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Abstract : Earthquake disasters are significant factors affecting the normal operation of wind turbines, and soil-structure
interaction (SSI) can influence the dynamic response of wind turbines. Focusing on onshore wind turbines in different
site conditions (hard soil and soft soil) , a refined finite element model of the turbine-foundation-soil system was
established using ABAQUS, and a viscoelastic boundary was applied around the soil. Three seismic motions were

selected from the PEER earthquake database for both hard and soft soil sites to perform dynamic time-history analysis
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of the entire structure under different seismic intensities, and examine the impact of site category and SSI effects on
the seismic response of wind turbines. The results indicate that SSI effects amplify the seismic response of wind
turbine structures. In hard soil sites, compared to scenarios without considering SSI effects, the maximum change
rate of tower stress reaches up to 65.31%, and the maximum change rate of tower top displacement reaches up to
18.75%; in soft soil sites, the amplification effect of SSI on the dynamic response of wind turbines is more
significant, with the maximum change rate of tower stress reaching up to 151.40% , and the maximum change rate of
tower top displacement reaching up to 67.65%. Under seismic actions, the maximum tower top displacement of the
wind turbine structure reaches 0.72 m, which is close to 1% of the total height of the tower; the maximum tower
stress reaches 249.97 MPa, indicating a significant structural response and a risk of damage to wind turbine structures
on soft soil foundations. This study provides a reference for the design of wind turbine structures, emphasizing the
importance of considering SSI effects in wind turbine design, especially in soft soil areas, where the amplification
effect of SSI on the dynamic response of wind turbines should be given particular attention.

wind turbine structure; soil-structure interaction; seismic action; site category; viscoelastic boundary; seismic
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Fig. 1 Calculation models of wind turbine
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Table 1 Selected ground motion records

HHEA WE % AR Tk B E el ik E /g AL R /s
Humbolt Bay(1937) Ferndale City Hall 6.90 0.200 0.21
B x Helena, Montana-01(1935) Carroll College 7.51 0.204 0.24
Helena, Montana-02(1935) Helena Fed Bldg 7.51 0.181 0.20
Kern County(1952) Taft Lincoln School 7.36 0.173 0.36
#® Parkfield(1966) San Luis Obispo 6.16 0.203 0.32
San Fernando(1971) Anza Post Office 6.61 0.196 0.33
08 08 r
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Fig.2 Comparison between ground motion response spectrums and design spectrums
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Fig. 3 Time-history curves of seismic acceleration after amplitude modulation
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Fig. 4 Engineering case of wind turbine
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Table 2 Main parameters of wind turbine foundation

and foundation ring

k% EX 3 HAH/m
JRAR R T 12 9.40
A A 7 TR Y F 42 3.35
AuhdHE 3.55
sz 2.15
7 1% 2.07
B IR o
oy 1.80
B & 0.08

/\/\
-

a) AHIESSIY b) £ IESSIFUN
5 R#ARTER

Fig. 5 Finite element models of wind turbine
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Table 3 Material constitutive models and parameters

A A AR A5 L i
%/ (kg'm ) 2400
A F/GPa 33
KA A 2 CDP DA 0.2
F A R RS 1 /MPa 3
=45 J& TR 71 /MPa 30
%% /(kg-m ) 7800
AR E X2 ¥ B M F/GPa 200
JE R 7 /MPa 458
%/ (kg'm ) 2200
A F /MPa 50
b Drucker-Prager
PR AN e 0.3
A/ 25
% JE/(kg'm ) 1800
B4 /MPa 10
£ Drucker-Prager
DA 0.4
B/ 15
# & /(kg'm *) 7500
R E/GPa 200
%H E X2 R 0.3
[ JE % 3K a 0.07
Y 0.01
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Table 4 Selection of load cases

o s men e 0
*( A AL SSI & SSI# &
0.070 g 1 T2

Humbolt Bay 0.200 g 3 T4

0.400 g 5 6

0.070 g ) I8

b2 3 A Helena, Montana-01 0.200 g 9 T 10
0.400 g 11 12

0.070 g 13 14

Helena, Montana-02 0.200 g I 15 I 16

0.400 g 17 18

0.070 g 19 T JL20

Kern County 0.200 g T2l I 22

0.400 g 23 IJL24

0.070 g 25 T IL26

®E Parkfield 0.200 g 27 T 28
0.400 g 29 T30

0.070 g T 31 T 32

San Fernando 0.200 g I L33 T34

0.400 g T35 36

x5 RKAULBHRME
Table 5 Natural frequencies of the wind turbine
Hz

A R SSI ZESSI B #ESSIE

i i (R +) (% +)
— o 0.29 0.27 0.26
=0 0.30 0.28 0.27
=0 0.61 0.61 0.61
v - 0.64 0.64 0.64
E 0.82 0.81 0.80
Ealiin 0.94 0.92 0.92
LB 1.14 1.13 1.13
AN 1.19 1.19 1.18
S 3.13 2.78 1.73
+ M 3.46 3.06 1.78
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71 Bk MRS AR T 7 A R T B AT D B Y o
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a7 A T A4 JRHIL Bl g o 15 245 i R A . e B 3
&, % R SSTRK R B T0 57 7% fie KA A B % 18 SSTRUN
TS e KL A9 728 A R i i SR B 18,7506, TR 4K 4 37 3
T X — AR A R e ik B 67.65%6 , 31X 2 B R 4 Hb X X 72
o 52 167 A FH A9 KAL) g e 17 AT S S B TR AR T 7
B 2R 38 TOUL A% fie R AR A 20 i 32 3 v T 4 4%
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Fig. 6 Time-history curves of tower stress under Humboldt Bay action (hard soil )
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Fig.7 Time-history curves of tower stress under Helena, Montana-01 action (hard soil)

45 -— 70 100
| — REEssI | — REESSI 90 1 — FEssI
s-v 40 I — % ESSI < 60 — % [ESSI & 80 | — %iEss
= = r
=
=
=
N
s 0— e 0 ‘
1 3 57 9 11131517 19 135791113151719 135791113151719
IS /s ] /s ] /s
a) ‘HiEHIE (0.070 g) b) KB HLEE (0.200 g) ¢) FBHLAE (0.400 g)

8 Helena,Montana-02{ER TR N I EHL(EL)

Fig. 8 Time-history curves of tower stress under Helena, Montana-02 action (hard soil)
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Table 6 Maximum stress of the tower
) HH R A& K AL/MPa )
R EY ) i B AR - - TACE/ Y
& & SSI & % J& SSTs B
0.070 g 27.06 35.33 30.56
Humbolt Bay 0.200 g 33.52 54.11 61.43
0.400 g 43.48 70.36 61.82
0.070 g 29.46 38.08 29.26
Mt Helena, Montana-01 0.200 g 40.39 60.61 50.06
0.400 g 57.21 93.15 62.82
0.070 g 29.88 43.73 46.35
Helena, Montana-02 0.200 g 41.58 68.74 65.31
0.400 g 59.60 98.09 64.58
0.070 g 36.44 69.58 90.94
Kern County 0.200 g 60.36 149.41 147.53
0.400 g 99.43 249.97 151.40
0.070 g 33.77 62.61 85.40
%+ Parkfield 0.200 g 55.63 117.44 111.10
0.400 g 80.88 177.75 119.77
0.070 g 29.28 43.96 50.14
San Fernando 0.200 g 41.14 80.91 96.67
0.400 g 66.23 151.35 128.52
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Fig. 12 Time-history curves of tower top displacement under Humboldt Bay action (hard soil)
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Fig. 13 Time-history curves of tower top displacement under Helena , Montana-01 action (hard soil)
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®7 EWUBRKE

Table 7 Maximum displacement of the tower top

P AL A &R K AR/ m
7 ¥ % R Mo B K i JE AR - AR/ N
REESSIZ R & & SSIH R
0.070 g 0.08 0.09 11.25
Humbolt Bay 0.200 g 0.11 0.12 9.09
0.400 g 0.14 0.15 7.14
0.070 g 0.12 0.13 8.33
Bt Helena, Montana-01 0.200 g 0.20 0.23 15.00
0.400 g 0.32 0.38 18.75
0.070 g 0.18 0.19 5.56
Helena, Montana-02 0.200 g 0.38 0.40 5.26
0.400 g 0.68 0.72 5.88
0.070 g 0.18 0.26 44.44
Kern County 0.200 g 0.34 0.47 38.24
0.400 g 0.45 0.64 42.22
0.070 g 0.12 0.16 33.33
#® Parkfield 0.200 g 0.16 0.22 37.50
0.400 g 0.22 0.33 50.00
0.070 g 0.14 0.18 28.57
San Fernando 0.200 g 0.22 0.34 54.55
0.400 g 0.34 0.57 67.65
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