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Abstract: The present paper studies the effect of long—period ground motion on the TMD system of Canton

Tower, as well as the distribution of its time—frequency response. The paper lengthened the long—period part of
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the current specification response spectrum of China Code for selection of seven seismic records. Seven more
long—period seismic records were also added up as input samples to study the effect of different periods of strong
earthquake excitation on super —slender building with TMD system. The results show that the long —period
excitation significantly increases the seismic response of the super-slender structure. Compared to the short-
period ground motions with predominant periods less than 1s, the long—period ground motions with predominant
periods from 2.341s to 6.425s, enlarged the peak value and the root—mean-square of the displacement time
histories respectively of the mast top respectively by 125.49% and 91.63% . Under 8 —degree long —period
earthquakes, the optimized TMD can suppress both short—period and long—period seismic responses. The TMD
system enables reductions of peak displacement responses at the main tower top and the mast top respectively in
28.61% and 42.69%, enables reductions of root—-mean—square of the root—mean-square displacement response at
the main tower top and the mast top respectively in 32.56% and 44.20%, so the vibration control performance of
TMD system has certain robustness to the predominant period of ground motion. The results of numerical wavelet
power spectrum analysis on the seismic response time history of the key parts of the structure show that the TMD
control on the first—order vibration mode is effective. Moreover, because many long—period predominant periods
recorded are closer to the second —order period (2.932s) in the weak axial direction of Guangzhou tower
structure, the whipping effect of mast dominated by this mode is significantly intensified, and TMD also inhibits
the effect to a certain extent. It is suggested that the seismic performance of the TMD system of long—period
structures with period longer than 6s, should be comprehensively evaluated by selecting different periods of
ground motions.

Keywords: Long—period ground motion; Guangzhou tower; Tuned mass damper; Wavelet transform
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Fig.1 The benchmark model of Canton Tower
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Table 1 Dynamic characteristics results obtained by dynamic condensation frequency shift iteration technology

o) FAERI A AR IR

Gy (Hz) (Hz) (%)
1 0.110 391 0.110 392 0.000 7 %
2 0.158 71 0.158 715 0.003 1 %
3 0.346 254 0.346 297 0.012 4 %
4 0.368 837 0.369 232 0.107 2 %
5 0.399 433 0.399 609 0.044 1 %
6 0.460 505 0.460 564 0.012 8 %
7 0.484 972 0.485 055 0.017 0 %
8 0.738 06 0.738 117 0.007 8 %
9 0.902 589 0.903 007 0.046 2 %
10 0.997 152 0.997 948 0.079 8 %
11 1.037 282 1.038 364 0.104 3 %
12 1.121 818 1.122 704 0.079 0 %
13 1.243 609 1.244 046 0.0351 %
14 1.503 082 1.504 132 0.069 8 %
15 1.726 098 1.727 912 0.105 1 %
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Table 2 Ground motion parameters used in the analysis

5as) HIFE BhA4HK HORER AR TRl E R = s
1 Imperial Valley-06 1979 Delta 6.53 0.396
2 Landers 1992 Lucerne 7.28 0.16
3 Nenana Mountain_ Alaska 2002 Anchorage-K2-14 6.7 0.374
4 Denali_ Alaska 2002 TAPS Pump Station #12 7.9 0.827
5 Hector Mine 1999 LA-City Terrace 7.13 0.6
6 Hector Mine 1999 Los Angeles—1st & Figueroa 7.13 0.78
7 Hector Mine 1999 Los Angeles—Beverly Blvd & Virgil 7.13 0.24
8 Kobe_ Japan 1995 Sakai 6.9 4.096
9 Kocaeli_ Turkey 1999 Canakkale 7.51 3.052
10 Kocaeli_ Turkey 1999 Kutahya 7.51 3.449
11 Chi—Chi_ Taiwan 1999 CHYO008 7.62 2.341
12 Chi—Chi_ Taiwan 1999 ILAOOS 7.62 4.965
13 Chi-Chi_ Taiwan-04 1999 TCU145 6.2 2.564
14 Chuetsu—oki_ Japan 2007 SITO08 6.8 6.425
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Fig.2 Response spectrum of seismic waves
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Fig.3 Comparison of the average relative displacement peak values of each particle under different ground motions
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Fig.4 Comparison of the average root mean square of relative displacement of each particle under different ground motions
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Fig.6 The relative displacement histories of structures at 27" and 37" mass under Kocaeli Turkey wave excitation
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Table 3 The absolute displacement drift of the tower top

e NIFAE(E/m T™MD NIFE AR (E/m T™D
(FE R = SD) Tk T™MD fatilved T T™MD faSilive s
1 0.98 0.58 41.05% 0.30 0.19 37.09%
2 1.51 1.14 24.73% 0.62 0.31 49.26%
3 1.92 1.01 47.43% 0.52 0.27 48.52%
4 3.13 1.90 39.07% 0.71 0.32 54.63%
5 1.50 0.91 39.04% 0.44 0.25 44.85%
6 2.76 1.62 41.30% 1.04 0.49 52.93%
7 1.64 1.06 35.53% 0.52 0.33 36.14%
SEE 1.92 1.17 38.31% 0.59 0.31 46.20%
E2=2 IR (E/m T™MD NI TR (E/m T™MD
8 0.70 0.93 ~34.06% 0.18 0.17 6.23%
9 2.68 1.70 36.71% 0.60 0.33 45.81%
10 1.57 1.26 19.39% 0.32 0.23 29.47%
11 1.87 1.18 37.14% 0.58 0.39 32.12%
12 2.84 1.90 33.05% 0.61 0.46 25.08%
13 2.57 1.09 57.68% 0.60 0.34 42.92%
14 1.51 0.75 50.36% 0.39 0.21 46.29%

SEE 1.96 1.26 28.61% 0.47 0.30 32.56%
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Table 4 The absolute displacement drift of the mast top
= A& (E/m ™D AT R E/m ™D
(e AR ESD) Tos ™D et e s ™D PR
1 10.96 7.14 34.85% 2.99 1.91 36.11%
2 7.14 5.78 19.10% 1.88 1.18 37.08%
3 11.35 7.14 37.02% 2.44 1.36 44.22%
4 12.05 7.39 38.70% 247 1.45 41.42%
5 6.96 4.94 29.05% 2.00 1.30 35.16%
6 11.13 7.85 29.45% 3.95 2.19 44.54%
7 8.78 6.53 25.59% 2.68 1.79 32.94%
FE 9.77 6.68 30.54% 2.63 1.60 38.78%
=5 (I (E/m ™D AT R E/m ™D
(K EHHEDD) Tk T™MD FER Tt T™MD FER
8 13.89 5.91 57.43% 3.32 1.56 53.05%
9 34.15 18.66 45.35% 6.41 4.02 37.30%
10 24.19 20.60 14.84% 5.45 3.39 37.74%
11 23.45 10.07 57.09% 5.07 2.82 44.33%
12 25.53 15.90 37.70% 6.72 3.75 44.13%
13 20.78 11.33 45.49% 438 2.33 46.75%
14 12.24 7.23 40.94% 3.96 2.13 46.07%
SHE 22.03 12.82 42.69% 5.04 2.86 44.20%
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