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Fig.4.3(a) Time histrical data of pressure at -15.0cm
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Fig.4.3(b) Time histrical data of pressure at -10.0cm
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o ; . . : : : .
5 50.0p 0 P A S Table4.1(d) Fourier coefficient
£ i | n \/a?l + b2
01 2.449D + 00
1| 2.034D +01
21 1.135D +01
-50.0 3| 6.368D + 00
4 13.301D +00
; ; : : ; 51 1.404D + 00
_100.0 1 1 ] L 1 i 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Time [sec.]

Fig.4.3(d) Time histrical data of pressure at 0.0cm
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100.0

— ————: measured
F‘g ----- : approximation
% Table4.1(e) Fourier coefficient
E °0.0 n \/aEL + b2
- 0 | 1.994D + 01
112517D + 01
0.0 2| 1.157D + 01
3 | 8.597D + 00
4 | 5.345D + 00
: : : . : 51 2.388D + 00
B T
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Time [sec.]

Fig.4.3(e) Time histrical data of pressure at 5.0cm

150.0

| ——: measured
? 4 o= : approximation
& 100.0
Q
5 Table4.1(f) Fourier coefficient
E 50.0 n \/a% b2
0.0 01 2.295D + 01
1] 3.555D + 01
-50.0 211.926D + 01
3| 1.044D + 01
-100.0 4 15.726D + 00
; : ; : 5 15.359D + 00
_150.0 1 1 1 1 | 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Time [sec.]

Fig.4.3(f) Time histrical data of pressure at 10.0cm
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200.0
— | — : measured
S R B S : approximation
Q
5 100.0 Table4.1(g) Fourier coefficient
2 n \/a,21 + b2
0.0 0| 1.687D +01
1(3.670D + 01
2| 1.538D + 01
~100.0 31 95.026D + 00
4 | 5.989D + 00
; ; ; . 5| 3.726D + 00
_200.0 ] 1 i ] 1 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Time [sec.]

Fig.4.3(g) Time histrical data of pressure at 15.0cm

150.0
— — : measured
e : approximation
> 100.0F
5 Table4.1(h) Fourier coefficient
£ 500 n \/a% +07
0 | 4.960D 4+ 00
0.0 11|4.790D + 01
' 2 | 2.466D + 01
: 311.241D 401
900 Yy 4 1 7.421D + 00
: : : : : : : 51 4.614D + 00
_100.0 1 1 1 1 1 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Time [sec.]

Fig.4.3(h) Time histrical data of pressure at 20.0cm
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150.0
— ——— : measured
é 1000 T . approximation
o
5 Table4.1(i) Fourier coefficient
E 50.0 n \/a% 2
0.0 0| 1.542D + 01
11 5.550D + 01
-50.0 212737D +01
) 3 | 1.062D + 01
-100.0 | 4 |1 8.400D + 00
; ; : . 5| 6.011D + 00
_150'0 1 1 ] 1 1 1 1
006 1.0 20 30 40 50 6.0 7.0 8.0

Time [sec.]

Fig.4.3(i) Time histrical data of pressure at 25.0cm

200.0
— — : measured
f ----- : approximation
Q
;} 100.0 Table4.1(j) Fourier coefficient
£ n \/a,% + b2
0.0 0 | 5.098D + 00
1| 7.694D + 01
2| 3.277D + 01
-100.0 }- 3 12.010D + 01
411.174D + 01
: : : 51 7.125D + 00
_200.0 1 i 1 1 1 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Time [sec.]

Fig.4.3(j) Time histrical data of pressure at 30.0cm

21



200.0

—_ —: measured
:f ----- : approximation
2
5 1000 Table4.1(k) Fourier coefficient
£ n \/a,zl + b2
0.0 01 1.378D + 01
1| 7.936D +01
2 13.677D +01
-100:0 3| 1.702D + 01
4 19.837D + 00
: : : : : : 9 | 7.599D + 00
_200'0 1 1 L i 1 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Time [sec.]

Fig.4.3(k) Time histrical data of pressure at 35.0cm

200.0
—_ — : measured
f ----- : approximation
Q
5 100.0F Table4.1(1) Fourier coefficient
£ n \/a?L + b2
0.0F | 01} 1.571D +01
1| 8.001D +01
2 {3.242D + 01
-100.0 | 3| 1.748D + 01
4 | 5.808D + 00
: : ; : : : : 5 | 3.469D 4 00
_200.0 ] [ L i 1 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Time [sec.]

Fig.4.3(1) Time histrical data of pressure at 40.0cm
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200.0
—— : measured
E 1500 - - . L] mmems : approximation
— | . ek . T CR
8 100.0 . R | T . .. |- . L L . .
2 : : : ; : : Table4.1(m) Fourier coefficient
£ 50.0 n \/a,% + 02
0.0L 0| 1.155D + 01
118.814D + 01
~50.01 2 | 3.654D + 01
-100.0 311.373D +01
~150.0 4 |1 4.605D + 00
: . : : : : 512.867D + 00
_200.0 1 1 i i | i 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Time [sec.]

Fig.4.3(m) Time histrical data of pressure at 45.0cm

150.0

_ — : measured
é ook o LT . approximation
% : : : _ Table4.1(n) Fourier coefficient
g sof b w5
0.0 0|1.761D +01
119.123D + 01
P A R T I Y 2 | 2.630D + 01
\ 3 |5.601D + 00
-100.0 4 |5.195D — 01
; : . ; 5| 1.684D + 00
~150.0 O
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Time [sec.]

Fig.4.3(n) Time histrical data of pressure at 50.0cm
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150.0
— —— : measured
é 1000k o T : approximation
)
5 : : : Table 4.1(o) Fourier coefficient
“  50.0 : : Y & N B - : 2
E v . : : : n \/a,zl + b2
0.0 0] 1.484D + 01
1| 8.488D + 01
-50.0 |- 2| 1.588D + 01
' 3 | 9.506D — 01
~100.0 | 4 11.428D + 00
| L 5 | 1.449D + 00
-150.0 1 i 1 i 1 1 )
0.0 10 20 30 40 50 6.0 7.0 8.0

Time [sec.]

Fig.4.3(o) Time histrical data of pressure at 80.0cm

150.0
— ——: measured
« . H ;
&‘ 1000 L- . approximation
0]
5 ‘ : _i : 5 Table4.1(p) Fourier coefficient
ool 0 | 9.634D + 00
1{8.490D + 01
' -50.0F-}- 2 1215D + 0].
3 |5.738D — 01
-100.0 | 411.620D - 01
| o o 5| 1.425D — 01
_150'0 1 1 1 1 i 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Time [sec.]

Fig.4.3(p) Time histrical data of pressure at 85.0cm
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150.0
—_ —: measured
é wol LT : approximation
; A : (O O O N i1 Tabled.1(q) Fourier coefficient
E soof -\ [V . \/EH%
1]8.167D + 01
-50.0 |- 2 15.952D 400
31 1.713D + 00
-100.0 |- 4 | 1.630D + 00
: : : : : 51 1.749D + 00
~150.0 T T S —
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Time [sec.]

Fig.4.3(q) Time histrical data of pressure at 115.0cm

150.0
= ——— : measured
E 1000 - - .| T : approximation
° . ,
= : _ : : : r Tabled.1(r) Fourier coefficient
I 0 | 1.532D + 01
1 17.965D + 01
—50.0 H-{- 2 | 3.621D + 00
31 1.368D + 00
=100.0 - S e 419.771D - 01
, ; ; : : : 5| 1.335D + 00
_150.0 1 1 1 | 1 1 1
0.0 1.0 20 30 40 50 6.0 7.0 8.0

Time [sec.]

Fig.4.3(r) Time histrical data of pressure at 120.0cm
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Fig.d.4id, 7=V 22 & o TROZED O E T B E (FFRFHE) = HElzE #h L1
Ty MLEbDOTH L, A—FHIATOEADEIEIIS% ) DIELDENHLD, Th
377 AE = XDENFOLICHRET A EEmSIZEHT e ozbtEILND,

T, WO ED ) BHETEDEE 2o TWVAH, THIZIEDEMEEZ L > TES
HANEIZES S SNEBORROENTHIC L LEHEEELE2 2,

50 —————— : —
wh
20F - N S .
10 _‘

4+ :Measured |-
: Average )

Pressure [Pa]

-20 0 20 40 60 80 100 120
X [em]

Fig.4.4 Pressure distribution on the sea-bed surface

AT EDTR{LFERRIT & HIREREE) L AKEREEN DA OERZ LS ¥ 57201 Fig4d.s
EFRICEERNOBEG Z ., TRUIED ORHTFEE L s E % &b TR L7,

Figd.5 2657 7% X912, IROET £ ) fhEIC I EEWIEDEEED A0 L
TEY, INDBREBEPNZESECLIME N EL->TWEEEZOND, —7, PHER
HE2 M IZEDEFENVFSA L TBY . THANREEFDREK T KB ~NE T EEE)
NemoTWREEZ LN,

T/, FHAGLE 25em [ EICEFEA DA ORMEAREON LD, T OMEIZHEBIRLHEER
AN ERE L THT < source DA & iBRDEFNE RS sink DM DFEREHH 5 Z L H'b
5o

SRIOEAFTHERZBEL T, BERN EBEICB T 2IERBREBBRRICL > TELLE
BENSAE XERLERICH L Z VT o7,
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e

X

* e

Measured
Average

A

X [cm]

(b)
Fig.4.5 Pressure distribution on sea-bed

27



# 5% Wave Set-Up , Set-Down

KIT. MIBOENFNERTE SN BEEROEEEN A LT, IO %
B8 L BRI L ERET )

BB BIRC IR LIF LS TR, I & A £ AT BRI
ROZELZTTURAIER L, RO THET 20, CORBEREOBET, Fiathit
L7z B 2 TR T 2N 2 ERAMO LR, BTHSRETD S EHHLNT VS,
Longuet-Higgins 513, Radiation Stress ® 9 7a V) OE4T /1 & EE)E DB EZE{L AN 5
YAEREOZ EDSFHKME OB E AL TV D,

5.1 Radiation Stress

@ \ R ;\>X
: \iH < X

(b)

Fig.5.1 Coordinate system

Fig.5.1(a) D & 3 (HR STHE N/ BSERV 2% 2 5.,
S DA BT B 72 ) OEIEOLALEE 2 B & AR OWHIEA L BB R0
BI85 = L 5CE B,

% //vadV—k//Spv-vnds—i—//SpndS:K (5.1)
where
p : JED

n : BRAEEEGNXZ MV
v, : KT DER TR
K : 4138
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Z I TFigh1(b) 2R T &) ZRBAOZRTEBHEEZ, cWICEELRERLES
EEEDOELEEZ %o
v, =uTHhAIEIIFEETAHEL (1R LD

%//SpudS—k/_Chqu%—/jhpdy:O (5.2)

ERD, SHIZHENESH ) 0EREOEIE

9 r¢ 9 ¢ 2y
gaﬁhmdy+5;/;ﬁr+MLMy—0 (5.3)
ZIT,
¢
/ pudy = P
i ) (5.4)
[Jp+mzﬂy=Q
EBE, (53) (5.4)FEDY
P 8Q
= t 5. =0 (5.5)

(5.5)AHD P,QIE, TNTNBHADTRKED G OEEE, EHET T v 7 ALRTILN
bhb,

Fig.5.1(b) DEEZRIZB VT, 2 HOBDOHANEETTSIRBa DZRTEZERX 5,
DEEDFERT T ¥ Vi,

. _ _gacosh{k(h +y)}
9(z,4;1) = "~ w  cosh(kh)
_awcosh{k(h+ )}
- k sinh(kh)

L #1¥ (Appendix BER), (5.6) & Wk (5.7) XK E 5,

sin(kz + wt)

sin(kz + wt) (5.6)

0p  aw?coshk(h+y) )

3= " hsmh(en) sz tet)

0p  awcoshk(h+y)

5 Sinh(kh) cos(kx +wt) (5.7)
0p  awsinhk(h+y) .

o Sinh(kh) sin(kz + wt) J

FIEZEDKEIIBITAENpZE KD S, Bernoulli DEIR L D

0,
8_f + gy + %(V¢)2 + % =C(t) (5.8)

(C(t) : BRI T 2RI ER)
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(B R L N EEDOKIEIZBILENpERT L,

3 0_¢ 1 0¢> 2 @ 2
p~——~p3t—pgy—§p{<£) +<8y) } (5.9)
BLEDZ &% TFig5.1(b) IR HBEBTOESHE TS v 7 AQ%EZ b,
KENEB DG ERMTIZEZ DRETHEDTQOHEHTFHEQLTH L.

— 1 /T ¢ 2
Q=7 [ [ (ou® +p)dyat (5.10)
(L) RADOE—TH Q, xE 2 D,
E S AN
0¢\>  aw?cosh®k(h + y)
2_ Y = 2 (
pu” = p(@x) Snb2(kh) cos®(kz + wt)
2 1 14+ cosh2k(h+2)
= < 1
PO kg Sh{lh) smh(kh) 2 cos’(kz +wt)  (5.11)
E
Tzt (Topy 1
T./o cos” fdt = T/o sin® 0dt = 5 (5.12)
(5.11), (5.12)K & W kXK F 5,
—~_1 9 2 ¢ 1+ cosh2k(h +y)
@1 = gpoka S oRh) /—h ) ay
oL kh
= pga [4 3 sinh(2kh) (5.13)
RIT(5.10) NELDEIHQ, 2 E 2 5,
—_ 1 /T ¢
- = 14
=7 [ [ pdyat (5.14)
(5.1 KD Pl (5.9)RNTEKbENDL, ULEDI L0 2KDB L,
— 1 ., 2kh 1,
Q2= P99 GonRny T 2P (5.15)
(5.13). (5.15) R & W kKK F %,
o 1
_ P P Tt 2
Q=i+ Q= 4h9° + sinh(2kh) + 2pgh (5.16)
SHIZZDBEDFEOEREIL
® dk 2|k  ksinh(kh)
c 2kh
=3 [1 + sinh(2kh)J (5.17)
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THALNDLZ DL, RAXIKTE D,

= - _— — = + h ’]‘

CDRPL, FKEpgh?/2 % LG W EBI& 7 5 v 7 2ADRF % Radiation Stress & LT

EFRT Ho HVESDED I DI ANF I E = pga?/2 ThH 5 Z L ##EE T 5 &, Radiation
Stress (Sgz) 13 (5.19) RD &L ) IZ&EIT 5,

Szx:E(ﬁ—l>

= (5.19)

&5 IZHIBH (kb — 0) DBE. sinh(kh) — kh £ D, ¢y c kBB T bbb, EiEHIC

BT % Radiation Stress (S;;) {X (5.20) R TEFK T & %,

Sa::c = §E = Zpga2

5 (5.20)

5.2 Radiation Stress & KA NDZE(L & DEER

Yy c : wave velocity
A k : wave number
c a : wave amplitude

Fig.5.2 Coordinate system for wave set-up , set-down

RIZ. HiHi TR L7z Radiation Stress & . FHRMNDOELE DR % T,
Fig. 52D X )2, EANEEBIZEBICASTA5E5%E 25, BELAHEE L CilEDOER
PP T, BEICLAZANVF—DBERPUETOEDORIETI LW DL T 5,

ZZTFigb3II/RLTWAHHER (. KERY z, z+dr %85 5KEICER 2 ER
ETHIENZHEEOESEOFEHEEZ 5,
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L \dh‘

[ B : angle of sioping bem \_/

Fig.5.3 Momentum flux Fig.5.4 Schematic view of sea-bed

iz, z4+dec TOEHETI v 7 A% Q,, Qoras » Fig54ITTLIRES dl OifF
KTDEBET7 797 A0z HD%Qul 55 LHFER dl DERTTIZIZKE prdl B L EZ S

ﬂ% 0)‘(‘\\
_ 1 —
Qz = Sa:z + Epg(h_*_ C)2
Qi = Sun + & (h+Z)2+i{S 1 (h+()?
- dh
Pr = pg(C + h)
Ehb, CITEHEDEELY,
Qz+dr - @ - _@
dz dz

PRI HDT, (5.21). (5.22)R &Y,
d 1 S o
(5.23) RNEEFL TV &, HEMIERREE S,

pe okt o}

dz

+pg(h+{)=>=0

dc
dz
h>CE¥T5E

dSzz d¢

dx dz 0

}dx_

(5.21)

(5.22)

(5.23)

(5.24)

(5.25)

(5.25) KL D, S WIS 5 L FHKALIZFA L Spu WP T 5 L FHKMLIT LA TS 2

ENFDPD,

D (5.25)RNEMHEL T EIZE YK MOTALI KT AT L1275,

32



5.3 Wave Set-Up

KIZ, BER LD ETEIZBWTEET S wave set-up DFERAFTE
{& B4 T ? Radiation Stress i3 (5.20) X T5 2 515,

_3L_3
Sez = 2E = P99 (5.26)

Bowen 1374l # D IEIRIGIZKIE & —RRNOMBRLH 5 LIRE L7,
DED, a=ah LEE, B20)RNEEBTHEICLY, (5.25)R%E (52N RD L) I2%
BET& 5,

@ _ 1 dSe
de pgh dz
pgh 4P g
= —gaz tan (5.27)

(5.27) X & 0 PHKALO LR FEROQRIZISIT S Z LD DD b,
MunkS E I IRIE & KIEOBRE LT 2a/h(= 2a) = 0.78 #IRELTWVE, ThxHw
e, B2 RNEBR)ARDEIHIZEBENPZLIENTE S,
¢
- =—0.23tan 3 (5.28)
COBEORZLEIZOVWTIE, ERIZLIVEILOONTEY), BB ERVW—HZ R
LTwWh,

5.4 Wave Set-Down

ERPPWLRLPTHY), TANVF—DRNE—ETH S EIRETSE, E-cy=const. &
FELIEDPTED, The FEpE, BINRERADL ) IIEBEZUDLIHENTE S,

Szz = <2 - i) (5.29)

EEEANZAIENTE S,

351z

Ow ok ok Ow 1 0k

% 0 i 2w (5-30)

THWT (2R LTS L.
So = wF {% _ ( Ok )} (5.31)

Cq

w? Ow?

33



(v
(v
I

kh=¢

toh } (5.32)
EBL(BELk =w?/g)0 T 5 EFERAFRR w? = kgtanh(kh) 3.

n = tanh§ (5.33)

Lbe F—ERKERIKLT
ok _ AE/h)  18¢

= = 5.34
dw?  9(ng/h) g0On (5:34)
(5.31). (5.32). (5.34)FK L1,
F (26 dE
Spw = 25 (_ - _> 5.35
g \n dn (5:39)
CIT, hidz ZTORKTHEDTE ndb2zDADEBETHS, LT,
3
@ = - ds,, = @d{g - §} (5.36)
rg pg’n ldn
“/be TDGBI)RNEESFTLERREES,
' - WF d |
T,
—p.c = Egdn
F=E-cy=— i (5.38)
(5.37), (5.38)3\ &L D
- Ww’E d
C = W&(Cothf)
_ @’ ktanh(kh)
~ 4 sinh%(kh)
2
ok (5.39)

- "2 sinh(2kh)
72, (5.39) RIFAFHEDIRIFEH T OWRIRIE ap TAVTEIEL TB WD) HBEED
FVDOTEIRLET,

1 g
F=F.c,= ipgagﬂ (5.40)
ZD(5.40) KR (5.37) & AV D L XA E a5,
2
T = —ka? coth®(kh) (5.41)

04{kh + sinh(kh) cosh(kh)}
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5.5 [ENEHAIRBROER D&

PED X9

L CEPNIFGREDELD S

A TR S

¢ = 1.0cm DIKEE
1.0[gf/cm?] = 10.0g[Pa]

~ 98[Pal

KEEZEELTHEONLENIILTO

(5.42)
(5.43)

(6.42) I L o THEOLSNAKMOES S & ESFHIEBRORER & DB F Fig.5.5 12770

7272 L. wave set-up & set-down & DIEFUIFEE S T 5 H5,

FTENICRH R S 2R 5 Z

ENBRBETIREZ 7O, ERICL > THE ST S 2 RHA L7,

50 ; .
i . shoreward <—— | —-seaward
& 40 R ; 4 :Measured |...
0 : ? f
-(wave‘.set—up),..é A = -
-10 F - : G !.—-—.—'—-. ................................
o i a2 L (wave Set‘down)
A/2 B A '

20 40

60
X [em] ~

Fig.5.5 Pressure distribution on the sea-bed surface

Fig.5.5 7 S WEEIUZ BT B IERTLIEBIH R I X 5 IR DZEAL (wave set-up , set-down)

=EBLIE

ENTHEEBRBEEIZIV—FHEZRLTWEI LG9 5, BEDZ L5

& B FER A DO ESI55% 13 wave set-up |, set-down Z FHWTHHATE B Z L9 h o7,
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5.6 EOERF LY ADTFH

fER L2l RIIR LFR TE 2B E L TTCRRIGBRICE COANI L > THIE S R
TV, FIEOITHETHES 2 EEMIITFHT A LRTHF FFEIEELHETH
A5, AHHEAEE, EHERR, R BRT 2WERBKEEDS  OBEA IS
HHOTERIPFEIND EZEZ LN, FENZTFIIEFTICHETHLLEIONS,

L2 L4,

1) BRIZRRE S N7z 2 RILAKFEHTHIRE:
2) ASHEIEEERRIC X o TE SN 3RBE

EV) BT H LRI VWEHETTOHRZIREL., EoHbEIFEsIZonTo7 7o —
FZ24T> TWwh,

CCTEDHBETEEDERIIOVTHERTE , —fZIZEDITH EIFE S (R) 1}
Fig.5.6 127”9 & 9 KA SEORAFEL F CORBERRE TERIN TV,

T T T T I T T T T T T T T T T R Y

Fig.5.6 Coordinate system for wave run-up height

72720 hIZD D FEKIE, pIRIBEDERATH 5,
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5.6.1 BEDAR
#H T Savage 13 —HRIKERIZEKED 2 VAT 2BV TEREIT2 o TV b, Fig5.712
FORRETRT,

k/H,

1

. 0.8
gradient of beach ( tan 0)

Fig.5.7 Experimental results by Savage  (h = 38cm)

Z 2T Hold AFHEDIRIBIS TOWRE. MIEAFHEDOFRERTOERE T b,
—HAROHHEZHVWTOERTIES S5, TNIZLEEELHD) LESHOAERIK
S5 EITESI3EMT 52, HEEZEBL LTHRAIHBETEEFBAI LT

WL DD E,
T Hunt 3 EFR L EBRTIT 2V, TOFKRD OEEHE L THET 255 DEDITL L

TEIELTRAZIREL TS,
R, _ _tenf S (5.44)

Fig.5.8 {2 Savage 12 & B2 EERHER E (5.44) L 2 B ZH 2D DERT,
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----- ¢ Experiment
— : Eq.(5.44)
T _'
[ H/2.0=0.0039_5 ------------------
2.0 95 T i irvan s e ssa
0.0

0.20 0.40

gradient of beach (tan )
Fig.5.8 Comparison of wave run-up height (h = 38cm)

Fig.5.8 & ) RIS LLERIFE R H 7235613 Hunt DHEEERIT. KViEflUIZR o TWD T &A%
HPN D,

5.6.2 ZEEBREREDOLEHR

BERNOTHEEEROE T4 % L ICHE L HRKAORKEL SEDHIT EF) SFTD
KEHERELBIEL, 0%, IEOEMAZEE L THEOH b LGS 2HE L7,

EERER L (5.44) & OIELE Table 5.1 127", %8B, EBRDBEIZAWZKEIXFNOT
HILERR CEDEHIERORICAW LD LR U E AV, BEOERIAIL 6deg. & L72,

Table 5.1 Experimental results of wave run-up height
|| Holem] | T[sec] | Ru[cm](exp.) | R.[cm](eq.5.44) |
Exp.1 30.0 0.80 1.79 1.82
Exp.2 35.0 0.70 1.76 2.25
Exp.3 35.0 0.80 1.76 1.97
Exp.4 35.0 0.90 1.64 1.75
Exp.5 40.0 1.10 1.29 1.53

C 2T Ry(exp.)s Ry(eq.5.44) 3ZFNETNERKERE 544) KD ORI HHEEMBETH 5,
Table 5.1 DFERE AL L, BEFOTHIEHL2IDODRBV—EHERL TS, 2O L0H
(5.44) IR T FHEHEOEMEIEIBNEER B,

B, EORREERTHOEREROFINS LB >T0AEY, THESHZ 77 AE—
X CHR LD THIEEZ LD,
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5.7 REEROFE

KIZ wave set-up & set-down & DEEFTH AMEHDHEEFIEIZDOWTHET 5,

WMCHEAELZZENBEIGEDCE, BITE o THR SN A KK FOEBIPBERICE TET
5720, IKAFLHRE OBICERE;EE, LCOHTEFTODY & 72 0 EIEHT 5 HHEB
RPRET D, TOMERNITKE K HIT THNEE (spilling breaker) | %5 & B4 (plunging
breaker) . T ZFH R (surging breaker) IZH3HS N TV AED, LD L) e ER &
B 23 AT ORISR T OS5 & iEERIK (FIBKRSEL) 12 & o TITITHE SN 5 F05EE
SNTV B (Fig5.9)0

008 ! f ! 1 !

Ny 0.05 koo .spjllingr br.e.akefp ................. - R
ol
P I S > N A
oozl .~ ....plﬁnglbg.lireake_r.;_ —
0.00 : : . Urging l?reaker

0.00 0.02 0.04 0.06 0.08 0.10 0.12
gradient of beach (tang)

Fig.5.9 Classification of wave breaking style

FEDE ) BEHII Lo OHENRET LV ) DId, TEMIIED TER -

ThHH, REITIDOHIHLTEADHKANZEINTVED, WILHEIZIIRIATY
2\

BIED & B FIE LI DV ATHR TR (uo) DI (c) L D DKRE 25 (u > o)
LREET B E VDTV A, & )RR AR L LTI (H,) LRk
I (h) PR Z R T DRI RET 2 L STV A,

hy = 1.28H, (5.45)
—fRICHEREIZOVTIEZD L ) BERDIEN TV B DY, KERIH TIIHEH A T wave

set-up & wave set-down DIERH L EERKT 5,
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5.7.1 KEDEALIL &L 2HSDEAL (RKEF)

P/NRIGE DK RS X OER L, KE W) LEEAH(T) 2BWTRRO L) 12FEDLT L
KB, 7272 L subscript D 0 (2iEiFHEZ FHh T,

gT? 27h
— : .46
A o tanh 3 (5.46)
2
Ao = g1~ (5.47)
27
gT 2mh
I A4
c o tanh 3 (5.48)
L (5.49)
27
(5.46)~(5.49) 5 L 1 |
c 2mh
—_— == —— .50
o tanh 3 (5.50)

R CICY (W

BRI ANF—2RoTWVEN, KEL DT 2 kB E KTz B.0E LTETICERMY
%720 DRLE T4 )V ¥ — (potential energy : E,) LKKFIHEHT L LIZL BEFT R
F — (kinematic energy : E) 225 7% o TE ), IR S, HANEH/2 ) 0, #KED 5 KE
FTORBEOEND L DI AN F— B IZAXTHESIND,

1 1
E=E,+E, = §’09H2 = §pga2 (5.51)
E,=Ej = g (5.52)

OGBS N TREINLED I ANF—IZEOHEITE L DIGES N DA, ZOREITIE
Tid 7 SRR (group velocity : ¢g) EMHIN D RETImES NS,

W = E, (5.53)
c 2kh
9= 3 (1 + sinh 2kh> (5:54)

SITW RHENAREY-YDEDOL DI ANE —DEMEFELTH L, —iRIZEEREE L
EDHIETERNL I n TET,

n:c—9=1(1+ 2k ) (5.55)

sinh 2kh

(5.55) KA 65555 L)1, n FFEREHTL/2, RETIR1ERY, iR TRZOREOME
ZWHDT, REDOL FLUSMITEEIZE 4 O OEE L HIEV,
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CITIANF—DIEFEI VLD ET 5 &, BAE - BARFERYS7-0 ICEESNLED
IANF-IT—ETHILELEEZ LN,

Ecy = nEc = const. (5.56)

Ll EEHETIR n=1/2 THHTHB I LDD
l1pgHi  pgH®
5 g =N g ¢ (5.57)
DT EPOLRMBEIZROBEEBREZ/RLIENTE L,

H [lec 2rh drh/A T2
Hy \V2nc [tanh A {1 + sinh(47h/\) H (5'58?

5.7.2 WEADHEER

(5.45) XDEREZMET B LI B hy THbBRBEAKEE (5.58) &L )Rk, EEETEHIIL

TRERAE B L7282 a, FHA L HEERD L b & F oo m & ORIIIAEN D 072,
ZORERA%, MEBROTEROECIZE DI DLEEEZ, RIZ(5.45) RUITR TS & #
BRREDIZREDOTHREEZRIL S, B LOHE o L EROREPRET 2 HEOHR
EVRNILLIRBEET =2 - P ETHAVTD LD,

(5.45) AROEBRRNZ RBELANTEELD-0 D% (5.59) i, FHIKREFEERL
DI % Table 5.2 127" F o 7272 L Table 5.2 Tid, #ELFKAL OREFESE Lz
& DACFHEE (hye) T, BEHEZRLTE D, hig(cal.1) D¥hy = 1.28H,DEEDFHEFER,
hye(cal.2) 5 hy, = 0.88H, D & E DEIEERTH 5,

hy, = 0.88H,, (5.59)
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Table 5.2 Comparison of measured and calculated wave breaking point
L | Hy [mm] | T [sec] l ez (exp.)[cm] ] hez(cal.1)[em] , hbz(cal.Z)[cmﬂ

Exp.1 30.0 0.60 23.8 35.7 , 25.8
Exp.2 30.0 0.80 29.8 38.7 28.3
Exp.3 35.0 0.70 29.8 42.5 30.9
Exp.4 35.0 0.90 29.2 45.8 33.5
Exp.5 40.0 0.80 37.8 49.5 36.0
Exp.6 40.0 1.10 39.8 4.7 40.1
Exp.7 45.0 1.00 41.0 98.5 42.8
Exp.8 45.0 1.00 40.6 98.5 42.8
.Exp.9 45.0 1.20 49.3 62.1 45.6

Table 52 IIRY#ERE AL & FHAMA L EERIUIAV—HEZRL TV 2 A5 H 5,
SO LD LAEIR LAHEEEDENEIIT N EEZ 5,
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1171

BO6E RERROHE I2L—-Yar

RIET, HEADORERN L FELRERIIH A EHERTMDOEN 5L, wave set-up , set-
down ZHWTHHTEAHEZRL,

XIZ. wave set-up , set-down IZ& D 52 SNAEERETOENSA ZHVTHEERND
REREZOBMESI2L—Y3a %279,

RETIETET, HEPDO L) R LILERORENEHRET 5 Darcy QlIZ DWW THEBT 5, K
2, BEFVERIBEOZAL 2TV, KRB THWAEIEAEIIODWTRAT 5, £L T, &
BRRCHNOTRMERIZL VBONTHERE OLBRUBRE 217 ). & bICHEDOER
A, AT RIS €720 ) - AFtE 2TV, ERK EBRIERRS, BT LRE
RRLDBFRIZDOVTOERZIT) o RFIERFHZERLFREZITV, ERKIEOKE
RPHBEEDONREMANRERFIZG X ARLEIIODVWTHRET 5,

6.1 Darcy &l

HEFRD L) EZIVERoiE, EEXMIZFET - A b =27 2D FHFEK (Navier-Stokes’
Equation) 29 & ZEZ 6N b, L2 LEILEFDHRNIZBWTHFEL - A =7 ZADFHEE
REMHIH)ETAHL, SIEHBOETNVDPIEFITHEMIC L H720IhVI LW, &2 THRIRE
BTIE, ZILER Z RN A RAEOZERFHRED, HAIIERT 2 ENAEICHAIT S &
1815 % Darcy BITH A 2858 L 72, |

FEL - A M=7 2A0HERIT. BEGREKOEHZHET HEARRTH L4 17 —DEH)
FRENXIHEEZMZ 720D TH ), #hEzZE Lo ES c AE T2 EHHEXTH %,
T, BEFORNOEEEHPFOEEREL D) b TH/NISVEEILNLIENL,
FEEMMEREIIBITLFEL - A= ZAD0FEREEZ D, T2, AP ORETNIL
QRTCHILRIRB EEZ DENTEH70, MNIE2RILTHB LT 5,

UEDRED S £12, Darcy AlIZOWTLTIZE LD 5,

FEEMERAEDOFEL - A+ =7 20FEKIT. 6.1) KDL ) IEHAETE S,

Du = —%Vp—i— K+ uvViu (6.1)

Dt
(6.2)

Z T Tuldit® (u,v)s KIZSH(X,Y) Ty v, v B X, Y BENREFNKFEHE, SE
HEDOFEERVHNTH ), viZBEEREL p3ED. pREAFREETH 5,
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I 7.

v=2i.2,; (6.3)

—=—tu—+tuv— (6.4)

Thhb,
ZO(6.1)R%, SEAM, KFEFARSIZENETNGHELTEEET L (6.5) RN TERT
&%,

Ju ou Ou  10p 9
ot +u8x+v<9y B p6x+X+Vv “

(6.5)
ov Ov dv  1dp 9
Y *"ax”a_y__pafy”v v

(6.5) KRBT, EHOEENOBERIBATH S Ea%E L, K =(X,Y)=(0,—g) Th 2
FEEETHE, (6.6)ROLIITELENTEL, 2750 g FENMEETH 2,

ou  10p 9
ot  pox + vV
(6.6)
ov  10p 9
ot 3y + Vv
ZD(6.6)id. EBMNDOHEITIE, 6.)ROLIIZEEBI SN D,
10p
2, — - 2F
vVeu = e
(6.7)

10
vV = ——(pgy +p
pay(pgy )

6.7) RELDENHIIHE TH b, 2T, ELOHEEIITIERHESCENI L > TE
CH2ROMRPITEAELZVEEZ | (6.8)RD L ) ITHEMT 5,

2, _P9. T

Viu = LR
(6.8)

Vi = P97

© ok

Ik FEREIIRE 2 (LY ORTEHOBKEM, p JHERE. T, 7 322
Nz, y FEOZEEFEE» OBMTEYHETSH 2,

I0u, v ERCERTHERROL ) 1Sk b 72721, Ac RUAYRSILEREO it
LY BT AS KB 22T 2z FARY y AAORESTH Y, AS = AzAyTH b,
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31/T———1——-[/ drdydt
TJo AzAyAz AszAzu vy

u=
(6.9)
1T 1
v T./(; A.’ITAyAZ /~/AxAyAz 'Uda:dydt
(6.7). (6.8)3 & b, EEFMNIZ(6.10) D Darcy AlIZIFETE 5,
g_ _kOP
 uoz
(6.10)
5o _kOP
p Oy
72720, PII¥ I VKHEIECTER S NS EHFEYED
P =p+pgy (6.11)

Thb,
Z D Darcy AlIZ Lo THE SN BN, (6.12) IR TIEEREREIZBT 28 EHED K
BRTWHET 5,
gu  0v _
or Oy
(6.10), (6.12)3 & b (6.13) ROFEITFHES P IZB5 % Laplace D FBEAAE N5,

0 (6.12)

VP =0 (6.13)

6.2 RFERBEDOERXL

RICEBRADY I 2 L= 3 VICLELEFEREOERLE1T ),
FLARISIERIEOBIERETH 5 LIE L Figb. 1IZART &) REFEREM S,
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run—up point

SB4

Fig.6.1 Coordinate system for computation

72720, HFOEBEFUILTIZRTHED) TH S,

((Sp1 ¢ WHERE (BT EATY X 0 IETR)
Spo @ WHERME (BRI LAY & X 0 ik B4
< 533 : {ﬁ?ﬁi\q] (f’%fﬂnﬁ)

Sps : KK (NRIZH)

Sps : I (ANRAET)

CTHHEPRIZBITAMNOERE L, BIE TR L7 (6.14) 3O Darcy Bl b b

k OP koP
__ _kor __ _kOP 14
YT YT Ty (6.14)
72720 kAIFEBRAYIIRE B (L2 ORTCEFOERBE. p EHERE. v, v 3FhZFh
T,y ﬁm@(ﬁﬁf%éo
FZHHEIBIIBIT AHNOETEFIERIL, Darey B & E DO FIZERD 5185 N 5 BT
FEJJIZE89 % 2RIC Laplace D FER & %2 5,
&P 8P

L] prols e 0 (6.15)
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ZRTVAHEBOEERIIUTOLEGZHRET 5,
oP )

[SB1] o = 0

[Spe] Dirichlet B.C., given by wave set-up and set-down.

{533] P:PA

> (6.16)
oP
[534] 53/- = 0
oP
[535] % == 0 )
&4 DEFREHFEIUTOZEEZIRELTH L.
e Spi
Spill B HEREMT, HRIEE L FAOTELS 2V E LT, EHOERFASE
% 0 bt Lf:o
o Spo

wave set-up , set-down 2> 51372 BB TE/EF % | Dirichlet BIDEREME L LTS5 2T
Wb, ENIREZVKEEE LTEZ 72,

e Sp3
T S E R Sps b DEXETORENMEZP L L. ZOERESHANI—EE L7

® Sps, Sps
BRI DHRA, MEDO LR WARREEO/-O, FHOEHEERAHEZ 0L TER
%ﬁ:%g% Lfio

AFFEH T, (6.16) NTRENIBEREHZHET 5 (6.15) ROBMS HEROMHZE K
HTW5b,

6.3 XEHIEXDEIAE

RICHIET TR L 7o X AR OBz oW THBET 5,

AR TIIEMERE L LT, ARESELTHV, —RICRESFEROBEL LTES
FEeHv B354, Figb 2 BHIIRT &9 ZEKETIHV 5N 525, ARF%EH T3 Fig.6.2
ERIZRT &) 2IEEZRTEHV TV L 20, RS HREREZSTELMEE LBV TER
LEYEERIRSLETH S,
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(x,y)—(£&.m

[ |

|

y & 7

L. L.,

Fig.6.2 Coordinate transformation

D5

#P P _
oz = oy
9. ANT—FETHEPD1ERHBDIZOVTIRT,

0

LI (6.17) OB BFIYETIIZEE$ 5 2 K70 Laplace D F R DEIZEEIRIZOVWT I &

(6.17)

WEREMOERE 1= 2(6,n) , y=y(&,n) ERGEOHEEMOERE € = &(,y) 1=

n(z,y) £35&, Chainrule X D) (6.18) RAD L ) IZEIEI N5,
oP _0PO¢ O0POn 0P _0PO§ OPOn
Or 0¢0x Ondr ' Oy Oy Onody
RIZPD2FERBAIZOVTIRT . 2R3 (6.18) Xz 2 EEMA TILIT L v,

8P @ (aﬁ)

822 " dx\ oz
_090 (9pdg OPon\ ond (0POE  OPon
"~ Ox 06\ O 0z On Oz JxOn \ 0 0r  On Ox

_ (VO ('O ocon FP | FEOP | onoP
~ \oz) o€ or ) On? Or 0z 060n  0x% 0§  0Ox? On
Ciks3

@—— % 2322 @ 2@_}_2%@62? g@_ﬁ?jﬂ@
o \oy) o€ " \dy) on* " “oyodyocon ' oy 0 ' Oy dn
BEDZ e #AwaE, (6.17)R% (6.18) KDL ) IKHRLEBT I LN TE 5,

(-2 @)%
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(6.18)

(6.19)

(6.20)



Bon, Xom) OP (0% O &n &\ 0P _
2 <03: gz " By a;,) acan <ax2 T oy ag = o o)y 70 G2
D (6.21) NZEZEDEIL L o TR 7201213 06/0x 7 & ORIEIE (Metric terms) # &+
M%#axwéﬁgwaatbfaf@ﬁﬁg,nu@?%ﬁﬁf%ﬁénfwaﬁﬁ
HEDE, '
z=z(&n), y=y(§n) PRHTIL,

Oz _ 9z 9 4o Oz on )

oz 8§ oz on oz =1
O0r 0z 0f Oz 877 ,

+
Oy 0tdy ' Ondy
o ag o8 Lo ag a% . (6.22)
or 85 ox on dz
Oy _9yd¢  Oyon _

8y 0ty  ondy )
(6.22) % T K& THEC & RRAKE 56
0§ 10y 90§ 10z 0On 18y On 10z (6.23)

dr  Jon’' 8y  Jon' oz  JOE’ By JOE
where

3§ on  Onot

$7o, FIRRIZ LC 6%/002 , 6°¢/0? SDEb KD I ENTE D,
DEDXHIZ L TRMEBITKE 2EMHZER T 270 Laplace D AR EF LU TIZR T, 72
72 U suffix I3RS € K 5o

v2—P = (QF§£ — 26?577 =+ ’)’Fa,m)/-]z
+(azee — 26z¢, + 7xnn)(yspn - ynFt’) + (ayee - 20yen + '7%77)(53771—35 - xﬁﬁn)]/JB
=0 (6.24)

where
_ 2 2 _ .2 2 _
01—557,"‘?!,, 3 IB_xSxT]_l_yﬁyTl ’ 7_$§+y§ 3 J_Iﬁyn—xnyf
(6.17)3N& (6.22) R FREADPEL L XIFTEMTH %,

RIZKE S IERDBERIL 1T )0 Figb 3 IR FHEOREBEZEL TV 5,
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i1, i | i
i1, i j i+l j
N
i, j-1 i+l j1

I i1, j-1
— £

Fig.6.3 Grid points for a nine-point formula

BERIEIZ 1 (6.25) Rl

ap Pz+1 \J

WRT X9 R 2REE

—Piyy O(A¢)?

ot NG

Pi,j+1

oP

— P

+O(An)?

on 2An

PP Piyy

oe ~

P Pijp1—

(Ag)?

2_pi,j + P

on?

o*P

~ Pi+1,j+l

(An)?

- Pi+1,j-1

+ O(An)?

— Pi_1541 + Pic1ja1

DZERPLED A7z,

O(A¢)? r

+O[(A¢)%, (An)’]

ocon

4AEAD

/

(6.25)

Af=Anp=1t L, (6.25)XNTHAVT(6.24) RZBEFILT 5 L. ZLDEFRDH(6.26) X%

5.

_ 1 _ _ _ L
Pij = ———[a(Piq1,; + Pi—1j) + Y(Pijr1 + Pij-1)]

2(a+7)
1

— = B(Pis141 —

A a+ )
1
+4(a + )
L1
4(a +7)

[(axee — 282y + V) {ye (Pijr —

[(owee — 2BYen + VYnn){zn(Piz1,; —

Pi_ 11— Piy1j-1+ Pic1j-1)

Pi,j—l)

Fz'——l,j) -

— Yn(Pis1j + Pic1)}/J

ze(Piji1 + fij-1)}/J

(6.26)

CTHREDAT v T7OWH % k. ZORDAT v THZ% k+1LT %, PilaonT

ﬁaﬂé:é‘ 2 E+1 DEFT TIZRI o TWEHDOEN T =S L LTEZ0MHE(k+1) %
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AwasZeedane, (62600 F(627)RDLHIcEENZ N5,

k41 1 —k —k+1 —k —k+1
P = 2t 7) [P+ Pizyj) +7(Piin +Pi,;—1)]
1 -k -k —k+1 Sk+1
_4(a + 7)/8(Pi+1,j+1 - Pi—l,j+l - Pi+1,j—1 + Pi—l,j—l)
— —k+1 —Fk —k+1
+4(a ) [(azee — 2Bzen + Y2 {ye(Py 541 — Pi,j—l) — Yn(Piy1; + Pijl,j)}]/‘]
—k —k+1 —k —k+1
+4(a ) [(aygg — 2BYen + 7y7m){x77(Pi+1,j - Pijl,j) - ‘Tﬁ(Pz',j—H + Pi;—l)}]/‘]
(6.27)
(6.27) IR $ETEEIL, Gauss-Seidel FE L IFFIEN TV S, E512(6.27) K%
—=k+1

EBE, (6.28) ROIGLICP,, — Pai, RELHT 5L (620 R0 L) IWRHTE S,

—ktl =k —k
P P ;+(R-P;)) (6.29)

2,7 =
ZD(6.29) Xz AR wE BV TR E IR S 2725 D22RD (6.30) R TH %,

—k+1l 5k —k
P;;' =P;;+w(R-P;)) (6.30)

Y A

(6.30) X TEBLSNAHETE HEEIL. SORE (Successive Over-Relaxation Method) &IN5,

ARHFEF TIE, XEAERTDH 5 2 KT Laplace DFRRDOEEHEL LT, (6.30)THE
HEN5SOREZ W,

TR wid 0 <w <2 DEROMEZIALEHNSH ), Table 6.11Z7RF &9 12,
w = 1.0 DFFIX Gauss-Seidel ZEIZ—HT 50 F 72 w A L0 R ORF % §F 12 H0REA & 1575,
UERYIZAREIZ 2 D R T VRETIRHEEM 2 T2 WHEREE M E S ¢ 2 L iTh
HDNTW3,

Table 6.1 Relaxation parameter
0 < w <1 | Under-Relaxation

w =1 | Gauss-Seidel Method
1 < w < 2 | Over-Relaxation

IO w OREEZAEIZL > TROLDRFFIHEMTH ), ERIEHHE 24T TREME
THRETHON =L 2o TV,
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6.4 FEZIaL-2 3 BEREABVIEERER & OLE

aup

AHEICIRTE IR LR B VTN E COEBITHIE LSt 417w, At
EDBEMEDOHIE 21T 6

AEETREL TV A L&M4E2 U TIZ3HAT 2,

ORI AT L 6degTH V. HEEIC AT 21513155 30mm. BN 0.8sec
& L7z F72. Darcy BV 5Bk R 51E. Appendix CIZRTBASERIZ L h B s
lEHWTWD,

ARTEICH ORI ES T £ Fig 6.4 10R T, 28, sHEICHW:F— & — S8 912 T
H5b

Totat point number : 912

EEEEEE;EEE:“ - ECEEFPFerEE mm—————e
R N R

B EERENNSENEERARRSEESCSESS :Ezgi5EEEE;§E~%§§§§:-:FMEE
e e e e R
E::::::::::::::::::-:EE_:_Efi_EEE:::EEEEE%EE“‘gg
1 NN ENEN ] ! | ] +____:::::::___ I A 2

! I
i T I ] I

Fig.6.4 Grid system

Fig.6.5 13 wave set-up , set-down 2* 572, ER Spy FOENFHTH 5,
7272 L wave set-up D T HA O EILERT EATH &1, wave set-up & set-down & DZSL
B TH DA, SENGEREICEBE SN LA ) SR O & 2328 L7,

100
=
2 i
[«8)
j -
jon ]
(7] L
w2
L 50
D_‘ -

0;$\»///,”’f—_

_50- .l , : o , 5 i
=20 0 20 40 60

X [cm]

Fig.6.5 Pressure distribution on the sea-bed surface given by wave set-up and set-down
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Fig.6.6 258t 5IC L VR E - T ilBIRNEDET ) 43F . Fig6.7 » Fig.6.6 \Z R ES A0 &
Darcy B2 B3R E - HTH B,

Fig.6.6 % 5.5 &, WO LAY RIZEAORBEMEBPFEL., £ 2 & ROISHERRIZE
BCTEIBZH L TWDIERSND, —F., B RIIENOREESFEL T35,

ZDIENGADB S Fig 6.7 IR TRBETRNVOBIRE 3058 5,

Fig.6.72 R % &, HOEIT LAY AT ELZ POLICESHRICEEE L UT I E RD 2
ERTED, o, ZTIOREAMTICHT CEBABRIGEV VW05, BUOYEE
KAIZR > T BRARP A OB,

run—up point

wave breaking point

Fig.6.6 Calculated pressure distribution

run—up point
wave breaking point

unit vector { 1.0{cm/min] ) : —

Fig.6.7 Calculated velocity vectors and streamlines

ZORERT, FREICK > TRDOLFHN L IRIEER THES Ll L id, ERERICET
W5 EOICEXD, TZTHRICK - TRDZBSE RN E . FIFEERICE ViELNT-EE
LERr—NEEhbETHEBRLE,
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Fig.6.8 Comparison of observed and calculated streamlines

Fig6.8% A5 &, AT TRA LELBERN L HERBR L IIEFICIV—FKEZRLTNS
BRI D,

UED X 5, HERT COEAISHNEZ bHNE, Darey Bl% b bW TEERN DK
I al—a vRARETHEZLERLE,
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6.5 BERFICH T3 HEEROSE

RIEI T, MHEFOFN%E Darcy BITHE L72BIEY 3 2L — 3 3 v 247w, SHEHED
AR RS H LR L7,

TITHRREFECAVT, MEOERAYEL, BEHSD ED L ) IZELT 5 9%
TAHIEIZ LT MBICHW/IHEDOMERIZ, 3deg.,6deg.,9deq. T 5,

B, WERETOENTMIE wave set-up , set-down B> 5B DE VLA, FO7-
O E HDFEZRACTEDIRIT LX) S EESa% 5 220k 5 v, SEIEHE]
BCRLIAETHEDRIT EX ) SR UOHES KD,

LT IZ wave set-up, set-down %5 872 EREOES 5, STEOERE S N RS
EIZ B 2 REDOER IS (7272 LIEERNINE 2 EL T 2), #HETOENSA, HER
CHRERE» LA, MET2ME, ThbbLiEKDEERZ FNENOERAEBITET,

2B, WAKOEER QAR TEESN S,

Q:%%d (6.31)

CIT. v 3EEREIZBIT A BEAME ZIE L T2 REOEBFABS . LEERED
BRTHb, |
COHmKDIERE = AP TIERRE AV TRIENIZRD TV,

Q= i niedl] (6.32)
k=1

227U, ERIEmOEL, EHEECL~mOFSEMTI DL T 5,

a/

(27

sea bed

Fig.6.9 Schematic view of sea bed surface
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(1) EEDMERA | B = 3degDE
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Fig.6.10 Pressure distribution on the sea bed surface given by

wave set-up and set-down (B = 3deg)
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Fig.6.11 Normal velocity component on the sea-bed surface (8 = 3deg)
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Fig.6.12 Calculated pressure distribution (8 = 3deg)

unit vector (1.0[cm/min]) : —

Fig.6.13 Calculated velocity vectors and streamlines (8 = 3deg)

Table 6.2 Total amount of discharge (8 = 3deg)

From sea to beach | 1.847 x 10~%[m3/sec]
From beach to sea | —2.003 x 10~3|m3/sec]

a7



(2) BEOERA [ B = 6degD A

100
<
!
[43]
—
jan}
(78]

Q50
£
o,

IR

0 50 100
X [em]

Fig.6.14 Pressure distribution on the sea bed surface given by

wave set-up and set-down (B = 6deg)
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Fig.6.15 Normal velocity component on the sea-bed surface (8 = 6deg)
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Fig.6.16 Calculated pressure distribution (8 = 6deg)

unit vector (1.0[cm/min]) : —

Fig.6.17 Calculated velocity vectors and streamlines (8 = 6deg)

Table 6.3 Total amount of discharge (8 = 6deg)

From sea to beach | 2.845 x 1073[m3/sec]
From beach to sea | —2.918 x 10~°[m?/sec]
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Fig.6.18 Pressure distribution on the sea bed surface given by

wave set-up and set-down (6 = 9deg)
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Fig.6.19 Normal velocity component on the sea-bed surface (8 = 9deg)
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Fig.6.20 Calculated pressure distribution (£ = 9deg)

unit vector (1.0[cm/min]) : —

Fig.6.21 Calculated velocity vectors and streamlines (3 = 9deg)

Table 6.4 Total amount of discharge (3 = 9deg)

From sea to beach | 3.608 x 107°[m3/sec]
From beach to sea | —3.664 x 1075[m?/sec]
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Fig.6.22 Pressure distribution on the sea bed surface given by

wave set-up and set-down (Ao = 1.0m)
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Fig.6.23 Calculated pressure distribution = (Ag = 1.0m)

unit vector (1.0 femimin]) 1 —

Table 6.5 Total amount of discharge (\g = 1.0m)

From sea to beach | 2.845 x 10~°[m?/sec]
From beach to sea | —2.918 x 1075[m3/sec]
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Fig.6.25 Pressure distribution on the sea bed surface given by

wave set-up and set-down (Mo =1.5m)
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Fig.6.26 Calculated pressure distribution (Ag = 1.5m)
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unit vector (1.0 [cm/min]) : —

Fig.6.27 Calculated velocity vectors and streamlines  (\g = 1.5m)

Table 6.6 Total amount of discharge (A\g = 1.5m)

From sea to beach | 3.151 X 1075[m3/sec]
From beach to sea | —3.242 x 107%[m?/sec]
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Fig.6.28 Pressure distribution on the sea bed surface given by

wave set-up and set-down (Ao = 2.0m)
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Fig.6.29 Calculated pressure distribution  (Ag = 2.0m)
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Fig.6.30 Calculated velocity vectors and streamlines (Ag = 2.0m)

Table 6.7 Total amount of discharge (A\y = 2.0m)
From sea to beach | 3.239 x 107°[m?/sec]
From beach to sea | —3.344 x 10~°[m?/sec]
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Fig.6.31 Grid system
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Fig.6.32 Pressure distribution on the sea-bed surface given by wave set-up and set-down
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Fig.6.34 Calculated velocity vectors and streamlines
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AppendixA
7 =) TR

7 =) LR BOEFIE, 7T ADOYBEE D OBFH TDH 5 Jean-Baptiste Joseph
Fourier(1768-1830) iZ & o TE» N7z COFLWEZIRFZDLODRERBIZLKRELE
BB 21120 Th L BEYBEOEATIIE UBA SR, BICTEOATCHEIIEE
LFEERERoTWA,

7 =) TRBOERNLEZF L, BEORMRBEEY D A8, I OBBUIIERERE £
BEZHWTETIENTELELEN)ILDTH D, T2bh, FEMEERELKE &FHE
BDOBEDEFZINTHLDLAZDON T =) IRETH B, 2B, ERHEROATHERINT
WA R FICIEARE. REEABOATHEREN TV LD D2 REHRBEIEATY S,

A.1 FEEIE%
BE flz) W RTOEH 2 ICHLTEEESN, TXTO 2124 LT
fE+T) = f(z) (A.1)

LB IEQRT HFET B, fo) XAYPHEETH 2, S0L & TIHBH f(z) DRAPE
%%,

FHBEO LMo N72Bl & L CERBBRRARME S 5. $/f=c=—E 0L
ZEBLTXTOT >0) 2L T (ANRZ@HTOT, BYMEREEESNS,

IR BOER LR 2 LTIZRT,

(1)  f(z) P EIERDEE.
flz+nT)=f(z) (n: EEOEL)
HE D LD,
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flz) & g(a) PHIZEAM T OFMEARTH 2546,
h(z) = af(z) + bg(x) (a,blTEE)
2T HARE h(z) DAY T OFPELZTH 5,

@

A2 FEEORBOT7 -V IRBDESE

B T OREBIRE f(1) ©7— ) THEIE (AR TESND,

ft) =ao+ ni::l <an cos g%t + b, sin ZL;t)
AYARD
(a) ap= % /_ TT//22 (t) dt
(b) an= %/_/ f(t) cos g—Zﬂdt
(c) b, = Z/T/2 (t)snMdt
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AppendixB
REE DA

Fig.B.1 Coordinate system

Fig B1IZART L), B HOBOFMIEIET 2 EIZEREE X 5,
2 RICHEITE DIRIBATERAIZIERT /A SR H1F, BEEMOIAADO L ) ICET S,

((z,t) = acos(kz + wt) ‘ (B.1)
CIT aldPHRIE, widFREE. HIERTH Y. ZOREROSHBEBRREHRET 5,
w? = gk tanh(kh) (B.2)

3. BORER LTS E (B2RLD,

¢ = [9tanh(kh) (B.3)
k
b,

ELIZT RV F — DEEEE TH BRI ¢y (= dw/dk) KO D, (B2)ROMHE LS &,
2logw = log g + log k + log tanh(kh) (B.4)
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AERE B,
C COMBREFET AL, EHIDARIITRENLEREENIKT D,
_dw l[w w 2kh }

C —_ —_

97 3% 2|k " %einh(kh)

c 2kh
T2 [1 * sinh(2kh)] | (B:5)

RIEERT v axko b,
BEDARIBE TH L EIRET S & 1 CE—RiEBx BT,

__19¢
((z,t) = Y . (B.6)
EEIT A,
SHITBLNAZMETH2HEERT v id, KERE e #AWT,
é(z,y; t) = e cosh{k(y — h)} sin(kz + wt) (B.7)
ERRTEHDT, (B.6). (B7)XLD
_ 1w
C(z,t) = — 3ot L —sg cosh(kh) cos(kx + wt)
y=
= acos(kz + wt) (B.8)
DT ENL
- 9%
TS cosh(kh) (B-9)
e ldRESIN, BLO)KZ/BEIENFTE S,
.y _gacosh{k(h+y)} .
o(z,y;t) = o cosh(kh) sin(kz + wt)
__awcosh{k(h +y)} . :
= Fsinh(kh) sin(kz + wt) (B.10)

72720 ol 3IRIRIE, RIZEKE  EHE L LAKIE. k(= 2r/)) R, w(= 27/T) (ZAE
BB TH 5,
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C.1 HE&E

EIRREE KD BHERE L LTI R E (T TREAM B & BARNRREDN D 5, —ix
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BB/ S WY EIZH L THVwSRT WS,
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Fig.C.1 Experimental set-up for permeability
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72720 QIdiE. AR AEOBERE (=78.5[cm?]). ZE—XBDEE, AhIIKEET
Hbo

C.2 ZEERIER

FERIIEED 300um & 850um D 2FEHND 77 A =Xk L TiT o720 BB, ¥ T AL —
AHS i L v & 912, A OEIZ Table C.1ISRT L) % 3BHEDO 74 V¥ —% b buis,

Table C.1 _ Filter
Filter 1 | BFEHT—¥

Filter 2 | T3 HA v b
Filter 3 | #itih

ZDT4NE—DIFMHKEL 2D L, EROERFELEHIFERD 5B O N5 EKRE
EDBRENVREL LDTREEDSH D720, BUR T4 V5 —%BIRTHLUENH L, 2T
Filterl , Filter3 DADERZ T o7:L 25, #NFh Table C.2 M Exp.3~5 , Exp.1~2 (2
RLTHIMELDDZVRELZBELZIZO PP DL TXEREZIIADKI ) Fot-HEh
LTANY—DRBEIRVWIDEEZL D,

ERAERD#E R % Table C.2 B L U Fig.C.2 127k,

Table C.2  Experimental results for permeability

| | KIAE [um] | k[em?] | Q [g/sec]lAh [em] | 1 [em] l TANE —
Exp.1 300 | 1.02 x 1076 6.60 2.1 2.5 filter.3
Exp.2 300 | 1.07 x 107 9.44 4.0 3.5 filter.3
Exp.3 850 | 5.97 x 10~° 13.05 2.7 9.5 filter.1
Exp.4 850 | 5.95 x 107° 24.60 4.3 8.0 filter.2
Exp.5 850 | 5.91 x 10°¢ 30.30 4.0 6.0 filter.2
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Fig. 4.3 (r) | Time histrical data of pressure at 120.0cm
Fig. 4.4 Pressure distribution on the sea-bed surface
Fig. 4.5 Pressure distribution on sea-bed
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| Fig. 5.1 | Coordinate system

Fig. 5.2 | Coordinate system for wave set-up , set-down

Fig. 5.3 | Momentum flux

Fig. 5.4 | Schematic view of sea-bed

Fig. 5.5 | Pressure distribution on the sea-bed surface

Fig. 5.6 | Coordinate system for wave run-up height

Fig. 5.7 | Experimental results by Savage (h = 38cm)

Fig. 5.8 | Comparison of wave run-up height (h = 38cm)

Fig. 5.9 | Classification of wave breaking style

Fig. 6.1 | Coordinate system for computation

Fig. 6.2 | Coordinate transformation

Fig. 6.3 | Grid points for a nine-point formula

Fig. 6.4 | Grid system

Fig. 6.5 | Pressure distribution on the sea-bed surface given by wave set-up and set-down

Fig. 6.6 | Calculated pressure distribution

Fig. 6.7 | Calculated velocity vectors and streamlines

Fig. 6.8 | Comparison of experimental result and calculated result

Fig. 6.9 | Schematic view of sea bed surface

Fig. 6.10 | Pressure distribution on the sea bed surface given by wave set-up and set-down
(B = 3deg)

Fig. 6.11 | Normal velocity component on the sea-bed surface (8 = 3deg)

Fig. 6.12 | Calculated pressure distribution (3 = 3deg)

Fig. 6.13 | Calculated velocity vectors and streamlines (8 = 3deg)

Fig. 6.14 | Pressure distribution on the sea bed surface given by wave set-up and set-down
(B = 6deg)

Fig. 6.15 | Normal velocity component on the sea-bed surface (8 = 6deg)

Fig. 6.16 | Calculated pressure distribution (8 = 6deg)

Fig. 6.17 | Calculated velocity vectors and streamlines (8 = 6deg)

Fig. 6.18 | Pressure distribution on the sea bed surface given by wave set-up and set-down
(B = 9deg)

Fig. 6.19 | Normal velocity component on the sea-bed surface (3 = 9deg)

Fig. 6.20 | Calculated pressure distribution (8 = 9deg)

Fig. 6.21 | Calculated velocity vectors and streamlines (8 = 9deg)
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| Fig. 6.22 | Pressure distribution on the sea bed surface given by wave set-up and set-down

(/\0 = 10m)

Fig. 6.23 | Calculated pressure distribution  (Ag = 1.0m)

Fig. 6.24 | Calculated velocity vectors and streamlines  (Ag = 1.0m)

Fig. 6.25 | Pressure distribution on the sea bed surface given by wave set-up and set-down
(Ao = 1.5m)

Fig. 6.26 | Calculated pressure distribution  (Ag = 1.5m)

Fig. 6.27 | Calculated velocity vectors and streamliness (Ao = 1.5m)

Fig. 6.28 | Pressure distribution on the sea bed surface given by wave set-up and set-down
(Ao =2.0m)

Fig. 6.29 | Calculated pressure distribution (A = 2.0m)

Fig. 6.30 | Calculated velocity vectors and streamlines  (Ag = 2.0m)

Fig. 6.31 | Grid system

Fig. 6.32 | Pressure distribution on the sea-bed surface given by wave set-up and set-down

Fig. 6.33 | Calculated pressure distribution

Fig. 6.34 | Calculated velocity vectors and streamlines

Fig. B.1 ] Coordinate system

Fig. C.1 | Experimental set-up for permeability

Fig. C.2 | Coeflicient of permeability
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