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ABSTRACT:

To achieve the goals of coastal environment protection and sustainable usage, in coastal
protection application, the current world trend considers coastal long-term changes, and the water
friendly and ecological concept. It also has effects on coastal protection, ecological restoration, and
improvement and creation in the ecological environment. The domestic researches and practical cases
that meet the above-mentioned conditions are all still in the initial development stage. The purpose of
this study is to investigate the relationships between coastal structures and the environments. Site
investigation, theoretical deriving, and numerical calculations were respectively carried out in this
study. The topics included in the present research are as follows: 1. Investigate and discuss Taiwan’s
coastal ecological environment. 2. Study the influential factors on the environments of coastal
structures. 3. Develop proper shore protection methods and coastally ecological engineering methods.
4. Conduct the appropriate safety, walkway and ecological functions on the coast. 5. Study the
characteristics of the Bragg reflection by waves propagating over a series of submerged breakwaters.
6. Design a series of submerged breakwaters to prevent waves from directly attacking the selected
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This study can both uphold and sustain the environment. It has considered not only the safety
level of the coast, but also its effect on walkway and ecology. The results provide the government
institutes and consultants, including the Ministry of Transportation and Communications, harbor
bureaus, water resource agency, consultant incorporations et al., with the references to design
ecological coastal structures to protect the coastal environments.
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vy Tio5 8 %5 R B F R (mm) (%) (p)
17 18.8 21.9 16.3 7.2 77 16
2 19.1 22.2 16. 7 73.4 79 16
3 21.0 24.1 18. 4 75. 3 81 15
4 23.2 26.5 20.5 96. 4 83 15
5 25. 2 28. 6 22.5 189. 8 84 18
6 27.1 30.4 24.3 204. 7 85 13
77 28.1 31.7 25. 1 251. 1 82 9
g 27.8 31.4 24.8 325.9 82 12
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FTAL IR P & F % & ek (http// www.cwb.gov.tw/)

% 2-3 = FpIF %334 (2007 & 2 2008 £ 1~4 3 )

ag | ®BERCCO A g ,)h(ﬁk‘,‘), #gég -;EJ?; "B%;; ;;ﬁ;
@) | 5 2| wa [ his | @ | 0| Gt | Go | G | () | )
1 [ 19.5 | 27.7|12.2| 73.5 9.4 40.0 68 1016.5 13 2.5

2 121.2|28.6 |14.6| 25.3 10. 2 20.0 68 1013.0 5 90.4

3 | 21.8 | 31.5 | 14.7| 26.7 10.0 10.0 73 1010. 8 18 91.0

4 | 22.8|31.7]16.4| 39.7 11.2 210.0 73 1009. 8 14 61.3

5 125.733.1|19.7| 135.1 12.0 170.0 4 1005.6 17 136. 3

96 6 | 27.8 | 33.8 | 23.5 | 165.1 9.8 180.0 8 1002. 6 14 184. 3

T 129.2|35.5|24.8 0.5 9.1 180. 0 4 1002. 5 1 293.6

8 | 27.4|34.3|23.2| 635.6 31.4 180.0 79 1000. 4 19 128.4

9 126.9|32.0(22.0 529.9 10.4 20.0 8 1002.4 21 116.6

10 | 25.5 | 38.5(20.0 | 193.9 20. 6 210.0 71 1007. 7 16 102. 6

11 | 22.5|27.8|16.6 | 448.0 15. 2 20.0 69 1011. 6 18 86. 1

12 120.9 | 26.6 |13.7| 29.2 9.7 40.0 70 1013.3 10 81.3

1 [19.6 | 27.6|12.6 | 43.8 10.1 20.0 7 1014.9 18 27.8

97 2 | 17.8 |25.4|12.5| 143.0 10.1 10.0 79 1015.2 19 23.3

3 120.3(27.9|14.7| 72.6 9.1 30.0 72 1011.9 18 68. 6

4 123.3]31.7]16.1| 238.5 9.8 180.0 79 1008.5 13 66. 7

FAL KR P & F % & % sb(http/www.cwb.gov.tw/) » A FF § FIT

R AR AR AT RN 2 10 44T 0k @
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M)

REThEEIR st BlaeTer Bk

44.0
41.0
35.0
35.0
320
280
26.0
230
200
170
140
11.0

g.0

a0

M
T |

il
—_ _==uilill

___mmil

1 1 1 1 1 1 1 1 1 1 1 1 ’
2007 200752 200703 2007/ 20075 200708 20077 200708 20078 200740 2007011 200712

= S SeEh re i e i

B sEsi

TIRE

B SERR

20070 200702 200703 2007/ (20076 |200708 (200707 (20070 (20078 |2007M0/ 2007412007012

B EamE8 275 286 35| s 331 338 354 43| ;e 3w0) 98| 264

O FHEEiE 1945 M2 28 224 28 2ra 293 274 270 255 225 209

B EESS 122 147 147 164 197 235 248 234 222 200 03| 138

FA KR P & F %R B sb(http/www.cwb.gov.tw/)

B 2-9 = #pzkF B LB (2007 &)

BSECS R

s RS et SN

REThE R R et 67 e Bl

I 1 1 I 1 1 1 I I 1 I I
20071 200752 200773 20074 200765 200704 20077 2007/ 200748 200740 2007041 2007012
R

B &xEE

e

W FEE

20070 |200752 200773 20074 (200768 |200705 (200707 (20070 (200778 |2007M0 200741200742

W & EE 94| 102 98 111| 14 9.8 90| 34 9.8 208 HE 9.4

O &~HERE 00 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0

W 5% 43 35 3.2 32 26 23 21 36 33 52 6.1 40

ALK R & F %k gk (http//www.cwb.gov.tw/)

W 2-10 = # plxkh i# 53-8 (2007 & )
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232 # %
1@
FE 0 EF R KBNS AR A P R R P R

(N23°0520" » E121°22'36")2_ i i

PIF AL 4o 2-11 2757 o

; 5 Bl .
AEThE R AT E(1 276 Bl . BEEE
08 [ “‘—1._1’_:2 o FEELTE
]
04 —_— —= T Tt
_ —+ T
E oo ——
_._.—-—-—"' _."-h--._H T ;
! —_— -+ T
= 04
- L S S .
0f —t—— | —— FH{EET
i %ﬂﬁ;w——*‘——q
R E—— e - TR
2&3&2 _ 20074 2007 Fom 200715 2007H0 20072
B TSGR - - BEEH
20074 |2007/2 |2007/3 (2007/4 |2007& |2007% (20077 |2007/% (200779 |200740|200741 200712
W FE =i 0.8 0.6 03 na 0.8 0.8 na 0.3 05 10 11 05
W =ET i EiEl 07 0E 07 06 0E 07 oy 0s 0.8 07 0.:s 0B
O FEmibi 03 0.3 0.4 0.3 0.4 0.4 04 06 05 04 04 03
W g 02| 02 01 02 02 01 04 0.o ool -o1 0.1 02
O i 07| w8 -0Ff 07 07 06 0B 08 05 08 08 07
B s | 1ol -2 09| 0| 40| -0/ -0 039 08| -0f -08f -0
D B S B B 1 B A3 a3 a2 a4 A0 -4 A2 A3 3

FAL kAP & F %k b (http/www.cwb.gov.tw/)

B 2-11 & 24 3p| =k 2007 & B = 5035 )

3. FRr AR
AT URRIEE S Y A F R AR E R AR s
2o R sk (A LS B G R w2 g

N23°07'48" » E121°25'14") -

2

4500 2 % 5 okiE 38m

S A 7 LRk 2. A B 1993~2003 £ LF AL 0 dodk 2-4 0
T RHARITAG FHAZERD LG Be WSk R R LT
o R EFEA BT R H R T L 0.5~1.0m > 4p ¥i¥ B AZ3E 6sec
FH0407% 5 4 FHE2 MR LT S 1L.0~2.0m Ap ¥ HAE

6sec ﬁ £ 1k 70.89¢ o
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% 2-4 SFER2 AFHFPHMELS FE (1993 £ ~2003 & )
P SR

Hs(m) 0.5 | 1.0 | 1.b | 2.0 | 2.5 | 3.0 | 3.5 | 4.0 | 4.5 »oar
<0.5 >5.0 | 7
Ts(sec lﬂo 1]5 zﬂo 2]5 3ﬂ0 3]5 4]0 4ﬂ5 5}0 (%)
2~3 0.0 0.0 | 0.0 [ 0.0 | 0.0 | 0.0 ] 0.0]0.01]0.01]20.0 0.0 0.0
3~4 0.0 0.0 | 0.0 ] 0.0 ] 0.0 | 0.0 ] 0.0]0.01]0.0]0.0 0.0 0.1
4~5 0.3 3.2 | 1.2 1 0.0 ] 0.0 [0.01]0.07]007]0.07]0.0 0.0 4.7
5~6 2.8 8.4 2.3 10.21]001]00]00]007]0.0]0.0 0.0 14.1
6~7 6.2 15,0 1.6 | 1.0 | 0.1 [ 0.0 | 0.0 | 0.0 | 0.0 | 0.0 0.0 23.6
7~8 5.7 |11.4 | 3.7 | 6.4 | 0.3 [ 0.2 ]0.1]0.11]0.0]0¢0.0 0.0 22.4
8~9 3.5 8.1 12463 ]05]01]01]0.1]0.01]0.0 0.0 16.4
9~10 1.1 3.5 | 1.7 ] 1.6 | 0.3 [0.2]0.2]0.1]0.0710.0 0.0 7.6
> 10 0.6 2.6 | 2.5 | 1.3 | 1.1 | 0.8]0.5]0.3]0.21]0.2 0.2 11.2
£24(%)| 20.2 | 52.4|15.4(16.9| 2.4 | 1.3 | 1.0] 0.6 | 0.2 0.2 0.3 100.0
L FRRA G
Hs(m) 0.5 | 1.O | 1.b | 2.0 | 2.5 | 3.0 | 3.5 | 4.0 | 4.5 »oar
<0.5 >5.0 | 7o
Ts(sec lﬂo 1}5 zﬂo 2}5 3ﬂ0 3}5 4}0 4ﬂ5 5]0 (%)
2~3 0.0 0.0 1] 0.0 [ 0.0 ] 0.0 | 0.0 {0.0]0.01]0.0]0.0 0.0 0.0
3~4 0.0 0.0 | 0.0 [ 0.0 | 0.0 | 0.0 ] 0.07]0.01]0.01]20.0 0.0 0.0
4~5 0.2 0.0 | 0.0 [ 0.0 | 0.0 | 0.0 ] 0.0]0.01]0.01]20.0 0.0 0.0
5~6 0.2 0.3 1 0.6 0.1 1] 0.0/]001]007]001]0.0]0.0 0.0 1.0
6~7 0.2 4.2 | 8.8 | 1.7 ] 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 0.0 15.0
7~8 0.0 7.1 121.8]12.7| 1.5 | 0.1 ]0.0(0.01]0.01]0.0 0.0 43. 2
8§~9 0.0 2.0 | 8.1 (12.6] 6.0 [ 1.1 0.1 0.0 0.01]0.0 0.0 29.7
9~10 0.0 0.4 ] 1.3 122 |23 ]1.0]03]01]00]020.0 0.0 7.6
> 10 0.0 0.5 107109 ]07/]04]02]01]0.0]0.0 0.0 3.5
£3 (%) | 0.2 14.5(41.2130.2110.5| 2.6 | 0.6 | 0.1 | 0.0 | 0.0 0.0 100.0
TEPLL G
Hs(m) 0.5 | 1.O | 1.b | 2.0 | 2.5 | 3.0 | 3.5 | 4.0 | 4.5 »oar
<0.5 >5.0 | 7o
Ts(sec lﬂo 1}5 zﬂo 2}5 3ﬂ0 3}5 4}0 4ﬂ5 5]0 (%)
2~3 0.0 0.0 ] 0.0 | 0.0 ] 0.0 | 0.0 [ 0.0]0.01]0.0]0.0 0.0 0.0
3~4 0.0 0.0 | 0.0 [ 0.0 | 0.0 | 0.0 ] 0.01]0.01]0.01]0.0 0.0 0.1
4~5 0.1 1.4 1 0.3 ] 0.0 | 0.07]0.07]0.07]0.01]0.0]0.0 0.0 1.9
5~6 0.8 3.5 | 1.2 1 0.2 ] 0.0 0000007007/ 0.0 0.0 5.7
6~7 1.7 9.6 | 6.1 1.0 | 0.1 | 0.0]0.0/]0.01]0.01]0.0 0.0 18.5
7~8 1.6 |11.5]13.5] 6.4 | 0.6 | 0.1 ]0.0]0.0]0.0]0.0 0.0 34.0
8§~9 1.0 2.8 1 6.6 | 6.3 ] 3006101007007/ 0.0 0.0 23.4
9~10 0.4 1.9 (1.9 | 1.6 | 1.6 [ 0.7 ]0.2]0.01]0.01]0.0 0.0 8.3
>10 0.2 1.5 1.7 | 1.3 | 1.1 | 1.0 0.6 {0.3]0.1]0.1 0.1 8.1
£:-(%)| 5.8 |35.231.3[16.9| 6.7 |2.40.9]0.41]0.2]0.1 0.1 ]100.0
FH KRR AR RAEE BRG] 0 LA IVEEF L AT 2005 ¢
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24 AhBPEDE

ARG AR AN B2k ARAATR B REE £ ARIATE A EZ
Ak EFEAEWENAISGHESIALFYMELTERBEHED
0 34 B RTE B 2 BLA R E B RGK 2 BRlE (RIHE—2 Rl )
FeXTRF bR REZK 2 BRIzt (Blxb= 2 Plebe ) FHA AP &2
F e s e

2418 4P
AETREDAED F A5 ARORT KRR B RDBEA G
2GR (SREF) £ AnprdieT
LKk F
TR T AR TARAR ¢ 42 RE PR PR A
AR BF FF  HRDBCLHERD  BMRBZERI2Z KR
VR fRSHY FL AR RT L ERE
2. B R
"5/\7\ PE»7}{/;§- A ‘QJ/EIJ—E:7}{%;64 ~ 7}(6 ﬁ!‘&ﬁ 7J(}%/%_’l E{"Jopﬁ)i o
3.4 JF L
é&&%@ﬁﬁ%ﬁéﬁ%*ﬁ%¥4%ﬁw A 2
EFLAT ¥ 25105 @$ﬁﬁéﬁ%'*ii’f
fRAR A IREFREFLAEE LR

?‘"\

;%
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2423 4 3
Lok R e irl = i

AR BRI RRITERERE R K2 &P RHEF BIFIFR
(Ocean seven 304 CTD)Yz & Bk 2 /K E ~
A AT B2 R #r & (Niskin)fk kA k4% - -1 fdk & R (HACH
3§ B 3+ (Model 2100P HACH/U.S.A) A %
- A - A T

model 44701-00)
B R B LRA
(NIEA W102.50A) = T 4e 12 (575 AJT » 30 57 2 P *
BITFCE A7 * jndr il » 247 R (FIA)F fe » £ £ & - (HITACHI
Spectrophotometer U-3000) > B
o RAEPFH* LR (CRIOKD)ILIF &

S

pmol s'm?> Brfda it £ 2B iE

dB® L &

411 % ¥+ Bl (Control chart) 2

# (QA/QC)in 42 »

TEF B

PR T R* MRS

IpFix 1 F,

LA R
Blok P kPR3 0 HEH A
o A ATR A 7 B AR
g FEA AT ‘/,l“ Ser T F o~ K
Balit 22 Rl g s 20 & APRESTES S
A A TR S

BERpGHEEFRBERK T KT KRR

EIRIES J\%‘U{nz B 37> E R 2 Edrdk 250w A it R Ao
% 25 ARARFRAFPEZAFZERE
T iR 3E P N e >k kP
il R NIEA W217.51A
AR EFIREZ NIEA W447.20C
ik bk A T iEiE NIEA W424.51A
AR it s NIEA W219.52C
] L IR R I NIEA W421.54C
%% #eps % NIEA W437.51C
A e %1 3 RIS SBE RPN L BES NIEA W436.50C
LA EA IS e AR L E NIEA W436.50C
B gk NIEA W443.51C
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(1) k&
T R FeRl 2 ¢ 2RI fe Rl 2 2 (NIEA W217.51A) > #@ *
B B F4F K (Ocean seven 304 CTD)IH-Bl 2> ¥ F % T~ 177K

N
e ©

Q)RR
oY BARKR S EET B2 (NIEA W447.20C) » 2 = i# 441
PR BE AR KR BTRR) P
° F % @ R (Practical salinity scale) » & * J§ %/ F4F & IR FH P T
(Oceanseven 304 CTD) > 5+ R % Z ~ 17T B AR T 42

(3)f& 4% A& (pH)
=7 A 1 %ﬁ:* Ve & Ap Hcip) T2 -7 &2 (NIEA W424.51A) > & =
EGAY RBTEE 2L T E Bk et > AT
B AR @ E T R R A (pH) & T 2 o S IRHHR KRS
= % ¥ A B B % (HACH model 44701-00) i#] pH &

(COR I 3
oKV H R KRS 2§ A2 (NIEA W219.52C) » B3 2 % 4
%iﬂﬁw,w@¢ﬁfﬂﬁﬁﬁ&&%%ﬁfﬁ ¥k R A btk

2R PR FR R AT kRR A F O BFRTGR -

& * B B 3 (Model 2100P HACH/U.S.A) ?' AT R R I
(nepholometric principle) B T -k %8 2§ & o 4 3 4 2 & b+ 9
Img/L 2z RFHHER 5 INTU -

(5)% 3 (DO)
i * 73§ 3+(YSI model52 DO meter) I3 B 2 i3 § &2 fckk » 5+ F
BREVURIORE -BEFTHAMFEART E > THRLKRFF G
HrIRIFLAI

(6)% % (NHs-N)
oKV §§ 2B x A 452 g i (NIEA W437.51C) » 3 =
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E -7 3 & F NARHES 2 R RIE O~ S d L » & 47 (Flow injection
analysis, FIA) i 5L *> %7k (Carrier) ¥ i F iR ~ 3 #75 % ~ dg 1t
fadh ~ =0 & Badh 307 0 27 A B A (Berthelot) # fﬁ.&fi 2 ‘}?Eﬁ;g
% vk B 2. $xfs 4 F (Indophenol dye)e ¢t 2 ik 2_ B & 3R ~ TRV i
4 § it 40 (Nitroprusside) i ¢ { 4v 3 7] » W iRE S P %i‘r"?:“iﬁt{» 630
nm f B R H RS BT TR kY 24 F (NH; -NJEAR - #3R
FHEFREBrRERT > ks A REFIA)E L LR

‘ﬂ o

(HITACHI Spectrophotometer U-3000)ip] ¥ % % 7 &

()R i B
% 4R o de L~ & 4772 (NIEA W436.50C) 0 i& * 4§ 3% :I—?»—/E}J’ﬁj’;; L
BRATAKRBAR L  c BRFFEFRRErIHRT > L
~ k& 47 ik (FIA) #5 fie » k& & & 3+ (HITACHI Spectrophotometer

U-3000):p] <5 fs Bk & o

@)L A e
B4R R d i~ £ 472 (NIEA W436.50C) ) LT A a8 5 % /0%
2 S R*&F‘J IQ/PJ T2 o BIRLHE R J\Jﬁ:%‘?’:‘a%‘a_t s LR Es i
47 R (FIA)E fe» £ RFRl 2T RAKR -

(O)prpe B

Bk ook PO RER W o2 R d Lo~ A5 E — b ¢ 2 (NIEA
W443.51C) » #—-k ¥ & Bips B & 4p fs 42 (Ammonium molybdate)
% F1% fadh 47 (Antimony potassium tartrate) A fi& 4 i% 2 T F = 4

Ed o BF N EFAAEA F P %% (Ascorbic acid solution)# & A

Y- Fd 3R AP ,%gd £ 7] 880 nm LM 2 xRk {E > 1L
Bk PRI E 3 c BRFEE KRBy IHRT O U
A o3 R(FIA) e~ kL R Pl 2B B ER -

(10) & &
#- & 3+ (CR10KD - Campbell Scientific Inc.)?c ¥ **3f T3~ B2 -k
ER BRIk kB > =5 pmols' m”
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AAFEALE

AR ANZEZABAIEE T R A1 BB (R AR
RPJE2 A Ger i~ BEH - ER (NERBRESF ARG
7)) 2 AMFATEAFAS RFHL L 4 a1z kY o
THEFASBEALACZONATERRCIEFAL O PTFIERF
F'&ﬁ:» Wi e BT @ ﬁﬂ—"‘%u/—?—@"jz 35 o

AAFRZAFEESHES AR P L5 25 RF 2R
o s R HEFAR  REEORIFE RR RIS RS GRS
TUHE A REEA YRR EYRE > B RS ASEY 2
AEEA G E A R RR .

APl 2 A ERMAEEEREFOHAAA G TAALE R
BT R S R AR AT

(DF k3
WE 23 A RRER LD LR EAGW B PF 2 E Dk
8 2 7)) & if 7 4% 4 (line intercept transect » %-% English et al.
1997) B Fi ) 30~50 2 = 2 ARIRE-# A5/ 20 1 2 E A AR
iﬁ%wﬁﬂi£w¥£?mmow§ﬁﬁzQwﬁﬁ%*&%
BT 1P R KR R L

(2)4 '«‘?ﬁéﬁﬁ 2 RESFDE

B (ST ARSMUSRPN 247G A RN RES 2 RY AR R

Saito & Atobe (1970)2_ = % » MR EF A (%)% 71 o blde > 7 &
S50 arFAEMR IR EERL 30 0% > PIHBEFG
60% =(30+50)x100% -

M

~

G B R23+5 >
fast B & (Species Diversity) ¥ # 4 2. p RE &£ A HER 2 L 2
WL - AT B RARE A RS ERE

s & & 4p #c(species diversity index)$* * Shannon-Weaver index
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(1949) > 3+ 5 3 2 4T @
H'=-Y P log,(P)
i=1

NFOH D SRRk
S faEp
Prriiz pftEw Rk -
GOV ERUD I I i RS N

AR A AT AP LRI AR 2 A AR 0 A W3 ORI 2
£ 3 5 (PS= Proportional Similarity) ¥2 Czekanowski #p 12 &
(CZ) -

£ 35 85 (PS) & Czekanowski 4p i1 & (CZ) 3-8 & 38 4 B40T
PS=[C+(A+B—C)]x100%
CZ=[2C+(A+B)]x100%
P A PE - 2 fAN
B :ipla - 2 M iEdc
C:pleb— Bplzb- X35 406 fadg cndic P
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P AMBAREFARFLALTREAD A S

MY E TR LATE B A R )%‘ik ¥ SQRRLPARTF T - R
BAK SATERE) 2 A AR ZATFRERE (T AT
RFO AL HEF X2 A FHENAIRRPFLEFE ATE
BIFEHRDBE FFRE B R RKRETR WEFEREAMA LSS
=V o =N

3.1 fﬁ’K’}i?ﬁ A%

AFFTERBEFZNZRFDABE AR LODE 3 P (%-F)5
T (%)% 80 (% ==x) % A = # AR GPIEE—) ~ 378 % 3R (B
o )RR - BRIEE S ATRE R RFIK S BRIECRIEEZ ATR R B
B~ plxbw D RTRE R e ) RlEERELTRD A e R RN o &Rl
T B R RIRIHEZ PR R TR T R RoRiFL L R (B
SI-I & 7 iplsb— 223 FF >SI-SE& T Rzb- 28 TF ) 2Pz R
4o P 3-1 2 R 3-2 975 o

311 %-%O97&37)
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34.33psu > T LI A PR o
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Blebz (BT R B))

Plrbe (3R %5 B/)

BT 32 ATRAE RFCRIHEZ -~ Bl )RR Y



F- 97 &3 gpE2 pHE A3 820~832: 2% & 473
7.47~8.43mg/L » % ¥ 4 fc &R B /1 >Y 104.8%~119.5% - & Hm = » ik
BEEEOOE 127 26 B 242 TABRBEANE B ERR ST
T > ARAEEHZ KRS S POAT A B R AR B W%&ﬁ;} A
HpE2 6B pH BlE 3B E pH E A T.5~852 7 85a 51Tk
B iR

- (97 # 3 V)L ERIEZAE DG
BB iR B ERE w?ﬂﬁyiﬁﬁﬁﬁ
FRB S TARE AR AR 6 BRE 2R
2T AR BERE SRR -

» RTRERE 2 2 T e
KRR E T AR
L
v/

%% &~ Y 5.0mg/L

- FHO7T E 3 )L TR AR SIS E 4 0.009~
0.032mg/L » T; A f& @ 4 % 0.001 ~0.005mg/L » & s @ 4 > 0.001 ~
0.008mg/L > & § /13t 0.011~0.056mg/L o A 47 % % a7 > & g Al sh
BIEEARFOTATRE RBIRI  BoRHY A RB2ZF AR RV EFE-
2 A H AT o

%—ﬁ@%ﬁ3M%E%%i@ﬂ%ﬁ%%ﬁ*&%}%u%m’
Hoooo oA AR R BGE Y AT R RIS ﬁi&ﬁtﬁi i 1.53
~621uM » B ¥ A A A SR R sk R B STETIE R BRI ¢ § AR
i3 T~193 2 ¥ -

- 97T &3 2)ETREZ RN 051~14TNTU» L % &4
Mmoo N AL AR RO AT RGP 0 A LR RIEEERAE Z A
8% o A% 21~398 pumols 2 » % PB R R 04 A 55 A AL MR 5k 2 T

BRERE -
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$o LS L IR B

5'1‘}%5%?3—’ L m@aikl R g ﬁ-ﬁ_‘g\j 4} | # qz';:;}«ﬁzﬂ
K B’#(Bragg reflection)sH/m 22 > Bk )2 F 543 ¢F e > @ A £ R
E I B P cho kSRR FIEL T RIEA K 0 F B SR
2 mwkﬁéﬂmﬂﬁﬁﬁ¢ y ARELELD 3 o RS FIR
B RE 0 FIARATIR S W s M g e g v
U ATRB RERE o LI FEFI AR T ARk 0 A
PR p REBRBERRE Jj*i Ao BB > FIRAE T R AT X 6-15 f ok
o AR R BIURE 0 RORF LR 0 Foac i d s B (AR )

L

2 B WA RASRE > AP BEIFET IR T B
EART BEBR LD G r iy o FIRINTARE KPR T FREE
SRS L R A S gl R e N

®ONILE 2 AR R o

/J\ )
B
£

90 & K F AT B AR R MU D R SERA 2 (5
P EH EREEFT - A Y o ML Ao =AW
( Heathershaw > 1982 ~ Davies & Heathershaw > 1984 ~ fft » 1991 ) ~ &
¥R 4 3 v (Kirby & Anton > 1990) ~ 4F & 54 & 5235 4 1 05
(Belzons % 4 - 1991 ~ Guazzelli & + - 1992) -~ 4535 & 5| ##%_(Hsu
452002 ~ & & 4 > 1997~2000 ~ Wen & Tsai > 2008) % 4§ & ;¢
<5l;535ii(Hsuf%ﬁ A2 2003) & o H P faF &N kAR
oA AP EE SA F LR - o S I b Nk N N EE TR P2
Gz -y SR AT 23 I RKLA S b Y S =R SR
Pl FEEER L o F KPR L M BT s > R S
RAZ D D RPREESTE S 2 AAER O HFFRLR?A
F ﬂ‘q‘#" R AT MR A TR AT FERA G E A

A R S e kG R S o

)

)

AFr 3 04 Miles (1981) 323 5 A A 8300 2 3R /UL 36
R A B T #,:atﬁﬁg); e Rl A SV
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EEMSE #55% (Hsu % 4 > 2003) % 2 W i AR 7 cn® Pk S0
@ o

7.1 BH BN

Miles (1981) #& &1 10 4f & 2538 = 48 3% &y 3 )3 38 RIHLBAY o0
Foatg o BE S5 2 A 4o T

[(kcos@) —(ksin Q)ZMOO

—00

5 X e2ikcos€xdx _
" ikcosd (%) (7-1)

B9 R SEHF 0K 5AXG o RASERE -, =V
Hivm#c k g#ic 0 2 64> o F8EAT407 ¢

k
~ 2kh +sinh 2kh (7-2)

AEG AFIERNT R SN BRAGR SE T L3S
KGR BB T R T R BIHACE 7-1 AT o kSRR 7 e H B
e s BFEPN EERFIES AR 0 B P j=12-0 0 ) EE# 23
P¥rendk BT 2 24P » & — FFP B B #ci N,=N/J - B P
N BB | T8 S HEH2 FeankgE oW 5% % 0 D 5%

h % ki o 9950 7-1 0Tk > T4 & S RRENTE B R AR 3 9T
5(x) % 77 434 (7-3)

D, (j-1)S,<x<(j-1)S,+W ,j=12,---,N,
D, NS +1,+(j-1)S,<x<NS +1,+(j-1)S,+W
1j:1121”"NJ

o (7-3)

f_.

-1

D, Y (NS, +1,)+(i-1)S, <x

T
iR

J-1

<Y (NS, +1,)+(i-1)S, +W, j=1,2,-

p=1
0, otherwise

HY N =N,-15¢
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J groups l
Il SZ SZ IJ.]_ SJ SJ (!V)
C ] e [ |l:|(_ E | I D) y
T_ N; Breakwaters _T T— N, Breakwaters—T N; Breakvvaters—T

W 7-1 4F & SRS R 38T & W

b NS R o (71) P A E R S e T

R==5(k2 —k?)sin (kW)

(7-4)

x\/iAﬁsz‘ i AA, cos(kxzpq)

p=1 g=p+1

Hoe¢ k o=kcosd ~ k =ksing > L A~ A~ AZ g PlAEET A

_sin(kXNJSj) .

1~ sinlk,s,) J=t2e (7-9)
sinlk,NyS,) B
AR (7-6)

_ sin(kXNJSq)

A, = ,0=23,...J -
" sins,) -

gq-1
X, = NS, +2Y (NS, +21,)

i=p+1

q-1
=N,S, +2 > (NS, +1,,)+N,;S, +21,,,p<q

i=p+l

d 2 (7-4)~(7-8) B & 5f 5 ch | Boidtiw 5 Sl Aok
BN~ B EW ~ 353 D~ 3RIES, - HEHETIE ~ 2k J ~kiEh -
k2 RN BFEROT -
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7.2 BB RS

AAFE I Hsu %4 (2003) “rAa ¥ S G ARG FOT C RBAS T
ST R BRI EEMSE 3 A o S AN A A 40T

—2wi %)
CC, - gd-A)s | ot

—V2p ki + g 2F, .6V, ¢ (7-9)
JCC, —g@-2)s JCC, —gl-#)s

. 5
JCC, —g(t-#)s

Vh[g(]—_/lz)]'vh ¢
JCC, —g(l- )5

FP PR ER > CERE 0 C AFERAER > L=tanhkh > g 5 £
4 ek B

, [ oF-vio+0R, +KCC, } VZ/CC, -g-1%)6 (7-10)
CC, —g(l-4%)s JCC, —g(L-1%)s5
F =A01-23)(kV, h+hV, k) (7-11)
F, =a(V, Pk +aV, h+a,V K-V hik+a,V, k1K +0, (VK 1K (7-12)
X (7-11) 2 & (7-12) ¢ fdk a(i=1.5) 5
a, =—A(1—-2)(1-Aq) - 2(1— 1) 2%kS (7-13)
a, =—AqA—A2)12+ (1— 22) kS (7-14)
a, =q(l—2?)(2942 =51/2-q/2) (7-15)
—2(1- A2)(2A%q - A - q)kd

a, =q(L-22)(1-240)/ 4— A1 4+ (11— 2*)Agks (7-16)
a, =qd-A*)(42°q* -4q° 13-24q9-1)/4 (7-17)

+A14 + (1= 22)g2A-242)kS
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¢ g=kh o RBcEE DD o Y LFE L4772 Alternating
Direction Implicit (ADI) f## &3] %8 = 423t HLr:fa%lme“i AR 3¢ o

13y 32251

ARy 2 Miles (1981) 3235 5 A # > L2 8 L0 4k 7
B2l F bR NN TR PR F B2 50 S0 AR & N R
HhA N 2T PR R BT X R TR A SRR L T s A
Fyatieis 10587 kil S BT B 2 B R i 2ok 741
TR o g * CKiE S h=06m > % B 5 D=024m > EH W =06m > H_
HREES =S > AARASEw »H0=0-

AR RIFRIEE ROFRCTRT 0 B R 2 ] 0 sl
PEREISE R T NI TS T R

271 BHRiGERLVERL

Case [Ny [Na [ N3 |[Ng | JIN|[S|S2|S3|Ss| 1| N D (W
() | 4 1|4 |24 0.6 0.24 0.6
(b) 4 1|4 1.8 0.6|0.24 (0.6
(c) 4 1|4 1.6 0.60.24 0.6
@ | 4]4 2|8 24|18 2.410.60.24|0.6
e) |44 ]4 3112124(18|1.6 2410.6(0.24|10.6
f |4|4]4 312242118 2.410.60.24|0.6
(9 (44| 4 3112124(20|1.6 24106(0.24(0.6
(h)y 13133 (3[4|12(24(21(18|15(24|0.6|0.24(0.6
i |2]2]2 3161242016 24106(0.24(0.6
g (3]3]3 3191(24(20(16 2410.6|0.24|0.6
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74 3% 2313%

Bl 7-2 & 3P\ e PRl if T i g ek P g it
R -BP ZEF Y RSN EZ BT it % o Case(a)
BLEMIEEEFEN=4% S=24m %4k #77 ; Case (b) &
BASTIEERFE BHEN=4% S=18m > H %% @R 77 ; Case
(d) % 24 &8 kBB BHEN=8 3 22 5 N=4>85 =24ms

=4>8,=1.8m A CBEHEAPAPFFEL |, =S, 0 F 515 W
P ST o MART AT E S K PURE R LA R
E YRR A P ERF M B L@ A DA AN kPR B R S
SRR LT A R A SR - hE B L > LI R A

N AEAp s R G ATy (Zhang 4 > 1999) 7oA ke ehiEA) o

f1* Davies f- Heathershaw (1984) ~ Davies (1989) ~ O’Hare §r
Davies (1993) ~ Belzons % 4 (1991) % Guazzelli & + (1992) %A i 3=
EAFENVAREHE DR R AR SR LB RN
B A kA Bcs K=27/S > B¢ S SR AIE A4 L3k F 53 24
G 2k/K, =1% 2k/K,=1> "W A L=2S % L=2S,% 2 14 £ &
F & 5 Bl 23 F S8 4 082 5 2kIK =2 ~ 2k/IK, =2 %
k=(K,+K,)/2> 7" & L=S ~L=S,% L=2SS,/(S,+S,) % * & ¥
LR b AR EIER ME A ER L k=(K —K,)/2 > W E
L=2SS,/(S,-S,)F3 4 p ik X Irk & o B¢ e Case (d) i+ % i%
R PR o B4 S kIS A 2S,/L=1% 25 /L=133 (%
L=2S, % L=2S,) i T g4 ALK & ; m 225/L=2-
2S,/L=267% 25,/L=233 (FL=S ~L=S,%2 L=2SS,/(S,+S,)) %
BT Ed BAEIRF B £25/L=033 (L=2SS,/(S,-S,)) i

BPTEA SR RIRE Mo Bl IR AR SRS MY AR
B AN EIRE S 425 /L=1% 2S,/L=1F1% > F Su ¥ (8 f
BOBALIRFSEANFHEE > F HA M BRI LIRS

b o
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1.0

........... case (a)
————— case (b)

08 case (d)

06|
04 AR

02} ; r

0.0 —
0.0 0.5 1.0 15 2.0 2.5 3.0

25,/ L
B 7-2 H¥2 B JSERE W30 G
Case(@) N=4>S=24m ; Case (b) N=4>S=18m ;
Case (d) N,=4 > N,=4>S =24m > S, =1.8m

SR AGIERG Z 2D B REERSTES > R BERE 2
PR BLE A A FAT B N R IRIT R 0 & R T R R
R SRR K ek o Bl 7-3 2 H TR A GRS = AR £ N
P\ AF B B o BP R EZ L W5 Case () A N=4
215=24m; Case (b) ¥+ 5 N=425=18m; Case (c) ¥ 5 N=4
g2 S=16m; Case () i#i* 5 N,=4 ~ N,=4 ~ N,=4 ~ S, =24m,
S,=1.8m ~ S, =16mifcl, =1,=1,=S, - B2,k 7 H F e % 7| B F £
f & B4 w3 4 425 /L=1 (Case(@)) - 2S,/L=1.33 (Case(b)) fr
25, /L =150 (Case(c)) > m = %4f & ;% % 7| H3k_(Case(e)) # £ 4 F
BEE 4 528 /L=09~17 » F 6% &4 A w5 4 425 /L=101
28, /L =116 ~ 25,/L=1.36 4r 25 /L=164 o fe i #F# >} K st
P Frgd A (AP B enE BRI % (25,/L=1.25, R=0.22) » IR
%iE3 B AT & 3% 4 P (Hsu % 4 52003 4= Wang % 4 > 2006)
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MEAFETR T2 ARTRELRG ORGP RIBAB I PFL R
oA AR M kD L EE LIRS S il e
LT HRFE KSR = HehA b R EEER 2 D > B R e
P E R IR SeAf e A HRE S MBS o IR
%ﬁﬁﬁi<ﬂﬁﬁF“uiﬁ:%’%3%ﬁ? 2t 3RS A
Rk iFEE A B OE S g€ { SeAF M0 LR LR S B D
A LIRS BRUIE R E S F SR g L R < 30
RIELRER - S NPN: 3

1.0

----------- case (a)
_____ case (b)

0.8 - case (c)

case (e)

06—

04

02

Oomw
0.0 1.0 1.5 2.0
25, /L
B 7-3 EHZ ZH45ERF WFAFH
Case(@) N=4> S=24m;Case (b)N=4>S=18m ; Case(C)N=4 >
S=1.6m ;Case(e) N,=4> N,=4>N,=4:S5 =24m > S,=1.8m >

S, =1.6m

Bl 7-4 5d - FH - 32 #5585k E (Case(a)~ Case (d)
Case (8)) » Btk b Boik B3 4o > Tk bl 40 7 b BV EE2 SR > H & 8
T it gl o B R T AEE HlD hdf e > TR R B0 6
b BEARG A2 ERFEEL KPR GEERT o NF LR
Fotg A egdd F sy MEdmsg o
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1.0

T W case (a)
----------- case (d)
08 case (e)
06
R L
H
0.4 f— ,f h
NN :
B P : Ak
! \ B I\
: | B
02 I \ . N
Af ! AN |
) \ f‘\ '., g
R N \\ Il ! ,I:\;'.‘.L \| /.
’ | \,
0.0 P ] Y p\ ] A
0.0 0.5 1.0 1.5 2.0 2.5 3.0
25,7L

Bl 7-4 H¥FF -2 = 5|BRF &L T RE
Case(a) N=4 > S=24m ; Case (d) N,=4 > N,=4 > S, =24m -
S,=18m;Case(e) N,=4> N,=4>N,=4>S =24m > S, =1.8m >
S, =1.6m
A BREZFE P FIEATE S aE & 5% kPR _(Case () )
TRRE HF A PEENE RFEEORE > A £

74 Hsu & 4
(2003) 73 & 2. EEMSE #-5¢ » i Case (€):hiv % % 2 (T HIg- & % 1L

fi o F % 4oB 7-5 1o o B EE T 2 Miles 3234, (5 ) 2 EEMSE
o (mA) Aa? 2SS, /LiE

ET o HE s PR G Ak Ap i o
225 /L=09~17%BEF 4 TP fF o> ¥ AT P RF SiEeE
Poe gt FHFERTRY BT ERIEIF L AZEIRE
BEAE & 5%k PR B iEE o pLIR % A Belzons & 4 (1991) Fr
Guazzelli % 4 (1992) % g 32 % & (doubly-sinusoidally beds) #= 3
M E Hsu & A (2003) 4 Wang % 4 (2006) A fEFEAE & 5% A 35
(doubly composite artificial bars) & & 4 3% 3 4 I % o

£

gk B¢ P Egon EEMSE F oS A ehd 00 Miles 1% en%

% ’Jiiv&%iﬁév’ﬂﬁi{fii%% c B THIG A d AR TR SR

pF o H i C (Wave celerity) % Miles 135 F iv B3k & % #c0 22 ~

ﬁa*y;ﬁ;ﬁij#ﬁi o & Zhang % 4 (1999) = 3= & & (sinusoidally beds)
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i E Hsu & 4 (2003) A gE#4F & 5% 4 1757 (doubly composite
artificial bars) 72 7 ¢ 74 J4p o PIL % o

1.0

case (e)

\ Miles' theory

B 7-5 Miles #4212 EEMSE #3822 F 8¢5 1L & ]
Case(e) N,=4>N,=4>N,=4>5,=24m > S,=18m » S, =1.6m

14
A
T
™
[
=
=

AEEG I A EE = kRS, 0 T B b
% o - Case (e)2- S, =2.1m { 4% % Case (f)2. S, =1.6m » H Case (f)z =
47| S % & Case (d)2 B3 )k 7 R ;-.;. L ke B 7-6 f1 A o
5k Case (DAt ek s 4 52 pFr > TN F SFF L EIR
% o 28 R SF5OF 54 Case (d)2 B3 6 7Y ,%th» REE I I
e e s o gt e A 2 K BRI A B R R SR R R D

7ecd Case (€) # Ftek B mLiEi 2 Case (f)F &3 3 %
A Seehik B0 Case () A Y = BakiES S, =200m > H g% 2
Case (8) " #dr @] 7-7 #7177 o 2% Ao 1 % Case (€) # 4 F 5F 1%
B R=021> A Case(g) wRiFitpr > V32 3T R=031> " # K
&T%‘ %~ vt Case (d) 2 Case ()i & 15 EpF3f4e o Ryt FFy &
R R AR EFRLGE VAT TR F R AT

RS
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1.0

- == case (d)
case (f)

08—

0.0 0.5 1.0 15 2.0 2.5 3.0

25, /L
A TVERE S5 A T 0 ]

=4 >S5 =24m » §,=18m ;
:4 §S,=24m > §,=18m > §,=2.1Im

T
Z Z“:I}'

Case (f) N,=4> N,

1.0

————— case (9)
case (e)

1

I

= )
0.8 H
!

I

B 7-7 % FREEZ = 7BREF HFLH I RF
Case(€) N,=4>N,=4>N,=4-5,=24m>S,=1.8m">S, =1.6m;

Case(g) N,=4>N,=4>N,=4

-

S,=24m>S,=20m-S, =1.6m
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Bl 7-8 5 i 4 BRI BN 1240 (£ 2 7 > BB F T L w
H)=4d 2 FFiEE= (Case(h)) &= 3 & 7| #%_(Case (6)) =
For&ivgin » S5 4oB 7-8 471 o Him ¥ iEit L w5 Case(e):
N,=4>N,=4>N,=4>5,=24m>S,=1.8m > S, =1.6m ; Case (h)
N,=3>N,=3>N,=3>N,=3>5=24m > S,=21m > S, =1.8m »
S,=15m - B XA e A7k FEEe Sk 7| BE_(Case(h)) #
FuEE R = kR Case () ARy o g R S A
Fod g mBER) > 22 F PEGE S 4 0 I g PR
Case (e) F 4% X {Ed R=021(2S,/L=125pF):c <L ¥ #% % 2 R=0.39
(Case (h)) -

1.0

B 7-8 = HZw A FERE XA G RE
Case(e) N,=4 > N,=4>N,=4>S =24m > S,=18m > S, =1.6m ;
Case(h) N,=3 > N,=3>N,=3°N,=35 =24m » S, =2.1m >
S,=1.8m » S, =1.5m
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PR FERE SF A ME SFF A T LT R AR
o FIBR AT 2 RS 0 B FIREH e m A 2 AT RS o
B 7-9 ¥ Case (g)~Case (j)% Case (i) 55 = e F ik & 2. i 5| B3
Z e RpEL 5SS, =24m~S5,=20m% S, =16m > e = & case i# & ® >
EHBFEBHEIF > AB 5N =4 N =32 N, =2 A BEHREA
HZN=12-N=9% N=6°25%% 7% BEhi#ici N=6% & 3k
= Ny =20 pF (Case(i)) ¥ iy B 5 rF i 2 EFpA > DR
FostEeniya) o ey & F B 4 2N, =3 (Case (j)) 2 N, =4
(Case(g))is = pF » 425, /L=125enF 545 F @ PLERR | o d S BT o
TRRE A E ARG R NI E IR G 0 H R T
B B AT A L LAFRRE BB ATIR o

1.0

0.8

0.6

0.4

0.2

0.0 05 1.0 15 2.0 25 3.0
25,/L

B 79 7 IR BB =¥ AR F SF L F R
Case(g) N,=4>N,=4>N,=4>S5,=24m > S,=20m » S, =1.6m ;
Case (i) N,=3 > N,=3> N,=3> 5 =24m > $,=20m > S, =1.6m ;
Case () N,=2 > N,=2> N,=25,=24m > S,=2.0m > S, =1.6m
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RS AT EFAY P R am g iE it (Case (9) - Case

(h)) > 2 EEMSE #5833+ 5 22 Miles 324 % & 18+t fi > 4e @] 7-10 {r @]

PW 3]

7-11 77 o F12547 o1 EEMSE #5574 22 Miles S22 5 & % 57 hf 7 ¢
F ot e en2S, ILRFha8pina 2 Fstd 4 94 % o 4
® 5 11 EEMSE $558 32 8 ehF Sk ¢ 1125, /L] s i 2 T 5
SEHE SR Case ()2 R v pRETARE > BRI wmikrw o
b I EEMSE oS3 B g% 0 AT R R s A s HE S HE
B2 0207 Miles TR 8 % 1K > Biom = H A w 3 4 SR B 3

HF oo B¢ MilesIZHTERIEF > EP G D { 542
TR R AL R

1.0
= case (9)
Miles' theory
08— N T EEMSE

Bl 7-10 Case (g) ™ Miles 323514 2 EEMSE #i-5% 2. F 543 1t $i ]
Case(9) N,=4>N,=4>N,=4>5 =24m>S,=20m>S, =1.6m
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1.0

| case (h)
Miles' theory

0.8 |~ o mm—=- EEMSE

B 7-11 Case (h) 2 Miles 323 2 2 EEMSE #:3% 2. F &5 b 2 [§]
Case(h) N,=3» N,=3> N,=37N,=375 =24m » S, =2.1m »
S,=1.8m > S, =1.5m

1R3E 2 A 452 4% A5 2 Miles (1981)em® 2 5 A
;ﬁ%%ﬂiﬁiﬁwuukﬂﬁﬁgﬁﬁﬁ’jﬂI%UE4Q%$
EEMSE #Z3:¢ AN IR SN T ) iﬁm]ﬁ“&ﬁuﬁ el
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8.1.3 L HHi5t
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v E AL I AER fp AT AL B FIITE S R Y BEEF R K P E TR
Aa%w’ﬂ?éﬂﬁwmm%%aaﬁiﬁﬂlﬁﬁﬁ%%iﬁ-
oo AT HTE P EEMSE BLE > T R R A e s (R T
FTEE ~ bt~ KOS ZR Ek ) b R ORI LR PR T
T BTl ~ B R A R s 2t b T S R B R BERT T A
PR o

AF 7 2. EEMSE 2558 » 12 Suh & 4 (1997) % ¥ % 4 (2000)
TIE TG AR R FY MY 2N AH N T RS
KRR EH S AN A TR 2 0 2 RSN P A g 2 KR ZEAIE
P REY FIHE KR A ST I Gl A HLIRERMITE
oo LR FER R R BN SRR 2 # a0 A B) e » LR
Lol ~ AR BEITE)E GRAF % AT 260 3 8H S 48
;¢ (extended mild-slope equation) # 7+ 4

LT v (0, V) + [ K L+ ) - 0

(8-4)
+[f,(k)gV?h + £, (kh)(Vh)? gk]d = 0

¢

_ 4kh cosh(kh) + sinh(3kh) + sinh(kh)
8cosh® (kh)[2kh + sinh(2kh)]
. 8(kh)? sinh(kh) _ khtanh(kh)
8cosh®(kh)[2kh +sinh(2kh)]  2cosh?(kh) (8-5)

f,(kh) =
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sech?®(kh)

f,(kh) = T2k + S KT -(kh)* +16(kh)*sinh(2kh)

— 9sinh?(2kh) cosh(2kh) (8-6)
+12(kh)[1+ 2sinh* (kh)][kh + sinh(2kh)]}

o, = oy +Ng(S +if ) Jor, (8-7)
_angz Bi0=e”") pil-e™) _
—-ghﬁl{ 2kh 2Kh 2B,B, (8-8)
1 [, sinh(2kh,)

o, —Eghpﬁl {14‘ W} (8'9)

B = : (6-10)

' nye sinh(kh, )-8 cosh(kh)

B, =n,e"" sinh(khp)—%ésp e (8-11)

B, = %Sp e (8-12)

8, = nysinh(kh, ) (S +if ) Jcosh(kh, ) (8-13)

TR AN DL pag S V=(0/0x,0/3y) L kT S b R T
FoY) Rk T AR tIERFEE i=J-10 ki RE > 0
SARAEREF > giES E R hZE KR I kG 2FR - h 55
KA GRS 2 f, 5 RARY F2 ARAFTSIEGE L 24t
Gl n FEKEIHEF > S=n+1-n)C, > C, 5 mEFTE ik
f,rd kA F2REBEFF » Fd TP

e e »

@ ] nofu,[*dt dv
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IO A ek Rk BT 2 {7 (dispersion relation)

, . ne“sinh(kh, )&, sinh(kh)

=gk 8-15
@ =9 ne" sinh(kh, )- &, cosh(kh) (8-15)

FREREEKE G AP PS=1-f =0-h =0 A ki,
HitaCC AP Copkg C a#EARFE PNGBDTHH 5 B
A g s 2 AR > N (8-11)F M 1 L Bz aEF S 25t o
A R schdt e g Wl =f o f 1 f 0 f  f2 A
AR SV =) Qs - }%[7}@ I ilzﬁr} ¥ Tilio e TR
gz i B actas f, o A3t H 4% Dally & 4 (1985) z sk 254
K2

DK

oo AS AR IR K, =040 K, =015 o Bk dy oy, B4
* gk * Isobe (1987)sruE 2k ¢
7, =0.53-0.3exp(-3,/h/L,)
+5tan®? Bexp[-45(;/h/ L, - 0.1)’]

K
fy=—2(1- 8-16

(8-17)

AP tanBsama R > LyaiFAkE o
B Tk Bt B 1395 Dean - Dalrymple (1984) 2. ¥ in:i# R & %
F AT 58 o5 o

4CW-f AC{)2 1
37 gn sinh®kh

f, = (8-18)
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c
n:—9:1(1+ 2kh j (8-19)

CcC 2 sinh 2kh
C,: =0.025 (A, /k,)°*"™ for A, /k, <50
1 1 4, A (8-20)
+/n =-0.35+—/n—>2 for k. >50
4./C, 4./C. 3 Kk Ak,
A
= 8'21
A sinh kh ( )
k,=2Dy, or k,=2.5D,, (8-22)

He oo D, 8D, A u s R 2 HE90% £ 50% 2 355 T o

D GLAZSUE R - e f Pk gh Toai % 4 (2001): 2 B %

;E

0 forU, <30

f = ﬁ#—%+&+89Mﬂﬂ for 30 <U, <50 (8-23)
13U, -1043
— (= - +S,+S,)tang for50<U, & Ak B
kh* 15U, -243 Jten s AR

He

20AT?

U == (8-24)
2n-1

S, = 8-25

1= or (8-25)

k.h—h?(k?+k2)
g, =0 0 8-26
2 4n?sinh?kh (8-26)

F(B-4)z S AN o AAITH R gL BAF 0 T k3 Mei (1983)
2 iR K- SREFTSEI 0 EE SN > HEgE L
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t=et (8-27)

HeY T SMPFR%E > ¢ 5 # D 5% (perturbation coefficient) > =
g<<l o 48 (8-27) » Rl IAH i D 7 i&— H B =

O(x,y,t) =g (x,y,0)e” “ (8-28)

APy 54 BB Sl iR o 350 (8-28) % » 4(8-4) 0 X k=
Fepc 4% R -T2 |7 (F - BATORER ISR
A E 2 758 (time-dependent parabolic mild-slope equation) » 4+ 3t
B
20i YV (@ Vi) +a KL+
ot P P (8-29)
+[f,(kh)gV°h + £, (kh)(Vh)* gkl

SRR R 0 MBS R L R o L1 54 (8-29)
Z2_prd] > #4258 > 51 % Radder (1979) 2. & & F]+ > 4054 (8-30)#17 :

72 (8-30)

[//:
Ja,
B (8-29)F ff i 5 74 (8-31)

2iw O

e AN (8-31)
a, ot
H ¢
V2 o 2 2
kCZ :k2(1+if)_ \/7D _l_[flgv h+ fZ(Vh) gk] (8_32)
O('P Otp

R (8-31) 4L 5 i &) % 8 > 42;% (Evolution Equation of Mild Slope
Equation, EEMSE) » #p 38 (8-4)2z gEw RA|EH 2 258 » o & 4 &iE
CASERE S A RS S ] B N
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4, H B ERFE B E (N) -2
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Miles’ theory (1981) r 0[(kcos9) ~(ksing)’ ][ s(x)e o (1)

(Cylindrical obstacle)

D, (j-1)S,<x<(j-U)S,+W ,j=12--N,
D, NS, +1+(j-1)S, <x<NS+1,+(j-1)S, +W

Undulation bed s0-! Jrren (3)

J1

(Artificial bars) D, (NS, +1,)+(i-1)8, <x

P
=1

i(Ns +1,)+(]-1)8, +W, j =12

p=1

®

0, otherwise

. .. 20D/, 5 o\ -
Reflection coefficierits 7z (K ~k/)sin (kW)

R= 2E‘D(k2 K )sin(kXW)x\/ZAZJrZZ > AA cos(kz,) (4

X p=1 g=p+1

x\/i A? +2§ ZJ: A A, c0s(K 7, )

i RS R 3

X
L N; Breakwaters —T T» N2 Breakwaters«T J

N; Breakwaters

case [N | N, [ N, [N J3] N | s, ['s, | s, [s, [ 1| n D | W
(@) 4 1| 4 | 24 06 | 024 | 06
(b) 4 1] 4 18 06 | 024 | 06
© 4 1] 4 16 06 | 024 | 06
(d) 41 4 2| 8 | 24 | 18 24| 06 | 024 | 06
(@) 40 4 | 4 312 24| 18| 16 24| 06 | 024 | 06
) 40 4 | 4 3012 24| 21| 18 24| 06 | 024 | 06
© 40 4 | 4 312 24|20 16 24| 06 | 024 | 06
(h) 33| 3 |3 |al12 |24 |21 18 |15|24] 06 |024] 06
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o =+ CASE (a)
== === CASE(b)
0.8k ——————— CASE(d)
0.6
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04—
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» - W\
— X
e’ <N\
0.0 LV bl ST
0.0 0.5 1.0 15 20 25 3.0

— Case (d)
S,=2.4m s,=1.8m
I BN BN e

The reflection coefficients of case (d) seem to
be superposed by case (a) and case (b).

The Bragg reflection of case (d) could
produce a larger bandwidth and enhance the

intensity by comparing with cases (a) and (b)

I %SRS EAE
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1.4 IR AR

Miles32 35 22 EEMSE % % ' &

case (e) Case (e)
Miles' theory
----- S,=2.4m S,=1.8m S,=1.6m

The oscillated trends of reflection
coefficients are similar under both the
theoretical and numerical methods.

The lower reflection coefficient can also be
found in the results of EEMSE.

This shift of EEMSE is arisen from the
changes of wave celerity for waves passing
over undulating bottom but it is assumed to
be a constant value in Miles’ theory.

I %SRS EAE

=X 228 5L
fzé:‘gg:%p?g.\s; ‘%
1.0
case (€)
r ——— EEMSE model
-----@---- Experiments
0.8
0.6 -
R -
0.4 -
2
0.2 — 6
0.0
0.0 0.5 1.0 1.5 2.0 25 3.0
2S,/L
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————— Case (e)
$,=2.4m $,=1.8m S,=1.6m

—— Case (h)
§;=2.4m  $,=2.1m  S=18m S,=1.5m

Il BN BN Ue D DD SeES NS Ema.

comparing with the three groups of case (e).

Although the particular lower reflection still
occurred under the four groups of case (h),
the reflection value could be amplified while

R LA TR IEL 2RI R

1. "2 Hsu et al. (2003) EEMSE#-3% » & {7 4723
EATIBER TR - AT 2 FPRE MY
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AR MEBERRRIE SN FA AR
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