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Nowadays, railway ranks as an environmentally 
friendly and sustainable form of transport associated 
with a continuously expanding network. This success, 
often considered as the second “golden age” of rail, 
induces a vision of trains that should be quiet and 
vibrationless (Connolly et al., 2016; Vogiatzis and 
Kouroussis, 2017b). However, numerous environ-
mental technical challenges are associated with rail-
way infrastructure, including the assessment of urban 
railway vibrations and noise (Vogiatzis and Kou-
roussis, 2017a). 

Prediction models are widely used at present to 
understand the nature of railway ground waves and 
their associated characteristics. Simulating excitation 
is of major concern and fixes the choice of a proper 
numerical model. Fig. 1 indicates the major sources of 
vibration originating from the passing of trains: 

1. Moving load effect 
This effect has been studied for several years, 

leading to many analytical and numerical prediction 
models. The associated problem is to determine the 
vibration level when a (constant) load is moving 
along a straight line on the surface of a half-space and 
generally at constant speed: the analogy with a mov-
ing railway vehicle is obvious. Specific situations can 

be studied, such as the super-critical phenomenon 
appearing when a vehicle moves at a speed greater 
than that of the wave propagating into the soil (Krylov 
and Ferguson, 1994). 

2. Distributed track unevenness 
Rail and wheel surface geometries are not per-

fect. Unevenness makes contact between wheels and 
rails less than perfect and generates a dynamic exci-
tation directly observable in the evaluation of  
railway-generated ground vibrations. Distributed rail 
unevenness data are often in the form of spectra 
(power spectral density) as a function of the spatial 
frequency (number of cycles per unit of length) with a 
specific shape, often defined in railway standards 
(Garg and Dukkipati, 1984). 

3. Localized defects on the rail surface 
Singular defects such as rail joints, switches, and 

crossings are a significant source of dynamic excita-
tion on railway tracks. They appear mainly in urban 
environments, rather than in high-speed lines, and 
represent the main contributor of railway-induced 
ground vibrations, even at low vehicle speeds (Kou-
roussis et al., 2015). Noise generated by the passing of 
wheels over localized defects is also important. 

4. Localized defects on the wheel surface 
Typically, a flat spot or ‘wheel flat’ occurs when 

a wheelset is dragged along the rail due to emergency 
braking or during slip and slide conditions. In some 
cases, the dynamic effect of a wheel flat is of the same 
order of magnitude as a localized defect on a rail, with 
similar levels of ground vibration, in addition to the 
repetitiveness that occurs at one or more positions on 
the wheel circumference (Alexandrou et al., 2016). 

Historically, the field of railway noise was 
studied before problems of railway vibration. Com-
pared to aerodynamic noise, rolling noise and traction 
noise are dominant at low speed. The mechanisms of 
such noise are well understood by researchers in this 
field. In urban conditions, the dominant source of 
noise remains the rolling noise, generated by the  
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interaction of rotating wheels and the rail. Vi-
broacoustic studies can be helpful to elucidate the 
generation mechanisms and reduce railway noise 
(Thompson, 2009). 

Recently, much research has been devoted to the 
very complex theme of railway induced ground vi-
bration and noise. The proposed topic of this special 
issue, covered by four papers, is the broad issue of the 
generation and propagation of sound and ground 
borne vibration from rail transport. Rail induced vi-
bration has gained more attention in recent years. In 
this special issue, primary scientists on the leading 
edge in this field were invited to share their recent 
findings and expertise. 

Auersch and Said (2021) present a comparison 
of the dynamic effects of ballasted and slab tracks 
through a mixed experimental/numerical study. This 
is an extended version of their conference paper 
(Auersch and Said, 2019), including additional results 
related to ballasted tracks. Artificial and real condi-
tion excitations were used to extract the track reso-
nances and to analyze the stiffness of track elements, 
including all components of slab and ballast tracks. 
Track deflections and transfer functions were ana-
lyzed for various track and soil configurations. These 
observations were confirmed by numerical solutions, 
using the wavenumber domain method for the calcu-
lation of ballast and slab tracks. This hybrid analysis 
has some advantages, especially providing the possi-
bility to corroborate the primary conclusions. In ad-
dition, the results presented provide a large database 
for transport sector specialists. 

Lyratzakis et al. (2021) focus on high-speed 
trains and their effect on the neighborhood, with 
possible mitigation measures as a highlight. After a 
concise and efficient analysis of the possible solution 
(technically and economically speaking), they sug-
gest the use of expanded polystyrene geofoam blocks  

 
 
 
 
 
 
 
 
 
 

as embankment material. It is well known that em-
bankments play an important role in vibration prop-
agation and attenuation. As waveguides trapping 
energy within them, their efficiency depends on the 
embankment material (Olivier et al., 2016). Hence, a 
numerical analysis was conducted using the finite 
element method for modelling the soil wave propa-
gation, previously validated by Lyratzakis et al. 
(2020). The main geometrical parameters (height, 
slope) were analyzed to quantify the isolation prop-
erties of such blocks. 

Zhang et al. (2021) studied the noise generated 
by trains running on an elevated railway. From a field 
test of an elevated metro line, the propagation and 
attenuation of emitted noise was analyzed in the time 
domain and the frequency domain (linear and 
one-third octave analysis, respectively). The noise 
beside a box girder bridge was deduced as a function 
of the energy and the spatial distribution. To evaluate 
the impact of bridge structure on noise, a structural 
model is proposed, based on a train/track/bridge 
model previously developed (Zhang et al., 2019). 
This approach offers a way to calculate the corre-
sponding acoustic radiation, after having validated 
the proposed model. Using time and frequency do-
main analysis methods, the impact of the bridge 
structure on the bridge-side environmental noise was 
analyzed. Finally, the Doppler effect due to the 
moving source represented by a train was studied. It 
was proved that such an effect plays an essential role 
in the measurement analysis. 

Zhao et al. (2021) devoted their research to 
floating slab tracks. Floating slab tracks represent a 
globally recognized mitigation solution for urban 
conditions (Vogiatzis and Kouroussis, 2015). How-
ever, an undesirable effect of this in terms of track 
design appears at low frequencies, at which vibration 
amplification can occur. To overcome this deficiency, 

Fig. 1  Cumulative effect of different sources of railway-induced ground vibrations 
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the authors suggest a novel mitigation measure based 
on the theory of quasi-zero-stiffness vibration isola-
tors. After a detailed description of such systems, they 
establish a compound system involving railway ve-
hicles, a floating slab track, and vibration isolators, 
based on the formalism proposed by Zhai and Sun 
(1994). In this way, they prove theoretically the im-
provement in low-frequency vibration reduction 
made possible by quasi-zero-stiffness vibration iso-
lators. The next step should be the validation of this 
novel concept. 

From these papers, there appears to be a need for 
harmonization of metrics used to assess structural 
vibration with respect to comfort and structural 
damage, similar to that proposed for airborne noise 
(Thompson et al., 2019). Indeed, recent research 
shows that national and international standards and 
recommendations provide different means of evalu-
ating ground vibration based on specific motion met-
rics (Kouroussis et al., 2014). Numerical models offer 
a way to evaluate these structural vibrations and pos-
sible solutions to mitigate them, before testing phys-
ically (Kouroussis et al., 2019; Yang et al., 2019). At 
the same time, it is important to pay attention to the 
life-cycle performance of these new mitigation 
methods (Kaewunruen and Martin, 2018).  

We hope that the most up-to-date views ex-
pressed in the four papers shared in this special issue 
demonstrate real potential for improving the urban 
environment. We also hope these research articles 
will promote discussion and provide benefits for 
journal readers.  
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