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1.1

(a series of submerged
breakwaters)



(Bragg resonance)
1-1
(Davies
Heathershaw 1984)
EZ+EZ
(Envelope) E, E,
1-2
(Davies Heathershaw 1984)

(sinusoidal
ripples)
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(Davies Heathershaw 1984)

1.2

Short (1975) Dolan (1983)

(sand bars)



(Bragg reflection)
(1890~1971) X

Davies Heathershaw (1984) Mel (1985)
20/L=1

L 14
Miles (1981) Laplace

(1990) (1991a 1991b 1992)

(artificial bars)

Kirby
Anton (1990) Miles
Miles
(1997) Miles (1981)
(1997~2000) (Boundary
Element Method BEM)
Hsu (2002a) (1997)

(single sinusoidal bed)
Davies (1989) O'Hare Davies (1993)



2k/K ~1 (primary resonance)

2k/K ~2 (second-harmonic resonance)
k=27/L K=2x/¢ L /

(multiply sinusoidal bed) Belzons (1991)

(step Approximation Model)  Guazzelli (1992)

(successive application matrix)

(K,,K,;K,>K,) k=(K,-K,)/2
(sub-harmonic resonance) k=K, k=K,

k=(K,+K,)/2 (higher-harmonic resonance)

Cho Lee (2000)
(Eigenfunction Expansion Method EEM)

(propagating mode) (evanescent mode)

Berkhoff (1972)
(Mild-Slope Equation MSE)
Kirby (1986) Berkhoff (1972)
o
(Extended Mild Slope Equation EMSE)

(O’ Hare
Davies 1993) Chamberlain  Poter (1995) MSE
v,h v, h°
(Modified Mild Slope Equation MMSE)



V,=(0/0x,0/0y)
h Porter ~ Staziker (1995) (variational derivative
method)  Galerkin eigenfunction
Suh (1997) EMSE

v, 2h Vah°
Zhang (1999)  Kirby (1986)
o
(Hybrid Model HM)
HM Hsu
Wen (2001)
(Evolution Equation
of Mild-Slope Equation EEMSE)
Mei (1988)
Ekofisk Bailard
(1990) Kirby Anton (1990)
(Cape Canaveral Beach,
Florida)
04 Bailard (1992)
Gulf Atlantic 25%
Guazzdli (1992)  Zhang

(1999)



1-2 1-3

1-2

Miles (1981)

Laplace

Kirby  Anton
(1990)

Miles

Mei (1985)

(1997)

Miles

Davies
Heathershaw(1984)

(1990)

(1991a 1991b 1992)

Mattioli (1991)

Kirby (1986)

(EMSE)

Belzons
(1991)




O Hare
Davies (1992,1993)

Guazzdlli
(1992)

Massel (1993)

EMSE(Kirby,1986)

Chamberlain
Porter (1995)

(MMSE)

MMSE

Suh  (1997)

2k/IK

Zhang
(1999)

(HM)

HM

MM SE

(1997~2000)

Cho Lee
(2000)

Hsu  Wen
(2001)

Hsu
(2002b)




Davies
Heathershaw
(1984)

Bailard
(1990)

04

Kirby Auton
(1990)

2k/K =1

2k/K

Belzons
(1991)

k=(K,-K,)/?2

Guazzdlli
(1992)

2k/K

(1997)

D/h=1/2

B/S=0.24

0.8

(1999)

Hsu  (20023)

1.3




1.4

2S/L

Miles (1981)

Miles (1981)

(Alternative Direction Implicit, ADI)
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1.5

(1)
(7)

Miles(1981)
(2 () (4) (5)
(8)
(90 )
(1).

11

(6)

Miles
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2).



2.1 Miles

Miles (1981)
h z=0(X)

@ = Re{Aexpli(kcos & x+ksinf y— wt)]cosh kz}

k tanhkh = 0*/g = K
o Re A

@ g kKcos@ ksinf
X Yy 0 2-1

2-1

13

(2-1)

(2-2)

i =1

z=0



Laplace Wehausen Laitone (1960)

Laplace
Vo=0 , S<z<h (2-3)
KFSBC DFSBC
®,=K® , z=h (2-4)
(BBO)
o,=5'0, , z=6 (2-5)
D =D(x,y,zt) 0o o' =do/dx
X
D~ Re{b{T exP(ikcos 9% _ }exp[i (ksin@y - wt)] cosh kz}
exp(ik cos @ X) + Rexp(—ik cos 8 Xx)
(2-6)
R T (2-3)
(2-6)
=" + Re{@(x, z) expli(ksin & y—a)t)]} (2-7)
@ =0(¢) &=max(5/h,s")
(2-3) (2-6) (2-5)

z2=0 O(e)

14



5Z:(ik0059 5" —k*8)Aexp(ikcos@ x)=q(x) , z=0

&~ (T—l)ep.gp(lkcosé? X) cosh kz X oo
Rexp(—ik cos 8 X)

(Finite cosine transform)
(2-9) (2-11)

5Am=f5ugn%mﬂz
k =1k
K tan xkh = —K
(2-12)
@D(x,2) =2 (h—K"'sin” k) "' @, (X) cos xz

(2-8) (2-9)  (2-10)  (2-13)

@"(x) - (k* + k?sin” 0)D_(X) = q(X)

(2-15) (variation of parameters)

B.00=- 5[ exp(-plx-£) a(&) a5

15

(2-8)

(2-8)
(2-9)

(2-10)

2-11)

(2-12)

(2-13)

(2-14)

(2-15)

(2-16)



L =(x>+Kk>sin* §)"? (2-17)

(2-16) (2-14)
@ =-Y B (h—K"'sin* ) cos szi exp(—pB|x — &) q(x) d& (2-18)
(2-18)  x=zw

@ ~ (ikcos @) (h+ K" sinh? kh)™ cosh ky exp(ik cos H)ch exp(Fikcos @ &) q(&) d&
(2-19)

(2-10) q(x) (2-19) o'
(2-11)

R= L [keosd)’ (ksin6)’] [ exp(2ikcosd x)5(x) dx
. sinh” kh —o
ikcos@(h+ 7 )

(2-20)

T=1- ! e [(kcos6) —(ksin®)*][“ 500 dx  (2-21)
ik cos @(h+ % )

2.2

Kirby Anton (1990) Kirby (1986) EMSE
(O(ko) <<1) Kirby (1986)
EMSE

} 2T¢ +V,-(CCV, ) — (0 —K'CC)g—g(1 - L)V, -(6V,) =0 (2-22)

16



$=d(x,y,t) C=w/k (Wave celerity) C, =0w/dk

(Group velocity) 4 =tanhkh

(V,CC, =0) (2-22)
o + KD —40(56,), =0 (2-23)
A(X) ¢ X a
K
Q=—"""— (2-24)
2kh + sinh 2kh
(2-23)
R=-2ika[” 5(x)edx (2-25)
(2-25)  Miles (1981)
(2-25)
bsin(Kx), 0<x<N,/
S(X) = (2-26)
0, otherwise
)
@Lsﬁ{z—km,j , EL
2 (2k) K K
r=l (3] (2.27)
ob 2N, %_,
2 2 ’ K

(2-26) (2-27) b N,

17



Kirby Anton (1990)

o(X) = iCn cos(nKx)

n=0

Cn
(2-25)
R=-2ika) CI,
n=0

A

ETnze'k(N_l)s cos(n)sin(KNS)
| =

Ins

2

7 =2S/L

(2-25)
2002a Miles

2-2

K=2x/S

o(X)

18

Miles (1981)

(2-28)

(2-29)

(2-30)

(2-29)
Hsu

(Rectified cosine)



(a) h
B s I s B =
- > X B S
(b) iD
B 5
© A~ /N /N N\
“B S
2-2
S B

D, n,S<x<n,S+B, n, =0,1,.,N-1

500 - (2-31)
0, otherwise
%(g—\x—n(ﬂ), nS<x<n,S+B, n,=01,.,N-1

5% = (2-32)
0, otherwise

Dcos%(x—nOS), nS<x<nS+B, n,=01,.,N-I
S5(X)= (2-33)

0, otherwise

19



(2-27) (2-25)
(2-34)~ (2-36) A
R- 12D sin' kB sin kSN | (2-34)
| sinkS |
R=|2aD(1—cos‘kB)sin kSN | (2-35)
| kB sin kS |
47KaD cos kB sin kSN
7
. , B # 2Kk
N 2 —_— 2 i
B ‘ B[(B) 4k }sm kS ‘ (2-36)
|keDBsin kSN | T ok
| sin kS | ’ B
2.3
2-3
z A
Sl SZ S\H
i
Jf‘ ,ﬂf‘ ,ﬂ—‘ ] [ T D .
<E> X

20



D, ZS(jfl)sst+zls”7n, §=0, n=12..,N
1=

6(x)= (2-37)
0, otherwise

(2-25)

+B
3 2ikx

R= —2iko¢(J'0B e dx + J‘jm e dx + j: e dx + )
+e

S+S,+B
+ coe
S S+S,
_ _aD{(ezikB 1)+ [ezik(sna) _ ek ]+ [ezik(S+SZ+B) _ ezik(3+$)]+ } (2-38)

_ _aD[(ezikB C1)+ &S (B _ 1) 4 @SS (gl |y, ]
_ _aD{(ezikB -1 [1 4P | g2k(S+S,) +] }

= —aD(e™® —1)§N ex [2ik§N S }
p (1)
j=1 j=1

B 2ikx
+ e
0

— dika 2| g
2ik

(2-38) (2-34)

(1990)

2-4
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2 2
d~7(x,z,t):&wsin(kx—a)tvtgo)—l A?t
@  coshkh 4 sinh” kh
+§A2a)%4(h+z)sin2(kx—wt+go)
8 sinh” kh

1 gkAb { (k + K)cosh(k + K)z+ k tanh khsinh(k + K )h sin(ke + Kx— ot + &)

2 wcoshkh | [(K + K)tanh(k + K)h — k tanh kh] cosh(k + K)h
N (k= K)cosh(k — K)z+ k tanh khsinh(k — K)h
[(k — K) tanh(k — K)h — k tanh kh] cosh(k — K)h

sin(kx — Kx — ot + 30)}

(2-39)
(2-39)
0
(k — K) tanh(k — K)h — k tanh kh = 0 (2-40)
(2-40) K =2k
(1=L/2)

(1991a) (K =2k)

22



Ag coshk(h+ 2)
®  coshkh
N 3 Ao cosh.2k4(h +2)
8 sinh” kh
1 gkAb [ 3cosh3kz+ktanhkhsinh3kh (2-41)
+5 sin(3kx — wt + &,)
2 wcoshkh |[3khtanh 3kh — k tanh kh] cosh 3kh

. 1 A'w’t
sin(kx —wt+¢,)——
( o) 4 sinh? kh

D(x,z,t) =

sin2(kx—ot+¢,)

+e " sin(kx + ot — &) — 1 cosh k(h. *2) sin(kx + ot — &)
2 cosh kh sinh kh

Davies (1989) O’Hare Davies (1993
2k/K =1
2k/K =2
(K,,K,;K, >K)) Belzons
(1991) Guazzelli (1992
k=(K,-K,)/2 k=K, k=K, k=(K,+K,)/2
Miles (1981)
2-5
N=4 S=24
N=4 S=1.8
N =8 N=4
S =24 N=4 S =18
B/S =025 D/h=0.4

2S /LS 2.4
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Davies (1989) O’Hare  Davies (1993) Belzons

(1991)  Guazzelli (1992)
K=27/S S
2k/K, =1 2k/K, =1 L=2S
L=2S, 2k/K, =2  2k/K, =2
k=(K, +K,)/2 L=S L=S L=2SS,/S+S,)
k=(K,-K,)/2 L=25S,/(S -5)
2-2

2S/L=1 2S/L=133 ( L=2S L=2S)
2S/L=2 2S/L=267 2S/L=233 ( L=S L=S

L=25S,/S+S,)) 28,/L=033 (
L=2SS,/(S8-5)) 2-5

1.0

D/h=0.4, BIS; = 0.25

N=8,S,=24mS,=1.8mO000000

0.8 |~

I, N=4,5=18m00000

——— N=4,§=24mooooo

2-5
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2.5

Healy (1953)
Goda Suzuki (1976) Mansard
Funke (1980)

[saacson (1991)
(2000)

(2000)

B

s F?cos@,, —cos(6,, +6?f)i\/[lfzcos0m —cos(6, +0,) —(1-F?)?
B 1-F

(2-42)

B% cos @, —cos(0, —6,) + \/[B2 cos @ —cos(d,, —6,)]* — (1- B*)?

R= ~
1-B*

(2-43)

25



F B 6, 6, 6, (B-11) (B-12) (B-15)
(B-9) (B-10) (2-42) (2-43)
0<R<I1
(2-42) (2-43) B=F =1
(B-11) (B-12)
cos(d.,+6,)=cos(6,) =cos(0,,—6,) (2-44)
(2-44) (B-19) (B-10)
M+, =D (2-45)
k2
1/4 (Ax, =A%, #nz/4)
0.1~04
2-6 (B-2) 7|
L=1 R=0.4
(0.5
0.4 2-6

2-7
(Ax, + 4%, )

26



M|

1.8
1.6
1.4
1.2
1.0
0.8
0.6
04
0.2

i
i

77 v‘\\

Y
'\\:‘\»

!

0.0

o

s
I

\

AN
AA
i

05 1.0

x(m)

0.4

WA R
AL ALAVAY: Y
S 5

e 3| PN | RO
SR AARL | \h‘ e
i by \“”

RIS
s
XRORRRR

ORI
X

2-7

27

15

2.0




(shoaling)
(refraction) (diffraction) (reflection) (wave breaking)
(energy dissipation)

1 Laplace Equation LE 2 -
Navier-Stokes Equation NSE 3
Boussinesq Equation BE 4 (Mild-Slope Equation
MSE) Laplace Equation
Navier-Stokes Equation
Boussinesqg
Equation
Mild-Slope Equation
NSE BE
Vo << |V, V,’h

IV, h* )

29



Hsu (2002b) (Evolution
Equation for Mild-Slope Equation = EEMSE)

3.1

Berhoff (1972) Laplace

Laplace equation

, . 0D

v, @+F:O —h'(x,y) < z<n((xy,t) (3-1)
z
D =dD(x,Y,271) X
y z
h'(x,y) n(x,y,t)
31
(Bernoulli equation)
DFSBC
a—QD+£(u2+v2+wz)+gf7+&:C(t) z=n(x,Yy,1) (3-2)
o 2 o,
u v w X 'y z Yo,

P, C(t) Bernoulli equation

30



3-1

KFSBC
oo _on on on :
P +u6x+vay z=n(x,Y,t) (3-3)
Dean Dalrymple (1984) (3-2) (3-3)
o’® oD
= +gg_0 z=0 (3-4)
h'(x, y) h(x, y)
5(%,y) h'(x,y) =h(x,y) - (X, y)
(3-5)
%—f+vhh’-vh@:0 z=-h'(x,y) (3-5)

Kirby (1986)
h(x, Y)

31



(Taylor expansion) (o)

(3-6)
2
Py wv,0+5°%L -0 z=—hxy) (3-6)
0z 0z

D(x,y,z1) = f(z,h)e(x, y,t) + (3-7)
f BBC
f cosh(h+ 2) (3-8)

coshkh

(3-1)

oD
[t o+ ~7)dz=0 (3-9)
(Green first indentity)

0 2 621: _ 5‘_@_ ﬂ z=0 -
j_h(fvhm(pg)dz_ [ f - (Daz]H (3-10)
(3-7) (3-10)

0 2 82f
[ [H(fVp+2V,6-V, )+¢f—]dz
oo et 5 (3-11)

z= 0 2
=—[f5—¢§]zgjh-j7h¢fvh fdz
(3-4) (3-6) (3-11)

82¢ 2 2 2
_E +Vy - (chvh¢) - (a) -k ch)¢ - g(l_ A )vh ' (5vh¢) (3- 12)

=-0(2F, -6V, ¢+ F -V, 54+ Fy)

32



(3-12)
F, = A(1- 2)(kV,h+hV,K) = F,,V, h (3-13)

F, =a,(V, h)2?k+a,V,’h+a,V, k- V h/k+a,V,’kIk? + o (V, k)21 k* (3-14)

o = gk tanhkh a,(i=1.5)
a, = —A(1—22)(1- Aq) — 21— A%)A%kS (3-15)
a, = —oqd—12)/ 2+ (- 22) AKkS (3-16)
_ 92 2 _
a, = (- 1?)(204* —51/2-ql 2) (3-17)
—2(1- 22)(222q— A —q)ks
a, = - 22)1-249)/ 4— 214+ (A- A*)Agks (3-18)
_ 92 2.2 2 _ _
as =ql-17)(41°q° -49°/3-219-1)/4+ A/ 4 (3-19)
+(1- 23)q*(1-24)ks
(3-12) Zhang (1999)
(hybrid model, HM)
Li (1994) f=ect
f= &= (perturbation coefficient)
O(Vh/kh) e<<1
s(x vt =w(x y.D) e’/ lcc, — g1~ 2)s] (3-20)
v (3-20) (3-12)

(3-21)
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2
%gze’i‘”t - Z(Zt—y_/g(i w)e " —yw’e' -V (CC ,Vye ")
+(@® —-K°CC)ye ™ +g(l- ) (VS -Vye' +5Vipe™) (3-21)

~g(2F,-6Vye ™ +F, -Voye' +Fye ') =0

dlot=¢gdlot 0% | 6t% = %97 | ot? £
O(e)
(3-22)

—2wi (8_1//)
CC, - 9(1- )5 | ot

= V2 + Koy + 9 OF, -5V id 3-22
iy Jccgg(lf)a{ ' h\/Cng(112)5] (3-22)

S
+
JCC, - 9@~ A5

v, [g@-2)1-, [ £ }
JCC, - 90~ #)s

o _[9F V. 5+ 0F, +iCC, | v2,/CC, - g(1- 4)5

3-23
¢ CC, - g(1-A*)s } JCC, -9~ )5 (3-23)

K

C

(Alternating Direction Implicit , ADI)

3.2

Sommerfeld (1964)

(1) (2)



Z—f — (-1 ok g+ 2K g £ (3-24)

% = (- "ok, ¢+ 2iK 4, +y (3-25)
a=01-R)/1+R) R k, = kcosé
k, =ksing x Y 0
i (1)

¢g=0 mM=0 a=0 (2
#=0 m=0 O<a<l (3
¢ = (Ag/ w)e™ m=1 a=1
S = Xkcosb, + y,ksing, — at i=J-1 g
A @ 6, =0

3.3

ADI

Xy
(Gauss elimination)

n+1/2 n
¢p,q B ¢p,q ;

A2
n+ 1 n+ n 1 n
= §f¢p,qﬂ2 + E (kcz) p.d ¢p,ql/2 + 55¢p,q + E (kcz) p.d ¢p,q (3'26)

+(1,),,0[(3,N)(5,85q" ") + (8,h)(S,8p.0)]
+(13) 5, (6,9~ )G, ) + (8,91~ A)1(S, 5.0}

(fl) p,q
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¢‘r)1+ql _¢;,+qu2 .
At/2

L (O W b e e (S W (3-27)
+(£5) 0ol (5 N)(8,855") + (6,h)(, ¢”+1)]
+(f5) 5ol [6,90= )58 2) +[6,9(1— 2)1(S, 453 )}

(fl) p.q

(Wpq =~ [cC, - g(zlw— )81, (3-28)
(B —L (3-29)
[CCy — 91~ #)5],4
(1pe = [/cc, - gfl— )51, (3-30)
5247, = Praa = 2a e (3-31)
R A oo~ ZZ;'?;‘ * oo (3-32)
5B =—¢;*1*“A; o (3-33)
Sybpq = foar"boa “”Ay oo (3-34)
n p g Xy
Bta = e [y ) (3-35)
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—iax(k,)
2

1 1
Pora ~Poa =

Poq
0

p.q

Spiag— Spiqy AY
— tan Y (Zerta T Sp-ia
Opa =1 {( -S )Ax}
.l Spg-l

S,q = tan{—I m(qu'q)}

R.(#,4)
Snell’s law
kl’
H = Hkk,
k :( 1 )1/2
° " Y(1+ 2kh/sinh 2kh) tanh kh

k. = (cosé,/cosd,)"?

¢
ADI (3-26)
by (3-37)
k. kK,
Li (1994)

n+l

p.q 1
lont, + o0

37

(3-27)

p.q

[+ 2i(k, ), o (A7) 5 A

(3-35)

(3-36)

(3-37)

(3-38)

(3-39)

(3-40)
(3-41)

(3-36)



Z Z (¢3q - ¢;_ql)2

E=

(3-42)

E<10™*
At Courant number C, =,/gh /(Ax/ At)
Diffusion number D, =(CC,)/(2wAx* | At)

VVon Neumann

Max{C,,D,} <1 (3-43)
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4.1

Kirby (1986) Zhang

Guazzdli (1992)
(1999) Cho Lee (20000 Hsu Wen (2001)
Guazzdlli (1992) 4-1
4-1
A A ( K ) m I hy
Gl |[1.0cm |12 cm(0.52cmY) 2 48cm | 2.5cm, 4cm
G2 0.5 6 (1.05) 1.5 48 25,4
G3 1.0 6 (1.05) 1.5 48 25,4
A A m
] h,
Ax=0.01m h, =4cm At = 0.01sec
D, =022 C,=09

Diffuson numbers Courant numbers

h,=25cm At =0.008sec

Diffusion numbers Courant

39



numbers

D, =025 C, =09
5(x, y) = Asin(mKx)
hy , X<0
h'(x)=<[h,— A sin(Kx)] -6 , O0<x<ni (4-1)
hy . X=nl
h, = 2.5cm Gl G2 G3
€Y
h (cm) zz :
’ 20 10 10 2C>)( (cm?O 40 50 60 70
(b)

2.0
h (cm) 1
3.0 —

10 20 30 40 50 60 70
X (cm)

(©)

h (cm)

Gl G2 G3

10 20 30 40 50 60 70
x (cm)

(h, = 2.5cm)
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v,’h v.h’ 5
(EEMSE) Vv, 2h v.h°
(Kirby, 1986) V. ’h
v,h’ (Suh ,1997 Cho Lee, 2000
Hsu Wen, 2001 ) 4-2 4-7
4-2a 4-2b Gl 4cm
Guazzdlli (1992)
4-3a 4-3b Gl 2.5cm
Guazzelli
(1992) 2k/K =1
2k/K=2
Guazzelli (1992) 4-2a
4-3b
4-4 G2 4cm
Gl
Guazzdlli (1992)
2k/K =05
Guazzdli (1992)
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4-5 G2

Guazzdli

Gl

4-6a 4-6b

Gl

472 47b

Gl

2.5cm

(1992)

(44
(45

G3 4cm
G3
G2

2k/K =15

G3 2.5cm
G3
G2

42



1.0

0.8

° Experiments (Guazzelli et al., 1992)
———— EMSE (Kirby, 1986)

EEM (Cho et al., 2000)

Present model

R
4-2a ( Gl h,=4cm)
10
| ° Experiments (Guazzelli et al., 1992)
———— EMSE(Suhetal., 1997)
08fp EEMSE (Hsu & Wen, 2001)
- Present model
0.6 [~
i
R B II'. \\
04 - ®\ I\
. [ \u
- ' J )
o0 \\
% “'@
0.2 o® /,.'#ﬂ\ - ) '\ L)
— ~%e/a e/ | gt
/8 \) g e/ Ve
ool ¥ % ) WY ¥ ) ¥
0.0 0.5 1.0 15 2.0 2.5
2k/IK
4-2b ( Gl h,=4cm)
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L Experiments (Guazzelli et al., 1992)

———— EMSE (Kirby, 1986)

EEM (Cho et al., 2000)

Present model

10
0.8 |- 72N g

0.6

— \
; \ ;
04 — oo . e
i A APEA
TN 109 87\
0.2 e YRS W
- \"{ (\ )/ WP u
O 0 YN |\l| 1 I i \II ’ I 1

0.0

4-3a (

Gl h,=25cm)

b Experiments (Guazzelli et al., 1992)

———— EMSE(Suhetal., 1997)

EEMSE (Hsu & Wen, 2001)

Present model

1.0

4-3b (

Gl h,=25cm)



0.6

04

10

0.8

° Experiments (Guazzelli et al., 1992)
———— EMSE(Suhetal., 1997)
---------- EEMSE (Hsu & Wen, 2001)

Present model

° Experiments (Guazzelli et al., 1992)
———— EMSE (uhetal., 1997)
---------- EEMSE (Hsu & Wen, 2001)

——  Present model
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1.0

Py Experiments (Guazzelli et al., 1992
———— EMSE (Kirby, 1986)
o8P EEM (Cho et al., 2000)

Present model

1.0
N ° Experiments (Guazzelli et al., 1992)
———— EMSE(Suhetal., 1997)
o8- EEMSE (Hsu & Wen, 2001)
- Present model
0.6
R
4-6b ( G3 hy = 4cm)
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Experiments (Guazzelli et al., 1992

EMSE (Kirby, 1986)

EEM (Cho et al., 2000)

. |
— p .
S
-~
R SN
............. >
|||||||||||||||||| |||I
.8 °* °
TR . DR e
/,,',.., P -
e
-
- =

R R Sy
bl r——

ReCa
-
||\\J

..... =
. P —
o

- =
T —

- =_

Sl tosoim

; —_ ®

2.5
G3 h,=25cm)

15
(

2kIK

1.0

0.5

0.0

4-7a

Experiments (Guazzelli et al., 1992)

EMSE (Suh et al., 1997)

EEMSE (Hsu & Wen, 2001)

Present model

—-z

>l
-
==
Pllhl
e
— o
ol — A
b N
o -l.l.-nlfld.l
-~
—_—— -
- =
R —
. —

Py

|
0.5

]
0.0

2.5

1.5

2k/IK

G3 h,=25cm)

(

4-7b
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4.2

4.2.1
100 x 15 x 2 4-1
35
DHI
35
11
1 5
5
10 9
4-2
1
9
5=2.4 5,=1.8
0.6 s
(s=5) 0.6
0.12 0.24

48



4-2
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OT

OT

OT

C
H

OT

oI
oI
OT

OT
OT

543 2

109 876

. § § H EH BN BN Em

77

100 m
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4.2.2

() 49 410

3%

6
T (sec)
4-9 (H =5cm, T = 1.03sec)

0 1 2 3 4 5 6 7 8
T (sec)

4-10 (H =5cm, T = 4.03sec)

51






4.2.3

(amplifier)
(analogue)
(A/D card) (digital)
486
4-3
90
A A
A, (2-42) (2-43)
4.2.4
EEMSE (Hsu Wen, 2001) Miles (1981)
4-11 4-14
N=8 4 h=0.6 D=0.12 0.24
S =24 S, =18 S/S
B=0.6 T 1.03~4.03 H, 0.05
4-2
4-2
Case | N, N, N |Si(m) [S,(m) [D(m) [B(m) |h(m)
1 4 4 8 24 | 18 {024 | 06 | 0.6
2 4 4 8 24 | 18 012 | 06 | 06
3 2 2 4 24 | 1.8 {024 | 06 | 06
4 4 4 8 24 | 30 {024 | 06 | 06
5 4 4 8 24 | 24 1024 | 06 | 06

53



4-11~ 4-14

Miles (1981)
Miles(1981)

EEMSE
Hsu Wen 2001 EEMSE
4-11 4-12
4-12 4-13
D 012 0.24
2S, /L
4-12 4-14 N 8 4
(EEMSE)
(1997)

Miles (1981)

2S, /L

EEMSE
2S,/L



1.0

1.0

0.8

° Experiments
———— Miles(1981)

.......... EEMSE (Hsu & Wen, 2001)
- I\\ —— Present model (EEMSE)

4-11
(N=8D/h=04,B/S, =0255,/S, =1.00)

L Experiments
———— Miles(1981)

---------- EEMSE (Hsu & Wen, 2001)
Present model (EEMSE)

4-12
(N=8D/h=04,B/S, =0.258S,/S, =0.75)
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10

| L4 Experiments
_ ———— Miles(1981)
0.8 [~ A EEMSE (Hsu & Wen, 2001)
| Present model
0.6 hgn
o \
| Ng | } /‘
,’ | . ! ":‘ o
| . T H
0.4 — ® ) FNLI
R R HAA
L I ! LN
I o /‘. - N Ne
Dy : PARE \
o ! AT I LA AR
0.2 o " o L ,’ off | O Ji\\ ;@
| b (AN \ ! ‘.-',"'. \
— | { \I .‘ ,-\"/ | \ '." A
N / / \ , ' \ A ~s
0.0 AYAY AYAV] AT I I T I U e
0.0 0.5 1.0 15 2.0 2.5 3.0
2S /L

4-13
(N=8D/h=04,B/S =025S,/S, =125

1.0
[ L4 Experiments
————  Miles(1981)
o8- EEMSE (Hsu & Wen, 2001)
- Present model (EEMSE)
0.6
04
0.2
0.0 — ERRLN L
0.0 0.5 1.0 1.5 2.0 2.5 3.0

4-14
(N=8D/h=02B/S, =025S,/S, =0.75)
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1.0

L4 Experiments

————  Miles(1981)
osp, . EEMSE (Hsu & Wen, 2001)

Present model (EEMSE)

R
0.0 0.5 1.0 15 2.0 2.5 3.0
2S5, /L
4-15
(N=4,D/h=04,B/S, =0.258S,/S, =0.75)
4.3
431
62 x 57 x 1 DHI
35
11 1
5
5 10 6
4-5
4 4-6

57



4-6
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4.3.2

(A/D card)
486

(2-42)  (2-42)

4.3.3

4 (B)
(s) 70
0.7~15

120 480

D/h=1/2 B/S=05

EEMSE

(amplifier)
(analogue)
(digital)
90
A A A
(N)
35 (D) 225
45 (M
(H.)
4-16 (G)
4-17
G/S=w
EEMSE
2S/L=0.78
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0.75 EEMSE

2S/L=17
EEMSE
G/S=17 D/h=1/2
B/S=05 2S/L 4-18
2S/L=0.75 EEMSE
EEMSE
4-18

G/S=34 51 6.8
D/h=1/2 B/S=05
4-19 4-21 EEMSE
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16.5m

Slope=1/30

4-16

1.0

B ) Experiments

0.8 Present model (EEMSE)

0.6

04

02

0.0
0.0

4-17
(D/h=1/2 B/S=05 G/S:oo)
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1.0
— ® Experiments
0.8 Present model (EEMSE)
0.6 -
R —
04
0.2 -
0.0
0.0 0.5 1.0 15 2.0
29 L
4-18
(D/h=1/2 BIS=05 G/S=17)
10
— ® Experiments
0.8 Present model (EEMSE)
0.6 -
R —
04 -
0.2 -
0.0
0.0 0.5 1.0 15 2.0
29 L
4-19

(D/h=1/2 B/S=05 G/S=34)
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1.0

— ® Experiments

0.8 Present model (EEMSE)

0.6

04

02

0.0
0.0 0.5 1.0 1.5 2.0

29 L

4-20
(D/h=1/2 B/S=05 G/S=51)

1.0

— ® Experiments

0.8 Present model (EEMSE)

0.6

04

02

0.0
0.0

4-21
(D/h=1/2 B/S=05 G/S=6.8)
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tan g h 0

F=f(D hBSN,T, tan3,0,0)
R

R=f,(D/h,B/S N,2S/L,S /S, tan3,6,)

(EEM SE)
1.
tan B L N D
2S/L
2.
N S
3.
N D S

65

S/

(5-1)

(5-2)

2S/L



D tan A 2S/L

1 2 @ )
3 4
1
51
S, /S B/S, D/h
0 25 /L
h=0.6 012 018 024
D/h=02 033 04 N 4 6 8
S 24 12 S,
S,/S =075 10 125 S, =09 30 B
51
Incident wave
BVZEN A
h
S S
vl 1 1 [ 5 IO s A o I D
5!

66



N | D(m) | S (m) S,(m) B(m) | h(m)
0.12 18 24 30
018 | 24
8 1.8 | 1.35 2.25
024 | 12 06 | 06| TG0 |Hm
09 12 15
2 024 | 24 |1.8 24 30 1.03~4.03| 0.04
5.1. 1
5-2 N=8 D/h=04
B/S, =0.25 S =24 S=S,
S, =18 2.4 3
S/S =075 10 125
S/1§=1
(S,/S =075 1.25)
25 /L=1 S, /S =075

1.25

B/S, =05

B/S,

2S5, /L=2 26 2S/L=16

68
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1.0

N —— S/5=075
l\
;) —-——-— §/5=100
- oy L
0.8 ,’ I S /S =125
P
Pk
oo b
I\

5-2 R 2S/L
(N=8 D/h=04 B/S=0.25)

1.0

i —— s5/5=075
———— S$/8=100
.......... S/S =125

0.8 |~

0.6

04

0.2 -

(N=8

1.0 1.5

20 25

2S /L

D/h=04

69

R 2S/L
B/S =05)




5.1.2

Kirby Anton (1990)

5-4 5-5
N=8 D/h=0.4 S/S=075 125
B/S =025 05
B/S,
Kirby  Anton (1990)
B/S,
(1997)
(2002)
1.0
[ B/S, = 0.25
0.8 - —-——— B/S=033
---------- B/S, = 0.50
0.6 [~
R —
04
0.2
_/',' ] i by
0.0 0.5 1.0 1.5 2.0 2.5 3.0
2S,/L
o-4 R 2S/L

(N=8 D/h=04 S,/S=075)
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1.0

- B/S, = 0.25

———— BIS=033
.......... B/S, = 0.50

0.8 I~

R
O B LT D AKX L.\ 4
0.0 0.5 1.0 15 2.0 2.5 3.0
2S /L
5-5 R 2S/L
(N=8 D/h=04 S,/S=125)
513
(1997b)  Guazzdlli (1992) Suh (1997) Zhang
(1999)
(1997)
(1997) Hsu (2002a)
5-6 N=4 6 8
B/S, =025 D/h=04
S, /S =075
2S/L=1 2
2S/L=033 267
Guazzelli (1992) Belzons

(1991)
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5-7 B/S, =05

(S/8)

1.0

5-6 R 25/L
(D/h=04 BI/S =025 S,/S=075)
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1.0

0.8 I~

0.6

04

0.2 -

0.0 L

-

0.0

o-7

05 10 15 20 25 30
2S, /L

R 2S/L

(D/h=04 B/S =05 S,/S=075)

5.1.4

Guazzdlli

B/S =025
R 2S/L

2S,/L

(1992)  Zhang (1999)

5-8 N=8 S,/S =075
D/h=04 03 02

25, /L
Mattioli (1991)

73



Guazzelli (1992)

(Evanescent modes)

Hsu (2002b)
5.9 B/S =05
R 2S/L
2S /L
2S /L
2S5 /L

1.0
i D/h=0.4
o ———— D/h=03
o D/h=0.2

- R 25/L
8 BI/S=025 S,/5=075)

—~
i
I
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1.0

| D/h=0.4
———— D/h=0.3
0.8 -
---------- D/h=0.2
06
R L
0.0 0.5 1.0 1.5 2.0 25 3.0
2S /L
5-9 R 2S/L
(N=8 B/§=05 §S,/S=075)
515
Darymple Kirby (1986) EMSE Cho
(2000) (Eigenfunction Expansion Method)
(1997) BEM
5-10 511
N=8 D/h=04 S, /S =075
B/S, =025 0.5
=0 30 45 R 2S/L

25, /L Dalrymple Kirby (1986)
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0

25 cosf/L =1 5-10 =0
2S /L =112 6 =30
2S5 /L=127 0=45
2S5 /L =153 (1997)

0 2(2B+('cosh)/ L =1

'=5-B 0 =30

2S5 /L=121 0 =45

25/L=134 =30 45

2S/L=125 149

5-10 R 2S/L

(N=8 D/h=04 B/S=025 S,/S=075)
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1.0

- 0=0
0.8 |- T ¥
---------- 0=45

0.6 |-

.0 3 rN SN ‘\“ AR o g I
0.0 0.5 1.0 15 2.0 2.5 3.0
2S,/L
5-11 R 25/L
(N=8 D/h=04 B/S=05 S,/S=075)

52
G/S
tan B D/h 2S/L
h=45 D=225 15 1125
N=4 B=35 S=70
105 70 tanf=0 1/20 5-12

5-2
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\/

IK]

i 'y
h "
: D
| : B
‘ tan =1/ 20
5-12
5-2
(N)| (s) |(B)| (D) | (G
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