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Abstract: The article studies the levels of wave 

propagation in a building caused by the movement of 

the Uzbekistan Talgo-250 train. The train moves at a 

speed of 30 m/s. The selected boundary area is the 

weight of the train cars, which is taken as a dynamic 

force. The finite element method is used to solve the 

problem. The article uses finite elements of the irregular 

tetrahedron shape. 

Keywords: Railway, finite element method, soil, 

elasticity theory, elastic waves, vibration, boundary 
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Introduction 

In the case under consideration, the elastic wave 

vibration levels in two identically designed buildings due 

to the movement of a freight train in Uzbekistan are 

determined. The building is located 15 m from the 

center of the railway. A vibration barrier structure is 

used between the building and the vibration source. 

Rubber material was selected as the vibration barrier 

structure and it was designed to be 10 m from the edge 

of the railway. The vibration barrier structure is 1.0 m 

wide and 6.0 m deep. The effect of groundwater at a 

depth of 20 m from the surface of the earth was also 

taken into account in the case. The soil properties given 

in Tables 2 and 3 were selected as an example. 

When forming the pavement for railway infrastructure, 
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the drawing shown in Figure 1 was used, based on the 

standards for railway construction. 

According to the drawing, a ballast sub-layer of 0.2 

meters of sand and 0.4 meters of gravel is laid on top of 

the surface - the base layer, and sleepers and rails are 

planned on top of it. 

Dynamic loads transmitted by train wheels are 

considered to affect the railway pavement. Taking into 

account the physical and mechanical properties of the 

material, we determine the wave propagation velocities 

along the x-axis of nodes taken in soils. In this problem, 

we replace the infinite half-space with a finite 

parallelepiped. At the same time, conditions are set on 

the faces of the parallelepiped, where the continuation 

of the medium is thrown. 

 

a) Railway ballast design scheme b) cross-sectional view of the railway ballast section 

Figure 1. Design scheme and cross-section of the railway ballast section. 

Figure 1. Design of railway and train masses as dynamic loads. 
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The kinematic relationship can be formulated as follows: 

𝜺 = 𝑳𝒖             ( 2 ) 

𝑳𝑻 The differential operator defined as the transposition is 

𝑳𝑻 =
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               ( 3 ) 

To solve the problem, we use the finite element method. 

The limiting dynamic model of the problem solution 

space is shown in Figure 2. 

The basic equation that relates the time-dependent 

displacement of a volume under dynamic loading is 

expressed as follows: 

𝑴𝒖̈ + 𝑪𝒖̇ + 𝑲𝒖 = 𝑭 ,          (4) 

where M is the mass matrix, u is the displacement 

vector, C is the damping matrix, which also takes into 

account the boundary conditions, K is the stiffness 

matrix, and F is the load vector. The compression u, 

velocity u ,̇ and acceleration u ̈ can change over time. 

The theory is described here in terms of linear elasticity. 

However, in principle, all models can be used for 

dynamic analysis. The soil condition can be either 

drained or undrained. (The study sites may or may not 

have groundwater levels for reference.) In Plaxis 3D, you 

can solve problems related to the presence and absence 

of water. 

The M matrix takes into account the mass of materials 

(soil + water + any structure). 

In the numerical representation of dynamics, the 

formation of time integration is an important factor in 

the stability and accuracy of the computational process. 

The Newmark numerical integration scheme is used. 

The properties of the soil and material are shown in 

Tables 1 and 2. 

Two different types of soil were selected for this 

purpose. Their characteristics are listed in the table 

below. 
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Table 2 

Soil type and characteristics Clay [light brown, loess-like, large-pored, 

medium-hard, moist and low-moisture soils] 

№ 1 

Type of model used Mohr-Coulomb 

Dry density - γunsat [kN/m3] 16,9 

Density when saturated with water - γsat [kN/m3] 18,2 

Deformation modulus - Ed [kN/m2] 

- in natural humidity 

- when saturated with water 

 

7,5 

4,5 

Internal friction angle – φ [º] 25 

Expansion angle – ѱ [º] 2 

Viscosity - cref [kN/m2] 12 

Elasticity modulus - E [kN/m2] 200 

Poisson's ratio - ν 0,3 

The physical and mechanical properties of the materials 

used for the ballast layer soil and construction for the 

design of the railway line were adopted based on the 

values in Tables 2 and 3 above. 

The building structure is brick, the foundation, roof and 

roof structure are made of reinforced concrete. The 

table below describes the characteristics of the 

materials used for the building. 

Table 3 

Material name 

 

Material 

properties 

 

Foundation 

 

Roofing and roofing 

 

Brick walls 

№ 1 2 3 

Type of model used Elastic Elastic Elastic 

Thickness - d [m] 0,4 0,2 0,38 

Volumetric weight - γ 

[kN/m3] 

 

24,0 

 

24,0 

 

18,0 

Elasticity modulus - E 

[kN/m2] 

2,75*106 3,06*106 1,7*106 

Poisson's ratio - ν 0,2 0,2 0,2 
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Table 4 below describes the properties of the materials used for the construction of the vibrating barrier. 

Table 4 

Material name 

Material 

properties Rubber 

№ 1 

Type of model used Elastic 

Thickness - d [m] 1,0 

Volumetric weight - γ 

[kN/m3] 

15,0 

Elasticity modulus - E [kN/m2] 8∙106 

Poisson's ratio - ν 0,45 

 

a)                                                        b) 

Figures 5 (a and b). Finite element model of the problem. 

a) a vibrating barrier structure was used b) a vibrating barrier structure was not used. 

 

 

 

 



The American Journal of Engineering and Technology 174 https://www.theamericanjournals.com/index.php/tajet 

 

Results 

 

Figure 6. Displacement at nodes resulting from railway traffic when a vibration barrier structure is used. 

 

Figure 7. Wave velocity graphs for cases with and without a vibration barrier structure at a distance of 

10 m from the center of the railway. 
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Figure 8. Wave acceleration graphs for cases with and without a vibration barrier structure at a 

distance of 10 m from the center of the railway. 

Table 9 

№  
Wave propagation speed 

 lvl,     [mm/s] 

Acceleration of wave propagation    

lvl,     [mm/s2] 

Migration at nodes 

  lul.    [mm] 

1  Trenchless Trench 
The 

difference 
Trenchless Trench 

The 

difference 
Trenchless Trench 

The 

difference 

2 Max 3,24 2,64 36,4% 16,61 12,9 22,33% 1,47 1,36 7,74% 

3 Min 1,56 0,990 18,5% 9,01 1,21 86,57% 1,38 1,29 6,45% 

The results of an experimental study of the propagation 

of vibrations through the ground generated by the 

movement of the Talgo-250 passenger train moving in 

the territory of Uzbekistan are presented in Table 9. 

During the study, cases where a trench, that is, a rubber-

based barrier structure, was used as a factor affecting 

the propagation of vibration waves to buildings were 

analyzed. 

• According to the measurement results, the 

following significant reductions were observed in 

the presence of the trench: 

• • The migration rate is 7.74%; 

• • Velocity (vibration propagation speed) up to 

36.4%; 

• • Acceleration decreased by 22.33%. 

These results confirm that rubber-rubber materials 

acting as trenches effectively absorb dynamic loads, in 

particular seismic vibrations, transmitted through the 

ground. 

The study concludes that the placement of vibration 

isolation structures between the building and the 

vibration source (railway) can be considered an effective 

engineering solution to reduce harmful vibrations 

transmitted from railway transport. This approach not 

only ensures the structural stability of structures, but 

also serves to protect the living conditions and health of 

the population. 
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