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3.1 29 ofUx] AT LCOE 7% g A)
1. NREL

O NRELZ v=9 d8 Fi 245 Adsta JuE Aestr] 9« 4= A

2
N
i
=

- Regional Energy Deployment Systems(ReEDS)CS. & TH=o]x 107] o9 Alvhg]l 2
(TRG : Technology Resource Group)E A -&3te] 2050 7FA 9] oA A4S

ks

- ATB =& A4 A

2L

rlo

Ot 2

LCOE = ((FCR x CAPEX + FOM) % 1000/ (CF % 8760)) + VOM + FUEL
= ((CRF % Profinfactor ¥ Confinfactor X{0CC % Capregmult + GCC)

+ FOM) = 1000/ (CF = 8760)) + VOM+ FUEL

o] 714, FCR(Fix Charge Rate) = CRF x Profinfactor

CAPEX = Confinfactor x (OCC x Capregmult + GCC)

CRF(Capital Recovery Factor) = WACC / (1-(1/(1+WACC)Y)

WACC = ((1+((1-DF)*x((1+RROE)*x(1+1)-1)+(DF*x((1+IR)x(1+1)-1)x(1-TR))) / (1+1)) - 1
ProFinFactor(Project Finance factor) = (1-TRxPVD) / (1-TR)
ConFinFactor(Construction Finance Factor) = summation from y=0 to y=C-1 of (FCy x Aly)
OCC(Overnight Capital Cost) = input in $/kW

GCC(Grid Connection Cost) = OnSpurCost + OffSpurCost

CapRegMult(Capital Regional Multiplier) = 1
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FOM(Fixed Operating Expenses) = input in $/kW
VOM (Variable Operating Expenses) = input in $/’kW
CF(Capacity Factor) = input as %

DF = debt fraction

TR = combined state/federal tax rate

PVD

# yvears in MACRS depreciation schedule

FDy = fraction of capital depreciated in yea ry

fy = depreciationfactorlnyeary

d = nominal discount rate (8.9%)

= present value of depreciation = summation fromy = 1 toy = M + 1 of (FDyx{y)

IR = interest rate

FCy = fraction of capital spent in year y
Aly = 1+(1-TR)x((1+IDC)(year+0.5)-1)
IDC = interest during construction

y = year index, starting at O

C = construction duration (years)

- (54) "= 71dS TAHeE A #AdA LCOEE Z48tH, A4 &3 +=
A =(MACRS : The Modified Accelerated Cost Recovery System)< ©|-&3}o] 3]
A ew A7ME7Ae A&
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O IRENA= A AlA =7Fs Wdoez dddd nE&s zAete] sdd =2udlA
LCOEE +%

O =7Hd, 7] B ZRAEWY H]go] tpathE JHAst] AAANUA A, A2 &
H-& 2 Ve E84/4859Y 7o ® ld" d=35E5((DCF : Discount Cash
Flow) &412 7[vto g Aol wde] ZA4dS B7t

- AN A 7] LCOE #4 2y vy 2
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O "Wwt=a= 91d AlAl HZx afdFH@AQl Vindeby(495MW)E =&kt om, 4%
9 Al W g pEstel EnAel /&dS Guatn AL
O WEkz ARE 19739 RS AVR dAd AR TR A8 FARA £
qFHo0 27
- 1991 AlA H=x e = @Al Vindeby(495MW)E &3 — 2002 AlA FH o 3l

i

S

AEE 9 WA Homs Rev(160MW) S 23

- 20179 V1= SiAkEE AngFo] 122MW(HE 39 AlA sidEEes Fras
=7F2 2b2] w1 (IRENA, 2018)

- "uta 719 e 2AH=(Orsted)7F AlAL siAdEFEEA AR AFHFE 19%019)
£ A (BNEF, 2018)

- drla AR E RAGEFHIS AAREAE AA 4T FERAE HFHoR AF
F A YRS e Al2"ES HAI Qo] B THAY U E gF % L EA
AA7I17VS @5 7hs

Top 10 market share

Portfolio
&
active
pipeline

41%

u Orsted

m Vattenfall

= RWE

® |berdrola
E.ON

= EnBW

m EDF

mEDP

uGIP

“ Northland Power
Other
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Iy 31 AlA e H

A} A

[e}iKe]
T HAhE

(BNEF, 2018)
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- 2010 =7} sjAE= A RD&D(Reserch, Development and D
W, 2020704 A9 vl HAE e MWD d8 Ak 25% S AAHE
40% A7, *GA8E 50% ASs EnE A4S
O Megavind®] &3F2 LCOE +4 =492 20151 ESP Consulting® &&2o2 7|ty
o DONG energry, EON, MHI Vestas Offshore Wind A/S, Siemens Wind
Power A/S ¥ Vattenfall A/SNA A<

- S4¥Y LCOE 4 mde Aed Aol gl RE A4 udte 487158

- gtAlSE Adagle]l B w7klA AE Jhestd, dintAE B RS 5, ol = &)
Y Gt 240 &

D Subsidy GridiTSO
UK;: Subsidy; GrdTSO

DE: Subsidy: GAd/TS0

Paoint of
common
coupling

a9 32 sidEE WA vE & (Megavind, 2015)
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Pre-tax Post-tax

Tax  (Societygain)

Supplier Supplier Developer Society Developer Society
Product EPC Product O&M costs costs costs cost

a9 3.3 LCOE tigk #4H (Megavind, 2015)

Pre-tax Post-tax
ZT L+0.,+4,; r L,+0,+4,+p -ct
Developer — G = Gtk
3T __E 3T __E
=AW =T WY
{ kIr"'(cl): +p¢r):‘?: 7['_,‘1!:"'0: +(1Ar -I;‘V?:)‘ (1_Ct)
: = + = +
Society . — 5
=k (14 W)t =k (1 1 W,)F

1% 34 LCOE AH4d& 91g 47k4] #3] (Megavind, 2015)
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A 78] (DEVEX), A2 H]8(CAPEX), <9 -+#H]€(0OPEX), ajA %
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DEVEX : ofolt]oje} it EE A 2 774 4285+ EE HE (7]3F:
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| LCOE =% |

A2l LCOE 7)1t A} LCOE

19 37 = §AEY LCOE 4 =3

3% 31 = 3dEe LCOE 549 #H
F8 axr AFs] % LCOE 2 LCOE
2E O O
BOS o) o)
CAPEX A7) o) o)
A& &) O O
A E] B o) o)
T 92 # o) o)
OPEX Ti@i 2 . .
DEVEX o) o)
ABEX o o)
Rty o) o)
Edpd S\ as O o
M= x 0
9] 1] & (A} 3] .3 W] &) O(AHE L) oA el L)
718} ZHE7LA] x X
ds Astg O o
BAA 8 O (25%) 0(254)
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3.33 2 s|AE LCOE 44l H3 o mu y]2apgl
1. LCOE 2tg & 3 71& 4
O LCOE+«= 2d &9 3 Addddugo=

FAZPAZ o] A=

_ LCOE®] 7|52 2=ae olgs}l 28

T OM+FC
CAPEAQ-EQ—_“”—
LCOE, = Bat )
f: (1—d)" x CFx365(days) % 24 (hours) % Capacity
a=1 (a+r)

o714, CAPEX : %7] ], OM : &% 48] (Operating & Maintenance Costs),

FC :Z&4]&, r : &2 S (Discount rate), d : &4 3&, CF : o]&

g, T owAsle AAY 9 (d%)

&, Capacity : A

- 2, LOCE: wAAn HA#gRE AraAdd 243 & ng Ade] $17

ZF otell 3|gsl=d H sk HA4de] Al & W (time-invariant)  H @974 ¢

Offshore Wind Levelised Cost Of Energy

Capital Costs Operating Costs Annual energy production

- Development/Services - Operations and - Interest - Gross annual energy
- Project Management Maintenance - Tax production
- Turbine - Insurance - Losses
- Support structure - Seabed rent
- Array electrical - Others
- Transportation/
Installation
- Decommissioning
- Insurance

AEE-

Preconditions

Degradation Inflation Economic Interest
rate Rate Lifetime Rate
(%) (36) (year) (%)

SMP REC REC
(2/kWh) [2/1REQ) Weight

2% 38 =7 afdEH LCOE 4 %
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# 32 =7 s LCOE +4 &+

- Development/Services

-L—I A = AL |
EEEEES |
EEREERNELE |
E |

[71£7z8 sgumy 594 o) b8

H]%EE |f”‘n‘ 711‘-.&%_‘ b e i | Development/
lerzs e ot | Project Management
Total Cost
roject Management
|E§w?. QIZS ge BHA 9F |
ETEEEEN |
|7|5-?3°- ‘A (Front End Engineering Desige) Study ‘
LN
[er g2 g =u | _ § (Gt GV
[Bha e wae e gx 715 | ‘ G2 YIS BHIE, LI
LMY S HCI0/MA, wT7|, HOIEA 5) B | e,
(26 st=H(g0lc 26 5 5) H|8 |
| T
A=) r=1
AATEE [a wisto mpe 2 8 2382 viE | €= RAPERO ZUIE, C,,p0=
8 EE (iri7= BaEeL, s o ’ e e

W= A R 229 20, H2
AR ZE=2lF 2ol

Turbine / Support structure

Total Cost

A A
H &5

- Array Electrical )

[ 427 Six|L| 0|2 (Grid Code, M 0{7|%) HI &

(L2 S0l 22 =g, M7 Hud) g A28
[el% sixizo|2(BEY, HA

[BHAEE 4 B E

o2
"
4a
&
ok || ok
=
]

[HvDC ®it2 vl g

- Transportation/Installation .

[F17t0 222 st Mt 9

= B =]

il
-
2
o
=
b

[ Z1AtE (S gl KAl 2 22, 7012 5) 8% o

|
[ZIZA(E R, RIRFEE, A0S 5) 25 8 |
|
|

A
| ZIAHRR(H E, [ 2EE, Alol2 5) siM g

mp

m

E G in. ,+"’u.j)+[Cf'+ CH}

= ASTANY EHIS, T.= B
ol A3oI=E SR7
HIE.d ,.;,-UI—.—?IIOIZE?IIOI%)_IE L——
21 23M0I= = 20I= jol 20l ¢r= sl AHE A L K]
HIZ2,cp= HVDCS HIZ

a
©
f‘}
e
oy
=l
Al

ulé iy
mn
1
=]
oo

Grid & Transportation /
Installation Total Cost
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erating & Maintenance

7 WHEE] SA(RLEY W 2 #2)) H|E

N
» C:) - HZ#:I s o '-"')H

|
|
Z1XPH D0l G E §F O B8 \ e
z |
|

[#zt wwickx| ®7| Hu| B8

R, €1
Kb 2 29 RAl 0122 HADEAL G, = A2t
w— = =23 KA ZetE 2= sEYHIE0 FEh =
Pz o aEo) O By 48 2018, NS 2|0 A4

H7F hA SR HEE ALS HIS
[7Iet pe| g |
[e) [e] \ i
=G Al .
U o
W g E -others | G=X.G
e = iER
[olgimsh = A |[Z78], Zelul |[spc 2aHl |
C-2 JIEH EUIE, R EH=YIIEHIE SRl As,
[oleis dmag |[ooe| | 2 M JIEHIZ
Operating & Maintenance
Total Cost
; © e
2
- Finance oo
4 n=1 (1+7')“
[Ea4E0] t2 212t 0|3 BB |
;2 28 SUIEC HMIIA, Cp = AZHOIALR
[ of HIB0) ne AZF o | H20 S8 = 218, N2 2AD| 0| D H=T
s R e} \ y
=] FH] ’g‘ -
o g
Finance Total Cost
- Annual Energy Production e Z‘} (1—d)" X 8760 X CFX Capacity— L
- i n=1 {|+J')“
[o|g g0 nj2 A7k wa | ‘
) = =9 E, = SYEE| HAMDIAlL d= A SHIE 1= E2UE,
97 HE5HH B0 e 58 At | CF= £UI0IZE, Capacity'= £HIS2!, N2 2HJIo]
- M AH O £X =Al2F
‘g}\ ar "6‘& SMEE ‘ HH4-H 1B &8 =4
1. o /
2E

Total Energy Production




ezl A ARH by 2 ARz

¥ 33 v sidEE wAdrt 248 9% AAzRA 2 AEUY
oy | AAEA e
°|&E - - Aol AN EATF LA AA FHFE AL 8
(%) * o] FE 2 ATy AA o]&ELS 30~32% T+
ol - WACCUZFSHE T AHEH]|E)S A7) AL & EFAAFEH]| & 3|ALA] 23
i;f 56 e, WA 5e wde AE T A He
? - KDI(Z=7)rd 791, 2017) AT A3 U 7]3 45% &
H A - - 20189 HHolAE& JHA : WA 20%(AZF £ 29 9 =¥ 2009 4
(%) o]s}l), A 10%
A&
o) 0 |- S AHE AAAeglo, diAed A& 10-80% 4
0
tf = o] #} )
45 |- S AAHL ARG en], Al oAE e 45~8% FF
(%/3)
A= ol A
2.3 - FH 5zt VY E B3 (skg29))
(%)
HEA &
(%) 1.0 - IRENA, BNEF, NREL % &9 A+ Ald 71& A&
(0]
v
) 25 - H FYell A AXE T E TAY]) Y ) F
-
SMP+REC
250 - 7}EH 20 HE
(21/kWh) el 20 48
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At R R
O AHANZYMHHW.) : %E+E 688~735cm, 3 695~738cm W=, nIFze 7z
7} 735cm(19974), 738cm(20041)E 7] =gt
AGF 12 (MHW.) : =& 563.8~576.6cm, 9342 571.9~591.6cm M9 S B Y

[o3

O ¥ AHAAH(AY @ %=+ 334.2~341.0cm, 932 3353~346.1cm W= F A9F
RE #S7 Sek & WskE BolA ¥
AFH T AZAMLW,) @ 9%+ 99.3~1139cm, 932 97.5~1054cm HHE R
AHAZALLW,) : %= -27~-6cm, %2 -35~-9cm HBHIE H<)

U, 24 z3EA
O %A Annual Spring Range) : Y=+ 512.6~5456cm (¥ i 567.3cm) ol o Z=x}
= Yy, 93-S 5495~570.4cm(H 7+ 557.7cm) B E UEY
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< Qe QI A 112.7~1581cm/s= 7HE w21 9]

NM = 2w =33 88.0~92.0cm/so
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714 A
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¥ 41 A- 07]B079] =7 3 ¥ v xS
= TS l-':ITHo]'‘IQI"/—;T“ @'}‘é%é? e ﬂ7] U= 37 7?%?;] X]Z]—
° (cm/s) (cm/s) (cm/s) (cm/s) (cm/s) ©) ()
Vi 49.3 29.9 57.7 56.3 125 29.7 165
Vs 209 12.0 24.1 239 3.2 29.2 60.7
Vo 74 6.0 95 9.1 2.5 38.0 214.4
A% 54 46 7.1 7.1 -0.3 40.1 186.4
ok %= 83.0 52.5 98.4 - - - -
7} Pz 70.2 41.9 81.8 - - - -
i
(cm/s) | BH=x 49.3 29.9 57.7 - - - -
B 28.4 17.9 33.6 - - - -
2. T3t S5 2 AATSH
O 3|2 74E #AFAE ol &
O Hyt F£9 85 HEFE : Weibull or Rayleigh Distribution
. . . . v k=1 v k
- Weibull Distribution @ f(v) = - (—c) exp —(—C) , k=0
. . . . v v 2
- Rayleigh Distribution @ fy(v)= -, eXD{— - (—U) }, k=0
g
O =3 F59 gEnd
- AFYFTES kst S E(GEV, Generalized Extreme Value) AF-&
- Gumbel Distribution : Azt MZE ¥
- BEIS Fv(v)=exp{—e><p{— —v;,“)}]
- GEEUESF 1 f (v)=exp(—v)exp[—exp(—v)]
O 1&xo WE F&5 X
- 71" BE5As &80l hest AS olg &&etH, 7Y dS5AET} SHA]
A9 1%E=A4(RE, Roughness Exponent)E ©]-&3lo] 1o & F5

017]/‘1, le”]' 2 U1F’]' UQTIE

7_]1-7
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: MCP(Measure—-Correlate—Predict)
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O Weibull #¥ 39 g5 =3

y=f(ala,b) =ba "z e ) fp,o0) (@)

o714, a = scale parameter, b = shape parameter

O 9 dael 9 F719 BA= Goda(2003)7F Aerdt vk 22 AAA 3 A4S
4% waste] A&
Goda(2003) A<t A : T,y =3.3(H, )"
AZVM, Hyy = e 2L, T = 19 771
g4 T, = alHys)

O =3l FA7¥(2005)0 4 B gk 1979.01 ~2003.12 7]17ke] wjA|zF & F=4kgk A&l 3} =p

O Weibull #33+59] parameter ai= 5.5610, shape parameter b= 9.6608% F4 4
ok AT ko] A
F(1-1/17)=
A7, X = AAF7], F'(1-1/7) = 7d AdF79] gart s &8s e
O 374 3714 A3} : parameter a = 0.4569, b = 1.37

Goda(2003)e] At Aol ok Fo]F7|= T.68secolH, 3|FAol o3 Fo|F7|=

N

10.66sec . & L}EF
O 50 AdF7] A Fojuhal Hp= 382m, 9] F71= 10.66sec Ak
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L
X,

Fiekd survey Quantiy | Symbot | Fieid survey: | Quantiy

\ _me |\ me \mne me | \
Oy Pyl By Prédy By By o @ o Pvow
© NB-1 NB-2_ NB-3 NB-4 NB-5 NB6, NG-7 Ng-8 NB-§

& @ o ~Fv\ o &
-1 NB-12Y NB-13 | NE-18

SRS

(a) F-QF-9% 319 (b) A= &<
I 44 AMZAE $14]

S AwAown gueiE A4REML, CL% sIAAFEESM, SP, SW-SM, GP)=
FHE AYHAFo] RESa, AYHAZ ol FaE Foeh, AgFol £
S FEEECIES

=

Fet-dd dlede] A9 243~625m Aol AwtE g
296~470m Aol e dsFSH FAVE FHAAE FF

Bottom elevation, m
NO-1 | NO-2 | NO-3 | NO-4 | NO-5| NO-6 | NO-7 | NO-8| #4 #10 #15

_]
B | MLCLCHL | oo | 555 547 | 593 | 280 | 480 | -46.0 | -39.0 | 325 | -24.3 | -390

TIE -67.0 - -57.0 | -60.5 | -32.0 | -67.0 | -57.0 - -35.0 | -27.0 -
3kt - -585 | 614 - -38.0 - -59.0 | -41.0 | -42.0 | -34.0 | -41.3
A -72.0 | -63.5 | 664 - -43.0 | -72.0 | -64.0 | -46.0 - - -44.0
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Bottom elevation, m

=]
USCS
2 NB-1|NB-2|NB-3| NB-4|NB-5|NB-6| NB-7 | NB-8 | NB-9[NB-10[NB-11]NB-12|NB-13[NB-14
3 A
Q%’EN%SLG%M -36.8|-36.0|-36.0|-29.6|-37.0|-335 | -37.5| -305| -3655| -27.8| -47.0 | -46.6 | -46.2| -42.3
ZoE | -405|-405|-430]-390] - |-343] - | - | - |-360]-510|-540]-495] -
Zareb  |-422|-540|-510|-540] - | - | - |-325| - |-445|-530|-630| - | -
9 ~46.7]-57.0|-57.0|-58.0| -41.0|-36.5|-48.0| -35.5|-41.0| -52.0| -56.0 | -69.0| -53.0| -48.0
2 9RAZ wel-dan 54 wA
o =94 54
- Avts A9 AEE E3e FHH A EE 5EAg FIdAdol & BEEA A,

¥ 44 F-9F e AAdEHASFT =24 54
U5 Amm | weo | ¢ AMebag AL | g | nGPa) | v-@ | UsCS
No-3 | 17.0~17.8 44.0 2.71 474 23.0 1.285 0.435 111 8 CL
No-4 | 17.0~17.8 40.5 2.70 439 21.9 1.156 0.409 108 9 CL
No-7 7.0~78 38.3 2.70 32.9 10.8 0.977 0.205 82 5 CL
No-8 7.0~738 38.7 2.70 31.2 13.6 1.070 0.374 83 2 CL
4.0~4.8 31.7 2.67 N.P N.P - - - 0 ML
" 6.0~6.8 30.3 2.67 N.P N.P - - - 2 ML
7.2~8.0 32.7 2.66 36.6 12.2 0.870 0.224 239 7 CL
13.0~16.0 23.3 2.65 N.P N.P - - - 8~13 SM
4.0~4.8 26.6 2.63 N.P N.P - - - 6 ML
#10 9.0~9.8 449 2.66 49.1 28.3 1.197 0.236 141 12 CL
12.0~18.0 26.2 2.67 NP N.P - - - 30~50 SM
5.0~5.8 48.1 2.69 58.6 35.8 1.313 0.489 144 4 CH
415 8.0~838 42,5 2.69 59.9 36.3 - - - 3 CH
11.2~12.0 39.7 2.69 42.4 16.7 - - - 3 CL
37.0~39.0 19.1 2.64 N.P N.P - - - 49 |SW-SM
w, @ FFH, G HF, e, ¢ 27IFH], € dEAF, P AdE s, NP non-plastic
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NES e o Atterberg 37| -

e d=(m) | w,(%) 1L0%) | PI%%) pP(kPa) | N-% | USCS
NB-1 3.0 27.3 N.P N.P - 6 ML
NB-1 | 140~148 | 431 34.9 13.0 - 4 CL
NB-1 37.5 33.3 N.P N.P - 30 SM
NB-2 52~6.0 33.1 36.3 15.0 82 3 CL
NB-3 8.0~8.8 33.3 43.3 24.1 - 0 CL
NB-4 6.5~7.3 32.7 40.1 21.3 189 2 CL
NB-5 6.0 20.8 N.P N.P - 3 SM
NB-5 85~9.3 33.8 30.7 3.6 180 4 CL
NB-5 | 1565~16.3 38.2 494 27.6 75 5 CL
NB-6 8.0~8.8 33.5 44.9 24.3 - 5 CL
NB-7 3.7~45 35.9 37.4 17.7 - 1 CL
NB-7 | 11.0~118 | 30.8 35.9 27.0 - 5 CL
NB-9 3.0 275 N.P N.P - 5 SM
NB-9 6.7~7.3 36.1 29.9 10.1 - 2 CL
NB-12 | 13.0~138 | 319 32.4 134 - 2 CL
NB-13 4.5 26.7 N.P N.P - 12 SM

NB-13 | 155~163 | 38.1 46.1 24.3 190.9 5 CL
NB-14 4.5 30.7 N.P N.P - 12 SM
Water Content, w, (%) Plasticity Index, Pl (%)
o 0 2|0 3IO 4!0 5!0 GID 1|0 1!0 2!0 3!0 ? ‘;. | 1!2 14
INERSEREE N ERNEE
B I . T Y I "7 R B R L A a4 A .
£ ' ‘TGX | £ X £ B |
59_12' ””””””””” é\ ””” l Boring‘No. 59_12— ””””” © ’:L”"’L” "2_12_”i’9”:””””%”’ Boring=No.
] : i | 3 | ® No-03 2 3 3 3 No-03
| S A AN A O No-04 Y I T T P N U NN AU S No-04
Lo ol R e - 0| 2 o
S S S S + # Py T R IS A Py A R T S #
X #10 #10
o #5 #.15
(a) 3H] (b) 24 A4 (c) N-%k
Void Ratio, e, Compression Index, C, Preconsolidation Pressure, P, (kPa)
o4 o.!s 1.!0 1,!2 1i4 1.Is °i1 o.Ez nia o.!4 o.!s 5Io 1?0 2(;0 zs!o 300
T SEURE NIRERRE
sl ,i,+,A:,A,‘l, 8_,,,,,,4“1-, A: I T A,:L ,,,,,,,,,,,,,,,,,,

3 R 3 x4 3 s ‘

f‘;“_ ”””””””””””” Boring No. fg_ﬂ_”"”J”’L”’:L ””” fo_ -’77L”’7;L ”””””””” Boring No.

a ! ! ! ! ® No03 a ! a ! @ No-03

B - -t [ I O No-04 T3 Y S Y E E I O No-04
L) oiw | SR ce »  Noas
zo_,,%,,,,i,,,,i,,,,%,,, + # P R O S R S S 4+ #
X #10 x #10
o #15 & #15
(d) zF=H] (e) F=A ) AP dsts
¥ 45 9% d9 FEZFCL, CHe 4
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Plasticity Index, PI (%)
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Water Content, w, (%)
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Undrained Shear Strength, S, (kPa)

50 16
e g:;i'r;'gll‘llx;rglie‘r;;l:s,m-d I Triaxial Test g::’tl:‘gll;l:]mf;ra:mNo-],No.a I Traxial Test 4“ i 10 20 : WI 4|0 5I0 : 60 70 80 90 I11‘m
S uscsicL """ Unconfined Test & UsesiCL """ Unconfined Test ' Boring Number : #10, #15
= = [T ! Depth : 40~ 12.04m
% o 12 i it USCS : CL, CH i
s = CEEAN]
“:5, 1 =28.3kPa % & B = @ Cone Penetration Test | |
§ W - § T B PRI N X Triaxial Test (UU) ‘
® % E? T \
© S = X
% 20 |— % ﬁ [ Mean(=338800a | 1
- - a 10 1 "':"
P 1 b} [
£ £ 4 r gk
£ 1 £ i L
5 L s i 1%
C |
0 0 I ] |
No-3 No-4 No-7 No-8 i ! ‘
14
(a) No-3, No-4 (b) No-7, No-8 (c) #10, #15
=) 2 = o=
29 47 $-9F A9 FESCL, CHe mu3au3E
i Boring Number : No-3, No-4 e Boring Number : No-7, No-8 1502 i
mmm Frequency Depthg:ﬂjl-ﬂ.jm ' mmm Frequency D:::‘g: To-tam e i P mm Frequency
——  Normal Distribution | | yscs : cL ——  Nomal Distribution | | yscs : cL 1400 i o — Nomal Distribution
- Mean () = 28.3 kPa - Mean (u) = 8.9 kPa
$D (o) =48KkPa $D (o) =16 kPa 562 kPa
cov =0471 COV =084 120.0 =022
5 5 3, 100.0
= = =
E] E] S w0
o o o
o o o
w (' w 60.0
40,0
20.0
i 0.0
12 15 18 21 24 27 30 33 36 39 42 45 3 4 5 6 7 8 9 10 M 12 13 14 15 0 8 A2 48 24 0 86 42 48 54 [0i 66
Undrained Shear Strength, S, (kPa) Undrained Shear Strength, S, (kPa) Undrained Shear Strength, S, (kPa)
(a) No-3, No-4 (b) No-7, No-8 (c) #10, #15
=] —od I} B = 2= S
9 48 Fet-9d Y9 AES(CL, CH) vl 9 = 3| ~E0d
Undrained Shear Strength, S, (kPa) 15.0
' Boring Number : NB-1, NB-2
0 10 20 30 40 50 60 70 8 90 100 - NB3. NB4, NB5, N5, ||E Frequency
0 T T T T T T T T T L NB-7, NB-9, NB-12, NB-13 || ——  Normal Distribution
| | | | | | | | | Depth :3.7 ~16.3m
o | | | | | | | | | - | uscs:cL
! ! ! ! ! ! ! ! ! | | Mean (u)=41.53 kPa
4 [l e S s e S $.0(0) =1207kPa
| | I | Q | | I | 10.0 | cov =0.291
- I I I I I I I I .
I | VAR - I )
8 e~ gl - Boring No. s
—_ ¥ S
E F 1 o0 1 1 | ®hen 3
z I | I Lo I O NB-02 e
T e e T il s I~ 1 iy
L @ | 1 |anNew :
| | | | 1 I NB-05
I L L L _L__
16 | n | | | | W [0 NB-06
T * NBO7
I I I I I I
e G e Mt S et
| | | I I I + : 0.0
r | | | | | | g NB-13 0 10 20 30 40 50 60 70 80 90
al Undrained Shear Strength, S, (kPa)
PN - 2= = 5
(@) vl = (b) HlHjFd A 8|~k 2+

Y 49 s S

[ez]
=2
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22 (Sand)

SM, SW-SM

0.063

0.265

2 E (Silt)

ML

0.016

0.178

& (Clay)

CL, CH

0.061

0.229

CL, CH

0.171~0.291

i

cov
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DECK PLATFORM M S.L_(+)15.350m - I
(DL (+)18.665m) 49_*‘“_#% " o
o = (ua i o %
HSWL o - Bl
M.S.L. (+)4.175m & = o [F clg
(DL _(+)7 490m) & 0 ==
- 2| 5ol 1
MSL o =R o =] o
M.S.L. (+)0.000m : ] gg% Sla
(DL (+)3.315m) EEE 2B « @ |
= BHE gy S g
APPROX LLW i Bl S iz 1) Sl grinded butt welds
MSL (5)3315m | 15 % = T g
(DL (+)0.000m) = : 8l 2> ge
o ! _w13 P & o o 42 grinded butt welds
o | o = % @
i iE 7
H C|= i
I Rl alo
| £z g8
Seabed o ! =
M.S.L. ()25.000m =} '
o 1 =3
(DL (-)21 685m) =] | ol
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L gle
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O Al AdsA v 2 =3
- SHAIE 2 wESE e 2 3 d7zt
(318 4499 10cm, 31§ 37+ 0.5°)
- Al As4] ¥ 0 Monte Carlo simulation (¥FE-A2F 100,000, AE %= 0.01% ©])
- GE5WHE L 7] 2 A A=A S = (COV 26.0%), WEREZHCOV 6.3%),
T35 (COV 2.0%), ZHE(COV 2.2%)
« AW FEEEE AGEE 5
O Al sl At
- ol 7 dASE 244 gt AN Ads e e
¥ 53 Rxegd A Az
- TR =g TEFR A7
FETE T aeAr (p | SAsE (7)) | AdwAr (p | HAuE (£
+9 A 3.6950 1.100x10°* 3.8462 6.000x107°
ZZ Al 3.4809 2.500x10* 3.6154 1.500x10*
2 i
= =
g 1 5 03
= E
-I:-’ Bz \ B 02 \
£ ' P;=1.100x 10+ £ N .
35 e T —— g o \H\Nwé_g__@ﬂs_
=0 | & i -

Probability of failure, Py(x 10%)

500 10500 20600 30600 40600 50600 BO500

Simulation numbers, N

(@ 9 A (THFHF T

70500

80500 50500 500 10500 20600 20500 40500 0500 BOS00

Simulation numbers, N

(b) =& Al ( 3]

70500 AN500 0500

g wEER 3317

)

x
T N\'{_"_i'\jnﬂ}iw

P‘

|

e e Pt

03

: \
i [ Py=1.500x 10+
= R I R e e e e e o e e f:_j

P;=2.500x 10+

Probability of failure, P;(x 10-3)

I
i) 10500 20600 30600

Simulation numbers, N

40500 BO500 BO500

© % A (TR $RHI)

1 -3

s I

g 52

F0500

0600 90500 500 10500 20600 30500 40500 50600 0500

Simulation numbers, N
(d) FF Al ( 34

(Monte Carlo simulation)

0800 0500 0800

gl 1

=T T JI-)

o A=A
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Z g Al
o. 2@ <Xl
O T84 72 F+rd U Az
- AHE D=10.0~5.6m, T4+ D=5.6m, st% D= 56~19.1m, 71% D=31.5m
5,600
i
_ [10,000] .
DECK PLATFORM M.S.L. (+)15.350m ) e
DL.(+)18.665 e e P
(DL.(+)18.665m) Sy g 4500
HSWL = |
M.S.L. (+)4.175m i
(DL.(+)7.490m) i
— |
MSL |
M.S.L. (+)0.000m - | it
DL.(+)3.315m N 8 =
( (+) ) o g 5,500
APPROX L.LW = g @ 4,800
M.S.L. (-)3.315m s 500 | 500
(DL.(+)0.000m) '
[ ]
2
o ARMOUR LAYER (T=500)
@ [FuteR aves 11000
L=}
Seabed o
M.S.L. (-)25.000m S — A
(DL.(-)21.685m) P 8 .
EEs I 6rao(aran)
Si30(7/30)
T wseimaon 6,200 | | 7,400 7,400 | | 6,200
S8 || | | Lo 1,200 1900 1,200
- 50/30(50/22) 31,500
R RN ey (FOUNDATION BASE)
— 32/30(43/30)
[T 1 1| 243003230
EEE - 27130(36/30)
|4~ S0/28{50421)
Z3E 1|} sorsts0ns)
71-- 50/6(50(6)
=30 : " 50I3(50/3)
+#1 506(506)
+ A+
SOT(50/T)
9 53 82 72 g AA
% 54 FEEHY Z FHA v x AXxA
T 2 FTHEAH Hub =9] T (MSL7] )
A NREL 5.0MW 90.0m -25.0m
O A=Al W 9 =3
- @A 27 ARAAE, AREE, A=A
- A A - Level II (FORM)
- HEWSE 1 2AN B9SY, W R, AuedAs, Tolsn], A, FHaE



% 55 T4 7z dAMEHEA
SHA| 73 EY HEA H| a1
9= queff -V
AXAA2 | Rupture 1 : ¢, = —;'y,beffN,,S,,.ir +py'Nysiy+ciNsd, | DNV OS-J101 (2013)
Rupture 2 : g, = 7'b, N, s,i, + c,N,5,i,(1.05 + tan’p)
A & E H< A e+ Vitang DNV 0S-J101 (2013)
1—v
o] A1y © — (= —
SRARSRS U, (4GR)V API RP 2A-WSD (2007)
X 56 TEHA 7x AFAANA FEHS
e 5t W5 A5 (COV) gEvr
7| A G e wF 19kN/m’ 0.05 Normal
uj fap 2zt 35° 0.08 Normal
e Al 122.67MN 0.29 Normal
o} 0.33 0.07 Normal
A4 ets 775MN 0.15 Normal
3 3t% (wave+rwind) 6.5585MN 0.43 Normal
o AHYNA Ast
- SteAE ZF SHAH = digh A AdsA Ay e s 2
¥ 57 T84 7z A Ay
AR A=A E A H S A2 9
sStEw T
« MPFP Q MPFP « MPFP
71 ZARE G 0.0163 18.939kN/m’ - - - -
Bl =iy 0.1148 33.7401° 0.1607 32.5365° - -
A A st 0.7556 43.0841MN 0.9224 18.7902MN -0.1836 82.124
T35 -0.6447 13.6905MN -0.3512 11.9875MN - -
HAetd Al - - - - 0.9819 46.984
X o}H| 0.0446 0.3277
AFEA G (6) 0.3981 5.8204 2.1666
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M.S.L. (+)0.000m — 8"
APPROX L.L.W o
M.S.L. (-)4.136m s
0.D.1400
W.T.50
ca
0.D.1400
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SEABED M.S.L. (-)25.000m b
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% 58 AFA FHA=xA
Design situation Power production
Wind Normal Turbulence Model(NTM) V,, < V,., < V...
Wave Severe Sea State(SSS) H, =4, .,
Wind and wave directionality Codirectional in one direction
Current Wind-generate current
Water level 1-year water level
Limit state Ultimate limit state(ULS)
Y
Sand 1 3X 10 T T T T T
7y =16kN/m® | 10m ! ! N Depth=10m
¢ =33° y 3] AR S R R ----Depth=20m |-
A ! ! ! —— Depth=30m
Sand 2 P e ——
Vo =1TkN/m° | 20m z , ! ! ! !
¢ :350 ~ 1 1 1 1 1
‘ y 15/ H S R A— O
- 2 AT I I I |
WWef s A .
Sand 3 . S : : : :
7= 18N /m® | 5 S S R
¢§ 2370 m ," --------- 1 I I ) i
0 i i i i i
0 0.05 0.1 0.15 0.2 0.25 0.3
A Displacement(m)
(a) AHEz=Z (b) p-y =71 (API, sand)
a9 55 A¥kxzA 2 py g4
A
& 59 AR AFAA GEAESF
EW S Value e
Peak response ratio A= 02929, ¢, =0.3602 Log normal
Thrust force /th:().l29 MN, COV=0.22 Normal
Layer 1 /,L71:16kN/’In3, COV=0.05 Normal
9=k Layer 2 uﬁE:l?kN/ms, COV=0.05 Normal
Layer 3 w, =18kN/m*, COV=0.05 Normal
Layer 1 n, =33 ", COV=0.07 Beta
j w7} Layer 2 1, =35", COV=0.07 Beta
Layer 3 1, =38.5 °, COV=0.07 Beta
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- AU mud linedl A AATEES] & FHUEAR A9
9= Rall_ RnRst (fw7fh7717727737¢17¢27¢3)

* 5183 W el AASHTO LRFD Bridge Design Specification® 83t 38mm= 7H4

o NHHA Az

- AHEAF(E T 29T o] of 0o MR o] F 6049307 4

6.25 | | | \ 1

| | | | |

| | | | |

| | | | |

& | | | | |
s 8N T H H T

he] | | | | |

= I I I I I
2615 - Ny~ R R I I

= N | | |

8 I | | | I

& | ‘\:\.:‘ | | |
6.1F---- S 2 %800ges o~ — — — — ae - aee ]

| | T &

| | | | ]

| | | | |

6.05 l l l l l

AR 10 20 30 40 50 60

Iteration Number

a9 56 AR AEAZsA (FORM) 2 ¥}

%510 A AHAAN AT (FEWFE AFEAS D H5e977)

Random variable Sensitivity factor MPFP
Peak response ratio -0.9916 6.5609
Thrust force -0.1204 0.1499 MmN
@49l (Layer 1) 0.0065 15.9683 kN/m?
G Z % (Layer 2) 3.85x1077 17 kN/m?
G915 (Layer 3) 4.75x10" 18 kN/m?
uj-wk#7E (Layer 1) 0.0467 31.9651 °
i -wkz7E (Layer 2) 0.0009 34.9865 °
W F-mkz7t (Layer 3) 4.38x10°" 385"
R R 6.0857
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o k22 C)

) 35~90

x 71 2AN] BAE AR AIEFBYANE EUR F4F glolH, vjRubaz

o Wolff (1989) A|er2] : ¢' = 27.14+0.3 (V) )5 —0.00054 (N, )?

o 0 .
* Kulhawy & Mayne (1990) #I¢t4 @ ¢ =tan 1[-12_2+20§(J'/[)n) e
* Hatanaka & Uchida (1996) AI<t2] @ ¢" = /20(V))g, +20

_62_

Al <k U ek ZE(0) W& A= (COV)
Wolff (1989) 35.41 0.0939
Kulhawy & Mayne (1990) 50.23 0.0505
Hatanaka & Uchida (1996) 43.86 0.1066
- AAsE
& 513 AAWA GH A& &5 (Tower bottom 3t%)

Load Case Fy Fy Frnax F, My M, Minax M,
DLC 62a 8,597 8,608 -60,691 -10,100 183,364 183,642 2,346
DLC 12 -41 15,858 -60,692 | -220917 7183 220,918 -2,670
DLC 8la 12 577 -60,760 4,239 8,087 9,130 1,301
DLC 222 116 16,300 -66,245 | -259,818 17582 260,412 271
DLC 63a 6,978 6,986 -49,452 -8,444 150,074 150,311 1,927
DLC 222 21 1,641 -60,564 -2,516 -20,245 20,401 -18,155

* AABT S T = Sl AgH SLS stsa 5 F.o HAd#t A&
(V=66,245kN)
L & B8] ARE SLS AFA F Fundl AT A8




(71 Z2-A19F DA A 5 A])
Q= stm,out + an,gmss = W, side, soil
A7V, Qo = A FHPFEH (KN)
Qipaross = 1AM A A A o] gk ddA212 (kN)
£

= H & =
I/V;nside,soil - }li}‘\__tﬂqu LHT 2 6

xD?
4

Quip, gross = (Y LN, +0.5v DN, )(

A7NA, = F FFEUAFEF KN/m’)

1714, p = A4
fo= B FAREE (KN/m?)
=z

gAY (kN/m?)

Ho
ol

=
I
Yot
lo
o
R
ft
2
E
N
=
Il
|
w
=X
Q

QZ = st:in,out + st:in,in + Qf,ip., net

Oq 7] /\1 stm out U}»%a (kN)

skm in

m(D*—d*)

Quip. net = (LN+05 tN) A
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7 (m)
7 (m)

D (O"K )tan(s) dz

L
0

J

1

N

mDf dz=Y,

i

L
0

7 (m)

f,= @9 FHrEE (kKN/m?)

>/

[

Q9 kin

1714, D

o] AAEU(AT (K =1-sing)

=T

2/3x @)

Apele] w7 (5=

5
=l

EPE!

min[Qp QQ] - W

Q =

AA A (kN)

g
;oL

}

A7IM, @ = =

A A1 (kN)

1+sing

)

1—siny

M4 (
(kN/m?)

of

1o
i+

=

Rankine
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D = AAHA A4 (m)
L = A4AW7A 4ol (m)
- Q’% 1___/|:
¥ 514 AW A7 2 AN SEEs
Hat gk / WE AT i
sEds GERY
Case-1 Case-1I Case-1II
Zade 495F (kN/m’) 25 /0.1 Normal
Ak FEGEZF (KN/m’) 85 /0.2 Normal
Wy Febzz (°) 35.41 / 0.0939 50.23 / 0.0505 43.86 / 0.1066 Normal
AAstF (kN) 66.245 / 0.1 Normal
T35 (kN) 16,800 / 0.1 Normal
- A FAdsA g Level-T (AFOSM)
o NN AR
- AW AT 29} ARE A AE Al AHAAH
¥ 515 AAWAZ 29 AW AAAE A A4 AN A}
- = A FE=X4 (B) 92 gE (Py)
Case-1 48105 753x107
Case-1I 4986 3.08x107
Case-III 49542 363x107
| D.0056 " Hatanaka & Uchida (1596)
0.0012
0.0195 B Kulhawy & Mayne (1990)
0.0014 ®Wolff (1983)
3.19E-04
0.005
UI.E Ol.t'l» DI.E DI_S 1
AAE A A4AAY gL Az
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T A E=AF (B) 93 g5 (Py)
Case-1 1.9558 2.52x10*
Case-TI 4.6653 1.54x10°°
Case-III 3.0221 1.3x10°°

= Hatanaka & Uchida (1996)

B Kulhawy & Mayne (1990)

W Wolff (1989)

T T T T 1 T T
0.8 0.6 0.4 -0.2 o 0.2 0.4 0.6 0.8 1
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S 510 AAMAY 29} A BEAT A A4 WARREA Az

R EEE

F 517 4AMAY = FHAAY ARy 2
:I_L

" AE =25 (B) a3 gE (Py)

Case-1 3.8799 5.22x107°
Case-1I 4.4534 4.23x10°°
Case-1lI 4.18% 1.4x10°

¥ Hatanaka & Uchida (1296)

B Kulhawy & Mayne (1990)

B Wolff (1989)
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