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Figure 1. The 3D FE model of the railway track-ground system. 
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Figure 2. Railway geometry: a) with absence of geocell, b) with geocell confinement. 
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In the dynamic analyses, the size of finite element, time step and model boundaries have to be chosen accurately to 

confirm the precision of the outcomes [19]. Generally, the element dimension of the finite element numerical model 

should be calculated based on the lowest wavelength which permits to simulate the high-frequency wave 

appropriately. Consequently, the dimensions of the 3D FE model constituents are chosen in this study. In the FE 

model, viscous dampers are linked to vertical boundaries to absorb the incident p-waves and s-waves, and thus 

characterize infinite boundary conditions as recommended by several scholars [31, 32]. To simulate hard rock 

condition at the track bed, all nodes at the lowermost boundary are set to be fixed in all direction. The material damping 

of the FE model is characterized by Rayleigh damping that is usually utilised for dynamic analyses. 

Simulations of train moving loads (X-2000 HST) 

In this study, the X-2000 passenger train loading is simulated to investigate the track-ground response. Figure 3 

shows the geometry, and Table 2 summarizes the standard geometry and wheel loads of the X-2000 HST. 

 

 

Figure 3. Geometry of the X-2000 HST [33] 

Table 2. Geometry and wheel loads of the X-2000 HST[33] 

 

 

 
1 22.2 14.5 2.9 81.0 61.3 

2 24.4 17.7 2.9 61.3 61.3 

3 24.4 17.7 2.9 61.3 61.3 

4 24.4 17.7 2.9 61.3 61.3 

5 17.2 9.5 2.9 90.0 90.0 

 

In the FE modelling, the train moving loads are simulated in according to the method proposed by Araujo [34]. In this 

simulation, the finite element rail nodes (denoted as loading nodes), which are tightly linked to the sleepers, are 

connected to a wheel load whose value varies over time. The moving loads is considered as triangular pulses delivered 

among three consecutive loading nodes (Figure 4). As soon as the wheel load, F, leaves the previous loading node N, 

the loading amplitude at the specific node N+l raises, and reaches the highest value when the wheel load is just on the 

loading node N+1, then lastly becoming zero when the wheel load arrives at the following node N+2. Thus, the 

triangular pulse shifts to the following node by a time period which is equivalent to the gap of the loading nodes 

divided by the speed of moving load, C. For instance, when the speed of train is 30 mis (108 km/h), and the gap 

between any two loading nodes is 0.6 m, then the wheel load will move the space between two successive loading 

nodes in 0.02 sec. Similarly, a series of wheel loads of the X-2000 HST will be moving at a train speed 30 mis along 

the railway track. It should be noted that the developed FE model of the ballasted railway track is 80 m long, which 

Car number, 

n 

Spacing Standard wheel load 

Car length, 
Lc(m) 

Bogie to bogie 
distance, Lb (m) 

Axle to axle 
distance, La (m) 

Front wheel 
load, PF 

 
I 

Rear wheel 
load,PR 

 



Journal of Engineering and Applied Science Vol. 5, No. 1, pp. 41-52, June 2021 

45 

 

 

 
   

 
 ...      

 ................................................................................................................................................................    

o... 

enables to capture the track response for at least 3 cars of the X-2000 HST at a single instant. For example, when the 

front wheel of the first car leaves the track, the front wheel of the 4th car enters the track. In this study, to reproduce 

the transient phenomenon of wave propagation, all the FE analyses are executed in the time domain manner, which is 

more natural as suggested by Kouroussis, et al. [35]. 
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Figure 4. Simulation of moving loads [34]. 

 

3. Parametric study 

In this section, to evaluate the effect of geocell reinforcement on track-ground response, a series of simulations are 

executed on the ballasted railway track under train moving loads. As stated earlier, the X-2000 HST is considered as 

the train moving loads. The speed of the train moving loads is reflected as 108 km/hr (30 mis). It should be noted that 

in all the FE analyses, the materials properties given in Table I is considered remain unchanged unless otherwise 

indicated. 

 
Stiffness of geocell 

Geocell is made with a diversity of polymeric constituents. Consequently, there is a large range of Young's modulus 

for different geocells made of different polymers. Therefore, this section focuses on the effect of geocell stiffness on 

vertical track displacement. To address this matter, finite element analyses are executed on the ballasted stabilized 

railway track with different geocell stiffness. The stiffness of the geocells is varied from very low elastic modulus of 

rubber(£= 0.1 GPa) to very high elastic modulus like that of steel (£ = 200 GPa) and in between 2 GPa is considered 

as the nominal value. 

Figure 5 shows the time history vertical track displacement at point A (see Figure 2, i.e., just below the sleeper end) 

for various geocell stiffness. In general, the geocell confinement reduces the track deflection. About 12% and 19% 

reductions in track deflection can be achieved by geocell confinement while the Young's modulus of geocells are 2 

GPa and 200 GPa, respectively. However, the reduction in vertical track deflection is insignificant while the geocell 

stiffness is very low(£= 0.1 GPa). The obtained outcomes of this study show good consistency with the behaviour 

published in [36-37]. 
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Figure 5. Time history vertical track displacement with no geocell and with geocell confinement 

for different geocell stiffness. 

 

 

 



Journal of Engineering and Applied Science Vol. 5, No. 1, pp. 41-52, June 2021 

47 

 

 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Time history vertical track displacement with no geocell and with geocell confinement for different 

ballast modulus. 
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Figure 7. Time history vertical track displacement with no geocell and with geocell confinement for different 

subgrade modulus. 
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Figure 8. The sleeper maximum downward deflections versus the train speeds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Variation of ground displacement from the track centre at critical train speeds. 
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4. Summary and conclusions 

In this paper, dynamic behaviours of geocell reinforced ballasted railway track subjected to train moving loads are 

investigated using a classy three-dimensional finite elements modelling. A parametric study is performed by varying 

stiffness of geocell, ballast modulus, subgrade modulus and train speed. By comparing the track performance of the 

ballasted railway track with and without geocell confinement, the importance of geocell is investigated. The 

conclusions drawn from this study are as follows: 

■ Due to the geocell confinement, the stiffness of ballasted embankment increases, and consequently it reduces the 

track deflection. 

■ The track deflection decreases with the increase of geocell stiffness. 

■ The geocell confinement can improve the track performance significantly, especially where the stiffness of ballast 

is very low. However, the geocell confinement cannot significantly improve the performance of the ballasted 

railway track while it is founded on soft subgrade. 

■ Geocell reinforcement does not have effect on critical speed of a railway track-ground system, although it reduces 

the track deflection in each speed. 

■ Geocell reinforcement in the ballasted layer can reduce the vibration in the track as well as in the nearby structures. 
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