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- ABSTRACT -

ABSTRACT

The purpose of these project is to develope a finite element model to
simulate tidal current and nearshore current , which reduced by wind and
wave respectively. Because of the time scale is much diffenent between wave
and tide , a tidal current model and a nearshore current model is develpoed
respectively. Tidal current are com;ﬁuted on the basis of tide ,wind ,coriolis
force , shear stress and bottom friction , these is a time dependent model. -
Nearshore current is a time independent model , which are computed on
the basis of radiation stress and bottom friction . The wave field data , as
input data in nearshore model ,is computed from wave model developed
in last year. Not only the numerical model will be studied, but also the
pre-processor of the model, such as the auto-mesh, optimal grid numbering
is stablished.
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PELERE i, TEANEEYER - Wh - B - MEsYED - B
K17~ b4 A - IERREER T EHEE M F R ML - MERUE, IR
WS EHEEREARE, ~-REREEEETK - YRR —EHEARE
HE B2 RBR RN, M — SRR, M EEE < R Rt AlE
ER - BRTHATS BB MR RN, A X ECREFAR - SRERER—
AL HB IR RS, BRNRER, HEF SRR R BB
HERREE -

WIRW YW KT E H TSRS, Hansen(1962), B ERBABRES
RS EAKTIRSE o Leenderste(1967) fk 1% Hansen Hlah , AIA R - B
ARBHAZL BT _HEXAMBENORBREMEZ KRS - B4,
Dronker(1969) AW JEiatEH 2 &, LA Leenderste LR H E B W K IR ©
Z # , Leenderste £ (1973,1971), DA 22 i 32 8% 4% i (space-staggered grid) B i1 %
BABREGZ ZEERERRY KR, k FEFEREMARRRA - BATR
R Z TR A Leendertse F Liuz 35 Sk B3 R = R R BRI E T
¥1,20 Tsai et al. (1087), 25 « 52(1090), 3% - 2 (1991) S 2% -

Yih and Chen(1982), 81 1 7. (1988) ]} & 3¢ (1989) & A f934 % , RIS
AHRSEBROMYSHESHE, EE VRN EIEENTEREM S EEHEA
SO T K AT, E R R SRR AE G TR -

HRR RS EANERECR BB AT - Wang and Connor(1975)
FRAERIREEBHEEREEEERSMEAARHERERERK - &
% (1989) I <E] ALDEN A H| B B B EEE R - EU S B R 89S i
¥ - THER 2 2% SR 2% Kawaharu + Hirano and Tsubota(1982) - &
BAERSBAEERETAINECER, ERNBEKEAEIB{LAIE
=R -

MPBEAERRAEE MRS, EAEACHEERTFRER LT
HRBEGRRBKE, DERBEAEEARUARKERE IR, RN
EERS MBEAEMBENEEEA, HEMTFRAAX - fHRILME
LHEZ—HNRBRAB LR EA F  HORNBU=SFENX, Gk
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BARATES REBKERSEARSERERIER, MERACEFH
HRAARERSTFHYERREEEI AN, ENESBR L TREAE IS
BEHECERE B ENER _SCHEFENRE ZHMECHE -

ERFERASRRERSERERNE, HEACBESEZRRTRESER
BRITEE - HRAARZES T Ll Leendertse + Alexander and Liu(1973) £
5% o Leendertse and Liu(1977) ¥ BIFEFREE P EA F HEBEREERE
RERBRERIIHE - EAFRITRENEE L Kawahara + Kobayashi and
Nakata(1982) R{R3% - HE LRI EARABNBBKBICBRESER
MABSFESHEEHEMCRSBRI - HMBHE - F - WOB)YHA
TEARERER BV —BLUEE=#RESFRERSEX FABEX
RERAIBESRESBRERS AR AATRIREESSEXBHIAR
TRARR BN BEM A 4%, AACASETZHER, LREARRY
RERZ IEREY - |

Chu and Yeh(1984) Z 17 #& #8 7k # #& 3, (Harbour Hydrodynamic Model, ff
¥ HHM) th 22 6 [ Leenertse (1973) 2 25 [ B 8 5 B DABR 8 i IE 4 PR 1% (leap
frog) FEEAT & S ek EB{E = - HIM B8 A R R EEE (Humbodlt
Bag)Chu et al.(1986), o B &4 [ £ {1 78 ( Arabuan Gulf)Chu et al.(1988), B

49 % 5.8 (PugetSound)Chu et al.(1989), 3> B HE 55 et o B B BOK BB
RBBHIBHCT HEHIFER -

WHSE RS - B MO E#(CSEERRL)R=
He (BRBLFI9) /KB B AL - ATER Ut B 2L D38 K B2 PO i 7K S BE R ZK S 24
- ER SR ENRRE, SREXERRBEKREEB RN EE R
- BEMBRAC ERARERANG EEENRROHERME, THRERSH
GG - 2EEMOKA - AFHAAEAUERSE -

B 72 3 B2 it 45 (nearshore current) 5 & , Longuet-Higgins and Stewart(1964)
R RS ) (radiation stress) Z 82, AR BT BRE—FROE— KR ELF
A T & B e ERBIER B F (set up), TR (set down), ¥ E 3t (longshore current),
F YL (rip current) BRI RMERL -

TRMEEBKBLEEREEEEMERTHAN ERHIRETE  BRE
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KA R ERER G E - &7, TRERE S CHEEBRAASA, — BT
FIRERESERARTRESEE T EHERIS -

Longuet-Higgins(1970), Tronton(1970) &+ 35 7 3 ¥ &4 1] A EE & i Y R T Tt
#iE , Horikawa and Sasaki (1968,1972), Sasaki (1974,1975) Sakaki and Horikawa
(1978), thEl & B BR < BR B B B 45 S Y SR 16 Yo B2 e e 4 B e S 1 T 4 # o2 B
AR, « Stive and Battjes(1986), Goda and Watanabe(1991), BIEERT A~ 41 Ril B &

T T -
Nada(1974), Ebersole and Dalrymole(1980), Nishimura(1982), B%(1987) B 5%
(19 EF5 | HEHEN B  ERBRESERITNERIC TS , HIETE

HE (R IR ) HIS | R 2 BER AR 2% « Liu and Lennou(1978), 4 + %
(1982) S B £ HI5 | FA BT R MATE RS -

BATDEEMBN LB AHEN RS B RAHESHREER, TEE—
BEEYE, R WIS RGeS BEH RN ARE —EEE R -
RS  RME A ERLRE S RERH R B -

EATHEERERBS A RTREREMEZEER, RERZEEEHT
IR RERR R—AEREENERE, TRAHT &, FRRTAMEE
RER,EREFRFUER ENEREBRE EEREWT LALR
FHERR Y - TH L EFRTREELRRBHERAGT TR HIRER
R ohee , ERERES R, HETZ2EESRMNR R, FHER2R K
H,BTHZE—EBREEORE -
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B @ O
— BR_gHmRs
FRERBEER(NREE2), x, yR2HIARERRGTA(REES @

RE)EREEFE, zBZEHFRA( EARE), KBESIMGE h(z, y), KB4
B {(z,y,t) -

HER

8 2-1 3 B i I B i R

R E E~FHEHEHE (the conservation of méséj;.Z?EIEﬁﬁﬁﬁ_l'ﬁﬁ{-ﬁ'Fﬂ
H 8 =, (continuity equation)

fu Ov Ow ,
b u(x,y,2,t), v(x,3,2,t), W(x,,2,6) 3B B x,y Rz H A2 W, RAOEE A

M2 W B LR ESIZ, MENEY - SR EAEET, R  ARERD

FE L LE A2 1) B R NE, AR EE [0, )dz R (2.1.1) T8
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/( o+ 3o

¢ 5 (2.1.2)
= udz+/ 3y dz+w(:c v, () —w(z,y,—h)=0 |

5| 3T e 488 52 ¥ (The Leibniz rule of integretion) % (2.1.2) X A& &K

Bk

BAEE

AFUV
3t 58 F
9¢

B A K

u(z,

0 Oh
2 [ ude st 0%~ stz -1

¢ 2.1.3
+ agy‘/_h 'udz—v(m,y, C)% —'U(l‘, y:_h’)%’g ( )

+w(z,y,) - w(z,y,—h) =0

<
U= %Hf_hudz (2.1.4a)
1 <
- /_ vdz (2.1.48)
AR xH ARy FHZ PG -
=# B hREER S ARG

ot + u(z, yaC)a +v(z, ysC)ay -w(z,1,() =0, z=((z,y1) (2.1.5)

& R

Y, — h) —I— v(m Y, h)ay +w(z,y,—h)=0, z=—h{z,y) (2.1.6)

AR (21.3) 7L R
Ea—(UD) + —(VD) + 5 9D _o (2.1.7)
AP D =h+({fAUD, VD RARKx ARy FHAZNE -

-5-
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7§ By B <7 45 {8 (conservation of momentum) AN B] BRFEFE B = B T 51
‘B §) 75 72 X, (monentum equation)

Qu Ou Ou ou 1 ap cfi‘rr,,J arx,, Otz
ot +”'55+”?9§+“’E—f paa: ( * 5 ) (2184)

Ov ov  Ov ov 1 Bp 1 6Tyx aryy Oty
T =R vl S el VA = to) 18
dw  ow dw B 10p arn arzy sy
a—+u£+va+w5— — 20,0 + 2wy u—;——- ( + az)
(2 1.8¢)

R f B 552 8 (Coriolis parameter phase velocity), f = 2w, sing,w
IR AR, w,,w, DRIRHMRE B x P ER Yy R, ¢ REE (lati-
tute) « Tij, 8,7 = z,y, z, B4+ T 1518 77 (molecular velocity) B &l 5 8h 2 4 8
(turbulent momentumn transfer)Z &RBIHEN - p BB, pRAKFEE -

— i RS B T T T () R B (w), BT BE (wv) B/ REZ BRE
(#98%), BBATZRE (BAR) RN ARERREZ RETREEGACC
HEAFER, TENRREBEHREN G NETURE, X (2.1.8){LER

dp _
32 +pg=0 (2.1.9a)
or p=pg((—z) (2.1.9b)
A it
10p _ 9
255 =95 (2.1.10a)
1 6p 6(
2.1.10b
pdy oy ( )
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8 (2.1.10)fR A (2.1.82) B (2.1.8b), LI BB A [°,( )z EE - =FE.
SFE - BEHREESSAMEE (L) RTEKEBF A (2.1.6),T8%

S+ Q1+ ZelBesll b+ O + 5 ByUV(h+)

h+( OF,,  OF
3a:+ ¢ (833 + Jdy

(2.1.11a)

= (h+OfV —g(h+0) + },(Fz, _Fu)

V(b + O+ BTV (4 O+ 218, VA + )

= —(b+ OV = g(h+ Q)5 + 4 (G5 + T

)+ %(Fys_Fyb)
(2.1.11b)

ﬁq:' ﬁz:ns ﬁyy, ﬁzy, ﬂyz ﬁ%ﬁ@ﬂf%(momentum correction factor), ﬁﬂu%%
B

1 i
JB:::; == -(h—+5-—U—2-[_h u2d2 (2.1.12&)
n
Byy = m ,/—h vidz (2.1.12b)
1 V’l
ﬂzy = ﬁyz = W ];h uvdz (2.1.126)

Bgﬁjj Fﬂ::h Fzya Fy::a Fyy ﬁﬂﬂﬂ%ﬁ

13
FI:!,‘ _ ﬁ -/_h Txrdz (2.1.130.)
Fy = L Tzydz (2.1.13b)
Ty — h+ i, Ty el
1 ¢
Fy:: = h_;_[h Tyzdz (2.1.13C)
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1 e
Fyy = m j;h Tyydz (2-1.13d)

Froy Fys B Fob, Fyp 53 BI{R R B AR E 2 BY 7 (ABY 17 ) B g B2 BY 77 (e 77 )

<

— A A B RS F N F o 55 1 (Dean and Dalrymple, 1984), B}
:‘3:-:1: = Ba:y = }Byz = Byy = 1,EU5:E(2.1.11a)&(2.1-11b)ﬁf{bﬁ

dU dU U & 1,0F, OF, 1

UG vl = v oS4 (022 + 552) + g (Fra = Fu) (21.140)

v gV VO m,
ot Us Vg, = U= P p( . )+ s—Fys) (2.1.14b)

agﬁjj FZ:IH Fym Fzya Fy:c “‘"ﬂﬂ‘a]-ﬁﬁﬁ

Fyr = pEypy=v ‘ZU (2.1.15a)
v -
Fyy=pEyy— By (2.1.15b)

P v oU
Fpy=F,, = E,y(ax +-a?) (2.1.15¢)

EreyEpy, Eyz, Eyy TERBIFE IR ERE (eddy viscosity coefficient), — f#§
WEU = E.’m: = Eyy = E-_-:y = ny:ﬁ?ﬁﬁ—&i.gﬁm%j] :ﬁf}ﬂ Fzm Fya ﬁ‘z
Dean(1984) Al 7= B

Fpo = pE,W3 cos(8y) (2.1.16a)
Fys = pE,W} sin(6,,) (2.1.16b)

AP Wi REBTEIOKERE - Eo RASIRE - 6o REAKxMZRA -

8-
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TS EERNE xRy ARZ5E Foo B Fy @8 5Smith and Cheng(1987) af 3%
TR

= pEU\U? + V2 (2.1.17a)
= pE,V /U2 + V2 (2.1.17b)

X By R ERERRE -

—REZEEFRBEHABETR, RHY - AR OERERAS AR (2.1.7),
(21.142) B (2.1.14b) 2@ A B A, RBFHFHU, V RN BELDE=ERE
L -

T PR EZHBABN

BREBHEZAFHEHABCERE, NEEY BB
MBI, RERE A EEKANTES, EHECEREFAEY
ReRs A3 ASERARBEURESBRERL - BEEHFEH
BnofE,Blzny 2,232 BREER, HP 20 = (2, = R EBZEEL
RO 2 =1,2..no i, b0 =260 — 00 JEWE2.3, .ne EFWEEF WS,
EAEE—RIY =( -V rang/ \REBEE NE—BFgHL(OT
EE22) -

HWRESIREC L EERS A, LR ER [, )dzﬂim 7R
HEA(211)REEHERK(2.1.82)(2.1.8b), &

=0, £=1,23..n (2.2.1)
z#

Uy  ayo
5z T dy

+w

sud auo U W T
a v 3zt Ve oy T o™
h (2.2.2)
K, 1,0F9 8F££) 1 21
=fV(£) a.f? 3 ( Or ayy ) + Ph(f} Tzz ? £=1,2,3..n
, N

S



~—= 1 I = C
R =¢ -z -
..... . 21!
'-“‘Aiv"'T"""'---A T zt_l
RO =24 —2
h, —l— - B
.. . r - - e z —l'
. h(“.) = Zng—1 T #ny "
m z,. = =h

E 2-2 3 R RS o ER R E

avH v Ve WO |-
- (oY " (&
at + U ailf 'l"V —63: + ——h(f) v .,
8 1,0F9 aFY R
— 0 _ 55, 2 ¥ vy _
fU gay+p( Ox + ay )+ph(f)7'yz g ) b4 1,2,3 )
(2.2.3)
KB UO, VO, FO O RO sy o 2y B WL ER
xo - 1 Lt p 220
~ @ T dz 2.4
k(&) Lt

Hibh FEORBEOR, Mo RByv,w, 70,10 Deme xrirs
UV,W,F), FQ FPemg,

ARl EBR

(2.2.5)

zt Zt-1 zL

BRAEZREw, oL L TRFZFYHEU,VERE

-10 -



-H-E W OB -

= %(U(f) + UleH)y

s

= %(V(e) 1 vAesD)

e

BRAECBEwH(221)ATH

(m) {m)
_Zh(m) aléx agy ) €=1,2..n

- m=¢

HE{=1RXT{LR

U (m) av(m}
(m)
Z K (g + =5

EETEEEWVO HTRRE

+w

T

)

zt

Wi = %(w

FAR(222), (2.2.3), 227 R (228)MELEIRTR -
RS B A SRR R FD, Fiy  FL) R R B

18182
F ﬁ:) = PEuaT
O - g - E, ave  put

zy ¥z p2(6x+8y

A E, RAKFBYEN TR RE -
BARAEBEDUZRAFETERTRBRSR

- 11 -

(2.2.6a)

(2.2.6b)

(2.2.7a)

(2.2.7b)

(2.2.7¢)

(2.2.80)

(2.2.8b)

(2.2.8¢)
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sz = (thau\/ )2"'(5)2) L (2.2.9a)
Tyz (th oy \/( a2)2 ( )2> (2.2.95)
AP EREENENSEHERE, HRXRREE S - TEEEN NS
Tez| = F::s (2210(1)
Tys| = Fy (2.2.108)
BERSIEIRTRE
Trz = Iz (2.2.11&)
Ty:| = Fy (2.2.115)

Rt Fry, Fyo, Fop, Fyp 5 B2 205K, (2.1.16a), (2.1.16b), (2.1.172) B (2.1.17b) «

=B RAER

BB REER R EERERUAE, gD BRE®ILH ., B K
TEEBRSR—THUEERREIERE R HRTE

u=u"+u ' (2.3.1a)
v=v* 40 (2.3.1b)
Ao, v R—FHHRE, o', v BEIERS HELE -

TG BE(OERREECEEES G RERARHRE R EESF
7RG BE (o, MK AL HE 7 (set up) BAKALRE(E (set down), RARE (= Ca+ Gy ©

—12 -
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WO 1 hr BERAEE, M [, )R EERERFER (211K
BEAER(2.1.82) B (2.1.8b) BT & T HER

0 ¢

—[U(h +Ol+ 5 [V(h +OH 5, =0 (2.3.2)
ouU au ou _ _ 6§ 1,0F;; an
E+U6 Va—y—fv a + - (3 6yy) (2.3.3)
B P T . as,;,,) G
oy e bz ' By
v oV 6V 1 3F
— + U______ MY fU g yy
x| o 3y (2.3.4)

188 BS
Fs_ ot yr ¥y

AU, VEEBNR (2.1.4a) E(2.1.4b) » Fyy, Fpry, Fyp, Fyy EHOA (2.1.15), K
th E, {#f¢ Longquet-higgins (1970) 2 BT HERE

Ey= Nl /g(h+0) (2.3.5)

AP N RES, HENB0.016L RIFERE, EER

te=(h+()/tanp (2:3.6)

AP tan S R EAOR FE -

ﬁ.ggjj Fzs&Fys E%ﬁﬂ:‘& (2116)3 %ﬁﬂﬁmﬂj}ﬂ;% s E'J Fa:s = Ly — 0
s WEH Fu R Fp RlE8mX(2.1.17) -

V& & FE 1 (radiation stress)S; s, Syy, Szy, Sy: EH B
S "LV C(u'u'+£)d 1 (h+O)-U'U’ (2.3.7a)
L — h+<]_h P r4 29 ] 0.

- 13-
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_ 1 < e, P 1 117t |
Sw=e ]_h(v v+ Bz Sath+ )= V'Y (2.3.75)

¢
Sﬁy = Sy.'l: = .h_:J(l_—C ‘/_hu'v’dz - U'V' (2.3.7(:)

Rp U,V ZHEER

1 ¢
U':————/ 'd 2.3.8a
R ( )j

-7 / (2.3.8a)

BOESRENSRZISEREE T, 815 (2.3.2), (233)32(234)%3%
DA & [ ( )dt,EEHED = h+ RHTLER

F; Y ; R
=0U SO0U - a(D h) 1,8F;; aF,;y 11 85z aszy
VetV = V9= (G, 5, )t 550 vy
(2.3.95)
=V S8V = a(D h) 1 9F,, aF_,,y 1 — 1 <’-333,m as,,y
Ua::: +V79-§ fU—g 5 (— -—)+ DF,,;, ay
(2.3.9¢)

AP EYHBRY 2GR RRENTER - AD=h+(=h+( 3}
FC=Cat+ G

B A SR (HEH, He kSR o) BN RESER, K aRxmikd A
B B

Colz,y,t) = g cos(k cos b,z + ksinb,y — ot) (2.3.10)

- 14 -
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i[5 j8 (Dean and Dalrymyle, 1984)

G2z = Eo[ne(cos® 8, +1) — %] (2.3.11a)
Ty = Eofnc(sin? 6, + 1) - %} (2.3.116)
Eo .
Sy = — T sin 24, (2.3.11¢)
e K1
"e= Snh(2kR) T 2 (2312)

n. IR PR ZFEH (group velocity) B H {7 T B (phase velocity) H{H, Eo &
GHARECER - |
E,= éng" (2.3.13)

AR 2 R E Rk A B & (o, 23053 915 | A Horileava

BEHBLERFRECERARRE - BRATZ KGR TRE(set down) TR
= ‘

- HY &k
o= ~"3 smh(2FR) (2.3.14a)
B R KGR A (set up) R
o =0.167(hy — h) — B __k (2.3.14b)

8 sinh(2khy)

AP h REEEKR, H RBERNE, BRGEFNG ABKRERARRER

R, Bl

(H/L)mes = 0.142tan h(?) (2.3.14¢)

APLRER

WENZ R AERE (2.39), (2.3950) R (239) =R, UKEU,VE
D={EkA% -

-15-
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2~ B A

— HRAREEER

“HEEEEAETHEI AEHAER, 8ER(217), (21.14a) R (2.1.14b) 2
HRf I B B PR (time depentent problem), = A1k = EBERAFFHEU,V
RARELC - FERTIAERTRES LRI B TARRETRITRFER -

5 = S 535 98 % oA T S B 43 45 wealk form 211 F
//¢ YD) | VD) at)dR 0 (3.1)

oU _8U oU 0D-h) 1 0F. OF
/A‘”E*UE*V%"W*” a oUa tay)

! (3.2)
= 5 pFes = FadR =0

L S

Oy Ox Ay (3.3)

PD(F - Fyb]dR 0

AP REH AR ¥ S EE B (weighting function) «

A S A Galerkin %5 R 7T 5% & VT 3L #14: (Galerkin approximation), B[4 &
HHEMATRCHRER, SHAEER RIS RERMETR (RO #R), it
ENABREZARTR HAENETE BREFETK LSBEU,V, DR,
FURTR

U= ZU,‘I,b,‘ 7 (3.4a)

3
V=" Vi (3.4b)
i=1

- 16 -
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3

D= zDi'l,bi (3.4¢)
i=1

h=3"ha; (3.4d)
i=1

ﬁq:l Uia ‘/l".! D; EhtﬁﬁiR(e) t%%i ZU$ 1/: D'r h‘ﬁa i=172135—&1’1mﬁ
B AT, BRI B (21, 11), (22, 12) K (23, 73) - S BEEZARTRE
EAEREEER

Vile,0) = glonns —s) + (= we)e + (zs 2] (350)

Pa(z,y) = ﬂl(T)f(isyl — 71y3) + (y3 — y1)z + (21 — T3] (3.50)

pa(z,y) = 2—;(—;[(2:1!;2 — Zay1) + (1 — v2)z + (22 — 71)y] (3.5¢)
Ap A BRR RO L EHK -

RE{LRFIR, 00 1§ 5| FA R E R 9 (Tenser notation) 2 3, (I HER
FHRE-NEFLTRARTRINZE - AWGH)THE

U = Usty (3.6a)
V = Vi, | (3.65)
D = Dy, (3.6¢)
h=ha; (3.6d)

EBEBU,V,D,h i B x Z WA R 2, Ve, Doy by, i ERERETE

U,J: = Ui¢i,z (370)
V,.t = I/id)i,z (37b)
D,:: = Did’i,z (3.78)
h’,I = hi"pi,z (37d)

-17 -
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AESBENycHI/RTRTR
Uy =Usbi,y (3.8a)
Vy =Viiy (3.8)
D, = Dy, (3.8¢)
hy = ki, (3.8d)

KRR (3.6) ~ (3.7) B (3.8) 43 BIfRA Weak form B 5| HFFIBAE | 4
R divergence SE B 7 B {R=

i—dR = i Xn,dl — ;v XdR 3.9
/R()d) By /()¢ i ,/]R{c)lp,y (3.9a)

] «p.:‘?ax dR= [ $:iXn.dr— / / i o XdR (3.95)
Rie) £ Rle)

(e}

ﬁl:':l Xﬁﬁ%? UaVsW!D&h%Ll&I‘ZE{E]ﬁm%ﬁam]F.":Zy F.‘l:yv Fyy, Fy:n
2% 5 . e, BREEBRAAREABEX ARy HASE -
ROBTHeATREEE, IO BRTReZNEBA -

BEHEK(31) - G2)REI)TAHEBTIHZRTR

/ / a(UD) , 2VD) a_D "
R(®) i 3y )

/ Rl )(11’: +¢' +"wb* +¢e ay
=/,/}1(=1 ¢i¢j¢k,zdRUjDk+/L(e] Yith; 2 xdRU; Dy (3.10)
+/Lt=)¢i¢j¢k’ydR%D*+/L(e) Pith; yxdRV; Dy

+ [ [ wabsdRD; =0
E(e)

L ¥iDs)dR

- 18 -
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oUu o au aD éh
]A(en¢'(3t+U3 Vo Ve 9%
BU 10U 1 a?v w3 U
gy _tpfY ‘p0V p W A d
Evgm ~ 359 ~ 3B ara ~ Bop 00580 + By 5 v/U? + VE)dR
- f / bib;dRU; . + / / it s 2dRU; U + / / with ., dRV; Ui
Rie) Rie) Ri=)

s [ [ v [ [ wwbiadrpig [ [ viadmn

- E,,] ‘lf),'t[)jnzdF(U,,;)j -l—Ev// 1[)5,,:1,bj,deUj
() Ri=)

1 1
- —E,,/ i inydl(U,y); + ‘Ev// Vi ydRU;
2 Ite) 2 R(e)

1 1
_lp, [ betbnedD(V,); + S E, / f iy 4 dRV;
2 T'(e) 2 Rte}

—A(")Ew// ,‘bi,;,de(M)j
+A(6)Eb/f ¢¢,dR(U"U L G

’ (3.11)

oy By
a2V a2U W TV

= [ [ websarvie+ ] [ wibsweadRUSY: + [ L  bibibradRY Ve

tf [ [ wwsdRU+a [ [ itindrD =g [ [ wtspdRi,

_E, / Yitbnadl(V.); + Eo / / Vi s;.dRV,
(e} ' Rie)

1 1
_1g, f ibinydD(V,); + S Eo ] ] Biyth;ydRY;
2 (o) 2 Rie)

1 1
- -E, ] Yipindl(U,y); + S By / [ Vi,c¥j,ydRU;
2 Jre 2 R(®)

W2 sin @
—A("')Ew// W dR(——2) .
R(e)i'/”’bJ ( D )

T2 V2
+A(e)Eb/ ¢i¢de(u
R(#)

ov ov a oD Oh
/L(ﬂ’ﬁb;(a"'[jg +fU+g =y
v

5 )i=0
(3.12)

~ 19 -



-8 - ZEURBRERR-

RBROBRBeMERzER, IO BRTRAESER, A9 BRARZE

I T K
BAuf(3.10), 1) R (3.12)A&RR

M;i;Dje = a;
M;;Uje = b
M;;Vie = ci

A

= —MfijUjDk — M;-:,-kUJ'Dk MY

kij

ViDy — M ViDy

+E NJ(Uz)J wM5(Us); + By Ny(U,y)J E Ny(U.y)J
1
+ LENE(V,); — SEME(V,);
. w3 cost‘)w . UvU?+V?
+ 40Oy g (YTTV

——-—Mf,-jU'Vk hJVVk FM;U; — MyD +ngihj

+E Nz(vz).r a?;‘(V,t)J +E Ny(Vy)J i%(v,y)j
Fo 1 T
+2EN (Uy)i — EM(Uy)J
JIZ V2
+ AOR, M'J(qumﬂzD) A(C)EbMij(V_ql;_—V)j

M = / biot;dR
R(<)

—90 -

(3.13a)

(3.13b)

(3.13¢)

(3.14a)

(3.14b)

(3.14¢)

(3.14d)

(3.15a)
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M = f L " PiydR (3.15b)
M= [ [ vistspuar (3.150)
M= / L o, VintbitrdR (3.15d)

N5= f ]F " Papinzdl (3.15¢)

Ny = ] ]m Pibinydl (3.15f)

HER (3.13a), (3.13b) & (3.13¢) B H R — PSR 2 &%, R GRS R
7 1 (Kawahara, Takench and Yoskida, 1978) $f Bl S BUE B> AT

MijD;-l-‘-% = M,'jD;-' + éz—tcr (3.16&)

M,'jU;+% = M,'jU;-‘ + éz—-t-a? (3.160)
n4i t

M,'jVJ- *1 M,'J'an + %b:l (3.16¢)

SR At BRFAIRGEE, 5 Lo RIFMMER S, Bt =nlin=0,1,2... 8
n =0 REHREE - E-FRAEAR '

M.'J'D;‘+1 = .M','_,'D;-1 + Atc?-{-% ‘ (3.17a)
MU = My UP + Ota) (3.17b)
My VP+ = MVE + At (3.17¢)

CHRBERERNES—ERMAMERAHERERBECEERUSEKE
EREsHE R HEEA—EREE - BARRERERE, FEMECK
sh— Z R 12 Courant-Friendrichs-lewy i &

At<(1— (3.18)

AP AIRTERZE/MER
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SRS  EEE—RIEANBESD, BENT | BERAE MR >
feR - EHMANEAATEESAREKER - BE2R—BEEEFR
FAEIE, SRR HER R, RSB IERE (von-slip), IZRFTH B B
CHER RS, S R AR B RS S RASH - A0 — R
RSB L R, R M ZE R SRS R (¢ = O) B, BN BA R A G E R B i 2 7k 2 D
R¥EHU - V .

—929 ..



IAE——
— > BiAEE

“HREWEER B ARER(RIOLER, H2508 , RESK)HEHE
X EE - LB OE—IRIE Lk, B8 12.5/ M BB, 1ER A

OB 3- 1A% - WS EARKE —E=EHAE TN EPEREED.

REAFERABLAZKERRBEL - HELAERENERNA—EEE
HAE H i Bk A B L IERE: -

BEHEEAAZ AR RNE 325 R, KEAGUNERF - Bl

W5 Fi A 2 R R EE A 1008 - BUEERH B RERRHEEBEBASKALIS
HAES-SF R ARELREREENEVERKATHMZIRHNEE, B
RS Y K AT BA T BR /K AL R SR B PR L AUERBA O R K AL R B - BB
EHERERERHCEREERSS MU B ESHEEE
Bk AT By , HEHL N R A B O R B Bh , T W 5A O R e (B O TR E R ALY
vt B R R BB R E A E -

Rectangular Harbour

AR R R R 3 S R 3

T R R T = R T sy

b 30km -

B 3-1EARBNE (S0, E25 0 H , BES8X)

a3 A 1] 12 15 18 1 4 o] 39 42 45 48 51 54 vl H]

i iashospasbaspr R s R0 S ARNGANGG RD -3 B 1

B 3-2 R BELS s

—923_
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Example—1 : Rectangular Harbor with a open CAFEL1AL1.DAT
Water level {cm)

410 t=  1.14hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

M7 M8 B4 BID QIZ OIF 810 B0 BOA 00T D07 W06 A0S ADd A4 D03 803 B2 801
814 818 A6 14 L3 A2 AL B0 80P B4 607 808 MM BOS A4 A04 a03 Boz 808 801
217 M4 B4 B3 M2 A1l 20 80 BOA  BO7 BOY M08 806 A04 AD4 O3 BO3 02 801
217 814 A1A Bie 812 ML E16 BAD 800 MDA AEY S04 808 A0 AD4  BO3 BO3 " By

510 t= 1.42hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

a5  agd ;R BLR  OIT M8 815 Bl4 813 BIE ALl M0 BOU  m0s 808 L L) 809
[ 4 BEd L] Bl k20 Bia a7 uis s Bld e L1 ] (11} "no g Bos soa Br7 8Os 808
885 824 e 810 818 Nie BIF  Al4 813 MIE BI1 G0 MU 808 404 g7 L g 808
B2 &2 EEY B8R N0 M8 217 816 M4 MY BI2 BL1 ElG BOD  SOB MG 80T BT soa

610 t= 1.69hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

438 BX BN BED A7 A2 A4 RES 821 Bz B9 M8 MY #8 A18  Baj ane a4 (L]
837 B3 83 M0 A 820 A2 823 A22 631 B2 BNE BI6 M7 BIs  #1e as ad 814 LIE]
8 B BN B0 Bfy B2 424 MRS BRI AP A10 dIE Ai?  &1E  AIE 813 218 814 813
B 83+ 832 630 s2A 020 62k A3 B32 &1 MY BIA BIS AKT M4 BLE a18 a4 10

710 t= 1.97hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

848 B4 M1 B3 837 238 &M S K1 azd 02/ 827 B8 BRS L BZ4 a3 Bzy
848 B46 B4 041 B3F O30 BAS  BYY 832 630 AS0 AT RR7  §24  AGE  ASS  and a4 823
B47 844 B4 830 6IF B30 B34 99T 831 O30 AIN BZ7  0R7 828 NI BYS B24 o34 BE3
848 M5 B4 M0 B8 MW AN X3 AN 820 &RA  &ET A28 AEX BO3  A%4 24 a2y

810 t= 2.25hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

430 B34 BO0Y  ANL 840 4T M5 B4 842 BH M40 B 038 BT 430 8de L-1} &5 634
ad1 s 258 23 asy 48 847 L] B4 242 B0 o -] (.- a3z B3s B3a s =4 Ba4
860 BBO BG4  BEI B4R ST 046 B4 B4Z B B40 B39 6A 83T A38 L] a6 L1 834
B8O BAY B0 BSE  MI0 B4R A4E  B44  BAT  B4i B4 BID AN AW AN @I A3S Bas B3«

910 t= 2.53hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

B7E 880 pod B854 0EE B0 B34 ASs 855 MSY  BSE  BE1 650 A48 M40 B4e 84T T [.21.]
a74  B71 BBR B80 65} M1 ASO AAT GO0 BAS4 B5S3 632 B3I QG MR D48 Bda 847 M7 Bag
BYE 870 567 B84 BAZ MO0 A ASA  ASE 060 654 AS1  B50  B4B 0o 848 8l (14 847

1010 t= 2.81hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

Ba8 B2} BSA B8 6YS AT A7 DOR  AAM  AST BAS  BEL  BES  ASE  MET  S6L L.1] B&O [ ]
838 886 BB BAD &TT ATE &V 871 MU BOA 850 BOD 884 Aad 832 842 a8l [} as0 880
A L1 aTa a7s B73 oTE (. L] 857 BES sed sy a63 As2  agl 1] L B30
BT B85 pBAZ 67V OTT &Y 672 @70 A0 AT 658 B85 B84 BT AR3  pez 881 81 &40

1110 t= 3.0Bhr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

900 897 B4 802 BEP 88T 4B S84 ST M1 679 o7 87T &7 878 BID Lo ) 74 L. ]
P03 OO0 800 04 BU1  AAT  BST BAS  AS3 ABE AMG BT AYS E7F AYE A 478 s e 874
01 808 PAS 82 000 08B GO0 8A4 84X BS1  GB0 STH 67T 6TT 8 87 s &5 574
SO MO 84 BIA  MON  BAMA  mES AA3 BAL B30 BYQ  EVE AV &M BT BYE ars K74

& 3-3 7k fir 5+ fifs B

- 24 -
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Example—1 : Rectangular Harbor with a open CAFE1A11.DAT

current veloeity 100.0 (cm/sec)

410 t=  1.14hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

e R g O
- - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - -
e e e e e e e e = = = B = - e i = = R e e e o =~ M e m n At —————— ————aan

510 t= 1.42hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

e N e e e e e - e e e e A e e m e 4 M = i m = el == i = = dam m m et m o B L L

-

. e I I T N . ;
- - = o+ = = e e e e e e e e e om - - - - '
—_— = —_ - - - - - - - - [ - - - - - - - - +
- . - = = - - - - - - - - - - - - - - - '

- - e e = . - - - - - - - - - - - - - - :
e e e e R g = = e R = o i = = i = i - et e m —————— - em—— L 3

610 t= 1.68hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

A e e e e e e = - e = & T e« i = e == = e == o = = = = = o m e ———m e R it >
—. - - . - - e e e e = e = e o - - - - :
— > = = = e e e e . e = o= - - - - - - - H

—— e = e . e e e . e e e e - - IS - - - ;
— m e e e e e e e e e e - - - - - - - - !
— - - . . > > e e e e - e e e e - - . !

e N R e i i~ — = i = = = rr e = = i = = =~ = Al = == A = = = = = g = —n —m = = W mmmemm—m oo F]

710 t= 1.97hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

T e i e e e e e - = g n i = e =l = = e — = = == s - g v r = ———————— L E LT »

= e R — e —e e e e e e e o = e om o

—
—— — e . e . - e - - - -

|
!
!
H
|
|

- el e i i = — = =~ + it

810 t= 2.25hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

Bt PR — b .
— . =~ 2 = e - > e e > > e e = - - -

—_——. . —. — = e e = = e e = = - - - - - - '
—. e . . . . > > . . . e . e e e = = - - i

—_— — — - = e . . e = e e = e o - - - - H
—— e - e+ —+ = . ee . > .+ e e e e e . - - i
e e i e - i+l s = e i A~ — i = i = = i = o o = m A m e S — T Ty #*

910 t= 2.53hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West

e e e - e e - e = m e e g m et = e o e »
—_— e e — — s — — —  — — — — — - - - - - - :
—. e, . — — = = = . - - = . = e = - - - !
— . - e+ e+ % i+ —n e w e e - e . - H
— . .+t = e = . . > > = e e - - - -
——, -+ >+ —+ - . . e e e o . - - - - :
e e e e e e i - - = e e = e < = e em e P s 2
1010 t= 2.8l1hr Amp= 1.00m,T= (2.50hr Ws= 10.00knots West
T e e e e i - = - e = - = = e = = = il = i = ol — - = = = = = ——— L LTy >
——— . . —& % - - - —+ - = - - o e - - - - !
e - - . :
e e i . e . - - - - . . e o - . . - - H
—— e — " —. — i — — — — — —_— - — — - - - - - - H
e - - - :
——————— e - e mns _———— e ¥
1110 t= 3.08hr Amp= 1.00m,T= 12.50hr Ws= 10.00knots West
e SR e
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& - S B iER R B{EHRA

— - HFRAFEHRR

% BHR G AR AERAR(2.2.2), (22.3), (2.2.7b) & (2.2.7¢) Z RO {E M

o REZBBAEE KR CRERI=12,. .o ZFBHRBUO, VO, &Y
HEzHE W),/ EL—2gs AERTREE Ligs SRR LR ERTR
FH R Az Weak form#] T :

)

e

[rrl0) Orr(¢ Orr(e w
//Rilb:[U,t +U( )U,(z;)+ V( )U,(y)"_ h(t) (U —u

Te-1

Jar=0 &V

z¢

—Tzz
ze-i

i=1,2,3, £=1,23..n

) 1
—fV O tg(. - o Feze + Frye) PO

¢ wi
/ L UL +UvO L vOvo 4 5 v

)

Zy

—t
Ze—1

1 1 4.2
+fUD 4 9Cy — ;(Fﬁ),z + Fyyz) — m(ﬁﬂ “2

)|dR =0

Zr

_(Tyz
Zp-1

1=1,23 £=1,23.n

/ L lCet m; @ + VIMdR =0, = 1 2,3 (4.3)

[ Jpoavcan=g(f fovs], ons [ [ove] %)

i=1,2,3, £=1,23..n0 (4.4)

A EEHEERS A8 NERE=ARTE, LR R, KW RE

8, %0 =1,2,30035)R - KUREEREVELK U REHBEHALT

U = yDy, (4.5a)

_ 96—
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VO = vy, (4.5b)
¢ = Gt (4.5¢c)
hO = pBy, (4.5&)'
HExWIBRETRR
U9 =U{ iz (4.6a)
VY =v9%,, (4.60)
(o = Cithie (4.6¢)
hO = h O, . (4.6d)
EHyHMAEBRERR
U =B, (4.6¢)
Vi = v 0y, (4.6f)
Cy = Citbiy (4.61)
RO = BBy, , ' (4.65)

ERRXCYHERBRUZE S TIRAR, M(225)K - fEREAFREZ R
EECHEELETREZFPHERT,W(2.2.6)RK - ¥ (4.4),(45) R (4.6) 1%
A Weak form (4.1),(4.2) & (4.3), Hh & @ W 8430 E S5 H (228) R, BX R E
(BEKRERBER)ZBEDFIAC2)R; TS THHER

_ 97—
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f,/ 'p‘w:dRU(f) /L(e)"l)i‘bjwk,zdRU}f)U]ﬁl)
+ / f f/’i%'ﬁk,ydRV(z)U(‘) |

/ j YithhrdR( h(f)) ( pe-1 U(z+1))
- f/ Lm ¢i¢deVj(f) -9 / /R(e) Yiy;,.dRC;

+E, /F . Yivingdl (U )\? - E, ] f i,z¥;,:dRU}
—lE,, f e mydD(U,, )0 + —E / / Wiyt ydRULY
——E f pithny (V)9 + %E / / iy, dRV"

Tr—q

/ ] ¢¢J¢de(h(f)) (7ee|

(4.7)

k=0

V(‘) o (O (8)
-/ R(e) YivsdR fﬁt(e) ¢1¢J¢k.deUj Ve
+ f f itk ,dRVI OV

R(e)

1 w9 {¢-1) (£+1)
+5 ([ (e)w,eﬁmdn(m_)j(vk e )

of [ [ wwsaru® =g [ [ vsarg

+Ev/ il'i'ubj"ydr(v,y);t) _E“// "tbi,y"bj,ydRV'f
Tle) Rie) g

L 1
—_— safy - (2) 1 ' - ®
2Ev A‘(e] ¢l¢3nxdr(1/:r)3 + 2EU//1;(¢] 'ﬂb;,z@bj,deVj

1 1
_ E‘u / z,b.-z,b,—nzdl"(U,y)(-e) + —E,, / / ( )tbi.zfﬁj,ydRUgm
R &

Zt=1

// ‘nbt’«bﬂbde(h(e)) (Tyz

(4.8)

Je=0

/ / ¢‘/”dRCJ‘+Z( / f Yitpitor dRASV U™

+ / L ( )'ﬂl’z‘wﬂbk,ydRhg-m)V’Em}) =0

— 28 —

(4.9)
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/ / pitp;dRWEO = ( / L SV drs / L b

sl fup v

m=¢

/ ¥; h(ml(U},;“) + Vim) )dR]
Rle) m—f+1 '

dR)
2y

=_ Z ( / ¢£¢j¢k,zdRh§m)U,£m)+ f f ab.-fmbk,ydRhﬁ-m)V:f"’))
m=t+1 R(<) R(*)

——( / f Vit dRROUO + / R(]w.-:z:,-wk.ydRhﬁ-"Vé”)

A

(sz

= |(m GG )

- 1]i
Ut _ pes)
- [4PE"(hu) TRV (U0 —UE) (VO — Vi)

i=1,2,3, £=2 3.1

= [(emg G+ G

z¢_1] i
V{8 _ 1)
- [4th (A8 4 ple+1))2 \/[(U(f) — Uy + (VO - Vi)

i=1,2,3, £=23.n

i

(7ys

i

(T::z

Yi =(Tsz)i = [pEwWE cos(ﬂw)-

L

(Tyz ),' = (T,y),' = [pEij sin(&'w)-

i

— 99 _

(4.10)

(4.11a)

(4.11b)

(4.11¢c)

(4.11d)
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(tzy| )i= [Tbr]i = [pEsU ™ \/(U("u))2 + (V("o))Q}

(o Je=Imali= [oBV D fiweoye + vey]

Zng i

A (4.7), (4.8), (4.9), (4.10) X F 2 BU{LR

MUY =al?®  £=1,2,3..n

MV =89 £=1,2,3..n
M;iCie = ¢ £=1,2,3..np

MW =d?  £=1,23.n

Rh M, B EMN(3.14a) - ol 00, e BdD HBIEHMNT

th) MkuU(f)U(f) Mlgijvj(t)UE[)

1 i=1) (£41) (&)
——Mij&(,m);(UrE —Ue) + MY

ME(; — ELNEU ) + E,MEUY
£ £
= E WNEU )Y — E.,M,?,PU}’

1 2ot
+ ZENYVP - S EMEVL

1 Tg—1
ljk(h(e) )](T:L'z )k

”
BO = M"‘,,U}"V“) MY, VOV
- %ijk( iGh ) (VED v — MU0
yCJ E N”(Vy)m—{—E Myyvj(l?)
+ 2E oNE(V,z )(f) E Mzzv(f)
+ 3 BNEU,)0 - ;E MU
1

1 Tr—1

= oMk (g)ires|

(4.11e)

(4.11f)

(4.12a)

(4.12b)
(4.12¢)

(4.12d)

(4.13a)

(4.13b)



~B - FREEMERESL-

Ci=— Z[M,f,-jhs.'")Uim) + Mf;jhgm)Vém)] : (4.13¢)
m=1
4 == > (Mg U + MYV
m=~¢{+1 (413d)
- %Mf,.jhg."vk(e) + MY ROV
ﬂq:l MS} Ma%i ijk: Mg's;‘ka Nga Ng's_’-,h ﬁ%?ﬂiﬁ(3v15)»ﬁf&%ﬁﬁﬁm_ﬁ-~

M = // pidjdrdR (4.14a)

Rfe)
MiF = / / bir0;cdR (4.14b)

R(e)
MY = / / iy ydR (4.14c)

Rie)
ME = / f bis0;,dR (4.14d)

Rie)
MY = / [ bi,ydj AR (4.14¢)

Rie)

[ LENGMAER S RETENEEATE TAZSRE S
MA{UOY+ = MU 4 %{a?”}" (4.15a)
M {VO s = M VIO 4+ %{bgf’}n (4.15b)
, Y
M;{¢1m 2 = Mi{¢" + 7{0,’}“ (4.15¢)
M {w[}m+h = (g} (4.15d)
BoSR

M {UO} 1 = M{U9) + at{aO)+ (4.16a)
M {ViOy = M (VO 4 At{p0)+ (4.165)
M {1 = M {1 + Atf{e} (4.16¢)
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My (WOt = (0t (1164)

BAGREG . EEE—REEANERRN WEMS AEBERER D2
fEA - AN EEFATEESERREIER - BE2FR - BESEFRELH
B EERREEZHERSS, BB EIERE (non-slip), AIZSFT R B SR
TR, EHOSANBREENZHCREEIE - 7 EEESC AR
t = nAREAK G (G} RS SR GZHE, (UL, (VO (WO e (4.11)
AR =nDREN  HRBE—SEEIR(415)5HEL = (n+)AtRZ
{ULOYm+3, (VO s (WiO)mHh R (G B T e (4.16) SRt = (n+1)At
R AL (G} R (VO (V) g (W) g (a1 Rt
t=(n+1)AtHs . BUME S, M52 R —ERRIREE S S -
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Water level(m)
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Example—4 2-layer retangular harbor with a left open
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-{f - EATMENES -

h -~ SERGIBEER
— -~ HRAFEEX

TRTBESRT R HERR (2.3.92) - (2.3.9b) R (2.3.9¢) SLRF Y %
BZME, B E—ER5 I AERTRES DB RTACRERTRIE
& Weak form i1 T :

[ J— 0 - .
/ L 4[5 UD)+ S(UDJdR=0, =123 (5.1)

- D - F,  0F
//d"[_a +V fV+ga( h)—%(aF + T

Oz Oz Jy
1 — 1 8S:z 854,
"'_—FI - rr Ty d —
D b+p( 3 T 3 )JdR=0
i=1,2,3, (5.2)

D-h) 1,0F, 0F,
[ [wwg Vo0 +g 2B LT +20m)

1 133’_ aSyy)]dR 0

pD

i=1,2,3, (5.3)

AP RBHAER & REREHRER =123 - BEBHTEERRIFEN
EME=ARTH, LR RR, KRETBE ST SLEE M L
BB MUDU AT, HBSEETR L BEU,V,D, H A n R(CETERS

3
U=> U (5.4a)
3
V=> Vi (5.4b)
=1
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3
D=7 D
“ =1
k]
H= Zﬂid)i
=1
3
h=3 hapi
=1
3
ne = chi'ﬂbi
=1
3
¢=) G

i=i

BEHEN(S]) » (CQRGED)THHERTIZRTR

(e)
/ / ¥ a(UD)+':')(:;r‘9))¢:m

//“(gb, 9D L 4D +z,b. +w, ay)
MZ,UD; — MkUDk VkD — MZ,V;D;

Jlk
=0
aD oh
/Am""{ Ve 95—
J*U 62U 1 8V
_Euﬁ'—_Evﬁ" Ea a +Eb VU2+V2

1

a
+3r95; [H*n(cos® 6, + 1) — —H2]+ (Hznc sin26,) }dR

16" Iy
= MZUWU; + MY VAU; — MV, + gMED; — gM%h,
— ENE(U2)j + EME(U.); — BLNLU,); + BNY(U.L);

1 . 1 . UvU? +V?
= 5B NGV + 5B ME(V,); + Al )EbMij(—B—)j
+ §pg [H ne(cos® 8, + 1) — —-H ] 1679 Jyz-(Hzncssza)j
=0
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(5.4c)
(5.4d)
(5.4e)'
(5.4f)

(5.49)

(5.5)

(5:6)



-« R

av av av abD oh
T U_ V U _
/ﬁw””{aﬁ 8z * ay” 9%y 95y

8V o*V 1 aU v STV

1 9 2 i o2 2 2 :
ZpgL 1) — = HY+=—=pg—(H’n.sin26,) }d
+ 59 5, [H ne(sin® 6, +1) 2H ]+16pgax(H nesin26,) }dR
GaUeVi + M!-‘:-kaV' + fM;U; + Q‘M’-’-D ;— M’-’-h'
~ENG(Ve)i + By M,(Vz)J ENE(V)s + BENG(Vy);

1 : . VVOIV?
- J(va).? + E M; (U!I)J + Al )EbMi.f(T)j
. 1 - .
+ gng}”,- [H?n(sin® 8, + 1) — §H2]j+féngj,-(H2nc s1n290)3.
=0

LA (5.5), (5.6) B (5. ) E & F

A,'J'.Dj =aq;
AU =bi
AiVi = ¢

AP
Aij = MZUx + MLV,

a; = —M%,U; Dy — M5, U; Dy

bi =fM;V; — gMED; + gMER;

+ EoNG(U,2); — E.M(U 2); + EuN(U,); = EuNH(U ),

1 . . UU?2+ V2
+ E NJ(V,y) E M (Vy)J +A( )EbMiJ(—D_—‘”),'

+ é-pg 5 [H’nc(cos® 8, + 1) — —Hz] 6ngy (H? ncsin290)j
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(5.7)

(5.8a)
(5.8b)
(5.8¢)

(5.9a)

(5.95)

(5.9¢)
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ci =— fMyU; — gM}Dj + gMJh;
+ E\N5(V.2); — BuME(V,2); + EuNE(Vy); — EuNE(V,y);

7
1 ... 1., ... . VVU? ¥ V2 (5.94)

7

1 2, (2 1 1 T{ 20 o
+—8—ng;1’,-[]{ nc(sin 90+1)—§H2]j+ﬁp9Mﬁ(H nsin26,)

i)

=~ KiEmE

BEFREACRE , RI§ B Watanabe and Maruyama (1986) 2 St {E F 5L
ERYLE - FREE—HBROIREER, NREE 51, , FH 5 o R H
[ 5-2 , B 5-3 £ (Watanabe and Maruyama, 1986) 8 {EH &7 & o, B 5-4 5%
BE i FERAER - 557508 5 Watanabe and Maruyama (1986) & #&% 5 L8 ,
BERERCRANARBEHEZ SR, CHRACHE RERGET  B5-58
FXREFREAF E SR - WBE -4 HE S-S 2 iiia i, BRBEB TSRS
—¥,BXBmE, ERHEMN -

units : mm

{}W aves

Breakwater

[ ! .
Shoreiine\ \ J
0 2 . im

- B 5-La R ARG i s R
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