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Comparative Analysis on the Design Conditions for Offshore Wind Power
Structures in the Coastal Sea of Korea

SEH - A

Dong Hui Ko*, Shin Taek Jeong**, Hongyeon Cho*** and Keum Seok Kang™****

<) . L X
ZZ o wkx 7(]-‘:' _-}****

FAEASH ek TS W )
Oﬂ% *é AAHIZE §loLt, oH*%ﬁt'E‘ %011 f& #ilol L%EM Sé‘j&{ A
ABS(2010, 2013)9} TEC(2009)0l14] AlFsl= AAl 7ES olgste] +

Zi%ﬁl A=A e ARSI g Oﬂ 47 AH (A, HeMOSU 13, B3, A159)9] sjdx1< /\]~9~o]—0ﬂ u}

F

ﬁ
rlr
u}
Jo
st
JB

~

W5} sjelE, AMHEEN 7RSSl thajo] 48Ty, 2 A, AEo] AT el B 2 WE
**W%ﬂlﬂiéﬂﬂ%%éﬁ%%Pﬂ-mmhroT~w§oV“ﬂﬂ%§}€4iﬂfﬁ$:ﬂ$ﬂpbﬂ Wy
[e]

: S5 AFE FRE YaiaE ABS(2010, 2013) 100 WX AAVES Aga= A
v gk Zlow J%‘%‘El‘}iu}. 8, IEC 75 B1ES] &) oist 387} wEstal, ABS 7152 WSD A
olmg S Aol = Level 1 A1 AN E4jo] Fostd, =] vzl 315 sbaol digt $A4 5
A mEEte] AAWNAHAS AAste A% FQ st}

=
HARO  SAFEY PRE, FA5I8HA s, ABS, [EC, A2 % A4, A 2

Abstract : Offshore wind power structures are subject to coastal hydrodynamic loading such as wind and wave loads. A
considerable number of turbines have been installed in Europe, but so far none in Korea. Interest in offshore wind energy is
growing in Korea, and it is expected that projects will reach the design stage in the near future. This paper discusses the level
of structural reliability implied by the design rules of ABS(2010, 2013) and IEC(2009). Metocean conditions in 4 Korean
seas(Gunsan, HeMOSU 1, Mokpo, Jeju) were used in the calibrations to calculate the aerodynamic and hydrodynamic
loads as well as the structural responses of the typical designs of offshore wind turbines. Due to the higher variability of the
wind and wave climate in hurricane-prone areas, applying IEC strength design criteria in combination with Korea west sea
conditions could result in a design with much lower reliability index than what is anticipated from a design in European
waters. To achieve the same level of safety as those in European waters, application of ABS 100 year design standards are
recommended. Level-1 reliability-based design suitable for the Korean sea state conditions should be introduced because
the IEC standards does not consider the typhoon effects in depth and the ABS standards is a WSD design method. In
addition, the design equation should be established based on the statistical characteristics of the wind and wave loads of the
Korean sea areas.
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Table 1. Safety Factors for ABS and IEC/ISO Design Criteria

ABS IEC 61400-3 / ISO 19902

Load Type Normal* Abnormal**  Normal Abnormal
ES. ES. 7 4 Ve

Bending 1.50 1.25 1.05 135 1.05 1.10

*Normal design cases are expected to occur frequently within the
lifetime of a turbine

** Abnormal cases usually correspond to design situations with

severe faults that result in activation of system protection functions



Table 2. Definitions of Random Variables
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Characteristic

Variable Definition Distribution Ccov Value

Fy Normalized critical bending strength Lognormal 5% 5-percentile value 1.13
X, Model Uncertainty of material strength(resistance) Lognormal 8.5 % Mean value 1.11
Vags Normalized annual maximum wind speed(100-year return) Gumbel Table 5 99-percentile value 1.0
Vige Normalized annual maximum wind speed(50-year return) Gumbel Table 5 98-percentile value 1.0
X, Model Uncertainty of aerodynamic load Lognormal 10 % Mean value 1.0
Kayn Model Uncertainty for dynamic response to turbulent wind Lognormal 5% Mean value 1.0

T Normalized response to turbulent wind Gumbel 10 % Mean value 1.0
Hps Normalized annual maximum wave height(100-year return) Gumbel Table 5 99-percentile value 1.0
Hize Normalized annual maximum wave height(50-year return) Gumbel Table 5 98-percentile value 1.0
X, Model Uncertainty of hydrodynamic load Lognormal 10 % Mean value 1.0
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Fig. 1. A map of four calculation stations in the Korean west and
south coast(Gunsan, HeMOSU-1, Mokpo, and Jeju).

Table 3. Coefficients of Variation(COVs) for wind and wave
parameters

COV of Normalized

COV of Normalized

Location Annual Maximum Annual Maximum
Wind Speed Wave Height

North Sea 0.120 0.120
GoM 0.250 0.250
Atlantic 1 0.400 0.500
Atlantic 2 0.310 0.230
Atlantic 3 0.220 0.290
Atlantic 4 0.280 0.350
MA site-specific 0.400 0.450
TX site-specific 0.530 0.470
Gunsan 0.300 0.120
HeMOSU 1 0.340 0.150
Mokpo 0.350 0.130
Jeju 0.320 0.410
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Table 4. Characteristic values for random variables

Random 5 3 . .
Variables Vass Viec Hyps Hirce
Value Characteristic
U - 0.763 - 0.763
North Sea o - 0.090 - 0.091
cov - 0.120 - 0.120
u 0.560 0.607 0.560 0.607
GoM o 0.140 0.152 0.140 0.152
cov 0.250 0.250 0.250 0.250
U 0.444 0.491 0.389 0.436
Atlantic 1 o 0.177 0.196 0.195 0.218
cov 0.400 0.400 0.500 0.500
u 0.507 0.554 0.581 0.626
Atlantic 2 o 0.157 0.172 0.134 0.144
cov 0.310 0.310 0.230 0.230
U 0.592 0.637 0.524 0.571
Atlantic 3 o 0.130 0.140 0.152 0.166
cov 0.220 0.220 0.290 0.290
u 0.532 0.579 0.477 0.524
Atlantic 4 o 0.149 0.162 0.167 0.184
cov 0.280 0.280 0.350 0.350
7 0.444 0.491 0415 0.462
MA site-specific o 0.177 0.196 0.187 0.208
cov 0.400 0.400 0.450 0.450
u 0.376 0.421 0.404 0.451
TX site-specific o 0.1991 0.223 0.190 0.212
cov 0.530 0.530 0.470 0.470
U 0.515 0.562 0.729 0.765
Gunsan o 0.155 0.169 0.086 0.091
cov 0.300 0.300 0.120 0.120
u 0.486 0.534 0.683 0.723
HeMOSU 1 o 0.164 0.180 0.101 0.107
cov 0.340 0.340 0.150 0.150
U 0.477 0.524 0.705 0.743
Mokpo o 0.167 0.184 0.094 0.099
cov 0.350 0.350 0.130 0.130
u 0.499 0.547 0.440 0.487
Jeju o 0.160 0.175 0.179 0.198
cov 0.320 0.320 0410 0.410
%3 795t 2 Gumbel 3E0] BAWS BAS 22 SFATH Jeong et al., 2010 ; Nowak and Collins, 2000).
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Table 5. Reliability index, £ for normal and abnormal conditions under wind loads

Wind

Location State  North Sea GoM Atlantic 1 Atlantic 2 Atlantic 3 Atlantic 4 MA  TX Gunsan HeMOSU 1 Mokpo Jeju
ABS Normal - 3448 3259 3353 3512 3396 3259 3.158 3361 3321 3304 3337
(100yr)  Abnormal - 3.147  3.008  3.077  3.1943 3109 3.008 2946 3.082  3.053  3.039 3.064

IEC Normal 3.547  3.093 2902 2997  3.157  3.042 2902 2818 3.009 2965 2945 2982
(50-yr)  Abnormal  3.064 2774 2.634  2.699 2781 2720 2626 2576 2.698 2669  2.654 2.679

Table 6. Reliability index, S for normal and abnormal conditions under wave loads

Wave

Location State North Sea GoM Atlantic 1 Atlantic 2 Atlantic 3 Atlantic 4 MA TX Gunsan HeMOSU 1 Mokpo Jeju
ABS Normal - 3436 3168 3473 3.36 3328  3.193 3.183 3932 3758  3.832 3246
(100yr)  Abnormal - 3157 2956 3.161 3005  3.041 2978 2969 3.504 3.375 3429 2995
IEC Normal 3547 3092 2852 3157 3024 2947 2876 2865 3557 3402 3476 2891
(50-yr)  Abnormal ~ 3.071 2774 2581 2774 2714 2661 2603 2593 3.068 2.965 3016 2616

Reliability Index for Normal Conditions under Wind Load

T

£

24

(=%

a [ L] - n " [ ] [ ] ] [ ]
23 5 & e O]
2 ® ABS (100yr)

52 o IEC(50yr)

% —IEC(50yr North Sea)
(74

GM A1 A2 A3 A4 MA X GN H1 MO Ju
Location on the US and Korean seas

Reliability Index for Abnormal Conditions under Wind Load

T

£

24

(--§

5 | |

E 3 fe) -

> o m ABS (100yr)

T2 o IEC(50yr)

% —IEC(50yr North Sea)
€ GM Al A2 A3 A4 MA X GN H1 MO Ju

Location on the US and Korean seas

Fig. 2. Reliability index, for wind loads.

Reliability Index for Normal Conditions under Wave Load
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Fig. 3. Reliability index, for wave loads.
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Table 7. Partial safety factors for 50-year return period hydrodynamic loading

NG Location \ih Sea GoM  Atlantic] Atlantic2 Atlantic3 Atlanticd MA TX Gunsan HeMOSU 1 Mokpo Jeju

Wind W 099 102 103 103 102 102 103 103 102 103 103 103
n

% 145 162 175 168 158 165 175 18 167 170 171 1.69

w W 099 102 104 102 102 103 103 103 099 100 099 103
ave

% 140 159 181 157 164 170 177 179 140 145 143 174

Table 8. Partial safety factors for 100-year return period hydrodynamic loading

Lo ST Location 5 N Adantic]  Atlantic2  Atlantic3  Atlanticd MA  TX  Gunsan HeMOSU I Mokpo Jeju

Wind % 102 1.03 1.02 1.01 102 103 1.04 1.03 1.03 103 1.03
1n

% 152 162 1.56 1.49 154 162 168 1.56 1.58 159 1.58

w 7 102 1.03 1.02 1.02 103 103 1.03 099 1.00 100 1.00
ave

% 150  1.66 1.48 1.53 158 164 165 135 139 137 161

173 7 elofl A F3) Q1qhe] AlF]| = A= 3.0630.= A
% TKTable 5). IEC/ISO 718 21-8-5h= 735 A== A5 A}
o= wl=r Ak 77l XA of|A] —0.263 ~—0.495, =1 <1t 47)
AT} 20)= —0.365 ~—0.409% 27| AP w0} oIA] A7}
Sh= 718 oF 5= 9ltk WhH ABS(2010) 2A17 152 243l
785 ml= AE ) A Aoli= -0.117 ~0.131, $h= A%t 4
7N 273} 2pol= —0.024 ~-0.019%2 AP %] ABS(2010) A7)
715 A8k o] Bhdsitte 2s o 5 ok

sl thate] A delelr Eal <Igke] AR T X452
= 3.547% A % 9l tK(Table 6). IEC/ISO 7]5& %83l
79, Fall b A wl= At 7l A A AlE % A4 2
O] —0.423 ~—0.726, 3= 219t 47l A 3} 2Jol= —0.664
~0.002% APg =] 2lF =7} Gohs 21E & 4 QM) &, 50
W W% B2 E S8k A9, AF =Tt oIt

Hhd el ABS(2010) AAI7)58 245t A3} v]= ALt 7
7N A7) AR E 2|4 2P -0.066 ~ -0.366, =1 A%t 4
7N 73} 2Fol= —0.309 ~ 0.3774% AP Ho] AL} %
w SAY Atk e 4k S, 100 RIS vkt
25 @gsto] Ak A9, AlF= Zol7} niw|stAY, +
2k, HeMOSU 1, 532 2|3 9] 79+ AlZ =7 AXIth

07l Fall Agke] AR A= 3.0712 2Hg s
A tH(Table 6). IEC/ISO 71F-& A-83h= A5 vl= <1k 771
A3} AF| T 2|9 ZO|i= —0.287 ~—0.494, 3= <19k 47)) #|
A2} 2poli= -0.452 ~ 0.0 ZHA| AP E o] 2= =7} Stk A
S & 49Utk F, 509 HE viERe s g8shs A1, AlE
T} Gobnt ABS(2010) AV 1S A8k A5 vl A
Sk 770 AR AF| T A5 2ko]= —0.115 ~0.108, $H= A%
47 A3} 2ol —0.073 ~ 04360 = AP o] ABS(2010) A
A7EE Agehe Zlo] etk 2E & 7+ A

o7 A ANERE HF] FIFS W= ) sl
AP EHRls AXsh= 79, IEC/ASO 7| 483}
W AP welRlER ] ARgo]  Erbseirh Wb

ABS(2010) AV 155 A8k A5 2B EE S 5 3l
O}, o] WS 38 HAAA ol <Ak o=
& 2 AAe] d ™ol Hastt
Joint Committee on Structural Safety(JCSS, 2001)2}
Germanischer Llyod(GL, 2005)°14 AASH= A=E 7153107
B oM AT A g=3.72(5 % E, 107 7]
FO 7 FHPAATE AFYsISlT. 504 2 1009 W= sl
of] th&t FEekd Al AP )= Table 7, 8ol 212+ AAIBISIT
A E BEQEAAG= Level 1 A13A AAMH o2 A5}
7, 2 (2), @ell tijdste] FERTFEL 58X E A
AUtk o] ¢ AAME o] Hik vk &HE 8- gt

A)&kaL Ut

¢

R
(TSN
do 4 4

ofs

6. 48 % EQf

50 RIS 355 9 9a1E ARgShe IEC 7155 B1Ee] 9
kS Hh= u]= o] 770 %] 73(Gulf of Mexico, Atlantic 1, 2,
3, 4, Massachusetts offshore, Texas offshore), = A2} 4
7} A7 Ak, HeMOSU 1%, 23, A1F)0] tiato] 283
Az}, A= % K57 G APYETh REA 100 R =X
s AHEBR= ABS(2010, 2011, 2013) 712 283k 4
S, T3l gkt fARS ANFE AL AR E) = elEe]
FES e o] A9 100d RIE T2 T4 2 guE
ARESR= Zlo] vl AlsIt $H DNV(2010), GL(2005)0114]
wast Vs BlE] s Wi X el e A

roy

A& e E Bop AFshA H2d 2s Fwska sl
u]= ABS(2010, 2011, 2013)= v]=r Q1< s oA Ay
sk HSO 93 18T 5 ol ulo] 23, 24

S dEEutdg Wl A AAV|ES AL )

Aol A ml= 7l 9 S 1ok ) RS tPdo® Al
% X522 E A ABS 71322010, 2011, 2013)°] IEC
71520090114 AAISE S EES tAl = REeE 21s 211

o
32



sigict. whebA] vl gl gigslsoel] tish A7 17 sodo] of
100 HIEE ARE-Sh= Ao 4 W& ﬁii A

IEC 7]5(2009)2 ef&2] H3S B
i, ABS 7] WSD éjjﬁlb,‘jﬂ | S
Level 1 A4 AANE E9)shs Zosh, 5 sk
3lg(wind, wave 5ol tist A4 5438 1efste] A
7 2] (design equation)S A7 3}= Zlo] F 23t}

INCE

H 3= X213 A 7]e8AA1g 0l «Aydal] 2.5GW S
g 7 13 AT A EHIRLE:20113040020010)79F
F|okol =] W zFlo] L7 & kARl «gjoko L] ®] AE Q)
& FIARI @AM E:20110020)72) A$HO R e R T

rot

!

0

American Bureau of Shipping(ABS), (2010). Guide for Building
and Classing Offshore Wind turbine Installations.

American Bureau of Shipping(ABS), (2011). Design Standards for
Offshore Wind Farms.

American Bureau of Shipping(ABS), (2013). Guide for Building and
Classing Bottom-Founded Offshore Wind turbine Installations.

American Petroleum Institute(API), (2007). API RP 2A-WSD:
Recommended Practice for Planning Designing and Construct-
ing Fixed Offshore structures —Working Stress Design, 21st Edi-
tion (with Errata and Supplement in 2002, 2005 and 2007).

Det Norske Veritas (DNV). (2010). OS-J101 Design of offshore
wind turbine structures.

Germanischer Llyod (GL), (2005). Guideline for the certification of
offshore wind turbines.

o) AAZ7 B WA 31

International Electrotechnical Commission (IEC), (2009). IEC
61400-3: Wind turbines - Part 3: Design Requirements for Off-
shore Wind turbines.

International Organization for Standardization (ISO), (2007). ISO
19902: Petroleum and Natural Gas Industries - Fixed Steel Off-
shore Structures.

Jeong, S.-T., Ko, D.-H., Park, T.-H., Kim, J.-D. and Cho, H.-Y,,
(2010). Development of Reliability-Based Design Program based
on the MATLAB GUI Environment. Journal of korean society of
coastal and ocean engineers, 22(6), 415-422 (in Korean).

Joint Committee on Structural Safety (JCSS), (2001). Probabilistic
Model Code Part 1 - Basic of Design.

Ko, D.-H., Jeong, S.-T., Cho, H.-Y. and Kang, K.-S., (2014).
Extreme Offshore Wind Estimation using Typhoon Simulation.
Submitted to Journal of Korean Society of Coastal and Ocean
Engineers. (in Korean).

Korea Ocean Research & Development Institute(KORDI) (2005).
The report of estimation for deep-sea design wave in Korean
coastal seas II. (in Korean).

MMI Engineering Inc., 2009. Comparative Study of OWTG Stan-
dards. Comparative Study of Offshore Wind Turbine Standards
JIP Report.

Nowak, A.S. and Collins, K.R. (2000). Reliability of Structures,
McGraw Hill.

Yu, Q., Samuelsson, L. and Tan, P., 2011. Design Considerations
for Offshore Wind Turbines in US Waters - the American Way.
Offshore Technology Conference (OTC), Houston, Texas, Paper
No. OTC 21870.

A1A5d: 20149 1€ 30Y
FARAEAN: 20143 2€ 13Y
AAZAA: 20149 29¥ 262



3 TEF - A -

Appendix A. BZZ (percentile)d} M
(lognormal) &3 gt~ A 3 HFHK| tUﬂ

FEHT X0 AT n(X)7F g SERE AT,
X9 FEEIE U5 (lognormal)it-¥2} 3, FEU T

= 2l a=
8+<=(PDF) 4 EAJ X+ Table A13} 2o}

Table Al. Properties of longnormal distribution

ercentlle)J—} Gumbel &
HFEEX 2

(

1=

Gumbel 237 = “(PDF), 74 #x3

1l EX %= Table B13} 2t}

<+(CDF)

mqm
fu
F
d

Table B1. Properties of Gumbel distribution
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