
https://doi.org/10.2749/prague.2022.1427

Distributed by 8 

[19] Schlaich, J., & Schäfer, K.  (1983).  Zur  Druck‐
Querzug‐Festigkeit  des  Stahlbetons. Beton‐
und Stahlbetonbau, 78(3), 73-78.  

[20] Vecchio, F. J., & Collins, M. P. (1986). The 
modified compression-field theory for 
reinforced concrete elements subjected to 
shear. ACI J., 83(2), 219-231.  

[21] Warner, R., Rangan, B., Hall, A., and Faulkes, K. 
(1998). Concrete structures. Addison- Wesley 
Longman.  

[22] Ngo, D. and Scordelis, A. (1967). Finite 
element analysis of reinforced concrete 
beams ACI Journal Proceedings, 64(3):152-
163.  

[23] Ogura, N., Bolander, J. E., and Ichinose, T. 
(2008). Analysis of bond splitting failure of 
deformed bars within structural concrete. 
Engineering Structures, 30(2):428-435.  

[24] Kim S. M. and Abu Al-Rub R. K. (2011) Meso-
scale computational modeling of the plastic-
damage response of cementitious 
composites. Cement and Concrete Research 
41: 339–358.  

[25] Bazant Z P and Ozbolt J (1990) Nonlocal 
microplane model for fracture, damage, and 
size effect in structures. Journal of Engineering 
Mechanics, ASCE, 116(11): 2485– 2505.  

[26] Mazars, J. (1986). A description of micro-and 
macroscale damage of concrete structures. 
Engineering Fracture Mechanics, 25(5):729-
737.  

[27] Gernay, T., Millard, A., and Franssen, J.-M. 
(2013). A multiaxial constitutive model for 
concrete in the fire situation: Theoretical 
formulation. International Journal of Solids 
and Structures, 50(22):3659-3673.  

[28] William, K. and Warnke, E. (1975). Constitutive 
model for the triaxial behavior of concrete. 
International Association for Bridge and 
Structural Engineering Proceedings,19.  

[29] Ottosen, N. S. (1977). A failure criterion for 
concrete. American Society of Civil Engineers. 
Engineering Mechanics Division. Journal, 
103(4):527-535.  

[30] Lubliner, J., Oliver, J., Oller, S., and Onate, E. 
(1989). A plastic-damage model for concrete. 
International Journal of solids and structures, 
25(3):299-326.  

[31] Feng, D. C., Ren, X. D., & Li, J. (2018). Softened 
damage-plasticity model for analysis of 
cracked reinforced concrete structures. 
Journal of Structural Engineering, 144(6), 
04018044.  

[32] Abaqus, V. (2014). 6.14 Documentation. 
Dassault Systemes Simulia Corporation, 651. 

[33] Birtel V.and Mark P. Parameterised finite 
element modelling of RC beam shear failure, 
In ABAQUS users’ conference. 2006 May; 95-
108.  

[34] Lee, J. and Fenves, G. L. (1998). Plastic-
damage model for cyclic loading of 
concrete structures. Journal of engineering 
mechanics, 124(8):892-900. 

[34] Malecot, Y., Daudeville, L., Dupray, F., Poinard, 
C., & Buzaud, E. (2010). Strength and damage 
of concrete under high triaxial loading. 
European Journal of Environmental and Civil 
Engineering, 14(6-7), 777-803.  

[35] Feng, D. C., Ren, X. D., & Li, J. (2018). Softened 
damage-plasticity model for analysis of 
cracked reinforced concrete structures. 
Journal of Structural Engineering, 144(6), 
04018044.  

[36] Gilbert, R. I., & Nejadi, S. (2004). An 
experimental study of flexural cracking in 
reinforced concrete members under short 
term loads. University of New South Wales, 
School of Civil and Environmental Engineering.  

[37] Sun, E. Q. (2006, July). Shear locking and hour 
glassing in MSC Nastran, ABAQUS, and ANSYS. 
In Msc software users meeting.  

[38] Eligehausen, R., Popov, E. P., & Bertero, V. V. 
(1982). Local bond stress-slip relationships of 
deformed bars under generalized excitations. 
https://www.researchgate.net/publication/2
79507857_Local_Bond_stress_slip_relationsh
ip_of_deformed_bars_under_generalized_ex
citations  

        IABSE Symposium Prague 2022 
        Challenges for Existing and Oncoming Structures 
        May 25-27, 2022, Prague, Czech Republic 

1 

Advanced analysis of a pedestrian bridge and considerations on 
crowd-structure interaction 

Antonio De Luca 
Thornton Tomasetti, Inc., Fort Lauderdale, FL, USA 
 
Scott Lomax, Marguerite Jeansonne Pinto 
Thornton Tomasetti, Inc., New York, NY, USA 
 

Contact: adeluca@thorntontomasetti.com 

 

Abstract 
Pedestrian bridges, grandstands, and other long-span structures may be subjected to crowd loading. 
Crowds have the dual effect to produce large forces and alter the structure’s modal properties and 
damping. Vibration testing of full-scale structures allows the verification of the modelling 
assumptions and design criteria.  

This paper discusses the case study of a pedestrian bridge structure subjected to crowd loading. The 
results of the design finite element model of the bridge and the bridge performance were validated 
through field testing. The theoretical effects of crowds were analysed and compared to the 
experimental test data.  

Keywords: pedestrian bridge, dynamic analysis, vibrations, comfort, monitoring, crowd-structure 
interaction, CORE R&D. 
 

1 Introduction 
Pedestrian bridges may experience high vibration 
amplitudes due to walkers and/or wind excitations. 
The anticipated in-service acceleration levels of the 
bridge deck have to be evaluated and compared to 
acceptable limits during the early stages of the 
design. Various cases of excessive vibrations 
affecting the serviceability of footbridges around 
the world led to the development of design 
guidelines to assess user comfort in footbridges.  

Currently, there are no design guidelines 
universally accepted in the United States to 
evaluate comfort in footbridges. The interpretation 
and application of the available design guidelines is 
often left to the design engineer. Design 
recommendations can often be challenged based 

on the individual’s interpretation of the guidelines, 
which may lead to legal disputes.  

Recent innovations in the field of sensor 
technology allow for autonomous and continuous 
monitoring of structures. Wireless systems offer 
numerous advantages in terms of sensor 
deployment, management, and cost. Pedestrian 
bridges are relatively simple structures to monitor 
and test. 

Dynamic testing allows the identification of the 
modal properties of a structure and the verification 
that the structure is behaving as intended by 
design. In certain circumstances, establishing a 
long-term, vibration monitoring plan could provide 
valuable data to owners and property managers for 
proactively maintaining their structure. 
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