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Abstract — To evaluate the tidal flow around the transmission type harbour structures, the numerical models
considering hydraulic resistance are used. The traditional governing equations of depth-integrated hydro-
dynamics are modified by using of the drag force term. As a numerical model to evaluate the rate of tidal
exchange, the Random-walk method is used. The models are applied in a design of the pile-supported pier struc-
tures in Busan harbour site, Korea, where the flow speed and the tidal exchange are more promotive than the
case of non-transmission structure. The developed mode] will be applied usefully to design the transmission
type structure in the ocean space.

Keywords: Tidal flow(3ll4=-%), Hydraulic resistance(Z5 * &), Numerical model(5*] & &), Trans-
mission structures(F-2Hd T+FE)
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TIDAL FLOW ELLIPSES
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Fig. 2. Tidal current ellipses in spring tide.
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Fig. 3. Residual current in spring tide.
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(b) Transmission structure

Fig. 4. Maximum speed change rate of tidal current.
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Fig. 5. Speed change rate of tidal residual current.

9C, U*Q) , AV*C) _(D.O) , ,3(D,C) , 3(D,C)

at dx ay 8x2 d a a 2 (12)
oJ71, ERES WE] Ur=(U*, Vo= A 13)3 2ok
_...0D,. oD, D,OH D,0H
U*= U+a—+a—yz+ H ax+—a— (13a)
_v,9D,, oD, D,dH D,0H
Ve v R L (13b)

ek o7 ol FEEXITEA FHFErhd 4 (12)= Fokker-
Planck *782) (Cushman[1987))3 #t}. 4] (13)7} o) 3% o]
FEEAEC ZRE Random-Walk QAPHS th3) o] 71&3
T At (Jozsa[1989]; ©19} 71[1995]). Lagrange® ) HHS S8t
o, AAH o7 FASA £ o B4 AR MS ojwl A
ol &HHow H%%P; A5 wefslal o] 22L& 559 ¢
7 olEdThd, 3F &l NS ARl gt S7H= m=m/
NS AR F loH, 5789 Buler A% ARg3to] 7H33)
olF AAE FAT 5 AUtk F, ARKSE Ar thsle] FoiA ofH
U] ANZE X HEl= 2 (14)9) 2ot



86 ut
X(t+A) =X(0)+u(X(@), ) At (14
A7IM, £& ¥ b EFET Ut E7as BASE wd
gog A (159 2}
u=U*+u (15)
THAE7E 3 AdgEe) vEleithE Elder[1959]12) 7id
2 =]J8hd, A | sEabAlge = A a6 #o).
6.0Hu (162)
D;~15Hu. (16b)
o714, 4 (16)2] A5 a2 E3lolA wAd 3k B (Jozsa
[1989])°]H, HP%L#E w D ATET = 2 (73 2o
U+ V (172)

uo="Ey, (17b)

Qs

Lagrange W02 FAMS HoAYsly] falixe siAe]ed
B2 50| ZE | ojok gt} =, AA 3 WA (Zannetti

and Al-Madani[1983])& 7}%1 2z} ‘%JXP—OH tjste] B &

HEERRS Frlste] A YARLI) 89 BEHoR
aolofo} Btk olo] W BT BASTHRE 4 (18)%
2.

u;” =R,\J2D, /At (18a)

uy = Ryn2D/At (18b)
4714, R RiE oA 0, BFHAL 19 AREE 2=
Fold, x W y W] BfAsh A TAIRS Qg o)
o] 2] (19)9} 3t

u"=u’, cosb-u7sind (19a)

v/ = u} sin—-u7 cos® (19b)

% By ARtAR s Zo ZFARA AR A3 £
AL ARSI on, A (13)elA mREE TRt S
ALgEle] EREEE AR et Fdgt Cell oA Zkz)
o] AL T3 FFEkAl ¢har Cell W] AR} Ao uta} 2

& AP EIII] ARSIt 18] A WAl Egeted
Outgoing®t YAh= AABI3ICE.

Z2FE FEA sFolnE, Uk di5dabyt AEEQ
5ol st 1 2457 3 A Al HEgokeH 5
agto] WAEkA] o=t e, AA| sddellx= @Al 3|
-5 4 AF2Q alef gJste] ZAIAFTE DAYEH ole)

1o

ool

we} sl -’FOlE =, s go] BT ol¢l] thato] Parker

e 1T B2 I8 £ 3 g il §99
= 9857t 2RISR H)E EL JdnB) 9%t S = S

o= )2 &Sk YT AR HlEE ‘ﬂ?}Oﬂ 2J%t 3l
grolgl Fesiin). Wl - FE[1976]= A sfokelA
BuoyZ F48fo] 0|23 A& E3ske 1 &1 ont o17] 7l Buoy
9] BAIFAE dAAXFelA] k=T AFet ojefeo] Qe
Awaji et al.[198012 FAAEE o] gslo] &, o|n] dojA 3F
Zholl ofg] 79 HAYAE Fda 2 AR Fste] 1 dled
Sl ghs ofafsls WS ARSIl & A-elliE ol

ToEE

Nae =43l dlFndee 4 oyt 2o vERIch
VOUT POUT
Eo= . Pour 20
Y VTOTAL PTOTAL ( )

AN, En= SFREE, Vours AAISIE0R

Viemrs AANZL] 2718153 A, Pores AAINECZ 448
UZEE, Promps ZAMEY Z719AFoltt.

42 1 A E°

Axrededo] nwA 2y HE alejede) 32577} U]Ob‘—}_
o} Z7]el WA E AL AWAA Ehehed B A7) a8

E X0k, MR AN A el 2wV R IxE #aslsl] Q1)
o, B AFolr dlFndad 2278 s Asigit 1
3 sguge] A9 At FYEE AR wet siends
o] debd ¢ glorg B AeME Pl £UHE AlHES
hz 9l vk vre] Zhz7t AAlsednt. st FEljlake] 2714
2= Fig. 67 2] sgAate] S4ded 790, A 4

o we} 1Ak} A= Zol 10em® U UAE F9lsle] &
75887H4 AAE FH319)

2R 72 W S 73R A4 F Araees A
*“5} A= o7 2t Fig. 72 EF Y3 7B gigh 1 &
WATER PARTICLE 3 STRIBUTION ‘\X / jl\
: NITIAL POSITON

YEONG-D0O

Fig. 6. Initial position of water particles.



e} PR PN e B} 87

[NCN-TRANSMISSION STRUCT,RE - N \\;v\
WAL 3 OARTICL DISTRIBUNON Vx\\ i
W ¢ EAT ROM OW WATER \x
i A b pAL CYCS by

s

FLONG - 30
Y A |
(a) Low Water Release

[ADN TRANSMISSION. SIRUE -] N N {{ ﬁW\
WATER DARTICLT DISTRIBUTION o i
B AR -ROM AGH WAIER / 5\
T ATER DAL CVOLE / )
4 q 500 | M )
N / i
\ b /
NPl gf

as il
Mora,

I‘—/’VG \ i
4&5 i
V)

(b} High Water Release

YLONG - 20

Fig. 7. Water particle distribution after 1 tidal cycle(non-transmis-
sion structure).

M3V} o) dRREEoM, Fig. 8& T PEEC) it Zda
olt}, o)ix e} Fof AlTtel Wit sl A AFS.
i Eabehy, 2MRAe) B (Rig. 30l wet 5] folEel
Aohal YUHE o 5 Uk

o et s weke] FEE A 20y ol HLsle] | 2457
SRS Sl udES AR Uehd 2E Fg. 99 2tk o)%
1 o] ARhe zigie mEl AR o R slgu o) Fots)
e, 71l ve} o} R il sk s
sheR ot Fapd il oigh s dhgol A velkith 5, 2
il R A dTundES tx B wR 59l st
of 747t 049 W 0542 ARIERl e, B PR AS
7y 0.85 W 0.81% vrep, B FEEe A EFadd &
ol ulalod BPH o 1612% XY WHFNBe) Zrtaar}

& ¢ 4 Uk

| [TRA\SM SSION STRUCTURE) BN f B

b WATER PARTCLE D STRIBLTION
. STAR™ FROM LOW WATER

7 AFTER 1 TOA_ CYCLE

i

t

RO {
5 \}/
. YECNG~DO

(a) Low Water Release

[TRANSMISSION STRUC™JRF) @ =

WA'ER PARTCLE IS RIBUT QN Q X i:' l
o 300m 'i
PSS L ﬁ ;
.
1

1 START “ROM r~ GH WATER
7 AFTER 1 TDAL CYCL}

YEGNG D0

(b) High Water Release

Fig. 8. Water particle distribution after 1 tidal cycle(transmission structure).

FHE H4E weel, gud FUTEEY AYEAR O
3 ]

NeHe ARE A7) 3, Faky

FuAEdE B 2 R Ao 47 dde 3
ol dhel H7R<59 Hahe BRaY 728 FEeM a4 Y
Ehtn, £3bd 728 PN 1 Wslrl 24 el &

3 PR

A& EE] £10% o] Wby wAe e BRI
o] 118.1 ha, ¥ TZES 65 haBA] 1 wislodo] HEuX
T2E2) WsiEa oy oF 559 Jrolvh TARAF Waks
H7AR4:0 AT {AEH, AUSEn] +10% ©149) s

39



88 Wl g

—— TRANSMISSION
—— NON-TRANSMISSION

TIDAL EXCHANGE RATIO

FLOOD HW EBB

0.0 0.3 0.5 0.8 1.0
TIDAL CYCLE
(a) Low Water Release

1.0

—— TRANSMISSION
— — NON-TRANSMISSION

TIDAL EXCHANGE RATIO

EBB LW
0.0 -

FLOOD
0.0 0.3 0'.5 0:8 1.0
TIDAL CYCLE

(b) High Water Release
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