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SUMMARY

The demand for the coastal space utilization is increasing as the standard of living
improves and necessity of safe coastal structure is also being concerned as the intensity of
natural disasters increases. But the reliable numerical tool for designing coastal structure in
heavy ocean condition has not been existed. Numerical Wave Tank(NWT) that is developed
as the basic frame on the interaction between waves and a structure can consider the
nonlinear effect in order to give the correct and reliable results. NWT is also able to execute
the wide range of parametric study for the numerical model with the reduced time and
expense, compared to the laboratory experiment. In this thesis, the nonlinear interaction
between waves and a structure(submerged horizontal plate, submerged step) as well as the
nonlinear wave generation in 2-diemensional wave tank have been investigated under the
assumption of nonlinear potential theory.

Boundary value problem for NWT was transformed into Boundary Integral
Equation(BIE) using Green’s identity. In order to obtain the unknown values along the
boundary, the boundaries enclosing the fluid domain were divided into several elements.
And then a higher order Boundary Element Method(BEM), which expresses a higher order
shape function and node value for shapes and variables, was applied to each element. A
higher order Taylor expansion was used for updating the free surface shape and the potential
value in time. Numerical calculation has been performed to verify the nonlinear interaction
between waves and a structure(horizontal plate and a submerged step). It was found that the
reflection and transmission coefficients by a structure shows good agreements with the

experimental results of Patarapanich and Cheong(1989) and Losada(1997) respectively.



Moreover, it was noted that the higher harmonics, which is generated in shallow water due
to a horizontal plate or a submerged step installed in NWT, is transferred to the transmission
side. The variety of regular and irregular waves by controlling the wavemaker motion was
generated in NWT for future analysis of nonlinear interaction between irregular waves and a

structure.
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(2.20)

o] 71 4] aa_ﬁzoolu}. 21 (2.15) ~(2.18) & °]&std AXA (V-u=0) 3 H 3 HA
n

(Vxu=0)& 2] (221) g 2(222) & ®FAZD 5 Ak

0,09 _Ppos_, (2.21)

O0s®> on* Os on

2 2
09 _09 (2.22)
Oson  Onos
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A9 F A olg3tel 4(220)2 thy 4 (223)3 2] ¥d ¥ F

H.WZ%K@_%%]H(ﬁﬁ%H

Os |\ s>  Os on onos Os Os
2 2
L0910 0B . _%Jr%% n
on|\ onds Os Os Os Os On

2 2
u.Vu: %.(’3_25_4_%% S
Os Os on onos

) . , ) (2.23)
+{Q¢i£ﬂ_@%+_@ﬁ{(éﬂj (a«zﬂj }
Os onds On 0s>  Os |\ Os on

2 (2.13), (2.14), 19 2 (2.23) & o]&3ate] 2](2.10) & 22T AFo

Dr _[09 090 09 5|
Dt?

“\otos s os> | on onds

+{ Fp 000 04 09 +%{(%T+(%ﬂ}n (2.24)

oton On 0s* Os onds 0Os |\ Os on

2o mow Folad A8 ¥ 47 26 td Eojmm, 4 (23) L

vt ol A(211) A AFEA XU gol U 14 AFE AT
o}
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Dy__ Lo ()| B
Y +2[(8sj +(8nj:| P (2.25)

% alut.

o

2(2.11) 9 2248 A A (225) 9 AnjEE e o

D¢ Dz 1D D(P

=8+t (V§-Vg)——| =~ 2.26
pi - i 2Dt( 4-V9) Dt[pj (220)
21(2.2), (215)= ol &3t v 2 (227) & €5 + I
g—jzw Zz osﬁ+a-fsm,8 (2_27)

4 (226)9] eEES) FuA G oo oa)A The 4 (228)0] EHBT

(V¢-V¢):u-4=u-*+u-(u-Vu) (2.28)

s no HwAdd A (22), 2 (212), 4 (214), 283 A (2.23) & ol &3t

of the 4(229) % 4 (230)0] FEH T

2 2
W M_0909 009 (2.29)
Ot Os OtOs On Oton
u-(u-Vu) 8¢ 8(15 o ¢ 8(15 0’ ¢
Os | Os Os® an onos (2 30)

L 99| 99 9 09’ L 9B
an Os Onds On Os’ 8s

Livsve)
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21(2.26)~(2.30) 2 AFskd, A (2.11) oA 228 A9 HE2 (231) 5

o
dS T AUtk

D _op[0 09 o4
Dt*  Os |0tds Os s On Onds

+@{ 76095 op +%H@j +(%j }} (2.31)

On |oton on 0s* 0Os Onds  Os |\ Os on
—g{wcosﬂ +a¢sinﬂ}—l%
on os p Dt
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o] Ao Folz AurA AT AA A2
Green F8E o]g35to] HA4
Al o]8% = Green 5+

x=x, 4 o

Fole ol Atk g GE A(31) & B

VZG(X,XI)-I-é‘(X—XI):O

(3.1)

oJ714 §(x-x,) = Dirac-delta F+5 YERATE SI2S WSSk Green ¥

G(x,x,)= e 2(3.2) % o] 2R Fo]XItk(Brebbia, C.A,, 1978).

1
G(x,xl):—glog|x—x,|

(3.2)

Ao tiste] Green BB E A &3td o5 2 (33)= €=



2A A AFEASE0] AGZHEALe] BEelxlo] olEAT e 2L e gL
AlZre]l wE WIS F8l7] 9leidE Taylor 7129 2418 AG4E Lofof

of tigt A =AE ZojoF It

s o] e s S0y (08 00
e 1%kaa?‘P7lﬂ4H[a sz

\_/

orel 4 s} 7ol [ff 5;} o UF AARETIAE e B,

()2 0)= | S m)oten)- L0 xfary) (2
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3.21 AAZ TA4Y A

AAwelA e w2 ‘?'i—’]:(gbor%j% uet AR5, AAZA ot A
Al ZAAHE Dirichlet BAIZA(u7F Fo]5)o] T A Neumann 73 Al %
A(—7F Foizlyo] Fofdl AAWC R Fistlth Dirichlet 2 AW (T,) oA <
DA 2ol Nemann A (T,) A4 9 WA woldh AGER 2

-2 Dirichlet Z Aol 43}, Neumann BAAO 2= ZaA4AA, vfg- 3 AA

b

TERERAWE, 2 BAEAEC] g

r,=r,UrUT,Ur, r,=T, (3.6)

webd A% x, oo AARERGALS the A(3.7) 9 2ol maH

a(XI)u(xl)=Ln(x){%(x)G(x,xl) u(x)z—j(x,xl)}dr(x)
ou oG (3'7)
frdm[a(")G( ’Xl)‘ﬁ(x)g(x,xz)}dr(x)
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G(xx) & A(32)% #e 23 Brolx, Tr wawd uvge vy
n

Rl
G(x,x,)=——"Ilogr,
oG l r,-n
== =___d 3.9
0 sx) = (39)
7”1_|r1 » I =X—X,

A7 2 AR x 9 AH x, Atole] ARE YERd

AARE PHN (37) S B2 A5kl AAWS molY AEE AE ax
= 5) = & 0 =
(M) E= Baach kiA 2x Perde G4 (x) 3 L?(u,éji 2z

el AN 19 g 2 U A 2 (=) oA 098] FE e xol o
3

(m-1) 9] ke olw wak GARTE olgstel olarstatgit,

ot

A m A AR (j=L...m) F M A 2% (k=1...M;) o tis}e]
Ny (x) 2 drERd gl
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of 7oA I, 2 AMIAZIAL e A8s Ve

H
—~
—
a
o’
=
a
=
(@]
(¢
<R
(@]
=
aQ
2
=



A sl o =z A sk th(Fig3.1 Fx). ©|# %t Isoparametric 7|5 249

23
T oé=[-n1] etk AA T Weste kA 24 919 B (x) 9 A
ou* ou* s
[—j LI ka,,m, J BoNzEesdA geld Ggas

on 77 on
N'(E)E ths 2](3.10) 7 o] mHEF
X (&)= N(E)X]
uk(cf):N;H(é)U;‘ j=L.um.__on T,
(3.10)
ou* ou*
- = Ndial _ ¥
o714

8, © Kronecker delta gH<oltt. NI (&)
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m-13te] @A oz JgHes] Wl mAY BAE %= A1F 2a9 W

A A g el dete] s As de 5 ATk

: (3.12)

(3.13)
N (&) :%(1—52)(1+35) , N? (5):%(“5)(952 — I

323 ¥ W3
3.2.3.1 AFHB]¢HJacobian) HAH3E €lE

BAL A A A AALAE THeA 7lE24 T, & Wity
Axrdnt kAR AALA TiolA 7leea T, 29 WS 2 (3.14) ¢ 22

Apz)ek g (&)oll QA o] ol X thFig. 3.1 FF).
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Fig. 3.1 Transformation of coordinates on the boundary.
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Il
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SN
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513
/\H
AN
~
=
~
N .
(38
+
77—
I
&S
|
—
e
~
N
~
b s = &
0|

on Fé (3.15)

nk(5):(—sinﬁk(§),cosﬁk(§)) (3.16)
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2.16) 7 (3.10), (3.15) 5 o] &3 2](3.16)2> of e} o] npHith
(3.10), (3.15) (3.16)

0 (§)=—r, [_azk ,8xk} (3.17)

0| @ | 319

3.2.3.2 BAR3F vl & (s-derivatives)

kAA Qo) W (¢%} A [g—f;aij% dehle (&) S 2

WMEE Aol g dehi v B Agele] thest ge 4L 9L 5

.
v ot 08
-2 0%
. (3.19)
o' 1 ;"1 r
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oMt o | vk 1 0 1 o
o (é)zas{as(5)}:Jk(:)aé{Jk(:)af(§)}

1 AP S
i Jk(i){(ﬁ(cf))z IR (é)}

m—1 2 arm-1
1 dNj ><d N;

de?

() (c_f)[cosﬂk (&)xf +sin g* (c_f)Zlk:| ij

(3.21)

P Py omny WATE H90E (318) S 5o sl WEE 3

i)
ol
%
o%
L
Ao

£
i)
!
=

N

At WA QoA %ﬂ s T QT

2 m—1
1 de2 (c‘f)[cosﬂk(f)zlk—sinﬂk(é)x{‘} (3.22)

1

Fo1%0 Dirichlet FAREA 22 u), 223 N e B8 M. o] e4w
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()0 2| 97 (02 o o)
k=1 ¢
KT . oU’}
_;{_Lk()zvj (x)G(xx)ar(x) |~ }
p (3.23)
My |- . U,
_;{_Lk()zv;’ (x)G(xx)ar (x|~ }
Mrd 4 aG _—
S @Z e |
k=1 L n
FEg AN sl HE MBS WA} 9k (1) NEA(T) R

APEAI 71 g sk eh Aol Aol gholl theke] Global numberings= H B st £

=
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— ,I_A_NI_\ —_— A
=
= 2

(3.24)
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=
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LN

AZIA sHEA s 2} p= 22 A T,9 T, oA AR tist global numbering

°]iL, JfE Q4 Ty oA [, 22 "gko] th3elt Jacobian F<Folth.
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Kd” = {LéN;"1(§)G(xk(§),x1)J"(§)d§}:g[{fﬁ (3.25)

A71M jE s EE pE HEE global indexolth. 2] (3.25) & o] &ste] 2

(324) 5 AeElsbdd 2 (3.26) % 22 " EAE A& 5 3tk o] WANE =
o 2t AW A5 ket

k Ju -k, %Yk U K, |U, 3.26
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3.3 vk 2% vk A

flo

2 AT AR FAE Bgle FudE 23k AAW(C, (1) AA =

o o9 ¢ ooz 2 osiel 08 o wy
01 /‘)\9_1:!1, (E,%] Oﬂ 7374]%)\' ‘{':X'ﬂa €7] ‘A ]'O% %%}\—E iJ’]’ 7374]?4_01]

Hojslolof gt} o]= Fal7] Y3dke] Cointe(1989)7F #ekst ¢lolo] &Ake] j

& A 2w AaE AEAH

79 _ ], ), 0
o _(a n)+9[(a ) &J 20 (a-5)+ 2 (a-n) (3.27)
AN ot A Fd ol AA @ WoIAS AAMEoln, 0= AFEH x,

a=x,+r, cosf
(3.28)

B=z,+r,sin0
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Fig. 3.2. Rigid body motion(translation and rotational motion)

r,E owd AA el datelx dAstre 4(329) 9 2 (3.30) ¢

g

% % 9k

& =%, +7,sin00 =%, —(B-z,)0
(3.29)

Bzz‘g +r, cos09=2g —(a—xg)9

a=5x,-r, cos 00 —r, sin 60

p =%, —r,sin00” +r, cos 60
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(3.30)

ojdel Aol Fdel wigt s AL dAE ERle] zubate] #8-5)

(3.31)

ok-n:—up, a-n=-u a-s=0

21(2.6) & 2 (3.27),(331) L2HH x5 BAWEAMY BAXAE 7 F

%2
*

on I, (t) (3.32)
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drell JelM Bk dAE T we 5 vk Ty A 2sas
Abgstel o e A o 7] 7tEEE AA3E SATIA o

~F

offt o
BN
j‘:i
)

XAl 50| AHF(numerical instability)o] WAt F3x QFE Futs)
=

o
o
2 E =wolAe #Z@amp) T D(r) E A&t Zatdg A A8 &

(d

olH g A= AAE ATt

FN

me

&

shghe] FHEE W x (1) 2 (3.33) F 2ol Zohehe] 9 Sl (stroke)

o
oX,

&} o= AT AEE 03 1Akl e Zte WEIFY] Hor ZHHH
FERALNS() = THF o, A ¢, YT 23R AF 4 (=8501)/2) & 7HA

4(333) 3 2ol £ADT} ojw zokwe] NEL ABRS (T(0,d)) T £

=
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4sinh’ k.d

4= i with T(ki (a)i,d),d) " 2kd +sinh 2k d

(3.34)

(3.35)

z@s AN8 AES] skl BUT BZFF D) B A (336)

_ tanh(ut6)+tanh[,u(t—tg)]

D(t 3.36
( ) 1+tanh(,utg) ( )
A71A pi thE 21(3.37) 3 2ol gelHrt
T
p= 2'3;)25 with 7, =—d;’"P (3.37)

&

T = AEGOE Fol2Th 2] (336) 0] Fold Az@sL =02 1

damp

D(r)=0°]", r=t, 4 W D(1)=125 zte=rh
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21 (3.33) o] AIRF mEgomRE ZuIke] £ (338) )9 MR

(339)E & & k.

u,(t)=SD+SD

n

S(z):z%/g@ sin(wy +4,) (3.38)

i=1

B i sinh? [,u(t—tg)}
- 1+tanh (ut, )

D(t)

i, (t)=SD+2DS+SD

n

S(t)= Z;Aia)f cos(wt+4,) (3.39)

i=1

, temh[y(t—tg)]sech2 [u(l—tg )]
1+tanh(ut8)

D(t) = —2u

el FoAR 53 4(332) 8 FRA 4 78 W ARgE
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3.5 3 &= 71H

Azt dolo] xak FxuelA wWHAbgbE HAslelr] fleke] ] 9
(r,) 3 &7 WA BAE(T,) A4 Clément(1996)7F 248 3 F4 2714)& 2
a3tk 3 F4 24 dEiAs 28l AAIE] AEklar, o] Ao
7F4] < 9 (damping zone)oll t3l] A stal sty 7R 92 2] (2.3) ¢l %

T AfE AAxAN AREANM 4 (B) 2 4 (3.40) 7 o]

Sk
P(xm.0) (x,t)“(;;”’) on T, (1) (3.40)
%f—lng V¢+gn+£:0 on Fd(t) (3.41)

A7 p Fu WS Ve, AR B AAAE 24 9ol ©
Qo mhE WAk AR Sske] 4] (3.42) Sk ol 7 g uheh AA 3

Z7hshe 999 74 g 2E% sk

tanh(x —x, — ;/) B
v(x,t)= 05v0(t)p\/—( anh(y) ] 0<x-x,<2y

=v,(t)p+/gd 2y <x-x, </

(3.42)
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Fig. 3.3. Variation of damping function in a damping zone
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3.7 Nz 24 HA 3 7)Y

Sh7h AaEiA 84

12
1o
N
2
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=
2
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N
=
1o
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o
=2
ru
N
2
[-‘O

QF7F WA EE W Azt Ak £ Aol JUEE AR ok sk o
HEA 0 2 @ 217} 0.05% Htf & u X AAbS SEst

Grilli and Svendsen(1990)> U4 (d) 15 At 1T &4 Al A

Az 24 (M) o & B PFeAL, o F ANEOR o] A R

HH A A4S Adss 7Ms skl & Aol Grilli and

A AAHA 23} isoparametric L AE AR S W, LA A 3HA | A

Courant =7} 0.5 A& w) m 3y e oA a7t #HA7F Hh

C,=ed g0 (3.43)
AX:O

ARES ddstA A WX st FX 719 (regridding) S E¢Jakl et B oo A
= 2000 9] AIZEH ARG ARl A ES Al e e eE S X 9] A

7 S 4 (343) 0] FolW Courant & C, 9 AFERN AAS) A7

A|r(t)

min

A‘r(t)
Jed

Ar=C, (3.44)
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Fig. 4.1. Definition sketch of numerical wave tank for wave generation.
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Fig. 4.2. Check of accuracy by the volume change error (ev :—) and continuity

error(z,:--)
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Fig. 4.3. Wave signals measured at x=16m () and starting point of damping

zone ().
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Fig. 4.4. Wave signals measured at x=(a),(b):16m, (c):I5m (---) and starting point

of damping zone(-).
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Fig. 4.9. Comparison of reflection and transmission coefficients for d/L=10.2,
d7d =0.3, and H/L=0.012 (Experiment: A, linear potential:—, CADMAS-

SURF:@, BEM:H).
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Fig. 4.10. Comparison of reflection and transmission coefficients for d/L=0.2,
B/L=0.5, and H/L=0.012 (Experiment: A, linear potential:—, CADMAS-

SURF:@, BEM:H).

57



Fig. 499} Fig. 4.10914 vehd 121%38 029 oyx] o] dAAS 3

s ghal7] Sstel Fre xR

_132
4@1
-\
<2
ol
e
il
o
~{
o
o
o,
2
_OL
3
2

Fig. 4112 Fig. 499 F335 23243 T8 24 A4S BEMY
ol™ A2 CADMAS-SURFO| Aot} s iziv|(@)= EAIE 12 2313
A& BEMO| ¥ o A9 npaa) gyt koA vhev obiel e A
o] J&S 1EA FEEEE CADMAS-SURFS Ao HlEe] 23 Z S

dehia gk e AT )3 A7 AR EAE 23, 33 231l A

o

°] BEM % CADMAS-SURF #tol 719] dx|sto] =3 ako] Zo] wsto] thsh
B el Ao v gl ghRol oldto] WSt wAF 23] JFS AL T
AlEE eS¢ 5 o EE oA} 23FolA R dolv) dojHel u
2} 7 o]l F7beta =], o] 7o) Fig. 499 F3t&olx B/L o] &

BEM¥} CADMAS-SURF?| ZA3}7} A3o]&2] Aye}t 2fo]E Hol= o]foltt,

58



1.0

0.8

0.6

0.4

0.2

0.0

0.0

B/L'

Fig. 4.11. Comparison of higher harmonic transmission coefficients(1*:@, 2"*:ll,
3': A )between BEM(—) and CADMAS-SURF(---) for d/L=0.2, d/d=0.3,

and H/L=0.012.
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Fig. 4.12. Comparison of higher harmonic transmission coefficients(1*:@, 2"*: I,
3", A )between BEM(—) and CADMAS-SURF(--) for d/L=0.2, B/L=0.5,

and H/L=0.012.
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Fig. 4.13. Wave signal(BEM:—, CADMAS-SURF::-*) measured at reflection
side( /0.2 m) and transmission side( 23 m) for d/L=0.2, B/L=0.5, and

d7d =04 .
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Fig. 4.14. Wave signal(BEM:—, CADMAS-SURF::-*) measured at reflection
side( /0.2 m) and transmission side( 23 m) for d/L=0.2, B/L=0.5, and

d7d =0.2.
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Fig. 4.15. Surface elevation (a) and first three normalized wave harmonic

amplitudes (b) at ¢=35secfor d/L=0.2, B/L=0.5,and d/d=0.4.
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Table 4.1. Incident wave parameters for calculations of reflection and transmission

coefficients.
case T(s) H (cm) kh Ursell No.
1 0.8 3.32 3.00 0.92
2 0.9 3.27 2.39 1.15
3 1.0 3.12 1.99 1.36
4 1.1 3.10 1.69 0.15
5 ey 3.19 1.47 0.94
6 1.3 2.94 1.31 2.34
7 1.4 2.79 1.17 2.51
8 1.5 2.64 1.07 3.11
9 1.6 3.08 0.99 3.10
10 1.7 De0il 0.91 3.31
11 1.8 2.66 0.85 4.34
12 1.9 2.26 0.79 4.57
13 2.1 2.55 0.71 5.10
14 23 2.77 0.64 5.22
15 2.5 1.96 0.58 6.93
16 2.7 2.53 0.54 8.78
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Fig. 4.19. Comparison of reflection(Experiment: A, BEM:@) and transmission

(Experiment: A, BEM:Q) coefficients.
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amplitudes (b) at r=85secfor 7 =2.5sec, H=0.0196 m, and kh=0.58.
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Fig. 4.22. Surface elevation (a) and first three normalized wave harmonic

amplitudes (b) at t=85secfor 7 =1.6 sec, H=0.0308 m, and kh=0.99.
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Fig. 4.23. Surface elevation (a) and first three normalized wave harmonic
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Fig. 4.24. Definition sketch of numerical wave tank for irregular wave generation.
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