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Abstract

In general offshore industry, different foundation types (monopile, jacket,
tripod,floating) can be used for offshore wind turbine to support this structure in
different sea conditions. Recently, the most wind turbines using monopile or
gravity as a foundations, but it can work under less water depths. To overcome
that problems, nowadays choosing a jacket type foundation as a good choice for
the intermediate water depth in 20750 m. The marine growth formation is one
of the major obstacle in off-shore industry because of reducing the life time and
efficiency. Further more investigation is required to solve this issue.

In this view, this work aimed to investigate the effect of marine growth on
jacket foundation in off-shore wind turbine. For calculating hydrodynamic load, a
jacket foundation was designed using GH Bladed ver 4.2. The effect of marine
growth thickness on the natural frequency of off-shore wind turbine was
investigated using Eigen mode. The results showed that the natural frequency
of off-shore wind turbine reduced due to increasing the marine growth
thickness. Further, also the marine growth effect on different section of jacket
foundation was analyzed . Compared to TP leg and X-brace (M.S.L), the mud
leg showed higher amount marine growth formation. Based on that results, the
bending moment and shear force of jacket foundation at mud leg was analyzed.
It is concluded that marine growth highly affect the bending moment (side to
side mode) and the axial force.

Finally, ZnO nanopaint was developed using ball milling for the prevention of
marine growth. The growth of marine organism on bare and ZnO nanopaint
coatings are examined. The experimental results confirmed that ZnO nanopaint
coatings prevented the grwoth of marin organism. This work showed that the

ZnO nanopaint can be used as a marine growth inhibitor for off-shore wind

turbine applications.
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Hy, = Breaking Wave height G = Acceleration due to gravity

Ir

qojgol &2 HAHS FAT 7 43 FA 552 HEste o2 o ®A

Marine Growth7} stFF2E9 stz IS 7138 F A= 2JEL2 48 7}
27} glom ol Ho]A = Marine Growth® 238t
3} 7ol

_14_



- ZFEA AE 2 A AW (Displacement Volume) 57}
=

(Drag) & A (Inertia) A2 W3}

A ZA WA 5 gled 59, Jacket A ol 4L ABL AAE Pz

9 A% U 2 9Pe w2 5 Uk

(2) 389 R A=

Lo

3}

Marine Growth”7} HF-Aol A&sA =HAS w AHEA] THAA7H A

g ge v

O
oft
o

i

F 9o o]o] gl Morison Equation® 3 % 3
(Drag & Inertia Coefficient)ol &= F3FS m XA Hol sFalFES ZZA

Ath[15][17]

i

i) ﬁ
S

0.65 for k/D < 10*(Smooth)
29+4log,,(k/D

; 25;10( /D) for 1074 < k/D <1072 woeeeeens (6)
1.05 for k/D > 1072 (rough)

o] 71 A, k = Surface Roughness D = Diameter of Structure’s member
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Eqn. (6)2 ZWAA7]el wep Wt 9445 AAsty] g AolH
Marine growth7} Ad&38F#] 22 3EW(Smooth) 0655 AHAAZA & 9o

Marine growth7} A% %W (Rough)2 1.065 AAg 4 g}

11

1.0

0.9

0B

Steady Flow Drag Coefficient

0.7

0.6 -
1i0° 10 10 102 10
Relative Surface Roughness

Fig. 17 Effects of surface roughness on Cd.[16]

Fig. 172 19 AA7]o] wet Wslels FHEAFE BT, I90A HoA
Lol AAH7 7} 10108kl A= 0652 YERH, 1072 o] AA 7oA E 1.052

A% 5 des ReEth dudow FeEAS 2 BAAFE Aed-sAE

o

7 (Keulegan—-Carpenter number)2] &S wWol WA v Eqn. (7)< KC 44
< 9% 2 olt}

AZIA, Umax = AW 24 HXx, Ti=g&e] F7], D=2FA 9 A=

KC s+ Eqn. (M= AE&3ste] 72 & oy, =dASEEs A94 544 n
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SK=
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Eqn. (8)

VD

Re =

Mz ey ol

171 7}

(FFE)e
=

7FetAl =

=
[e)

Z

FHA

)A
)

)

Marine growth® <
FH0A RS

7t S7ketA "1d. S,

A
glolm= WA Al A<

2

al

R

3) 2

I

BRCEEEE

Z
A

A

-
R

Marine Growthe] A& o= ol&] et

o B
- T

SHA ¥ W Fig. 18

m, AA <7t

&

£ HolFa Ith[18]

-
>

A P e] &
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Body Fluid
Interface

Body movement

through fluid

Displaced
mass

Fig. 18 Distributions of displaced mass and hydrodynamics added mass[18]

Fig. 18914 “Volume 2" T7F2 Marine Growth®] Aoz Q3] 7 Fajel A
Aol Wew <la afFAFe] FUFskAl He T3rel™, “Volume 37 -7

Marine growth’ &2 & ¢13F "Volume 27 F+7+e] ®H ol W3tz Qe ufdw

W7k Lol sheol o) WAHE FHA 37 ALl FreE RRolY,
w, = i
" MGT M, e (10)
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o] AellAr=

Aol FyH
SMWE Etz AA e

7]

-

R

TPt S, Marine

Central & Nothern North Sea<]

vl
P2

o] E¢ RNAS] AQ-e GHelA #)&3t

B A A28 2] - OC4 Projectoll A Al

3= Code Lines vt&ro = AA A [19].

Rotordiameter 118 m
Number ofblades 3
Teeter hinge No

Hub height 80 m
Offset of hub to side of tower centre 0 m
Tower height 78 m
Tilt angle of rotor to horizontal 4 deg
Coneangle of rotor 0 deg
Bladesetangle -3 deg
Rotoroverhang 6 m
Rotational sense of rotor, viewed from upwind Clockwise
Positionofrotorrelative to tower Upwind
Transmission Gearbox
Aerodynamic control surfaces Pitch
Fixed/Variablespeed Variable
Diameter of spinner 6 m
Radial position ofrootstation 2 m
Extension piece diameter 25 m
Extension piece drag coefficient 1
Cutinwindspeed 3.5 mfs
Cut out windspeed 25 m/s

Fig. 19 General characteristics of rotor and turbine.

_19_



4% ¥ % Aol (Active Pitch ControD)E 3l 3 Edol=
= YT ol a9 Zo] AFEFES 35m/s, AAFTES 123m/s, TET
&2 25m/s olthl6] S V2T EES T4 Sme F == 87/ 2 14070 9]
Ao mEt o2 5A4S 73 & Jacket FERo|W Hur Aol ERS] HA
7141 ol 783mol™ 3 E ol 80melth ERRl9 Y ExTFERE A S
AE e 7 (Steel) A 7850 kg/m' o™, Piled} HA A Lego o] SH
Grout?] A& "UE+ 3339.12kg/m'e]tf. T3 Egol=9] Zo]= 57m ol &
B 3 W52 118m °]th

e

Table 2 Selection of wind velocity

5 St b A (52) | 22718
19 AEFE5(AZ 108 Hd3$5) | 885 m/sec(O) 8.70 m/sec
AAF S o B 51.40
50d RI=3FE5(HY 105 H55) 44.25 m/sec
m/sec(©)
=R ¥:(0) B9 oz AL

3.3 AA 33

(1) AA 3 & F7]
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LA
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1l sgAl A 290 Aok AdrIgE 499 Sexd

7

_

r\r
=)
r’ I

CEEE
5ol datel =@aFzAbde] 19797 20039 Fo AEE ABRRE A
%9l g AREE 149 e 7179 BAFM AA%T A F

sl 186 she] AAEYom F9 A 2 wMahs 9 Aow wukwol

T FE AR AESAZ

lo

11}1-

Table 3 Selection of wave condition

O o] i 23 Al 53
om 27 A7) 7 frol 9= 8- A 1}
(Hs,Ts) (Hmax, Tmax)
WA A %7 51 (m) 1 3.20m 5.95m
ST F7(sec) 1d 9.90sec 9.90sec
s }3L(m) 50+ 8.30m 15.44m
R 7] (sec) 50 14.30sec 14.30sec

(2) HAFol29 A3

Fig. 16 =3}

sgon A o

tol 2 Aol A8 Al

Olr

o] 44l “45moll e Faiet F71E HLEAA FHol2S ALA
‘_:_’1

St 21 BF A2EAXA olES AHA

A,
Table 4 Selection of wave theory
=4 F4D) | $3H) | F7I(T) | D/gT” H/gT® | 3o &
A Az *45m 3.20m 9.90s 0.0468 0.0033 2EFAAS
=tz -45m 3.30m 14.30s 0.0224 0.0041 AEAAS

3.4 Marine Growthe 57

Marine Growth 7 A5 dWlo]H = DNVelA] A& 3F= Central and northern
North Sea®] Marine Growthe] F7 54 7lol=g}d S Fzxste] 48417 th[5]
Marine Growth® F7] % FHAAYY F7le FHTAGA Y FA]9 Fakol
ugt 2A bl d = dom B AFo|M = Fig. 200014 Ho]F%o] Central
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and northern North Sea® UlolHE FFxste] -40m™+4.3m7+#]¢] Marine
Growth¥ 100mm= AA3tA 3 -45m o]&te] FAdA = 50mmE A&A1A A
Akt

Fig. 20 ¥ Table 5= Marine growth”’} F4lo wel X = AS HoF+=
shube] Aol 2 Ao A Hu 4 -45m=EA] Marie Growthe]
Hol 77+ 100mm= 28217 th.[20]

0 20 40 60 a0 100 120
D 1 1 1

-40

tg:‘l 00mm, when -2m>ZD>—40m

0 t =50mm, when Z <-40m
= o g a

Depth below MSL (m)

-80

-100 -
Marine growth thickness (mm)

Fig. 20 Marine growth distribution profile in central and northern part of
North Sea

Table 5 Properties of marie growth

T4 a3l A ¥ 7 (mm)
-40<Zz<MSL(+4.3m) Mud line 100
7,<-45(m) Mud line 50

35 &8 2 #A X (Drag & Inertia) AT

g 9 AA AFe AAHL Eqn. (6),8)% EWE Marine Growth Thickness

=

(o]3F M.G. D)ol w&t g2 HeA 7o, MGT:0mme ¥¥E Smoothz® A
Aslo]l gEAS 065 FAAF 1602 AASAY. MG T:100mme! FHS
[e)

Rough® dAste] 1.0602 AHE&AZH £ #4A7 9% Eqn Q)& =
2 &=l wel MG T:0mm+= 1.6, MG T:100mm+= 1.2% dAste] 4§
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AZE Ao R MGTE JAANRS WMGT:50mm)e] st59] ®al 29
M= FYAT 2 A7 AR Fasdds Aolwt 7HA skl Cqi0.85,

CmldE A EA AT

Table 6 Selection of C4q and Cpy,

M.G.T Ca(E A ) Con(HB A )

Omm 0.65 1.6
50mm 0.85 14
100mm 1.05 1.2
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ol

IV. st €4 A% 5 1
o] Ao A= Marine Growthe] o= Qg dFadddr]e g5 L 1
540 WEE dolwy] 9)se] GH Blade verd2Z 8|S 3ot
LA o2 Egn. (10)o] wWa} Marine Growthe AFF7 @& /3%
W3S dolrttt, gl zF AW A4 QA leg(Transition piece Support) &
-k & (Splash Zone) & #H A3 A ™ Leg (The Lowest in sea bed)ol A 2]
Marine Growth®] &< Omm, 100mm=zZ o] stzH7tE FasAdch 12
Bl BEo] wE 5o WslE wIRWNE F ddy o] Adesth
%3k DLC1.1 (Power Production)s #-8A17 &% W& Marine Growthe| 3}

Lo

A

i

>~

Rl

9SS H7Mg o Marine Growthe A #ete] =4 ZnO Nanopaint=
A eta] B kol wpA ko 2 A <¢kgl Marine Growth < #W¢tel ZnO Nanopaint”}
Marine GrowthE 50% G A7ls3dS HA$E 7FASY MG T:H50mm= A 7435k
M.G.T:100mm¢} 352 F&FS v ste] ®oktt

Marine Growth7} g o 2 <& A= e 2 sHAstss S7F Al 7 J&
™ o]i= Egn. (10)eA YeEtze] nf3ls5e AE 3 Al + Uth
s dovle 8 AR AX, HF HE FHFo o]27|7A wlg- vt
I ERE Ao LRlETY Hae Edels JRIxlEse Agd
EEget AN TS FEE S Jde el Arh Fig. 21+ EY 9

olo] Al X =(Eigen mode)E HolF1 ¢lom 1% Side-to-Side ==, 1% Fore-aft
mes A7 1xYE d %o el feEE nHdESoly, 2

Side-to-Side, 2™ Fore-aft= == 2209 W 5o 93] TFdd77F 234

ned o8 FEye s Uebdt Table 7 3 Fig. 228 M.G.T9 7
Hste] wel B9 aflEse] ®stE BolErh 1% Side-to-Side R 1%



Fore-aft oA o] nFHE42 WHal= M.GTol ugt & Wsle] Z5 HoF
2] koA uk 2" Side-to-Side, 2" Fore-aft @ 1 Torisonal E=oA] 1525
F7F A e 7HAES HoFEt}h o] Marine Growthe] A& Bladed 712 %

-
s A FAFAE WAL FHA 5 de HeAe e

\f

1.

£V
L]

1% Fore-aftMode T%. Side to Side mode

2nd. Fore-aft Mode 274 Side to Side mode 1% . Torisonal mode

Fig. 21 Eigen mode of tower

Table 7 Numerical values of natural frequencies of support structures with different M.G.T

Mode MG T=0mm | MGT =50 mm | M.GT = 100 mm
1%, Fore-aft 0.277 0.276 0.276
1*%. Side to Side 0.277 0.277 0.277
2" Fore-aft 2.037 2.022 2.007
2" Side to Side 1.946 1.933 1.920
1%, Torisonal 2.418 2.407 2.396
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(zH) Aausnbaig jeimep
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2" sideto 1%
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151

Side
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Fig. 22 Graphical analysis of natural frequencies of support structures with

different M. G. T graph

4.2 Marine Growth®] Section®[T.P,X-Brace(M.S.L),Mud leg] <3

N

BoAGg A MHAHE JacketT

53t ol

HA ;A Leg

=il
=

el
=

¥

0 I -
- ry o
o v 3
B =3 =

'
—
%{Mﬁl\l A
X 2

’é(
§<
<
é

Fig. 23 Sections of jacket

e ———— 0y ]
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(SteeDEH O] wZo] 7-gAE FAe = 9&o] 9= AMolrh Fig. 25 2
Table 9% Marine Growth®] @&l o3+ F4le X- W3 Ho| Ao stF W
sheolty, Hatpa dAe] XS Ao A8 Marine Growthe] G <A
4% Wz =AA gRoem 7pg & stss vl e WwE e 26004 o
395KNme| s%S Wi 9o
350 4 2% 0mm .
NN 100 mm 7/§
300 %\ AN
% o] %\ /\
%100— 7/\\ %§ %§ %§

Fig. 25 Graphical analysis of marine growth effect at M.S.LL (X-brace)

Table 9 Numeriacal values of Marine Growth effect at M.S.L(X-brace)

a gler

Marine Growth<]
A AH Legel 745

4 2 4Fe W

3%

Z7}

ge
al g e

S

- 28

1 01_9__9‘ oL /'\

A 9226%7HA F7 S
A7) el Al A 83

M.G.T Mbr 18 Mbr22 Mbr 26 Mbr 30

M.S.L 0 mm 114.965 122.867 340.966 293.853

(X-brace) 100 mm 118.331 125.806 349.485 305.478
< 7HE 3% 2% 2% 4%

npxjEl o g 4=z 5 AU (Vertical Cylinder) el 24 547 & A 3

AW 7] Leg Aol Marine Growthe] < 3&kol] 9|3t 35S #4&t}.

Fig. 26 2 Table 102 FH A A Legoll A2l Marine Growth® &S HojF

o1tk AAE AW Legol A 2]
Hol &1},

ot A

=Y 2H7] AAE A




]
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Jl
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il

o7 AZ4¥ o2 Marine Growth® <13

"
KA

~I-

il
il

)

A3} A s

Ao A Marine Growth® Q13+ al5¢] W 3}leko)

A EAT WeER AAHA

(wNy) Juswoy Buipuag

Growth effect at mud leg

aphical analysis of Marine

Fig. 26 Gr

Growth effect at mud leg
Mbr 5

of Marine

Table 10 Numerical values

Mbr 13

415.831
'7124.985
74.34%

Mbr9
418.121

'739.803
76.93%

398.73
766.616

92.26%

Mbrl
460.955
719.787
56.15%

M.G.T

mimn

100 mm

718

Mud Leg
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4.3 €9 o}o]dl = (Eigen mode)dl ¥ X+ Marine Growth< &

Fig. 27 Location and coordination of members

Fig. 272 HA 3A Legol 1\14 E]"rq 0}0]74 2 =(Eigen mode)o| wWE
Marine Growthe] 98¢ ®A87] 913 4% 2 Wwe] 928 noxe 9
155 7|2 T%9 d=F(fore-axis)2 & HF-AolH, W 9132 72729 S=
(aft-axis)ol 1A/t At 712729 #FHEo] Z52 7|2 759 Fore-aft =
°of £4YE 9n st YE& Side-to-Side L&l XF2 W9 &35S on
st} Fig. 28 ¥ Table 112 W 1042l Marine Growthol 93 S35+ 3}

dolE & HoliEth wWu 1o F3EdEE Side to Side WaFe 22

M 2 d%Fe 2 dew Marine Growthe] F&Fo] 7 ®ol mA= As

& 4= 9lt}. Side-to-Side &% Yol 4] Marine Growthe] AAd] W& H3rdE
= oF 56%357F & Jehler Aoz eol A9 A2 W9 (Displaced Volume)
of o9&l =3dtF Wake dFo 71 2 Au|E wra Al Marine Growth9)

gFel os oF 7%9 F7HES HEAth Marine Growthe] 93-S 71 AA &
+ Tower® 29 Fore-aft WaFeldlom, of 118%°] F7l&& YHetdt =
IArdEd wE AR A3 doju= H AN A LegollAe] Marine
Growthell 9j&] M7= 59 We& Fore-aftdd (Fo)WdFeoz 714 2 3t
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lo,
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o
9

%Omm

700 -

600 -
§
£ 500 - z
L g
= @
E 400 - s
= i
E 300 - §
b= @
& 200

100 N

Tower Mx Tower My Tower Fy Tower Fz
(a) Bending Moment (b) Shear Force
Fig. 28 Graphical analysis of effect on Mbr.1 loads when increasing M.G.T
Table 11 Numerical values of effect on Mbr.1 loads when increasing M.G.T
MGT Bending moment (KNm) Shear Force (KN)
o Tower Tower Tower Tower Tower Tower

Mbr. M, M, M, F, Fy F,

1 0 mm | 246.096 | 460.955 | 242464 | 673395 | 150.013 | 285.088
100 mm | 308.107 | 719.787 | 197.061 7186.16 | 153.236 | 621.884
st 20% 56% -19% 7% 2% 118%
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R0 7000

7004

6000
— 600+

é 5000

4 z

< 500 ¢
g 5 4000 -

E 400 4 g

: :
= 3000

2 3001 g

£ e

1 0w
& 200+ 2001
100 1000 4

0- . = a - 0- B
Tower Mx Tower My Tower Mz Tower Fx Tower Fy Tower Fz

(a) Bending Moment (b} Shear Force

Fig. 29 Graphical analysis of effect on Mbr.5 loads when increasing M.G.T

Table 12 Numerical values of effect on Mbr.5 loads when increasing M.G.T

M.G.T Bending moment (KNm) Shear Force (KN)
(mm) Tower | Tower Tower Tower Tower Tower
M, M, M, F, F, F,
Mbrd ™0 | 215702 | 39873 | 39873 | 631534 | 179.001 | 311.756
100 mm | 283537 | 766616 | 230.054 | 631945 | 147.3%6 | 665644
=71% | 31% 929 429 8% “18% | 114%

Fig. 29 % Table 12+= W, 13 TL3tA kS (fore-axis)oll HAstal A= 4
HEAzA W, 19 ¥)=3 stge BExE Hoeth 9. 19 e R
Mrarine Growth7} 380 2 A w3 EWEE Side-to-Side =4 92%9] 3}
T S7HES UEdE dd=Ee A9 Fetwe 7hE 2 AuE wa AT v
A 2 A= o] 4§ Fore-aft 2=2 dw2 o] Marine Growthe 43S 7}
A AA T3 JdRow, 114%9] st%F S7HeES HolFth Table 13 2 Fig. 302
72729 3 Z(aft-axis)ol 9Ast Y= WH. 99 Marine Growthe 93-S
HolEoh o 3 A doR v e A9E BT oy gIRWES] F

Side-to-Side R[4 77%2] 78S BoFa o A o =3

HlaLe Bk =

Growthe] < &ko] &

szl 7 2

3 2 % 5ol Y AA Az 3

_32_



3000 -
700
2500 -
600 -
E
g 500 z 20004
E ‘z' é 1500 -
'g i % 1000 -
§ 200 -
500 4
100
0- : A iy : v 0 - e e s e
Tower Mx Tower My Tower Mz Tower Fx Tower Fy Tower Fz
(a) Bending Moment (b) Shear Force
Fig. 30 Graphical analysis of effect on Mbr.9 loads when increasing M.G.T
Table 13 Numerical values of effect on Mbr.9 loads when increasing M.G.T
MGT Bending moment (KNm) Shear Force (KN)
o Tower | Tower Tower Tower Tower Tower
My M, M, Fy F, F,
Mbr.9 0 mm | 201.052 | 1418.121 194.529 2031.29 325.395 385.487
100 mm | 245.244 | 739.803 267.606 2939.11 421.042 483.951
=7 22% 7% 38% 45% 29% 2696
ol shetel 9Fe 1AMOR B Qe & Fo A% A 2 Sz AuE

WA H X uk ghg shFol] ofgk V] 229 A o] Marine Growthe] Ao =

A4 ¥ 9] (Displsaced Volume) % & & 9](Displaced mass)e] 7= <l&] 3

Epuie,

=9 = g%l Marine Growthe |&Fs 7Hd 24 2 Ades & At
Fig. 31 ¥ Table 14= WH. 139] Marine Growth9 3% ¥ X % W3l&S
we. 139 A WH. 99 A9 v R SEWES

dol 7HF AA 4% FUHES EoH, dd=Ee] A =

Side-to-Side & %]

59 Avdel g =

3

o mAT
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E £ 1500
2 300- 8
3 & 1000 -
& 200+
100 4 500 4
0 : 01—
Tower Mx Tower My Tower Mz Tower Fx Tower Fz
(a2) Bending Moment (h) Shear Force
Fig. 31 Graphical analysis of effect on Mbr.13 loads when increasing M.G. T
Table 14 Numerical values of effect on Mbr.13 loads when increasing M.G.T
MGT Bending moment (KNm) Shear Force (KN)
o Tower Tower Tower Tower Tower Tower
Mbe 13 My M, M, Fy F, F,
I 0 mm | 270.256 | 415.831 152.036 2196.11 283.449 401.935
100 mm | 339.151 | 724.985 224.597 3166.02 379.171 505.36
> 7H& 25% 74% 48% 44% 349 26%

4.4 DLC. 1.1 Power Production

ol ol A

1.1 Power Productions A-EAl#A S F

o},

L S 2~
R

of W& Marine Growthe <&k

- Wind Condition : 3.5m/s, 12.3m/s, 25m/s

k3ot

< dAai®r] f1stel DCL

- Wave Condition : NSS ( Hg = 5.95m, T - 9.90s )

- Water Level : MSL
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IEC 61400-3& %=

AAFTE 123n/s, TEHSTE

o, gz

2 NSS(Normal Sea State),

z38te stz AdAACNLE 4

25m/sZ Al Al 7EA| ¢

L—;—'

Table 15 Numerical values of Marine growth effects in various wind conditions

5 MGT Mbr 1 Mbr 5 Mbr 9 Mbr 13
(m/ S) o My Fy My Fy My Fy My Fy
0 mm | 424.04 | 3955.0 | 427.71 | 3897.4 | 516.69 | 4062.7 | 517.15 | 4087.5
3.5 100 mm | 871.75 | 4481.8 | 876.70 | 4439.1 | 858.13 | 5639.0 | 859.4 | 5665.4
<7He | 106% | 13% | 105% | 14% | 66% | 39% | 66% | 39%
0 mm | 424.07 | 7292.9 | 384.31 | 6700.0 | 440.80 | 2093.8 | 475.33 | 2646.3
12.3 | 100 mm | 807.78 | 7557.9 | 795.71 | 6924.3 | 746.02 | 3668.3 | 826.45 | 4272.6
& 90% 4% 107% 3% 69% 75% 74% 61%
0 mm | 44751 | 7329.0 | 444.97 | 5682.2 | 498.59 | 3864.6 | 526.75 | 3210.2
25 100 mm | 810.48 | 7273.3 | 899.55 | 6109.6 | 854.27 | 4461.0 | 835.17 | 4860.7
& 381% -1% | 102% 8% 71% 15% 59% 51%
T - 7] 3.5 ws
- : £ 2 ] 12,3 s
Zl 8 8 % s | 7 E @ % € 2 T 25 s
- |7 A1R 11N
z f B 1 h
E E/// E ,’/’ E QfE::E Q/E;=;°
@ E E £ E.'/// g& ?-FjEHT' ?/__5?_5:5
5 s Bl SPIEELll T ek
2w0{p il @il Ol Ve
2 N ,45 B 2/ il % i i
5 e 77 ¥ %%# 1
E Z mE;;._ /'/ %7 31 /; fii
ol Uk il o
o : I:!E 7 HEnil el % f’/m £
200 P dii 7 Zulit
i o i 7
7l 77 77 Z &
fisiies Z i 77 i 7tk
igllht; /,f 7 HEH fEHE
o LA G 253 i LML
Mbr Mbr5 Mbr9 Mbr13
(a) Bending Moment
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Fig. 32 Graphical analysis of Marine growth effects in various wind
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Table 16 Numerical values of effects on loads in various marine growth thickness

Mbr 1 Mbr 5 Mbr 9 Mbr 13
M‘G‘T My FX My FX My FX My FX
0 mm | 1745.1 | 11740 | 1988.8 | 14919 | 1912.6 | 99124 | 2168.9 | 10778
=%k | 50 mm | 2576.0 | 11698 | 2840.6 | 15166 | 27182 | 10736 | 2995.5 | 11054
100 mm | 3553.2 | 13438 | 3823.4 | 17627 | 3664 | 12035 | 3923.5 | 13052
0 mm | 4609 | 67339 | 398.7 | 6315.3 | 418.1 | 2031.2 | 415.8 | 2196.1
HAl | 50 mm | 487.2 | 6965.2 | 5339 | 6575.5 | 564.3 | 24779 | 552.2 | 26185
100 mm | 719.7 | 7186.1 | 766.6 | 6819.4 | 739.8 | 2939.1 | 724.9 | 3166.0
4000 -
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Fig. 33 Graphical analysis of effects on loads in various marine growth thickness
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(a) a normal oyster shell (b} a shell of an ovster Expused to TBT

Fig. 34 The adverse effects of TBT on shell formation in the oyster[30]
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Nanopaint= 3424 Ed2ZA @ A9 Jldto] P glom,

AME YeEHd2ZA Hojd FitAdS [24] 7ML Y= Aol (ZnO)E A
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_39_



Al weto = A A ta] o
(2) 2t old Y= A E(ZnO Nanopaint)
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@3] AT E T
- Alg 3

Nano Paint A%t Alkyd resin(Korea), Thickner A(Vigneshwara Paits Ltd.,
India), Soya lecithin (Shreenidhi Oils and Foods Ingredinets Pvt. Ltd., India),
Mineral turpentine oil(Indian Oil Corporation, India), aluminum stearate and
cobalt napthenate(Sigma Aldrich, India) ©l3l2] #H7F&E2] E£Fo0 2 o] F oA
7/n0 Y542 aoyx Ed8 Al A" (Hige energy ball milling system)2 ©]
43t 7] 72 $(Size Reduction methods)ZA] A 2H&k},

- A%

JEJUNU SElI . 50kvV  X10,000 1um WD 7.9mm

Fig. 35 FE-SEM micrographs of ZnO nanoparticles
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Fig. 35 & A#E 2bstold (ZnO) Y Y A(Nanoparticle)®] FE-SEM(Field
Emission Scaning Electron Microscope) ©]u|#]o]l™ FHIF |2 1007200nm<)
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Fig. 36 X-ray diffraction pattern of ZnO nanopaint coatings on glass substrate
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