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Study on vibration damping control of a single-cable curved footbridge
induced by pedestrian
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Abstract: The natural frequency of the single cable plane curved footbridge tends to be in the
pedestrian step frequency range, and the resonance phenomenon between people and the bridge is
prone to occur. According to the German Pedestrian Bridge Design Guide ENO3, the pedestrian
induced vibration and comfort analysis of a footbridge is carried out considering the stopping effect of
the crowd. The results show that the crowd stopping effect will reduce the natural frequency of the
bridge structure; The vertical frequencies of the bridge mode 5 and mode 6 are between 1.25 Hz and
2.30 Hz, so the vertical pedestrian induced vibration acceleration response analysis is required; Before
and after considering the crowd stopping effect, the pedestrian comfort levels corresponding to mode 5
and mode 6 are CL4 and CL3 respectively, so vibration damping control is required; After the TMD
device is installed, the comfort level requirements of CL1 are met under each working condition of
mode 5 and mode 6.

Key words: single cable plane curved footbridge; pedestrian induced vibration; pedestrian comfort;

vibration damping control; TMD device
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Fig. 1 Center of gravity trajectory of pedestrian walking
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Table 1 Classification standard of comfort in German EN03

specification
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Fig.3 Bridge layout (unit: m)

F IR Q345 HAR B SL AR R, Rk
1.5 m, % 4.5 mo FZEF1 A4 220.0 m (5],
[ SMI s ) R 3 AR 5 RIS ARAE 7 B T8 O -
£, BN BT £ 0 IR h 2 Bl 24
B, SR FHAR TG 8 AN AR 4510 , JL N A 38 4 C35 1R
BEt =457 mo R SR BRI E R 1860
MPa AN LELE, 2L 20 4R o B IR FH RUAE TR B9 A7 18
WHRHEA C35TREEL, AR 1.5 m,

=
b 5x400=2 000 g
— o
o o TrfTTrirrrr
S SHE O §
—I -+ TRATSEL P R
§-. % -II'I PNl I | l‘ %
s = F ElE
S »N o BN
S = b 41V
) §|”rn Al =
=) w | E .3 r
¢ & | F r
i Sk 7
F;:. :Hj_ o e -
3 M OR 3]
= 2380500 22504
o B
§ ?ﬁ S ;3 1 000 & 1le
o |E|] L 3 =K
< [Z=R] 0 o Bl | %
%;ﬁ 8 e —r -
K|S k- gt
Y e L 4]
als it £:] |8
%Si C E S I VA
g ’-I:.l- T 7T -:IIH 8
% o e ” & e I
(= - . L 3 - [
g\ g -1 [ 1 i 1 t- Sr
=)
S
L L o
(a) I LR
4500
450 l800 453 347,400,400,400, 450400, 400,309
600 'gFlJ '

1 477\/

1523

o O
73 EE|,12

Ll 1
30,3720 800,370, 30

1500

(b) F= AR IAT 3 14
B4 k3% zFEMeA (E45.mm)

Fig. 4 Structural diagram of bridge tower and main beam

(unit: mm)
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Fig. 5 Finite element model of bridge
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Table 2 Initial and final correction values of parameters to be corrected
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4.3 HEESH

NATAR BB Z R B3R A e R AN
IO o FG 2 AL S 4 s N AR AR W] BE A5 BR 7
BRI, A FE 45 B DXL B a8 6 Birs o il T
5% B UL 55 A AR e ] AP R AR o s B
AN B A AR R B A —3R 0, AT gE A
FEXT AATHR B SRR DL R N RS 52

AHEBERRIX

Ee6 AF3ER
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Table 3 Considers the first 10 frequencies of the footbridge

before and after the crowd stop
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Fig.7 Some of vibration modes
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Table 4 Calculation parameters of pedestrian load
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Table 5 Corresponding section vertical acceleration under

each working condition of mode 5
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Table 6 Corresponding section vertical acceleration under

each working condition of mode 6
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Table 7 Discriminant results of pedestrian induced vibration

comfort
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Table 9 Pedestrian induced vibration response after setting
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Fig. 9 Acceleration response time history of right span 1/4

section of bridge mode 5 with and without TMD
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