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SUMMARY

I. Title

A Study on pound net Fishing Gear Design and Interpretation System Development

II. Objectives and Significance

As a passive fishing method, pound net fishing well corresponds to the era of high oil
prices, and in terms of catch usage efficiency also, it is one of the competitive fishing
methods that can create high added value. Mainly used in Japan and Korea, the pound net
1s a large scale fishing gear laid along the coast, and the catch performance is greatly
affected by the physical ocean conditions in the fishing grounds. With this fishing gear,
because adjustment is difficult after being laid once, the fishing gear must be designed and
laid based on precise understanding of environmental conditions in the fishing grounds and
the structure of the fishing gear.

Previously, pound net fishing gear design was conducted through a process of
adjustment and supplementation based on the long-term experience of fishermen, so a
systematic design standard in relation to environmental conditions in the fishing grounds
and structure of the fishing gear could not be established.

This study on pound net fishing gear design and interpretation system development
was conducted to derive a design standard through model testing and by developing a
theoretical model that can interpret the movements of the pound net, not only develop
computerized pound net design, but also tools that can conduct simulation on the fishing
gear movements in accordance with the effects of various ocean conditions. Through this,
the effects of the external environmental forces can be evaluated by conducting simulation
of the pound net movements in accordance with the physical ocean conditions and design
conditions, so a more economical and efficient system can be designed and operated by

evaluating the performance before laying the fishing gear in the fishing grounds.



III. Contents and Results of the Study

In the 1st year study field survey and documents examination were conducted in
relation to the major pound nets in the south and east sea, and by selecting the pound
nets adequate as test models, a precision survey on the oceanic factors of the fishing
ground was performed. Moreover, by analysing underwater images and tension of fishing
gear through model testing, it was used as basic data for fishing gear design and
interpretation, and the fishing gear design standard was also derived. The pound net was
assumed to be a flexible structure, and an equation of motion technique controlling the
transformation of the flexible structure was proposed, and in order to solve this, an implicit
numerical calculation technique was developed, a numerical calculation method that can be
applied to the dynamic interpretation of the nonlinear stiff system. In order to verify the
accuracy of this theoretical model, the modelling accuracy was raised by comparing the
results of the value obtained from the numerical interpretation and results obtained in the
circulating water tank test using a model.

In the 2nd year study a design plan construction tool enabling computerized design of
pound net fishing gear was developed. Furthermore, by developing an automatic modelling
program, when the design plan is completed, it connects to the pound net fishing gear
materials database system, an equation of motion reflecting the properties of the structure
materials is automatically created, and making data for the numerical simulation just by
setting the calculation conditions, a system that can conduct simulation with those data
was developed. In order to form a graph of the calculation results, a program to construct
visuals through 3D images was developed using OpenGL, a graphics library. Finally, the
trial product of pound net fishing gear design and interpretation tool was composed by
combining the pound net fishing gear design plan construction program, the automatic

modelling and numerical calculation program, and the 3D graphics program.

IV. Proposals for applying of the study
Around the world many studies on the movement interpretation of active fishing gear

such as trawl and purse seine is being conducted, but studies on underwater shapes and



water flow resistance of the net for passive fishing gear such as the pound net are rare.
Likewise, there are no cases of design and simulation tools for the evaluation of passive
fishing gear performance, so by commercializing the fishing gear design and simulation tool
developed through this study, exclusive supply can be made both in Korea and overseas.
This kind of software can be used as research and education data by fish farm facility
manufacturers, research centers developing new fishing gear technology, and education
institutions.

The pound net which is a high price, large scale fishing gear can be designed more
efficiently using the simplified design process database, and because interpretation of
fishing gear movement under the effects of various ocean conditions can be made through
the simulation program, fishing gear can be designed economically, and the installation of
the pound net and the safety of the operation process can be greatly improved.

Moreover, the results of this study can be utilized not only for coastal pound net
fishing gear, but also for fish cage facilities and the interpretation of fixed underwater

flexible structure movements.
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(b)

(c)

Fig. 2.1.1. Experimented and researched fishing ground of the pound nets.

(a) Jangsung-Po, (b) Nung-Po, (c) DaeJin



(a)

Fig. 2.1.2. Drawing of the developed pound nets.

(a) Jangsung-Po, (b) Nung-Po
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Fig. 2.1.4. Measurement points of current speed and direction in the pound net(unit : m).

A~G : Measure points, () : Mooring measure point
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Table 2.2.1.

Specification of the model net for used in the model experiment.

mesh opening total length of sand
Part ply size length length bag line
(mm) (cm) (cm) (cm)
A 6 19 75
B 6 15 75
255 120
C 3 9 45
D 2 4 60
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Fig. 2.2.4. Arrangement of the model pound net in the circulating water channel.

(a) plane view (b) side view
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Fig. 2.2.10. Change of deformed angle and according to the velocity in the upperward

flow with fish court net.
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Fig. 2.2.12. Side-shape according to the velocity in the upperward flow
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according to the velocity in the upperward flow with bag net.

(a) fish court net(6y=0)
(b) second bag net(6y=11.2)

(c) inclined passage net(6p=0.2)



Z4Zd AAT A1dT 7t aEe o] Wal: Fig. 2.212.9 Fig. 2.2.14.(a)°l e
Hpel zro]l o] 0.0~0.6m/s= Hingrel wel x7] el zlolo] wls| A st
A=, 0.0~01m/s7hA= W7k Al fllar, 0.lm/soldiH w43 F438t7] Al zhste]
0.6m/soll A= 271 Fxdel zlele] oF 35%4%=7bA FHaste] 7he

ol AT W AR Pl IHHAN, Al ARAAETE Ho® 27 ZxRAH 7}
BaE ol oF 86%AH == 35 3t

A2Y%E 7Zte) 19 2ol Fig. 2.2.12.9F Fig. 2.2.14(b)ol YeERA mpel ko] f+40] 0.0~

0.3m/sell A F2A3] FAaste] FJxzA9 oF 20% 4 =744 F-2338tAth7E 0.3m/sol ol A= o o

A RASAE QAW el B ARE A4 SFeldth il 24T Wi A 7
o)

aEo] HASA W, FAXRAEIF Hox %7] AZRAMEH 7t aE Aol oF 76%H = =Tk
3 5= At
Hl et 5o 7bgfe] zZlo] W3lE Fig. 2.2.12.3 Fig. 2.214.(c)ol A9k 2ol #%0] 0.0~

01m/s7Hx= W7} Aol glo] ofgxieto] whetel ol UTh7t 0.1m/sol AR E FA3] HA4

i}

7] ARSI, 06m/sA N A=A olsh wwe) oF 3% WA Faste] Ateel R4

REZF Azetdeh 23, vgase] e f5

o
19,
fi

|
d
12}
N
>

] %7]—@‘01] U—/}“ﬂ' 7@7_(]‘ T_o?:}:llg =1

zZhsto]l 0.6m/soldoll M= AEDTE 0%l e Aoz Yeuth A5

—

;L
o] 0.0~06m/sz 7t W 7] A=l vls] oF 35%AH=7kA s



1.0

0.8

D / Do

0.4

0.2

(a)

——in the increasing velocity

---@---in the decreasing velocity

0.6

0.0

D / Do

0.1

0.2

0.3 0.4 0.5

velocity (m/s)

(b)

0.6

0.0

0.0

0.1

0.2 0.3 0.4

velocity (n/s)

0.5



(c)

D / Do

0.6

0.0
0.4 0.5

0.1 0.2 0.3

0.0
velocity (my's)

Fig. 2.2.14. Change of depth ratio according to the velocity in the upperward flow

: initial depth).

with bag net(Dy :
(c) inclined passage net

(a) first bag net (b) second bag net



qr

o

X0

.

o
-5

=9 7t as H

7 vg

o} g2}t

XOL

I A9l o

SEE

-
.

=3, 05m/s (1.0k'0)e] Al A

ol

i

gk, A A 7]

dr

~

ol
:
™

~O

)

—_—
o

do

NI

oA e Wzl

ool
0
0

m

o we} oF 0~

7H

& Q). gepd o) A7

0.0~24k't=

ok
2

ek fr el

ofy

~
o

4

N

I

JnnY 28 YRoA f&o o Fu

=
=

il

2001). w-ehA]

0

A

b 2RS4 28] 7

22,

717 "

o

SR EE]

=
-

5

A Aok a8y *

=13
=

o)

o

el

o
~

o

)

o

oF 0.0~12kt% e

ﬁo

—_

0
.Zrl
~

—_
fils)

ool

)

g e 77t



—~
o

4

A

o

A
" 4

l

A»‘go

3

o] &

-
T

wE o], 0.7kto] ol A

)

A9 0.7k'to]

o

—_
fite)

79 of

-
.

1.2k"to] 2ol A

2l

4

of ol Aol Hel 5

2 #4949, A9

o

B

pariy
file)

ek, ol 5t AAIA

N

—~
file)

o] & ZoJt}.

4



’

al

]

T

25

=]
£

Ht
A, YA 5 %71

=]
™

=
H

o

YA

off AIAE JH

=

aj
Fo wxef =

=
[}

}

R4

2
=

o 4

AT AFALE 2

SUA4 7]

o

A1 4

1.

A3

T W W S W F I TONR =
all of X o v < )
) = o’ 3
T M K Y T oy o o7 5
= — ﬂ%._ O m.o _— —_ —~ MM
ox \mﬁ fite) ‘\w m X P.W ﬂ.ol
L o) N do g By s
SO T B S . B -
. 0 i T H e = mh H [y
£, ZawZ ©ILIN4e
oR = H R S olo M ae
Nfy AN "ol o
o 0o B X = B 3 T M iy
B e =@ifTe =37%3F ¥
— T m m}e ma W U T e
N - * G SR R = 2
W < o = = m W oW —
o ~+ e o
mw _ < a7 R ﬂd - 2
fo U . ) i) )
el o) oy, OB SO - 0
il X T Nk o~ ) M+ = X op
I T S N s
fite) iy _W
W oM g o L% om g oo L
‘m.ﬂ ° ﬂﬂ_ O_ ‘&u X = Lt %, =
= o & g W AT E £) W
o Moo Bowo o= MW ~
; =~ % <] = ® % no Mﬁ w ol el
) TR S AN oo g
ki % < I L B S i
N X %) X o E.E 1 S Jl FI
W o F v N RS I a9
o N S g P R <
R I H e R
e T T N B S 20
T ook N o Ty ooy Todow o
0 _ﬁl \m“u =
A oo w° o ] o Gl o}
ok g N OB T () SRS o AR
womow =0 XEE 0T i
™M o P X B o oo B @
m,# Nl S = o N Moom . B = N
BF K| L 5 O X T W W
(= ok T = Hp )Y T AR T o3

(1)
MEE YEda oo n A

3]
=

-

.

mé= > f

o] 7] me A Q= spw wg f



S
SIS

S
S5

‘
X

QO
QK
K

5
N
0303030303030,0,0 .
XS
BB

0
RS

Fig. 3.1.1. Modeling a netting with small meshes.



dr

‘.ﬂo

gEe 72 A4 Aol

o

|

—_
o

(2)

fe = _kn(|r| - IO)

SRR

W

g]

o)
H)

o] &b Aol N A

=13
=

o) %

1
e

o714 kK

ebae,

=
=

el o] =17

& 917

JuEf o] o, |

o 9

° _
L& g

r

o

Aot

A
pLs

g a7 Iz u

I

& 9AME re 9%

e ololnt. e ME N

1Tt ol -l

g o

&l

= G7el wel 2ekxl

o wepd ek v

=13
-

o

)
o
ﬁO

)

:(:3_‘_%0] BA

Ao 5

oA el SEwHe} AXME ) o] F= Zto] uhe}

559

HAM ATs

313
H [e)

B 7}

e

= ogx

el

o 2§

]
=

srug e Aatsl 2

1

o9

I

550

)

o
35

A

Jo|

3)

C,pSV?

1
2

Fp =

LHERU T,

S
=

AL WA ()

1
o

FA D= hgw-s:/mb), S

P

o,

7144 Cp

Pjm

o)
XA

X

o)
®
B

el
N
B

wh
No

B

ol

r

NV
B

iz

opef e} 2t

Al O
R

2|



(4)

T= w71 Al

15 2ol bz, A=st A4 369l

b7 9

°©

o] TPAE AAt

Prado(1990)7} A A|

=

d’
=1
o)
)
=]

2

Udd)+% S
14 2] 7

n
1

TPA= 3]

2

S, webA ol o)

[¢)

A7IA ¢t ¢
roz

WE Vet 9

H
4r

Ef o] o},

Hoz yehd 5 gtk

i

ze)
ol
o)

4
1}

5}

kel

A]

-
T

(5)
(6)
(7)

I A=A, p 9 S

1<

o

=

st o

°

Q

a

hvi
=

AT,

AL 919 AolA ARH Zel o
o]

P
T

o1
=

F

A
pul

Alg=el ot

C_pSVen,
%

o

T

F. =

3 gou] Vi &Emsolth 7] AdlA
o], the Aow 7

714 C

Al

=)
NF
2!



(2005)°] A+

p=2
[}

— Lee

o oweka 2B ool A

oF
o

4 9

8

mK

T
ﬂmo

o

.
fite)

wr
fife)

do
®
il
)

~

B

o

i
(-

T

ral

o we

44

& glou, MELO, et al.(2003)9]

el

Sl

H7] o

S

of wat A9 o7} LA

-

Bo
L

S

ol= 2 (4)°l A

sheh

N
il

4

BN

e

=
=

2t Ao Ws}

5

YerolA 71

09



14

12 -
O 08 - cnes Cd
506
04 | g ——da
oo | /\
0 . ! | |
0 20 40 60 80 100

Attack angle(degree)

Fig. 3.1.2. The drag and lift coefficient( C ;, C ;) according to attack angle.



o
B
i)
alal
o
B
o,
mTI
rlr
)
o
>
o

frt

i
o,
g
N

30

)

Fe = (0 — P, VWY (8)

3714 P AR UE Put dde Ur Vye g Ry, 0 ZHslE5o|t 34X

Ao AF m > vhe 2o

mOZDiVN (9)

oA7| A Put e Ax, Vy o wate]l Byjojth B Aot 18] uhhar)S 9750

2, MEe 7= Fae] Vvg thgst o] vl 4 gtk

V=1 "WNid +3Nxd" (10)

o714 e 1% Fle] dol, g& AA, N,& 1% dAel 1

of A8tz vl Folth

e
it
L
&
I
i)
K
=z
e
%
N

SFE MgFgoR wa, BN ms 47150 A ddel A% ga, 7o AS

Aol Aol 057k e g 2
m, =0y j TN+ & Nag?) 1)

2

Webs WA AF S HIAFOR A A mH LALF m,0 GOE S o}

2o A3 2

% A TRES THRE 82 F PASH 222 ANY STES YRR I L]



—~
o

i

qr

Y A olBE o FolE

2% shebu b

2] gidol 4

0

o

e

=3
=

(e}
H

h=]
=

e

T
o &%

k!
ol

°©

=

=
=
R

-
il

ey

A (ideal fluid)

e E

FAAZ wEolA 97 o

1

:\__L_
W o, she A4, ¥

hyA
ar

e

Atk a2y Aok 2

§ wope] wpa

9

HA =,

°

(C), 83 WE(A)S =2 YERE 4 9tk Fig. 3.1.39% Z¢]

ey

st of Wy el

S

aL 9] gol 9

o

o1
| 2 ol W

setw 744

[

]

=
=S

o ¢

A A
5]
=

S

71T, A, 5
T ok Abole] Al

1

2

e

=
T

gk 2

o o
_Tq.

3} whE Abole] 54 Aelo]n

- O
T =

et 3aL(H)

=
=

o
e

=

9
27T &,

(13)
(@
(14)

SR

==
T

=

radian
T

&l

[

9

A
bol) ohelsh o] Foix

3}

O]

R4

2w A)Z vrERATE

Ifoll of

T

Ly

k(k

1
T

Aol vt
]_

bl ste] 5

-

R

IS

°©

A

X

o] wtol oy

oz yehd 5

I+ cosine Ttol tste] AT 4
Acos[ 2T (

Z(yBFer olF

C=AIT

°

13
n

1o

radian ¥}<=(wave number)
A



€« wavelength ————»

amplitude

v\

crest

wave height

amplitude

|

trough

Fig. 3.1.3. Shape of wave.

Y



7(

A (14)= radian =9} FupE Abgsto] ofe] 2(15)3} o] HeEfsiA d T 4 Aot

n=Acos (kx — ot) (15)

2 (15l M cosine o] (KX—ab) = so) ¢japolat Fan] ol 3 1AW Azte @

AoeRH B BAAA AU, B @ RAMANA § T2 A 9 0N PH 2074

’

etk & AgelA vbs Ao EEA/AE) 7 12080 Aol =42 5] siAA 7

A sz 7}

FAE BgSA, AldAolet H-eta, A YR FAS G 23k qFH e SR
A o7t EAEH ol RS ofjet #ol BT & Uk
_ag _coshk(z+h) 5
b= 0 cosh kh cos( kr—0t) (16)
A7IM g AF, g5 THIMERE, o 4T3, ko dolth
Z=m o] s %o thak ko] 7=Acos(kx—at) ol FHy = nlx AZulo] 79 T
sto] Al zoll A Y] = dA FE AES S uld] Aol wat g5y 2
u = Awacos(k(h —z))/acos(kh) - sin(kx — wt) a17)

v = Awasin(k(h—z))/acos(kh) - cos(kx — wt) (18)



] AlAF 7194

A 24

TRER

1.

tel A

S

(Dell W= o5 s Wy

Al
2

o
Q48

ks

O -
o

1ol dE= 7led

%2

el

&

2k 22k W]

<)

ol o

S ok s 2ol A%

(19)

F(t)

meKt) + cd(t)® + kq(t)

ﬂ
N

)
0

BERES

é‘l_

A 9]
%7]x A (Initial value problem)® Zo]7} 7}

geg

1
T

o] e Aol F(Y)

mo
]
<

)

a8l k

¢

21(19) 2+

% (implicit method) 2.

o =
o ©

=A) %ks) ¥ (explicit method) ¥}

ol

Jo

2 ol

sob 5

A

—~
fie}

ol

o

2 tHGeradin and

5, 2001 = %, 1997).

2000; ®=F

. gk
L)

Rixen, 1997; ©]

Newmark- ®°] A tH(Newmark, 1959).

sttt o

A

H o
H=

Newmark-3

b A e Aol A4k Alzkol

PN
T

s

=0)

H

R A o]

3

of7] el dAA ¥ &8 HIFH

e

3

[e)

al

5

[e)
LS

) 5-

1le.

]

B

AR
=

olatl t}

ST
=

S Newmark-f Ho =

(19)¢} zFo]l %

A
A



& Aol s 9H(D)sh HxE(F)2 7+ gk

-+ At) =) + alt)at-+ [ - D) + A&C + AVIAL o0

q{t+At)=q(t)+%[@(t)+a3(t+At)]At (21)

00l EFE A& s 198 ol g e o] T & gtk
6Kt + At) = m[F(t + At) — Ca(t + At) — kq(t + At)] (99)

g, 22007 (21)¢] 6t + At) = PSR MR =A, PR ek A (22)] 9§ Alttgkol
AA A AMS Fusta At7F HalE vy A ALES s ey 7pg A e ALt
27F dAsHA e AFels A@23)3 ol FA oA e ANtEte] A7 ewTE Ao
W oS HAY AAS sk, el 2 HHEAARS 8 3t (Geradin and Rinxen, 1997).

o

W AR Aol &S] A sHEEe AMAE ddskel Fu AAtekE Aol duwd

et 6i(t + At) - it + At)| _
| e(t+AY) \ (23)




KX
=

6(t) = %(F(t) —cd(t)’ —kq(t)) (24)

olgh pov, T gol FF LALYWOE AN £RE T & Ak

q(t+ At) = q(t) + hx gt + At) (25)

Gt + At) = &{t) + hx &t + At) (26)

—_

2] (25)¢F A (26)¢] W] wiAlE Fel £ ThEEE ode Wy oer ekl

27] dZgow AHgwTh



A 3 A

MM " o =
o o of oF oo * ]
B UG- — o] R’ o B o =
‘w o) Y i 1WA o To M GOSN ~ W
S [ —_ , = T -_— )
£ 2K o F - Yoo -
wo o F o i - > =5 of T T
- I ~, 0P )
B £ 5 50 - x e
mo = wm r H_W W: — ‘ul _foT EE Qo
X r H i "
m 1r_| ﬂ MH ﬁl Ag = | o X w
z & =2 N .02 % 0w w2 )
= . 9 T X o A W = X% o«
To5 g o0 &0 S w B® B
il =2 I~ = ﬂl ~ KO < W e <
S oo oo P o T oW+ o
s 4 XY % oo % & T 2T o o
F y 0o W haa Mm o N R o B
E — — . of e A= o o ~
T2 % T o ST w o
T 5 TS CINNG o T oo @m T B
X & e N T om Mo < B g O ST s
o ‘ = et
,ﬂ = oy A " % i Mw mw; __“ . M = A Wﬂ LI
¥os ¥ T e il 1 Yo
5 1 U T o 7 Lox 8 ™ og e
— —
I T oy O® G R O % L w
~ ~ | X 1 : o T = E
2 YT TRt L w = A
N R THOme T = oy X > K ) my ny
NooR 4 % @ E! = il o g
< g = XKW = BE M B o - t o
D R o m ox © B ox o3 ik
< = e 3 o0 0B B OE i —
- h < m —_ 3 7 © w8 | J
N iy g or i By N my K
in = of = I ® _ T o= - 7 %
DT I Zgrdazgz: B oF
e o5 % e IF I S ki ~ = = ki
angd S T ! o S o —_ i
a0 5 . M s TO o do - o _1% % o~ sl Aﬂ X
— —_ — = .
%o _M s o 7 oz ” % 0 Mﬁ 4w TOF P oE %
. [y To X o il ' , [ g
T T g o= © T T ool G g 7 o
o o = o oy E 0 PTG Y | o
~ ooy & o7 i~ X ! of - N o o
o sy = 3- —_ S = ﬂ o ) o ) = ,mﬁ
oL B2 G SE et b T E ;
o = WX X - = oo W o s A
S ~X ‘ME ..:H eyl _ 0 . X —
o S T B S N L »
< = ~ Loy o B EEE <
T % o XX G
o ALO ‘D| ET_ ,m o ﬂ
AR



Fig. 3.3.1. Simplified mass-spring system.

h=0.1s, k=80N/m, m=2kg, f=4kg/m/s, x(0)=0m, dx/dt(0)=8m/s

4 r
Real value
= = = = Newmark
3 r — — ——Runge-Kutta
Euler
Eot
X
1 M
O ] e S
01 11 21 31 41 51 61 71

Time(s)

Fig. 3.3.2. Accuracy comparison between the Euler, Runge-Kutta,

Newmark-3 Method and real value from Fig. 3.2.1.
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Fig. 3.3.3. Calculation result from Runge-Kutta Method(a) and Newmark-B8 Method(b).
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Fig. 3.4.1. Calculation and real experimentation model with the external forces F.

Table 3.4.1. The condition for the simulation and real experimentation

d (mm) [ (mm) Stiffness (N/m) h (s) TYPE

0.4 100 10000 0.002 PE(Knot)

* d . diameter of a bar, [ : length of a bar, h : time step
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Fig. 3.4.2. Result of experimentation.

Fig. 3.4.3. Simulated net shape with weight.
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Table. 4.1.1. Function of the icons of the design program.
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(a) Float, (b) Sinker, (c) Rope, (d) Hardware, (e) Netting
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Fig. 4.1.10. Property window of auto-creating system of panels.
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(a) Top view

...L

(b) 3D view

Fig. 4.1.12. Allocation of mooring lines and buoys.
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Fig. 4.2.1. Approximation of nets.
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Fig. 43.2. A pound net described with 3-dimensional graphic.
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Fig. 4.3.3. Monitoring of tension on the mooring line, moving velocity

and depth of sinkers.
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Table. 4.4.1.

NO. | L.O.B(m) |H-ratio(%) Type Material | Stiffness(kgf) | Gravity
1 0.017 70 knotless nylon 500 1.14
2 0.017 70 knotless nylon 500 1.14
3 0.017 70 knotless nylon 500 1.14
4 0.017 70 knotless nylon 500 1.14
5 0.017 70 knotless nylon 500 1.14
6 0.017 70 knotless nylon 500 1.14
7 0.017 70 knotless nylon 500 1.14
8 0.017 70 knotless nylon 500 1.14
9 0.017 70 knotless nylon 500 1.14

10 0.006 70 knotless nylon 500 1.14
11 0.006 70 knotless nylon 500 1.14
12 0.006 70 knotless nylon 500 1.14
13 0.006 70 knotless nylon 500 1.14
14 0.006 70 knotless nylon 500 1.14
15 0.006 70 knotless nylon 500 1.14
16 0.006 70 knotless nylon 500 1.14
17 0.006 70 knotless nylon 500 1.14
18 0.006 70 knotless nylon 500 1.14
19 0.006 70 knotless nylon 500 1.14
20 0.006 70 knotless nylon 500 1.14
21 0.006 70 knotless nylon 500 1.14
22 0.006 70 knotless nylon 500 1.14
23 0.006 70 knotless nylon 500 1.14
24 0.006 70 knotless nylon 500 1.14
25 0.006 70 knotless nylon 500 1.14
26 0.006 70 knotless nylon 500 1.14
27 0.006 70 knotless nylon 500 1.14
28 0.006 70 knotless nylon 500 1.14
29 0.075 70 knotless nylon 500 1.14
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Fig. 5.1.1. 3-dimensional shape deformation in the upperward current of

(a) 0.2m/s (b) 04m/s (c) 0.6m/s.
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Fig. 5.1.2. Top view on the deformation of the pound net for the upperward current of

(a) 0.2m/s (b) 04m/s (c) 0.6m/s.



(a)

T ST
B Yow Yewiomey P feerd Qusseses WiwGond B Connectapa Uier

@ W B Wror e ses@BO-Gb~a
=

e

ey

(.

Wow st
el

e

ey



(c)

B Yow YuwSeling Py fecond DetaSelieg WowLonkl Beip Contecthops Uner
@ W80 (] ® 8o~ o

Fig. 5.1.3. Side view on the deformation of the pound net for the upperward current of

(a) 0.2m/s (b) 04m/s (c) 0.6m/s.
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Fig. 5.1.6. 3-dimensional shape deformation in the downward current of

(a) 0.2m/s (b) 04m/s (c) 0.6m/s.
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Fig. 5.1.7. Top view on the deformation of the pound net for the downward current of
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Fig. 5.1.8. Side view on the deformation of the pound net for the downward current of

(a) 0.2m/s (b) 04m/s (c) 0.6m/s.
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Fig. 5.2.1. 3-dimensional shape deformation in the upperward wave height of

(a) 2m (b) 4m (c) 6m.
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Fig. 5.2.2. Top view on the deformation of the pound net for the upperward wave height of

(a) 2m (b) 4m (c) 6m.
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Fig. 5.2.3. Side view on the deformation of the pound net for the upperward wave height of

(a) 2m (b) 4m (c) 6m.
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Fig. 5.2.5. 3-dimensional shape deformation in the downward wave height of

(a) 2m (b) 4m (c) 6m.
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Fig. 5.2.6. Top view on the deformation of the pound net for the downward wave height of

(a) 2m (b) 4m (c) 6m.
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Fig. 5.3.5. (a)3-D, (b)top, and (c)side view on the deformation of the pound net system

under the current of 0.6m/s and waves acting in the opposite direction.
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under the current of 0.6m/s and waves acting in the perpendicular direction.
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