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Seismic Response Analysis of Steel — Concrete Hybrid Wind Power Tower under SSI Effect
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Abstract: In order to study the influence of soil — structure interaction ( SSI effect) on the seismic response of steel — concrete
wind turbine tower, the finite element model of ‘tower — foundation —soil” was established by numerical simulation method, and the
nonlinear P—Y spring was used to simulate the mutual contact between pile and soil to consider the SSI effect. Select 7 near —
field pulse type long — period, far—field long — period, and non long — period earthquake records each. Based on the nonlinear
characteristics of soil, considering the amplification and filtering effects of soil on seismic motion, analyze the seismic response
of tower structures under different seismic motions when considering the SSI effect. Research has found that the SSI effect plays
an adverse role in the seismic design of steel — concrete wind turbine towers and cannot be ignored. Under the action of long —
period seismic motion, the dynamic response in the far field is greater than that in the near field. After considering the SSI
effect, the acceleration reaches its maximum at the concrete cylinder section near the transition zone. Under the action of non—

long period, SSI effect has a great influence on the internal force at the transition section. The results of this study can provide
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reference for the seismic design of steel — concrete wind turbine tower.

Key words: steel — concrete hybrid wind turbine tower; soil — structure interaction; seismic response analysis; numerical

simulation; long — period ground motion
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Table 1 Structural parameters of tower model
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Fig. 1 Wind turbine tower size diagram
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Fig.2 Schematic diagram of the numerical calculation model
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Fig. 3 Material constitutive relationship
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Table 2 Concrete02 material constitutive parameters

. BORSREE  fphomps RN WEENE
/MPa /MPa /&g /e,
TRsE 38.5 2.85 0. 002 0.003 3
AR A 26.8 2.39 0. 002 0.003 3

R 3 Steel02 ## A S %

Table 3 Steel02 material constitutive parameters

¥ Bihisk B/ MPa PR Jet W JE W BE L
W 400 2.00 x10° 0.01
T 345 2.06 x10° 0.01
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Fig. 4 Pile - soil interaction simplified model diagram
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Table 4 Ground motion information
KR WEda FHE I W % WUZM/km PGA/g
El " Imperial Valley_06" 1979 "EC County Center FF" 6.53 7.31 0.2120
E2 " Imperial Valley_06" 1979 "El Centro Array #3" 6.53 10.79 0.267 4
ik E3 " Imperial Valley_06" 1979 "El Centro Differential Array" 6.53 5.09 0.352 6
= F4 " Imperial Valley_06" 1979 " Holtville Post Office" 6.53 5.35 0.258 2
5] E5 " Kobe_ Japan" 1995 " Port Island (0 m)" 6.90 3.31 0.347 9
E6 " Darfield_ New Zealand" 2010 "TPLC" 7.00 6.11 0.299 7
E7 "El Mayor_ Cucapah_ Mexico" 2010 " Westside Elementary School" 7.20 10. 31 0.255 1
E8 " Landers" 1992 " Covina_ W Badillo" 7.28 128. 06 0.068 1
E9 " Landers" 1992 "LA_W 70th St" 7.28 163. 96 0.063 4
K E10 " Chi_ Chi_ Taiwan" 1999 " CHY093" 7.62 49.82 0. 065 8
JEI 3 Ell " Chi_ Chi_ Taiwan" 1999 "1LA049" 7.62 85.67 0.083 2
=l E12 " Chi_ Chi_ Taiwan" 1999 "KAUO15" 7.62 106. 51 0.027 1
E13 " Chi_ Chi_ Taiwan" 1999 " KAU064" 7.62 100. 04 0.042 6
El4 " Hector Mine" 1999 "Mecca_ CVWD Yard" 7.13 91. 96 0.100 8
E15 " Victoria_ Mexico" 1980 " Victoria Hospital Sotano" 6.33 6.07 0.044 7
El6 " Morgan Hill" 1984 " Los Banos" 6.19 63. 16 0.0515
e E17 " Chi_ Chi_ Taiwan_04" 1999 "CHY065" 6.20 85. 86 0.030 7
1y = E18 " Chuetsu_ oki_ Japan" 2007 " NIG002" 6. 80 51. 66 0.036 4
5} E19 " Chuetsu_ oki_ Japan" 2007 " NIGHO3" 6. 80 89.37 0.028 7
E20 " Christchurch_ New Zealand" 2011 " Styx Mill Transfer Station " 6.20 11.24 0.1849
E21 " Christchurch_ New Zealand" 2011 "TPLC" 6.20 16. 60 0.125 6
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Fig. 6 Comparison curve between inverted and actual
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Fig. 8 Acceleration response comparison along the

height of the wind turbine tower
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