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Analysis of Reflection Coefficients of Waves Propagating over Various
Depression of Topography
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Abstract

In this study, wave reflection due to depression of seabed is calculated by using eigenfunction
expansion method. The proper numbers of steps and evanescent modes needed for analysis are
suggested by applying the eigenfunction expansion method to bottom topography of which slope or
curvature varies. While satisfying shallow or intermediate water depth condition, the optimal figure of
depression of seabed is obtained by calculating reflection coefficient for various depressions of seabed.
The reflection coefficient with distance between the depression of seabeds is then calculated after
arraying the optimal geometry in two and three rows.

keywords : eigenfunction expansion method, reflection coefficients, depression of seabed

B ATINE nABE RS olgalel The Yelel FBAY AF S BT} e Adadd,

[e)
71%71¢k go] Wahs oo RS WAME AEste] A A dod AR T o £EH e )
8

=
F2 Al Balo ¥ FUFAIAL DA 234 TGP Behe) FEAZE) Bs) WAL ARSI
H49) 182 /P BRI G4 ANSEon A7 Bug 29 R 392 sl D 1A e AR e

AZFar

drzgdl 4442 9B P Aek /BN Het
LM E Aeloz e el AFE A4 A9 B

QoA AR Ao WA ABE B AN oJUAE AAR Ted olee PEEES
PO el AGe FaEA derisl WY D A sEA] B4 B GTE WA BU LI BT

+ BIWSL BRI AT
Graduate student, Dept. of Civil Engineering, Hanyang University, Seoul 133-791, Korea.
(e-mail: ksdk@hanyang.ac.kr)

w BYNEL ERTTY MALEAA
Postdoctoral researcher, Dept. of Civil Engineering, Hanyang University, Seoul 133-791, Korea.
(e-mail: togyel76@paran.com)

wax AR - BYASL £B TGS 0
Professor, Dept. of Civil Engineering, Hanyang University, Seoul 133-791, Korea.
(e-mail: ysch9@hanyang.ac.kr)

#4048 11598 2007F 11A 899



Age] me wF3t BAE nesier she
glo] ol thEt tigte g A AFS °o&
g odx] el B A7t FH2e 2
I ek
A 32 AP Wil wE IR
AEAel] #E A4E HHAA 2F, FYUEY
A g S8k oz dhds gt
o] 48t XY FAo) whE ¥ Wt
Takano(1960)9] HTE AlFoZ,
Kirby and Dalrymple(1983)°] E#@lX|(trench)A1 &l H]|
2%538) siabehe o) AR WAL S AlTER
™, O'Hare and Davies(1992)% At E ¥ (scattering
matrix method)& ©]&3le] AAAFH] WsE A
oz P e o] YARET WS
oz At Davies and Heathershaw
(1980 AA%HY AFg Fhehs sFe] TAeH
BragghitA} @4 g AEE o] &3lo] A3}
At

o) HE W oA s B9 A
Jung(2007)°] Berkhoff(1972)7} fr=3t £73AF ®
S Algete] FEAY AE st o] AL
g ez Aststged, A 507 Hd
Fg FEAIAE Foste oY B ¥
A7 sk v Jung(2007)9] A &=
g0] 7153 XA FErt ARHo] Qow I ¢
} of ol A it 75.%01 7},3}1;}{ Eﬂlﬂ"] %19}'4

HAZ GO
A 2]
X35

Eig
s X

2
q %5
[¢]
T

FrANES
s

]Zr_x
= TI—

éiﬂmﬁﬁ

qut

f ﬂilo
ofk

4
b

Of
2o Hn oo > g

MoMromo o

12

woa I
FEA G e Fejsl FEAF el 24
FAMRE AgIel N sel Vel AREE
FaiAe. 4lo] FAskA Wakshs 49, YA w
wae dzs] Asn s

A B-(evanescent

coshk, (h,, +2)+ ZB;:”

n=1

m m

il,x
o= {A te

&, = {Ameuil"’zcoshkm(hm +z)+ E B, g Ama
n=1

o= gk tanhk h_, ’= —gK,,

g2 )1/2’ A\ 1/2

m Y

= (K. + K)

m,n
k —wt)

{A;r " cosh ky (y +z)}

+ {A;e “eoshk (b, +2)+ Y, B,
n=1

900

tan K, . h,,

e““"zcosKLn (hy+ 2) }e

mode)o] mEFojob Bk, Wb B drelAE 4
o Wateh= Bolol A AP A WPE wela] 9]
4 2 ARe wesgon, WA ANe 9

Aiske) AT QR WAse] APt ARe el

so] AT, TRPFANEES WY} o2 W
Boz §ua Py oRA dolg FANskE

= ool g AT 5 g B ohit Fahe
Qege 9 AR ) Fhe] e
Jung@07)e] Axnch FRSA AT F Avke
x}z%o] Qi) B ==FojA Hed gode 745}1‘:—‘7,-»} =

Aoln] skl s4lo) sl Al

O{N

E

alole] FHARF $lo) EAsE I U Ea. 1), 2)
s} ol JAkE F HRALEL é% 2 74% & Utk
o37]4 Egs. 1) & 29 H +
o A 2] ) tﬂ-?ﬂ:o] o2z 0 %%H]—é}%}!%
g AR m e AE O 48 2E 9
ne Y 2EFY F A4,
Barg pdEE Jnzd 99 I33e ¥
ste| w4k, # K,, £ 2% A5eld, Eq Q)Y &
ApAN o zRE A ¢ vk

T3 Bgs. (1) & )l AMRE
Eq. (49 Ze] Atdnt

Edx A8 98 Agske 3= Fig. 13} o] IA
A Frrez el B T F glov 747t d9
e} LML Egs. (65) ~ (DT Zo] XEE F SUTh
Eq (5)& Ahokel wiabsls YelH, Eg. 60 F34
st} walgl 183 Eq (DL 5398 ondn.

by 3 A & T

e cos K, , (h,,+ 2) }ei(kywt) M

“cos K, (b, +z)} il —ot) )

&)
@

®)

i(lq,/Au)t)

BEAEREEHIE



@, = {A;'e”ﬂcosth(h2 +2)+ ZB{H e M

n=1

+ {Aze = coshky(hy+ 2 +ZBM

{A+ " coshky (hy+2) + 3 By, o M
n=1

Incident waves
——

v =

h hs

Region 1 Region 3

Region 2

Fig. 1. Definition sketch of the trench

Egs. (1) 3} (2)¢] vjA¢& Abetr] 98 ok A
FxaL Al A WAE o5 Y] B8 8
A%, F AAE gl A% g

6. =0, ., (=2, —h,<2<0) ®

aQZn__ 64%n+1 _

o o (z=z,, —h, <z<0) 9

Egs. 8) ¥} (9& ol&ste] sk 7o WAAe ¢

7 1% et ol

0 8d,
/fhm oz 0 Fmia (B +2) ] d= (10)
o 0,
= /_h BIH COSh[kmﬂ(hmH‘i'z)]dz
0
/ ®,,cosh [k, (h,, +2)] dz (11)
—h,
)
= f 45m+1005h[km(hm+z)}dz
—h,
0 98,
/ cos [Km+1,n(hm+1 +Z)] dz (12)
~ o dx

08 [ K, 4y (P iy +2)] d2

/0 0P, 14
~hen o

#40% 115 2007F 11H

cos Ky, (hyt 2) }ei(k""m)

“ZCOSKM (h2+ z) }ei(kfm)

cos Ky ,, (hyt z)}ei(k""m)

0
f @, cos (K, (h, +2)]dz
._.hm

0
= / ®,, 4 1c08 |
—hy,

K, . (h,+2)]dz

cosh [k, (h,, +2)]dz

/0 oo,

—h,, oz

/0
Rt

84&n+1

cosh [k, (h,, +2)] dz

0
f &, cosh |k, (. +2)]dz
[

0
/ &, icoshlk, (b, +2)]dz
hrll+1

o

1]
KL
/ -n, 9%

- COS [Km’n(hm-!—z)] dz
fo
7hm+l

agzim+1
ox

cos [K,, ,(h,, +2)] dz

o
f P cos[ L hmﬂ-%-z)}dz
Ry

0
/ @771,+1COS [Km+1,n(hm+1+l)] dz
Bt

Egs. (1) & (2
2(m—1)x(n+1)
A8 Fste] A

thg3 o] Aol

o, i

WALEE

g

b4, |
h

R

(6)

%

(13)

14

(15)

16)

amn

(18)

901



AR AARE AA FEA ARREE] fEiAM
HAg o] F7Hm)H 2P R (n)S Aok
At AEAAY ATFES LFEF ANRE AT
o glo} olo] AT WG V|FEE RAFA FY7] |
Fo) 2 dAFoME i fyd 2 3L AAe
&gl wieghde] 71gr) # 2—%01 W3}
Figs. 2 and 59} #o] 743t m ©]

FEAS AR e H HAgte] W& A7
2 Eaq. (198} 2on, o714 h & 27
, hot BIAAY W3t o YAgAlol,
b AANE Zte AE 91 vleho] Zoth, 9433 nlehg
& Eq. Q0)%F 2t ¥A, 71e7)
7} 3] el 7 l—t— J3F& A E gl Fig. 2oﬂA1
hy R b9} g& 247} 06 x02m; 1% T

i

ook

o oft [t mo o

o gl WMEE Fof P AARE FAL mmﬂ
Detsklen] SUEARE 0167 LGS A8
A7 FRAGoA AL stk

incident waves z

N I

"K}

ha

h

Fig. 2. Definition sketch of computational domain

0.5

0.4

0.3

0.2

0.1

[SES) RASEN REEEE RRERE RRARS RANRE LANRS LARRS RRAEE RRRN

%uul uxlnnuluulus | IS STANEr W
. 1 2 25

|h1-h2I/b

v

(a)

05
o m=10
- —_——— m=30
- —_ m=40
L — — — m=50
0.4F  — m=60
03

hys <0

h(z)= h2;hlw+h1, 0<z<b 19
hy, z=b

Fig. 3¢ Agso) A3lg FHA 71270 we W

g Ante Astolth A Ae T1&71d R

2ol m=10 oM FEsP oY FEFAFHNM= 7

717t Fohstel wel sk A #3187 S

ste] 7197) 2590 m=40 A=A FALEO] R
she g 4 % gt BEes addel 9%E A
3 Bkt F1g 4= m< 40 08 BA} T AET F
o] WstE FuA 7]&7d e vk AN a9
ot} %—JTJ goe] FAANAT 2ETte] FFo]

b

e o A4 e A3
& anh G%MI WE Fol HEU WIS P20

[S)

NN
L tanf sinf

A7A, 2, DEZANAM 2HE, r& 4T FHA
golr] o= 959 AT FAo] s AHAAM

b b b b b b e by
%.5 1 1.5 2 2.5

Ih,-h,l /b

(b)

Fig. 3. Variation of reflection coefficients with slope for different numbers of steps:
@ kh, =0.167; () kh, =1.336

902

BEKEREERLE



0.5 0.5
- n=0 F n=0
= — —-— n=4 = — —— n=4
- s n=g8 s — n=8
04F — — — n=1 04 — — — n=16
03[ 03F
- - s/
R d R F /
5 r //
02F 0.2F i
- r i’
: s =
- E =
I t =
= F //
0.11/ 01} =
Y NS U FEERE SN N S RIS NN ETE AT VAN AN S N
%.5 1 1.5 2 25 %.5 1 1. 2 2.5
lh,-h,1 /b Ih,-h,! /b

Fig. 4. Variation of reflection coefficients with slope for different numbers of evanescent modes:
(@) kb, =0.1675 () khy =1.336

Incident waves WAL

dent v 3 ek aglolet el Astet vl s
A < ol e Wl ostel Agl dFE WA e
]?l,
2

XA GGl e FEo] FFE wEt

N Hel)
h a7) 9% mel gl FSAT m=40°% 1FT
% 2go) wsle) e 24y §o P PENH B
ket
e EASE A4l ARee e w38
o 5 r o] Ealet Aol 4t o] wAgd] A%
ig. 5. Definition sketch of computational domain -
0 g AN o zolom) kh, =183691 A9 2E HEE Dele)
Wi AN 7ol Figs. 6 ~ 7 WA B F7a A & A FEY] AXNE 27t s A
ALA =08 m, =05 m Z LA} 6 T = AL Q5 otk Gy T ZFlA
4 1
C m=10 - m=10
- —— — m=30 - — —— m=30
[ ——— m=40 B m=40
08 R 08 e
0.6 - 0.6 —
R | R |
0.4 - 0.4 —
0.2 i— 0.2 z— /
00“‘ 201111'\\\\4|0A1||||_1_1_LGJO|||||14_A(8|0| 00 1\\(2|04\Hl\M\4'0\\\JllxllslolwHl\l\\slowxl
6 0
(a) (o)

Fig. 6. Variation of reflection coefficients with angle for different numbers of step:
(@ kb, =0.167; () kihy =1.336

E40% F11%% 20074 11A 903



n=0
= ——— n=4
- — — n=8

[ e n=16
08

0.6
04

0.2

n=0
——— n=4
— — — n=8
—————— n=16

I8 REAR

0.8

TTTTYTTTITTT

Fig. 7. Variation of reflection coefficients with angle for different numbers of evanescent modes:
@) kb, =0.167: (B) kb, =1.336

a9 42 |57t 8014 Holof whalgol Saah
A% @ ok mEA ¥ ATNE A0 2E 2
zste] FRAY B WAEE AN 9 n=16,
m=50] kg AHESS AN,

4. X|g2| 74

goe Welel #EAYL mels] Astel Eas.
@) 3 @)% AHgaiel v AYS melsdek. g,
@DOIAE e A Fol WsE Fol 449 Iy
o4 ANzZHE Bet HES sgon B @dAE
Aol WBE Fol H4F el HA12Y Feprt

T stk
h11 b<zx
wh
(h O)ac-—( 21—h0b) "
2
ho %Z T

ANA, hye BEAFY FA A, b e FEAL
AT AGolH AAFA, b FEAY FAFY
NFE QAR ol2r7AA ARG ek,

wE e FEAYS MEES ofnjgy

h(a:)zho(l—‘w—L), —-b<z<+b 92)
a
_ b
a= hl 1/
e
904

QANRE Aale] AT
otk 1PN 2= AR B bk,

5.1 2XI1g9 wit Hsle} ogtol mE HALE

=~
=
iy

=0.167, kh, =1.336 2 %ol wgd agkel
HstE FUA HARES ArtEdth 3EXE ) FH(2b)
2 10L,, FA(h)E 32 m, 223 EAA FAldA 9
22 (hy)& 64 mZ LT APl wikd 0%E
A, a ke 158 16714 93A71EA diee ALt
agieh 71N L2 byl iR e s,
w = FEAGY v F& It Fig 10& w
o] W3] W& ¥EE AN Tdolth kh =
016791 7% wgke] F7hete] whh wALEol st
7} wgkel 30 m AN Haighel @ F thA] HH
o2 ZFrlele AYE How, kh, =1336% 5

w3ke] FARSE WAISE B2 FASAE oleld

HEK AR



Incident waves
b

A . . =

h

he

ho

NN

Fig. 8. Definition sketch of trench

A J

-]
b !

Fig. 9. Definition sketch for trench with
stepped transitions

/32 Bragg 8402 AW 4 9lom, Bragg d%
o garak: et A Aol o8] wlEE H)
BgHoz Aase] BYF ZadA wALgol wl$
05
0.43—
0.3;
R |
02f
o.1§-
ommml.mhml [ VRS TOU TO T
0 20 60 80 100 120
w (m)

(a)

A £ W$ A dojue @S A grhDavies
and Heathershaw, 1934). 3§14 X&) Eo] UAtE]
Fejol FALSE sin BE cos Y FHE HE BT
Pabstel wpgo] A AF =g 207t HE AR
A wAbgo] AA AURIRE FA AP e tE

A9 wAlgo] Hu EBE Hiam A oo 27w

@ wehaich ool A9, 249 AFA il +3
29e Hgste] WAkt APt JuAAE Rolo}

she 2 o) Ao A e vle} Zo] w ghe] 30
m ZH o)A HkARE o] FHhzte] He As HAE Ut
JAth Fig. 118 agtol] e vkAlge] WslE AlLksh
Asto|t}, khy =0167 2 1.336 F A ZF aFto]
Z71ErE dalgo] FUlEINTh wEtA 14 ARE
vlgo 2 Asfgde T 49 B AAAE
Hejo] FEX| o] HFS HUZ wARAFIE, Hogk
Abgo] B AL & 5 AT

0.5

A ARS ERRES
T 1

0.4

0.3

0.2

0.1

RS ARERE ERRRE REREY RRARE REA

% CTHT TUYST FNUT1 FURTE NRTT1 FNUTT SNUT] NNUE FANUL IR URUUH FEUTI INUD)
0 2 4 6 8 10 12 14

w (m)

(b)

Fig. 10. Variation of reflection coefficients with width of trench bottom:
@ kh, =0.167: (D) kb, =1.336

BA0E F115% 2007F 115

905



0.5

0.4

NS RRRRE RRERS RRRR

0.3 F

0.2

0.1

LR LR AN RAAES AN paRN

0 SERTIRTEEY FYUT] NRTUY SURTY TNUTY RURA FUSY IRUTY RRE) FUBKI FRUFY INAEY SEUN
1 3 5 7 9 1 13 15

o

(b)

Fig. 11. Vvariation of reflection coefficients with power of distance:

@ kh, =0.167; (b) kh, =1.336

0.5 =
0.4;—
R |
0.2;—
017H||HH||H|||H\;IHl|l|||||||||\Hlll\\\|1|\f'|1|||||\\\’;ls\\\lllu_’;lsuj
o
(a
52 SrEX|go] Mol mE YHAE
B Ao 5173 Ao =E2H HUAES
A @il(w=2b)2} 2NN FA bS] W) o
£ S ARl Rt Fig 12 ¢4 2 32 m,
Z pE 05L,E IAS & hyE 32 m HE 160 m 7}
A1 0.1 m 2HA o2 ZIMAFIHA BRALES ALl A
olt}y, A FolXE T4 hy7} F715Hl Wt WA

olar

[e]

906

0.5

0.4

0.3

0.2

0.1

Agel: 3

599

¥ 7F hy =70 m
120 m @A oAl A

et 3k

A o

A= ho7t Z7HEOl met WA
go] 37137} 64 m R2IA AURS 7

T

B ;101] ;\1 71_/,:3]. =1l
X

7k A¥E

SEE

-

4

AR REREN LANREREERY ERREN LRREE RARES RENEN RARRE RERE

L

ot

L ERERY FEET

10
ho

(a)
Fig. 12. Variation of reflection coefficients with central water depth:
(@ k,h, =0.167; (b) k;h, =1.336

12

14

16

Moz ot 15 m $E AP FASe] et
stk 1o ARzRE $BAYe) AHY B8E /M
7 e A FUENGY AN FEAY

o a7 mEEer 4 ¢ & Ak

5.3 StEXIgel McigoA ol o2 HIALE
ol

Fig. 133} o] 29 T 342 wj@HAS w9 vk}
£¢ |4egrt Fig 14+ 277 29 % 3€=2 aixld
3 7]

FEARe sl GEAF Al 1A dg
0

AArsh F7)e) AojgkE WahAzG,

05

NS EREEE RERN

0.4

TTTT

0.3

0.2

0.1

T T N RARES REREE LLEAE L
1 T T T T T

0 W1 SEREE FENTY ERUNL FENRE SENTL IWRE1 ERURL SRRRT FRURE SWERY FRERE 0
4 6 8 10 12 14 16

ho
(b)

BEKEREERIE



. N=1
- N=2
N — — — N=3
08fF
-
0sfF
04
.
o
0.2F
0:1JJJiJIu_Ll\\\J_LLIILL_LLLI\J_LLIJ\J_Llll\\J_Ll\\lJ_A_LJ

0 0.2 0.4 0.6

d/L,
@

1

- ————— N=1
= N=2
- — — — N=3
08|
06
R F
04k
:_ PR N
F \ // \
0.2F \ \
- )
o‘uuluxulu\{lw \|\|\/u_LHH|HJ||LLh||
0 0.2 0.4 0.6 0.8 1

diL,
)

Fig. 14. Variation of reflection coefficients with relative distance between structures:
@ kh, =0.167; (b) khy =1.336

Incident waves
—

1

! w 1
Fig. 13. Definition sketch of multi-arrayed trench

Al Ae Hol sapg 4 A
3¢ 242+ 056, 00369 e 7o 3&‘4 o%oi =
Z¥z} 074, 005691 g 7HRTh wER = Fh5eA Y
QAT FEXY D57t BobdSSE oA A
£ ZUkela glom, 2d4Y o FHulvkale 2 XA 9
AREE 0.2, 000801 3€ w 0.3, 0.008= AAt= Atk
ojg}dt AE FEAHY 7t Y AS FEAF
2re] HAd wpek wALES A FUEAY 23)e &
Ex5go] gxoz &4 O}E 92T HARgo] e
A7 AT FE YeS guiEt SolEud Al
< dgte] F71gkel upet HW%O] TY8 gz ukE
Hof vEh, N=291 B9 HaAeg 7k
A N=331 A$= tﬂﬂﬁéﬂ gEos &5
Aol A whkgd 59T B /e TR

thgto] 2AsAtt

¢

A4

#40% F119% 2007F 11A

# avelre
AREs olgatl e
Mg ARG T el WA S
gk

e & AA ST
Z

N
N
X
ol

K

e o

HhAbeS Aatet A A eI 2l
FEXge Fel7t FAEH AT E HAbeo
A vehE Aoz fASHY F4AY HEe] bE
HRARE S bk =0.16790 A5, FEAF S a4
ho7t F7Fgel weh whabgo] F71Hos WA,
kyhy =1.336 1A% ko) Ftel ¢k 70 m ZHIA Ho
&e 7 o olFele FEI HAE Y 4A
3 AS AT bgd FEAGCAME, FEAFLY
747 doll mhe wkALg ) WEo] Al dojpten ol
3 Age A5t solde] Wtk SR S 2
& ARE B kh =0167ME FEXFP FF
AA}zb o)y 24 o|afolal d/L,=0.28¢] X H 4ol 3}
Zol  Aztgde]  oig Z&Adel M wow,

kb, =1336004E AR Fge AAAPols)

d/,=0.19) %ol A A Bk AV gk

01673 1362 AH§E Aol
§ sExEe wArEAol

24 JeRd & 7] wiEel ZAY FEADE AA

907



ZAlel 2

2 B FRNFEAAY ATNANCR FPs)
of olel AlelE EFUh

#og s

BAA, 73, 284 (2007). “OE EFHE T
HAE Foshs hEY B de A dx
sotall kS stEixl, S=rsiosl g T etE], A19Y, A
1%, pp. 29-37.

Z82, ol AFE (199%). “FAle] Wl AF S
= oo Wmied A& AT teteEs
238, d3EEss] A184, AM-43, pp. 351-358.

Berkhoff, J.CW. (1972). “Computation of combined
refraction—diffraction.” 13th Int. Conf. Coastal
Engineering, No. 1, pp. 471-490.

Davies, AG. and Heathershaw, AD.

“Surface-wave propagation over

[

b
D

i

B o

o

(1984).
sinusoidally
varying topography.” J. o Fluid Mechanics, No.

208

144, pp. 419-443.

Evans, D.V. (1975). “The transmission of deep-water
waves across a vortex sheet” J o Fluid
Mechanics, No. 63, pp. 389-401.

Jung, TH. (2007). “Analytical solutions for waves
propagating over depressions of seabed.” PhD.
Thesis, School of Civil, Urban and Geosys(fem
Engineering, Seoul National University, Seoul,
South Korea

Kirby, J.T. and Dalrymple, RA. (1983). “Propagation
of obliquely incident water waves a trench.” J. of
Fluid Mechanics, No. 133, pp. 47-63.

O'Hare, T.J. and Davies, AG. (1992). “A new model
for surface-wave propagation over undualting
topography.” Coastal Engineering, No. 18, pp.
251-266.

Takano, K. (1960). “Effects d'un obstacle parallelepip
édique sur la propagation de la houle” Houille
Blanche, No. 15, pp. 247-267.

(=59 5:07-52/852007.06.04/ AH-£:2007.10.29)

BEKEREEH®RLE



