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Context of the problem 
Railways and vibratory nuisances 
 
ex.: the tram T2000 circulating in Brussels 
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Case study: the T2000 tram 
Purpose of this study 

This research focuses on the evaluation of DVAs 
(dynamic vibration absorbers) as a mitigation measure : 
• by using a dedicated prediction model, 
• by analysing the ground vibration (level and 
frequency) based on a real case (T2000 tram), 

• by comparing the different and possible DVA 
locations. 
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DVA design 
Optimising and calibrating the DVA using: 
• a pure numerical prediction model[1], 
• a time-frequency analysis to detect the main 
contributor mode, 

• the modal decomposition theory. 

Schematic representation 
of a damped dynamic 
vibration absorber 
attached to the 
vehicle/track system 

[1] G. Kouroussis et al. “Prediction 
of ground vibrations induced by 
urban railway traffic: an analysis of 
the coupling assumptions between 
vehicle, track, soil, and buildings”. 
In: International Journal of 
Acoustics and Vibration 18.4 
(2013), pp. 163–172. 
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Results 
• The bogie bounce mode is responsible for the high 

vibration level: target eigenfrequency fa = 18.2Hz 
(middle car:                   fa = 21.2Hz     ). 

• The mass value ma was fixed to 100 kg: 
o  μ = 0.1 when DVA placed on the vehicle, 
o  μ = 0.01  when DVA placed on the rail, 
o  μ = 0.001  when DVA placed on a sleeper. 

• Analysing the frequency response function between 
the vertical wheel displacement Xwheel,i      and 
the wheel/rail force Fwheel/rail        (driving 
point): 

 

 

• Optimizing DVA stiffness ka  and damping da for 
each case. 
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Results 
• Frequency response function analysis 

 
 
 
 
 

 
• Ground vibration time history and frequency 
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• Compared to similar vehicles (same configuration and axle loads), 
T2000 generates abnormal vibrations (vehicle effect). 

• Proof-of-concept: using a DVA to reduce the observed levels. 
• Virtual prototyping: on the use of numerical tools (already 

validated). 
• A DVA placed on the vehicle, close to the excitation contributor, is 

more efficient than DVAs located on the track. 
• Compared with a previous solution using a less-stiff material in 

the resilient wheels[2] (a vibration reduction of 70% was observed 
by dividing the original resilient material stiffness by a factor of 
10!). 

Concluding remarks 

[2] G. Kouroussis et al. “Efficiency of resilient wheels on the alleviation of railway ground 
vibrations”. In: Journal of Rail and Rapid Transit 226.4 (2012), pp. 381–396. 
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