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Modal analysis and experimental study of spoke cable-trusses

Wang Zegiang'*® . Liu Zhansheng® . Han Qinghua', Zhang Weilian® . Zhou Liguang®
(1. School of Civil Engineering, Tianjin University, Tianjin 300072, P. R. China;
2. Beijing Building Construction Research Institute CO. , LTD, Beijing 100036, P. R. China;
3. College of Civil Engineering, Beijing University of Technology, Beijing 100124, P. R. China)

Abstract: Through the modal analysis and test of the 1:10 down-scale model test of 60 m circular spoke
cable-trusses, the influences of three parameters including the cable prestress, rise to span ratio, as well as
the diameter ratio of inner and outer ring on the natural vibration characteristics of the structure were
investigated. The results obtained from test and theoretical formulation of the first four order modal were
compared and analyzed. It can be seen that: The first and the second order vibration modes of the structure
are antisymmetric upper and lower vibrations, the third order is the inner ring torsional vibration, and the
fourth order is the relative torsional vibration of the inner ring. The frequency error is less than 10%, and
the experimental mode of vibration is in good agreement with the theoretical mode. The frequencies of the

first four modes are all larger than 10 Hz, indicating that the spoke cable truss structure is of low frequency
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dynamic response, and the natural frequency is small and the distribution is dense. When prestress level of

the structure is higher, the modal frequency will increase, and the stiffness will also increase. With the

increase of sagittal height, the structural frequency will decrease, and the structure is more prone to lateral

instability. With the increase of the inner and outer ring diameter ratio, the torsion stiffness of structure

will decrease and torsion instability will also occur.

Keywords: spoke cable-truss structure;modal analysis;sinusoidal excitation method;test research;parameter

analysis
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Table 1 Model selection of materials and specifications
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Table 2 30 steps mode frequencies of experimental model

Mg Wi/ Hz || Bigk M /Hz | B A%/ Hz
1 5.732 2 11 8.944 2 21 9.338 6
2 5.732 2 12 9.022 4 22 10.762
3 5.770 7 13 9.312 4 23 10. 762
4 6.631 5 14 9.312 4 24 10. 770
5 7.872 5 15 9.333 9 25 10.771
6 7.872 5 16 9.333 9 26 10. 771
7 8.274 1 17 9.337 6 27 10. 772
8 8.658 1 18 9.337 6 28 10. 772
9 8.658 1 19 9.338 6 29 10. 774
10 8.944 2 20 9.338 6 30 10. 774
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Table 3 Comparison between test and simulation results

of nature frequencies

W I BIE S| LEE/Hz  FIRE/Hz 8%/ %
1 AMHERX ETHRS) 5,412 5.732 2 5.58
2 R FRIE LT IRS 5. 361 5.732 2 6.43
3 Y BRI 4 3l 5.474 5.770 7 5.13
4 NEHEXTHHFE RS 6.183 6.6315 6.76
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Table 4 Force of Structure in different prestress

BN IRE/ % BARIME/N FREE/N  EHR/N FHE/N
60 3238 4135 5 235 6676
80 4507 5088 7 286 8 215
100 5 320 6168 8 645 9 228
120 6910 7075 10 158 11 323
140 7873 8014 12 677 13 085
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Table S length of struts in different span-to-rise ratio

A FT R HMEFF
K /mm KB
KB /mm K B /mm KB /mm
150 1:40 439 368 221
200 1:30 489 408 246
300 1:20 589 494 296
400 1:15 689 578 346
500 1:12 739 620 371
600 1:10 789 662 396
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