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Fig. 1 A steel — concrete hybrid tower of wind turbine
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Fig. 2 Dimensions of the wind turbine tower (a)

and the tower’s sketch for calculation (b)
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Fig. 4 The concrete constitutive relation (a) and

the reinforcement constitutive relation (b)
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Tab. 1  Constitutive parameters of material Concrete 02

OpenSees 1./ 1/
fatt BB MPa  MPa N o

Concrete 02 38.5 2.85 0.002

TREE LA 0.003 3

R2 Steel 02 A SEL

Tab.2 Constitutive parameters of material Steel 02

OpenSees I E/ Ji IR J5
ot -
AR Y MPa MPa I BE £
Rl Steel 02 400 2.0 x10° 0.01
W TR Steel 02 345 2.06 x 10° 0.01

2.3 Pushover 3 #7 K #{G#h BRIXRSHHE

SER B3 8 A S IR E SCES B O IR A Y
P, EERESMNPRRRT . RS i
PERFSE T i R s Fs An A7 L B8 H8 b . i R 48 b
G, ZHEM R B RN (RF FE, 2007;
BT, 20135 @42, 2021 f1A 5, 2022),
EEHE R AR T 23 77 AR v B iR A AL, s
ToU7 A% 55 4 T 46 T o 2R P 0 X R DG &R, AR
K FASE B 54405 48 B 28 A7 1L 5% 5 04 M 40 A U] 25 A5 %
KR, MOS8 K A 58 03 IR 25 A B8 38 i 7 #2487
R, MRS B, BARK, F
FER BRI, A0 48 BR A BE 7T 4314 B0 3 4 A9 43 403
RS WA BERE, #ORH AE AT DL 38 43 S0
SRR IR A, (BHT R R ER, T
SIHT A T R AR L AR e N S RIS, AR
BB FH AT DL A4 B0 R A% 56 28 0 48 1 il R AR S S5 R 4 0
fetr, MOCHESE (N, 2020; T 375, 2018)
T, FEbRRAE T 35 181 35 K007 B A0 60 40 2 e
K, PR, A< SO B G A I A Sk 4 o R I
T HIRR G WPk 37 .

YRR JEATHERE 438 (Pushover 4387) 1533
JEETY J3 5 TR 5 A7 2 i 2 NP Sa IF 7%, Pushover 43
BEoR IS A A8 gk =, gk =g nt, 45
BT B ) A5 % R0 N 7 187 A8 AT HT, ) B RS S A Ah
AN toh 3, AT B TR A U B AN & kR
HHEIR, b mT i, 38 0 19 G 55 3B 07 #E IS, AR
PEIEE BT 1 SIS AR Ih R AR, $REUH 4 A1
RES A BTN 4 Rl BROIRAS LS., Wit &% (i
(F9) KRR EH R 53) (GB/T 24335—



630 Moo=

5 47 &

2009) HEYRE SCRE & fT B 4405 IR 25 K 43 SR g b
Bt AR TRER . SRR 5 Rk

/ Ls,

LS, LS,

800 @

(=)

(=3

S
T

HERBY J1/KN
N
=)
S

200!

0 E It 1 L 1 L 1 1
o 1 2 3 4 5 6 7 8 9

T AL /m

PR, 25 W FRARZS 0 0 ) il (B DL 18T 5b, 4543
PDiRZS R W2 3,

b
0. 0020 ®
LS,
00015
g
# 0.0010}
o
0. 0005 | LS,
,,L,,SLLSZ
0‘0000 = It 1 1 1 1L 1 1
0 1 2 3 4 5 6 7 8 9

T AL /m

A5 REFAEMEAEY (a) FBEEMERSL (b) WX

Fig. 5

Base shear vs vertex displacement (a) and curvature vs vertex displacement (b)

£3 RERGREHEHRR

Tab. 3 Description of each damage state
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Fig. 6 20 seismic Vesponse spectra matching

the designed response spectra
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Tab. 4 Details of 20 seismic waves matching the designed response spectra
Mg HEE AR IRk 1] W3l 42 % BH (M)

28 Parkfield 1966 Cholame — Shandon Array #12 6.19
93 San Fernando 1971 Whittier Narrows Dam 6.61
470 Morgan Hill 1984 San Juan Bautista_24 Polk St 6. 19
880 Landers 1992 Mission Creek Fault 7.28
1170 Kocaeli_ Turkey 1999 Mecidiyekoy 7.51
1190 Chi - Chi_ Taiwan 1999 CHYO019 7.62
1573 Chi - Chi_ Taiwan 1999 TTNO20 7.62
2500 Chi - Chi_ Taiwan - 03 1999 CHYO088 6.2
2611 Chi - Chi_ Taiwan - 03 1999 TCUO056 6.2
2621 Chi - Chi_ Taiwan - 03 1999 TCUO70 6.2
2644 Chi - Chi_ Taiwan - 03 1999 TCU106 6.2
2699 Chi — Chi_ Taiwan - 04 1999 CHYO024 6.2
2785 Chi — Chi_ Taiwan - 04 1999 HWAO037 6.2
2881 Chi — Chi_ Taiwan - 04 1999 TCU106 6.2
3328 Chi - Chi_ Taiwan - 06 1999 HWAO11 6.3
4205 Niigata_ Japan 2004 NIGO15 6.63
4216 Niigata_ Japan 2004 NIG026 6. 63
4230 Niigata_Japan 2004 NIGH13 6. 63
5261 Chuetsu — oki_ Japan 2007 NIGO15 6.8
8127 Christchurch_ New Zealand 2011 SBRC 6.2
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Tab.5 Dynamic characteristic parameters of the model
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Abstract

Based on the theory of the elastic — plastic fiber — beam — column element, a two — dimensional numerical

model of a steel — concrete hybrid wind turbine tower is established to study the tower’s aseismic performance. The

limit values of five damage states of the tower are determined according to the results from the pushover analysis,

then the sectional curvature is used as the structural demand parameter, and IM,y,., which considers the higher

order modes, 1is used as the composite ground motion intensity parameter. Twenty ground motion records are select-

ed for the incremental dynamic analysis of the tower to establish the seismic vulnerability curves of the tower for the

evaluation of the seismic performance of the tower. The results show that the hybrid tower model can meet the aseis-

mic requirements for an Intensity VI (0. 15 g) earthquake, and a special aseismic design should be taken into ac-

count when the tower is under the action of rare earthquakes (Intensity VI or over) or when the tower is located in

the higher intensity areas.

Keywords: wind turbine tower; incremental dynamic analysis; higher order modes; structural demand;

seismic vulnerability



