31

31

(Equation of Maotion)
1 (Continuity Equation)

(Momentum Equation)

hydrostatic

(Shear  stress)



3

Navier - Strokes
2 (Sawaragi (1995) )

( Continuity Equation )

ait & N h+n)]+|: K ['t'7)]+0 (3-1)
( Momentum Equation ) 2 X
S 1 Jss s o (3-2)
ph+ )k
Il \ V
BV tt§v 15V 1 Jus,, 8 _
ut *ox Vo oh+ )56 + 5 % (3-3)
) 32

I Local (Local acceleration)
Il Convective (Convective acceleration)
I = Gradient (Pressure gradient force)

IV = Radiation stress
vV o= (Bottom frictional force)
VI = Effective (Effective shear stress)

ApfF I 2+v)2

lpfr ¢ 2.V)2
F2 Auvg+’1k'|"|'§+\'/'j)

tH
T sinh f<{h + )

ef5* &V) & 2
R H5245)) =k 5x;+K,y%
ef b7 5=v 5N
R, = HOX2+0y-0 = Ky 5x + Ky 5y2



4 =

(Sawaragi  (1995) ) 510 55 1Aer)
4 = exp 597 + 23
(Sawaragi (1995) ) I 2 Vz"s D 50)T
Er O
s XX = t 2'_ - C l V

Syy = +"z{/2%' )
— chsjno wsQ

= = h+Zb(Water surface elevation)
= (Bed etevation)

= (Tatal water depth)

- 1 (Water density)

y
sy, sy sy, - Radiation stresses
E (wave energy density)
Cg = group celerity
c = wave celerity
0 = wave direction

, TWK Twy !
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3.2
(wind generated
wave) (free water surface) gravity
wave (wind wave) 2
1 Sea
(generating area)
2. Swell
(wave crest) (wave trough)
, 1 (iregularity of wave shape)
(propagation)
(reinforce) (cancel)
(deep water)
(beach)
(wave breaking) (sea bottom)

nonlinearlity
(random process)

32
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Ordin d Propagplion

32

(
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42

(2532) )
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P oro s
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33

Water depth 20m
Wave height 8m
Wave period Msec

f small amplitude wave
(Airy waves)
‘N " I 1 Phase
160 180 angleC)

Siokes wave '
(3rd order approximation)

Wave profile of trochoidal waves.

Comparison of wave profiles .

(after Hydraulic Formulae, Jsce, 1971).

Definition sketch for a solitary wave.

Small «aptitude waves
(one theory)

water *1 depth water K water

Finite amplitude waves
(at least 3 theories)

Slokian theory Cnoidal Solitary WL

theory

(

43
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(hydrodynamic  equation) ' (incompressible
fluid) linearity 2
1. Small Amplitude Wave Theory Airy Theory
Linear Wave Theory ! Airy
(1980) Airy  Theory Linear Wave Theory
Harmonic Function sine cosine function

(deep water)
2. Finite  Amplitude Wave Theory Nonlinear
Wave Theory

3-3
1 Gestner (1802) Trochoidal  Theory
Wave Profile trochoidal
' 1 (water particle motion)
Stokes  (1880) Stokian ~ Wave  Theory
Trochoidal Theory order of approximation
2 nd order, 3 rd order 4 th order theories (lst order theory small
amplitude wave theory)
Korteweg De Vries (1895) (Cnoidal
Theory) Jacobian elliptical cosine function (Cu-function) Wiegel (1960)
Masch and Wiegel (1961)
(Shallow water)
Russel (1838, 1845) (Solitary Wave Theory)
Boussinesq (1972) , Rayleigh (1976) McCowan
(1891) , Keulegan and Peterson (1940) , Keulegan (1948) Iwasa (1955)

(shallow water)
Cnoidal Theory '
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3.3

(intermediate depth , 0.04 < h/L < 0.5)

gr 271h

Ac— - tanh (3-15)
A271) L
L 2TCh
¢t = Y am (3-16)
211 L
A T 271h
Al - % am (3-17)
A £71 L
T = ()
h = ()
g = ( 2)
(deep water ,h /L > 05 )
T "
! L, L (3-18)
271 2
(‘shallow water , h/L < 0.04)
¢ = 4gh (3-19)
(Wave Energy)
E P&R?2 (3-20)
8



34

(Offshore)

(Onshore)

34.1 (Wave Refraction)

(wave crest)
(underwater  contour) ‘

Sawaragi  (1995)
(Energy Conservation)

1) Wave number Conservation
, a2 : gktanh kh

(= (the angular frequency = 2T/ T)
k = the wave number (=21z/L)

L = (wave length)

h = the still water depth

g

= UK + J gktanhk(h + 7j)

C 2'7f1 kcosO +V"s ktanh k (h + T

46

(3-20)

(3:22)
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] = (the mean water Level)
c = (the wave celerity)
V= X Y
(3-21) (3-22) wave number (k) Newton
Raphson
2) |rrotational wave
Vixk=o
k Wave Number = ikx+ jky
kx ky  Wave Number X y
y (34
d ksin(? 0 keoso
A, Oy (329
(3-23) finite difference
scheme central - difference X forward - difference y
(Snell’s  law)
finite difference (3-23) Sawaragi (1995)
(3-24)
0 jJ (given at offshore end) boundary

condition  off shore
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(Sawaragi (1995) )

48



3

)

(Conservation of Energy)

= X o o

I O

A

1
~( + CgcosG) % e

Sxx =
Sxy =
Syy =

Cg =

%u

{@mﬂw@lw\& o @ey:-
al

(2n -
Syx

(2n -

ecg) =0

C

g

(Wave Deformation)

pg 2

2 k
2

C
—_ 1+
2 C sinh kh 4

Group Velocity

Wave Number

(3-25)

(3-26)

X

h

(- +CgcosG) +

v du dv
+~p)+S y y 1De_

(3-28)

i) 31)"@%

1)
= (n/2)sm20
12) sin 0 + (

il

c.n

I12jsin 0

- 1/2) cos'0

V + CgsinG) +0
Oy( gsinG)

49

(3-25)
(3-26)

(3-27)

= 0 (3-28)

(3-29)
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SXX, Sxy ,Syy = Radiation Stress

XX Xy
Tensor = E
yXo oy
(3-30) difference
2" H|+]’\JI 5\2 . ! «11*1-HH-!
( +CgcosO) i + (\7‘ +Cgsm&)jj 1A Ax
1*, - 1- - 1 .- .1 AR
] 1 1 I_ -l ~ + ) ] ] + "
I ing smCZJh N (Cq cos i 2y cos C7bl Ax
| Qi+ 1-Cgij-|
sin 0 1J 2Ay
(3-31)
(9)

(3-24)
(3:31)



34.2 (Wave Breaking)

(wave steepness, HIL)
(wave crest)

(turbulence)
(suspension)
4
Spilling , Plunging , Collapsing Surging 35
( Galvin (1972)) 3-6 (  Sawaragi (1995))
Iverse (1952) Patrie Wiegel (1955)
(HdLg
= 0142
(breaking index, Hb/hb) 0.78
lwata Sawaragi (1982) , irregular
wave 31
31 Iregular Wave (lwata & Sawaragi (1982))
Beach Breaker Type HA Standard Nunber of
Slope deviation Wave
1120 Spilling  breaker 0.671 0.094 35
Plunging breaker 0.914 0.129 52
1/40 Spilling  breaker 0.584 0.112 83

1/60 Spilling  breaker 0.538 0.080 57



Kuo Horikawa (1966)
120 1/80 0.63

32
Goda (1970) ( Horikawa (1978))

37 38
(mildly
sloping  bottom) Kakutani (1971) ( Horikawa (1988)) K-dv
transformating Cnoidal (First - order cnoidal
wave) Shuto (1974) ( Horikawa (1988))
Kakutani
Ho ~ A\i 21 tanhlkh hz 30 L
— const. 0a  p-- %0 (3-32)
nsn (1 2V~3~) = const.

(3-32) 3-8



3-2

MoConen

Mich

Le M haute

Gock:
Mrk

Iverson, Galvin
la Coch

0

P

n= oo

—
QD
=

A

1

A

0

b

«

( (2532) )

. .7

0.142tanh 21l (shallow water
%D periodic wave)

076 (e UT(H 1 )14

A(I-exp[-l.SIy% (1+15tan  4/3)1
1133 (HVLQ 13

128

l/(b-(aHbigT2))

43.75(1-e 1)
1.56/(1+¢"19-5n)

M012 018 017



Spilling

Spilling

Collapsing

3-5

unai
S\/.‘L_p unging

Plunging

(Galvin (1972))

54



0.07 . .
0 ; Patrie and Wiegcl Livers't

(2); Galvin
= % () Batties / |
z /
2 0.05 /
= lining Lreaker s
S o rl
g o7’ '
s 0.03 /
8 !
2 (@ N
S y Pluaging breaker
001 /
n -y© ] *
0.02 0.04 0.06 0.08 0.10 0.12
Beach slope
3-6 (Sawaragi (1995) )

Corrected deepwater wave steepness H“J

3-7 (Horikawa (1988))



H/IL

38

(Horikawa (1988))

56
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34.3
(wave deformation after breaking)

Kuo
Horkawa (1966) 3-10
) Ht
. 112 1-1/2
" 001038 | 41 +0.772C, 1+ O (3-33)
Ilia rl:l = derivative '
oH 3
o= 143,99 +727 +7.65 +8.60 +2.08
Ho1.108 +12 - 0463 f
h=1-1 - 499

Sawaragi lwata (1974) ( Sawaragi (1995) )

2 turbulence nonlinear
shallow water

du du oo fO2 12l T
~ dx+8dt in v h hJ~°
| +‘]'{’(*+n)}:0

(3-34)



profile
h (still water depth)
g
X
f
(diox) (mah+n) 2( 1 h)2} turbulence
m turbulence  intensity 310
(3-34)
M iV 310

(shallow water wave)
lwata Kiyono (1985) ) (  Sawaragi (1995) )

\

f (V-kr) N
(Wil = V0.218-0.076 tanhkthbJ (3-35)

Kr
, (Kr=0) (3-35)
Miche (1944) (  Sawaragi (1995))

(H1L)b= 0.142tanh 2izhJLh

(KRe1) (3-35)
Wiegel (1964) ) (  Sawaragi (1995) )

(HIL)b = 0.218 tanh kthb (3-37)



11/ m

310
(Horikawa. and Kuo (1966))

3
(Saweragi (1999))

5



(energy loss by

wave breaking) Sawarag) Kim (1988) (  Sawarag
(1995) )
1 3 3
De = 018FP 2d 2E 2 (3-38)
_ 0.07
F =53-330 1 P ) 0] (3-39)
= friction factor
) anOI 10 (3-40)
D = h +rf
E = kPgH2
EQ = surf similarity parameter
De .
(3-38)
v 3 3
% h+ P'g~2H3
fg\; 3
0.008Ep\Dy x
O0BEP, 'y 2
UOER T hiff) o+ )
(BR)

*
DE » 000> £7T fle 882 (3-41)



61

351

Sawaragi et al (1984) suspended sediment
Q,=(L-/)c, - V¥ (3-42)
0.688 (3_43)
SR
c0 =
Oc = diffusion constant
( ac 0.15)
f= (settling velocity)
e ( (3-50) )
as=
(
as 10)
A -p
P

Sawaragi



Qbw = 47CT7Ud%0 W _-\)/X 2X

\/

g

I Tin
T sinh 2 1lz.
SIn \ |_ J
- ( )
Z1- ()
1 271
[Agd30]
= 020 L <1
= 020D0,83 1< D <
= 001 Dvl2 0< D, <
= 0.05 D,> 15
1
2
D, ., | d50
= Shield number
[7c = Shields parameter
=0.81 ( 2)
- ()
§ = = 2650
= = 1,007 X 106
[I< [/ bed load transport
"W shear velocity

(3-44)

(3-45)

(3-46)

(3-47)

(3-49)

(3-49)



(3-50)
T = o05pfw { (351)
-0.19%4
(3-52)
(3-53)
(3-54)
fw =
k5 = 2DX = equivalent roughness
ab = water particle excursion ¥ °
Vo - amplitude of water particle velocity *’ 0
o = x/cosGeosat
[x = cross - shore velocity
35.2
Sawaragi et al (1984) ) suspended sediment
A Qs = ¢ wi (35)
c = (.. )
f = settling velocity ( )
AIT (1994) settling velocity (sand)
A,y 02
1<4d < 100 [m (3-56)
( 050
R | 100 <d <1000 gm (357
toLr o) om 37

wi = U[A sd]0 d > 1000 jim (3-58)



36 1

= v Ksx ~ z ~ K sy -
dt d dy d 2 dy 2
Ksy K cc twd
Ksx, Ksy =
0x = diffusion constant
( Sarawagi ( 1995)) 0(c
w (
d = total depth ( )
Ags = ' Ags = Qw
Ags =0

3.7

AQs Ags =-Qw
Aqs = -CWf

0.15)
(3-50) )

(3-42)

(3-61)

(34
(35)
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