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ABSTRACT: A religbility analysis of the gravity-based foundation of anoffshore wind turbine was performed by considering the uncertainties of
the design variables, including environmental loads. The limit state functions of the gravity-based foundation were defined using the response
limits of the support structures suggested in the DNV standard. The wind load couldbe obtained using the GH_bladed software, and the wave
load was calculated using the Morison equation. Then, the extreme distributions of the wind and wave loads were estimated by applying the peak
over threshold (POT) method to the wind and wave load data. The probability distribution characteristics of the soil properties were defined with
reference to a southwest coast geotechnical survey report. The reliability index was evaluated for each failure mode using a first-order reliability
method.
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Table 1 Super-structure and foundation characteristics

Table 2 Turbulent wind field definition

Capacity 5 MW
Rated wind speed 11.4 m/sec
Turbine Hub height 94 m
Roter diameter 126 m
Nacelle-rotor weight 4 MN
Tower weight 35 MN
Type Gravity type
Base Diameter 235 m
Weight (Caisson, Fill) 70 MN
126m, 3B %ol= 94meolr, T &F2 5MWell si8sh= 5

g2 7z s4FY FEEoIth

35 ElW1e] #)-¥-2 National Renewable Energy Laboratory
(NREL) 5MW Z=EINIS Ads =E 3FH 2™ (Jonkman et
al, 2009), o’ FEE gk AR AR Table 13 2o
(Peire et al., 2009).
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Fig. 6 Estimated distribution of peak response for thrust force

Mean wind speed 11.4 m/sec
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Table 3 Irregular wave definition

Significant Wave Height 74 m
Peak period 15.19 sec
Peakdness 33
Current speed 1.182 m/sec
Duration time(1set) 600 sec
Spectrum type Jonswap
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Fig. 7 Shear force time history
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Table 4 Results of regression analysis

Symbol Value Goodness of fit

a 14.99 SSE : 1.813

R-square : 0.9998

b 1184 RMSE : 04761

4.3 EEHs

2ok Hahe AAY AFe] BT 0 WpojRze) 3
2 19kN, 35°2 7HY8iith. ERA o] FEUTALS Mg
siQk AukEA A3 B9IFY WRubEzte 7 7 2~14%,

3~10% <] BME et lof 35 He WellA 5%2 8% =
7YASHATE tiREe] AW M= 5571 obd 54 WY
£ 73 9lor, dutE o Z Ul R ARSE AL QiTh O
2L} DNVoA= ER Aol i3l atgta Agto] AallA Sl
Beta X & dA3I 7] W&ol Beta ¥XE FHF3IATH
(DNV, 2012). 41873 a4l AH&H F28t59] 2554 (Kisse
and Lesny, 2007) 3! POT ¥l ofs] 44 s, 12
T AHbg Sl tigk #8845 Table 59 A2lsk5th

44 A=Y s 32
A TR AA

1), @ 2] Rupture
A= sfiA oA 7Y

(13)

A7 3150l M Fag AANGE 1
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AA g ag YRS
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Table 6 Result for reliability analysis using FORM

Random Bearing capacity failure  Sliding failure
variable a MPFP a  MPFP
~y 0.0054 18.9750
¢ 0.0026 349746 0.0061 34.9312
|4 0.9846 214148 09958  9.8682
H,ype -0.1745 6.3071 -0.0918  6.0587
Hying -0.0080 08337  -0.0010 0.8335
I?Egzgfli;y 48999 5.8426

Table 7 Values of acceptable annual target reliability index

Less Serious Serious

of FAGEHTT= A (1499 2ol 74 &+ Uth Class of failure
consequence consequence
G =A et Viang—H (14) I. Redundant structure 3.09 3.71
II. Significant warning prior to
7t gyl m e AHolw 3A|A e wlel =32 FAEY occurrence of failure in a 371 4.26
PZol thel) A NS s on, T A 7 A nomredundant structure
3 T Al ()2 FAHMPFP) 181 93 REE % III. No warning before the
A4 Table 63 2t} occurrence of failure in a 4.26 475
saol HAE AR BUE 5 dE Ak Agg dwn _ "orredundant structure
Table 5 Characteristics of random variables
Random variable Symbol Mean Ccov Distribution
Unit weight of sand [kN/ m’] % 19.0 kKN/m’ 0.05 Normal
Internal friction angle of sand [deg] 1) 35° 0.08 Beta
Vertical load [MV] %4 775 MN 0.15 Normal
Wind Hyina k = -0.1813, ¢ = 0.0076, x = 0.8307
Horizontal load [A/V] Weibull
Wave H, k= -0.0839, ¢ = 0.5844, ;, = 54725

wave
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