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Spectral analysis of crowd-structure coupling vibration during
bouncing activities

Xiong Jiecheng Liu Zhihao Duan Shugian

Abstract; A structure is treated as a multi-degree-of-freedom system, and each bouncing
person on the structure is treated as an individual spring-mass-damper system. The influence
coefficient and mode decomposition methods are used to derive the equation of motion for
the coupled system in canonical coordinates. Furthermore, the frequency response function
linking the state vector of coupled system with the crowd bouncing load time history is
established by the state space method. The spectral analysis solution for the equation of
motion of coupled system is derived by the stochastic vibration theory, and then it is used to
calculate the auto-power spectrum and root mean square value of structural acceleration
response. A comparison between theoretical predictions and field-measured responses of
large-span floors demonstrates that the proposed spectral analysis model and the
computational method are rational, and they can be applied to analyzing and calculating
structural responses during crowd bouncing activities.
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Fig.1 Crowd-structure coupled system
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Fig.2 Contact force decomposition of the bouncing crowd
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M5 RE/ke | RE KE/ke || RS RE/ke || RS RE kg
1 71. 4 9 77.2 17 67.9 | 25 61.1
2 66. 5 10 70.1 18 70.5 26 63. 8
3 65.7 11 65.6 19 688 | 27 62.2
4 65.5 12 7.2 || 20 60.7 | 28 59.1
5 65.0 13 682 | 21 65.9 || 29 65.7
6 67.2 14 60.1 22 66.0 | 30 65.2
7 67.3 15  73.4 | 23 63.4 || 31 77.3
8 72.5 16 69.1 24 78.3 32 65.3
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G5 RE/kg |5 RHE/kg |5 KE/ke || A5 REH/kg
33 59.9 41 65.3 49 67.1 57 68.2
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35 75.3 43 69. 6 51 63.9 59 66. 4
36 65.5 44 58.6 52 75.3 60 71.7
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38 64.0 46 62.0 54 73.3 62 67.3
39 66. 0 47 63.6 55 69.3 63 62.1
40 68. 8 48 64.9 56 66. 8 64 66. 8
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Fig.8 Measured acceleration responses of floor
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Fig.7 Arrangements of crowd
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