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ABSTRACT 

 

The rail pad located in between the steel rail and base plate provides flexibility 

to the track and cushions from shocks and vibrations resulting from train 

operation. This polymeric material has nonlinear behaviour. In this study, the 

behaviour of the rail pad for different polymeric materials and various 

thicknesses was investigated. The three different types of rail pads were 

ethylene propylene diene monomer (EPDM), thermoplastic elastomers (TPEs) 

and ethylene vinyl acetate (EVA). Three-dimensional (3D) finite element (FE) 

approach was used to model the fastening system under the static load. The 

Abaqus software was used for the FE analysis. The thicker rail pad deformed 

more than the thinner for the same load value. Comparing the thickness, 

EPDM pad had the highest amount of deformation which had an average 

difference of 40%, followed by TPE and then EVA with 33% and 23%  

respectively. The static stiffness of EVA material was the highest followed by 

TPE and EPDM. For all materials, the rail pad became stiffer as thickness 

decreased. The reaction force decreased as the thickness of the rail pad 

increased. EVA, TPE and EPDM showed 15%, 9% and 5% reduction of 

reaction force respectively as the rail pad thickness increased from 5 mm to 

10 mm. Despite that, in term of material, EVA had highest capability to reduce 

reaction force compared to EPDM and TPE. 

 

Keywords: Rail Track System; Baseplate Fastening; Deflection Rail; Rail 

Pad and Nonlinear Curve 
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Introduction  
 

As the number of people who use rail as their major form of transportation 

grows, maintaining the greatest quality of service and safety is essential in the 

rail industry. The rail fastening system is one of the important parts that allows 

the railway system to function properly [1]. The reliability of the track 

fastening system is crucial for sustainable life cycle strategy and effective 

protection against vibration and structure-borne noise [2]. The rail pad which 

is placed beneath the rail is an integral part of the fastening mechanism [3]–

[5]. The existence of rail pads in the system gives the flexibility to the track 

and dampens the forces of vibration [3], [6]. Rail pad stiffness has a great 

influence on track operation for slab track. The changes in track stiffness 

creates an interaction force where the degradation of track arises due to the 

permanent deformation of the ballast [7]-[8]. Track degradation is one of the 

many causes of accidents which can harm people inside the train. This issue is 

not only due to the safety aspects but is also related to high-cost maintenance 

issues.  

The behaviour of the polymeric rail pad has attracted the interest of 

numerous scholars. Experimental and numerical computation has been carried 

out to investigate the condition of the rail pad. Experimental work by Wei et 

al. stated that the vertical stiffness of TPE rail pads is directly proportional to 

the load amplitude [9]. The stiffness of the rail pad increased with load 

frequency, in experiments by Zhu et al. [10] and Wei et al. [11]. On the other 

hand, other researchers have used numerical approaches to anticipate the 

behaviour of nonlinear mechanical rail pads [12]. The rail, sleeper, rail pad, 

rail clip, shoulder and insulator had all been included in Zhang et al.’s [1] finite 

element (FE) model of the fastening system. They investigated the impact of 

preload on the performance of fastening systems. Koroma et al. [13] used FE 

to model the rail pad under static and dynamic loads, claiming that the 

nonlinearity of the rail pad and preload influenced track vibration. 

In this study, the focus was on the behaviour of the rail pad under static 

loads by using a three-dimensional (3D) FE approach. Three different types of 

rail pads (i.e., ethylene propylene diene monomer (EPDM), thermoplastic 

elastomers (TPEs) and ethylene vinyl acetate (EVA)) with various thicknesses 

were investigated. The static stiffness and force reaction were predicted and 

analysed.  

The laboratory and field investigation were constrained in terms of time 

and cost for design solutions. As a result, the finite element method (FEM) was 

created to do a quick study of crucial variables' effects. The generated model 

can be used to predict the behaviour of rail pad in static condition under various 

parametric conditions. This method can be utilised as a decision-making aid 

for proactive measures in rail operation.  
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3D modelling of rail fastening system  
Figure 1 shows the rail, rail pad and baseplate which had been used in this 

study. All the three components had been assembled as shown in Figure 2 and 

had been analyzed using ABAQUS software. 

 

 

  

(a)  (b)  (c)  

Figure 1: Isometric view of: a) rail UIC 60; b) cast iron baseplate;  

c) rail pad 
 
Materials properties   
The steel rail and cast-iron baseplate were designed using a 3D deformable 

solid element with the extrusion type of base feature. The solid materials such 

as steel and cast iron had been assigned as elastic materials as reported in the 

previous experimental studies [14].  

The rail pad had been modelled using 3D deformable solid element with 

the extrusion type of base feature. The rail pad had been made from rubber 

type materials. Thus, the materials properties of rail pad were assigned as 

hyper-elastic which showed the nonlinearity behaviour. The neo-Hookean 

(NH) was applied for modelling the hyperelastic material. The NH model 

depended on two material parameters which were bulk modulus, κ, and shear 

modulus, μ for determining the compressible and incompressible deformation 

conditions. Equation (1) shows the compression model for NH in terms of 

Cauchy stress equation. 

 

𝜎 =
𝜇

𝐽
𝑑𝑒𝑣[𝑏∗] + 𝜅(𝐽 − 1)                           (1) 

 

where  𝐽 is a Jacobian determinant, 𝑏 is a left Cauchy–Green deformation 

tensor and 𝐼 is a unity tensor. In this study, three different materials of EPDM, 

TPE and EVA, which have been commonly used in the railway line industry, 

were modelled. Table 1 shows the material properties of the rail pad, steel rail 

and cast-iron plate. The specifications and dimensions of the components had 

been based on previous research papers [1], [14]-[15]. 
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Table 1 Basic properties of steel rail, cast iron base plate and rail pad 

 

 Density, 𝜌 

(kg m-3) 

Coefficient of 

Thermal 

Expansion, 𝛼 

C-1 

Young’s 

Modulus, E 

MPa 

Poisson’s 

Ratio, 𝑣 

 

Tensile 

Yield 

Strength, 𝜎 

MPa 

Tensile 

Ultimate 

Strength, 𝜎 

MPa 

Initial Shear 

Modulus Mu, 

GPa 

Incompressibility 

Parameter D1, K 

Pa- 

EPDM 2000 0.000165 11.2 0.43 5.5 25 3916000 7.5-8 

TPE 1300 0.00013 30 0.41 34.5 52 10638000 3.6-8 

EVA 940 0.00016 40 0.49 30 40 13423000 3-9 

Type of 

track 

structure 

Density, 𝜌 

(kgm-3) 

Coefficient of 

Thermal 

Expansion, 𝛼 

C-1 

Young’s 

Modulus, E 

MPa 

Poisson’s 

Ratio, 𝑣 

Tensile 

Yield 

Strength, 𝜎 

MPa 

Compressive 

Yield 

Strength, 𝜎 

MPa 

Tensile 

Ultimate 

Strength, 𝜎 

MPa 

Compressive 

Ultimate 

Strength, 𝜎 

MPa 

Structural 

Steel (rail) 

7850 0.000012 200000 0.3 250 250 460 172 

Concrete 

(sleeper) 

2300 0.000014 30000 0.18 5 40 5 41 
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Load, boundary conditions and meshing 
Figure 2 shows the load and boundary conditions which had been applied to 

the rail fastening model. The static vertical load was applied uniformly on the 

rail head to demonstrate the force from the wheels. The static compression 

loads were applied in the range of 10-90 kN and preloaded at 10 kN as the toe 

load [14]. The deformation of the rail pad was computed. The fixed support 

was applied on the bottom surface of the baseplate. 

The interaction between different materials was considered due to three 

parts being in contact with each other to develop the fastening system model. 

The interactions between the component tracks were formulated by using the 

surface-to-surface contact. In this work, two in-contact surfaces occurred on 

the pad-frame and pad-rail. For each of the contact pairs, master and slave 

surface was defined. This was to prevent any large and undetected penetrations 

from occurring. The contacting bodies had been pressured as shown by the 

coefficient of friction (COF) which interacted with the maximum allowable 

frictional stress [1]. The value of COF was 0.3 as based on literature  [15]. In 

the normal behaviour of contact property, hard contact was considered 

between the other components. It allowed the separation of components and 

transfer of compressive normal forces while neglecting the tensile normal 

forces [13]-[14]. 

For the meshing, all the components were set in 3D linear hexahedral 

solid element. The 3D hexahedral solid element consisted of eight nodes and 

each nodes had three translational degrees of freedom [15]. The suitable size 

of the mesh was decided based on a mesh convergence test. The large size of 

meshing caused inaccurate simulation results. Higher refinement of meshing 

increased the computing time. Thus, suitable size of mesh needed to be applied 

to ensure accurate simulation results were produced within the optimum time. 
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(a) 

 

 
(b) 

 

Figure 2: (a) Loads applied and boundary condition (b) meshing of the 

fastening system 

 
 

Results and Discussion  
 
Validation of simulation 
Table 2 shows the study's mesh configuration settings. As shown in the table, 

deformation was inversely related to element count. The total deformation 

fluctuated as the number of parts dropped until at 1.28 mm. The simulations 

with 13889 elements produced results that were comparable with  finding by 

[18]. Thus, in the current investigation, 13889 elements were used for 

additional simulation. 

 
 

Load 

Boundary 

Conditions  

Boundary 

Conditions  

Toe Load  Toe Load  
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Table 2: Mesh setting parameters 

 

Element Size 

(mm) 
Nodes Elements 

Total 

Deformation at 

90 KN (mm) 

5 46055  33660 1.20 

6 31314  22500 1.22 

7 20548  13889 1.28 

8 15132  10032 1.54 

9 9884 4114 1.58 

10 8132  3832 1.66 

11 6084 3600 1.71 

 
The validation was performed with experimental data from a previous 

research paper [18]. In the experimental work, a universal servo-hydraulic 

testing device with a load cell with a capacity of under 100 kN was used to 

conduct stiffness tests. Four LVDTs (Linear Variable Differential 

Transformers) were used to measure the deformation of the rail pads. The 

vertical load and rail pad deformation were measured during the stiffness 

testing, with the latter being the average of the four LVDTs. 

Similar geometry, materials properties, boundary conditions and load of 

the rail pad were applied in the simulation. Figure 3a shows the simulation 

results of the deformation of the EPDM rail pad. Figure 3b shows the 

comparison between the simulation and previous experimental work for 

EPDM rail pad of load versus deformation. The simulation results were in 

good agreement with the experimental data.  

The percentage error between simulation and previous experimental 

data was tabulated in Table 3. The higher percentage errors at loads 10 kN and 

20 kN were due to rigid body displacement, which is a common problem for 

geometrically nonlinear small-strain condition [19]. This problem could been 

neglected since the average value of percentage error was 6.5% which was 

considered as an acceptable range to verify the accuracy of the model 

simulation. Additionally, the rigid body displacement occurred at a very small 

value compared to other deformations. 
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(a) 

 
(b) 

 

Figure 3: EPDM  rail pad deformation (a) simulation results  

(b) comparison between simulation and experimental results [18]  
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Table 3: Percentage error for reference and simulation results 

 

Load (KN) 
Deformation (mm) 

Percentage error (%) 
Reference                         Simulation 

0 0.00                            0.00 0.00 

10 0.22                            0.32 31.25 

20 0.45                            0.54 16.67 

30 0.61                            0.66 7.50 

40 0.78                            0.77 1.29 

50 0.92                            0.89 3.37 

60 1.02                            1.00 2.00 

70 1.12                            1.11 0.90 

80 1.19                            1.22 2.45 

90 1.26                            1.28 1.59 

 
Rail pad thickness 
Figure 4 shows the effects of the material for the rail pad under the static 

compression loads for three different types of rail pads. The rail pad thickness 

was between 4.0–10 mm. Due to the hyperelastic material behaviour, the 

deformation of the rail pad increased non-linearly in the presence of reaction 

force exerted on the rail. The results showed that the EPDM pad had the 

highest amount of deformation followed by TPE and EVA for all the 

thicknesses. This result was in line with [18].  

In general, the deformation of the rail pad was related to the elasticity 

modulus. The deformation of the rail pad was shown to be inversely 

proportional to the value of the elasticity modulus [20]. Table 1 shows that the 

modulus elasticity for EPDM was the lowest followed by TPE and EVA. Thus, 

it was evident that EPDM had the highest deformation followed by TPE and 

EVA when comparing between the rail pad materials. 

In term of thickness, the modulus elasticity values decreased as 

thickness increased [21]. Figure 5 shows the larger deformation occurred at 

thicker rail pad for all materials. Comparing 10 mm and 4 mm thickness of the 

rail pad, it could be seen that in all cases, for the same load value, the thinner 

rail pad involved fewer displacements than the thicker one. The rail pad in 

which this effect was greatest was the EPDM, which had an average difference 

of 40%. The other two rail pads behaved in a similar way, 33% in the case of 

TPE and 23% in the case of EVA. This trend was in agreement with the results 

reported by Amjadi and Fatemi [20]. 
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(a) 

 
(b) 

 

Figure 4: The deformation graph of three different types of material rail pads 

for  various thicknesses and loads  

 

 
 

(a)  (b)  

 
(c) 

Figure 5: The deformation graph of three similar types of material rail pads 

under various thicknesses and loads 

 

Rail pads static stiffness 
Figure 6 shows the static stiffness for three types of materials with different 

thicknesses. The static stiffness (𝑘𝑠𝑡) is the ratio between the load range (F) 

and the displacement (𝛿) range during the last load ramp. It can be calculated 

using the formula:  
 

𝑘𝑠𝑡 =  
𝐹𝑓𝑖𝑛𝑎𝑙 − 𝐹𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝛿𝑓𝑖𝑛𝑎𝑙 − 𝛿𝑖𝑛𝑖𝑡𝑖𝑎𝑙

 (2) 
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The results show that the rail pad becomes stiffer as thickness reduces. 

This is in agreement with previous research [3]. The effect became noticeable 

when the thickness was less than 6 mm. Thus, the thickness of the rail pads 

has a significant influence on the mechanical performance under compression 

pressures induced by rolling trains.  

Furthermore, the stiffening conditions on all three rail pads were 

different. The EPDM pad showed a necessary stiffening above 20 kN. The 

EVA rail pad was the least stiff. The behaviour of the TPE pad was midway 

between EPDM and EVA pads, with slight stiffening. These findings were 

consistent with previous findings [18]. This shows that the rail pads have a 

wide variety of stiffness values, allowing the choosing of the most appropriate 

thickness subjected to the design of the railway system and the stresses 

produced. 

 The implementation of thin (4 mm) rail pads could be used to decrease 

the rate of deflections produced by the passage train. However, in real cases, 

the implementation of low thickness of rail pads may cause extremely stiff 

tracks. The high stiffness of the rail pad adds to the stiffness due to the 

configuration of the ballast and formation layers as well as the concrete 

sleepers. Thus, the greater thickness of rail pads will provide more flexibility 

and can withstand the higher damping loads [3].  

 

Reaction force on Baseplate 
Figure 7 shows the force reaction at the base plate for a load of 90 kN in one 

second. The results compare the capability of the rail pad to attenuate the static 

load applied when transferring to the base plate. The higher reaction forces 

will reduce the life cycle of the baseplate itself. Three types of rail pad 

materials EPDM, TPE and EVA were tested with the thickness of 5 mm and 

10 mm. The results indicated that the reaction force increases with time. 

Overall, the reaction force was low at the higher thickness of rail pad. EVA 

showed the highest difference of reaction force with 15% reduction as the 

thickness of the rail pad increased from 5 mm to 10 mm, while for TPE and 

EPDM, the reduction was 9% and 5% respectively. It could be seen that the 

reaction force for EVA was less compared to EPDM and TPE. This showed 

that the EVA pad had the highest capability to reduce the reaction force at the 

baseplate compared to EPDM and TPE. 
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Figure 6: The static stiffness graph for three different materials 

 

The different values of reaction force for different materials and 

thicknesses were the result of a viscoelastic deformation that occurred due to 

impact onto the rail-pad [22]. Any such wave will scatter or dampen out over 

time since the rail pad is viscoelastic and not solely elastic. For thick rail pad 

the viscoelastic effect was high. This condition increased the time for the 

energy to dissipate or to dampen that resulting low force transferred to the base 

plate. The implementation of higher thickness of rail pad in railway industry 

would be beneficial by way of providing better protection to sleepers and 

functioning as a ballast layer from the vibration forces. However, the thicker 

rail pads can cause high rate of track deflection and high values of dissipated 

energy. This would contribute to the speedy deterioration of track elements 

(rail, fastening system, etc.) and an increase in train rolling resistance which 

could result in higher maintenance and exploitation costs [3].  
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Figure 7: Reaction force of base plate against time tested under different 

materials of rail pads 

  

 

Conclusions 

 

The implementation of a baseplate fastening system in railway track will help 

to mitigate the noise and vibration that are produced from the train vehicle. A 

fastening system is one of the critical studies for railways so as to know its 

behaviour under various loads. The presence of a rail pad in a fastening system 

provides many benefits including the increase of the life cycle of the track 

which helps to reduce track degradation. The 3D FE model was developed in 

this study by using ABAQUS software to investigate the behaviour of a 

baseplate fastening system which focused more on the static analysis. Based 

on the simulation results, some conclusions can be made throughout this study:  

i. The deformation value of a rail pad is influenced by the thickness of the 

rail pad itself under various loads applied. When thickness is increased, 

the rail pad has a lower stiffness value which leads to the higher dissipated 

energy of the railway track system.  

ii. The use of different types of rail pads, specifically EPDM, TPE and EVA 

in track will give significant changes to the track fastening behaviour as 

the EVA pads have the lowest deformation compared to the other rail 

pads.  

iii. The static stiffness graph shows that the EVA pads give the highest value 

of stiffness compared to the EPDM and TPE pads. From observation, the 

classification of rail pads from soft to hard pads can be made by referring 

to its stiffness. EVA pads are the hardest which are suitable to be used in 

heavy industry. For the EPDM and TPE pads, they are categorized as soft 

to medium pads that give benefits to the high-speed track to reduce the 

track deflection. 
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iv. The baseplate reaction force is influenced by the thickness and types of 

rail pad used. 

Improvement can be made and implemented in this research by executing the 

dynamic analysis and carrying out experiments for validation purposes. The 

experiments will also show realistic scenarios to specifically know the 

behaviour of railway tracks. Other improvements can be made by critically 

studying the longevity of the base plate fastening system in static and dynamic 

analysis so as to enable the researcher to predict suitable times to carry out 

maintenance; hence, reducing the maintenance cost and time. This 3D model 

could help in making better decisions earlier in order to carry out further track 

improvement.  
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