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ABSTRACT: The article examines the propagation of vibration waves in the ground and building structures during the 

movement of railway trains. In order to reduce the level of vibration waves, the terrain of the railway track was 

changed and the barrier was placed. The problem was solved for three different cases and its effectiveness was 

analyzed. The problem is solved by the finite element method, leading to a flat problem of the theory of elasticity. 
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I.INTRODUCTION 

 

Nowadays, as a result of population growth, the construction of buildings and structures, manufacturing enterprises is 

growing rapidly. This will lead to an increase in demand for convenient means of transport especially rail transport for 

people and goods. 

Railway transportation systems are a convenient means of transport to serve people and transport all types of goods. 

Therefore, the demand for them has increased, the number of trains has increased year by year, and modern types have 

appeared, that is, there is an increase in capacity and speed.  

The increase in rail traffic leads to an increase in the level of vibration in the ground around the road as a result of the 

increase in speed. Vibration of residential, industrial buildings and structures occurs as a result of the impact of traffic 

and road surface vibrations on the foundations of buildings and structures. Under the influence of vibration leads to 

changes in the internal structures and surface layers of materials, a decrease in the strength of structures. Vibration of 

buildings affects people’s life activities, health, productivity and create negative consequences. 

 

II. SIGNIFICANCE OF THE SYSTEM 

 

This study aims to decrease the level of waves generated by rail traffic. For three different cases, the efficacy was 

analyzed.  

• located on the surface of the railway canvas; 

• the railway line is located 2 feet above the ground; 

• An open trench is placed 2 m above the ground and 10 m from the axis of the railway with a depth of 5 m and 

a width of 1 m. 

A reinforced concrete (panel) building is designed at a distance of 20 m from the railway line. The foundation of the 

building is located 2m below the road level line, the building is designed as two-storey and full of land. In 3 different 

options, we analyze the propagation of vibration waves generated by the movement of a railway train on the ground 

and in building structures. (Picture 1) 

To do this, we bring the problem to the flat problem of the theory of elasticity. According to the results of the 

experiment, the vibration of the soil obeys the harmonic law, and since the amplitude of the vibration is very small, we 

consider the problem to be linear. 

 

III. LITERATURE SURVEY 

 
We determine the displacements in the floors and columns of buildings, taking into account the physical and 

mechanical characteristics of the material under the influence of a pair of harmonic loads placed on the free boundary 

of the half-plane. In this case, we replace the infinite half-plane with the finite sphere [10, 8, 9]. In this case in the 
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borders АС, СД and ДМ  (Picture 1) the following conditions are set which allow the waves to aspire to infinity in АС 

and СД   [6, 7]. 
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IV. METHODOLOGY 

In this place σ and τ – normal and experimental voltages; u  and   – projections of velocities of boundary points on 

axes; PV
and SV

 – P andS velocities of waves; αandβ – dimensionless parameters;   ρ– density of the material. 

We use the finite element method to solve this problem. 

We write the equation of motion as follows:

                     
.. .. .. ..

М и t С и t К и t Р t Г и   

 

  (1) 

In this place: 
 М

,
 С

 and 
 К

– mass, damper and virginity matrices of the system, respectively; 

     ,u t p t
 – vectors of node displacement and impact forces; 

 Г
 – a diagonal matrix that takes into account 

the boundary conditions [1, 2, 3, 4, 5]. 

 

V. EXPERIMENTAL RESULTS 

 

A finite dynamic model of the problem-solving area is shown in Picture 1. 

 

Picture 1. Schematic of a finite dynamic model of the problem-solving area 

The 1,2,3 s material types which is shown here (listed in Table 2). 

a,b,candd nodes being checked. 

Suppose the frequency of the force acting externally ω given in the form of a harmonic function 
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The reaction of the system for a stable process is as follows 
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Now if we put (2) and (3) in the equation of motion (1), we have a system of complex algebraic equations 

independent of time. 

    оK u Р .    (4) 

In this place  u – vibration amplitude of the vector;  0P – the amplitude vector of the acting force. 

Solve equation (4) in Gaussian method, the constant complex amplitude vector of the system is determined 

   1 2 3, , ,..., Nu u u u u
  

 .  (5) 

In this place N – the degree of freedom of the industry.Real movements are determined by the following 

formula. 

     ( ) Re cos Im sinu t u t u t  
    

(6) 

The amplitude of oscillations on the surface of the ground is fading and non-monotonous as the winding 

moves away from the canvas axis. 

Taking the nodes shown in Figure 1 from each floor of the buildings being inspected,the load frequency of the 

displacements in themω= 40 гц considered for the case. 

                                                                                              Table 1 

№ Thenodesbeingchecked 

When the rail is 

located on the 

ground 

When the railway 

line is located 2 m 

above the ground 

When designing a 

barrier between a 

building and a railway 

line 

1
st

 floor 

a 0,02275 0,02357 0,00301 

b 0,00878 0,00451 0,00085 

c 0,01617 0,01129 0,00206 

d 0,01181 0,00978 0,00176 

2
nd

 floor 
a 0,03328 0,02503 0,00244 

b 0,0271 0,00538 0,00099 
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c 0,0008 0,01246 0,00245 

d 0,00226 0,0123 0,00233 

ontheroof 

a 0,03563 0,02686 0,00257 

b 0,02122 0,00688 0,00089 

c 0,01666 0,01329 0,00263 

d 0,01635 0,01377 0,00257 

 

The oscillation frequency of the matter ω=10 ÷ 50 гц examined at intervals, it was observed that the 

migrations had a similar pattern. 

The following graphs show the distribution of the amplitudes of displacement generated by the movement of 

trains in the structures of buildings when the design of the railway line is in the above 3 different cases. 

 

 

                                                                                                               Amplitude 

                                                                                                               When the railway line is in  

                                                                                                               the plane 

                                                                                                               When the rail is 2 meters above 

                                                                                                                the ground 

                                                                                                               When a trench is formed 

 

 

                                                                                                               The distance from the origin to the nodes being 

determined 

 
 

 

Picture 2. Movements on the first floor of buildings 
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Picture 3. Movements on the second floor of buildings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 4. Movements of buildings on the roof floor 
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VI.CONCLUSION AND FUTURE WORK 

 

The figures show the variation of the displacement amplitude along the length of the building for 3 different states, as 

shown in the graph,after the formation of the trench, the amount of migration of nodes in the floors of the building 

decreased several times.From the above analysis, it can be concluded that the location of the railway and the 

installation of vibration barriers can be seen to be highly effective in reducing vibration waves. 

 The physical and mechanical properties of the materials in solving the problem are obtained in the form of the 

following table. 

Table 2 

№ 
The type of 
materials  

Elasticity module  
- Е, N/sm

2
 

Puasson’s coefficient -  Specific gravity – ρ, кг/м
3
 

1 space 0 0 0 

2 
sandy - 

gravellygrunt 
2850 0,35 1800 

3 reinforcedconcrete 200000 0,15 2500 
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