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Abstract: To improve the serviceability of footbridge, a
semi-active tuned mass damper (STMD) with variable
mass and damping is proposed, which can not only adjust
its own mass and frequency in real time to adapt to the
dynamic characteristics of the footbridge through the
water pump and electromagnetic valve, but also adjust its

own damping coefficient in real time to improve the effect
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of energy dissipation through changing the air gap of eddy
current damping. First, the variable mass and damping
algorithm and model test of STMD are introduced. Then, a
case study is conducted based on the probabilistic random
model of crowd excitation. Afterwards, the 100 times
acceleration response of the structure without control,
with an optimized passive TMD, variable mass STMD,
variable damping STMD and variable mass and damping
STMD under random synergistic crowd is studied.
Through the maximum, mean and standard deviation of
the three comfort evaluation indexes of the 100 groups of
acceleration, root mean square (RMS) value, and
maximum 1-s RMS value, the control performance and
robustness of different TMDs are analyzed. The results
show that structural dynamic responses vary greatly due
to the randomness of crowd and body parameters. In
general, STMD with variable mass and damping has the
best control performance, whose standard deviation is

also the smallest, indicating the best robustness.

Keywords: semi-active tuned mass damper (STMD) ;
stochastic crowd excitation; human-structure interaction

(HSI); variable mass; variable damping
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Fig. 1 Design model of VMD-STMD
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Fig. 2 Dynamic analysis diagram of footbridge under stochastic crowd excitations considering HSI
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Fig. 5 Calculation of maximum accelerations of 100 times of footbridge under different working conditions
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Tab.1 Probability statistics of maximum acceleration of 100 groups of footbridge
Bl ms?
X LE T Tz PTMD VM—STMD VD—STMD VMD—STMD
R 2. 308 1.767 1. 607 1. 656 1.472
EEIE 1.189 0. 881 0. 809 0. 800 0.752
brifi 2 0.334 0.221 0.176 0. 204 0. 149
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Tab. 2 Probability statistics of RMS acceleration of
100 groups of footbridges

A, ms °
SR - VM—ST- VD—ST- VMD—
X T Jofs PTMD MD MD STMD
BARME  0.574  0.518 0.443 0. 500 0.414
FEE 0.315 0.232 0. 205 0. 205 0.181
FrifE2E  0.083 0.068 0.045 0.065 0.039
#3 AN1TH 100 AMNEERK 1-s RMS EH#EZR 51t

Tab.3 Probability statistics of maximum 1-s RMS
acceleration of 100 groups of footbridges
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YT H  JoEE - PTMD MD MD STMD
R 1.636 1.205 1.053 1.178 0. 989
SEHE 0.814  0.585 0.526 0.521 0.479
2 0.247  0.160 0.121 0.147 0.101
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