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Research on human-induced vibration and vibration control of
variable cross-section steel truss girder pedestrian bridge

CHEN Jianbing', XIE Yongjing', LI Zuhui*, LIU Chenguang'
(1. School of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215011, China;
2. Suzhou Zhongzheng Engineering Inspection Co., Ltd., Suzhou 215000, China)

Abstract: To study the comfort level of human-induced vibration of a variable section steel-truss pedestrian bridge
and the vibration reduction effect of tuned mass damper (TMD), a steel truss girder pedestrian bridge on the
Beijing Hangzhou Grand Canal was taken as the research object. Finite element simulation and on-site measurement
were used to study the human-induced vibration response of the steel truss pedestrian bridge. Based on the finite
element model, the vibration response of the bridge before installation of TMD was analyzed, the pedestrian comfort
level was determined, and the influence of pedestrian density, damping ratio and crowd excitation frequency on the
bridge was discussed. In this way, the TMD design parameters were given, and the influence of TMD mass ratio on
the vibration reduction effect was analyzed. On site measurements were conducted on the pedestrian bridge after the
installation of TMD, and based on which acceleration time history and frequency spectrum analysis were used to
study the human-induced vibration response of the bridge under corresponding operating conditions. Comparison of
the results shows that before installing the TMD, the acceleration response of the bridge exceeds the specification

limit, and the effect of human-induced vibration should be considered. In a certain range, the acceleration response
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increases with the increase of pedestrian density and decreases with the increase of damping ratio. The vibration
response increases significantly when the pedestrian step frequency is close to a certain order of the vibration
frequency of the bridge. After the installation of TMD, the measured human-induced vibration response of the
bridge is reduced, and its response is consistent with the simulation results. The research results in this paper can
provide theoretical support for the study of human-induced vibration of variable section steel truss bridge.

Key words: steel truss girder; human-induced vibration test; human induced vibration simulation; comfort

evaluation ; tuned mass damper; vibration control
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Schematic diagram of the bridge structure
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Fig.2 Overall view of the pedestrian steel truss bridge
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Table 8 Comparison of accelerations before and after TMD vibration reduction under different pedestrian densities
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2.3 TMD BRI RS

FESATIRARL TS, TMD 1) 5Tt I AN S8R R g, 348 K5 8 bE AT LAY/ NI 2l i 7, L[] s 3 2 e JosH: 22
Vrtk . i TR TR T b iR i W (I B s i), DR 1.5 A/m® 94T N3 AR I 00T, 61T
2% iR HERYEERE | B 0.5% 1.0% 1.5% 2.5%3% 4 R LT FL i, 28318, 153 H TMD £
B 9 i,

10 k5 PR R LR A9 TMD SREE S, iR Ja , A7 18 B A3 0« el s AT NEE N 1.5 A/m?
fF, TMD Jidt LR T 2.0% , iR SR HT 0 2 A8 40, B Ak 88 /N T45 T 2.0% 1 it i Lo & 3L

F£10 5MEREZLETH TMD BiREE Rtk

®9 TERELTH TMD S Table 10  Comparison of TMD vibration reduction
Table 9 TMD parameters under different mass ratios results under five mass ratios
o W B & BHJE R %L ¢ WA T 2
B/ % ﬁg I/ k opt opt 753 iﬁﬁﬂﬁg/( m/s ) N
/% PR ) vy Ny R Bk /% — . Wb %/ %
MR Wl
0.5 500 70030 522 B i)
0.5 0.214 85.98
1.0 1000 138679 1466 1 [n] 1.0 0.149 90.24
1.5 1500 205974 2674 e h) 13 1526 0-122 9201
2.0 0.105 93.12
2.5 2500 336 624 5670 1% i) 25 0.094 93.84

It , FEARTEAT N EEAEATT , BEHL 2.0% 19 J57 & He 3 mT DA AT A7 B &7 18 BE K3k 21« Bl X
545 0.5% ~5.0% BB 1 2087 AS [ B FE A TMD D8R 248 45, TMID iR 2 5 o i L Ao 48
AN, FLS RO B3, (HAESEPRIEN b |, T 2% [ P PE Rz A, SEPRi i) TMD TS5 A
REIA RIS TR R S5,

3 ANITR#IH N B R3Sl

3.1 REMRIEERNAHE
NATHRIRN I AT NSl I, (8 FH A S 2 I SR SR AR R 4 8 i MUATR fia) B 000 i 91 sl 14y o £



55 6 # R IT A5 AR BT AAT IR AN Bl 3 S I 3l 47 i F 5

31

I id 74 DHDAS IS5 5 70T R GUXH i B 155 BEAT 3

O AR AT BRAEAT AR T 3R 3l s

FE o RS, o A v AT A 5 S I Y H AR A T s AR O
WRTR £ R FHZR 42 DHS90TN JC4 M A2 I 43 B 2R 48 Al DHS922D (32 38 iH ) gh &5 5 WA 4r B &
G52 B, oy A RGEALSE TS ) ARG RS . I R AR SRR AT X ) RN = [ 2 RS ek AL B S B
ARG B, % s SR AR X1 O g A LS R U L B A AL R AR T A R R A
DR ANA TR A [ IR TR 11, A% B il B B AN M s i R AR T, A A I & 6 -t
I UL 13 () , 2 RN s L4 #8000 L2 0T 3L/4 #0014 #0m (L/2 #00 3L/4 ;BT

[6], 5 L2 AT A AT S P A2k B P 10 25 (B AT 2R

BN 2% 30 em Ab) |, FRES 3L/4 T I A

BEAENFR AR e AT B AR AT T B A — M 2 (L, BRI AE T 2% 30 em Ab) o AR IR DU

AR NE 13 Fian, Hidr, 1~4 S WG R . 5~7 58 =

BEHEANE 13(c) | (d) P {23 n1E 14 B

3L/4

() A4 TR 5 8 ~ 17 5 DRy M3k A Sl A6 1) A

NN = e 1l I (L
‘H L/ \“//‘J, “‘ \ )

ARG
T _ ==\

NNV e
TS89 60011 L1213 LB 3067
(a) Wik mE s ER

9677 I800I

=
5
i
5
2 -
¥ || %
g i
Sy A1 x

VAN AviiE

(c) s LML A AT B R T

1000 2824 1400 1400 1961 1195600

(b) IR~ A R R
800 8628 800

¥ B mm

(d) EE3L/AFR L AR A R

13 WiREmEAERRS HE

Fig. 13 Test section and sensor distribution diagram
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Fig. 14  Sensor installation schematic diagram
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Fig. 15 Measured on site of human-induced vibration conditions
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Table 11  Measured vertical vibration peak acceleration in pedestrian excitation conditions m/s’
T A R
bz TR ML
1 2 3 4 5 6 7 8 9 10

1 1A L5 Hz A7 ek 0.046  0.031  0.040 0.029 0.055 0.032 0.049 0.036 0.062  0.045
2 3 A L5 Hz A7 —FIWEP4 0056 0.034  0.040  0.026  0.060 0.050 0.058 0.041  0.075  0.049
3 8 A 1.5 Hz B47ild 0.061  0.041  0.050 0.035 0.066 0.057 0.061 0.053 0.082  0.057
4 14 A 1.5 He 47305 0.072  0.058  0.064 0.052 0.08  0.063 0.076 0.068 0.095  0.070
5 3 A3.0 Hz FEfist  —HRFPZ 0102 0.082  0.132  0.074  0.135  0.091  0.127 0.114  0.197  0.148
6 14 AN 1.8 Hz A7t wislurh<k  0.045  0.037  0.116  0.032  0.117  0.088  0.104 0.070  0.173  0.092
7 14 A 2.0 He 47505 0.049  0.043  0.098 0.042 0.095 0.075 0.087 0.066 0.116  0.080
8 14 A 2.2 Hz 47l 0.065 0.055  0.067 0.043 0.106 0.079  0.098  0.049  0.085  0.077
9 14 A 3.0 Hz 5§l 0267 0219 0341  0.196 0392 0251 0380 0.315 038  0.307
10 14 A 1.5 Hz A47iad PR RZE 0.074  0.065  0.077 0.063  0.100 0.071  0.084  0.060  0.093  0.079
11 14 A 1.8 Hz B4l 0.101  0.093 0.156  0.088  0.131  0.097 0.119 0.062 0.143  0.106
12 14 A 2.0 Hz B4 5 0.098  0.069 0.101  0.064 0.116 0.075  0.095 0.065 0.116  0.090
13 1 N5tk R 1 0.027  0.023 0.064 0.045 0.032 0.028 0.025 0.021  0.025  0.022
14 NSNS rh g s 0.021  0.012 0.026 0.017 0.029 0.020 0.051 0.042 0.106  0.094
15 3 NJE Bk ER Ul 3Ll 0.036  0.031 0.078 0.063 0.053 0.041 0.038 0.027 0.032  0.028
16 3 NJE Bk ER oh g5 s v 0.028  0.017 0.030 0.021  0.033  0.024 0.068 0.044  0.150  0.120
17 8 NSt Bk R 0.044  0.028 0.047 0.031 0.046 0.030 0.097 0.081 0.187  0.162
18 14 N HBkER 0.067  0.046 0.063  0.059 0.050 0.038 0.166 0.096 0216  0.202
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Fig. 16 FFT frequency spectra of three typical working conditions
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214 NLL 3.0 Hz #R M0 TO0 T, H S 5 R U o) 41 2y fin sl B R oAt T, O 50 0.392 m/s?,
INF 0.5 m/s? R E] T B dE T A R AT N ETAE B BRI T T ) TMD [N T AT R 4 8l
W, HE— 2 BAIE T TMD B8 7 22 1A Bk
3.4 T AR EEE

RIR AT AT AR AT I, B R AT N e — S A AR A AT 0 Rk, i1 A
mh A AR A T IX 4

X AAT (SRR ) G 3 T80, SR JGI/T 441—2019( FESURE 36 4R 5% 35 BE B ARREY 2 v HUSE 1047 7E 3%
il AR A H R IR

F(t) = z'yiPpcos(%TifSt +.) (8)
L, () IAATEBNE P, AT AT, ATH0.7 kKN(JGI/T 441—2019¢ FEAFAK 25 25 M U5 5 6738 i 5
AARAEY PO HEBUE N 0.7 kN ARIEI S 550 R R RSO 0.7 kN) 5y, HES @ g 250K 143 /1
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Table 12 Comparison of simulated and measured maximum vertical accelerations in pedestrian excitation conditions

B 17 AT EBERA MR
Fig. 17 Excitation model of rhythmic jumping

Ut i W R R/ (m/s?)
s RIETUN T B 2EMHH/ %
S HEAE
1 1 A 1.5 Hz 47385 Lk 0.062 0.057 -8.06
2 3 A 1.5 Hz 4735 —FAT 0.075 0.088 17.33
3 8 A 1.5 Hz 17t 0.082 0.102 24.39
4 14 N 1.5 Hz ATl 0.095 0.126 32.63
5 3 A 3.0 Hz #1585 — 0.197 0.218 10.66
6 14 N\ 1.8 Hz 47t PIgIHThEk 0.173 0.178 2.89
7 14 A 2.0 Hz #4731 0.116 0.127 9.48
8 14 N\ 2.2 Hz 4731 0.106 0.101 -4.72
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Ut [ W (I JISAEE/ (/7 )
b UK S IR T FEAHA/ %
SRiLED HRE

9 14 A 3.0 Hz #8138 0.392 0.421 7.40
10 14 N 1.5 Hz 4738 T PIHEAT h 2 0.100 0.101 1.00
11 14 A 1.8 Hz #4738 0.156 0.168 7.69
12 14 A 2.0 Hz #4738 55 0.116 0.126 8.62
13 [WNEE:73 s s 0.064 0.046 -28.13
14 1 N JF kR s s 0.106 0.111 4.72
15 3 NSk ER s 0.078 0.103 32.05
16 3 NJEHBRER Hhs s 0.150 0.159 6.00
17 8 AJEhBkER 0.187 0.211 12.83
18 14 N ik R 0.216 0.285 31.94
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