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Abstract

When the wind blows hard, most waves will break in sea.
Breaking waves occur, exceeding limitation of wave
steepness(wave height/wave length=1/7). Because a wave of
single angular frequency could not generate the breaking
phenomena at two dimensional ocean engineering basin, the
breaking wave can be generated by the superposition of waves
with various angular frequencies. We research how are the
particle kinematics in the breaking wave and the magnitude of the
breaking wave exciting force. We compare the force in a regular
wave which has same specifications(wave height, period and
length) as the breaking wave. Also the experimental results of
wave exciting force and particle velocity are investigated by

comparison on the analytic results using the potential theory.



Nomenclatures

WO
Ao e e

o B
ﬂ]
oF oF of
o

~
H.O

NN
N

L

el

£

H
A

T
)
£
A4

N

H
=
3
ok

oF

B o

wom
H
& = ﬂ
~ B OF

wOE o< W
o0 E

AR
. H
TN AR
N

S ARA AR B} F7)

: w) A s}eh

-
v
‘_n.yl

Hir

<
w

-
o
N

N3

oF
B
il
umo
b

p—

=

D BEST AR A

H
A
(5

=
ao
w

i

-
=
H

i

=

p— g p— p— p—

totaltime (n)

pt(n)

-
ey

KL

£, (t)

: Impulse response function

hF<T)

: Frequency response function

N
<

i
"
el
Nlo



Fig.2.1
Fig.2.2
Fig.3.1
Fig.3.2
Fig.4.1
Fig.4.2
Fig.4.3
Fig.4.4

Fig.4.5
Fig.4.6

Fig.4.7
Fig.4.8
Fig.4.9

Fig.4.10 Time History of CASE 1 Wave Force at 27.5¢cm ----eeeeeeeeemeeeseneees
Time History of CASE 2 Wave Force at 27.5cm ------eeeeeeseeeeeeeeenees
Fig.4.12 Time History of CASE 3 Wave Force at 27.5cm ----=ssmmeemeeeeeneees
Fig.4.13 Time History of CASE 4 Wave Force at 27.5¢cm ----wemmeemeeeeeneees
Fig.4.14 Time History of CASE 5 Wave Force at 27.5¢cm ----=smmeemeeeeeneees

Fig.4.15 Comparing Wave load of experiment & numerical --------seeeeeeeeeee

Fig.4.11

Fig.4.16 Maximum Wave Elevations in Various Transient Waves -
Fig.4.17 Maximum Wave Forces in Various Transient Waves --seeeeeeee
Fig.4.18 Wave Force in Regular Wave(A ~ B) e
Fig.4.19 Horizontal Velocity Profile of Particle

List of Figures

Change of pressure in xz plane

Generation Process of the Transient Wave

Schematic of 2 Dimensional Ocean Engineering Basin ------eeeeeee-

Schematic of Experiment

Input Signal of Transient Wave at Each Voltage(A ~E) --eeeee
Time History of CASE 1 at Breaking point ------srseeseeseeemeseenenseecenens

Time History of Design Regular Wave
Time History of Wave Height in CASE 1
at Each Position(A~V)

Maximum Elevations in Breaking Wave according to Position -------

Time history of Wave Force in CASE 1

at Each Position(A~YV)

Maximum Wave Forces in Breaking Wave according to Position ----

Ratio of Wave load to Wave height

Impulse Response Function of Wave Force

23
26
28
31
33
34

41
47

48
54
55
56
57
57
57
58
58
59
60
60
61
62



Photo
Photo
Photo
Photo
Photo
Photo
Photo
Photo
Photo
Photo
Photo

Table
Table
Table

1.1
1.2
1.3
1.4
3.1
3.2
3.3
3.4
4.1
4.2
4.3

4.1
4.2
4.3

List of Photos

Tension Leg Platform
SPAR Structure

P-36(Semisubmersible)

EI-322(Fixed-Platform) -

w W NN

6 Axis Load Cell
A.D.V Velocimeter

Resistance Type Wave Recorder

Cylindrical Model for Experiment
Scene of Estimation Wave Length in Breaking Wave -
Transient Wave Progress of CASE 1(A~L)
Measuring Wave force in CASE 1(A~L)

List of Tables

A Ao TE CASE 19 TR ZF ccoecererriiiineineieeceeeeeeeee
FzE9 QAo B At Fg o

AR o2 B

_|V_

27
27
28
28
34
35
38



11 a7z 2 ug

23} 1000 @ AZAAE KgelA AEE UAZA A BLY
NUAE FFaach AW 1847 F9 GFAA Ay 4P| F
ol WA} FAG A7 FAR UA Ade] £t FEF @
% fAAARORE O £4F F2T 5 g 440 o2 Atk oY
@ 2AE A2 A AFE NG AL GF BYS A

TuolFel A Hxe £FFA] A% AFAFE ARBL,

= AT
1939 A2zt A Aol Al &FE o] o|UX|FQ 7t wFekA WA ARk
sl FA AT e B 558 F7ekAl H Az, ol viA o Y
o 1950t "= ¢ ShellAb= 4] 309 mE o sjFTxES HAst
Holth #& Al7] o= British PetroleumAtE 3 2 A|of ko] A F5
A ST AAGA Ha, BepEd S v BFyo|od A o]
g ZEol ofFolMu. WA ARt A AzE S FAFAFE 1950 HE
Fr, ofAlotel o= 7kA] A Al A A o
2 9 HAA Ho] A &g qARS A FT7F o] FojA A H AU
t}. @Al = FPSO(Floating Product Storage Offloading), TLP(Tention
Leg Platform, Photo 1.1), Semisubmersible, SPAR(Photo 1.2)%5 ¢ 42
TZ & (Floating structure)¥ Jacket-Platform, Gravity Fixed Platform% ¢
12 F 25 (Fixed structure)o] 2 AlAle] AA 7}ssx 9low HTh 4
A Aol AR =2 HFTEE AES A& g2 A7 FAHHL U
Photo 1.3 Semisubmersible E} Y FZ2& 24 1996 229 & $-d At
o] Z oAl 130km@E ol X sl sk, =4 2F1300mel A = A

AAEA Ere &gl Fret



Photo 1.2 SPAR Structure

Photo 1.1 Tension Leg Platform

AAH el 90,000d/b

L=
=

FAIZ A
P SAAE

3

TEE AT GA

o]

o

o
T
Jjo

)

R

=

o
%)

]
oF

o

4

‘_J_.mo

IoF 501 eje] A4ty @

9|

% 3]

7hA sk P-369 A A

ofw ool A

ol

o
oy

70
4

b

3|
s

T
- al

o] 2] 7} g1& A o]t} Photo 1.4

1 2] A A A

&

TXE EI-3229

ol

o
o

in

il

J)

= A, Serviceability limit state,

= 0
5 =

—_—
file)

o

, Fatigue limit state, Accidental limit state%s o=

21T}, Photo 1.3

Ultimate limit state

_g]

Accidental limit state

KR
T

s T



Ultimate limit stateoll
A dl 7HA Tl A

-
.

11, Photo 14
7ol A

A& 4= Ultimate

=13
=

12 (ke o)

o
ﬂO
o

-
R

1A

9]

EEEEE

=
1y

limit state

—_
o

-y

A 5

)

]

3l o

SECE
of ola) Aol AT, o} A7 23}

gt

REER

9]

Aste D AvfEl o
o4 ¢

-
R

AT A S

O
T T

A
o8

"

il

o
T

322(Fixed-Platform)

Photo.1.4 EI

36(Semisubmersible)

Photo.1.3 P

ol
o2

3)

A A

hSS

el
a
[yl

o

el
el

-
M

—_

jang

;OO
JAuuﬂO

B

=
=
=

i
ol

T2

e

of Adx

o

i

il
ol
Mo

AA

B

ol
El

R

457}

=
A 7

Bas 7hAY e

o
.

o ey 2

[e}

o

1o] T



o] Fag9o Ayga FHo 23 3 (breaking wave)® E X E T}
Ao ofgk A Y AE E(particle velocity)
¢} 3= (wave load)s Atz doh. A= F=Fa AU
Ao, =, o] 7HA FasE HA e Adae T s AAdEH=
2 A, e d(wave development region), 2 3% (breaking point)
a3 39 9 (breaking region) 374 @AZ yFo] Xtk A &A o
Aol A ztzhe)l &4 54l WEd A, olw £ FeFHd A
Hol oful AAE 7HAE=A ZAReEZ] f18 B 7 Im(Al SA GG U)
AAste], 5emitA o2 o] EstWA I wHs S, A A
Fot AGZA "] 7 A YEue A FGolA FEAE AR 2em
ojFstHA FAIAA] FEFEES AT Fojn
ol ¥ A= Fx=o] 8le wW dist= HY U AsFL
P frEaxel WA FARE H, A9 FEEd A&ste 9EHS
AAAow soteted FHE = otk 2y Hfste B 22

2

3

(transient wave)S A &8s

K

ofy

Adeha, 3, F7he 7HA = AASGEH ) FrEsA R 9%
TAAM Aoz A FEe] WaEkeh wAFAlH e We] g 54& A

NI

o

E@h £9 AvHs EAAQNESR olgo st HA @A AF e
Fel oa] AN FRAdsSel FA43 WnHE W TR =4
|AEvtele] s um - AEE Fa Ak SAel gl B ol A
Fehsl B Aol

N

2



21 2x4 HH

Ao FxEol vA= FFstgol I Aol oA 3k (breaking
wave), H3stA = EdMA A E g (transient wave), 122 A 3 (5f
HahE AFetsor AdAso] A FAHHAS AL Aolr. AT
Hupot EMAAED= vdd o] s Aetr] "ol s FE55Al
g F3A HZol wig o v whebA 2209 5t A 9} (linear
wave, stokes wave)oll gk FAIA 20 HANE Hsko] 23k TF ] ol
ek ol 2ol wieiA Peotw i, 2xste] I A4 A (dispersion
relation)= T3 I o]AL ulg oz FAue I SE EHL ool
B a1, #4EA #A (dispersion relation)o]l <tASte] o FuFE 7FA = G
2o FAo] o Huket ENAANESRS TR Tt

H

WA FEe EFHAL fA HEAZ de FHAA(Euler's
equation)o]l W&l LolH iz e}, 1 H FHEA Ao HE oA
A= A2 v 25 o84 2] (Bernoulli’s equation)2 A7) 3ke] 23k

A ANE 98 A2PAA e 49 B

FAZ do va HAESHAS JMASL 23Y

gl A4S (r2)E & 5 A A9 A

245 Yele ¥ (pressure), U XE(density), Z=(velocity), 7FI&5%
_]

i=]
(acceleration) & ESAAE0] 2z HW WolAd= Wslsta AT, FAH

=
He EAEA g, £

=
fao)
oX
Jo
2
°
N
2
{
=
L
_EL
oo
)
ofy
=
i
oo
J
[



E A g}

z P 6z
o2
(P—Eé—x) f < (
ow 2 (x, 2) P—}—B,—Pé—iv
AP 6z
S 2%
0 <

Fig. 2.1 Change of pressure in Xz plane

xFWEFe] gudE e
_ 9P oz _ P oz _ _opr
(P 5 9 )ozd — (P+ oz 2 )ozd = pye oxdzd (2.1a)
2o WHow 25Ee] 3WES FdeH
_ops 0P8z 0P
( 5 9 Yoxd — (P+ ~ 5 )oxd = ye dxdzd (2.1b)
AT 28 x5 WFgFo R gddd 4= 99E 0(m/sec?)

0poroydz=s WFAFH) (2.2a)
—gpoxoydz= WFHAFH) (2.2b)

olal, (2.1a)9k (22a)5 Fstw (2.3)4 3 o] WA Foe] A



- %&rézd +0pozozd (2.3)

Newton & A2 2 <93 (2.3)

— %&c&d = (pdx 5zd)(@ )

" or at (2.4)
p ox dt
FADAY] £ AEES wwet st AP A der gAY
u=u(x,zt)
&5 yo AwiE(total differential)-
du =S do + Sz + it
ojuf 7F&E = (25)9F 2t
du _oude | uds, ou
dt ox dt = oz dt ot ©.5)
(255 (24 Sl |
— %% = u% +w% —I—% (2.6a)
e gyoew vy WY Fotd
(—g) %%— 2 4O D0 (2.6b)

2.1.2 Bernoulli equation

Euler &% A2 S v =4 A9 748k A 23 Bernoulli WA

A EE gL 98 4 Y SE T Fele ohgeh o
u=29 (2.7)
ox



w=52 (2.8)

22 1E& Azkp T3] giEA Hued

8z  0xdz ox’ ot oxot '
22N (295 A@26a)] thdstA
_lopP _ ou  ow 9%
p ox _uax Tw 91 + orot (2.10)
i
U o} u2
o 5. 9 2.11
Ly oxr 2 ( a)
2
ox oxr 2

olm =, 2 (211a)< (2.10)0] whelste]l A elstH

0w w99 P
Bx(2+2+8t+p)_0 (2.12)
0 (1 9d e, L dg e, 90 P '
ax{Q(ax)+2(az)+at+p) 0

21(212)5 At
L ogy, 100y, 00 P _
5 (G )+ 5 () Sr == F(zt) (2.13a)

WA 7 5 gl
Lody, 100y, 90 P _
5 Cow ) T (s )+ tozt ’ =F, (z,t) (2.13b)



Btz 4

o

Al O
1=

| 2ro0]

fud

Sk

A T

o}
3T

2 AN 4T

o

H

(2.15)

v=\¢

2 He g924 AYgdyg. a8 FAE s o] 1 3 A(irrotational) 9l 7

A

o

A,

2 = o]

}o

1714, w3

ol
=l

il

el
oR
B
o
M-
=t

el
oln

Ho
of
03
o
ol
1SS
)

i
o

(2.16)
(2.17)

2} (2.16)°l w2}

3ol 4 of )

e]

ofF
I

.
o

)

—
o

B
el
=

¢

Ton

)

a

o
il

0

<

X
4r

B/

(2.18)
(2.19)

2} 2~ " A 2 (Laplace

8w:0

0z

ou
6+

T

=

3 1t

(2.15)

S

divv=Y v
21(2.18)e 2
equation)°]



oo W A % G
..% a3 =0
"o o A a p
.3 W oW T
™ M oz iy JE
MM ﬂ _ ::
O —_—
~ m = 0 3
ool )
N3 s T =
- ® S
)
5§ = ¢ - g
RS NN <
8 o = 1 -~
S R, AR S £
- ol ]
W B < ) < = o
© & W <o SN ~o
o op > N o
g . a °f = T ow
E gt o~ =~
nmdﬁmﬂwfﬂﬂa o
o _ @ B n ® T B
§ @ A o m &
5 = B 4 i
ﬁn ﬂﬁ ﬁo _wi o
a M7 gR
— X Q
o B oM oo M — 9
o Eo OW Q 1_2 =]
= M o @
= X =~ w nn T 9
~ Ot o N F ~ o
J_/lL J \@l D - of
N E VRN N M% 8~
BT o X oy LT =
=) ‘_m.@ 1o m o —| —
o 5 F o = X
— oF B . N
oW g oW oW =
) O

(2.21)
(2.22)
(2.23)

b

0]
“

4 KFSBC#

shdl o3&

S

2 ggue, oo

al

+w=0

oh
ox

z=mn
oh +u

ot
- 10 -

on
oF

0z

9z
ﬂv—l—u('c)—F—i-w
ox

ot

8¢ on _ 9%
oxr ox

_|_

9

at
DF
DE

) A1l Z 7 (Bottom Boundary Condition)

S

F(r,z,t) =02 =i, Fla,zt)=z—n(x,t)’t Hi, 5 z=n(z.t)7F Fh

(Kinematic Free Surface Boundary Condition)°] &}
oluf Fo] AAwE DE/Dt=0°] 5

®



99 0h 09 _ g 0 —_ (2.24)
oxr o0x 0z

B

>,
Lo
rE
ok
N
e
rlr
o
o

= oh/pr =002 2(224)= ot

99 _ o on  z=—h (2.25)

oAl AAzAT AuMPANL ol f3tel 24UNFe) TAAL T
o A3, KFSBC9 DFSBC A@dAwRtez fdste S A9
THAAZA olgtetr AL 222003 2(2.22)E z=0°lH3H A Taylor
FEAMER, et 2o
20 4 2222 +(22)7 + gy
(2.26)

92 9z 8z 97 0z (2.27)
_on 9 on 0 (8n , 09 9n ... _
ot "oz on Tz Cat T omom ) T on  z=0
FAo A AN Hewd, Sy 2ot
%?+QHZQ(Q=0) on 2=0 (2.28)
99 _ on _
5. = ot on z=0 (2.29)

A@8)T AQ20)NN FURENE 2AE BRAFFEAA 200l
SRS

2
%:;—Jrg%g:O on z=0 (2.30)

_11_



!
H

S0z AR Aaste] &

Holojof g & Aog FHAHE F74H9Y o] Rrrdr)

2.19)e tideld, thgo] WgEe e Av

1 1
X a2 VAR (2) K= k=0 (2.33)

WA >0 duf
21(2.33)8] A WA Ao 2HE tgo] oz,
d’X

o KX =0
N (234)
dZ _j2z7-
dz
2(2.34)9) e
X(z)= Ce ™+ O™ (2.35)

Z(z) = Dye ¥ + D,

2235)0 Folx ARASE O, 0D, D5 TE7 A8 AAZAL U

Ak WA, ADAzAS aLHste] 4(232)F (2250 st A
Bl
A7 o  on  z=—h (2.36)
dz

21(2.36)0 2 (2.35)& tlYste] A2 stH

_12_



k(D™ — Dye ™) =0 (2.37)
Ao AolA k=0 52 D =Dye el A5 deth A7A, k=09
BE 243 AdAEA goemz s)7p olyal, D = De 7} 7 ®)
o] & dnka] 2(2.35) Wit
) = Dzefzkhef M 4+ D,et

_ 026 kh {6 kh k7+ ekhekz}
—kho—kz 4 khok: (2.38)

_ ~kh €
= 2D,e 5

= Bycoshk(h+ z)

S BRARFUAAZALS DA A232)F 4230000 0

2
4Z W70 on. 0z=0 (2.39)
dz g

o] B, 4(239)0] 4(238)% WAFH tho g BANS Axr

szsinhk;(h—i-z)—%B2coshk(h+z):O on z=0

B, {ksinhkh — u)7gcoshl~ch} =0
el AelA B7F 0°] HWH Z=10°] Hi, g =022 Ho| Foujg A
2 OB E WA, ksinhih— L coshkh = 022 51010k 33 3]

=]

ke
i)

1 =3

;

2ol o,
W2
— = ktanhkh (2.41)

9
Ao A BEHIR A BAES vEd 2 ¥4 (dispersion

relation) .2 &l A vt oo ARE Foetd, vt o] FYHT
& (z,2,t) = XZe ™™
= Cie " 4+ O™ B,coshk (h + z)e" ™ (2.49)
1e—z(k-ziwt)+E26i(kx1wt)coshk(h+z)

coshkh
7| = AIZEY ¢ et Ao tisiA AR 4(242)F v

_18_



2ol xdHAT.
_ o —i(krtowt) i (ke —wt) coshk (h + 2)
¢ (z,2,t)=FEe + Ee cosh i (2.43)

A9 Aol A EGe Azre] Aol met 2% o wFom APse 5
2 Y, BFE 20 o) gor Pass 32 vebdrhg A,
ololupzl she] WS FeldoiE, WAZAL WHAD). spALow F
7174 20 st BmA. WA, 24(243)s H23D9 A A o
s, theol w4

{Evlefi(karwt) _|_Ezei(km7u)t) ) coshk (h+ z)

ocshkh

—i(k(k+L)+wt) k(z+L)—wt) COShk‘h"‘Z)
= {fe +E2 } coshkh

(2.44)

9] Ae Ay, Ee ™4 B = Be Mt 4 Bttt g 53
ekt = omR(XHL) ml ik — pik(@tL)o] "3 A 7L WEEEojok smE TS}
pages

coskxr — isinkz = cosk(x + L) —isink(x + L)
coskx + isinkzr = cosk(x + L) +isink (z + L) (2.45)
k=2n/L
TUT Y oE A (243)F A@R3DY F HA Ao ek,

{Elefi(mwle) 4 Ezei(kmfwt) } coshk (h+ z)

coshkh

_ —i(kz+w(t+ 1)) i(kr—w(t+ 1))\ coshk (h + z)
(e T e } coshkh

(2.46)

%3] @'% 2313/]5]"5, Ele—mt:Ele—yiw(t+T)7E2e—7‘,mt:E2e—m(t+T)7]_ Q

3, wEba] em = em Tl BA L HHEW gk mepA, g A

= Ader)
coswt — isinwt = cosw (t + 7T') — isinw (t + T (2.47)
Sow=2n/T



of MAASF BE 7 7 Utk

m (2.) = g‘( ) (2.48)
g AFstE AFFAAARD AQ2R)ZEEH, 12 FaE, oo
Fage
_L%|Z:0
g ot
n; (x,t) = Z?‘Uqblz:o (2.49)

W
E (kx — wt)

mElA] 21(248)7 41(249)9] MU ZHE v A¥E de=oh
B=idL (2.50)
g/]

SEEAe gt o] Foja ),

__ .gH coshk(h+2) i(ke—w)
¢i (z,2,t) =—i 2w coshkh  © (250

9o Ao A5 B Aty

¢; (z,2,t) = ( ) sin (kx — wt) (2.52)

24, B4 B4 (dispersion relation)®F 239 A E=Td A S ekt o

LogE 27 HAPEETHA = 2nd stokes waveol tha] ol zZlt},

Ashel sha, B, Foe FAG FAGE ARG oA o] e
FANAG kA7 27] o] m2AZd(HGh)zA o] £A Hol
b ad Aow Bustel, FE 54 sebgel QoA 4@

B 252 23ste] FAYA FESHS MWEY @ Ro|uh

D AWML =0 (2.53)
@ WA AAz 3@1 (2.54)

_15_



SHAAZA oz, 2t)=¢(x+ L, 2t) (2.55)
(2.56)

® ©
N
N
ox
IS
BN
o
<
Q)
R
=
I
<
&)
N
_|_
3

(%)Q—F(%)Q}-F%-FQZZFG) on z=mn(x,t) (2.57)

_9n _ 99 on on z=n(z,t) (2.58)
o] e BAASANA AuiRAA A} AAXASS

ol A sl7] wwel, 9, A%, v, dFoFE THHE g,a,k 00l
I ANE v FAad HasES Ao o

X=ke, Z=ks W=, . N ANy i
a

2

r
ol

2 2
070 L 8P g (2.59)

D)
Ho
=5
=)
N
A
Lo
—d
R
rie
ok

oIl ob ob _ b
B~ (ko) 2525 = 22 (2.61)

AedAel oA sl= eor AHe MAaF kol FH5dvds As

AT DG el FFHA FAR, 222 ¢, 3A= 2ol FH
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II=1II,+ell, + €M, + T, + + - -
D=0 +eby,+ Py + D+ - - - - (2.62)
QUT)=eQ(T)+EQ(T) +EQ(T) + -+« + -
w:w1+ew2+62w3—|—63w4- I
Aol 92 Z=(ka)I(X, T)E "8 & F 7] "ol Z=0° &
715 ANz o371A4,0(8) 2

sto] v tHdAd =09 AHEd

pus

2 B/15% SPAAT d10 nR4FL RARY HLUFEE Aol

o E Az FFA
L2 0P y2, (0P yn 0P
222+ (22— 2 4 7y
el (Lo 22 2 (02 02, A (2.63)

(_8H_8H+63¢ 8H)

07 orT 0X oX

0 0P 0P oll
+errL (-2 22 00 (2.64)

2] (262)% 21(253)~(256)0] ekl eol #F 148 melsto] o
o 4s As & gtk
V2P, + e P, = 0

0P, aP? _
~%Z ez 0 @ Z=—kh (2.65)

(X, ZT)+eby)( X, ZT) =D, (X+LZT)+eby(X+ L, Z T)
P (X, ZT)+e0, (X, Z,T) =0, (X, Z, T+ T,) + @, (X, Z, T+ T,)
(¢ T,= 52457 2r/welth)
g a A(2.63)3 22640 FAATETF] AFsHAN A A(262)5
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Asto] Helakw 7tz

€ (0P \2 0Py \o 0D oD,

5 (=5 )V (=) +e

2 " oX oZ oT T
2 (2.66)
o°P

+H1+6H2+€H187_812+- . :Ql(T)+6Q2(T)+' . on Z:O

0z oz  oT  “oX ox

2 (2.67)
9°P,
_6H1—2+ e o e e — on Z:()
0z
o Aoz Wy
@ 1st order &% A 2
el FPF RE F& mow MFAEL o3} o] Folxn
V2, =0
0d,
_8_Z_0 on Z—=——kh
08,
o T RSN (2.68)
oll, 09, 1¢
5T 9% on Z=0

?, (X, 2, T)=0,(X+2m,2T)

¢ (X.Z.T) =&, (X+Z T+ 1T,)
o] Ao o MEute] AuuA A AAZAL FASC 7 AZEA
Aulgg el o) vhen g Anrt et

b, = cosh (kh +Z sin (X—oT)

w,cosh kh
II, = cos (X —wT) (2.69)
o7 = tanh kh
Q(T)=0
2nd order A% 2]
e?l 1245 oW A AAXAL Uy #Zo] Foln



V2452 - O

ob, B
_8Z_0 on Z=—kh

09,  oll,  od, oIl 0°d, _
57 o7  ax ox o om 250
8@2 1 3@1 9 a@l 9 (270)
M- 22— Q1) = LIS+ (2 )
2@1

+H18Z8T on Z=10

X, ZT)=0,(X+2r,27T)
X, Z,T)=&,(X+, 2 T+T,)

E AelER $ugE =8 /149 gol HArt. 2RaE 7] 9ol B
FAFFAAAZEAL st o] Helshe, ol AfrHzAORY

0°P, N oD, N 0@y (T) oy oll,  oll, 9°P,

o T> VA aT . aX 00X oT 070T
) (2.71)
B o (070, | 0P 1.9 (0P o, (9P _
HlaZ(aT2+aZ) QaT[(aX)+(aZ)]0n Z=0

A@7De e D= Adstd, 42699 o3 IS Dol tidsta
A} 713}

ddar dAAYE Abgstel Aestd tEa 2ol "ok

—Lsin2(X—07) (2.72)

sin h
2} Z 2t~ (Laplace) A A3 s AAAZ=AS W=

A oo ¥e e

st &, (X, Z T)°l g

+ Z)sin2(X—0oT) (2.73)
Azl st AEsSH
0Q,(T)/6T=0°lt}. st @, (7)) AZEREe] 5= sin2(X—o7)°l
w 2= 9

+E g fler, mEM SAol WY M= 0@, (T)/6T=00°1 A

Y



galloF st} o]ZHH Q,(7) = constant= =W, °]& @, = constant= i

71 2 4 9t
0,2 AREAAG qYete] oo BANE B,
3 1
__3_ o (2.74)

“2 T R sinh
wheh A,

&, (X, 7, T) = 39100502 ({fh *2) Gino (X—oT) (2.75)

8 sinh“kh

FHI IL(X,T)E AR Aske] 23 Bojey

1 0P o’
=57+ @5 Gx VGl + Mogep o 2=0 @79

s el &3 6,5 dsiel AL 2 Gl ojde e 4 Arh

3 H}w’cosh2kh

t)=—r————F——cos2(kx — wt
7 (t) 16 gsinh*kh ( )
2
+ @y — B .\ [cosh 2kh + cos2 (kx — wt )] (2.77)
16 gsinh®kh
H2 2
+ é; 1+ cos2 (kz — wt)]

iSs
flo

TAL(H =2a)°lth o]2el AE=H F A= F A AHZE At
AA sl A FHHF o] glthil 3k no-setdowno ZH-E Bernoulli’d
FE00R FAT F o, wehAd thgo A o] nE HTAE pot
HEARE 92 Ui & 7F Aok
=1+ (2.78)
web A, AQRINESH 22798 det.

H'12w2 B [{12k'
16gsinh’kh  8sinh2kh

293 MEARS g go] Fojth

(2.79)

”7:
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= ka® cosh2kh
? sinh’kh

4
deoz BRFAoR hE FARL, et g BE 0L REd a9

B2, Bernoullid+ 959 @S 7

(2 + coshkh)cos2 (kx — ot ) (2.80)

H2 2
=11 _ (2.81)
16sinh°kh
aEw, el MEARS 4R80T ol Foldth HEAQ 237Y e

¢ = ¢+ €p,
_ Hg coshk(h+2z) . -~
2w coshkh _ o0 Yag s (2.82a)
3 cosh2k(h +2) .
— 3—2H12a)1 sinh(4kh ) sin2 (kr — wt )

A9 AA Aoy adse 4B duE $Ie) A, —22a 00
0 ot

2 BT e ol gl Hr)

¢ = ¢+ €p,
_ Hg coshk(h+z) _. 3
- 20y coshkh o0 i) (2.82Db)
3 cosh2k(h+z) _.
+ 3—2H1201 sinh<4kh ) sin2 (kxr — wt)

g e obe 4(283) 2.

H,
n=— Tlcos (kx — wt)

[ (2.83)
coshkh
— ﬁm (2 + cosh2kh ) cos 2 (kx — wt)]
EAFRA A S AP FdeA v 2
w = ghtanhkh (2.84)
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¢(=((n)xsinw(n) X ({t—pt(n)) (m) (2.85)

n=1d ¢((1)w@)=s Ao o=z AAFAIIIL pt(1)=0(F7]5ke] A3
ez o A AA = off ok Z

w(l)*=gx k(1) X tanhk(1)d (rad/sec ) (2.86)
2212 27w (1)= ¥¥ FA8 e Newton-Raphson method& ©] &

o
=
A k(1) e & 5 A3, 2o 3 (1)

c(l) = \/?(&L)tanh(k(l)d) - (2.87)
of AlozHE 3 4 vt n=1 € 10m 74 Y Z=total time(1) T
7l 7(1)2 ob A ¥

total time(1) = % (sec) (2.88)

(1) = 2 (sec) (2.89)

n=2 A% n=1dwe] F7IT1)F AR AVIER n=2d

w o] HFo] 10m7A Egsi=d Ao Ae

total time (2) = total time(1)— T(1) (2.90)
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S ofof shar, o] w&e(2)=

.(2) 10

~ Total time (1) — 7(1)

(m/sec)

ojx]ojof gt} T3] YA TS zeroR | F7]

pt(n) = Y T(n—1)

n=1

(&¢7(0)=0)

pt(n)S 21(2.92)Z A AFA & o} &} 1L

(2.91)
BER

(2.92)

o 429)% 4

28N g k(2)e #S & o+ A3, A k(2)F AH286) Y
S w(2)9) g T F YomE, n=3459 FSolE ge FneFol
AgdEn. o, FXAE ((n)& AW FAAHe=constant)E °©] &3}
((n)=ayk(n) 2549 T3t
Dispersion
relation
Programming of Experiment of
—_— .
breaking wave breaking wave
Fig 2.2 Generating Process of the Transient Wave
23 A9 $HaAA
o) HHE AR HFFFAA FRE Fee shee A7hed o)A
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JdEH~ S 9o A rolH iy F 3 A E (Convolution Integral)shH
b3 AE F, (t)e Alzto]Ho] et} o= thg2ly o] RHECG, 1

g =Fol M s A 123 A v aie g

) = [ {hpe@)Ct—rdr (2.93)
a9 he(n)le RRAY A8 SPgFRe] 2de &3 2k
()= o= | {Hw)}e do (2.9

{H(w)}= 12 37448 dAdddola o] L Fourierd o] 93] t}g )
Bw)= [ gl 295

Axkd 5 ar, 22.93)0l s dHE=

g ARGoen BRAHe Aol

_ t—e)+ s (wot — €
| ay feos (wit — €) 4| ay cos (wyt — €;) (2.96)

_ %l a | (6—z’(w1t—51) + ei(wlt—el))

+ %| a, | (efi(thfez) + ei(wzf,fq) )

21(2.94) 9k 41(2.96)5 41(2.93)° WhdstH

=)

A a2



.0 [ bl

“ 1 —t|w (t—T7)—¢ i (t—7)—¢
= [ )|y g 070

| 2| l[%t T)— fz]+ l[%(t T)— fz])]dT
2

= 5o [ (wy)Je ) 4 {H o)) el

ol as [{Hp(w))e ) 4 {Hp () el

= Re| a, |{HF(w1)}67i(u}1t7ﬁ) +| ay |{HF(w2)}ef1ﬁ(u}2t7@)

2 .
E ay {Hp(wy) e ']

F=1

olufell, Hp(w,)e

|H1F4€i91(w)

{HF(UJ)}: {|HF(w)|}€i(91(w)) = IHQF{eZ:QZ(“’)
|H3Fle“93(w)

o FAHRL.,
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256mx1.0mx0.8m(LxBxD)°o] i1, Z3}7](wave maker)&= I|EFH2] o7

=)

AWM 7V F34H Y (frequency range):E 05/sol A 2.0/s, a3 A7)
HS 2F0.07Tmol A 0.22m7FA] A 7hsetd. a28la tEe] A¥ges EE
o] 31 ISSC, ITTC, JONSWAPGS & &3 Eqf 233 A 753t}
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Fig.3.1 Schematic of 2 Dimensional Ocean Engineering Basin

3.1.2 Load Cell
A%y AU FEE F85E %8 AZ57] A3 Photo 319 &
2YAE A8 ol 2e AEdAMeA WAoR 3% W W

EHES FA ASE 5 dd. o FAWEHA= £ 10kg, oA +

05%01% ZAEZANAE £ lkgmolw], 24NN + 05%9) A=A
AZssch A% B AQeldr FEEd s Bz wusd

_26_



I
:
=
&

4

Photo 3.1 6 Axis Load Cell Photo 3.2 A.D.V Velocimeter

3.1.3 Velocimeter

43242 Photo 329 YEFWH AD.V(Acoustic Doppler Velocimeter)
AL AHEsEA AL, 5 Imm/soll A 25m/s7HA SA & 5 dow,
A AE £ 1% olth o &A= AbRlel A B =nkel o] A 7 outo]
A=, ol XERFEH Fi7F WAtE ol A e A s WEF Scmeol ol
A &37F A A Doppler& el gk fr&o] 54 rpestezs sy
(44, 3A4)9 F&5FAHL BVt ddo] Ao

3.1.4 Wave Recorder
HH AsHS 7]E5H7] Yste] £ 0.25m7tA &4 7Fs 3 Photo 3.39

Agd SauAE Agedeh 94 FAE 2 ARAGAR AS
stk Shwe YANEst A8® Aol A hnE AL + 9
o, A Hel FaEE Assh e ge ey Wil el
o A% wd we Fgol Ark AW AnAN Lol swo] FTES
PG ASelE HAgtol 2 oAE AALERE oW ATl AFA %
nAE ALg s
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54 S
0.160m

0.456m
e Y
Photo 3.3 Resistance Type Photo 3.4 Cylindrical Model
Wave Recorder for Experiment

32 292y
Photo 34014 & 4 glxo] Ago Al&H B3-S Diameter = 0.1145m,
Draft = 0.456m, Freeboard = 0.16m A Y2l o= AA=Z AFE FZ2E0

o gRel FRE WEE BES APl SEHAL AT $olaAB

2 5em A0 o BATWA 2709 24 EABA AWE S
o] Figd2el AFH oz vhehuuls 2ol @, @, @ Fo2 227 A4S
Aeste] Bgwd oo, Ay Teln Andde A 2 TRt
S99 see 4w

o
=
adga FH5SAL Fgo] Aot He A Addste], 2 A FedA
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Fig.3.2 Schematic of Experiment
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of % AFFPoIE BAL AR WEoiz
570 928 FPass Ade A48 dgowH Figdl(A)E 25

A 4} (breaking phenomena)©] ¥ oju = 3} %3} (transient wave)(CASE 1)
°f 4 sE e FigdlB)e A5 @42 A Figdl(A)sh M
23 me gA7E 98 sl Figdl(C), Fig.d.1(D), Fig4.1(E)]
TA R gz A Ee Yy EEFo] FopAWA arvp v FH
ol JEE Bou. oA7IAH s dorl= A Histr] A HdAdH 9
Hregut aga dEFaol7)= A RE 3paz) vhol HutdAde U o)A
Re el A5 = waE zAbstaiak din. 227] $s) CASE 1
o uE A EFHEA S gAge £9r]o] dHEHe BEEHRS Ui
b 5F R e A ARG

Fuz ool i FALES oA o= i Frhel o3 o
ol tigk 319 ¥](wave steepness = wave height/wave length)7} 1/7
= ZAEA HY A=TF Ao R et AEivE Ho] 3ol &
MA = @4ds Tdu. a7t dojd W= BE =o d3&d §717F 8l

rl

o] B VX2 WelA I AFol dojuA dn. AdddelAM dEhd=

gstel = WSt ArAse] 244 FeEst Gk Ane fAo] F
3 A% W Fol wakslA sha - shgulsl @Al ol=w, we] B¢
ol 5

g A A AT YUM RAAE AOR, FLol BhF 6m/sol
WomAgdtn 2AhE uk gtk e s s} ddtel g a 0 9
of bt Aol ol met WEEAbl o3 WP ForwWA sk
ok Al e, oMol % wa - sgulk FANE Wl nt A
Aol doluth ol A xSt vtk & AWAA ST Rl A
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Agel A Ao AAHE FEE T2 Feol o8 wAHE Qo
=, whe]l Aol AWEL WANA oAt delsle] Pojip= Ao
49T+ Ak AGRE Fe ANEFRAFA G FFE Y
A AL & & odud, Fare GFHEe BAgAAN JF 5 HE
Aol & WA, oW 7 Y ok FHo FE& %ol snrt
7 we Fe 98 dA=s Hd o w7 F e oA FHAA
of A71A ol ShBol FANA F5sE Bl AT Ah@e] o
b7 Bk B AFAA AHAZ A% EF BABAN qF ] &
ol E o] g3 BE AA@NA A E Wt 7 Aol FAsttia
g % otk A9A o€ A4E He Ane ARH E=E e Fe
now AFHA

o] el HEfTe EEL Hebs] Pate] A} CASE 1, UeA
7} E 3= CASE 2, CASE 3, CASE 4, CASE 5= X @3zlth.

A. CASE 1 (Max. voltage=2.9167 volt)
(Breaking wave)

4 T T T T T T T T T T T T T T
| | | | | | | | | | | | | |
| | | | | | | | | | | |

mz_ffffoTfo - T 1 | T I T T T

[@)] | | | | | | | |
I o0 N ul . I I I I
o [ [ [ [ [ [ [
> [ [ [ [ | [ [

'2___1__1' T T 7 -1 | 1= = -

| | | | | | | | | | | | | |

B L B S s A S B B S N

o 1 2 3 4 5 6 7

time(sec)

B. CASE 2 (Max. voltage=2.8333 volt)
CONTINUE
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obe) oA

4

3

time(sec)

2.7499 volt)

C. CASE 3 (Max. voltage

abe) oA

time(sec)

2.6667 volt)

D. CASE 4 (Max. voltage

abe) oA

time(sec)

2.5833 volt)

Fig.4.1 Input Signal of Transient Wave

E. CASE 5 (Max. voltage

at Each Voltage(A~E)

AA s A
CASE 1

41.2

9l

-
.

Fig.4.2

of el Afel

KR
T

A A A

o] 199

Al A G ol o

_82_



°of 4 Ta, F71E
Fig41(A)ol A HolFE= wle} o] CASE 12 v A¥S Fuksta thofsdh
FaFE HAEA FHEL Y Folnw FAAAAE Hs] A&

s AAgs ¥ a7 v webA 3 Photo 4.19 SRR E o] &
sto] FAATH(E G EA FFFAGa=F 2.0m). AT F7]+= CASE 1
o] Alzto]Ho| A Zero-up CrossE Hatol FAI A3} 1.142sec 7}H iz,

olASE WA AA AHEstE A2 F20m=E AAEHEH, A A=
spdatg e o3 =T FFHd ALY L fgo] does AL & F 9l
o AAFe] 3ae o 2lem= AAAAA S, ol 2IFx EAS Y
Bl = A2 5EH 9 3k(voltage) S F4 313
20
=—Period=1.142sec=
€
L 10 —
i
=
=
2 eight=21cm
@
8 oto---—-- S-S
=
-10 I I I I I I L] I L]
12.5 13 13.5 14 14.5 15

Time(sec)

Fig.4.2 Time History of CASE 1 at Breaking Point
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Wave Length=2.0m J

Photo 4.1 Scene of Estimating Wave Length in Breaking Wave
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Fig 4.3 Time History of Design Regular Wave
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of glojA Bt Aol HolA gF=th Bt Wave Steepness(3}iL/3}7)
7F 01052 A A o] wjate] #A o] #& MAHAYP S HolFa 9l o]
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%9 WA ZFo] AL StokesHe] FE|E welFrha & 5 gl weba of
2ol A 249 A@shat FHwol7l AW v AB e Stokes

9% 3w
42.1 A3t HHYR Y

obel ARES CASE 13hHE Bodom 298 Zolth BI4e
1/30sece] TAYOE 3ol AFHJAR, =L AANH BHS

Aol vhehiA o] 84, Photo 4.2(F)
Aol g A sweleh @ 4 Qdu, ojue] HHol 4 FH
of #57h oAl = Zlelth.

2
ret
=
T
i:d
2
e
=
ox
>
L
2

A. 3322 (cut 1) B. 3322 (cut 2)
CONTINUE
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C. g ud(cut 3) D. g2 (cut 4)

E. 32 (cut 5) F. A3 3 (cut 6)

G. A9 9(cut 7) H. 339 9(cut 8)
CONTINUE

_36_



J. A3 9 9 (cut 10)

K. A3 9 (cut 11) L. A3 9 (cut 12)

Photo 4.2 Transient Wave Progress of CASE 1(A~V)
Photo 4.2(G~L)7MA &= 3 g ol 4] Wave steepness®] 37 (wave height

/wave length=1/D& dol 5ol Avted ¥ 3 &= Folo] o5 F
At N2 2esE A3998 dehla g 0 4% RuE 9
b4 F4S wolFm vk SPAES CASE 19 AALeNA & &
REol WA B AL & 5 9
122 FzE #AA $9439

Photo 42(A~L)& T2E W& A HuAE o] §3te] Al FHL%
Fe FAdm, FEAZA AN AF FAWFoz FAYA
5% Z4at 0 F SR 45949 FRES A5 HEe

_37_



A. 3382 (cut 1) B. 3g @ (cut 2)

C. 33 (cut 3) D. A 33 (cut 4)

E. 339 9 (cut 5) F. A3 9 9 (cut 6)
CONTINUE
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G. A9 9(cut 7) H. 39 9 (cut 8)

L A399(cut 9) J. A4 9 (cut 10)

K. A3 %9 9 (cut 11) L. A% 99 (cut 12)
Photo 4.3 Measuring Wave Force in CASE 1(A~L)
S48 =0, Photo 42(A~L)ollA A8 CASE 1 x4 3854 4
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Table 4.1 st A §] Xl o] ©E CASE 19| s A Z

A A A F A A A& A A A Z

(cm) (+cm) (cm) (+cm) (cm) (+cm)

0 13.507 35 13.600 75 11.742

5 13.409 40 13.554 80 11.596

10 13.832 45 13.507 85 11.772

15 13.785 50 13.409 90 10.972

20 13.739 55 12.946 95 9.992

25 13.832 60 13.131 100 10.260
(g]z’sw]iig ) 13.936 65 12.114
30 13.785 70 11.168
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Table 42 F229 Aol & e %9

A A 3 9 A A 3 9 A A I 9

(cm) (g) (cm) (g) (cm) (g)
0 2540.11 35 2875.83 75 1961.05
5 2585.45 40 2826.45 80 1848.88
10 2731.87 45 2692.12 85 1822.88
15 2890.57 50 2484.05 90 1834.04
20 2940.45 55 2489.41 95 1566.34
25 3057.38 60 22477.67 100 1476.34

(;;5@) 3182.83 65 2151.81

30 3051.56 70 2054.94
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