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Slope Equation, MSE ) :
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Berkhoff (1972) ##% &1 2_ %8 = 423% (Mild
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1? 45=0 (1)

v-(cc,ve)+

vt

H ¥ g=g(xy) %imiE % (velocity potential ) ek T 6 £ - c:%

# & (wave celerity) > C, C2:(1+G) ( 2kh j = ¥R 3% (group

sinh 2kh

. ﬁ f’ 2kh o Yoo = % Y ’ o5

velocity)» 2 ¢ G=— . kfro A E G A EACEAE ST hERiIF
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R — Outer Area
r— o

oA

A — Inner AreAa

oB B — Land Side

B 3-1 Ho 5 R A LW

FHERTR F2ENEE R

1
EP:EPQUZ (4)
2d op Fpdokiz
1 (0D 1 . .
n=-—| — =—-——\(-lw)exp (- lot 5
g(atjz—o 9( )¢ ( ) ()

NP O L)

1 1 .
Er 25,09772 ZEPQ(—wz)g—zW exp (- 2iot)
p f 1 2,2
= - —2iwt) — 6
Cexp (- 2101 T (6)

ZE(V¢)2 exp(—2ia)t) . tanh kh l sinh 2kh +@
2 sinh khcoshkh k 4 2
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#r4c > #2378 (dispersion relation ) w® = gktanhkh & * % F 387 » p|= H
o fFRkT2ZEF R g 5

2
E, = E(V¢)2 exp( 2|a)t\ @ L (‘sinh 2kh +kh
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1. %4 e qzi# B (Partial Absorption Boundary)

FRE N oL B ) LA s e A ﬁri/)&»{&:;{ RS
B

FRBAOCETER > BN A F T RI ST AT S
o6 . ia 0°¢
T — ok -——L 13
P TE (4

# ¥ o 5z ik ik (absorption coefficient ) > § ] ; 0<a<le® a=0
PFo %ot 5 > F &% 2 (fully reflecting condltlon)ﬂ a =0°% a=1>
% 7T & RSB T iE i (fully absorbing condition) o § > $+L T & B 2
0 > P|BT rlica B F WA ERM 25

(a cosé?i)z —2acosé' +a

o _lacoss ! (14)
(050056?')2 +2acosd +a’
e T
1 . . o¢
E_ dtd _P —2iwt)|iwCC_od——d
'!é[ (dtds . Ia)eXP( Iw)a'[;l g¢an S
P el :
=—exp(-2iw)|=iaC, ap-ds 15
cexp(-2i0)] ieC, (15)

2. *& B #2187 (Bottom Friction Boundary)

R R B R AT PR RETA L i B A A AT

Ef =TbUb (16)
Heor, REDERFET S, BV L RRKEFERAT S
1
T =EIOKb|Ub|Ub (17)

H ¢ where K, & F]=t B#:ix# (dimensionless friction coefficient) .

R kK3 i& B (particle velocity near the bed ) &
1 .
- V¢[ ol |(hjexp(—2la)t) (18)

M Rk BE¥s % #ic (bottom friction coefficient) 3 f, :—gKb|U |, B R
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E, =

©|b

f (cosﬁj (Vo) exp(-2iat) (19)

A EIEFEZ RN RN T EFFMNE RS R AR

3

T“i

< Y
@:f{g’ﬁb Eﬂé

IJEfdtdAzgexp(—ﬁa)t) 2wf( ! jz(wﬁ)sz (20)

\Fﬂ

coshkh
B % #cA1* Jonsson (1976) ~ Jonsson {= Carlsen (1976) &tz 4% A

SET Y B % AR A T AT

f =02g0C, " a,"* v 16< 2 <100

bf

f =0.15gwa, B 16 21)

bf

Y g =ﬁ, C, » Nikuradse k&% & (Nikuradse roughness
Sin

height) > a % & /3=t (wave amplitude) °

3. &34 (Entrance Loss)
AU BB v pFeho SRiE B 4E 4 (quadratic entrance head loss) P&

#

u?
AH = f5 = f|U| KU (22)

f v o e s P : :
L :2—9|U0| » f, & & F]=xiB4f 4 h#k (dimensionless entrance

e e

loss coefficient ) o |U,| % &b E v 42 T32E R > U 2 4 gBif4
(ST #E R o FIBEREF T A7 5
U
¢ :¢2+A¢:¢2+_ife|U|— (23)
lo 29
‘e g §14872 (weighted residual method ) & # *ti8 i > 4258 > 4o

&, = [spce, ((;ﬁl 4 - _g AT j (24)

HY ¢ v ¢ sBBETEZERP -

4, FiE I3 KKk 2 #E A (Wave Transmission through Porous
Breakwater )
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B o A A AR B SRR ERT g K
EULELRRPEE o &1 18

o o .

— =K, —=1kK. ¢4

pealls few 9 (25)
He KB E2 5 h#kc-o
BWA N T LI ET

__P ey Ot
jT j E, dtds = —Eexp(—2la)t)8.[5CCg¢r — s

= —Lexp(2iat) [ +C,i0K, ¢ds (26)
g a2

5. ig=3# % (Far Field Boundary)
BB A PR Sommerfeld (1964) #5645t » £ 57 4o
1imﬁ(§—ikj¢s =0 (27)

B2 do=de—d o 4~ kv s R B »SRES g
3R St o F btgkynid B% R4 %o 2 ( Helmholtz
equation ) frig &fif i & 7 4o

Ps =iaan(kr)cosn9 (28)

HP q 5 A% #fr H, 5 Hankel ik

#3402 2 50) gt~ R
E,+ ”E?dtds=con5t (29)

0A+0B

E.+ “ Efdtds = const (30)

0A+0R
£ R (29) 2 A (30)F » 2 % wde 2 S 42 0 PR o #2 (Hybrid
function) ¥ & 4T

2

F(¢) = gexp(— 2ia)t>{£j%{CCg (v¢)2 _ C:g;Ta)¢2j|dXdy

Jocy 3~ (6,- )| S

A
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_Ilcc ¢ %ds —ILf ( ! jz(v¢)2dxdy
52 97an, 2 2m “\coshkh

1. 1.
= JB Ela)Cga(zﬁzds + ;T Ecgqungzsfds

. g u
— [spiecC,| ¢ -, — 2 fJU,|— |ds
i¢ {a@ WJJM]}

= const 31

H gexp(—Zia)t) R ??”‘]",/f o I "‘{}ﬁ@?’r@Aﬁ%fi L IS o = A

L Ougs _ (L 04,
iccg[2¢s (#n -4 ﬂ [SCC ops - Lds

oA A

Lp Qs g, 0y 00,y O,y 00
=£ccgf5%(mA—¢A = fa =+ 4 AJ% (32)

3.4 BFip> i

PHPEATE Y 2 f)cE 2 5 T~ % 2 (Finite element method * FEM ) »
g R RIe (Varlatlonal principle ) fe2j%k S #icfs* 2 FEM 4B o )
AL s i E H R P T

$=N'g

V¢ZVNi¢i :Bi¢i

gs = Né¢sl

8¢S 8Né _pig

or ¢s Psds (33)

%—ﬁ?ﬁ%ﬁ%
“ l:CC (Vo) - ¢}dxdy 4 (”co BB Cgcw NTNdxdyJ¢ (34)
moAERT AT G
L ob L oh 0, 0h O
f%@%mA@ s ¢%+¢%}s

A A A

=g [j CC,PIN dsJ [jcc N PdsJ¢S (ajAccgNT%j

A
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+he UACCQPST@ dsJ+ JACCQ¢I 2—fl\ds (35)

O B5)Bfé - 7 E WK
Mk TR R A I S

_wa( : jZ(V¢)2dxdy=—¢T{wa( 1 jZBTdedyP (36)

o 20 "\ coshkh 20 "\ coshkh
S R WS I
. .
—jzuwcgaqﬁzds =—¢' (j?wcgaNTNdsj¢ (37)
oB oB

ERUE I

J.%ia)CgKTQNTNdS} (38)

oT

J.lcgia)KTZ(ﬁizdSzW(
aT 2
~BIFR G
- [opiacC,| 4 - g~ fU = Jos
E [¢] 1 2 Ia) e[~0 2g

=—jv¢ia>ccg ((1—k1)¢—_i Keujds

1l
== {fiwCCg {(l-kj)NTB—i&KeBTB}ds}cé (39)
oE a
B¢ g-g=(1-K,)¢ fr Ke=f;_L;° .

ERARIET o Sy - RS 00T
F(g)=0 “0)

PIAEL S 28 F £ 7 &

KIv]+[]-0 )
Hoe [¢]i Aol > ¥

[ IM] ™,

K‘[[MJ [Mlﬂ 42)

C 2
M =j(cc BTB—gTwNTNdedy
A
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— [iC,aNNds

+ [iC KN Nds
oT

. 2
—~ j L f 1 B'Bdxdy
w cosh kh

A
- [iwce, [(I—Kj)NTB—_iKeBTB}dS 43)
E lw
|\/|1 = J.CCgPSTNSdS (44)
oA
M, =—[ CC,NPds (45)
oA
¢
=—[cc,NT
JoeN 5, (46)
Q = [CC P4 ds (47)
oA

= = Lagrange ~ %4 i¢ * e AehoAf o Avhis E*”;‘}ig% R
r eigen function B B jE &7 o S FenfEie izt oAE R o
14 (substructure technique ) A & * & H05S W2l B mép,&é?rﬁ;
AERFSAEBLE . B R Y 4‘55&%39 F o AR R
d Hpwlanf figit RIFEfR o FRIFEAR DR oL AR
23] EAL I SRR 5 i S LR S48 s E NN N gL;‘: GTF R F o

35 BE%R#H

A 417 Ippen ~Goda (1963) fr Lee (1969) AsEa5 i chzs
LB TR RS % 0 B E BN £ drant FElE o Ippen ~ Goda
(1963)x% & &35 » & 5 1225in> F 5 2.38in> jBp *t-KiF 5 0.844
ft» st £ 747 (energy dissipators) A& & Ak ¥ = % o Lee (1969) R
BARREGEIETT KB L At R e R 7 ke B R B A AR
Fede 3 T AFTHRENESF N EE Py S5 Vo B R
Pk B IR E A AR 32 T oL Bl A BB E it E
m = BRI T ¢ 7 iAo

2FEMEREE R A g o BT A BEGR S f,=08 0 &
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9 T T T T T
Lee Experiment (1969)

o Ippen & Goda Experiment (1963)

8- ------- Ippen & Goda Rectangular Theory (1963)
,', Lee Rectangular Harbor Theory (1969)
7L EL —— Lee Arbitrary Shape Harbor Theory (1969) -
L ___ Present Result 1: h=0.105ft; C_=0.05in
1 Present Result 2: h=0.844ft; be=2.0in
1

Amplification Factor R

Bl 3-3 4E75ik 4 chik i URAR I~ TR BCR 2 kI B 13 )

B¢ 9 B S -KiE 0.105 ft 2 2 Nikuradse e k&% B C, 2
0.05 in #;%3H % » ¥ X B R KIFEEh=0105 ft 2% C, =20
in CURIEE R R B B S R Ao B] Y 28 AR Bk BT kK
TART B RSV IRRE O AT R RIFRE B H BESUR Y R RER
oY BT AN E R BHEARY - R P RE B Ity
2% i #&ﬁéﬁ% B oo M RFENh=0105 ft ezt 5 2 % L BRiTHR%
B AH AR - BEIRXEFITKI =425 ©

B 3-37° % %% % Tpumping mode ;> At iE T & 5
g%%%*&é%ﬁﬁﬂ$§%@,%%ﬁ%ﬁ&&ﬁ@ﬂ%@
3-45 H ¥ U H S T=264sece B P f ok BERA T D gk
<R AP A achfp i o WY A STE P BIRRE X AL 0 AT
FRBs at P T ok A ATHR

B 3-3°¢ %= BEIrxEH 5 sloshing mode ;o o+ #F % ik s
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B2 Bt g R iR S ARF AP Bt iE 22k A T A

PUE 2 R RIEE S T =085sec 0 BIAGEE T B B B
B H kB KA R T f EARK B E B N RIA
UK AT B B iRk =5 f - B 3-3 ¢ & ot sloshing
mode & $& ¢ pumping mode -] > d B] 3-4 % [B] 3-5 A B i F A

W B > { 7 %7 ) pumping mode ¥ i v* sloshing mode i * /& ek

B 3-4 Pumping mode “4EAS0kE ¥ iy B 3K 5 4 1% B
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B 3-5 Sloshing mode 74E25ik % g § 3+ & 4 (7 B

T bl

PR 5o B & WE S8R Sk (Long Beach Harbor)
(Lee et al.» 1998)~ & B (Korea) 1 /% /& (Pohang Harbor)(Kwak et al.
2007) ~ # B4 # 37 % B (Crescent City) % i 2 X JRH#3 § - &
k" Lee et al.(1998) A7 3 = % 4L » #0583+ B w1 sk e L &
B o FuiTkErcd  EBERR LA TESHIRR 0 ¢ &
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Ty I

7@3

/&
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Amplification Factor ag/a;

Amplification Factor a,/a,

FI3-6 1z £ A b2 BGE R L

5 T T T T T T T I s e e e L B e
——with Breaskwater . [ —with Breakwater
—=—-without Breakwater 1J F ——without Breakwater
4 @ 4F
c [
o
| =
o F
3 o 3
L E
E L
§ i
- _E !
2 -1 i \.\
m 3 11
Q =
2 F
e F
1 —1F
a r
E E
o -
0 [ PR I
g 0 100 200 300
Wwave Period T (sec) (Large Scale Model) Wave Period T (sec) (Large Scale Model)
5 5
—with Breakwater . [ —with Breakwater
——-without Breakwater o F —=-without Breakwater
4 o 4F
[ o
o o
N
3 B 3f
w E
c f
nd L
~ .
2 - 2F
==
r M,
b - I
1 S i
a f !
2 E |/
=
0 A AP R R R S B S R ob o M o TN
0 100 200 300 0 100 200 300
Wave Period T (sec) (Large Scale Model) Wave Period T (sec) (Large Scale Model)

W37 EHBIBFEES £RTLEFF

3-14



TCLE_,;E\,;E\A i%ﬁg’%ﬁ?: /ﬁﬁwx'%/ﬂaﬁ?gm'gq% M He b fﬁt
xS 5”&?':3:5-%\%‘}4 EJRen1 & R F] o ;;cﬂw‘ﬂ"‘ii\-}b EyRecd > ko4t

LiRIRILSE R BB TR RE AT 2 BER 0 £
ﬁﬁ@ﬁ@iﬁ@ﬁf’”&%%%méfw ﬁﬁfﬁﬁﬁam%m

beity
&
=
7\
ETIRS
|
K ELF

4.1 B-3ViE =

RIRTCEBEIRG BT E R RIER A 2 VB UERER
RO R T RARBEGHPE RAEI Y >R BT g0
TEELIFET R AP AR E AN T FE > AT R4
ﬁ%%@f%%%%’éﬂmidﬁ%ﬁF’?ﬁ%ﬁ%@MWﬁ°?ﬁ
Pl end = 4 kmo 2B e p) ) Leeetal (1998) #% Jienp HEfd S
RIS AT ERER > RROYEN G AR ’%*%ﬂ&ﬁ@*’$ﬁ
G BB HCL 72,955 0 et B#kc 17,823 P E Rt L 4cE4-2 0 B

2V EFR cRA P BRI ST AR -

|

-rx\g.
%l\—
\\ }
e
>z
g
=hg

4-1



ey 0‘1‘"‘01“!"0‘“"‘.‘000‘
e
iihhnii‘lih‘nﬁil‘iﬁi‘t‘!oﬂt
..“..l‘

T
EENRRLLARNLRAARY]

4-2



R s > 1904 R R b BF o TLE- R R

ki
o
ot
OB
&

i

bl

-)t-

?Hﬁk‘?%“ﬁﬁ*ﬁwﬁkmiﬁsizﬁzﬂﬁRéﬁﬁ@(%ﬁﬁpzmmy
FEHN P EHRFEL Y o L BKFDEE & #8 - #10 ~ #17 % #2275 & %

T2k E%B? AP B B BlAcB4-39757 o B B K 4o Bl4-43 BI4-T -
A RO sk E i P 5seck 200sec: Bl4-43 BI4-5E T F R TR #82 #1048 5
wﬁ’¢mmmgp—m@m%%q%@a AR E S At
FHFIT o AP ORRIR G 0 A H USRI R k2 X F MR
MEMEEAFRERZT VU AP IHS A B et i gk
FORIEARE A < o B4-68 7 SHLTAG Ep AT 2 F R E 0 A102sectitiT %
M%%%ﬁ?#%ﬂ?’@ﬁ%ﬁﬁlﬂ’%Fiﬁﬁﬂﬁ$mw%ﬁ$,
ﬁﬂ%i%%i%ﬁﬁﬁﬁ&%ﬁwifoﬁmmﬁ#ﬂmﬁwﬁﬁﬁm
B> 140sec*tiTF X FM G 0 AT RNV T L FE PR IR R P H
#%ﬁ%ﬁwﬁo

N

3+

SRR AEy g 2 TR
-

'1%*3—'\‘ » 330 R ILTCIEE A
B B hE IR G 0 s ARON T ¥ ¥R

‘gﬁ*ﬂ—i °

ﬂ«

REAREFDHB . _ . _-

Bl4-3 BAPFELIZ%RBBEAL R

4-3



10
— #8, present condition — #10, present condition

) #8, observation ! g #10, observation
8 8

e 7 e 7

s s

3 6 3 6

w w

S s §s

™ ™

2 2

£ 4 £ 4

o o

<, z

80 100 120 140 160 180 200

0 20 40 60 80 100 120 140 180 180 200 0 20 40 60
T (sec)

T (sec)

W4-4 48RS 2 %A F R RE & W45 HOBF T2 %4 F 9
N S ) BRAFFLIES Y S5 RE

-3 % 7

10 10
— #17, present condition — #22, present condition

) #17, observation ! g #22, observation
8 8

e 7 e 7

s s

3 6 3 6

w w

&5 8

™ ™

2 2

= =

£ £

160 180 200

m46#17€%€?‘ﬁ‘i’ WA FRRE W 4-7 # i,%ﬁﬁupja A &P p g

AR B % AE R

20 40 60 80 100 120 140 160 180 200 0 20 40 &0 80 100 120 140

4-4



TR

-
[\®
m
ﬂ\f—t

g iR R G PRAE ] 0 %

R —- ZFPHEL s (5 T - e L R R BRI A
R e
1. £ %X %4 #200m
L R ST H200m el i o ot e
adl e ';él’?és'%_ s d ST BHEC BB FHE
L mIN A B AR 0 e L B A AEIE LB R 2
et oL 48T 0 BT RS8R RRTH (PR )
I A MEEFRTRAAROTEBMRGEER > AP RN 2
%k o %I b P S L wEL ,{H,“\E;\ TR E 2% o B AT
LHBAGER R o AR I W RELEE > RRGH ARKEH TH 0 GF 2L

E f*\:é‘@’glﬁ
viEo -

% 100sec~130sec’ F j B = F vt s B X o] 3 ad g A
FREaw RAsw R L oo tt#lomfpf’iﬁzi%f R LT > p2160seck 3=
WP < KR=520 Rdn 5 B RE3H oo 5 2 £ IR E 2 Y ARG
P (T=190sec) L 4% » o1 el v ¥ AH#I0MBER =8 » s B F i o

AHITE FSER =% > $.130sec ~170sec ¥ Hp 2 L B 2+ F b hdniv B

4 5 &7 33:;‘1’ ok { A o #2275 Fp 31T 0 2130sec ~170sec i #p 2.

AT F b Bda s B o] 0 e 140sec~170secP] & i L v bk o r L

Bla b ite BAgER T >100secr? F o £ H A 50secrt T iEHp gk F 3k
%

CEO Rl B A o AR MO R R R L o SR e
% BT RN ARE T o E RE P LI #tz 3w
FoFIR TR ERL St A B BRI YL B

4-5



200

T

preseﬁt condition

160 180

140

#8, after strategy 1

-« #8, observation

T

— #8,

120

i LT
S

"

100
T (sec)

a0

40

20

10
2]
8

-

Y Jojoeg uoealduiny

T T

T

— #10, present condition
--== #10, after strategy 1

+ #10, observation

T (sec)

10

=] w - w '] -

Y Jojoed uoneayduy

presehl condition

— #22
o #22

after strategy 1

~ #22, observation

@

L w w = Lt}

m o
Y Jojoed uoneay|duy
c
o
£
L E7
58§
O®=
.mam
5
31
e
g
3k 3t 3
v
:
[=] O_a w P w s -
=]

Y Jojoe4 uonesyjduy

120 140 160 180 200

100
T (sec)

80

T (sec)

SR ST

‘}b'

i N e

N=

4-6



2. B A
&EfﬁﬁzywﬁiﬁjrﬁZMmﬁWHiﬁjU@ﬁ?Uﬁﬁiﬁiﬁiﬁ?’ﬁ
L PG RE PR R RFRIAEMER G SRS R KRG

N

=
e

2 Br wETABINE {L/E%Eﬁfigiiﬁ»r'g Tk FOl i de§l4-9
BT o HOFGER =% o Az i B iEE > H160secik B k&
BEL R im B 0 e Fr140sec % 180sectHiT MNIRATEOIR IR L E 0 @
Wb B A 160sectnE Jr i i B L o AHIOFGER B sx L B 20E 2T
82 160sec+ JRiF #p cijd B 2+ FR=7.50 Rdof B R=3. 13 4r> w3 4 X IR 1%
EiEHp AdRs FHp (T=18bsec) T4 » o1 At v & A#10BEE =8 » X
FEFHTIHI SR L 28 o

A

N

k|

ok«
4%:
3
F_k

\

LN

W

LRHITE B ER ¥ > %108sec it Hpz XL EREY A 5 T T
125secik #p » @ F Rt A FL B EI R kA - B0 AT Lok
{4 o BH2BE T > B EHLITBEAp > LR AL FH TR 2
BB Ft Rdein B A oo oscd B 23 b it e BB ER T 2100sect T o

£ H 4 40sec? T i Hp ek § %ﬁw@%mﬁa,$ P AR A A %
w&%ﬁﬁioﬁbuké%’%r RIAPFABRE v T REe dA 5=
FAVE FBECERL Fantha e BN 0 B Sug P el

B A ‘ﬁé/ﬂ/ﬁ“@)‘/ﬁ}“mﬁ» T

4-7



—— #8, present condition

#8, after strategy 2
© #8, observation

100 120 140 160 180 200
T (sec)

80

~ o n - ) ] - (=]

T

u

— #10, present omdiliun
--== #10, after strategy 2

+ #10, observation

200

120 140 160 180

100
T (sec)

a0

10

= w w =

¥ 101084 uoneslduwy

c
S
=
5§95
CMM
EF 2
853
amwo
§gd
YEE
s e = & b
¥ Jojoey uoneslduuy
c
S
=
25
8ss
.mgw
@
wmm
ey
E -
mm 9 «© ~ nm-

Y Jojoe4 uonesyduy

T (sec)

T (sec)

Ne—

4-8



3. & it B 200me drig X i

el B3 K SR AT H200m e fr L SR T B Ch B S R B
- I RENEFE

/ - K=
b

s R
w?n

‘ﬂJ

s EfI‘ErT‘J

&

dv R S SO K
3

- R AEEER4L-105: L FES BAEGETRABINE LBE
T B ERT o #8855 ER =

R 2 kBRSO RE o R T O AH
H e1110sec # 160secktiT % $= » T # 1 130sec % 180sec °
3R 5oL onk e a#l0mEE ) %
¥ 3iE @™ > p2160seck & F Hf e & FR=4.8 R 41w B R=3. 1ig 2
A RRIFEEFH ARG EY (T=182sec) T # » & 7 *:%
EHIOBEE =¥ > RGP THIHL SR AT 2 o

2y

ﬂ\—k
\\

BHLTH AR EE =% > £108sec 2 £ IR e 4 o H @i
AEPRORRF F AT e F P L s %k o 2 A #2248 B MtiT 0 120sec
3 160sectn s $RaE A 0 X E ) 0 Ao b BT Lk D @
B 3% #10 ~ #17 2 #2245 57 41T > 2.100secrt T ik F e 4
PRl AT MW ER K R R o L

LI 4v a0 w#10F #1778 BR 'iT 0 ae B 3

4

H\
g

—-\

)
=
N
=1

S A
A
= B

o &

4-9



Amplification Factor R

10

— #17, present condition
“=== #17, after strategy 3
- #17, observation

Amplification Factor R

Amplification Factor R

w

@

-

=]

w

o

w

— #8, preseﬁt condition
#8, after strategy 4

------- #8, observation

+ N \\1
20 40 &80 80 100
T (sec)

L L L
120 140 160 180 200

Amplification Factor R

— #10, present condition
-=== #10, after strategy 4 |
------- #10, observation

—— #22, present condition
#22, after strategy 3

.......... #22, ohservation

20 40 &0 80 100 120 140 160 180 200

E3 2 ETAMEBARLE X FURE

4-10



4, B K F 4B 200m4e g o at 2 BB E R

2GS WAREEATE I EN A€ NN S
e A ek R AR R o TN b s 2 B ER A R A K
o pter L PoenS Ao 2 AR 0 Far sl X IRAPAE 0 BB

T AEREE EF TR AR LB 2 A B S TR

Bl4o®] 4-11 75 o B¢ #8 -~ #10 ~ #17 2 #22 17 enf ¥ X RIL
VAN EE NI LR S | SR R I = AR U AT N e & ) ST RE
PRl AL o RABEF e AR A B E R WA B FEL o AF
LA HHIB 2 HIA A5 > R G BARSABE 0 T S PN (L
MR b HRF (S0 A DP9 ) o SRR PN INER B
FReb A AP o JBARVET L SR (L H A LIRE N ) > R iTE ok
Hpeanpad EFHRAENENE > AHIS ZHI4 B MBEE L BEF &L R
FiE o BFHAYBES ot EFRE R B S o

5. A 3T B 200m4e g xat 2 L k3 B 400m

s W BED R AT H200ments 3k T - v B Sy ek B 4

e gk 2% %% 0 T H-K BT B A00m o e L P ehs K 3T B 400m o E
L E RN LB AR PP RAK o BA-125 2L FED BH G E T
AR E EMFrE 2L Bt FO M - BB Akt d R
® #%%Eﬁiﬁ%?iﬁrﬁ;. % 110sec 2 160sect#iT ch+ ¥ » % = 120sec

%4 1o

3 180seCcs B A £ P 0 K& BB 33 e H 7 o BEoT etk Ak
%

|
S+
%‘W A

F s k¥ (T=182sec) *
-

#FooAhTmhd il A#I0BECE > RFD T I IHL L) B
T2 inE o

LHITH BER =% > 108sec T2 Ry E e 4 > H @ ipgor
APHOEEFH > L7 o FE e sk o (2 AH#2285 B T 0 120sec

7 160seCH1E 4R35 B 1L R4S TE B K 0 A T Gt ABFE T IC L sk A 4 o

4-11



- - .
—— #8, present condition

g ---- #8, after strategy 4
------- #8, observation

8

7

gl _

Amplification Factor R

10 T T T T T T T

—— #10, present condition
ot ---- #10, after strategy 4 -
----- #10, observation

Amplification Factor R
w

3k
2l
1
ok 1 A Yy - = it} L L
0 20 40 60 B0 100 120 140 160 180 200
T (sec)
10 : : T . g : 10 . . . - : . . .
—— #17, present condition —— #22, present condition
al ---- #17, after strategy 4 9 === #22, after strategy 4
----------- #17, observation o #22, observation
8F ] 8
e T ] @ T .
8 =
S
g ol ' g
£ &
s s . § s
T =
o
£ 4 ‘g 4
g =
E E
< 3 < 3 §
2 2
1 1
4] 20 40 &0 80 100 120 140 160 180 200 [+] 20 40 &0 80 100 120 140 160 180 200
T (sec)

T (sec)

=
=
-
k.
pid
i
1N
e
S
1\.
=
e
=h
[l
=
™
%
R

SR IEIRY

4-12



Amplification Factor R

10

Amplification Factor R

#8, preseﬁt condition
- #8, after strategy 5
#8, observation

160

140 180 200

Amplification Factor R

— #10, present condition
---- #10, after strategy 5
- #10, observation

X,

—— #17, present condition
#17, after strategy 5 9|
#17, observation

Amplification Factor R
(4]

100 11I10 180
T (sec)

120 160 200

— #22-, prese}ll concliition
---- #22, after strategy 5
----- #22, observation

- R

4-13

120 140 160 180

SRS RE )



6. BE I RA

BovhiB 2PN B 2 RS ER SR RESS A LR o AR S s L 05 2
08 >:cL Wl 67 LA 4-13 = F Bl o pec L P i fFH N 7 e AR K
oo HEJRBAE L gk o A PR SRR LB R 2 A B
4 :3,: W B ho B 4-13 #1 o B2, RE T BH8 #10~#17 3 #22 it et i
# %t 100sec 12 b £ g g 100 02 T AR B K dR A R HRa PR SR 0 @
fﬁ%ﬁ&ﬁ*’ﬂ&%ﬁ%iuoﬁw R G- A%’“ﬁiﬂﬁi
g - Hetd ot R A EFEAEIRF Aot R BV RT
BT R R TEAF SRR A P T E e EIRP ho (de b H AT
PIoREFHFEADBFE S > TR R o B RIS AL S

o

ES)
ﬁmik@*—r :)gc,m,;{‘;i ,ﬁ.tj-)é;;ci gk o dx L iF R T RARLAEZ

6% 4kl 4-14 =
1%ﬁo%mﬁa3@% Foot G Bk EE 2 2 B 0k % 5 U]
' #8 ~ #10 ~ #17 % #22 "iTenk b ¥ L IRIR %
b B X YRS B P R > H P u#8 2 #10 £

*\“ o

*'—'H
o3

F_&

B are L ook kit o A ABER A A g E ehF SR 05 iE i 0 Hig

2 ;
I

4-14



10 T T T T T

—— #8, present condition
g ---- #8, after strategy 6, R=0.5
=== #8, after strategy 6, R=0.8
ak #8, observation
e 7
§ e -
w
c
E=l
"
L
E
3
<

10 T T T T T T T
—— #10, present condition
g ---- #10, after strategy 6, R=0.5
=== #10, after strategy 6, R=0.8
at e #10, observation :
@ T
5
S o6 |
w
5 s 1
"
o
£ 4
[=%
£
< 3o
al
ib
ok i B e S L 1 i
[4] 20 40 (=i1] 80 100 120 140 160 180 200
T (sec)
10 T T T T T T T
10 ; ' . ; ' . — —— #22, present condition
—— #17, present condition 9 ---- #22, after strategy 6, R=0.5
9 === #17 after strategy 6, R=0.5 © #22, after strategy 6, R=0.8
~== #17, after strategy 6, R=0.8 P #22, observation
al #17, observation ]
e T 4
e T 1 5
§ T g
g o <
w <
= g5
g i
$ £ 4 ]
£ 4- . o
=5
§ <
3
2
2
1
1
PE ()L = L L
) il L L - 0 20 40 60 80 100 120 140 160 180 200
0 20 40 60 a0 100 120 140 160 180 200 T (sec)
T (sec)

B4-13 L %56 2

N
=N

ETFRABEBA AL FLERF

4-15



Amplification Factor R

— #17, present condition
---- #17, after strategy 7, R=0.5 |
#17, after strategy 7, R=0.8
-------- #17, observation

4-16

T T T T T
— #8, present condition
gl ---- #8, after strategy 7, R=0.5 |
=== #8, after strategy 7, R=0.8
sk e #8, observation J
e T 1
5
g o
w
S 5 N 1
W
o
£ 4
=3
£
< 3
2 .
1
) L . oy o ! L s ' L
o 20 40 60 80 100 120 140 160 180 200
T (sec)
10 T T T T T T T
—— #10, present condition
gl -==- #10, after strategy 7, R=0.5
=== #10, after strategy 7, R=0.8
Y - #10, observation
e 7
§o -
w
5 s
"
o
£ 4
[-%
£
< 3
2 F
1 -
o= o
)] 100
T (sec)
10 . ' ' ' . - . 1 '
—— #22, present condition
9 ---- #22, after strategy 7, R=0.5
-== #22, after strategy 7, R=0.8
- #22, observation
e 7 1
5
G
&
=
8
i
=
a
£
o

TET LHEAAMEBE AR A S RE



8. & 3™ B 200m+r #uiF P 2 L %4 F400m

el B8 MR A B AT H200Men ik T M b B BuiE 2 2
A BE3TEA00M o BI4-155 L B8 B BEFABIE LB R 2
A BT TR SRR AL R EET > #8745 % £.160sec
TR PR ARV R E < 0 TR > R R LERRA
L e L o #1045 BE i+ % h160sec £ FriF Hp entc & FR=5.6 Rdeiw B
R=3.13% 4v » e 4 X 4R ik 2 3% 8 A T=192secT 4 » £ |4 #& = Jrit #) ek
o #HITHABEE =¥ > TAc#I0FBEE A > B R AR H A T AT R
enE I HP T A5 o #2278 BF a7 0 120sec T 1603ecm,i1%}55§)§1 W Rde i B o
F 0T Bt FRERFRIT AL vk A i o

q\\

9. #riE L 7 ik

el RO BEAR AR E TR ﬁ»i,%\iﬁfr*ﬁe s LR IR R e E iE
AR R & S E’z%’v Penf BI#R-ES o 34 > BAGKRITL & ane® o 4
R IR L RO BS GRS AR LB 2 AR
Gk R BAcBl4-1607F o B2 BT N B 82 #I0M L (B hE JR B30/

-1

N

EFPITH S FIHNETRRTI M ,11205ec.%$ﬁﬁrﬁiiﬁtr’§%’ﬁ o
RIS Rde i % £ 5 o GH#LTSLABER (=% - 100secik #) r b chfd § 3+ 35
R Rl 0 AR g otk @ 0 2 B3eCHIT A I MATNR dR L 0 4
BiER=6.0 AFW LT § 24 L » BFE- HIFF o AH22BEF HIT
120sec s 160secit #p e 3 R &2 4o B4R AL 3 % » & 1 Byt FB B HHT T
AL ek o FEFTHRE TR EALR A azEIER £k
sr et o B R Flhem At P B - LA s HEFEP LR NS Ha
EyR AT e s s AR R E E P E IR L arik o

4-17



.
observation
160 180 200

140

#8, after strategy &

. 8,

T

— #8, preseﬁt condition

100 120
T (sec)

a0

10
2]
8

= w uy - ™ o~ — o

Y Jojoed uohesyduny

— #10, present condition
-==- #10, after strategy &

+ #10, observation
120 140 160 180 200

100
T (sec)

80

10

(=] w [ w uy -

Y Jojoed uonesy)dwy

[ =4
Sw
r -
£8s
Rk
.mﬁw
$22
Teded e
g8
o lojoed uoneslydwy
=
Lo
r o
£8s
§35
.mmw
$22
1
H* 3

10

¥ Jopoed uonesy)dwy

100 120 140 160 180 200
T (sec)

80

T (sec)

4-18



- #8, present condition

T

observation

#8, after strategy 9

. 8

10

=]

uy

Y Jojoed uopesldiy

100 120 140 180 180 200
T (sec)

a0

40

20

— #10, present condition
-==- #10, after strategy 9

~ #10, observation
100 120 140 160 %0 200
T (sec)

80

&0

& ® ~ ©® o T ™ o~ - o

Y Jojoe uoneoiydwy

— #22, present condition

after strategy 9
observation

-ee- #22

120

80

&0

160 180 200

140

100
T (sec)

. g
L n
° @ « ~ © w - = ==
o lojoey uonesy)dwy
c
5o
- mn
mm.m
L nm ..u....w
-
28
TN
- =
H R H
8
o
ISR =
e B & =~ ©® W =
2

o Jojoey uonesydwy

4-19



10. #72& L B 3 %

L H R0 B 2 A BLB S EH - 350mE B el P
E BN R IEFEE A BN 2 & E’zé%é;‘ﬁ% FUHER > BBESE
%%W&%°ﬁ&%ﬁii%%ﬁﬁﬁi%u£@m@wg~ﬁ5ﬁ4$
iR Bl 4o B4-17 47T - B2 3 A B H#8FE Ep % e1158secik Hp 2 £ IR A T
Ecd o ¥ EIRAUE R A IR 4 0 ® A £ 3R A 3 140sec~170sec
2. > Fob4a130sec TIEHZ A B A FE L RASGE ) 0 A7 A
ol F PR > AR AR o pE#LIO ER = ¥ 1160secit H 2. £ Ik
R VIR ETE 0 P RRaE F R R AT B M 4 o ¥ ¢h 2.130secrt T fi)
FHIEE A BT E B RAFE LT S

AHLTE M Ep % 2. 140sec~170secxx Hp L B T+ F A > W e B
< 0 Ao AL gk A A EE 2 F o 23t 110sectHiTE RFH H A F
A R4 gl 0 Lok Lo B100sect T IE A 0 pI& R b
R R FER PR

B #2275 BF YT 0 »120sec I 160secit Hp ¥7 4o i

EFRARMELE IR

% > P 3+138sec I AR B ik B+ (E o £ 100sec? T AEHP E 2T 5 kik
IHE R R 2 Bk FEART -

MbEERE AL FE T EEID R gk o FTH BTG
BN AR RB BB AL E T LY 0 kAR SR BRI 0
BRFEALRRLR L EZ DRI BEF- L BFPBER Y B
RN RAB 4177 A AP TE R I8 e 0 IR T R JRe g ok

B

4-20



10 T T T T T T

— #8, preseﬁt condition
g ---- #8, after strategy 10
------- #8, observation
8
e 7
§ e -
w
5 st : -
" 0
L i
£ 4 i 1
‘E'- H
< 3 H “,
2 i 5
1
D - 1 1 1 o
1] 20 40 &80 80 100 120 140 160 180 200
T (sec)
10 T T T T T
— #10, present condition
|8 -==- #10, after strategy 10
----- #10, observation
B_ 4
[ 1
2
= 6 7]
w
5 st ]
"
o
=
a
£
< i

0 20 40 60 80 100 120 140 160 180 200
T (sec)

10 T T T T T T T T T
" 10 . ' ' ' - . : '
— #17, present condition —— #22, present condition
9 -=-- #17, after strategy 10 ---- #22, after strategy 10
~ #17, observation o #22, observation
8 8
E 7 o T i
5
§ 6r | ge
t w
k] 5t 1 §
= =
€ 4 ] $
= =
5 g
< <

® - . L L
a 20 40 60 80 100 120 140 180 180 200

Wd-17 s 210 2 FE T LWZ B# R F L5 RE

4-21



CEERES LERERFE AP ERFELZLTE > -

BAreE LR TH Y - A Lee % 4 (1998) g
SRR B AR E B TR RS L REERS X

CEBRE T ERAATRE TSI 2 RE AT H R

10467 b ense § i B % 50 ¢ 32455 300 A B ko S HP -

T SRR e i R E S H S R R LN R ARG R
—’;;ff ] X = 3 3

P
it
o+
oo
=
(%
2
—
3
b
i
v
w
*=
=
=~
-
i
e
‘\.5\-
G
.
o
N
T"\

Lg% S0 FE S L E R AR 0 (7R 1A 5k

8o BP LRI L5 L TR D TR

s ~ x4 FIE_% ,%é‘f{)ﬁrr{l—" “%—c;:?j fb)‘—_z/—f 7?-§-F;,Zz‘
e §

BEA > RS EFNBE 0 T SRR L RIS
Bk (5027 95g ) o e nLE i P RE e A A
i o faRER A SR (A AL RE ) o R iFF ek
FoHp iR Rk #13 2 #14 55 &

ud
>1
Bt
=
[
F_k

NRRERRBE EF MR wRR 0 8 HI L RR AT
2

3. F TR LW R T TR bR LEE AP B
CERSAATHIEY > 0 A2 PP TEES KR

5-1



ARIEH K A 120sec & 140sec FF o i av Bk R H A B AR
B T A PR A BT o X FIES N2 RIES T AP
FoRTEH AR RE N BE o REB I IPE AL
AR PRI IEY > F A TApdp e F A LR o ERT
R IURIFE B RG LR Tie- HeE LR

F
gay

N

Lo LIRS 2B
kO TREARG
3 A AT R FT AR B
P S TR B D F E EEy H o A AT



34 2 e

Berkhoff, J.CW. (1972) “Computation of  Combined
Refraction-Diffraction,” Proceedings of the 13th International
Conference on Coastal Engineering, ASCE, pp. 705-720.

Chen, G.Y., C.C. Chien, C.H. Su, Hsiang-Mao Tseng (2004)
“Resonance Induced by Edge Waves in Hua-Lien Harbor,” Journal of
Oceanographyl, Vol.60, pp. 1035-1043.

Chen, H. S. and C. C. Mei, (1974) “Oscillations and Wave Forces in an
Offshore Harbor,” Ralph M. Parsons Laboratory, Report No. 190,
MIT.

Chen, H. S., (1986) “Effects of Bottom Friction and Boundary
Absorption on Water Wave Scattering,” Applied Ocean Research, Vol.
8. pp. 99-104.

Kwak, M.S., W.M. Jeong, C.K. Pyun, X.Y. Xing, and J.J. Lee, (2008)
“Computer Simulation of Pohang New Harbor for Seiche Reduction,”
The 31st International Conference on Coastal Engineering, Hamburg,
Germany.

Lee, J. J., (1969) “Wave-Induced Oscillation in Harbors of Arbitrary
Shape,” Report, KH-R-20, W. M. Kerk Laboratory of Hydraulics and
Water Resources, California, Institute of Technology, Berkeley,
California.

Lee, J. J., (1971) “Wave-Induced Oscillation in Harbors of Arbitrary
Geometry,” Journal of Mechanics, Vol. 45, pp. 375-394.

Lee, J. J.,, and Raichlen, F. (1972) “Oscillations in Harbors with
Connected Basins,” Journal Waterways Ports, Coastal and Ocean
Divisions, ASCE, Vol. 98, No. WWS3, pp. 311-332.

Lee, J. J.,, C. P. Lai and Y.G. Li, (1998) “Application of Computer
Modeling for Harbor Resonance Studies of Long Beach and Los
Angeles Harbor Basin,” Proceedings of 26th International Conference
on Coastal Engineering, ASCE, pp. 1196-1209.

6-1



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Tsai L.H.,, X.Y. Xing, and JJ. Lee, (2008) “Improving Harbor
Resonance Induced by Typhoon Waves for Hualien Harbor,”
Proceedings of 31st International Conference on Coastal Engineering,
Hamburg, ASCE, pp. 1236-1248.

Tsay, T. K. and P. L-F, Liu, (1983) “A finites Element Model for
Wave Refraction and Diffration,” Applied Ocean Research, Vol. 5, pp.
30-37.

Tsay, T., K., W.Zhu and P. L-F, Liu, (1989) “A finites Element Model
for Wave Refraction, Diffration, Reflection and Dissipation,” Applied
Ocean Research, Vol. 11, pp. 33-38.

R~ Hbz 3 (1985) /ﬁ»/ T - S5 - R~ R R
PoEAr BT Sl ¥ 131~137 F o
@%% o ﬁwm.ﬁﬁﬁra%m,rziﬁﬁiﬂﬁﬁ

B2 R 0 R 12 EBFIRFAEE 0 5 T4~ T o

% 7}5}—:5" N "‘" 2 (1996) r Mk/ﬁ‘ e @»Iﬁbﬂ%"% ?l *’t’ 2 ’}‘r ]
gi@ﬁ«%ﬁmp R

IR gy (1999) 0 T mh ARFEET > ¥ 215
A ARFTT € 0 % 55~62 F o
E‘i\lﬂﬁ(m%)r??*ﬁ*ﬂiﬁi#ﬁ%ﬂ?%%J
¥ 22 B %1 ARF73t € 0 % 578~585 F o

E RTINS Fi‘ifj‘.@* (2000) > "SRR~ F 2
fRiTICER BN A BRI RE, > ¥ 22 BAE IR E 0§ 327~
334 F o

2 B cRER (2001) o T 3R 2 BiE B et
o sEIREN%-%5%-8 % 1~22F -

Fh— 33~ HRP R~ ¥ ARy (2002) o TR BT R EFE ) o
AELEET s %% % - % 55~T1F o

B R~ k2 (2003) 0 T REEE B S IR T 2 S B ARAR R 2

6-2



22.

23.

Bos o % 25 Ea et g 0 % 103~110 F -

@H{ 83 (2003) I'-w-:“‘/i\/ﬁ\/a %_f)‘ﬁfl‘/ﬁ»ﬁé@ﬁi'ﬁg?};gﬁ;iJ ’
§ 25 B b %1 427 6 0 ¥ 917~023 F -
2

AFE AR d B IR (2004) 0 TR KRR
AELAEET s Fre ¥ % - % 89~121 | o

6-3



	封面
	著者
	版權頁及預行編目資料
	封底
	中文摘要
	英文摘要
	目錄
	表目錄
	圖目錄
	第一章 緒論
	1.1 前言
	1.2 文獻回顧
	1.3 研究目的
	1.4 本研究組織
	第二章 花蓮港自然條件特性
	2.1 花蓮港船隻避颱與斷纜探討
	2.2 現場觀測波浪特性
	第三章 數值模式
	3.1 控制方程式
	3.2 混合有限元素方法
	3.3 邊界條件
	3.4 數值方法
	3.5 模式驗證
	3.6 實例驗證
	第四章 港池共振改善方案研擬
	4.1 模式建立
	4.2 改善方案研擬
	第五章 結論與建議
	5-1 結論與建議
	5-2 成果效益及後續應用情形
	參考文獻



