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Pedestrian-bridge dynamic interaction in the vertical
based on biodynamic model

ZHANG Qiong, NAN Nana, ZHU Qiankun, DU Yongfeng
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Lanzhou 730050, P.R.China)

Abstract: The vertical dynamic interaction of pedestrian-bridge is studied by using biodynamic model. The
biodynamic model adopts the stiffness-mass-damping (SMD) model expressed by pedestrian’ s step
frequency and weight, under the assumption that the foot bridge is of Euler-Bernoulli model, and the
control equation of pedestrian-bridge dynamic interaction in the vertical is established. The state-space
method is used to solve the instantaneous model of non-proportionally damped system, and the time-
varying frequency and damping ratio are obtained. The time-varying control equation is determined by using
variable step four-level-five-order Runge-Kutta-Felhberg algorithm, and the dynamic responses of
pedestrian bridge were compared with considering pedestrian-bridge vertical dynamic interaction and under
the action of the pedestrian load. The calculated results show that with considering the pedestrian-bridge
dynamic interaction in the vertical, the frequency of the foot bridge is lowered slightly, and the damping is

increased significantly. When pedestrians walk at the frequency of foot bridge, the dynamic response with
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considering the Pedestrian-bridge dynamic interaction in the vertical should be obviously lower than that
without considering pedestrian-bridge interaction.
Keywords: bridge engineering; biodynamic model; pedestrian-bridge dynamic interaction; time-varying

non-proportionally damped system; state-space method
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Fig.1 Pedestrian-bridge dynamic interaction in the vertical
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Fig.2 Vibration frequencies of the pedestrian-bridge dynamic interaction system
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Fig.3 Damping ratio of the pedestrian-bridge dynamic interaction system
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Fig.4 Change rate of vibration frequencies and damping ratio
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Fig.5 Acceleration of the bridge at different walkingfrequency
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Fig.6 Fourier spectrum of acceleration at different walking frequency
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Fig.7 Acceleration peak change rate of bridge at different walking frequency

3 & i

D25 BN 8l 0 A AR T AT ATE S AN AT HR i B v o 2 G A B 3 R B JE S ) 2% 19 35 38 19 T 5 TA
NAT NATE AR B B I RS R A — 2 I S R E R A R — 2L T AR ERBEER S AR5 % 18-
PR EL AT G S5 44 A BELJE LU AN P8 N —A7F A A P A 35 36 (EL 4 0 00 236 LG S 25 I8 N — 35 4 4 AT T g
A AR A2 A AR I B 1758 A 0 3 Rk /b

2YTEZE BN 3l A ELATE T NAT A 0 I A2 93 3 R BELJE 7R AT AN AT 22 HOM I 41 28 T Ak ik 380 A {1 X —
LRI AT N R TMD I8 4R 2% . 98 TMD 42 8 51 4% 5 T i Ah 75 210 55 1 I 4k K



100 TR KX FFR % 40 A

3) AT NHIAT AR 5 S5 MR — B 25 FE N4 M A A T 2854 19 8 o 7 be U N A e 284
AR S A R — 2 AT AL T TMD iR & » A8 3R I A 335 8 20 9 iG55 G 4 930 3 AR 400 1 1 4 R
ANE T AR 5 T 25 4T N A& 2B A A I 25 B8N 7R A EL A P 0 3 8 0 {55 A N AT Ao 2804 T A DA EE A
ffi s » JAUT TMD iR » MR B S RO 538 AR (H B A AR BOR - S ini 2 38 K45 ik .

)k LR EAE ST TN B 1 gl g AH AR AT T BE AL AT B S 1 2l g A B A AR A 2 T
PEH AT

S 30k

[ 17 Zivanovic S, Pavi¢ A, Reynolds P. Probability-based prediction of multi-mode vibration response to walking excitation[ ] 7.
Engineering Structures, 2007, 29(6): 942-954.

L2]mms, 4k, MFF, & AT RIFGHHIRSDEF3E B8 it L SRS PESS S LT ). Rl CAE#4R . 2013, 26(4) . 545-553.
FENG Peng, JING Feifei, YE Lieping, et al. Quantification of pedestrian’s comfort level and dynamic properties of footbridge
vibration based on in-situ measurement| J]. Journal of Vibration Engineering, 2013, 26(4): 545-553. (in Chinese)

[ 3] Caetano E, CunhaA, Moutinho C, et al. Studies for controlling human-induced vibration of the Pedro e Inés footbridge,
Portugal. Part 2;: Implementation of tuned mass dampers[J]. Engineering Structures, 2010, 32(4): 1082-1091.

[ 4 ] BS Institute. Steel, concrete and composite bridges. Specification for loads, BS 5400; Part 2[ M]. London: British
Standard Institution, 1978.

[ 5] da Silva F T, Brito H M B F, Pimentel R L. Modeling of crowd load in vertical direction using biodynamic model for
pedestrians crossing footbridges[ J]. Canadian Journal of Civil Engineering, 2013, 40(12) . 1196-1204.

L6 FEilF, M, EEG. A-MEAEMZ R T]. TRJI%, 2010, 27(5): 14-20.

WANG Hai, ZHOU Ding, WANG Shuguang. Modeling of the dynamicinteraction of human occupants and beam[]].
Engineering Mechanics, 2010, 27(5): 14-20. (in Chinese)

L7 0T, $ihT, XURE. A& R s Rt J]. TR I, 2013, 30(1): 295-300
HE Wei, XIE Weiping, LIU Long. Study on dynamic characteristics of human-floor interaction system[]J]. Engineering
Mechanics, 2013, 30(1): 295-300. (in Chinese)

(8 1 =L BRECHE . A —HF 8 16 3y Jy M1 ELAR T ROW 398 SR T 7E (1], £AR TAREHR. 2014, 47(6): 78-87
LI Hongli, CHEN Zhengqing. Analytical and experimental study on vertically dynamic interaction between human and
bridge[ J]. China Civil Engineering Journal, 2014, 47(6): 78-87. (in Chinese)

[ 91 2. Rl 5T 0UR AP ATREALR S B AL ) 9 N AA-S5 WA AR R LT . s A5 F 24 4. 2014, 35(s1) . 18-24
QIN Jingwei, YANG Qingshan. Human-structure interaction based on bipedal walking model and feedback mecha-
nism[J]. Journal of Building Structures, 2014, 35(s1): 18-24. (in Chinese)

[10] Kim S H, Cho K I, Choi M S, et al. Development of human body model for the dynamic analysis of footbridges under
pedestrian induced excitation[ J |. International Journal of Steel Structures, 2008, 8(4): 333-345.

[11] Silva F T, Pimentel R. Biodynamic walking model for vibration serviceability of footbridges in vertical direction[ C]/ EURODYN
2011 Proceedings of the 8th International Conference on Structural Dynamics. Leuven, Belgium. 2011: 1090-1096.

[12] Pfeil M, Amador N, Pimentel R, et al. Analytic numerical model for walking person-footbridge structure interaction[ C] //
Proceedings of the 9" International Conference on Structural Dynamics, EURODYN 2014, Porto, Portugal. Portugal:
[s.n. ], 2014 1079-1085.

[13] Dang H V, Zivanovic S. Modellingpedestrian interaction with perceptibly vibrating footbridges[]]. FME Transactions.,
2013, 41(4) . 271-278.

[14] Kerr S C, Bishop N W M. Human induced loading on flexible staircases[]J]. Engineering Structures, 2001, 23(1): 37-45.

[15] Juang J N. Applied system identification M]. Englewood Cliffs, NJ, USA: Prentice Hall, 1994.

[16] Zivanovi¢ S. Probability-based estimation of vibration for pedestrian structures due to walking[ D]. Sheffield, England:
The University of Sheffield, 2006.

[17] Ellis B R. Human-structure interaction in vertical vibrations[ J]. Proceedings of the ICE-Structures and Buildings, 1997,
122(1) . 1-9.

[18] Gomez D, Silva C E, Dyke S J, et al. Interactiveplatform to include human-structure interaction effects in the analysis of
footbridges[ M ] // Caicedo J, Pakzad S. Dynamics of Civil Structures, Volume 2. [S. 1. ]: Springer International
Publishing, 2015. 59-65.

(4 &)



