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Analysis of human-footbridge-MTMD coupled system and MTMD

optimization design based on the pseudo-excitation method
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Abstract: To establish the optimal design method of multiple tuned mass damper (MTMD) for the footbridge considering the ver-
tical human-structure interaction, the parameters randomness of the mass-spring-damper (MSD) pedestrian model is simulated,
and the vertical dynamic response of the random crowd-footbridge-MTMD system is calculated based on the pseudo-excitation
method. Then, the effect of vertical human-structure interaction on the dynamic response of the footbridge-TMD system is demon-
strated. Finally, based on the H, performance of the acceleration transfer function and response surface methodology of the coupled
system, an optimal design method of MTMD for footbridge vibration control considering vertical human-structure interaction is es-
tablished. The results show that the dynamic response calculation method of the coupled system avoids a large number of nonlinear
time history analyses, and the power spectrum and root mean square of the coupled system response can be obtained efficiently.
The vertical human-structure interaction makes the TMD detuning effect significant, and the reduction rate of TMD with 3% mass
ratio decreases by 37.19% when the crowd density increases from 0.25 person/m” to 1.25 person/m”. The proposed MTMD opti-

mization design method for footbridge has an average mitigation rate of over 70% for footbridge acceleration response.
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Tab.1 The parameters of MTMD

L/ % TMD-1 TMD-2 TMD-3

(z=3) iR FHJE It R L FHJE It iR L FHJE I
0 0.9226 0.0499 0.9226 0.0499 0.9226 0.0499
1 0.9318 0.0508 0.9226 0.0499 0.9134 0.0486
3 0.9503 0.0508 0.9226 0.0499 0.8949 0.0526
5 0.9687 0.0512 0.9226 0.0499 0.8765 0.0520
7 0.9872 0.0532 0.9226 0.0499 0.8580 0.4590
9 1.0056 0.0563 0.9226 0.0499 0.8396 0.0436

B/ % TMD-1 TMD-2 TMD-3 TMD-4 TMD-5

(x=5) WK e i b FHJE L i LY FHLE . B FHJE Lk L FHJE L
0 0.9226  0.0416 0.9226  0.0416  0.9226 0.0416  0.9226 0.0416 0.9226  0.0416
1 0.9411  0.0436 0.9318  0.0423  0.9226 0.0416  0.9134  0.0405  0.9042  0.0395
3 0.9788  0.0486 0.9503  0.0433  0.9226 0.0416  0.8949  0.0399 0.8681 0.0391
5 1.0172  0.0452  0.9687  0.0439  0.9226 0.0416  0.8765  0.0397 0.8326 0.0383
7 1.0563  0.0471 0.9872  0.0444  0.9226 0.0416  0.8580  0.0382 0.7980  0.0378
9 1.0961  0.0498 1.0056  0.0453  0.9226 0.0416  0.8396 0.0376 0.7640  0.0335

2.2 N MTMD i TMD %,
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