_{[alh2n+%n(h2 —T]Z)](U" +v1v)}z
~ (lazhn = 5 (h+l(h8)es + (h0) ).
— ([ =5 (b= 1)) (i, + 9,

~ {lazhn—gn(h+n)][(hu)sy + (ho)a]),

(14)
Fo=— (g (22 = 7)[u(ue + ).t v (1,4 3,) )1,
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(15)
Gy=— (% (=) (w2, )ut v () ),
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(16)

F= 5 () e+ (00 + 0l () L+ [A ()]

(17)
G'=

(18)

A71A 7k 1Y BS ¢4d 9% Boussinesq ¥
Aalo]l Ha y=00°] = Nwogud %3 Bou-
ssinesq WA Aol "ol 283 K=1, A=h49
oltt.

22 §opx

dAutz A7 vtae] 7y ®yk olgt FAA =
ge] sty g Aoz eyl diMe ZdTE
7t A-FRHez A=A AEslor s 53
de] HAHe] FAZdol FFh. B dAroAE
Zelt(1991)2] o}AA 22 fAEIEA ko] Al
& 2 238 44 4 29 $REEE g%
% Kennedy et al.(2000)9] W& AlS-3c, &%
Fo T NEE H8d A4 2 g 2.

2o () (0] +nlh (u))+ [h ()],

1
Fy= —h—+—’r]([y (h'+ n)uzu]z

1 (19)
+ 0} [V (h+ n)uya+'/(h+ 7)Y ]y)
1
G, = (v (h+n)uyl,
At (20).

+ -;- [v(h+n)uye+ v (h+ 1) v )

Al A9 49 SFPASF vE Zel(199
DY T FAE FeE FolA,

v=B&, (h+n)n (21)

A7 § e EFAR AFoldt. g2 g4
T2 AR A3 FXH EAFALE Ty
A8l BE o3 Zo] 03 1 AlojoflAl HRAHo
2 Wale g g, d34A5E A5s 3
Hotd AoEHE o2 doAAdE AA2"HA
2o F71 gl

1, m = 2n,
B=12L-1 ,;<n<2q (22)

U/ .

O » 77¢§- nt

HARE pE dAstel Az JAE AU
n& HAvte] AZg Yehis ¥4z ddsez
A AARZAN FFEHR 0] e ARl
H47h Golue A4e FEE 5 Aok £ AT
A9 Hste ot o) Fold z27\ge 23y
2% A5zt A#AHD o] Fd 7t o] gk olE
golAE A7t AsHe T2E Asn Y.
aEE e 27A gDdNRE Aol Aol
met 3 g{U2 Eol=e FxE Hen 3
=3

7" ,  t=T

*= t—&)
T2 00 =n") 0 S i < T
(23)
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A7IN T2 ARANEAL, e Huie] Aza
L a3 t—4E ddzol B, o0, 5P,
T'9 $E& 27 0.35,/gh~0.65\/gh. 0.08,/gh
~0.15\/gh, 283 2/k/g-5./k/q9 RES 7}
At Wei et al., 1999).

3.E=X71Y

Boussinesq Ao A 14 Fu|EFEL 231y
FE=Z AEststd WA 4o BAgs $atao
2 T4 e AR oas 2P gRRey
F A7V E-2(Abott er al., 1984; Nwogu, 1993) ©)
d oxghg 23 AEAd duidste M HY
t}. Wei and Kirby(1995) E& A2 x71 WA
Ao RAZEEUE FoIAEE AE5etd oy
TAE Astdd. F 14 FLEFL 439 A
B=2 AEdstn 2AGE 2319 AYEE A2
sk, aga AAEdE 42ke] Adams pre-
dictor-corrector 71 & Al83t9c}.

R R

41 84y

stgo] Slafel N §A=2 Ants)on 4o} o}
A™ g1yt AAEA shg o) uldP Aol T8
Al 8. st3e) F7tE Yetve ol@ Agass
oA AsinE A Gz udy 9P
By el shtolth AAL 1/309] dtoll sl Ay
BAtel whg AFE Y & A A 38 Fig. 20 UE
Wt 2 dE29 g FAtel s A9
Z dA s Ao g 43 Shuto(1974)2] A3}, A3
o2 L2 At AFAA G v mE T} B 2yl A
F HFEAAL 2 WY & A5AF g R F
2L stA T AR A O 2 Shuto?] BIAY A543 43
FAAE BAqFa Qo S5 ¥4 Y A9E ngs}
oa2H sty AL g HAle] Wt F8lo)
TEEL AU 5 gt} ool HlH HEPol2L B3
AL F@8HA iAol e fawsEs By
F32 9ot Shuto®] 2]-& o33} 2}

Hh¥" = const. , 30 < U, < 50 (24)
H™ (\/ﬁ—2\/§) = const., 50 < U,

2kh

1
n=o 0+ o)

7|4 He st3, k& Sgoct, agla &8y}
£ g, F71 Tol 8] Ussellse U= gHT?
/hioltt,

o [:A]
nty

(e)

Fig. 2. Shoaling coefficient for (a) .HD/LD =0.02, (v
H,/Ly=0.01, (¢} H,/L,=0.005, (d)
H,/Ly=0.002, (¢) H,/L,=0.0001 (- : Shuto's

formula, '+ : linear theory, O : present model)

42 M Al #
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o, 282 1209 AAF € B33 AL 7§ Nagaya-
ma(1983)9] A g )¢} vl mER 2, A F--ol A &
A A 2 & A}-8-§} Watanabe and Dibajnia(1988)2]
AE Y A= 7 A8t
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Fig. 3. Wave deformation across the surf zone. ( - :

present model, - : linear model, * : experiment data.)

Wave height{cm)

x(m)

Depth{cm)
3 &

x(m)

5 o

10

Wave heighi(cm)

-]
0 L] 1§ 1
[ 1 2 3
x(m)
10 =
-~ 0
E
5
g -0~
2 1
20 10
«30 T T T
0 3
x(my

Fig. 3. Contined.

UM A Aol NF AFEAANE 2 B Y9
Ax7 PR vs] APX G B} FEF YA
E BoFa Qo) 53] 04y A5anrt iy 2y
of vigl F BojE D gl o2 Q&) wrk 2 g}
I % BHAFE Jrt

AGY AP 2S¢ E2YAHNERY Z5F st
Z AAldd g 23 A9E F Rl ARk Ut
Hut Ao AFEN BoolA NPz AP
2 9318 BAFAr} ALFEY (YL gie] Ao
7t A4, e, gaga, st oAt
e Jdd AFHY S AAHEE Ffolvh AY=
ol A% Az} Huto)F o)atH 9t Yojutr] A
stiie] A7} glgol vle) 8 Zae) RS oA S
FAS I3 AA vy S Zof g £ AUt &

- 307 -



At ol xpwrt AP A B} oF Im 9ol A LA 3}
e ole & A AAFH A E AFAF &
3 ey o] E4o] EFHOR FFdto YEhd
Ashs Yzhd

5 B

43}9] Adams predictor-corrector 7| 22 AR
2+ 4] 49 Boussinesq £8 & A3t & whufol A
o] BFEE S Z &t AT & ZF Y
A A AgdF FAl g8 dA5ATY
W A RYHA S v, AP EH A 93]
At W& W3 E Zojd 4 AU A u
E W3z F4o] FotAFE u Ay 2y At}
Z Aol & Btk AAA AP AT E AGI Y
BGAAL Aol Mo gFey ZoddeA B 2
o) Ao AAHoz YA Y5 A& 2
FA} E3] £ 29 F 0y AFEAHE A
3 FHm AN EFAG A DA sE Yd 0
FUY L A 2T ¢ JYAAT HAEEF L SAE
B AFE Ao g AP oA oAbzt
A7 AFARD o 1m Y sFA LA,
iy & AFASS Ay 5o B
2 2Agsle Jeld 4342 Azbddd,

ol4tel AEL T wFe vidgdol FHAE
ool A MY 2y F AL A3l v
% Boussinesq 23 2] B4 #9351}

a#Ate 2

2 d7e gAY FHIXAT
(R05-2001-00 0-01347-0) A/ Yoz o, d
T8 X Qo) ZAr= gy

Iy

Abbott, M.B.,, McCowan, A. D. and Warren, LR.
(1984). Accuracy of short wave numerical model,
J. Hydr. Engrg., 110(10), pp.1287-1301.

Elgar, S. and Guza, R.T. (1985). Shoaling gravity
waves : comparisons between field observations,
linear theory and a nonlinear model, J. Fluid
Mech., 158, pp.47-70.

Ertekin, R., and Wehausen, J. (1986). Some soliton
calculations, Proc. 16th. Symp. Naval Hydrodyn.,

Berkeley, pp.167-184.

Freilich, M.H. and Guza, R.T. (1984). Nonlinear
effects on shoaling surface gravity waves, Proc.
Roy. Soc. London, A311, pp.1-41.

Heitner, K.L. and Housner, G.W. (1970). Numerical
model for tsunami; run-up, J. Waterways, Ports,
Coastal and Ocean Engrg., 96, pp.701-719.

Hibberd, S. and Peregrine, D.H. (1979). Surf and
run-up on a beach : A uniform bore, J. fluid
Mech., 95, pp.323-345.

Israeli, M. and Orszag, S.A. (1981). Approximation of
radiation boundary conditions, J. Comp. Phys.,
41(1), pp.115-135.

Kennedy, A.B., Chan. Q. Kiby, JT. and
Dalrymple, R.A. (2000). Boussineq modelling of
wave transformation, breaking and runup. I:
One dimension, J. Waterway, Port, Coastal and
Ocean Engrg., 126, pp.48-56.

Larsen, J. and Dancy, H. (1983). Open boundaries
in short-wave simulations A new approach, Coast.
Engrg., pp.285-297.

Liu, P. L.-F, Yoon, S.B. and Kirby, J.T. (1985).
Nonlinear refraction diffraction of waves in
shallow water, J. Fluid Mech., 153, pp.185-201.

Madsen, P.A., Murray, R. and So¢rensen, O.R.
(1991). A new form of Boussinesq equations
with improved linear dispersion characteristics,
Coast. Engrg., 15(4), pp.371-388.

Madsen, P.A., Sorensen, O.R. and Shiffer, H.A.
(1997). Surf zone dynamics simulated by a
Boussinesq-type model. part I . Model description
and cross-shore motion of regular waves, Coastal
Engrg., 32, pp.255-287.

Nagayama, S. (1983). Study on the change of wave
height and energy in the surf zone, Bachelor
thesis, Yokohama National University, Japan.

Nwogu, O. (1993). An alternative form of the
Boussinesq equations for nearshore wave propagation,
J. Waterway, Port, Coastal and Ocean Engrg.,
119(6), pp.618-638.

Peregrine, D.H. (1967). Long wave on a beach, J.
Fluid Mech., 27, pp.815-827.

Rygg, O.B. (1988). Nonlinear refraction- diffraction on
waves in intermediate and shallow water, Coast.
Engrg., 12(3), pp.191-211

Schiffer, H.A., Madsen, P.A. and Deigaard, R. A.
(1993). A Boussinesq model for waves breaking
in shallow water, Coast, Engrg., 20, pp.185-202.

Shuto, N. (1974). Nonlinear long waves in a
channel of variable section, Coastal Engineering
in Japan, JSCE. 17, pp.1-12.

Tsai, CP., Chen, HB., Hsu, HT. (1995). Estimation of
wave height deformation in surf zone, Journal of

- 308 -



Harbor Technology, 10, pp.93-111.

Watanabe, A., Dibajnia, H. (1988). A numerical model
of wave deformation in surf zone, Proceedings of the
21st International Conference on Coastal Engineering,
ASCE, pp.578-587.

Wei, G. and Kirby, J.T. (1995). Time-dependent
numerical code for extended Boussinesq equations,
J. Waterway, Port, Coastal and Ocean Engrg.,

~ 121(5), pp.251-261.

Wei, G., Kirby, J.T.,, Grilli, S.T. and Subramanya, R.,
1995. A fully nonlinear Boussinesq model for
surface waves. Part I : Highly nonlin

ear unsteady waves, J. Fluid Mech., 294, pp.71-92.

Wei, G.,, Kirby, JT. and Sinha, A, 1999.
Generation of waves in Boussinesq models using
a source function method, Coast. Engrg., 36,
pp.271-299.

Zelt, JA. (1991). The run-up of nonbreaking and
breaking solitary waves, Coast. Engrg., pp.1192-1204.

- 309 -



