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Fig. 2 The calculation model for the soil-foundation-wind turbine supporting system
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Table 1  Calculation parameters of the soil-raft foundation-structure system

model parameter symbol value unit
mass mg,i = 1~5 60 000 kg
stiffness k;,i=1~5 180 000 N/m
superstrucue height hy,i=1~5 3.5 m
moment of inertia l;,i=1~5 245 000 kg+m?
width d 3.0 m
foundation mass mg 120 000 kg
moment of inertia I 490 000 kg-m?
mass density P, 1700 kg/m’
soil Poisson’ s ratio v, 1/3 -
shear velocity V, 150 m/s

K2 RHEERN S VTR S HORR Y S R e 2R AR

Table 2 The coefficients of springs and dashpots in the Chebyshev nested LPM for the raft foundation

coefficients Aoy Ay Ay Yo Y1 Y2
lateral 1.000 -33.291 - -0.795 1.184 -
rocking 1.000 149.490 -3.617 -0.745 1.786 -1.272
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Fig. 7 Normalized impedances of the 3X3 pile group foundation
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Table 3 The coefficients of springs and dashpots in the nested LPM for the 3X3 pile group foundation

coefficient A ;

/\0 /\] AZ )‘3 )‘4 /\5 /\6 /\7 AS AQ /\10 )‘1] )‘12

lateral 1 75.19 -0.707 0.621 1.41 - - - - - - - -
rocking 1 -0.508 8.68 -0.270 -3.90 4.56 0.985 -0.118 0.284 0.0240 -0.0492 0.001 51 -0.001 51

coefficient y;

Yo Y1 Y2 Y3 Ya Vs Ye Y7 Vs Yo Y10 Yu Yi2
lateral 0.17 225 -0.290 249 -3.27 - - - - - - - -
rocking 09 -1.38 135 -2.77 3.78 -2.66 1.61 -0.259 0.385 0.0513 -0.126 0.000 20 -0.168 9
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Fig. 8 Acceleration responses at the top of the wind turbine
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M(Nﬁ+.‘vh+w'r+z)x1 = { (msi).‘\"\xl , Myt zmsn Othl , zmsihi’ ON‘_x] } .
’ h i=1 i=1
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A Modeling Method for Soil-Foundation-Wind Turbine
Seismic Analysis Based on Foundation Impedance

WANG Jue'?, ZHOU Ding’
(1. College of Mechanical and Electrical Engineering, Hohai University,
Changzhou , Jiangsu 213022, P.R.China;
2. College of Civil and Transportation Engineering, Hohai University,
Nanging 210098, P.R.China;
3. College of Civil Engineering, Nanjing Tech University,
Nanjing 211816, P.R.China)

Abstract: A Chebyshev nested lumped-parameter model (LPM) was proposed to incorporate
the frequency-dependent impedances into the time history analysis of soil-foundation-wind tur-
bine systems. The complex Chebyshev polynomials were introduced to approximate the founda-
tion impedances with the least squares curve-fitting technique. The computational program for
seismic analysis of the system was developed based on the direct integration of the governing e-
quation in the time domain. The validity and efficiency of the computational program were veri-
fied through the comparison examples. The time history analysis of a wind turbine supported by
a pile group foundation under seismic excitation shows the universality and stability of the com-
putational program. The advantage of the Chebyshev nested LPM is that it can express the fre-
quency-dependent impedance accurately in the time domain and avoid the high-order numerical
oscillation. The nested form of the model enables wider application to different kinds of founda-
tions. In addition, as the present model adopts no mass unit, it avoids the problem of modifying
the seismic loading at the node of the foundation and makes the analysis of practical engineering

more convenient.

Key words : soil-structure interaction; wind turbine; lumped-parameter model; Chebyshev pol-
ynomial ; seismic response
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