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Abstract 

Vibration from railways has a negative impact on the surrounding area. During homologation tests of the Pendolino (EMU 250), 
the vibrations of building have been measured during the passage of the trains at speeds varying between 40 and 250 km/h. In 
situ measurements were conducted by the staff of the accredited Laboratory of Structural Mechanics at Cracow University of 
Technology. The tests took place in Poland. The study presents a selection of vibration measurement results and discusses the 
negative environmental impact caused by the passage of different kinds of trains at various speeds. The evaluated building was 
located at distance of approximately 50m from the track. Two sensors recording the horizontal vibrations were fixed on the 
building foundation at ground level in accordance with the applicable Polish standards. Assessment of the impact of vibrations on 
the building was identified using the scales of dynamic influences (SDI scales) according to Polish standards and indicators of the 
perceptibility of vibration through constructions (WODB). The results are presented by graphs in frequency domain. 
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1. Introduction 

It is well known that vibration from railways has a negative impact on the surrounding area. Several standards 
and laws [1-3] govern the issue of vibration emission. With the attention paid to this subject in international 
literature (inter alia [4-6]), it is clear that the issue of vibration induced by trains is an important consideration 
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throughout the modern world. The increases in train speed and the creation of new high-speed lines increases the 
size of this problem. Some observations of the effects and the scale of the problem in close proximity to railway 
tracks have been reported in [7, 8]. 

 
Nomenclature 

SDI Scales of Dynamic Influences 
WODB  Indicator of perceptibility of vibration through construction 

2. Background 

Before the authorisation for the use of the newly purchased Pendolino trains, homologation and velocity tests 
were conducted in Poland. One of the new trains (Electric Multiple Unit - EMUs 250) was tested whilst crossing the 
Psary – Góra Włodowska section (approximately 36km in length) located within railway line No. 4. The train was 
running at predetermined speeds – varying between 40 and 293km/h. 

A PCB Piezotronics piezoelectric accelerometer and a SCADAS Mobile LMS International analyser were used to 
perform measurements. Accelerometers were fixed on the building foundation, at ground level. Mounting the sensor 
on the foundations was carried out according to the method featured in [9]. The investigated residential building was 
50m from track no. 1. The surveyed property is a typical residential masonry building. The tracks and structures 
were separated by a shallow drainage ditch. The trains were on track no.1. The measuring polygon and the 
schematic arrangement of the sensors are shown in Fig. 1. 

The study presents selected results of measurements of building vibration (horizontal components of vibration: x 
– perpendicular to the axis of the track; y – parallel to the axis of the track). The accelerometers used to measure ‘x’ 
and ‘y’ vibrations were labelled P-01x and P-02y, respectively. Analyses were performed based on the knowledge 
and experience of the researchers and are also available in references [10-16]. 
 
 
 

Fig. 1. Measuring polygon – schematic arrangement of sensors. 
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3. Analysis 

3.1. Analysis of SDI and WODB 

Assessment of the vibration harmfulness of the building was done according to Polish standard [17] using scales 
of dynamic influences (SDI scales). Dimensions of the examined building classify it as being within the scale SDI - 
II. The measured signals of the horizontal acceleration were analysed using one-third octave band frequency filters.  

The results of the horizontal vibration (from sensors P-01x and P-02y) recorded during the passage of trains at 
speeds of v = 250km/h are presented in Fig. 2(a). These vibrations are not harmful to any part of the building 
because all acceleration values in one-third octave bands are located in the first zone of the SDI scale (below the 
black line).  

Furthermore, in order to simplify the presentation of data, the indicator of perceptibility of vibration through the 
construction (WODB) was entered. The indicator is the largest value of the ratio of the vibration acceleration 
parameters in one-third octave bands to the acceleration corresponding to the lower limit consideration of the 
dynamic influence on buildings due to the SDI scales in the same frequency band.  The WODB indicator directly 
displays how many times the lower limit consideration of dynamic influence on buildings has been exceeded. Fig. 
2(b) shows the results of the recorded horizontal vibrations (sensors P-01x and P-02y) from the passage of trains at 
speeds of v = 250km/h. 

The investigation and analyses proves that using the new trains doesn’t have a negative impact on the 
environment as a result of vibration. 

 

 

Fig. 2. (a) vibration spectrum in one-third octave bands with SDI scale – Pendolino trains at a speed of 250km/h; (b) WODB spectrum in one-
third octave bands – Pendolino trains at a speed of 250km/h. 

3.2. Analysis of WODB at variable speed 

A method for analysing the frequency characteristics of vibrations at variable speed was to identify the changes 
in the WODB indicator in each frequency band.  For each of the speeds (v= 40, 80, 120, 160, 180, 200, 230, 
250km/h), the average WODB indicators in the frequency domain were calculated. The results from the lower speed 
were subtracted from the higher speed and divided by the length of the speed band. Seven bands of speed were 
created with information of changes of WODB in this speed band for each one-third octave frequency band.  

Fig. 3 shows the obtained values for the P-01x sensor. The blue areas are the places where the WODB decreases 
as the speed increases. The orange and red areas are locations of increases of both. It should be noted that the most 
rapid growth occurs with a change in velocity of 200 to 250km/h for a frequency of 20Hz. A similar analysis was 
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performed for the P-02y sensor and the results are presented in Fig. 4. The worst values are also at a frequency of 
20Hz and at speed changing 200-230km/h. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Graph of variation of WODB - sensor P-01x. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Graph of variation of WODB - sensor P-02y 

The value of WODB at variable speed for two frequency bands (20Hz and 100Hz) for sensor P-01x are shown in 
Fig. 4. The frequency one with the fastest growth of the WODB indicator was 20Hz; for the purposes of comparison, 
the frequency of 100Hz is also shown. Growth curves of values of WODB versus velocity of the EMU 250 were 
fitted. The exponential function is given for each set of data. It describes the dependence of the WODB on train 
speed. The maximum values of vibration acceleration showed a significant difference depending on the one-third 
octave frequency band. The WODB values corresponding to a frequency of 20Hz are often higher and grow much 
faster. 

Fig. 5 displays similar values as those described above obtained from the P-02y sensor. The conclusions are of 
the same as those reported for the P-01x sensor. It should also be noted that not all frequencies are equally sensitive 
to speed increases. For this reason, while planning to increase the speed of a train, we should pay particular attention 
to damping the respective components. It can be seen that, according to our findings, if we want to increase the 
speed of passage trains, we should design vibro-isolation damping optimised to frequencies of 20Hz. Results 
indicate a necessity to devise an appropriate track vibration isolation design. 
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Fig. 5. The value of WODB at variable speed for two frequency bands (20Hz & 100Hz) – sensor P-01x 

 

Fig.6. The value of WODB at variable speed for two frequency bands (20Hz & 100Hz) – sensor P-02y 

4. Conclusions 

This paper deals with the negative impact on nearby structures caused by the passage of the Pendolino trains in 
Poland. Based on the analysis of measurement data, we can draw the following conclusions: 

 Train vibration, due to worldwide literature, is a global concern and a growing engineering challenge. The 
problem also applies to well-developed countries. For this reason, transport plays a significant role in shaping the 
quality of the environment. 

 Assessment of the environmental impact was presented by an indicator of the perceptibility of vibration through 
construction (WODB) – this refers to the scales of dynamic influences (SDI scales). The limits specified by 
standard [17] in any of the occurrences of train passage of speeds of up to 250km/h were not exceeded; however, 
increasing the speed leads to an increase in the negative impact of the vibration on the examined building. 

 The designated frequency spectrum of the vibration records allowed the identification of the dominant frequency 
bands and their comparison at different speeds. Results indicate a necessity to devise an appropriate track vibro-
isolation design. This raises the question of what is the most suitable vibro-isolation strategies for to address the 
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negative impact of railway vibration. The aim is to provide new thinking on how to create the best isolation for 
high speed lines. 

 Propagation of vibrations from railway lines with their effect on the structural response of buildings is a complex 
phenomenon; therefore, without in situ measurements, it is difficult to assess the impact of vibration on 
buildings. As proven above, a train moving on a track at variable speed doesn’t uniformly make the vibration 
higher in each frequency band. According to our findings and in some international literature [18], we could find 
that the accelerations obtained at frequency 20 Hz are very vulnerable to increasing of train speed. But it isn't a 
universal law, therefore, in situ measurements are so important.   

 
In conclusion, if we want to increase the velocity of trains, we should not forget about vibration pollution. 
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