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Seismic Fragility for SMW Offshore Wind Turbine using Pushover Analysis
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ABSTRACT: Seistric fragility curves for an offshore wind-turbine structure were obtained. The dynamic response of an offshore wind turbine was analyzed
by considering the nonlinear behavior of layered soil and the added mass effect due to seawnter. A pile-soil interaction effect was considered by using nonl-
inear p-y, t-z curves. In the analysis, the amplification effect of ground acceleration through layered soil was considered by applying ground motion to each
of the soil layers. The vertical variation in ground motion was found by one-dimensional free-field analysis of ground soils. Fragility curves were deter-
mined by damage levels in terms of tower stress and nacelle displacements that were found from static pushover analysis of the wind-turbine structure.
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Fig. 3 NREL 5SMW Baseline wind turbine

Table 1 Tower properties

Base diameter 6m
Base thickness 0.027m
Top diameter 3.87m
Tip thickness 0.019m

Density(effective) 8500kg/m’

Young's modulus(E) 210GPa
Yield stress 408MPa
Tangential modulus 763MPa

Table 2 Mass of superstructure

4. glx_ilsH &.! Rotor Mass 110,000kg
Nacelle Mass 240,000kg
4.1 SHAMCIAF Do Ol X|HE2A Tower Mass 347,460kg
AR Ho= sl14 o 222 NREL(National renewable energy Blade Mass 17,740kg X 3EA
Table 3 Natural frequencies of the turbine with tower(Hz)
Mode FAST ADAMS ANSYS Description
1 0.3240 0.3195 0.3373 1st Tower Fore-Aft
2 0.3120 0.3164 0.3354 1st Tower Side-to-Side
3 0.6205 0.6094 0.5943 1st Drivetrain Torsion
4 0.6664 0.6296 0.6184 1st Blade Asymmetric Flapwise Yaw
5 0.6675 0.6686 0.6435 1st Blade Asymmetric Flapwise Pitch
6 0.6993 0.7019 0.9692 1st Blade Collective Flap
7 1.0793 1.0740 1.0341 1st Blade Asymmetric Edgewise Pitch
8 1.0898 1.0877 1.0471 1st Blade Asymmetric Edgewise Yaw
9 1.9337 1.6507 1.6431 2nd Blade Asymmetric Flapwise Yaw
10 1.9223 1.8558 1.7577 2nd Blade Asymmetric Flapwise Pitch
11 2.0205 1.9601 1.8334 2nd Blade Collective Flap
12 2.9003 2.8590 3.3457 2nd Tower Fore-Aft

2.9361 2.9408 3.0913

=
(O8]

2nd Tower Side-to-side
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Table 4 Frequencies analysis result

Mode Freq.(Hz)
1st Fore-Aft 0.234
1st Side-to-Side 0.233
2nd Fore-Aft 1.406
2nd Side-to-Side 1.515
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Table 5 Model case and Risk criterion

Loading plan Description Criteria

A - Different motion at SY  Yielding Stress  408MPa
each support SA Allowable Stress 204MPa

B : Surface motion to DY  Yielding Disp.  4.30m
all supports DA  Allowable Disp.  2.04m
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Table 6 Median and log-standard deviation

Case median(g) log-Std.(g)
SY 0.6925 0.6408
A SA 0.4473 1.0404
DY 0.6169 0.6071
DA 0.5238 0.8411
SY 1.0436 0.5799
B SA 0.8271 0.9509
DY 1.0436 0.5799
DA 1.2466 1.3902
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