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Analysis of human-induced vibration for flexible suspension
footbridge under different pedestrian flow

ZHANG Yanling', ZHANG Jianlin'?, LI Yunsheng'
(1. School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China
2. China Railway Shanghai Design Institute Group Co. ,Ltd. , Shanghai 200070, China)

Abstract ; In order to study the influence of different pedestrian flow on the natural vibration characteristics, vertical
and lateral acceleration of suspension footbridges during operation, the finite element model of a (70+360+60) m
ground-anchored suspension footbridge was established using Midas/ Civil software, and the natural vibration
frequencies were calculated. Based on the German pedestrian bridge standard EN03-2007, the vertical and lateral
acceleration of the main girder under the synchronous crowd harmonic load were obtained, and the pedestrian
comfort was evaluated. Results indicate that the natural vibration frequencies of the flexible suspension footbridge
are rather low due to the flexibility of the bridge, which makes the pedestrian step frequency close to high-order
vibration modes. Pedestrian mass makes the natural frequencies and the acceleration of the main girder decrease,
and the maximum vertical and lateral acceleration improve with the increasing of the pedestrian mass. The
pedestrian mass has different influence on the vertical and lateral acceleration of the main girder, which is related
with the different reduction factor of the vertical and lateral pedestrian harmonic load. Considering the pedestrian
mass, the suspension footbridge in this paper is in very comfort state under the pedestrian flow of 0. 5 P/ m*, and in
medium comfort state under the pedestrian flow of 1.0~2.0 P/ m”.

Key words: flexible suspension footbridge; pedestrian flow; natural vibration characteristics; human-induced
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Fig. 2 Cross section of the main girder(unit: mm)
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Fig. 3 Finite element model of suspension bridge
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Tab. 1 Natural vibration frequency under different pedestrian flow/ Hz

A% RN A B NBEEH 0.5 N/m’ 1 N m 1.5 N/ m?* 2 N/ m’
2 0.517 0.513 0.510 0.508 0. 506
3 F 3 0.783 0. 756 0. 747 0.734 0.725
4 1. 140 1. 097 1. 063 1.031 1. 002
14 1. 326 1. 345 1. 257 <1.25 <1.25
15 1. 400 1. 363 1.328 1.297 1. 267
16 1.547 1.504 1. 465 1. 429 1. 396
17 —_— 1.728 1. 635 1.599 1.564 1.529
FRES
18 - 1. 795 1.753 1.727 1. 646 1.610
19 1. 990 1. 933 1. 882 1. 836 1. 792
20 2.210 2. 149 2.092 2. 040 1. 992
21 >2.3 >2.3 >2.3 2. 259 2.196
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Tab. 2 Parameters of the harmonic pedestrain load

P .Kﬁjuﬁﬁi | 0.5 N/ m? | 1 N/ m? | 1.5 A/ m? | 2 N/ m?

i/ Hz o i/ Hz & fw/ Hz o i/ Hz o v/ Hz o
2 0.517 0. 085 0.513 0. 065 0.510 0. 050 0. 508 0. 040 0.506  0.030
3 EFEMET O 0.783 1. 000 0. 756 1. 000 0. 747 1. 000 0. 734 1. 000 0.725 1.000
4 1. 140 0. 300 1. 097 0.515 1. 063 0. 685 1.031 0. 845 1.002  0.990
13 fv/ Hz oo f/ Hz oo fv/ Hz &o fv/ Hz oo f/ Hz .
14 1. 326 0. 169 1. 345 0.211 1. 257 0.016 <1.25 0. 000 <1.25 0.000
15 1. 400 0. 333 1. 363 0.251 1.328 0.173 1. 297 0. 104 1.267  0.038
16 1. 547 0. 660 1.504 0.564 1. 465 0.478 1. 429 0. 398 1.396  0.324
17 Fpuweds 1,728 1. 000 1. 635 0. 856 1. 599 0.776 1.564 0. 698 1.529  0.620
18 1. 795 1. 000 1.753 1. 000 1.727 1. 000 1. 646 0. 880 1.610  0.800
19 1. 990 1. 000 1. 933 1. 000 1. 882 1. 000 1. 836 1. 000 1.792  1.000
20 2.210 0. 450 2. 149 0.755 2. 092 1. 000 2. 040 1. 000 1.992  1.000
21 >2.3 0. 000 >2.3 0. 000 >2.3 0. 000 2. 259 0. 205 2.196  0.520
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