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A Study on a Support Structure System of Offshore Wind
Turbines with Jacket-type designed for South-Western

Coast

Choi, Han Sik
Department of Naval Architecture and Ocean Systems Engineering

Graduate Ph. D of Korea Maritime University

Abstract

The Korea Offshore Wind Power(KOWP) is being planned to construct
offshore wind energy farms with an overall rated power of 2.5GW in the

south-western coast until 2019.

Hitherto, various structural types of support structures for offshore wind
turbines are being proposed but these structures are the lack of study for
economic analysis or not performed. So it is difficult to confirm the
economical superiority compared to existing types. The offshore structure with
economical efficiency means to minimize the mobilizing equipments and short
offshore construction period due to application of rapid installation method.
The development of new support structure with economical efficiency is then
necessary in the most basically view.

Accordingly this study proposes support structure of improved jacket-type
with economical efficiency based on analysis results for structural geometries

and installation logistics of jacket-type applied in development work for

KEY WORDS: Offshore Wind Turbine, Economical Efficiency, Improved Jacket-Type,
Offshore Construction, Wind Energy Farm, Rapid Installation Method
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offshore wind turbines of the south-western coast and test-bed of Jeju
Wol-jeong-li. This proposed support structure was confirmed economical
superiority that is possible shortening of offshore installation period and
construction quality improvement through new connection method of jacket

and pile.

Also, in order to compare structural adequacy of generally jacket and
proposed jacket, static, modal and on-bottom analyses were carried out based
on identical design data for offshore environmental and soil conditions of
south western coast and aerodynamic load displayed in 5MW upwind report. In
consequence, structural behaviour of generally jacket and proposed jacket is
respectively showed combined and independent behaviour in accordance with
connection method of jacket to pile. This result means that structural stiffness
of generally jacket is better than proposed jacket from this paper. However,

these support structures are satisfied with all criteria defined in design basis.

To compare economical efficiency for these structures, economic analysis
was carried out based on total construction cost combined with fabrication and
installation costs. As a result, the proposed jacket was able to confirmation to
have economical superiority by minimization of the mobilizing equipments and
reduction of offshore installation period through the introduction of new

connection method of jacket to pile.

If the proposed jacket in this study is applied in development business of
offshore wind energy farms with an overall rated power of 2.5GW in the
south-western coast, this project will be able to save construction cost
drastically. Further, this structural type will also be foundation of offshore

wind turbines in the country.

KEY WORDS: Offshore Wind Turbine, Economical Efficiency, Improved Jacket-Type,
Offshore Construction, Wind Energy Farm, Rapid Installation Method
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Fig. 2.2.6 Mono-Suction Caisson
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Fig. 2.2.7 Multi-Suction Caisson
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Fig. 2.2.8 Dolphin Type

2.2.10 Egto] U4
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Fig. 2.2.9 Tri-Pile Type



2.3 8| 2 A AL

2.3.1 Middelgrunden Wind Farm

Middelgrunden a1 F2 A AFY2 1993d0] o2 AFHo|, Hxo| ¥
S A5 Z3H(Wind Turbine Cooperative) A2 FHYHAGR| 7 & A 31E 7]
7dol A9 FEAY. AAle FYTEA = Middelgrunden Wind  Turbine
Cooperative®} Copenhagen Energy Windel| ¢J3] ZAHJT. FEHEA| A= &

s ¥ Bonus EnergyAl 2MWH ZZ @47 20712 &

7}A]

A} Siemensel] 14 4]

8ol 40MWe| T},

Table 2.3.1 Middelgrunden Wind Farm

Site/Country Middlegrunden / Denmark
Installed 2001
Distance to Shore 2-3km
No. of Turbines 20
Turbine & Rating Bonus, 2MW
Water Depth 2-6m
Foundation Type Concrete Gravity
Total Wind-Farm Length 3.4km

NrERroner:

HMIDDECGRUNDEN

Lynetten

RefshalEgen

CHRISTIANSHAVN

Fig. 2.3.1 Middelgrunden Wind Farm




2.3.2 Horn Rev Wind Farm

dint=z 347 oA HE= /S Elsam A9} Eltra Amba Ao} §H2bsle] A =9
9AE E3o $1X¢ Horns Revell 19981 2€ zHF-shed 2002 AL <3
SEATE o] FETEA= 2MW & U= 80719 T8 LXVE FAHA Jo
o F AB]EFS oF 160MW= 150,0007F7 A~

1% FFE 5 Aok

aiokel A 14~20km Bl ol ztzhe] EIWle] 560m 147 ¢ Fa 5
Foz AAHAT. WA Wria Y Fao 2%F FEeT A

A=

i

Table 2.3.2 Horn Rev Wind Farm

Site/Country Horn / Denmark
Installed 2002
Distance to Shore 14-20km
No. of Turbines 80
Turbine & Rating Vestas, ZMW
Water Depth 6-14m
Foundation Type Driven Monopile with Transition Piece
Wind-Farm Site 20km’
Distance between Turbines 560m

Fig. 2.3.2 Horn Rev Wind Farm
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2.3.3 Nysted Wind Farm

o] FHWAL 23MW L Ut 72719 ¥ w2 TAH glow
Z Auj g of 165.6MWel 4718 Aae Yt SAELRABAE A
]S ENERGI E204] F#3t9d 0w, ENERGI E2, DONG —1&]3 Sydkrafte]
F= Hoj ek

B>

Table 2.3.3 Nysted Wind Farm

Site/Country Nysted / Denmark
Installed 2003
Distance to Shore 10km
No. of Turbines 72
Turbine & Rating Bonus, 2.3MW
Water Depth 6-10m
Foundation Type Concrete Gravity
Wind-Farm Site 20km®
Distance between Turbines 560m

I b
/i

. Radbyhavn

Fig. 2.3.3 Nysted Wind Farm



2.3.4 Arklow Bank/Ireland Wind Farm

AA HzZ IMWE EjRlo] FdEoz ALEH TG EAZA Arklowsf <t
ozxE o 10km Yol el X181 Yt} GE Energyol sl &7t &4
< 3t e o] AAFFTHAAAA = 2oMW ] AH-S At Qo

Table 2.3.4 Arklow Bank Wind Farm

Site/Country Arklow Bank/Ireland
Installed 2003
Distance to Shore 7-12km
No. of Turbines 7
Turbine & Rating GE, 3.6MW
Water Depth 5m
Foundation Type Monopile with Transition Piece
Distance between Turbines 600m

Chartlet Key
[ Land
B Ories
B0 10 metres or less
Above 10 metres
@R Orying rocky

Arklow

Roundstone

Jett

Head (| ey

Glassgorman
=

n

Kilmichael { *
Point i)

Fig. 2.3.4 Arklow Bank Wind Farm



2.3.5 North Hoyle/Wales Wind Farm

2003 @0 AAHE S GFTHABAGAZA G HAAUA FgF Ao =8
3 HZHo] HAT. North Wales 3l QE7oll A4 4~bmile Bojx HAHEF o
Vestasoll Al #|2+gk 2MWH S = E R 30712 o] Fo] A St}

FA  FAM £1.3m/MW Rt AL £1.18m/MWeo] =om F FAMH=
£81m (Prior to Grant)e] AQFHAUTY. AFHLS 20053 1299 npower
renewables® F-E| Beaufort Wind Limited. 2 o] A= 3} t}.

Table 2.3.5 North Hoyle Wind Farm

Site/Country North Hoyle/Wales
Installed 2003
Distance to Shore 6-8km
No. of Turbines 30
Turbine & Rating Vestas, 2MW
Water Depth 12m + 8m tide
Foundation Type Monopile with Transition Piece
Distance between Turbines 350m (N-S), 800m (E-W)

Cwynt y Mér
Consented
December 2008

North Hoyle

g Offshore Wind Farm

Rhyl Flate

Offshore Wind Farm Q

P, =,
(@) Ltandudno (@)Prestatyn
o

a o

® ) Rhyl (@)

Comyn B | jynddulas pey Gt

p . = ot o
[\F.)CD"WY @ \s) (é)ﬁbergele Mostyn =

Fig. 2.3.5 North Hoyle Wind Farm



2.3.6 Scroby Sands Wind Farm

% F A €87 millione] F<YH Scroby Sands wind farme 2MWHE ZZHE R
o] 30712 FAFHANH F AFFS 60MWoltt. Department of Traded] Rl
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23k

of A4 FHBAL Gz SHYD FU AGYEEAA A FFS mAA
YaT ge fol #gAel PR St 5 BRAUCEAY 7}

Table 2.3.6 Scroby Sands Wind Farm

Site/Country Scroby Sands/UK
Installed 2004

Distance to Shore 2.5km

No. of Turbines 30

Turbine & Rating Vestas, V 80-2MW
Water Depth 5m~10m

Foundation Type Monopile with Pre-Fitted Flange

Distance between Turbines -

Fig. 2.3.6 Scroby Sands Wind Farm
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2.3.7 Barrow Wind Farm

Walney Island @412 7kmA Ho =AA siAZAGAZA 30719 MWF F
HERoZ FAFHJOH, F AYAPiEFe IOMWo . 20061 d 7TEHE HE
S AYAE7] AlFERg o™, Vestas VI0-30MW ZF=HEIHIS ALg3t¢dth Dong
Energyoll A 93t At

Table 2.3.7 Barrow Wind Farm

Site/Country Barrow/UK
Installed 2005

Distance to Shore 7km
No. of Turbines 30
Turbine & Rating GE, 3.6MW

Water Depth 21-23m
Foundation Type Monopile with Transition Piece

Distance between Turbines 750m(Rows), 500m(Column)

L cumBRIA

Fig. 2.3.7 Barrow Wind Farm



2.3.8 Burbo Bank Wind Farm
ER R

SHER 2575 AHEste] & Y

Siemens/\}fﬁ 3.6MWa F
WE A4H7b53kc} Burbo Bank sl AFEE

2 80,0007}
@2 += DONG

047 Fechd o 64 MHES Hi V3B

Table 2.3.8 Burbo Bank Wind Farm
Site/Country Burbo Bank/UK
Installed 2005
Distance to Shore 6-7km
No. of Turbines 25
Siemens, 3.6MW

Turbine & Rating

Water Depth 6-10m

Monopile with Transition Piece

Foundation Type

Distance between Turbines

\ Sl
\ .@.
.\'\%‘%& rop
R AN
,
\_\
N Burbo Bank Extension
L]
. Leasowe
export cable N\
AY L)
‘-\_ Hoylake
A
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Fig. 2.3.8 Burbo Bank Wind Farm



2.3.9 Kentish Flats Wind Farm

of FHUAL MWE HYW 308 Agstgon, @xg ofAel ANsw
Atk 20043 8¥ FALE AlFE o™ 20051 8€ FAo] fEFHIUG. 20073
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73.5% zrastloen, o] AYYNTFE Hd AHYFT Hu g of o w2

Aggolet & & Joh. 2REA, A2 FF 252 5 AN A}
& AV BAsHA e Aoz YEET
Table 2.3.9 Kentish Wind Farm
Site/Country Kentish/UK
Installed 2005
Distance to Shore 8-9km
No. of Turbines 30
Turbine & Rating Vestas, 3MW
Water Depth om
Foundation Type Monopile with Transition Piece
Distance between Turbines -

| ansan Fs ©amenn wans Faem

Fig. 2.3.9 Kentish Wind Farm



2.3.10 Beatrice Wind Farm

o] ZHEQRE ZA37] st = £35millione] R oM, o] A5 EUA A
€omillion, DTIN A £3million 18] 3 Scottish ExecutiveAloll A £3million= ZA
Atk Aol ¢F 45mel ) SR TFERE P4 XA R frEA T

E}¢ 9] Fol&= 59molm ZHEIHl REpowerAte] sSMWH 18470 2 -4 = At

Table 2.3.10 Beatrice Wind Farm

Site/Country Beatrice/UK
Installed 2006
Distance to Shore 15km
No. of Turbines 184
Turbine & Rating REpower, SMW
Water Depth 25-50m
Foundation Type Jacket
Distance between Turbines -

Fig. 2.3.10 Beatrice Wind Farm



2.3.11 Sheringham Shoal Wind Farm

201130 &5 oAA"HQA o] FHETEA+= 220,0007FFo AHES F
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Table 2.3.11 Sheringham Shoal Wind Farm

Site/Country Sheringham Shoal/UK
Installed 2009
Distance to Shore 17-22km
No. of Turbines 88
Turbine & Rating Siemens, 3.6MW
Water Depth 16-22m
Foundation Type Monopile
Distance between Turbines

Grimsby ®

# Dudgeon - \
@ Sheringham Shoal

Norwich

Fig. 2.3.11 Sheringham Shoal Wind Farm
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the Certification of Offshore Wind Turbines, Det Norske Veritas(DNV)-
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H(Working Stress Design, WSD)o] &t &+t}.

MMI Engineering(2009)0ll 4 =33k A5+ A¥ell ofstd ERl AAFxES] A
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Table 3.1.1 International Codes for Offshore Wind Turbine
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g8t slFTEEel A&ste AR T T UM Fo] A A A
aysfor st 7HR FRE sksoln A 5o & FEe AAS Yo
dukzo 2 uge wzH(Wave Length), =4 (Water Depth), s}a(Wave Height),
7](Wave Period) @ 3}<4:(Phase Velocity) S zt&= 33 o2 sy 7+x2E 7%

MAY FE2E 7 A AAC 4 ARAA 2 YL ks pAe 20
2|

-\Nru

AASS] Wz g, g F7], F4AY A VAR EREH, AA%E T2
o Zp FA A&t = UAA £= o=
FE FH3 A E o el osf v

g o]&(Wave Theory)olli= Linear Airy Wave Theory, Stokes Finite
Amplitude Wave Theory, Cnoidal Wave Theory, Stream Function Wave Theory,
Standing Wave Theory & 2 o|&£=°] At HFFEA-L Stokes 5th Order
Wave Theory, Airy Wave%o] Az oz ol ALEE, ojul wgdrdS X
Ast=vpo] wet 4, 7= FA, A8 91 Fo] 2Ekxith &3, gkl o
gk o] EAS 44 =27 Uﬂ“’Oﬂ AR Hxo] 43 A= HE ol &

= Aol F8sith A4S d AASe 3AES Lojgt stds W,
d/L>0.5%1 A &ll(Deep Sea)oll 4l = Stokes 5th Order Wave Theory, Airy WaveE
d/1<0.04<1 Z3)(Shallow Sea)ell A4l= Cnoidal, Solitary Wave TheoryE 2= Z9]

0

o g

AntH o 2 upEtalzol A4k AA A el o o mpiHsE 2A
3t thS-o] maE WA 2 (Morison Equation)S o] -&3}e] -3t}

F=F,+F,=C, AUIUI+O V%—tU

o 7]A], F : Hydrodynamic Force £}, : Drag Force #; : Inertia Force



C, : Drag Coefficient C, : Inertia Coefficient w : Density of Water

A : Projected Area Per Unit Length g : Acceleration

U : Velocity Vector | U]: Absolute Value of U

%—? : Local Acceleration Vector V : Displaced Volume

Drag Forces fAl7k B4 7918 58 0 A71E w2 249 FuoA
FAS BFe] Rue] FAA =

Inertia Forcex= &4 & & A7}

o &0
o=
N,

dutxg o2 AHUn Aol F+Z2EELS Drag Forcer} Inertia Forceoll Hl3) =
Al 2k-8-3k Gravity Structurest 22 A 5°] & FxE52 1 W<l Inertia
Force7b O A 283t FAo o mE AT} AdHAFo g2

Z}7} Table 3.2.2¢} 3.2.33 ZtTh

Table 3.2.2 Drag Coefficients Cq

Shape Base Area Drag Coefficient
AFHAED, Zeol:L) DL 1.0
Zt=(4H)B, ZolL) BL 1.0

AHAE : D) z D4 1.2
TAE D) n D’/4 0.5~0.2
ALA(F, |rlD) D’ 1.3-1.6

Table 3.2.3 Inertia Coefficients Cp

Shape Base Area Inertia Coefficient
AF(X 8D, AolL) x DAL 2.00
7+5(4 4B, Zeol:L) DL 2.19
TAE D) 37D’8 1.50
AGAZ, |YHD) D’ 1.67
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Fig. 3.2.1 Applicability Ranges of Various Wave Theories(API-WSD, 2007)



FA2l AN ol2orE FAY AL 2(B.2.DS o
23t 78 4 Qth.(Streeter & Wylie 1986)

AZIA u, v, we 3FHEFS FAQ 5 HZoldl, x,y 2v 4 FEFS 9
n) gty 18] 2 Laplace(1785 : 1749~1827) A4S o] &3l the 2(3.2.2)<

e & F AT

o

2 2 2
8W+6W+6¥7:

(71'2 32y 322 VQW($7y’Z7t) =0 (322)

w3 Bernoulli(1738) W4l & o 2/(3.2.3)C.2 YE ¥ 4 At}

l(11,2-0—1)2—i-w2)—|—£-I—gz-l—gZO (3.2.3)

2 p ot

249 % HAE TR Ashd $L 1, 0% BASA Laplace WA
Ao AB2.402 YeERE 5 9o, Bernoulli ®AAS A(3.25)E thA AT
& T

2 2
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%(u2+w2)+% NRPANRL AL LEAY ) (3.2.5)

AN ue 25 WFY £E0]1, wE FHFY FAY EEEHEEE UEH
Velocity Potentialel™, p&= 4 o= A
qrtEs, v 77 Agolth
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A% AR AAzNCD s Sl T L T® 4 Atk AW AA=
ZABBO)S o] &3tH 2)(3.2.6)3 Zo] AX WA FA FAEEY 09 U
Ed 4
w=_0 .= —4g (3.2.6)
0z

a8 FAe AFEHoAeE 2FHH w2 AAXAKSBOS o83t
FAY A FHAAMY 7 5= wEA 2GB27NE EAHIAL

w= %—Fuﬁ, z2=mn (3.2.7)

MY 55 T8 98k Bernoulli A4S o] &3}
M AAZADSBO)S nHE AL 2(B.2.8& vEd & 9

5
o
N
IN
o
S
[@p)]
e}
®’

wetA £58A 2A4EH AAZAKSBOF 5H A%
AAZAS ol &dted, 27| FHOAY A FF

w= % 2=0 (3.2.9)
T8]al DSBCe] AAIZAN S AL He 23B.21002 Yehd 4 it

1,09
n(z,t) _E(E) =0, 2=0 (3.2.10)
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83 Airy Wavee] Velocity Potential, o= t-2 21(3.2.12)2} o] yehd

& gk,

_ gHeosh(k(d+z)) .
U= Swcosh (kd) sin(kx —wt) (3.2.12)
71X, He 33, w=2r/T= &=, Te 337, k=2r/L 3=, LS I

1
B, 22 el FHAAL FHHE, db £, o FHAHY FHHE, t= A



o,
n(x,t) = glcos (kx— wt) (3.2.13)

oA71H HE 31, w=2r/T= &%, TS 337, k=2r/L 355 YE
=3
@ Stokes 2" Order Wave
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o oS -3 FHE YEld 4 Juh Stokes I= Airy I HlF| =
£25 o AFSA UeEld = o= E Jacket T Jettys} 2 I T

o shge e wol 2t

Stokes Second order Wavee] Velocity Potential, ¥+ t& 2)(3.2.14)3 #o]
UEtd S T

3nH , wH . cosh(2k(z+d))

=9 + (—
L sinh*(kd)

Y T sin(kzr — wt) (3.2.14)

o7|A, ¥ Airy Wave2] Velocity Potential, He 331, w =27/7Te 24X,
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Solitary Wave<2] Velocity Potential, ¥i= Th3 4](3.2.16)3 o] Yeld 4 9

R R e e (3.2.16)

%
AZIA, —=—d—F 7] 2@.2.16)°] hdste] A YE™E 43.2.17)

3 o] Yehd % Utk

00, 2 9P, b 'Y,

W @ + ZE— 7 31; 6 33;4 (3217)
00, 2%, & 20, i

—=d - olEZ o]E A7 21(3.2.17 widstdH, 2(3.2.18)%
0z o’ 2 st

#o] Velocity Potentialell thsle] #HFZH o= el o T

oMW, Photw 20 3 9%y
_dz? | BoR (3.2.18)
4 2 8x2 6 8x4

W=, — dz

A71A, dE FAS YEA, ¥ HoE vkt FFE 2(3.2.19), 21(3.2.20),
21(3.2.2D, 21(3.2.22)2 Jetd F At

o,
6—; = —uy, = —w()% 3.2.19)
82!p0 'lUO 87’]
= (3.2.20)
83W0 'LUO a 77
3 (3.2.21
ox d 8:U
O __w o™ (3.2.22)
8:U4 B d 8:U3 o

A7NM weE w, =2/ T2A o] ZA&E2 A



meba 71 9l R gE e d@ A9 obgl 2](3.2.23)F Velocity Potential
= s vErd ¢ gl

U(z,t) = W, (A, ke —wt) = At)sech® (k(t)z —wt) (3.2.23)

A7IAM, 25 v FHAAL FAHRE, de FA, x5 FHAAY FHHE,
t A7y, 34 k=0.5v/(1—1/c) ©]aL, Parameter Ax TS 2](3.2.24)3 Zo)
Uerd 4 QT

rr

[

2
A= _30-0) (3.2.24)
4k —1

Je3 53 EW AARAOBOY AREAL A4 AL AL 71
s, vERE FRAESE AT 1 AS ARFE =l s 371 A
(32102 o g3td 432232 A7 to] tated VB Te 4G22
derd 4 9tk

n(x,t) = Hsech? (q) — %[g sech? (¢)tanh(q) (3.2.26)

o714, He= Fa(Wave Height)ol 32, ¢ = /(3H/d) /2d (1 —5H/8d)(x—ct), <5
(Wave Velocity)?l ¢ = vgd (1+0.5¢—362/20), e = H/d & Z+&%, TE 337],
B k=05v(1—1/c) T, L& 34, & vo] FHA FAF

#, d= 7
A ze TR FRARE, = Aol B3 sjA W] AR A, A
B Bpe aEEtd pAls sk AA, d, =d-o - tanf, B 7 AESF dHofof
ot

@ Cnoidal Wave

8] Al Fig. 3.2.5= Cnoidal Waves}&-& Year Qo).
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o StokesdE & 71 flom, olwf= Cnoidal 37} &= o] y= 49
& Il 27+ Stokesy}, Solitaryyle}l otz th. m=gE Cnoidal Waveo
Velocity Potential, ¥+ Tk 21(3.2.27)3 Zo] e ¥ 4 Q).
A / /
U= Wzn: \cosech (& / K)sin (nkf)cosh (nkz + nkd) (3.2.27)
_ 2 2(1+m!*)
714, A el 13 &, Km) =
o 7] A EF 3 I (m) (1—|—m1/4)2 (1_m1/4)
5 | 3gHT*
K (m) = K(1—m) = (—72/4)2 B SE m=1-16e | o],
k=nr/K, k= ;T d+t, = gHHZeo] EA A EA
_ H, m 3 Em)
83z A9 Velocity Potential?] 91x]o] =& Ag o1, dE FAS
LeRdA T
T4 3W AAXHADSBOY AFiEHLS A&EA8ES 7HA= AS 7H4sH4, v
2RE FREAES} AL 1Y A AFFE wol, glt)e 37 4G210& o
&3kl 2@B.2.27<& ARt tol]l thste] mEstd Tt 4G.2280 2% YERE o Sl




— tn (3.2.28)
A7 &H BEEgsE 23 AHE,  Elm) =Km)e(m)e2  YERYH,

= ¢ K 2 yepan,

28 B® Cnoidal Wavedl A$ w12e] Eol, g & Th& AG.229% Ue

9 59
_ H, Em)
Nerest = m [1 K(m)] (3229)

= 32 p,,, o 2323008 FHAT
[1—m———=] (3.2.30)

J83 9714 Z¥] BhErE o 2G.2.3DF Zo] yERd 4 gler,
Cnoidal Wave A-f3 =]l p(z,t)9] 21(3.2.28)°] A}-&5 o]z},

s (sinhw—g¢}sinh 3w)

) = (3.2.3D)
snlzm) = (m (coshw + ¢ cosh 3w)
(1 —2¢,cosh 2w)
en(z,m) :i( Ty o ’
2 mgq (coshw + ¢ cosh3w)
m (1+ 2¢,cosh 2w)
dnlzm) = = ("L y o
2 ¢ (coshw +q cosh3w)
(a(a;—ct))
AANA my=1—m Ol Lw = 2 =q— L h=d—y,,. 2 ViER}E,
2K 2K ) )
= a4 m 3 Elm)
el AAEE ¢ = Vod 1+ 01— TS 2 e,
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Stream Function Wave2] Velocity Potential, ¥(x,z,t) ¥ 2E7 3$4(Stream
Function)®l &(z,z,t)= thg 21(3.2.32)3 o] Yehd < 9t}

Vie=0,vVW¥ =0 (3.2.32)
2 2
vi= (2 + 2
ox o0z

adeg2 33 2A48d AAZADSBO)S 1estd 21(3.2.33)7 o] el

9k,

0 1., 09 ., 0P ., .

(5 )= Ton+ Sl P+, = ol (3.2.33)
A7NA ge FTEHNEE, n=nqt)e 20T FUE WHET =0, 83
0P o oD o
ox 0z 0z r

—=——=u—=— =—uE YUY F 31, ure =4AY T8 &,
vE EYAY 3 &%, Q)= AlZtel wE Bernoulli Numbere] o,

T &5 AFEH AAZAKSBOS AH&std, o 21(3.2.30)7 o

on | on ¥
(5= = 5 T 5 (G o= (3.2.34)
agal ARk AA2ABBOS A8t 4](3.2.357% 2.
ov ov
—)e——a= (5 )ea =0 (3.2.35)

w3l Laplace A4S o] &3H Velocity Potential® 3F4=(Stream Function)

£ 2323003 2ol Ao & + Ut

G(x,2,t)=5"_ Ce ™ [e"k(d”) — e_"’k<d+z)]cos nk(z—ct) (3.2.36)

n=1"n

lI/(x,z,t) — Z:lozlc;lef nkd [enk(d+ z) de” nk(d+z)]sinnk(x_ct)

a8rg gl Ao #3<=(Stream Function)= &(x,n,t)= 0 °]th.



a8 Azrel| WE £ W% Eo| plxt)e 2(3.2.3N3 o] YEeldTh

1 q —nkd[ _nk(d+n) —nk(d+n)
T/(w7t):2n=176 i [gnitdTn) _ o= nkaT ) cos nk(x — ct) 3.2.37)
ANA G A n= 1,23 ke S, LE B, o 9o BRsns

EF W) ST B FARL, —)F 22 o] ALHA 5FOF e
d A A7) 213.2.36), 2(3.2.37)0l tiste] oo 4(3.2.38) 0.2 EAE

D(r,2)=cz—X"_Ce” nkd [enk(CHZ) —e ”k(d+z)]cos nkx (3.2.38)

U(z,2)=cx + X7 Ce "MetdT2) 4 omnkld+2) gy py

&67 nkd [enk(d+ n) AW nk(d+ 7])]
C

n(x) =X

n=1

cos nkx

AANA n=12 ol 7] 2(3.238)0] dste] TA A 232393
2ol Yehdrt.

&(r,2)=cz—Ce hd [ek(‘Hz) —e_k(‘HZ)]COS kx (3.2.39)
C
77(33) _ %efkd[ek(dJrn) _efk(dJrr/)] cos kz
C _
771 — T,max — %e*kd[ek(d+n1) —e k(dJF"h)]

H
~ [(1+ cosh 2m6) — coth k(d + 7, )sinh 274]

q

o - 1e,kd[ek(dmz)_efk(ﬁ%)]
A7NA WE wE AFESA, n =2 oF 21(3.2.4008 A4S F AT

,0<1+w<1 (3.2.40)



a8 22 2A(3.2.4008 o]&3td Ar] 241(3.2.39)¢9 nlznmaxil?‘ﬂ o} 2]
(3.2.4D° sl & 4 Uk

(14+w) _ (& —kd
k’(d+nl)+e—kr(d+nl)) - € (3.2.41)
Uit

+e

k(e

- (ek’(d+ 7]1)

—k’(d+7h))
I ERE 1+w = kn,coth(d+n,)°] B}

A7l 2(B24025EH & zow thg 2(3.242)L ol gate] 2(3.243)%

[e)
dEs g o

mo, 1 (+w)+kn
k(n, +d) = tanh (1+w) EL 0wy (3.2.42)
(1+w)C_C v 1+w+kny 1+w—Fkny
ko 1+w—Fr, 1+ w+kny,
c (14+w)? —
7] A(B24DEFE g 4B.244)S 2T 4 oH, olF o]&3ly
3}4=(Stream Function), &(z,z) @ 8 #HE o] plx)S 21(3.2.453 2](3.2.46)

& 7¥ & Uk

(Kn})
(1 +w)2

1— =1—tanh*k(d+n,) = sech®k(d+mn,) (3.2.44)

(1+w)* —kn = (1+w)sechk(d+mn,)

sinhk(d+2)

@(ZL’,Z) —Cz _Cnlm

cos kx (3.2.45)

sinhk(d+n)

=M WCOS kx (3246)

n(x

AZNA ple)e s, g B £ g2 yelhlE 2(3.2.39), 4(3.2.43) ¥



2B.244)e o] &3t t= 4@B.247e2 s FHZIH.

(1+w)?— Ky ~ _ _
—n,=H—n = oF ! [ek(dﬂ" B _ mkdtm H)] (3.2.47)
(d+mn,) kH —k(d+mn,)
_ ( —I—w) ek e ° e
=3 sechk(d+n1)[ St 5 ]

9 23.2.42)<& &7 4@.247) thdshd, ofhe] 4(3.2.48)2 EHH Y.

1+w)*— anﬁ
2k

(1+w)+k7]1 et (1+w)—k771

ekH\/(l-i—w)—lml a \/(1+w)+k‘171

1 (T+w)(1— )+ ke, (1+ )

[

~ oK o ]

H—n, =

[

] (3.2.48)

= %[knlcosh kH — (1+w)sinh kH]

o2& A7l AQ24DS 1+w = kpcoth(d+n, ) Z2HE o2 2/(3.249) = 2

(B.250= €& + A

kH = kn, [(1+ cosh kH) — coth k(d+n, ) sinh kH] (3.2.49)

§= %: %[(1+cosh 270) — coth k(d+mn, ) sinh 276] (3.2.50)

o714, n,& Newton-Raphson®H oz 1 & S £ 9oy, d&Em,
c= 2, A5l = 2ol

iAol FAL w AAKB)E L, FAS MIAA, d, =d—x . tanf;
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poo S m3 BRel el A wHkg/m)
L : 8§99 Fol(m)
EIl : et9] 9] IZAW « m?)

m

]f—D?’t n = AN WAL AL .2.52
87[- av Yw a d B = Psteet™ by a d a p,gteelﬂ-DavtwL (3 5 )

4 (325290 & WEE o5 4 (25D v 4 (25 vherd
& gk,

D, E (3.2.53)
fmzf L2 \/104((Z+0-227)pste€l h

A71A, t, - B HAle] FAm)

D, : &t4e B A7 = D-t,(m)

Puee  7AANS] WE(7,850 kg/m®)

& E°l, F /M EdolEz FAHE JdAT Hx9 Rl IFHFus 1P
£ 0.3Hz, Ed#eol= S3HdF3 2P& 0.6HzE 7}A3tar, Soft-SoftT7+x=2 A
HA 1743215 57F 0.25Hz, Soft-Stiff&= 0.5Hz, Stiff-Stiff& 1Hz, WA FA= 2

Aol ZE 75mm, A FFLS 130,000kgE 7FAEH, 2 (3.253)S A AH 1

&gl st 31‘73 DE 243t fsl #&3std, 1 23+ Table 3.2.4

w



Table 3.2.4 Required Diameters per Frequency

Type rat Diameter
Soft-Soft 0.25 Hz 2.4m
Soft-Stiff 0.50 Hz 4.2m
Stiff-Stiff 1.00 Hz 7.4m

Z 43 B9 7 2 HFWEL2 FE A FFS W] g FAd
HolA ®BH “F2)2(Softest)” FREo] HAY Hed Aot o] AGELS
Gx] AHS AT Ao E AA fdFETH AAFERES U B FdFAA
o& X7t AAHE Aol o & Eof, ANEA L Fig
AP BT £+ o FIE Aot o] FAPS A ar
Fv A% FAR, AA S SN BAol Ha¥ 5 ok

Q@ AAF2ES FHEA 84

H 4| Wl(Variable Speed Turbines)2 B&EHW Ao 2REH HF&S FES)
£ YA et @ FH3E5S AFTH A 0], Vestas 2MW E
112 10.5~24.5RPMY| 3HEE=E 7HA AL ek o] &H]+= Fig. 3.2.1704 Hoof

A
= AAY A7HGoft-StifHAA & 8t7] 9 FHol Frh= s LRI

Soft-soft Soft-stiff Stiff-stift

— -
1P B

A 4

Fig. 3.2.17 Frequency Intervals for a Variable Speed Turbine System
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Operating at Constant Rotational Speed
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3.3 AAZIEAH

AAZZol& FEER 9 AR F2E AAA A7 He AXAHe] R
, 7283 RNA(Rotor-Nacelle-Assembly)2] A AL, ALl 2 A A4S
TS TEHGEA A AT RS BAS ] HE Usdte AdeE B

AAZIEL g TAe] AEAFdol 2013 12de] T A
5

O AN E (B d W)

@ IEC 61400-3: Design requirements for offshore wind turbines, 2009
@ DNV OS J-101: Design of offshore wind turbine structures, 2011
@ ISO standard

® API/Eurocode/NORSOK/AISC/AASHOTO/ASTM/ACI/KS code

® Nt B AFEAAVE/FEE VI 2AAVIEIZAYUE FRAAVIEI=EERL

AA 7=

331 FH3%F

B Ao AlgE ZTEEHS SMWNNREL) mdoln, 7o wE el gwl
o] A|Y-L Table 3.3.13 3.3.2¢1 Z+2F Yelg ot A X F2E7H] HA W] E
871 %(Tower Base)Q] 9]7< 5.6m, ZAAe] F74= 32mmzE FAFo gormz

Eoloh AZAHE Bev)2E H29 56m ol F4L AAEE AT

AA NFFE AATE AT ASHE FHSHFS ¢ Table 31100 1
B 24 BN 3ol ek F 3370 20NV BE TEH I, oS0l 4
A3 zFA HE A A A AFxF] BB o] BE 3
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TS FEA A &ste AL s AFEA LoiFE Al
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8ok, Folug Z A7 BsiA forng o F9ste =4 T
Table 3.3.3¢] 7H¢ Wtz stg=x=de st
TYstes HRoE U AdTgA| et Mgt BEA A H88 71E9
AAGI o] AAFS IF N AFA AAE AA T A4 B FHA

e Pl 43

Table 3.3.1 Characteristics of Tower

. Outer Outer
Height . . .
Diameter | Diameter | Section
. of Flange
Hub Height, Section Section at at Wall Mass
85.76m Section | Section | Thick.
to MSL
m top bottom
[ ) (m) (m) (m) (mm) kg)
1000
s 82.76 77.76 4.000 4.118 30
Sl Eai (at 82.76m)
. 77.76 68.76 4.118 4.329 20 0
68.76 58.76 4.329 4.565 22 0
A 58.76 | 48.76 4.565 4.800 24 0
, 1400
LT T 48.76 36.76 4.800 5.082 28
(at 48.76m)
1. 36.76 26.76 5.082 5.318 30 0
1900
26.76 14.76 5.318 5.600 32
(at 14.76m)
Table 3.3.2 Characteristics of Turbine
Turbine Parameter Value
Rated Power(MW) 5.0
Rotor Diameter(m) 126.0
Mass of Rotor and Nacelle(ton) 350.0
Nominal Rotor Speed(m/s) 12.1
Cut-in Wind Speed(m/s) 3.0
Cut-out Wind Speed(m/s) 25.0




Tz Al FHI}F 2H4ELS Table 3.3.30] YelA L, 7+ stz
H oukekS Fig. 3.3.19] T3S
XK horizontal in direction of the rotor axis,
fixed to the tower XF horizontal
VK. orzonaly sdeweys, s i XKk 2K || £ el e dscon ot e i
rotate clockwise Rl L enine
Fig. 3.3.1 Coordinates of Wind Turbine
Table 3.3.3 Aerodynamic Load Cases
Load Case L3 A L a Fy Pz
kN -m) | (kN-m) | (kN-m) (kN) (N) (kN)
1.3ec_1 | Mx_Max 21,067 24,935 -602 396 -175 -5,593
1.3ea_2 | Mx_Min -7,294 9,281 2,235 316 116 -5,637
1.3ca_3 | My_Max 7,467 58,379 2,678 924 -21 -5,722
1.4aa My_Min 12,836 -5,283 276 37 -149 -567
1.3ec_3 | Mz_Max 10,804 10,907 7,352 239 -59 -5,888
1.3ea_2 | Mz_Min 728 6,838 11,290 310 54 -5,563
1.3aa_2 | Fx_Max 3,159 50,301 2,141 972 20 -5,785
1.4aa Fx_Min 13,135 -4,357 141 15 -126 -5,675
1.3ea_3 | Fy_Max -1,905 14,437 2,589 406 202 -5,685
1l.4cc Fy_Min 18,210 18,072 186 353 -250 -5,649
1.3ea_3 | Fz_Max 5,389 18,015 2,858 358 -9 -5,368
1.3ec_3 | Fz_Min 8,266 9,548 6,218 258 -71 -5,921
DLC 1.3 Power Production + Extreme Turbulence (Extreme, Normal)
DLC 1.4 Power Production + Extreme Coherent Gust with Change of Direction
(Extreme, Normal)




3.3.2 &733%%

@ 35(Sea water)

FPAFALANA AFse T Ao AY BIAR Amst JPUA

AT o) B3 AT o]gat s SA4L stk
Table 3.3.4 Characteristic of Sea Water

Water density 1,025 kg/m’

Water salinity 31.55 p.s.u

Water temperature 13.40 °C

@ A4 (Design Water Depth)

29 WE 2L B A7 BE AR EASE AR 2ABS ARE P
N3 A olIRL, ALIE I EelM YT G o83
o},

Table 3.3.5 Design Water Depth
Ministry of Maritime Water Level Based on IEC

Affairs and Fisheries, 2005

24 ) 31 2.1 (50y1) EL WAL36m | hest Still Water LevelSWL)
i DL () 7413m | ®
EL. (+) 3.276
ok 131 29 (App. HHWL) ( m aHighest Astronomical Tide(HAT)
D.L. () 6.552m
— E.L. (» 0.000m
73l =21 (MSL) DL () 3.276m =Mean Sea Level(MSL)
E.L. () 3.276m
oFx A A 21 (App. LLWL) DL () 0.000m xLowest Astronomical Tide(LAT)
EL. (= 4.136m .
A Al A 221 (50y1) DL () 0.860m =Lowest Still Water Level(LSWL)
o] 3l ar50yr) (+) 0.860m MSL | =Positive Storm Surge(A)
zz} 6.552m *Tidal Range(B)
=9 &l d(50yr) (-) 0.860m MSL | =Negative Storm Surge(C)




@ 3 F(Current)

Aol o3t T YA RFe= AR VMR, sESF 1 A
A o] =3 FE ol Table 3.3.63 £t} s A54IS &
S(1.05m/s)E 50 wWIx=e] Tidal Current2 7}A3}al, DNV CodeE 7]wth
=¥ A FAlo 3 2R EE A o1, Current Blockage Factore

.02 2 g3kt

Table 3.3.6 Extreme Current Velocity at MSL (m/s)

Return period(yr) HEMOSU-1 Test Bed
1 1.0241 0.8041
50 1.0562 0.8361

Table 3.3.7 Current Velocity (m/s) at Water Depth

Water Depth(m) | lyr Return period Vige (m/s) | 50yr Return period Vige (m/s)

MSL(-) 0.70 (= 1.05 x 70% 7}4) 1.05
MSL(-) 10% 0.69 1.03
MSL(-) 20% 0.68 1.02
MSL(-) 30% 0.67 1.00
MSL(-) 40% 0.65 0.98
MSL(-) 50% 0.63 0.95
MSL(-) 60% 0.61 0.92
MSL(-) 70% 0.59 0.88
MSL(-) 80% 0.56 0.83
MSL(-) 90% 0.50 0.76
MSL(-) 100% 0.36 0.54




@ 3}g=z=7A(Wave conditions)

ol o3k Foua ¥ HFFr|= obg Table 3.3.8% Zil, AHA F7]9
g SR8 =& Table 3.3.99 o} 98 & mEs2S A &sto] A st
AT

Table 3.3.8 Predicted Value(Hs, T;) due to Wind
V(m/s) <1 1-3 3-5 5-7 7-9 9-11 11-13 | 13-15
Hs(m) 0.80 0.82 0.90 1.11 1.48 1.93 2.42 2.85
Tp(s) 5.34 5.38 0.37 9.59 6.25 7.03 7.99 8.92

V(m/s) 15-17 | 17-19 | 19-21 | 21-23 | 23-25 | 25-27 | 27-29

Hs(m) 3.26 3.66 3.87 4.17 3.37 2.37 3.16

Tp(s) 9.63 10.30 10.17 9.37 8.00 10.00 7.50

Table 3.3.9 Significant Wave and Period

Return period(yr) Hs Tp
1 4.90 12.05
50 6.87 13.70
100 7.26 13.89

=] Al 9} a1(Extreme design wave height: EWH)®} 3}F7]+= IEC61400-3]
mel o5 2ol 9]s] Table 3.3.103% #Zeo] HZ& 4 om, Wave Kinematic

Factore Rzo 2 1.0 A3t ).

Hy ~ 1.86H,, Hy, ~ 1.86H;,

11.1,/147%‘% <7< 14.3,/HS7ETSS

Table 3.3.10 Extreme Design Wave

Return period(yr) Hy(m) EWH[Hmax(m)] Trmins Trmax
1 4.90 9.11 7.85, 10.11
50 6.87 12.78 9.29, 11.97




® #3 7 E(Wave Breaking)
Azt TA oJHE= DNV-0S-J101 71#E o] &3t9a, AE Ax dgs 1y
stA] ¢fol= Hth

Table 3.3.11 Wave Breaking Check

Condition dm) | H(m) L(s) H/d H/L Remark
A2 g5 20.0 1.48 59.25 0.074<0.78 0.024<0.14 " 1

=2 3= | 20.0 | 12.78 | 178.12 | 0.639<0.78 | 0.071<0.14 ] TA=

® FHEAT £ BEASF
A S BAAAS, Cd @ Cme 712 o= APl Codedl wel F=8& &
M (Smooth: EL.(+)0.0mo] el A4 0.65¢F 1.60, A% FH([Rough: EL.(+)0.0m ©]sP

ol 1059 128 Agdth B aAdAE AR ERe HeaT

rJ

Table 3.3.12 Drag and Inertia Coefficient

Surface Shape Drag Coefficient Inertia Coefficient
e 39 0.65 1.60
Az #xdH 1.05 1.20

333 AMEFTFAAR =

A ET ddFTEEC] o FANE xH A AEIhAEC] F34
He Ae 2oty FxE vl e 22 IFS 7130

(D Surface RoughnessE& & Drag Force #H

@ Project Area®} Volume, Added MassE <7}

@ Protective Coating2 33 3}aL Crevice Corrosione Yo A 2218 =3

@ Inspection¥} MaintenanceZ -3l

webA, FREA F2E G NEe] dIFe HEHy =¥ o] 1y
371 918l sl A H(Sea Bed ol AHE 7R FHAFEA nlgx S duk T
z8& Ao HAYAFES g gol F/AZY. RERYE WxE 1,250




kgm’e.2 74489l

Table 3.3.13 Marine Growth(Based on EL)

From Elevation

To Elevation

Marine Growth Thickness

Item
(m) (m) (cm)
Marine Growth + 3.0 (-) 10.0 5
Profile (=) 10.0 Mudline 10
3.34 v gy

Hgtie] WeE tg3 o] DNV-0S-J1019] wheb 448kt

O Higo R

Al(Upper limit) = Highest astronomical tide(HAT) + 60% of

the reference wave height(one-third of the 100 year wave height) = 3.276 +
0.6x1/3x12.78 = 5.832m => <F 6m MSL

@ wz) 53AUpper limit) = Lowest astronomical tide(LAT) + 40% of
the reference wave height(one-third of the 100 year wave height) = -3.276 -
0.4x1/3x12.78= -4.98m => ¢F -5.0m MSL

MAX STILL WATER LEVEL

7

HIGHEST ASTRONOMICAL TIDE (HAT)

POSITIVE STORM SURGE

N STILL

LOWEST ASTRONOMICAL TIDE {LAT)

VEL

ASTRONOMICAL
TIDE RANGE

MIN, STILL WATER LEVEL

NEGATIVE STORM SURGE

Fig. 3.3.2 Definition of Water Levels(DNV-0S-J101)

3.35 ZAA F2FA

F-2]5] -8 F 7 (Corrosion allowance: CA)=
0.15mm/y2 7}1gsted AAS 203 Bt

AT

TZ2= 2ol thste] aHstar,

% 3mm 2o wASTIT 71AS




34 AWEA L 24

34.1 AREERAL A5

2 ATelA Adste Add AN AAFE=ES Al 256W &id-F
kAol HgrbsdSs HAdsty] s dAs Gl 7 2RI ARERAL H ol
g 7ol ARgsidth & AWrEA ARs 93 97Ad AxAY 7

E/WEAF (A 717 ¢ 20099 10€~20119 129)S B3] @l =l 3
g ARkzALR 2010 3¢ 30l HEEATE o] AREEAL Bixe] ofFtwH
AgtzAbs F 57Hael talM S, A= ofel Figure 3.4.1004 e
WAt E 9T 9dd e 555 3 Il AAdH AFEAe

Al ¥R (Sep barge)oll AT 3] 4A| 2 (Rotary Wash Type) 438 AIF71&

AFESEE o™, AlFEALS NX(@76mm) FAS2 AASATE T, A|FZ2A

A=E Zi/‘?%ﬁ 4 AFEE EAHE pdste] F39 15m oY EE A
=g 9

202 a9

Fig. 3.4.1 Soil Investigation Site

{)Collection



34.2 NFEA A}

A A S &l tiste] AlF2A 9 FEAJAFS AR e, A
3, AF T4 AEE Table 3413 o] AYERE JPAHHHIES, FIES,
THUAS, LS =22 £XH 9

Table 3.4.1 Investigation Result for each Bole Hole

BH v]?/orirtlf Irlvesti\,;;;lti?;l1 B P10
) eathering eathere oft

No. | Clay/Silt(m) | Sand(m) Soil(m) Rockm | Rock(m) Sum(m)

W-1 29.0 14.5 - 6.0 5.5 55.0 33
W-2 26.7 14.8 12.5 14.8 3.0 71.8 46
W-3 27.3 17.2 14.0 16.5 - 75.0 51
W-4 20.5 16.3 14.2 1.5 3.0 55.5 35
W-5 31.3 11.2 13.0 12.5 2.5 70.5 46
A 134.8 74.0 53.7 51.3 14.0 327.8 211

B 3L AZUORRE 36.8~445me] FAR BE3} 9on, EXLS HE
4 HECD, Zdd dEMD) Z2EAAHE A ZYEOM, SP-SME T4 5 o
A A

44 E(CL, CH, ML)Z«] o—°r S 5 ET ool oF 4.8~24.0me] FA
w2 0/30~32/300.2 e}

AR dd3l dAES YEdo

Mze A3M o] FE o7 glon, 6*?%“511*‘5 s GH WAxI} FHE
AHA E(SM, SP-SM)e] F-%- & EE skl ¢F 1.0~9.5me

TAZ Fx3 Utk N@tE 0/30~5O/169] HYZ yetdy tiAl= 8/30~

S W-IAAHS AAT A =ARAHAA SAHAES o7 oF 36.8~
44.5m zlolo| 12.5~14.2m¢] FA=E Fxsta o, EALS dEH =EHEM)
2 FAES A 2EBJAAIG o7 Ngt2 41/30~50/8¢] o= =43 W
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Table 3.4.2 Settlement Calculation

Ww-1 W-2 W-3 W-4 W-5
Soil Settle Settle Settle Settle Settle
Depth Depth Depth Depth Depth
Type ment ment ment ment ment
(m) (m) (m) (m) (m)
(cm) (cm) (cm) (cm) (cm)
AEA
oo 6.0 41.8 5.8 44.4 9.5 37.9 6.9 26.2 6.7 28.5
HEA
11.3 434 8.7 48.6 4.8 17.8 5.9 28.8 7.3 43.2
HE
AEZ
7.5 14.5 9.0 24.6 3.5 7.4 3.1 4.9 3.2 5.0
=
AEZ
17.7 32.7 18.0 36.1 23.4 44.3 14.6 37.1 24.0 62.8
AE
3= 1.0 1.5 12.5 16.2 17.3 11.5 20.5 14.3 14.3 9.5
== 3]0}
S 115 0.0 17.8 0.0 16.5 0.0 4.5 0.0 15.0 0.0
+A <k
A 55.0 | 133.9 71.8 169.9 75.0 118.9 55.5 111.3 70.5 149.0
344 71zrd
BA72E Zte FEREA o FxIAA A¥ks Zdstes WS Fig

3.4.30] ®3A3 Z A PSI(Pile-Soil-Interaction), 7}
2328 (Spring) =@ 2 371 ®wHo] At o
=] d(linean) .2 xdAsIA, PSIZE S A
o2 FAIH Y AN BAE AFES st2=E PSIRdo] 7H Agsitt &

=
o g3t

=

—

9o ;qu & A3

S Qlnk mepA, B Aol Aue

PSIE

o
U=

1A A (Virtual Fixity) g
1A 783 »~=29

H] 4 & (Non-Linear)




PSI Model

Virtual Fixity Model

Spring Model

Model the pile below the
mudline using non-linear
P-Y and T-Z curves.

Accurate and Economical

compared with the others

Pile model to be applied
to length until the point
of virtual fixity.

Considering soil-pile
interaction effects as a
spring coefficient.

Shear

k ‘“'i | | =1 Resistance

Mud line e e rﬂ" - N
; ‘/ Axial
I e

Pile _ B . Jm
[ I
3 Virtual
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Fig. 3.4.3 Foundation Model for Structural Analysis
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e JEpd Aol

ol

Fig. 3.4.4 P-y and T-z Curves for Foundation Model(PSD)
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3.5.1 AZ=H LA

ANAETY AAFZE AAl= Table 3.3.10 Yepd AAH 7|EH o2 AN
B A A (Limit State Design, LSD)E wEt}. wehA], B AFE A= AAWH
< #8359 ‘Fﬁlﬂﬂﬁ‘r. SAGE (Limit State)= T2== £ FA7F I AMEE
Ao g FxAES UHeA Xt FHE Eote Aor FXEo| TALH
S dom ARgEAd AFetA A= Adelth

DNV-0S-J-101¢] A e2A 71+ 4@.5. Dol Yepl A

Sy < R, (3.5.D

7M., S, : AAsEE I Design Load Effect)

R, . A A 3HDesign Resistance)

A7 AASTEMS)E EASTH STl 1HEH= SSATE w3t
of 21@.5.2)9 o] xdHH.

Sii = V1% (3.5.2)

AZNA, S, - 8t SRE AASHE a3 (Design Load Effect)

S, ot TFE 5A sk &I (Characteristic Load Effect)
v+ 58S 85 A <=(Specified Load Factor)
a8, AAANHR)S 213537 o] T 4 Aot
Rk
R, = (3.5.3)
’Ym

A71A, R, : A& A&7} =(Characteristic Resistance)

Y, @ A EA 5 (Specified Material Factor)
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ox
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Aol sigsts dejolth o HeE FxE F= &
FAGEAY, SR WPFPS 1P FEEY ARUPS o Hu
glonz, IRA YL FHIUT

@ AH8-3-A%El(Serviceability Limit State, SLS) : -2 &
T Tol FEA doluA BAA ARG HIS Baxd
A

@ ¥ 23-A A el (Fatigue Limit State, FLS) : HFE3}ZFo] ol FxEo| 3}
A=, ol A2 E ol FEHE L.
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Table 3.5.1 Load Factor

o Load Categories
Load case Limit State
G Q E D
1 ULS 1.25 1.25 1.00 1.00
2 ULS ) ) 1.35 1.00
3 ULS for abnormal case P P 1.10 1.00
AZIA, Y= YRbEQl 2 d A5 100] «l’—‘#’_l(favorable) sted A5
095 #&gtrh. =3, SLS/ALS/FLS= stsAlF+ 5 1.0& A&t




Table 3.5.2 Load Categories

Load Categories

Description

Loads that will not vary in magnitude, Position, or direction
during the period considered

Functional Load]

G
-Mass of Structural
[Permanent .
Loadl -Mass of permanent ballast and equipment
0a
-External & internal hydrostatic pressure of a permanent
nature
Loads which may vary in magnitude, Position, or direction
Q during the period under consideration
[Variable -Personal(Live Load), Crane operational loads, Ship impacts

-Loads associated with Installation operations
-Loads from variable ballast and equipment

Loads which may wvary in magnitude, Position, or direction
during the period under consideration

E
) -Wind, hydrodynamic loads induced by waves and current
[Environmental | , .
Loadl -Earthquake loads, tidal effects, Marine Growth, Snow and ice
0a
loads
-Wind turbine loads, Wave load
D Loads caused by inflicted deformations such as :
. -Temperature loads
[Deformation -\ .
-Built-in deformations
Load]

-Settlements of foundations

354 ABAS

A=A =

Z3IAAENULS) oA Z
AFA AL E(ALS) 9 A&
ANe FEREAZE 912 HLA(M 7] F, vgd,

77) g ARAFE

FAol thsjA 11& &8s,
&3ttt ¥ 2 A e (FLS) <l
T35, A=, AAE Sl wekA

A E(SLS) = 1.0

2 g3 ok,
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MUDLINE

CROWN PIECE

PILE CUT-OFF

TOP OF JACKET %

TOP OF JACKET

SECTION B

Fig. 4.2.2 Connection between Jacket and Pile by Crown Shim Plate
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Fig. 4.2.6 Proposed Tower Foundation
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43173 - 34 =d

B Aoldes & A7olA At 4 71E9] XP%H@*‘T%QI 4 - &4
1ask7] s g3k 37 F2EA S0 d3 S-S BARH. 7124

= d =2
ol Tx= AAYHoE TN AARERE 4 T2V} Zbe FEREA 5A
Hu s gA st7] 98l 4 25 7438k AAd 2, X-B#o] 2, H-Bfo]x~
5o FEHW(Section® A (Dimension) 183 FEFE EYIIEE
BT THd 21E FAAT 93 FES AYeta, 4 x4 A
T2 Ao g vlw - FAE GA Aol Jheetes 4 FEVF e
EAol e} jHED HAS 33 o] FoAsiAt

(D NJPM(New Jacket Permanent Mudmat)

D E AFA AjbetE A EA A FERE Hdo] FAEATE gEsH £ A
gt A EHEE Fdd 719 &-d o3l A e}t sdo] dAE I, H
ZoE B A Z2AT F2E 94 AA FxZo AW A= F
SR Z

213 2A sjA Mol HAdY Sz S Y
dfof stm = AWke] WP PSDH FAlel T 7F ot wEka, SACSS
Pile Stub lengthai & st 1 A= ALrE 7HEEAY A3 dol&
IHsE, TPEREAY StHS IAHORE slo nE A - FFH FERIPHS £
Elg=

@ NITM(New Jacket Temporary Mudmat)

© #1 NJPM#} 22 2o &x] HEME FEE AXA {7 2gst=
A ARl BAE 112 AAFZE HERAT.

@ GJTM(General Jacket Temporary Mudmat)

D AREAR] AAF A FxRE A 1Y 3dS OGgTER AgEa, HEn)
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AFTF2E A= el g AH(Cam Sea)olA TP =HEZ HXEHA
E AAsokgt ot o] & sl At sl
gt 9 FIE NESE AT AR Al A8 THeA ol

sto] AX|PAFA sl HE3tATt

Adsfere] s dole & AFAS 98 GMT fluid Mechanics Limited
ol A www.globalwavestatisticsonline.com AFC]EE E3| A| &3l HlolHE ZA}
SEARTE o] AlEE A AA s tigk uigha upgtol] ik s 7 dlo)
HE Algsta a1, s dAldd 2AE sIdFEo 283 d/delH

£ ol ACIEE FIAM ARE FHEHY AR A&t Ao

olz] Table 4.3.1-> www.globalwavestatisticsonline.com2 %3] ¥-& Aaj<t &
H(Sea Area No. 28)°l tigh s F7|H SN =S Yepdt. Tableol A
1 Im, 2m, 3me] WAREE 27k 32.25%, 35.02%, 19.11%=% A o] oF
86.38%E5 AtAst= AC® WEbal, oluf Fr]= 524 7x7F oF 83.16%9]
AN =S Yedo oA, 2 2XQAA siAddAs B Hesrt 52
B 2m~dmet F7] 52T E A 83k Zlo] felF ozt et o]E Aol
2o disfi A XY M-S AT
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Table 4.3.1 Sea Data for West Coast

Direction : All Direction Period : ALL Sea Area 28
Significant Wave Zero Crossing Period

Height <4 4~5 5~6 6~7 7~8 8~9 | 9~10 [10~11|11~12|12~13| >13 |OBS 1000000 | Frequency
14m 15m 1 3 7 7 4 2 1 26| 0.00)
13m 14m 1 6 13 12 7 3 1 44 0.00)
12m 13m 2 12 23 21 12 5 1 76| 0.01
11m 12m 4 23| 42 37 20) 7 2 1 135 0.01
10m 11m 8 45) 80) 67 34 12 3 1 251 0.03
9m 10m 1 19 97| 160 127 61 21] 6 1 493 0.05
8m 9m 2 47 220 340 254 116 38 10 2 1,030 0.10)
7m 8m 5 126 536 767 535 231 72| 18| 4 1 2,295 0.23
6m 7m 17 359] 1,388 1,820 1,176 474 139 33 7 1 5,413 0.54]
5m 6m 59| 1,095 3,767| 4,461] 2,633 979 267 59) 11 2 13,334 1.33)
4m 5m 222 3,507| 10,489 10,981] 5,811 1,960 490 100 18 3 33,581 3.36
3m 4m 894| 11,484| 28,799 25,823 11,914] 3,558 798| 148 24 4 8.34
2m 3m 3,760| 36,430 52,447 20,150 5,122 995 162 24 3 19.11
im 2m 72,554 21,271 4,277, 677 92 11 1 35.02]
Om 1m b b 29,496] 5,657 793 92| 9 1 32.25)

sum 69,673| 17,649 3,618 646 106 16 2| 1,000,000

Frequency 6.97 1.76 0.36 0.06 0.01 0.00 0.00
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Table 4.3.2 Installation Stability Analysis Models

Case Model Name Case Model Name
1 W2P5WS 10 W2P5NS
2 W2P6WS 11 W2P6NS
3 W2P7WS 12 W2P7NS
4 W3P5WS 13 W3P5NS
5 W3P6WS 14 W3P6NS
6 W3P7TWS 15 W3P7NS
7 W4P5WS 16 W4P5NS
8 W4P6WS 17 WA4P6ENS
9 WA4P7TWS 18 WA4PTNS
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@ GJTM(General Jacket Temporary Mudmat) :
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Fig. 5.1.1 Selected Wave Theory
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Load r e - Wind and wave Other Limit
situation  case Wind condition Wave condition directionality Current Water level conditions state

ETM NS5 Co-directional in | Wind-generated
L WVin < V1o nus < Vout Hs = E[Hs[V10,nus] one direction current Mean Water Level UsE

Power
production ECD
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Fig. 5.1.2 Load Cases and Combinations



5.1.2 &84
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HAAEFH A A FxoA EW ZFgog <3 /3 F(Natural Frequency)=
TxE AA48 AEREY AAE AA3s 8T 240t FAsA S Modal
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Fig. 5.1.3 Design Range of Natural Frequency for 5SMW Offshore Wind
Turbine[NREL]
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Table 5.2.1 Applied Material Properties
Connection Elastic Ratio of Yield Strength Element Type
Part Modulus Poisson
A 2 205,000Mpa 0.3 345Mpa 83dd &£El: 94
B9 7% 205,000Mpa 0.3 345Mpa 493 #8 A

ge fRade
"ol A AAe] where
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Fig. 5.2.12 Boundary Conditions
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Table 5.2.2 Applied Load Summary
Connecti
Fx(N) Fy(N) Fz(N) | Mx(N - mm) | My(N - mm) | Mz(N - mm)
on Part
A4 2
Lf;fr -713.9 | -1,394.4 | -10,581.2 -156.8 -617.2 -357.1
E} 4]
Nz 6,035.1 981.6 -3,827.9 11,314.3 69,781.6 6,091.5
e s fMAxRE S57H-8H(Effective = Equivalent Stress)Ql - m] Al 2
%2 (Von-Mises Stress) .2 #AES AL, 339 &= 845 283 A7 3
Yo AAdRE= o, = \/a +U +0 +o0,0,+to0.to.0, —|—3(72 +712/Z+72 o7 A
2t 22 W 24F HEY BV RE o, =/ +oi—0,0,+37, O
A& sl 423} Table 5.2.39] A3t AAMH A& a5 sl 24 FA
= QHAZ Ao 7 FAHT
Table 5.2.3 Von-Mises Stress Summary
. Actual Yield Material | Allowable
Connection Part Result
Stress(Mpa) Strength Factor Stress
A d AAR
2+ ZA(Can) 151.12 OK
i 276.07 OK
345 1.10 313.6
Agty ZHolE 171.86 OK
S 284.29 OK
Bt el7l2 dE5
ek AREAY 105.87 OK
S AR 289.77 OK
AA H 1 289.13 345 1.10 313.6 OK
AR I o 218.05 OK
o 185.70 OK
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3D ELEMENT STRESS
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Fig. 5.2.14 Von-Mises Stress Contour for Connection
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Fig. 5.2.15 Von-Mises Stress Contour for Tower Foundation

- 112 -



© T=HH AE

Fig. 5.2.16& AF&A4 =79 35 =% (Serviceability Limit State, SLS)S.Z 7
B3 7} 72E AUHYdE Jeldg. duEddEsE A Fx2EY AT HY
w3 A el WY ghel ADifference)z Wy wrakel AW Z YE
Weleth Z235()9 g A g1 oo FHEY A5 23S Aotk Ao
ofatH, AWM A7t 7HE 2 NITME w7t 71 Atk oA & U
He) Bk ofe}l Yo o3 LA st o] FAWMAYE I WL FU1

0.0 I86cm
]
Ve !{I

150 S r.'

115cm

100 9.4 cm

50

0.0 - T ' B

GITM (1.7) MNIPM (4.8) NJTM (6.0} 7%

Fig. 5.2.16 Applied Loading Concept

NJPM NJTM

Fig. 5.2.17 Deformed Shape

- 113 —



5.2.2 &84

Table 5.2.4= RNA(Rotor-Nacelle-Assembly)¢} E}¢|(Tower) 18]3l A A FZ2=
o #A-F(Self-Weight)? 288 F=3t5E(Gravity Loads)s ntgoz WAl
2 g3 P (Mass matris 7289 74 3 F(Stiffness Matriv g A-8-3ka] A4tE
FANA A 45 Yepd

N
Y, ole RE Fzudol e 2o 9E Adge ARft =¥ RE
22 3AFTE B0l FAFRE Aolo] ANste], FAL FE

7 Yee AT & itk YMHoE Aol Eekol EE(Tripod) T
F57h Soft-Stiffg el SIXFEE HHBAFH, o

Stff-Stff d ol a7k Qe A, BAL AAAT AAH A 28]
2.19%-H Fig. 5221 7 7%E g3 13 284S Jepdt

B
PR )
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=)

Table 5.2.4 Natural Frequency Summary

Structure Type 1** Frequency(Hz) 1** Period(Sec) Main Direction
NJPM 0.279 3.588 Y- Direction
NJTM 0.264 3.792 Y- Direction
GJTM 0.287 3.486 Y- Direction

0264 NS o287 [ NUPM Dy-1st MODE
0278 A T Dy 15t MODE

N G.TM Dy-1st MODE
0.115 0.222 0.311 0.605

Soft - Soft Stiff - Stiff

0.0 0.1 : . . 0.5 . 0.7 0.8 0.8 1.0
Frequency [Hz]

Fig. 5.2.18 Natural Frequency for Structure Type
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Fig. 5.2.22 Wave and Period Frequency for West Coast

Fig. 5.2.23° A= x#E(Overturning Moment)ol] thdk AxE Yeld HAo=
93 3m7tAE 2AE FHOIE fFo AHglel ATt THedta, ~AE
EHolET} v A HA RHUE & Ag F7HE Qs A=ERET AA w|
AT bdgol B AA AAEE FAT F A, T ImAAE HA TF

T8 Ao et

- 118 —



Overturning Check

3.00
.-_______-———— —-
2.50
. — W2PXWS
-]
E —a— W3PXWS
E 2.00 —a— WAPKWS
a Allowable Safety Factor
‘ﬁ\‘ ——W2PXNS
1.50 ——WIPKNS
——YWAPXNS
[ * o,
1.00 T T 1
5 B 7
Period (sec)

Fig. 5.2.23 Overturning Check Summary
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Fig. 5.2.24 Bearing Check Summary
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Fig. 5.2.25 Sliding Check Summary
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Fig. 6.1.1 Installation Sequency of Offshore Wind Turbine System
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6.2.3 A &N 4

AEY AATE) Al th AL BAL AtE AAF A
S00MW s e LAY Bz Badel £58 APl 24 g
BN AS) MEE i) SR,

oz Fig. 6.2.12 A3 500MW S5 H A /ALY Bl A BalA
oMM AE NE AART £ ATolA AL ANE AN A Steel) £

J

F= v Aoz F AAFR & Aol ¥ Jd fF - FoF A 7=
A B Aol Atk AgaE] 500MWe] AAF ] AAFANL oF 15m=E A
o] AAFA 20mEY ¥ FL 2dddAE Bl A =70l 224.15=
AA-gd ol =Fo] 117 0] § AHEHAH. AL & SMWHE oA, A
WRiol mE Aol BgA A Aol B B2 =% AHed o= deob
Hoh =, B84 24 AAYe 888 AN Add AAF S AL
g 2AMES &8sttt

W Jacket WKT

u Pile HKT Pile

B Pin Pile

71E AAE Al ke A

Fig. 6.2.1 Percentage of Steels for Jacket Type[Unit : Ton, %]

ol ATz 3 F AAHE TLAES A B A BIAS A
AE) e} AAv ] WE GrtE 7)FoE HrlslEh o] RuAld WEWH, BE
AA o] AAE = FA W2 @yt zpolrt Qo TR ol B HIlo A= o
2kol Ha ekl of 1207hd/ =S A &shal, AFHs AAY Ag dol=7t Sl
ong 160%Hd/E, AA-TFLd3 A I 00/ ES ﬁ%—s}%lt‘r. o] & n}g

— 124 -



oz 5 ATz AAE A Aue & Aule Fig 6.2.29 o] 1}
B 4 9l

Fig. 6.2.2014 €} g:ww AgkE NE AAE AR, AA-3Y, B-5}

O848 a9 =RA0E F L) FEEOoE FAEHY Qa, AtH =AY

& A, AA-HY, =HOZ e FRoE FAH Atk ALE AAYL
A HEE AAY HYA AAR A AgHE Teh9d Oale] B A
W AGT AP AAY FROILL o] I E=o] Bastx gk

=

AA AR vaAT ALE AAFe J1E AAY oul oF 49%E AT
& e Aoz Uyt ot Fig 6210 mdF AAY WA T2 B
Aole] FlAsHe O JE AAYS HESY AV okd FAYHE 2§
Sdtid, A4 ALES Fols Aew ARAT. LY ALH AAG 2
2% W-sA TehE wge] R AN FPT 5 A, g

LA AFUAA DEBGRA Akd AAFE A2 o 5% A

2 71d Aow PuHET

ﬁ 36.0
ar HGITM EMNIPM
»

32.0

28.0

240

20.0

17.5

16.0

12.0

8.0

4.4
3.4

o m

IKT JKT Pile Pin Pile Grouting Painting Total

4.0

0.0

Fig. 6.2.2 Comparison of Fabrication Price
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6.3.2 3380 FH

o Hatel B3, A2 M I
& A AESI AAYR) dYgsteiol Aot WA T HFFY AAF2
B AAE A% Ay e ot 2

Table 6.3.1 Offshore Crane Lists

Crane Lift Lift Crane Dimensions
Lists Capacity | Height [ Length | Width | Draft | Angle Company
(ton) (m) (m) (m) (m) )

1% 3,000 95.3 110 45 4.8 62 A E T
AA2E 3,600 95.9 110 48 6.0 62 HE5EY
0)-$-36003 | 3,600 - 110 46 - - o) -z A1 3 oF
Ei e 3,000 115.1 103 46 3.8 70 AFFY
320005 | 1,800 72.0 80 37 5.2 70 | 3ol
2Fe}22005 | 2,200 84.2 85 42 4.6 70 | Azofoldr
2330005 | 3,000 82.2 95.4 41 4.4 65 | AFzololelt
2540005 | 3,600 109.0 110 48 6.0 62 | Azololdr

Mdeots 2,000 73.5 85 45 3.2 61 sokaa vel Bw
245065 | 1,300 48.0 74 31 3.4 73 o Pk
912005 | 1,200 76.0 72 32 3.8 70 a7t
2413005 | 1,200 90.0 75 32 - 65 =8
2417005 | 1,500 94.3 80 34 - 65 =8
o} 6005 600 - 56.5 27 - - o}l
2+51200% | 1,000 85.2 78 30 35 65 A=
25160035 600 53.5 57.5 26 - 70 o]

A% 500 38.0 43.3 21.4 - 70 Bl o]
5005 400 50.0 49.82 | 252 - - thabA A

=4) Agsl sidEY TxTEE 71EAA
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Table 6.3.2 Crawler Crane Lists

. Lift Working Working
Crane Lists . . . Company
Capacity(ton) Radius(m) Height(m)
Manitowoc > =
DEMAG = >
CC8800-1 1,600 10.0~138.0 48.0~156.0 FEHAAL
LR 11350 1,350 10.0~68.0 48.0~144.0 AZzA2EF)
MANITOWOC =30 %
AN O OC 600 7.3~78.0 36.6-97.5 HSAAx
ROBELCO 550 8.0~42.0 36~42 (F)SHAA
MANITOWOC =30 %
M250-Maxer 500 5.5~24.0 14.3~27.8 (FHE5HAA-
LR 1650/1800 800 9.0~96.0 42~112 = A 21 71(F)
Manitowoc =
Sumitomo =
SCX-6500 650 6.0~76.0 24.38~91.44 A A7)
LR 1550 550 4.5~92.0 21~105° = A1 71(F)
Kobelco N
CKE 2500 250 4.0~80.0 15.2~91.4 F)EHdAa4

@ A A =H

Table 6.3.3 Jack-Up System Lists

[e)
‘J:l'_
=) Adsl sl Tl2TEE 7124

Dimension Jack Up System Rent
- Fee
Company | Vessel Name LxBxD Leg | Leg | Grasp | Lift | .
(m) Dia. | Length | Cap. Cap. Won)
(mm) | (m) (ton) | (ton) | (/day)
= o EASTLAND 1 | 37.5x21x3.3 | 1,450 52.5 1,920 1,500
° EASTLAND 2 | 35x22x3.2 | 1,200 | 40 1,600 | 1,500
A HE&C B1 42x21x3.6 1,520 48 3,136 | 2,353 1,400
B 2 42x21x3.6 48 3,136 | 2,353 1,400
240&C | 24750 25x16.5x2.5 1,160 850
sl k4 | HAEYANG 38x18.5x2.9 30 2,700 | 1,500 1,100
FESY | ILKYUNG | 35x20x3.4 1500 | 435 | 2120 | 1240 | 1,100
XM | W SEP-1 35%x22x3.2 30 1,600 449 850

=4) Addl idFY TxTEE 71242A

- 129 -



@ AGHFSA) ¢ HFFYRRY ) ST AATG AA-9Y
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AAA7A] ERE .

Table 6.3.4 Barge Lists

Barge Lists DWT L(m) B(m) D(m) Company
g 300 30.0 6.9 3.0
%"/\]:% 500 30.0 11.0 3.0 At
A
o 1,500 45.0 15.0 3.0
s 215 3,400 65.0 16.0 4.8
U 11% 3,000 65.5 18.0 3.8
% 15% 4,000 72.5 21.5 4.2
%301-
S 6001 6,000 80.0 25.0 4.8
=1 8001 8,000 85.0 27.0 6.0
=1 20001 12,000 92.5 36.0 5.8
o . el 3,000 65.0 17.0 4.0
o] ~3x g 2~ 3001 = o
S 2] of Clt g5

E2) A8l sl gy TxTEe 7122

© d&Adn - A S AedHes Ao A4 3.0m RCD HA-FAH7F 2l
o, A 1, 3L dE 5 REgd AFA dAN AEFH =z 28715,

Table 6.3.5 RCD Equipment Lists

Company Diameter(mm) Holding Amount Remark
274 0&C 3,000 37]
1,500 17]
a4 2,000 27]
2,500 27]
NAAA 3,000 -
A 2,500 -

E4) Adel 500MW S-S H A A Bt A =AY RaA RS Y E AL 2012.5)
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6.3.3 AXN=ZA2¥E 3

Fig. 6.3.1¢ A
(), 2013.6)° 58 AAF MF
Z ARZANA & =
zot BHe7lx, 9d 9 AHE SRkt A2
29E FEdor (AL At Axsta, A HW ol A
afﬂl‘ﬂﬂr 0E9 FEHE ol &t ALFETA AA RS FEIT
% RCD AHE A4S dFsta, ¥ Fds AU § JgeHo= A 3
= a

Bg A9 SRAAL s DAY v s 5008 TE$E <
o2 B9r2E Axse gt}
STEP 1: JACKET &t STEP 2 : JACKET M X

STEP 4:RCD &3 STEP 5: PIN PILE & %] STEP 6 : TRANSITION PIECE & 1

T e “ [T ew

Fig. 6.3.1 Installation Sequence for Jacket Support Structure
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Fig. 6.3.2= Ad3] 500MW 3429
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3. Jacket B & Bt
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Fig. 6.3.2 Installation Sequence for Jacket Support Structure
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Fig. 6.3.32 A3l 500MW 34TSR MEAE BFdAd 27 R A (372
HZAL 2012.5)0 2" AAepAEE(Cast In Place Concrete Pile Foundation)
A

AFTH AAFzE AAHAYS HoFH

| 1. Jackup Barge ' Guide Pin & 3/ 2. 84UB 21 HE

=B

i I - J = / v
I '
H
2
1 | 1 1

" ﬂ — I] 11T -'I —

4L L 4 p . \|
JRCDEUAN U EMNEH 4. ATYAEY W B3INE B

5, PC HOUSE & 1 6 HEINEL S

o

7. B ud 2o My B.AI2BE

Fig. 6.3.3 Installation Sequence for Cast In Place Concrete Pile Foundation
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Fig. 6.3.4 Installation Logistics for Proposed Jacket-Type
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Fig. 6.3.5 Installation Percentage for Support Structures
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Fig. 6.4.2 Total Construction Costs for Support Structures
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