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SHAKING TABLE TEST FOR THE STRUCTRAL MODEL OF
GUANGZHOU NEW TV TOWER

PAN Han-ming"?, ZHOU Fu-lin® , LIANG Shuo?
(1. Department of Civil Engineering, Tsinghua University, Beijing 100084, China;
2. Guangzhou New TV Tower Development Co. Ltd., Guangzhou 510310, China;

3. Earthquake Engineering Research Test Centre, Guangzhou University, Guangzhou 510405, China)

Abstract: The Guangzhou New TV Tower has the height of 610m above ground, the main tower body height of
454m and an antenna height of 156m, the tallest TV tower in the world after construction. A 1/50 scale model of
Guangzhou New TV Tower was tested on shaking-table under the action of 49 different earthquake ground
motions in the Earthquake Engineering Research Test Centre at Guangzhou University. The model’s dynamic
properties, damping ratio, and responses to the acceleration and deformation at different earthquake levels have
been obtained. Its cracking pattern has also been analyzed. According to the model test results, the seismic
response of the prototype is discussed. It is noticed that the difference between the theoretical value and the
experimental result of the frequencies is about 15%—18% for the first two modes, and about 30% for the 3rd and
4th modes, with a relative damping ratio of 3.317%, 2.277%, 1.555% and 1.259% respectively. Thus the ratio of
the period of the first rotation mode and that of the first translation mode is 0.211. The maximum story drift angle
of the prototype under frequent, seismic-force reduce design and rare earthquakes is 1/320, 1/154 and 1/72
respectively. This research demonstrates that the prototype can meet the requirements of aseismic design under
frequent earthquakes, seismic-force reduce design earthquakes and rare earthquakes.
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Fig.2 Sketch of outer tube steel structure
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Table 1  Similitude-scaling relationship between the model
and its prototype
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Fig.3 The photograph of the model on shaking-table
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Table 2 Peak ground acceleration and earthquake coefficient
K-value in various hole-sites

Lz LB RBIRUEHE  FEE
DZ1 87.27 204.32 384.84
DZ2 81.77 229.84 338.63
Anmax /(cm/s?) DZ3 69.91 174.54 325.94
DzZ4 63.08 166.89 297.63
P¥ME 7551 193.90 336.76
K {H 0.0770 0.1979 0.3436
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Table 3 Test conditions of the determination of modality

R i N M HINJTI BN (/g
1 [414 7% (0.1Hz — 40Hz) X 0.05
2 [414 7% (0.1Hz — 40Hz) Y 0.05
3 [ 7% (0.1Hz — 40Hz) Z 0.05
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Table 4  Unidirectional test condition input of the frequent

earthquakes
RIS SN HhTE B HNTTI SN AR g
4 N 9% X 0.096
5 RER 1 X 0.096
6 KIR 2 X 0.096
7 RIRWE 3 X 0.096
8 N 9% Y 0.096
9 RER 1 Y 0.096
10 KIR 2 Y 0.096
1 RIRW 3 Y 0.096
12 PN z 0.096
13 RER 1 z 0.096
14 RIR; 2 z 0.096
15 RIRW 3 z 0.096
16 FHIEA(0.1Hz—40Hz) X, Y, Z 0.05

#x5 ZBHENEHNRE TR

Table 5 Bidirectional test condition input of the frequent

earthquakes

N N

?ﬁ N j%;igi 0 A U (g
17 KRR 2 30 0.096c0s o +0.096sin «
18 KRR 2 45 0.096c0s o +0.096sin &
19 KRR 2 60 0.096c0s o +0.096sin &
20 KRR 2 75 0.096c0s a +0.096sin &

Sl

X, Y, Z 0.05
(0.1Hz—40Hz)
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Table 6 Three-directional test condition input of the frequent

earthquakes
RIS N HAE B AT 7] NI WA g
22 AT 1 X+Y+Z 0.096+0.85>0.096+0.65>0.096
23 KR 1 X+Y+Z 0.096+0.85>0.096+0.65>0.096
24 KIRE 2 X+Y+Z 0.096+0.85>0.096+0.65>0.096
25 KIRE 3 X+Y+Z 0.096+0.85>0.096+0.65>0.096
26 [MjH(0.1Hz—40Hz) XY, Z 0.05

xT7 RPRERRREBNRE TR
Table 7 Unidirectional test condition input of seismic-force
reduce design earthquakes

RI7 5 MR NTTIN NI R A g
27 M (0.1Hz—40Hz) X, Y, Z 0.05
28 N3 X 0.247
29 KRR 1 X 0.247
30 RARWE 2 X 0.247
31 RARU 3 X 0.247
32 NI Y 0.247
33 RARWE 1 Y 0.247
34 RARWE 2 Y 0.247
35 RARU 3 \ 0.247
36 17 (0.1 Hz—40Hz) X, Y,Z 0.05
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Table 8 Three-directional test condition input of seismic

fortification intensity earthquakes

R i N HhRE NI AN EE A
37 AT X+Y+Z  0.247+0.85>0.247+0.65>0.247
38 RARWE 1 X+Y+Z 0.247+0.85>0.247+0.65>0.247
39 RAIRWE 2 X+Y+Z 0.247+0.85>0.247+0.65>0.247
40 RARU 3 X+Y+Z  0.247+0.85>0.247+0.65>0.247

41  [MEE(0.1 Hz—40Hz) X, Y,Z 0.05
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Table 9 Three-directional test condition input of the rare

earthquakes
RS N HhRE AT I i NI A /g
42 PN X+Y+Z  0.430+0.85>0.430+0.65>0.430
43 HWEF(0.1Hz—40Hz) XY, Z 0.05
44 KRB 1 X+Y+Z 0.430+0.85>0.430+0.65>0.430
45  HWEF(0.1Hz—40Hz) XY, Z 0.05
46 KR 2 X+Y+Z  0.430+0.85>0.430+0.65>0.430
47  HWEF(0.1Hz—40Hz) XY, Z 0.05
48 KRV 3 X+Y+Z  0.430+0.85>0.430+0.65>0.430
49  HWEF(0.1Hz—40Hz) X, Y, Z 0.05
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Table 10 Comparison of the experimental and analytical

frequencies

MG

AR Wi A
LR i ‘ S
R RS BT e TR

Jfils s HiFIHz
1 10240 1301 0769 0941 1063 18.26
2 7105 0902 1108 1304 0.767 15.01
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