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1-5 ¢

ag cosh k(||+ Z) . 1 a’w’t
Zt) =" 7 kx— ot —
¢(X z ) Sln( @ +€O)

4 sinh? kh
+§a2a) cosh 2k(h+ 2) 1 gkab
8 sinh* kh

Sn2(kx—ot+¢,) +—
{ (k + K)cosh(k + K)z+ k tanh khsinh(k + K)h (1-1)

X
2 wcoshkh
sin(kx+ Kx— ot + &)
[(k + K) tanh(k + K)h — k tanh kh] cosh(k + K)h

. _(k=K)cosh(k—K)z+ktanhkhsinh(k — K)h
[(k - K)tanh(k — K)h — k tanh kh] cosh(k — K)h

sin(kx— Kx— ot + 50)}

g 0] h L
k=27z/L K=2xl/ g,
t=0 (1-1) 0
(k — K)tanh(k — K)h -k tanhkh = 0 (1-2)
(1-2) K =2k
(1=L/2)
(19914) K =2k
_ ag coshk(h+2) _ _ 1 a’e™
A Rk G AR pereyys
+§a2a)%§h+z)sin 2(kx— @t + &)
8 sinh” kh
1 gkab { 3cosh3kz+ktanhkhsinh3kh (1-3)
+= sSin(3kx—wt + &)
2 @ cosh kh | [3khtanh 3kh — k tanh kh] cosh 3kh

e ) ginlocs oot — ) — LSOk +2) wts‘n(kxmt—so)}

2 cosh kh sinhkh
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2.1 Miles

Miles (1981)
Mile
(1981)
2-1 h 5(x)
@) = Re{acoshk(z + h)expli(kxcosé + kysing — at) ]} (2-1)
ktanhkh=0?/g =K (2-2)
ol Re a
i=-1 X z
z=-h @ g kcosd ksiné
k x vy 0
Laplace Wehausen Laitone (1960)
Laplace
V=0 , -h+5<z<0 (2-3)

KFSBC DFSBC

O =Ko , z=0 (2-4)
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2-1

(BBC)
O =0'D, , z=-h+9 (2-5)
d=D0(X,y,zt) o o' =do/dx
X
r ikxcosd
D ~ Re{are , }e‘“‘ys‘””“ coshk(z+ h)} , X=o0
elkxcos& + Re—lkx0030
(2-6)
R T
(2-3) (2-6)
® =D + Re{dD(x, 2) & e | (2-7)
D(X,2) d =0(e)
e=max(5/h,s") (2-3) (2-6)
(2-5) z=-h O(¢)
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®, +®,—(ksingd)’®=0, ~h<z<0

XX

~

O, =KD , z=0

@, = (ikcosd &' —k*s)ae™ ™" =q(x) , z=-h

r (ikxcosd)
oD ~ a{(; (1)kxe ., }coshk(ZJr h)y , X—>+wx
e—l Cos:
(finite cosine transform) (2-8)
(2-9) (2-11)

®,(x) = [ ®(x,2)cosk(z+h) dz

(2-12)
d(x,y)=2> (h—K™sin’xh)"®_(x)cosk (z+h)

xK=ik
xtanxh=—K

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

d " (X) - (k* + ks @)D _(x) = q(X)
(2-15) (variation of parameters)

®,09=-2 5 &7 de
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(2-9)

(2-10)

(2-11)

(2-12)

(2-13)

(2-14)

(2-15)

(2-16)



B=(x"+K>sin’0)"’ (2-17)

(2-16) (2-15)

d=—> B (h—K*sin*xh) *cosx(z+ h)J':: e qee) de
(2-18)
(2-18) X = to0

® ~ (ikcosd) *(h+ K *sinh?kh)* coshk(z + h) ==
x j_ze(iikcoseg) q(g) d§

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

(2-19)

R= 1

—____[(kcosH)? — (ksing)?]
ikcosd(h+ smré kh) (2-20)

x [ =5 (x) dx

To1o 1 [(kcoso)® + (ksind)?]

2
ikcosg(h+ SM_KNy (2-20)

x j ~8(x) dx

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

(V,CC, =0)

R=—2ika j " S(e™dx (2-22)
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Kk

o= : (2-23)
2kh + sinh 2kh
(2-20) (2-22)
2.2
2-2
X X
B, h h h
I 1V
h Mei (1983)
d’z _dhdnp
h—"+g——1 =0 2-24
J dx2+gdxdx+a”7 ( )
n w=2rlT T g
h
exp(—i wt) i=v/-1 2-2
(2-24) (2-24)
=A™ + Be™" (2-25)
k =w/\[gh,i=135 A B
(2-25)

X =h=h - xtan 8 (2-24)
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A \/ E E \\/
h i i

Y i‘ LZ ;i‘

2-2
(2-24)

d’n  dgy
X +—+pn=0

axz ax P7

a)Z
P~ gtan®
tan 8 (2-26)
Bessdl I v

1= 13,207 )+ BY,(247%)

J, Bessdl
(second kind) A B

Y.

0

24

(first kind)

(2-26)

(2-27)

(2-28)



CA et Qenil F
() X0 2 ) o
o e e 2] o
] R
o wowsr-(2)

[

H':El 1j1{ 'K] (2-34)
i ik —ik 21 i
K,



(2-35)

SZ[JO(ZM) Y(m)}[jﬁ% :Ei gﬂ

V\/az(_l 1}( e‘ki;z _eikzi;zjl: cosk,B, —%sinsz2 (2-36)
ke Hlio \ike™ ke k,sink,B,  cosk,B,

3(20nh) Yo(2ynh)| 3 (2ynh) v(2dnh))
S, = (2-37)
Jp(2ynh ) Yo(2ngh ) || 35 (24 ) Yo(2ynh)
1
H, ZEikJ (2-38)
H, H, (rediation transfer)
W, (width transfer)
S S
(slope transfer)
n, =N, hl = ha (2-35)
(2'37) 8428;1
(radiation transfer) (slope transfer) (width
transfer) (2-33) (shape transfer)
(2-33) 2x1
f-1 (2-39)
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R=-2 (2-40)

oo

Mei (1983)

_|-(A-s) (s, )e" ™ + (148, ) (15, ) €| (2-41)

e 17 s,)(1rs,)e™ (1-s,)(1-s,)e™ |

_| 4s, | _
v =i s, irs,)e™ (-5, Ji-s,) e (2-42)

s, =kh/kh (i,j=1,2 3)

2.3 EEMSE
Berkhoff
(1972) (mild slope equation, MSE)
Laplace (BBC)
Laplace
v+ 92 _g (2-43)
0z
D =D(X,Y,zt) X
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t V,=(010x0/0y)

(DFSBC)  BBC

o=—i9fy (2-44)
(0
1 = acos(kx— ot) f
f_ coshk(z+h) (2-45)
coshkh
0 __[0Poh 0PN g gy h z=-h (2-46)
0z OX OX 0y oy
@ Y p-0,2=0 (2-47)
0z ¢
(2-43) f
[ f(v§®+8?]dz:0 (2-48)
-h 0z
(2-48) (Green'sfirst identity)
0 2 z=0
[l tvior0lt dz:—[fag—cbi} (2-49)
-h 0z 0z oz |, .,
z=0 ®® = gktanhkh

(2-46)
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f (@j _ cp(@j 0 (2-50)
oz )|, 0z )|,

z=—h of 162=0 (2-46) (2-49)

z=0

{ f 82_(1)@} = [—f aﬂ} =[fv,®-V.h],_, (2-51)

0z oz |, , oz |, ,
0°f 162% = k> (2-51) (2-49) (2-49)
0 2 2
[ (tVio+kfo)dz=—[fV,@-V,h],_, (2-52)
(2-45) (2-44) D n

igl ., .of of . o°f ,
Vido=—2| fVh+2—V.n-V.h+n—V?h+ V.h
: w{ 1+ 22V Vit =V nahz( .h)

(2-53)
(2-52)

2

fh{ f2v2y 4 2f %Lvhn-vhhwﬁ Ot w.hy +nf %vﬁm kaﬂdz

r]Z

:—[ f2V h-V n+ f %U(th)z}

z=—h

(2-54)

(Leibnitz rule)
V.hil V.7

V, [ t2Vn0z+ [ K2 fdz=0 (2-565)
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g 2
wlk=C d(x,Y,z1t)=0(x,y,t) f(z,h) Berkhoff (1972)
(Elliptic Mild Slope Equation)

v,-(cC,v,4)+k*CCp=0 (2-56)

Booij (1983) o’nlot® =-w’n M SE
(Hyperbolic Mild Slope Equation)

82 2 2
- 6t? +v,-(cc,v,4)+(k’CC, - Jp=0 (2-57)
Suh (1997)
(2-54) V,h
Vh

h

— Z:? + vh . (chvh¢)+ (kZCCg —w*+ FlgVEh + FZQK‘th‘Z% -0 (2-58)

_ — 4khcoshkh + sinh3kh + sinhkh + 8(kh)*sinhkh  khtanhkh

F, : - (2-59)
8cosh® kh(2kh + sinh 2kh) 2cosh? kh
F=— KD a0y 4 16(kh) sinh2kh
6(2kh + sinh 2kh) (2-60)

— 9sinh? 2khcosh 2kh + 12kh(1+ 2sinh* kh)(kh + sinh 2kh)]

Hsu  Wen (2001) Mei (1983)

t=ct & <<l

pX, y,t) =y (X y.t)e ™ (2-61)
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(2-62) y (2-63)
(2-57)
EEMSE

- ZwiZ—l';/:Vh (cc,v,w)+ (kZch +F,Vh+ Fzgk\vhhf),/ =0 (2-64)
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3.1 Miles

21 o(X)
(2-22) Miles (1981) Davies
Heathershaw (1984)
bsin(Kx), O0<x<N/
5(X) = (3-1)
0 ,  otherwise
b N (3-1) (2-22)
20Dk sjn(z—k Nﬂ'j o X
4k* — K? K K
R= (3-2)
abrN , 2—k =1
K
Kirby (1986) Guazzdlli (1992)
bsin(Kx) + bsin(mkx), 0<x< N/
o(X) = (3-3)
0 , Otherwise
m Guazzelli (1992)

(2-22)
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2-2 Miles (1981)

1
R= : :
2(2kh+ sinh 2kh)

|:—2i e (_1+ g?ke: )(hl _ hz)k n hlL_ h, (—1+ e?ke _ 9 ezikL2kL2) (3-4)

2

2ik(L,+B,) _
£ L(hz h) (1-€™ + 2ik(-1+€™)(L, + B,) + €L,

A

SR S
2 2kh + sinh 2kh (3-5)
[hl(LZ + 282)+ hz(Lz + L4)_ h3(2|—2 + 282 + L4)]

(Kirby and Anton, 1990;
Hsu et al., 2002; Hsu et al., 2003)

5(X) (2-22)

D, nS<x<nS+B, n=021L..,N-1
5(X) = (3-6)
0, otherwise



D
X
S

3-1
. 2aDS|anB)S|n(kSN)| (3-7)

sin(kS)
ZEE)(x—nS) , nS< x§n8+2 , n=01..,N-1

5(X) = _ZIE(X_B_nS) , nS+2 <x<nS+B, n=01..N-1 (3-8)

0 : otherwise
. IZocD[l— cos(kB)]sin(kSN))| (3-9)

kBsin(kS)
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DCO{_E(X_S_nSﬂ’ nS<x<nS+B, n=01..,,N-1
o(X)= (3-10)
0 , otherwise
Aka D cos(kB)sin(kSN)
T
, B = 2k
Ty, o |
R= B{(B) — 4k }sm(kS) (3-11)
ke:DBsin(kSN)| T _ o
sin(kS) | ! B
3-2 S, n n+1
N X Z
Miles (1981)

D,Y'S <x<B+3Y'S,S=0n=01..,N-1
n=0 n=0
0, otherwise

\

_ | 2ikB N 2ik::_:51
R =|-aD(e"-1)D e (3-13)

=0

=}
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Z)\
S, & Sv
el 1 4
[ 1 [ I D
<> T X’
2 A B
S, S Sv1
A O
ZA B X
S, S Sv
fe—>le—>| —— 4
£ N £ (N D
e M
B
3-2
N-1 N-1 N-1
2_D X_an) ' SnSXS Sn+El n:Oll"'"N_l
B n=0 n=0 n=0 2

o(xX) =

N-1 N-1 N
—ZD(X—B— Sj, Sn+%s X<>S +B,n=01...,N-1

n=0 n=0 n=0
0 , otherwise
(3-14)
—aD . LM ads
R=|—(€“® -1 e o 3-15
kB ) e ( )

37



DCO{—g(X—S—NZlSnH, Y'S <x<3'S +B, n=0l.,N-1
3(x) =
0 , otherwise
(3-16)
| g(eZikB +1) N-1 2ikNisﬂ
R=|-2ikaDE—; e (3-17)
VA _ > n=0
(Bj ax
3.2
31
T=10 sec 1/19.9
Mei (1983)
Miles (1981)
3-2
(EC,), (EC,),
(EC,). (EC,),
(EC,), /(EC,), = R* +T°
Mei (1983)
RZ+T2=1 Mei (1983)
Miles (1981)
Miles (1981)
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h(m | L(m | h(m | B(m | L(m | h(m)
2.4 3.2 0.8 4.0 2.4 2.4
2.4 3.2 0.8 4.0 2.4 1.6
3-2
A . - . | (ECy)r
R T R2+T? R T RZ+T2 (EC.),
0.4724 1 0.8814 | 1.0000 | 0.3967 | 1.0159 | 1.1894 | 1.0000
Mel (1983) | 0.4113 | 0.9115 | 1.0000 | 0.3449 | 1.0388 | 1.1980 | 1.0000
Miles(1981) | 0.5227 | 1.0092 | 1.2917 | 0.3579 | 1.0062 | 1.1132 | 0.9547
T>1 3-2
Miles(1981)  0.05 Mei
(1983) 0.06
Miles (1981) Me (1983)
0.05 0.04

RZ+T2>1
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EC,
C,=+/gh E=pgH?/8 P
H IRY;
2y POHT pgH;
A-R)="9 =T\/gh3 (3-18)
H ~— H, h h
R H hl 1/2
T=—2=[(1-R) | > 3-19
el =
3-2 R=0.3967 h/h =15
(3-19) T =1.0159 3-2
3-2 Mei (1983)
(EC,), /(EC,), =1 Miles (1981)
Miles (1981)
3.3 EEMSE
Davies Heathershaw (1984) Guazzdlli
(1992) EEMSE

Miles (1981)
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331

Davies
Heathershaw (1984) EEMSE
3-3 3-3
b 14 K
N h
34 3-6
EEMSE
34 3-6 EEMSE
2k/K =1
34 35
N=2 N=4
3-6 N =10
3-4 3-6
EEMSE
34 3-6 Miles (1981)
EEMSE
2k/K =1
3-2
Miles (1981)

Miles (1981)
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3-3 (Davies Heathershaw 1984)
b (cm) ¢ (K) (cm) N h (cm)
D1 5.0 100 (0.0628cm™) 2 15.6
D2 5.0 100 (0.0628cm™) 4 15.6
D3 5.0 100 (0.0628cm™?) 10 313
(a) case D1
0.00
0.05 F
0.10 F
0.15 | /\A/
0.20 F
0.25 L . L . L
8 12 16
(b) case D2
0.00
0.05 |
€ 0.10 [
= os| WM
0.20 F
0.25 L . L . L
8 12 16
(c) case D3
0.00
0.10
0.20
0.30
0.40
0.50
16
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1.0

0.8

1.2

1.0

e Davies and Heathershaw (1984)
—-— Miles (1981)
----- Mild-Slope Equation
—— Present EEMSE Model

(DI

e Davies and Heathershaw (1984)
—-— Miles (1981)
----- Mild-slope equation
—— Present EEMSE Model
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14
i ¢ Davies and Heathershaw (1984)

12 —-— Miles (1981)
- Mild-slope equation

10 - —— Present EEMSE Model

0.8 |~
R L

0.6 I~

04 |~

0.2 P~

0.0 4

0.0
3-6 (D3
3.3.2
Guazzedlli
(1992) EEMSE
Guazzelli (1992) 3-4 3-7
m L
3-8 Gl
EEMSE
2k/K =1
2k/K =2
3-8 Miles (1981)

EEMSE



34 (Guazzdlli 1992)
b (cm) | £ (K)(cm) m L (cm) | h(cm)
Gl 1.0 12 (0.52cm™) 2 48 4
G2 0.5 6 (1.05cm™) 1.5 48 4
G3 1.0 6 (1.05cm™) 15 48 4
(a) case G1
0.00
0.02 |-
0.04 W
0.06 -
0.08 [ ] ] ] A ] ]
0.00 0.25 0.50 0.75 1.00 1.25 1.50
(b) case G2
0.00
0.02 |-
E oo NN
0.06 =
0.08 [ 1 1 1 " 1 1
0.00 0.25 0.50 0.75 1.00 1.25 1.50
(c) case G3
0.00
0.02 |-
0.06 N
0.08 [ ] ] ] . ] ]
0.00 0.25 0.50 0.75 1.00 1.25 1.50
X (m)
3-7
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1.0

- ® Guazzelli et al. (1992)
—-— Miles (1981)
osRr- . _
Mild-Slope Equation
- — Present EEMSE Model

2kIK=1 2k/K=2

EEMSE Miles (1981)
G2 3-9
EEMSE
2k/K =1
2k/K =2 2k/K =1
G2 G1
G1
3-5
G1 EEMSE
Miles (1981) 2k/K =15

EEMSE Miles (1981)
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0.6

® Guazzellietal. (1992)
- —-— Miles (1981)

----- Mild-Slope Equation
— Present EEMSE Model

G3
3-10 G3 G2
Gl EEMSE
3-10 EEMSE
Miles (1981) G2
2k/K =15 EEMSE
EEMSE Miles (1981)
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Guazzelli et al. (1992)

—-— Miles (1981)
----- Mild-Slope Equation

Present EEMSE Model

2k/K

G3)

3-10
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4.1

EEMSE
|sobe (1987)
f

Di

82¢i +V,- [(CCg)ivh¢i]

o (4-1)
+|(kece,), @+ if,) - @ + F.gvh+ F,gkiv, il =0
i 4
fDi = fsi + fdi + fnl3i fsi fdi
fnl3i
(4-1) Radder (1979)
N (4-2)
CCQ i
(4-1)
200 4 —,. 1,
— L=V +(K) @ 4-3
(CCg )i Ot h¢| ( c )i ¢| ( )
K

49



() = k@i, )= V(CC L, [gvin- £, ok] (4-4)
Jice cc, )
(*-3)
4.2
$=Ae"° (2-57)
(2-44)
AN a
V -(CC V. a)
128 By o)k - vsy1-or N 4
a ot a
_31_2825 - 231 8S| 831 +Vh '(aZCCthS)i :_( faZCCgkz)i :_Di (4-6)

o o* o ot ot

D, (@
(D,=Dy) (b) (D =D,)
(©) (D =D,;)
O~0° VS=1 (4-6)
d(ECg)i :_Di :_fdiki(ECg)i (4-7)
dx

EingHi2/8 Hi:281 P
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Shuto (1974)

I;]i = Hi +(Hnon)i
Hi (Hnon)i
(4-7)
D =D, f =1,
1 d
-D, == pg—[(2HH HZ)C.]
sl 8pg dX[( non+ non) g]l
d(EC,),
—2==-D,=-f,k(EC)),
dX S Skl( g)l
Shuto (1974)
Ll [y S for U <30
H, )\ 2n tanhkh
H.h*" = const for 30<U, <50

H,h"2(JU, - 2/3) = const for U, >50

H n =1(1+&) _oHT
oi ' 27 snh2kh ' h*
number
(4-9)
d( )i _%d( )i :—tan,BM tan f

dx  dx dh dh
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(4-8)

(4-9)

(4-10)

Ursall



0 for U <30

f, = %(—;+sl+sz)tanﬂ for 30<U, <50 (4-11)
1, 3Ju -1043

- t f U, >50
\ Kh( 1.5\/U7r—2\/§+81+82) ang for e

_k,h-h*(k*+k?) 2n-1
~ 4r’sinh*kh %= on &

422
Eldeberky Battjes (1995)
Battjes Janssen (1978)
D
S, (@,0)=——"E(®,0) (4-12)
B
E E(v,.6) D
D =—1g Q(QJHZ (4-13)
tot 4 BJ ~<b 27[ max
g, =1 w Qb
H

_ 1_Qb _
Qb—exp{(Hrm/Hmax)z} (4-14)
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_088, 7k

Hoa k 0.88) (+:15)
H
y =05+ O.4tanh(33%“°) (4-16)
H H oo
L, (4-12) (4-9)
d
&(Ecg)i =(S,), :_fdiki(ECg)i (4-17)
S (S0), (4-18)
k (EC,),
McCowan (1894)
% >0.78 (4-19)
H, h
4.2.3

Eldeberky Battjes (1995) Eldeberky
(1996) LTA (lumped triad approximation)
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Snl3(a)i’0i) = Sris(a)ugl) + SJS(Q’Q)

Si:(@,6)

0,
i max{aEszfr (CC,), (32} [Sin()|E*(,12.6) ~ 2 E(0/ 2,0)E(@,6)

S1.(@.0) =25,

ni3

(20,6)

(4-20)

} (4-21)

(4-22)

Ay (tunable proportionality coefficient)
1.0 B (biphase)
T T 0.2
=——+= tanh | — 4-23
ey (2] o2
U, 1116>U, >11  J_,
Madsen Sarensen (1993)
k? h+2C?
(3, == (N2 Cor) (4-24)
k h(gh+ —gh®k?®-=w’h’
o N(@h+ ghtk, - af i)
k{o,/2 kw.
C(o,/2
(4-20) (4-9)
d(EC))
d—g == fnl3iK (Ecg)i = (Snl3)i (4'25)
X
(Si.)
f , =——3 4-26
nl 3i K(ECQ)I ( )



D)

2 3)
S( f ) ( fhigh)
(fiou) M
fhi h ﬁ
Af, = {( . j 1} f (4-27)
f,= fo, (4-28)
fM = fhigh (4_29)
fia= [ff_MJ’\H fi (4-30)
H =4/S(f)Af T =11 (4-31)
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20
(4-31)
S(f)=H?/16Af (4-32)
Longuet-Higgins (1952) H,.

_F

H, . =4.004/m (4-33)
T - /ﬁ (4-34)

m,

m, Kk

m, = [S(f)fdf (4-35)

Bretschneider (1968) Goda Naga (1968)
T,,=T/09 (4-36)

(4-33) (4-36)
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5.1

511 EEMSE
Goda Suzuki (1976) Mansard Funke (1980)
Chang (2002) Goda  Suzuki (1976)

(Fourier series)
Chang (2002)

Chang (2002)

-1

n(xt)=a, cos([ kdx+ at + &) + a, cos([ kdx— et + &,)
= a{[cos([ kx+ &) + Reos([ kdx + &, )] cosat (5-1)
+[sin(] kdx + &) — Rsin([ kdx + &, )]sin et}

. R=a./a g,

7 = a [1+ R? + 2Rcos(2[ kdx+ &, +,)]" 5.2)
= a,k[1+ R® + 2Rcos(2[ kdx+ ¢, +¢&,)]"?

a, 3
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o1 X,
[ k= [ [ k= X+ [ (e + )
0 o Xm om Xm m dx
A 2
=X, + Kk, AX; +% al
dX|x=x, 2
K X dk / dx
(Dispersion Relation)
dk _dkdh _ k*tan g

dx dhdx (kh+1/2sinh2kh)

tan g tanf =0
(5-4) Xb Xm Xf

7|, = ake[1+ R? + 2Reos(e, —a,)[”
| =ak,[1+R®+2Rcosa, |'?

\n\f =ak, [1+ R® + 2Rcos(a, + )]m
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(5-3)

(5-4)

(5-2)

(5-5)

(5-6)

(5-7)



al:ZXm+8+8r

a, =2K _AX, +
a, =2K AX, —
(55

2k2AX: tan S

2k h, +sinh2k h

2k:2AXE tan B

2k h, +sinh2k h

(5-7)

B— (‘Zb‘j a0[1+ R* + 2Rcos(a, — « )]

sb

N

sm

M = (\Um‘j = aZ[1+ R? + 2Rcosq, |

K

sf

(5-11)

(5-13)

_ {M] - a§[1+ R? + 2Rcos(a, + a, )]

a,

—(F —M)cosa,

tan{F —B+(B-M)cose,
a =

(B—M)sing, +(F —M)sing,

B -

F

- 2a’[cos(a, —

(5-5

Goda
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ab) - COS(O(l +a, )]

(5-7)
a,=a R

Suzuki (1976)

(5-8)

(5-9)

(5-10)

(5-11)

(5-12)

(5-13)

(5-14)

(5-15)



E =26

E - Y8

(5-16)

(5-17)

(5-18)

EEMSE Chang (2002)
(5-16)
(5-18)
512 Miles
Miles (1981)
Miles (1981)
Goda  Suzuki (1976)
Miles (1981)
> S(f,)df -R?
R= > S(f,)df (5-19)
f S(f))
R Miles (1981)

(5-19)
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SR (5-19)
Goda  Suzuki (1976)

52
TMA
JONSWAP
TMA JONSWAP
(1987) JONSWAP
Goda (1999) JONSWAP

S(f) =0, HZ,T, £ expl-1.25(T, ) “J oot e

1" "1/3

o 0.06238
'~ 0.230+ 0.0336y — 0.185(1.9)"

_[1.094 - 0.01915Iny]

T

1/3

T =
p 1_ 0132(7 + 0.2)—0.559

y=33 (peak enhancement factor) T,
fp T1/3 f < fp o, =0.07
o, =0.09
JONSWAP

5-2
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Bouws

(5-20)

(5-21)

(5-22)

f>f

p



5.3

T

1/3

energy density (cm?/Hz)
= N w » o
o o o o o
| | | |

o
o
|

0.0

=1.67/921
JONSWAP

1.0
frequency (Hz)

H,.=0.01 m

1/3

62

15

50

4.3

2.0

(5-20)



T Tl/3
(sec) (sec) (m)
20 1.49718 1.66353 | 0.93% | 0.01054 | 5.40%
30 1.52086 1.68984 | 0.63% | 0.01017 | 1.70%
40 1.51975 168861 | 0.56% | 0.01017 | 1.70%
50 1.51970 168856 | 0.56% | 0.01010 | 1.00%
60 1.51999 1.68888 | 0.58% | 0.01007 | 0.70%
70 1.52035 1.68928 | 0.60% | 0.01005 | 0.50%
80 1.52047 1.68941 | 0.61% | 0.01003 | 0.30%
90 1.52070 1.68967 | 0.62% | 0.01001 | 0.10%
100 1.52076 1.68973 | 0.63% | 0.01000 | 0.00%
53.1
Davies Heathershaw (1984)
3-3
(L) (£)

(2¢/L)

Davies Heathershaw (1984) EEMSE
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5-3
T

1/3

Suh et a. (1997) Lee et a. (2003)
Davies Heathershaw (1984)

Miles (1981)

5-3 55
2011, =1
3-4 3-6 5-3

1/ 3

1/3

2011, =1



0.8
- —— Miles (1981)
----- Mild-Slope Equation
06 = — Present EEMSE Model
R04 -
0.2
0.0
0.0 3.0
5-3 (
1.0
B —— Miles (1981)
o8 p|m Mild-Slope Equation
. — Present EEMSE Model
0.6
R -
0.4 —
0.2 —
0.0
0.0 3.0
5-4 (

65

D1)

D2)



0.8
_ —— Miles (1981)
----- Mild-Slope Equation
0.6 — — Present EEMSE Model
R0.4 |—
0.2
0.0 L—1 '
0.0 3.0
55 (D9
5-3 55 EEMSE
Miles (1981) 20/L,,=1 EEMSE
Miles (1981)
5-3 55

2011

1/3
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2011

1/3

532

Kirby Anton (1990)

Kirby
Anton (1990) 5-2
5-6
EEMSE Miles (1981)
5-7 5-8
2S/L,, 2S/L,,=2
Kirby Anton (1990)
Kirby Anton (1990)
Kirby
Anton (1990) Kirby

Anton (1990)
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5-2 (Kirby Anton, 1990)
D (m) B (m) S(m) N h, (cm)| D/h,
K1 0.05 0.5 0.8 4 0.15 0.33
K2 0.05 0.5 1.2 4 0.15 0.33
(a) case K1
0.00
0.05
0.10
0.20 ] ] ] ]
2 4 6 8 10
(b) case K2
0.00
0.05
g 0.10 /\ /\ /\ /\
0.15
0.20 ] ] ] ]
2 4 6 8 10

5-6
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0.8

» —— Miles (1981)
----- Mild-Slope Equation
0.6 — — Present EEMSE Model
R0.4 —
0.2 —
0
0 3
5-7
0.8
| —-— Miles (1981)
----- Mild-Slope Equation
0.6 — — Present EEMSE Model
R0.4 [—
0.2 —
0 | N |
0 0.5 15 2 2.5 3
2S/L13
5-8
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Miles (1981)
Kirby Anton (1990)
2S/L=1 2S/L=2 (shift)
5-6 5-7 EEMSE

Miles (1981)
2S/L=1

Kirby Anton (1990) Davies Heathershaw (1984)

5-3 5-6 S-7
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Miles (1981)

Miles (1981)

Miles (1981)

EEMSE

EEMSE

Goda Suzuki (1976)
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(1981)

EEMSE
Miles (1981)

EEMSE

EEMSE
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Miles (1981)

EEMSE
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Miles (1981)
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