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Partitioned seismic vulnerability assessment of hyperbolic cooling tower
under multi-dimensional earthquakes

ZHOU Changdong, WANG Pengguo, TIAN Miaowang, ZHANG Xu

(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To explore the vulnerability of different part of a reinforced concrete cooling tower in service, numerical
simulation analysis was carried out. The software ABAQUS was selected to establish analysis model. According to the
field conditions where the structure locates in, a range of reasonable ground motion records were selected and then
incremental dynamic analysis was conducted. Material strain and peak ground acceleration were selected as engineering
demand and intensity measure parameters, respectively. The structure was divided into 13 regions in the height direction,
and the damage states of the structure were divided into five levels. Unidirectional, bidirectional horizontal and three-
dimensional seismic action were respectively exerted to the bottom of the structure, the regression analysis on the
structure response was performed. The probabilistic seismic demand model of the structure was established, and the
partitioned vulnerability curves of different parts were obtained. The analysis results show that; the damage probability of
the upper tower is relatively small and the herringbone pillars’ damage probability is significantly higher than the other
parts of the structure. The herringbone pillars at the bottom are the most injury-prone part, which can be reinforced
according to the actual needs, and the seismic performance of the upper tower is excellent.
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Tab.1 Detailed parameters of the tower model mm
o)z Ptz =y TR BE 5L 2
31 12 856 1771 142.52
30 12 582 1780 140.64
29 12 358 1786 138.60
28 12 185 1791 137.05
27 12 068 1 796 136.11
26 12 008 1 800 135.74
25 12 008 1 800 135.74
24 12 068 1 800 136.43
23 12 185 1796 137.43
22 12 358 1791 139.00
21 12 582 1786 141.12
20 12 855 1 780 143.71
19 13 174 1711 146.52
18 13 534 1764 149.90
17 13 930 1755 153.53
16 14 351 1745 157.65
15 14 821 1741 162.65
14 15 308 1733 166.60
13 15 820 1726 171.48
12 16 352 1719 176.53
11 16 904 1714 181.35
10 17 413 1707 187.31
9 18 058 1703 193.13
8 18 655 1 698 198.96
7 19 266 1 694 204.96
6 19 887 1 689 210.94
5 20 518 1 686 217.25
4 21 158 1683 223.62
3 21 805 1679 229.93
2 22 462 1677 236.56
1 22 937 1200 350.00
HAil 24 442 2 000 450.00
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Fig.1 3D model based on ABAQUS
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Tab.2  Frequency comparison of finite element simulation and

measured values

AESRNE BTSSR/ He 5o/ He  MHZEE /%
1 2.463 1 2.466 1 0.122
2 25189 2.463 2 2.261
3 2.604 7 2.439 6 6.768
4 2.768 6 2.552 4 8.470
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Fig.2 Layered shell model based on ABAQUS
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Fig.3 Response spectrum of selected seismic wave
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Tab.3  List of earthquake ground motions used for the incremental dynamic analysis

=L R HuF= 4 Fx IREI TR it g3k
NGA#92 San Fernando Wheeler Ridge-Ground 6.61 SFERN_WRP090
NGA#2781 Chi-Chi_Taiwan-04 HWAO033 6.20 RSN2781_CHICHI.04_HWAO33E
NGA#121 Friuli Ttaly-01 Barcis 6.50 FRIULI.A_A-BCS000
NGA#295 Irpinia ltaly-02 Auletta 6.20 RSN295_ITALY_B-AUL270
NGA#188 Imperial Valley-06 Plaster City 6.53 IMPVALL.H_H-PLS045
NGA#298 Irpinia ltaly-02 Bovino 6.20 ITALY_B-BOV000
NGA#515 N. Palm Springs Colton Interchange-Vault 6.06 PALMSPR_CLIO82
NGA#747 Loma Prieta Bear Valley #7 Pinnacles 6.93 LOMAP_BV7220
NGA#905 Big Bear-01 Featherly Park-Maint 6.46 BIGBEAR_FEA090
NGA#945 Northridge-01 Anaverde Valley-City R 6.69 NORTHR_ANAO090
NGA#2455 Chi-Chi_Taiwan-03 CHYO019 6.20 RSN2455_CHICHI.03_CHYO019W
NGA#2915 Chi-Chi_Taiwan-04 TTNO20 6.20 RSN2915_CHICHI.04_TTNO20E
NGA#1137 Dinar Turkey Burdur 6.40 DINAR_BUDO090
NGA#2610 Chi-Chi_Taiwan-03 TCUO54 6.20 CHICHI.03_TCUO054N
NGA#4150 Parkfield-02_CA COALINGA-PRIEST VALLEY 6.00 RSN4150_PARK2004_46174360
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Fig.4 Damage probability curve along the height direction under unidirectional seismic
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Fig.5 Damage probability curve along the height direction under bidirectional horizontal seismic
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Fig.6  Damage probability curve along the height direction under three-dimensional seismic
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Fig.7 Partitioned vulnerability curve under unidirectional seismic
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Fig.8 Partitioned vulnerability curve under bidirectional horizontal seismic
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Fig.9 Partitioned vulnerability curve under three-dimensional seismic
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