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Abstract

In this study, a new damping correction factor is proposed to provide accurate design response
spectrum. Proposed response spectra show good agreement with those by time history analysis (THA) for
both low and high damping ratio. The seismic load of wind turbine tower based on response spectrum
method (RSM) is also presented and compared with those by THA. Torsional moment is calculated from
acceleration at the top of tower evaluated by RSM and correction coefficient in the formula is proposed by
systematic analysis. Moreover, seismic load at foundation is evaluated by Sway-Rocking (SR) model. The
quantile value in response spectrum is determined as 0.85 to ensure the reliability level by the calibration
with THA currently used for evaluations of seismic load on the wind turbine support structures. The

seismic load predicted by RSM is verified by comparison with that by time history analysis.
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Table 1 Acceleration response spectrum parameters'”

amsd| Po | Kt | K2 | Ta) | Tem) | Tots)
3.2 25 1 1 0.16 | 064 | 3.0
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Table 2 Numerical model and scheme'”

Dynamic analysis Newmark-beta method (B=1/4)
Eigenvalue analysis Subspace iteration procedure
Element Type Beam element

Formulation Total Lagrangian formulation
Damping Rayleigh damping

Time interval AT =0.02sec

Integration time Tinax =120sec
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Fig. 1 Wind turbine models
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Table 3 Description of wind turbines and footings

Table 5 Structural properties of SR model
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Rated power(kW) 500 2000
Rotor diameter(m) - 203 83 Mode ¢;%)  T;(  m[/m 2m;[m
Tower height(m) _ 42 67
Rotor and nacelle mass(kg) 29650 112000 1 0.5 1.947 0.088 0.088
Tower mass(kg) 36089 165100 25
Tower top diameter(m) 1.24 2.34 2 ' 0244 0.023 0.111
Tower top thickness(mm) 10 13 3 74 0.082 0.027 0.138
Tower bottom diameter(m) 211 4,23 4 12.1 0.055 0.857 0.995
Tower bottom thickness(mm) 25 35
First mode damping ratio (%) 0.5 0.2 Table 6 Structural properties of FF model
Second mode damping ratio (%) 2.5 2.5
Footing width (m) 10 16 Mode &;(CR) T myfm D.m;[m
Footing mass (kg) 397860 1551170 .
Stiffness in the sway direction (N/m) 5.27%10° | 8.98x10° 1 05 1.947 0.629 0.629
Stiffness in the rocking direction i 1
(Nm/rad) 1.36x10 5.82x10 2 2.5 0.244 0.143 0.772
Damping in the sway direction (Nsec/m) | 1.11x10" 1.88x10" 3 74 0.082 0.057 0.829
Damping in the rocking direction n 1
(Nmsec/rad) 1.46x10 6.40x10 4 15.6 0.039 0.032 0.860
1
Table 4 Parameters of soil'”
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2. 57 1.8 340 720 Sand E | —=lstmade ;
Zoat ——2nd mode
3 10.0 1.7 280 720 Clay —e1rd mode 7
4 17.4 1.9 -380 1980 Sand o L==—dthmode , .
: -L5 -1 0.5 0 0.5 1 LS
- 2.1 1 1980 R
Bedrock - 310 ock Modal Participation Function
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Fig. 2 Modal participation function of 500kW wind turbine
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by THA and proposed formula
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Fig. 6 Comparison of acceleration response spectrum
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Fig. 8 Vertical profiles of shear force and bending moments
by THA and RSM for two wind turbines
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Fig. 9 Contribution of each mode to shear forces

at the footings of 500kW and 2000kW wind turbines
Table 8 (Zid Eurocode &=LV FEMLIm 7 —
F o 7B HRAMS LT E— A v OFRIREE
Y. REUBEMEREE Az Eicky,
e — Ay FPOFHMERESKE <@ EL TS,
Table 8 Prediction errors (%) at the footings (y=0.5)

Q ooting M fooring
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Eurocode -6.4 2.0 -24.9 - -199
Proposed 1.2 4.1 -1.8 25
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(c) Shear forces at the footings
Fig. 11 Comparison of seismic load by THA and RSM for
for 500kW and 2000kW wind turbines
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