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Abstract: The nonlinear analytical model of an external
prestressed concrete wind tower was developed based on fiber
beam-column element. Four damage states were defined based
on the results obtained from pushover analysis. Twenty
recorded ground motions were selected as the basis of
incremental dynamic analysis. The peak ground acceleration
and the horizontal displacement ratio were chosen as the
intensity measure and the structural seismic demand
parameter, respectively. Nonlinear incremental dynamic
analysis was then performed and the probabilistic model of
seismic demand was built through regression analysis based on
lognormal assumptions. Subsequently, the fragility analyses
were produced. The seismic fragility of the tower was
the wind tower meets the

evaluated, proving that
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requirements of 7-degree seismic fortification intensity. For
8-degree earthquakes, however, the probabilities of serious or
complete damage significantly increase, according to the

proposed analyses.

Key words: wind tower; seismic fragility; pushover
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Fig.1 Diagram of external prestressed concrete

wind tower
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Tab.1 Placement of longitudinal reinforcement in

major sections

T

SMEFHER/  AB AR/

mm? mm?

@8 000 mm X 350 mm 11 310 7 854

&8 000 mm 28 @6 600 mm i3 JE Bt 25 447 25 447
@6 600 mm X 350 mm 9 048 6 283

@6 600 mm AF P4 500 mm LI 16 085 16 085
@4 500 mm X400 mm 6 786 4712

@4 500 mm X 800 mm T 12 215 12 215
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Fig.2 Diagram of strand-tower interaction modelling
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Tab.2 Material properties of concrete

B IEENE PURMRE/MPa RIRNAS  HRFREE/MPa
HRIX. 0,002 17 53.0 0.018 0 10. 6
R 0,002 00 48.9 0.003 6 0

x4 BESWER(E6 H)

Tab.4 Modal analysis results{the first six modes)

re W%/ Hz Rt
1 0. 465 Y m—§r
2 0. 465 X m—Wr
3 1. 806 Y [/
4 1.811 X W/
5 4. 257 Xm=Hr
6 4. 362 Y | =M

x3 MEMEIERE

Tab.3 Material properties of rebar
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Fig.4 Three-dimensional finite element model of

external prestressed concrete wind tower (unit:

mm)
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Fig.5 Mean response spectra of the selected input

ground motions
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Tab.5 Ground motions used for incremental dynamic analysis
re PEER %i 5 R E P35 I EH IR E g
1 20 Northern Calif-03 1954 Ferndale City Hall 0.163
2 169 Imperial Valley-06 1979 Delta 0.236
3 175 Imperial Valley-06 1979 El Centro Array #12 0. 145
4 737 Loma Prieta 1989 Agnews State Hospital 0,170
5 758 Loma Prieta 1989 Emeryville; Pacific Park #2_ Free Field 0. 253
6 778 Loma Prieta 1989 Hollister Differential Array 0. 269
7 786 Loma Prieta 1989 Palo Alto-1900 Embarc, 0,215
8 1104 Kobe_ Japan 1995 Fukushima 0,185
9 1115 Kobe_ Japan 1995 Sakai 0.152
10 1147 Kocaeli_ Turkey 1999 Ambarli 0. 253
11 1203 Chi-Chi_ Taiwan 1999 CHYO036 0. 273
12 1209 Chi-Chi_ Taiwan 1999 CHY047 0. 181
13 3934 Tottori_ Japan 2000 SMNO002 0. 154
14 4855 Chuetsu-oki_ Japan 2007 Sanjo 0.129
15 5665 Twate_ Japan 2008 MYG006 0. 243
16 5823 El Mayor-Cucapah  Mexico 2010 Chihuahua 0. 248
17 5837 El Mayor-Cucapah  Mexico 2010 El Centro-Imperial & Ross 0. 384
18 5989 El Mayor-Cucapah_ Mexico 2010 El Centro Array #3 0.183
19 6388 Darfield_ New Zealand 2010 Christchurch Cathedral College 0,194
20 6890 Darfield New Zealand 2010 Christchurch Cashmere High School 0.229
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Fig.6 Load-displacement curve obtained from

pushover analysis
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Tab.6 Quantitative values of each damage stage
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Fig.8 Regression analysis of seismic demand parameter
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Fig.9 Fragility curves of external prestressed

concrete wind tower at all damage states
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