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Research on the Comfort and Damping of Pedestrian—induced Vibration of a W-shaped Pedestrian Bridge
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Abstract: In order to solve the man—bridge resonance problem of a W —type pedestrian bridge under extreme crowd load, taking a
practical project in southwest China as an example, the dynamic comfort analysis under extreme crowd load was carried out based on
numerical simulation method, and the vibration reduction scheme was studied. The results show that when the vertical firsti—order natural
vibration frequency of the pedestrian bridge is 3.04 Hz, the W —shaped pedestrian bridge has hidden trouble of human - bridge
resonance. According to the calculation, the peak acceleration of the main beam is 0. 96 m/s’ under the five crowd loading conditions of
0.2, 0.5, 1.0, 1.5 and 4.6 P/m’, and the comfort index is medium, which does not reach the optimal comfort level. After a tuned
mass damper (TMD) with a mass ratio of 1% was set at the position with the maximum amplitude, the peak acceleration of the main
beam was reduced to 0. 10 m/s’, and the vibration reduction rate was 89.6% . The pedestrian bridge satisfied the optimal comfort
level. The research results can provide technical reference for evaluation of human induced vibration comfort and vibration reduction design
of similar special-shaped pedestrian bridges.
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Fig.1 Time-history curve of vertical, transverse and longitudinal
components of walking force of a single person
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Fig. 2 Pedestrian center of gravity change trajectory
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Table 1 Comfort evaluation index
RGBS ARERE SEEEE/ (m/s?) BEIERE/ (m/s?)

CLI el <0.5 <0.1
CL2 g 0.5~1.0 0.1~0.3
CL3 52N 1.0~2.5 0.3~0.8
CL4 NLE 27 >2.5 >0.8
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Fig. 5 Rendering, plan, elevation and cross—section of pedestrian bridge
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staircase beam of pedestrian bridge



2 SHESEA . WY AT IR B ST B 5 R BTE 121

3.1.2 HITEEEUS AR

NATRMr R AR B YR R oo iiil, &
PBrdL 103 A5 45, 93 NHTT, RAF 24 oA 46 P A 25
AL, 3k [ SRR I Bl S e T SRR R
FERM . iRk, HpZ s i
B, AR LK 7 R NIIE R A
MRS FRNEREUL T, B FER5— g
F2 G I T 5 R FH S A R AL, MR SRR
[, APLSEPR TR 2 53 2 [ R
3.1.3 #hma

FAmEEIE TR AE . ERAEE R I
TEZ A SR EE far 48, Horh | oy — Wit I E 2
ARG IR LA R TH AT KM B S A AR 2
FEL78.5 kN/m’, R THIEZER10.9 kN/m (55—
PUPs) 8.3 kN/m (3, =), BEZETIEZ
H17.0 kN/m, BEE-H “WIEE 4.2 kN/m, £
PR R9. 4 kN/m, —HATEAR LAY A far 2 0 T2 =X
ARBWEAIAT S b B AT R H A E 2R A
x. oy, z BRSO T BRE R AR 22 H
WERp RS, 8 SO AR TR R R A B TR, &
APRERRRRIG-23 C, BATHEI 25 ¢, HREER
=R JTG D60—2015 (2> SR R 15 -3 AL ) 1)
55 4.3.12 4 3 /NARIELETE.,
3.1.4 itk SRR A T

BN N AT 28, B o7 8 72 pRAICR
AR (WX (2) ). BRI T HR A
Ry ¥, A Hr ik A 40 s, B et iE] 2B KR
0.01 s; BHJER M & A, A A FHLE i R
0.004"" A BEfr 288 i 7 L sh Jy A ak AL, it oy
T B SR BT 23R 31 B P P R A AR A, 2 41 78 Ry 1% )
(K1) Peoh, WAEEfrR 2 (REm) mak, AJ
ot A E FHAE AT RAF A FR TSR AN 8] 7 s
3.2 AATRAMAFE oM

S AAT K F &7 18 FE W 9% £ 2 AL HE H RS 4
BT LA SN B 3 132 43 Bt o A3 TS Ry T T R
A A T 1 ) Bl A 1) A B R R R R iR R
S3HT N BOR 3l 7 R T A B AT AR 4R 3l 0 E
WA
3.2.1  ANTRM HIRBIS S0

HF Lanczos $RAEE W) & AT SR AEAE 20 7, R
UK 100 By, SO B IRB IS 5 i SR =

7 AMIEGARTER
Fig.7 Pedestrian bridge finite element model
90%" "', FEFAFTRHBFET 10 B A28 B4 3 K PR AL
fiE, W2, AATRIFH 7. 9. 10 iRAIAE T £
Qs iR g R 7 YRR N 3.04 Hz, 40T
1.25~4. 6 Hz NBEm R USBRs BN, frZeib itk
] NSRS EF G BE AT, RIS 7 B4R B PR,
R PRE S 5 RN 20. 68% ., AT RHERT 10 g
RURE S R A0 R ATE 0.5 ~ 1.2 Hez FRUES R L A
PR T ZE A T 1) AN B Sh 738 40T, 5 7 Bt
SHPRENE 8 FiR,
F2 ESRERIRRSE

Table 2 Modal frequency and vibration shape characteristics
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