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Abstract : Reliability analysis of jacket type offshore wind turbine (OWT) support structure under extreme ocean
environmental loads was performed. Limit state function (LSF) of OWF support structure is defined by using
structural dynamic response at mud-line. Then, the dynamic response is expressed as the static response multiplied
by dynamic response factor (DRF). Probabilistic distribution of DRF is found from response time history under
design significant wave load. Band limited beta distribution is used for internal friction angle of ground soil. Wind
load is obtained in the form of thrust force from commercial code called GH Bladed and then, applied to tower hub
as random load. In a numerical example, the response surface method (RSM) is used to express LSF of jacket type

support structure for SMW OWF. Reliability index is found using first order reliability method (FORM).

Keywords : Offshore Wind Turbine, Wave Load, Wind Load, Reliability, Failure Probability, Limit State Function,
Support Structure, Jacket, Foundation, First Order Reliability Method(FORM), Response Surface

Method(RSM)
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Table 3. Design environmental condition

Operating condition  Parked(Idling)

Significant wave

height, 4, 74 m 50 year return
Peak spectral 15.19scc  JONSWAP spectrum
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. CLASS II, Y74 %
Mean wind speed 42.5 m/sec (1,):0.12
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Fig. 15. Dynamic response of support structure at mud-line.
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Table 4. Mean and standard deviation for the lognormal distribu-

tions.
A g
H—o -0.2792 0.3843
U -0.2929 0.3602
H+O —0.2965 0.3407

Table 5. Distribution of random variables
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Random variable Symbol Value Distribution
Peak response ratio R, Ag, =-0.2929, Cp =0.3602 Log normal
Thrust force iy by, = 0.129 MN, COV =0.22 Normal
Layer 1 % #,, =16 kN/m’, COV =0.05 Normal
Effective unit weight B 3 B
of soil Layer 2 % My, =17 kN/m’, COV =0.05 Normal
Layer 3 % #,, =18 kN/m’, COV =0.05 Normal
Layer 1 & Hg, =33°, COV=0.07 Beta
Internal friction _ g0 _
angle of sand Layer 2 o My, = 35°, COV=0.07 Beta
Layer 3 & Hg =385°, COV=0.07 Beta
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Table 6. Sensitivity factors and most probable failure points

Random variable Sensitivity factor MPFP
R, -0.9916 6.5609
f -0.1204 0.1499 MN
% 0.0065 15.9683 kN/m’
% 3.8495¢-7 17 kKN/m’
% 4.7536e-10 18 kN/m’
&, 0.0467 31.9651°
o 0.0009 34.9865°
&, 4.3865¢-7 38.5°
Reliability index, S 6.0857
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