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Study on a simple design method for direct connected cable inerter
system based on modal participation cancellation

XIE Liyu', BAN Xinlei*, KANG Jianfei’, XUE Songtao'**

(1.College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. Shanghai Electric Power Design Institute Co., LTD.,
Shanghai 200025, China; 3. International Research Institute of Disaster Science, Tohoku University, Sendai 980 — 8572, Japan;
4. Department of Architecture, Tohoku Institute of Technology, Sendai 982 — 8577, Japan)

Abstract: The peak acceleration response of each story of high-rise building is often affected by higher modes. In
this paper, the influence of modal participation factor of high-rise structure on structural vibration response is
explored based on modal participation cancellation, aiming to neutralize the influence of higher modes and provide
a new design method for the synchronous control of peak displacement and acceleration response of high-rise
buildings. Firstly, the control characteristics of the direct connected cable inerter system are summarized based on
the input reduction characteristics. Then, the analytical design formula for the parameters of the inerter system is
derived based on the modal participation cancellation, and the relationship between the apparent mass of inerter

element and the modal participation factors of each order is revealed theoretically. The modal participation factors
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can be adjusted through the reasonable setting of the apparent mass of the inerter element, which provides the basis
for the simplified design of the direct connected cable inerter system. Finally, this paper proposes a simple design
method of full-mode participation cancellation, which solves the practical design problem of the direct connected
cable inerter system.
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Fig. 4  Apparent mass-multimodal participation factors
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Table 1 ~ Basic parameters of the reference 4 — story structure and

the design parameters of the inerter systems

)2 k(1) MIEE (kN/m ) ARG (1)

4 489.4 62 950 0.00

3 366.8 73 360 399.75
2 369.2 91910 992.50
1 376.2 56 460 1346.48

Ele6 HELEMIEE(EM:m)

Fig. 6 Elevations of the reference structures(Unit:m)

®2 WERHEEHMPSHRMEZRZGHRITEH

Table 2 Basic parameters of the reference 20-story structure and the design parameters of the inerter systems

HZ Jitk(ton)  WIEE(kN/m)  BEAERMBTEE (1) = Bk () WIBE(KN/m) RO (1)
20 1830.3 278 890 0.00 10 1417.9 630 600 53 551.41
19 1363.6 292 940 825.80 9 14179 638 150 65 949.58
18 1368.4 312 500 2263.77 8 1421.3 694 730 77521.74
17 1368.4 342 860 4 462.74 7 1426.0 729 130 86 956.18
16 1384.2 444 000 8858.29 6 1426.0 736 710 111 273.17
15 1384.2 452 990 12 374.12 5 1430.6 854 990 124 792.12
14 1 389.1 473 310 16 725.11 4 1438.0 875 890 144 310.43
13 1401.9 491 330 21 658.17 3 1443.6 930 850 163 452.51
12 1407.2 599 170 32 063.61 2 1449.3 974 220 153 746.36
11 1412.4 613920 38 832.26 1 14952 842 840 53551.41
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Fig. 7 Frequency response functions of two reference structures
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Fig. 8 Control effect of two reference structures
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