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Abstract. The article presents the results of vibration measurements from passenger train journeys 
from the ground to the building foundation. The vibration acceleration courses from the Pendolino 
passenger train were used for the analysis. The measurements were carried out in a single-family 
brick building at the existing railway line. The measurement results can be used in the future to 
analyze buildings located at railway lines where passenger traffic takes place. The results of the 
analyzes can also be useful in assessing the impact of vibrations from the railway line on people 
staying in buildings. 
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1. Introduction 

The problem of vibrations transmitted through the subsoil from railway lines is a current and 
important problem. In Poland, we observe an intense development of railway infrastructure. 
Vibration forecasts must be made when new railway lines are created or existing ones are 
upgraded. Numerical analyzes are often used for this purpose [1, 2]. There is often a problem of 
choosing the right kinematic excitation. During measurements, you can measure the acceleration 
of vibrations on the ground in front of the building or on the building foundation. However, the 
differences in measured vibration values are significant. In the literature you can find the results 
regarding the propagation of vibrations in the ground [3-5] as well as their impact on the building 
[6]. The article presents the results of transmission of vibrations from the ground to the building. 
Such results may in the future be used to assess the effects of vibrations on the building [6] or on 
humans in the buildings [3]. 

2. Field tests 

The research was carried out at one of the main railway lines in Poland. Railroad No. 4 
connects Grodzisk Mazowiecki with Zawiercie. It was adapted to service passenger trains at 
speeds up to 200 km/h and freight trains at speeds of 120 km/h. The tests were carried out for 
passenger trains. All recorded vibrations come from the Pendolino ED250 train. It is a 
seven-section, standard-gauge high-speed electric multiple unit (see Fig. 1). At the time of 
measurement, trains could travel at this section at a maximum speed of 160 km/h. The tests were 
carried out on a single-family building with a traditional structure (see Fig. 2). The building is 
located 33 m from the railway line. Accelerations of ground vibrations were measured using PCB 
393B12 accelerometers in three orthogonal directions on the foundation and on the ground in front 
of the building. Fig. 3 shows an example of a measuring point on the foundation.  

3. Measurement results with analysis 

Fig. 4 shows the results of vibration measurements in the 𝑥, 𝑦, 𝑧 directions on the building 
foundation from passage No. 1. The values of vibration accelerations do not exceed 2 cm/s2.  
Fig. 5, on the other hand, shows the results of acceleration of soil vibrations in front of the building 
also in three orthogonal directions from passage No. 1.  
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Fig. 1. The analyzed passenger train – code name Pendolino 

 
Fig. 2. The analyzed building 

 

 
Fig. 3. Acceleration sensors mounted on the 

foundation of the building 

From the graph it can be observed that the maximum values of accelerations of soil vibrations 
before a boring are close to 20 cm/s2. Comparison of measurements from sensors on the foundation 
and ground is shown in Fig. 6. Table 1 shows the results of the maximum values of vibration 
acceleration on the foundation (PFA) and ground (PGA).  

Table 1. Vibration acceleration peak values 

No. Speed 
[km/h] 

PFAx 
[cm/s2] 

PFAy 
[cm/s2] 

PFAz 
[cm/s2] 

PGAx 
[cm/s2] 

PGAy 
[cm/s2] 

PGAz 
[cm/s2] 

1 153 1.12 1.15 1.55 25.29 17.16 9.92 
2 130 0.84 1.01 0.98 7.45 6.17 4.00 
3 153 0.86 1.09 1.62 14.95 11.72 7.82 
4 146 1.21 1.67 2.33 20.68 8.93 9.22 
5 161 0.91 1.05 1.67 13.67 8.62 6.74 
6 154 1.11 1.42 1.84 16.04 11.33 6.60 
7 150 1.12 1.66 1.42 14.15 8.76 6.84 
8 136 1.05 1.49 1.78 13.65 7.00 4.12 
9 151 0.94 0.81 1.39 13.80 8.77 6.34 

10 150 0.93 1.06 1.50 13.31 9.40 5.82 
11 146 0.91 0.87 1.08 13.38 8.92 6.67 
12 133 0.78 0.80 0.98 12.97 11.81 7.55 
13 152 0.88 1.15 1.44 13.62 9.17 7.09 
14 124 1.17 1.87 1.60 17.10 7.31 5.67 

Analyzing the data in Table 1, it can be seen that the ground vibration accelerations are 2.3 to 
22.6 times higher than the vibrations recorded in the same direction on the foundation. The greatest 
reduction of bastards is recorded when vibration passes from the ground to the foundation in the 
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𝑥  direction. The 𝑥  direction is perpendicular to the track axis. The smallest reductions in the 
vertical direction 𝑧. 

 
a) 

 
b) 

 
c) 

Fig. 4. Ground vibration acceleration – No. 1 

 
a) 

 
b) 

 
c) 

Fig. 5. Acceleration of foundation vibrations – No. 1 
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a) 

 
b) 

 
c) 

Fig. 6. Comparison of ground and foundation vibration accelerations 

4. Conclusions 

The research results show a rather characteristic mechanism of vibration propagation from soil 
to foundation. One can observe a reduction of the peak vibration accelerations by several times. 
The largest reduction was observed on the horizontal component perpendicular to the axis of the 
railway track. Slightly smaller in the direction parallel to the track axis, and the smallest in the 
vertical direction. The presented test results can be useful when analyzing vibrations on buildings 
and humans in the buildings. 
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