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Study on the Vibration Control of Footbridge by Using Tuned Mass Damper(TMD)
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ABSTRACT

This paper describes a vibration control by using tuned mass damper(i.e.. TMD) for an existing footbridge. The footbridge is the simple steel box
girder bridge with main span length of 47.7m. This bridge has light weight, low damping and the st bending frequency of 1.84Hz. Its frequency
is close to a walking cycle, which is 2Hz. Therefore the uncomfortable resonant vibrafions due to a pedestrian walking have occurred frequently.
The vibration confrol by means of TMD for suppressing the pedestrian induced vioration was conducted. Toking info account economical benefits
and the easiness of installation, a compact TMD installed within a handrail was designed. From field tests of the TMD, it was confirmed that the
structural damping of the bridge via. the compact TMD was enhanced by 13 times and the resonant vibration due to pedestrian walking was
suppressed.
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Table 1 Design specification of the footbridge

Headline Type & Value
, Main girder Box section
Section Type ,
Slope | section
Span length 47.7m
Main girder 2.25m
Deck width Slope 2,25m
Stairs 1.5m
Clearance under 47m
bridge deck
Dead load 1117kN/m
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Fig.1 General view of the footbridge
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Fig. 2 Measured decaying oscillation of the footbridge({ 8 =0.011)
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Max velocity = 3.97cm/s
RMS velocity = 2.73cm/s
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Fig. 3 Measured resonance vibration due to a synchronized walking
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Table 2 Four categories of the vibration serviceability proposed by
Kobori & Kajikawa®

Category RMS Velocity(cm/sec)
fightly perceptible 042
definitely perceptible 0.85
lightly hard to walk 1.7
definitely hard to walk 27
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M : Equivalent mass of footbridge

K¢ : Equivalent spring constant of footbridge

Ct : Equivalent damping coefficient of footbridge
My : Mass of TMD

Kr : Spring constant of TMD

Cr : Damping coefficient of TMD
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(a) Sine wave function
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Fig. 5 Sine and Semi-sine wave function
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Fig. 6 Measured and Simulated response for pedestrian walking force

H7H HM6s (8H HM34%F) 2003.12

o
H
Ral
2l
ok
i
T
rr
Ho
itad



o714,

7 TN[D-‘P} HEew
wEkel 1aF 11

o A
fA5S

SA2go] A e E 3¢ verdck

Table 3 Material properties used for numerical analysis

Bridge

T™D

M
(kN/m/s®)

Ks
(kN/m)

Gt Mr Kr
(kNfm) | (kN/Ys) | (kNfm)

2717

3631.96 1.1 0.5%~3% for M
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Table 4 Vibration serviceability proposed by several researchers
verification method Loading condition Allowable level Unit Category of vibration serviceability
BS500, Blanchard® Single resonance walking 501°% cmysec(Max.) Tolerance
Wheeler” Single resonance walking 24 cm/sec(Max.) Unpleasant
Single walking 1.7 Slightly hard to walk
Kajikawa” Crowded walking 1.7 cm/sec(RMS) Slightly hard to watk
Single running 2.7 Definitely hard to walk
Tanaka & Kato® 0.85 cm/sec(RMS) Definitely perceptible
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Fig. 10 Decaying Oscillation of the footbridge with TMD
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Fig. 11 Estimation of beating wave by system identification method
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Fig. 12 Measured resonance vibration of the footbridge with TMD
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