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Abstract: Increasing the stability of structures and reducing the maintenance cost of slab 
track superstructures compared to ballasted tracks are among the reasons for the tendency to 
use this category of superstructures in the railway industry. Vibration reduction methods can 
be divided into three categories, source, propagation path, and receiver. In general, the slab 
track structures in Iran are divided into three categories: direct fixation track (DFT), floating 
slab track (FST), and high resilient fastener (HRF). Although railway tracks are a safe, 
economical and fast transportation system and can lead to the strengthening of the tourism 
industry, in the long term, vibrations can damage many historical structures in the city of 
Isfahan. FST and HRF systems are used in the structure of Isfahan subway track. In this 
paper, the accelerations (longitudinal, lateral, and vertical) of the Isfahan subway vehicle 
were measured in 30 stations (15 go stations and 15 return stations). The results showed that 
the HRF system compared to the FST has a significant effect in reducing the range of 
vibrations and ultimately the safety of the train and the ride comfort. For example, in the area 
between Si-O-Se-Pol and Imam Hossein Square, due to the track structure type (HRF), the 
maximum acceleration and RMS acceleration are in the range of 1.5 and 0.3 m/s2, 
respectively, while in other stations these values were extracted up to 4 and 0.7 m/s2, 
respectively. 
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1 INTRODUCTION 

In classic tracks, two subsystems can be specified in the 

track: superstructure and substructure. Track 

superstructure is very important due to its direct 

connection with the train wheel. The components of the 

superstructure should be designed in such a way that 

each component, while bearing the applied loads, adjusts 

them to the tolerance of the underlying layer and finally 

transfers them to the subgrade. In general, and 

structurally, the types of superstructures in railway 

tracks can be classified into two general groups: 

ballasted and slab tracks. Depending on the conditions 

of the track and technical and economic studies, both 

types of these tracks can be used. According to the type 

of design and the conditions of its execution, the slab 

track consists of components including rails, fastening 

systems, sleeper, concrete slab, resilient layer, concrete 

base, and subgrade. Some of the above components, 

such as sleeper, resilient layer, and concrete base, can be 

removed from the system according to the design 

conditions and the location of the slab track. In cases 

where there is a need to reduce the vibrations transmitted 

around the track, the use of resilient layer under the 

concrete slab is one of the solutions to reduce the 

vibrations. Also, in places such as bridges, where 

implementation of the slab base superstructure has high 

rigidity, the concrete base is removed from the slab 

superstructure. In general, slab track superstructure 

systems in which concrete plays the main structural role 

are divided into two main parts (a) system with discrete 

supports and (b) system with continuous supports. This 

type of slab track superstructure classification is related 

to the way the rail is connected to its underlying 

assembly. Among the advantages and disadvantages of 

slab tracks, the following can be mentioned. 

Advantages: - lower height of the structure and in some 

cases less track weight, - longer durability of structure 

track geometry, - reduction of maintenance operations, - 

suitable damping of vibrations, - suitable electrical 

insulation, - reducing the wear of the rail head and its 

uniformity along the track, - less stress on the rail due to 

the better geometry of the track, and disadvantages: - 

low flexibility to implement future reforms, - the need 

for more investment except for tunnels, bridges, and the 

like. The increase in population, traffic, and the lack of 

suitable parking spaces in big cities have made the use 

of underground trains even more necessary. The 

vibrations caused by the passing of the trains in the 

distance between the stations can cause vibration and 

noise, and subsequently disrupt the lives of the people in 

the area of the subway passage. In addition, the resulting 

vibrations may cause damage to buildings and sensitive 

equipment. Based on this, in the design of new urban 

train tracks, the evaluation of the vibrations caused by 

the movement of trains on passengers, surrounding 

buildings and their residents is one of the main 

parameters. The main sources of vibration and noise are 

trains and rails. In fact, the movement of the train along 

the rail and the mutual effects that occur between the 

wheels, rail, and rail structure cause vibration. Stationary 

and moving trains both produce vibration. Stationary 

trains, depending on their weight, produce a force that is 

released from the wheel and/or rail and is transmitted to 

the ground by the rail, sleeper, etc., which can be defined 

as a static load. When the train moves, the force resulting 

from the static load moves along the rail with the train. 

This load will change depending on the differences in 

the different parts of the train and rail systems, such as 

the irregularity of the rail and wheel surface and the 

characteristics of the supporting structures under the rail. 

There are many parameters that affect the level and 

characteristics of vibrations caused by subway 

movement. The parameters and characteristics of the 

train (train weight, characteristics of primary and 

secondary suspension systems, train speed, etc.), track 

(type of materials, fastening systems, etc.) and driving 

style are among these factors [1-5]. 

Blanco-Lorenzo et al. [6] compared the dynamic 

responses of railway tracks in four track conditions with 

Simpack software: the traditional ballasted track, and 

three types of slab tracks: the RHEDA 2000 track, the 

STEDEF track, and a floating slab track. Zhao et al. [7] 

investigated the effect of elastic rubber mats on 

vibrations and noise in China's high-speed railway 

tracks. Some researchers like Kumar et al. [8] and Graa 

et al. [9] used the RMS acceleration to evaluate the 

vibrations and ride comfort of the passengers. Sadeghi et 

al. [10] investigated the effect of fastening system 

properties on wheel-rail dynamic forces. Sadeghi et al. 

[11] proposed a model for predicting ride comfort. They 

used Isfahan and Tehran metro tracks to compare and 

confirm the model. The connection of the rail to the 

sleeper in railway tracks is provided by means of so-

called fastening systems. The most important role and 

task of the fastening system is to keep the rail fixed on 

the sleepers and prevent its longitudinal, transverse, and 

rotational movement. In addition, this system must meet 

other structural and operational expectations, some of 

which include: - absorption of forces from the rail and 

safe transfer to the sleeper, - reducing the intensity of 

vibrations caused by the passage of the train, - having 

the ability to not conductivity of electricity, - having the 

strength and proper resistance against phenomena such 

as mechanical wear, creep, chemical corrosion, etc. 

Although today there is a great diversity in the structure 

and components of fastening systems, they can be 

classified from two perspectives (ballasted and slab 

tracks): (i) the way of establishing the connection (direct 

and indirect) and (ii) the degree of rigidity (rigid and 
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elastic). Basically, elastic fastening systems can be used 

for speeds higher than 80 km/h and high-speed tracks. 

Among the big manufacturers of fastening systems, 

Vossloh of Germany, Pandrol of England and Nabla of 

France can be mentioned. Fastening system, as 

components which main task is to create a safe 

connection between rails and sleepers in the tracks, 

should be able to provide sufficient structural resistance 

against the effects caused by the repeated loads of the 

rolling stock. In other words, the main issue is that the 

behavior of the fastening system remains in the elastic 

and linear range. On the other hand, it is important to 

limit displacements and vertical strains created in the 

fastening system. The next thing is that these 

components have the ability to properly hold the rail 

against rolling. The control of design criteria in all types 

of fastening systems depends on performing analytical 

calculations [1-5].  

Studies related to the track structure types and the ride 

comfort of passengers in Isfahan Metro are limited and 

can be referred to [4], [11-14]. In similar papers, for 

example, in references [4], [12-14] the comparison of 

Iran railway track structures and the difference in track 

stiffness have been mentioned, or in reference [11] only 

the ride comfort in two Metro stations of Isfahan and 

Tehran has been compared. In this paper, the vibration 

amplitude analysis of the Isfahan subway track was 

performed by measuring the acceleration in three 

directions. For this purpose, by moving the train in 30 

different stations (15 go stations and 15 return stations), 

the acceleration was taken and then the effect of the 

difference in the track structure on the number of 

vibrations was investigated.  

2 VIBRATION REDUCTION METHODS AND 

FASTENING SYSTEMS  

The methods of controlling and reducing vibrations in 

railways can be divided into two general categories, 

active and passive. The active method is related to the 

use of methods applied to the rail vehicle itself. For 

example, the methods that make changes in the train 

suspension system led to the reduction of the forces 

applied to the rails and other parts of the superstructure. 

This method is more effective for reducing the vibrations 

transmitted to the wagon and passengers. Passive 

methods are also divided into three categories, source, 

propagation path, and receiver. Generally, the source 

method is preferable due to being less costly and more 

practical. In the following, several methods of reducing 

vibrations will be briefly explained.  

(1) Floating slab tracks: floating slab track systems are 

designed based on the principles of vibration isolation of 

mass-spring systems, and therefore they are also referred 

to as mass-spring systems [3]. This method is generally 

divided into three general modes: (i) full surface support, 

(ii) linear support, and (iii) point like support [3], [6].  

(2) Subgrade treatment: improving the quality of 

subgrade treatment can be done by cement and lime or 

by pilling the subgrade [3].  

(3) Pilling building to bedrock: this method is generally 

useful for newly constructed buildings near railway 

tracks [3].  

(4) Rail straightness: in this method, the vibration 

reduction will be about 2 to 10 dB for rails with normal 

wear, and 10 to 20 dB for rails with severe irregularities 

and steps [15].  

(5) Pipe supported track: this method can be effective in 

reducing ground vibrations in a wide range of 

frequencies [3].  

(6) Wave impedance barrier (WIB): the results of some 

studies show that this method can reduce ground 

vibrations [16-17].  

(7) The use of trenches and barriers: the depth and width 

of the trench is effective on reducing vibrations [18-20].  

(8) Using the railpad: this method will increase the track 

elasticity. The use of these elements will cause the 

uniform distribution of the load from the train between 

the superstructure elements and thus lead to an increase 

in the lifespan of the superstructure [21].  

(9) Pad under the baseplate: with this method, the forces 

and vibrations entering the lower parts are reduced. With 

this method, it will create a suitable level of elasticity for 

the track [3], [21].  

(10) Using elastic fastening: fastening systems are used 

to connect the rail to the sleeper and prevent lateral 

movement and twisting of the rail. Fastening systems are 

divided into two categories, direct and indirect, 

depending on the type of connection [22].  

(11) Use of spring separators: this method can be used 

to reduce vibrations in the low frequency range where 

vibrations can be felt in that range [3].  

(12) Rubber plates under the sleeper: improving the 

quality of the track, the possibility of increasing the axial 

load, the ability to reduce the ballasted depth, etc. are 

among the advantages of this method [23-24].  

(13) Embedded rail system: a part of the rail is placed 

inside the elastic elements, and this reduces vibrations 

and noise [3]. 

Fastening system is one of the important components of 

slab track superstructure. The task of this system is to 

establish a safe and reliable connection between the rail 

and the slab track in order to transfer longitudinal, 

lateral, and vertical forces from the rail to the underlying 

assembly. According to the type and components of the 

slab track superstructure, the connection of rail to 

sleeper and/or rail to concrete slab is done through the 

fastening system. The fastening system consists of 

various components such as springs, screws, washers, 

pads, baseplate, and various types of this system have 

been used so far. According to the type of fastening 
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system, its components can be less and/or more. In 

general, two types of rigid and elastic systems have been 

used in different superstructures. Only conventional 

elastic fastening systems are used in superstructure of 

slab tracks. Elastic and super-elastic systems are two 

general categories of fastening systems in slab tracks. 

Since the subway tracks may pass under and/or next to a 

sensitive structure, it is necessary to control the amount 

of vibration to the adjacent structures. From this point of 

view, the use of super-elastic systems to reduce 

vibrations has good luck. Each of these fastening 

systems has its own merits and limitations and should be 

used according to the conditions. Usually, the choice of 

the type of fastening system is done by taking into 

account the necessary technical specifications, the 

geometrical conditions of the track, the climatic 

conditions of the region and the economic justification. 

Technical and economic views are effective in the final 

selection of a suitable fastening system. First, technical 

considerations should be taken into account in the design 

and the design should be done based on the operating 

conditions and the region. Then, from an economic point 

of view, the price, installation and maintenance cost and 

useful life should be evaluated [7], [10-14], [25-30]. 

3 FIELD STUDY 

The tests were carried out on the Isfahan subway track, 

the second largest subway network in Iran and one of the 

historical cities with a large number of historical 

structures that have been registered by UNESCO. 

Isfahan subway goes through Charbagh Avenue in the 

central part of the city in which there are several 

nationally and internationally registered historical 

monuments including Si-o-Se-Pol, Madreseh-Charbagh, 

and SarDar-E-KHeymeghah which have 8 m, 26 m, and 

15 m away from the subway centerline, respectively 

(“Fig. 1”) [14]. 

 

 

Fig. 1 Map of Isfahan subway. 

 
The existing slab track superstructure in the field test site 

is a non-continuous slab track superstructure type. This 

superstructure is composed of a set of rails, fastening 

system, concrete slab, resilient layer, and concrete base; 

that this collection is placed on a consolidated soil 

subgrade. The fastening system in slab track 

superstructure consists of the W14 spiral spring 

assembly with the ZW700 pad of the very stiff type. Due 

to the numerous historical buildings in the area of Si-O-

Se-Pol to Imam Hossein Square, including: Si-O-Se-Pol, 

Naqsh-e-Jahan Square, Ali-Qapu, Imam and Sheikh-

Lotfollah Mosques, Chehel-Sotoun, etc., it is necessary 

that the amount of incoming vibration reach the 

minimum possible amount to the adjacent structures. 
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Because it should be noted that the vibrations of small 

amplitude with high number of cycles in the long term 

can reduce the strength of the structure. Therefore, in 

this area (station number 3 and 4) super-elastic fastening 

system has been used, which will be further explained. 

In this work, two 3-axis sensors of accelerometer and a 

gyroscope were installed on the floor of the train, and 

accelerations and frequencies were collected in all three 

directions, longitudinal, lateral, and vertical, and the 

results were compared. Subway tracks in Iran generally 

use three types of slab track systems, which are:  

 

(i) direct fixation track (DFT) 

(ii) floating slab track (FST) 

(iii) high resilient fastener (HRF) 

Tehran subway tracks are of DFT type with medium 

stiffness, Shiraz subway and Tabriz subway track are of 

FST type with low stiffness, and Isfahan subway track 

(current research) is of two types of FST with low 

stiffness and HRF mounted on FST [12].  

Figure 2 shows a schematic of three types of track 

systems. 

 

 

 

Fig. 2 Slab tracks: (a): Tehran subway: DFT, (b): Isfahan subway: FST, and (c): Isfahan subway: HRF mounted on FST. 
 

4 RESULT AND DISCUSSION 

Figure 3 shows a schematic of train-track interaction and 

components according to the current research [10-11].  

The main purpose of investigating the vibrations created 

in the train and the surrounding environment due to the 

train running on the track is to limit it to the permissible 

values. If after carrying out vibration measurements or 

estimating the amount of vibration using predictive 

models, the level of vibrations is higher than the 

permitted values, an appropriate method should be 

chosen to control and reduce vibrations. As mentioned 

before, floating slab track, subgrade treatment, pilling 

building to bedrock, rail straightness, pile supported 

track, wave impedance barrier (WIB), use of trenches 

and barrier, the use of a pad under the rail, a pad under 

the baseplate, the use of elastic fastening, the use of 

seperator springs, rubber plates under the sleeper and the 

embedded rail system are among these methods [3], [15-

24]. Acceleration-time graphs in all three longitudinal 

(x), lateral (y), and vertical (z) directions are presented 

in “Figs. 4 and 5”. Figure 4 shows the longitudinal, 

lateral and vertical vibrations in 15 stations of the go 

route (1-15) and “Fig. 5” shows the longitudinal, lateral 

and vertical vibrations in 15 stations of the return route 

(16-30). Also, “Fig. 6” shows the Fourier transition and 

peak-frequency in terms of time. 
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Fig. 3 A schematic of train-track interaction. 

 

  

 

Fig. 4 Acceleration-time graphs in all three directions for 15 go stations (number 1-15). 

https://creativecommons.org/licenses/by/4.0/
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Fig. 5 Acceleration-time graphs in all three directions for 15 return stations (number 16-30). 

 

  

  
 

Fig. 6 Fourier transform and frequency: (a, b): 15 go stations (1-15), and (c, d): 15 returning stations (16-30). 

 
As can be seen, the lowest vibration amplitude in the 

graphs is related to the acceleration in the longitudinal 

direction (x). Due to adhesion at the wheel-rail interface, 

the train acceleration is low in this direction (the nature 

of longitudinal dynamics). The vertical acceleration on 

the way (1-15) is fluctuating in the range of ±3 in all 
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stations except for two stations. In stations No. 3 and 4, 

between Si-O-Se-Pol and Imam Hossein Square, the 

structure of the track is different from the rest of the 

stations. The same thing happened in the opposite 

stations (27-28) on the return route. As mentioned 

earlier, in this area of the train route, due to the number 

of historical buildings and adjacent to the subway track, 

the type of track with the least transmitted vibrations 

should be considered. Therefore, in this area, under 

special conditions, the HRF mounted on FST system has 

been used, and in other stations, FST with low stiffness 

has been used (“Fig. 2”). It is clear that the acceleration 

values, especially the vertical acceleration (az), change 

significantly depending on the type of track structure and 

it is consistent with the reference [12]. The maximum, 

minimum, average, and RMS (root-mean-squre) values 

of acceleration at each station (1-6) are compared in the 

“Fig. 7”. 

 

 

 

Fig. 7 Value of acceleration: (a) maximum, minimum, and average and (b) RMS. 

 
Stations 3 and 4 have lower maximum and average in 

comparison to other stations. Also, RMS acceleration as 

effective values of acceleration shows that stations 1, 2, 

5, and 6 due to different track structure from station 1 

and 2 have higher values and it is obvious that they have 

higher vibration amplitude and lower ride comfort. The 

measurement and evaluation of ride comfort often focus 

on obtaining vertical and lateral accelerations (az and ay) 

[31-33]. A comparison of the results of vertical 

accelerations in 30 studied stations is presented for 

further investigation (“Fig. 8”). 
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Fig. 8 Comparison of the vertical acceleration range with two different types of fastening systems. 

 
As can be seen in the “Fig. 8”, the range of vertical 

vibrations in all stations except stations 3 and 4 are 

almost equal, but in these two stations the acceleration 

values are much lower (due to the difference in fastening 

system). There is an elastic pad between the slab track 

and the rail in the super-elastic system, which is also a 

kind of stress distributor. If the fastening system is 

properly designed, the impact loads are greatly reduced 

and the uplift of the track is controlled. Providing 

elasticity in the system will be the responsibility of two 

components. The first and most important element is the 

fastening system and the second is the resilient layer 

installed under the slab track. By ensuring the proper 

connection of the resilient layer, stress reduction occurs 

from top to bottom. In the Isfahan subway track and 

stations 3 and 4 (around Si-O-Se-Pol to Imam Hossein 

Square), there are two elements to ensure the elasticity 

of the system, which are fastening system and resilient 

layer under the slab track. According to the proper 

performance of both elements, the results of “Figs. 5 and 

6” show that the vibrations amplitude is in a suitable 

range. It should be noted that the rest of the stations are 

within the appropriate and acceptable range from the 

point of view of comfort and safety. This significant 

difference in the acceleration values is due to the 

significant changes in the stiffness of the track in the test 

locations [12]. Even though subway tracks increase 

transportation and tourism development by reducing 

traffic load, but the damage to cultural and historical 

structures is always caused by vibrations from the 

concerns of organizations such as UNESCO. 

https://creativecommons.org/licenses/by/4.0/
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5 CONCLUSIONS 

One of the important challenges in the construction and 

operation of subway tracks is the amount of damage to 

nearby structures, especially historical monuments. 

Although railway tracks are a safe, economical and fast 

transportation system and can lead to the developing of 

the tourism industry, the vibrations can damage 

historical structures in the long-term. Nowadays, slab 

track systems are used in modern railway tracks in the 

world for many reasons. The main purpose of a fastening 

system is to provide strength and reliability to connect 

the rail to the sleeper and ultimately prevent the rail from 

moving and disrupting the track. By using the proper 

fastening system in railway tracks, the elasticity of the 

slab track superstructure is significantly increased and 

less damage is done to the track components (increasing 

useful life). Also, by significantly reducing noise and 

vibration, they protect sensitive structures and systems 

next to railway tracks. Reduction of vibrations and noise 

caused by wheel and track irregularities ensures ride 

comfort and ride quality. The results of this research 

showed that if a super-elastic fastening system is used in 

the desired and sensitive areas, a strong reduction in 

vibrations and ride comfort will be guaranteed. The 

results clearly showed that the type of track structure 

significantly affects the vibrations of the vehicle, 

passengers, and finally the vibrations transmitted to the 

environment and ride comfort and safety. 

REFERENCES 

[1] Sadeghi, J., Ballasted Railway Tracks: Fundamentals of 
Analysis and Design, ed. 3, Iran University of Science 
and Technology, 2019. 

[2] Sadeghi, J., Khajehdezfuly, A., and Moghadasnejad, F., 
Railway Concrete Slab Track: Fundamentals of Analysis 
and Design, ed. 1, Iran University of Science and 
Technology, 2018. 

[3] Esmaeili, M., Heydari Noghabi, H., and Mosayebi, A., 
Principle and Foundation of Railway Ballastless Tracks, 
ed. 1, Iran University of Science and Technology, 2016. 

[4] Sadeghi, J., Khajehdezfuly, A., Esmaeili, M., and 
Poorveis, D., Investigation of Rail Irregularity Effects on 
Wheel/Rail Dynamic Force in Slab Track: Comparison 
of Two-And-Three-Dimensional Models, Journal of 
Sound and Vibration, Vol. 374, 2016, pp. 228-244. 

[5] Ma, D., Shi, J., Yan, Z., and Sun, L., Failure Analysis of 
Fatigue Damage for Fastening Clips in The Ballastless 
Track of High-Speed Railway Considering Random 
Track Irregularities, Engineering Failure Analysis, Vol. 
131, 2022, pp. 105897. 

[6] Blanco-Lorenzo, J., Santamaria, J., Vadillo, E. G., and 
Oyarzabal, O., Dynamic Comparison of Different Types 

of Slab Track and Ballasted Track Using a Flexible 
Track Model, Proceedings of the Institution of 
Mechanical Engineers, Part F: Journal of Rail and Rapid 
Transit, Vol. 225, No. 6, 2011, pp. 574-592. 

[7] Zhao, C., Ping, W., Effect of Elastic Rubber Mats on The 
Reduction of Vibration and Noise in High-Speed 
Elevated Railway Systems, Proceedings of the 
Institution of Mechanical Engineers, Part F: Journal of 
Rail and Rapid Transit, Vol. 232, No. 6, 2018, pp. 1837-
1851. 

[8] Kumar, V., Vikas, R., Investigation of Vertical Dynamic 
Behaviour and Modelling of a Typical Indian Rail Road 
Vehicle Through Bond Graph, World Journal of 
Modelling and Simulation, Vol. 5, No. 2, 2009, pp. 130-
138. 

[9] Graa, M., Nejlaoui, M., Houidi, A., Affi, Z., and 
Romdhane, L., Modeling and Simulation for Vertical 
Rail Vehicle Dynamic Vibration with Comfort 
Evaluation, Multiphysics Modelling and Simulation for 
Systems Design and Monitoring, Vol. 2015, pp. 47-57. 

[10] Sadeghi, J., Seyedkazemi, M., and Khajehdezfuly, A., 
Effect of Uncertainty of Fastening Systems Properties on 
Wheel/Rail Dynamic Force, Latin American Journal of 
Solids and Structures, Vol. 18, No.5, 2021, pp. 1-20. 

[11] Sadeghi, J., Rabiee, S., and Khajehdezfuly, A., 
Development of Train Ride Comfort Prediction Model 
for Railway Slab Track System, Latin American Journal 
of Solids and Structures, Vol. 17, No. 07, 2020, 
doi.org/10.1590/1679-78256237. 

[12] Sadeghi, J., Esmaeili, M., Effectiveness of Track 
Stiffness Reduction in Attenuation of Metro Induced 
Vibrations Received by Historical Buildings, Latin 
American Journal of Solids and Structures, Vol. 15, No. 
11, 2018, doi.org/10.1590/1679-78255252. 

[13] Sadeghi, J., Liravi, H., and Esmaeili, M., Experimental 
Investigation on Loading Pattern of Railway Concrete 
Slabs, Construction and Building Materials, Vol. 153, 
2017, pp. 481-495. 

[14] Sadeghi, J., Esmaeili, M., Safe Distance of Cultural and 
Historical Buildings from Subway Lines, Soil Dynamics 
and Earthquake Engineering, Vol. 96, 2017, pp. 89-103. 

[15] Bracciali, A., Piccioli, F., and Benedetto, L., Rail 
Straightness Control in Service, The Thirteenth 
International Conference on Civil, Structural and 
Environmental Engineering Computing, 2011, DOI: 
10.4203/ccp.96.18. 

[16] Takemiya, H., Fujiwara, A., Wave 
Propagation/Impediment in A Stratum and Wave 
Impeding Block (WIB) Measured for Ssi Response 
Reduction, Soil Dynamics and Earthquake Engineering, 
Vol. 13, No. 1, 1994, pp. 49-61. 

[17] Antes, H., Von Estorff, O., Dynamic Response of 2D and 
3D Block Foundations on A Halfspace with Inclusions, 
Soil Dynamics and Earthquake Engineering, Vol. 13, 
No. 5, 1994, pp. 305-311. 

[18] Ahmad, S., Al‐Hussaini, T. M., Simplified Design for 
Vibration Screening by Open and In-Filled Trenches, 



29                                  Sajjad Sattari et al. 

  
Journal of Geotechnical Engineering, Vol. 117, No. 1, 
1991, pp. 67-88. 

[19] Çelebi, E., Fırat, S., Beyhan, G., Çankaya, I., Vural, I., 
and Kırtel, O., Field Experiments on Wave Propagation 
and Vibration Isolation by Using Wave Barriers, Soil 
Dynamics and Earthquake Engineering, Vol. 29, No. 5, 
2009, pp. 824-833, 
doi.org/10.1016/j.soildyn.2008.08.007. 

[20] With, C., Bahrekazemi, M., and Bodare, A., Wave 
Barrier of Lime–Cement Columns Against Train-
Induced Ground-Borne Vibrations, Soil Dynamics and 
Earthquake Engineering, Vol. 29, No. 6, 2009, pp. 1027-
1033. 

[21] Kaewunruen, S., Remennikov, A., Monitoring Structural 
Degradation of Rail Pads in Laboratory Using Impact 
Excitation Technique, Engineering, 2005, Corpus ID: 
55121358. 

[22] Nelson, J. T., Recent Developments in Ground-Borne 
Noise and Vibration Control, Journal of Sound and 
Vibration, Vol. 193, No. 1, 1996, pp. 367-376. 

[23] Schneider, P., Bolmsvik, R., and Nielsen, J. C. O., In Situ 
Performance of a Ballasted Railway Track with Under 
Sleeper Pads, Proceedings of the Institution of 
Mechanical Engineers, Part F: Journal of Rail and Rapid 
Transit, Vol. 225, No. 3, 2011, pp. 299-309. 

[24] Marschnig, S., Veit, P. G., Making a Case for Under-
Sleeper Pads, International Railway Journal, Vol. 51, 
2011, pp. 27-29. 

[25] Kraśkiewicz, C., Oleksiewicz, W., Płudowska-Zagrajek, 
M., and Lipko, C., Overview of Vibroacoustic Isolators 
Used in Railway Tracks, MATEC Web of Conferences, 
Vol. 219, 2018, pp. 05001. 

[26] Esmaeili, M., Naeimi, M., Soltani, B. and Afsartaha, M., 
Reducing Slab Track Vibrations by Using Asphalt 
Concrete in the Substructure, Joint Rail Conference, 
2016, DOI: 10.1115/JRC2016-5766. 

[27] Kraśkiewicz, C., Lipko, C., Płudowska, M., 
Oleksiewicz, W., and Zbiciak, A., Static and Dynamic 
Characteristics of Resilient Mats for Vibration Isolation 
of Railway Tracks, Procedia Engineering, Vol. 153, 
2016, pp. 317-324. 

[28] Sung, D., Chang, S., Nonlinear Behavior of Rail 
Fastening System on Slab Track at Railway Bridge Ends: 
FEA and Experimental Study, Engineering Structures, 
Vol. 195, 2019, pp. 84-95. 

[29] Grassie, S. L., Resilient Railpads: Their Dynamic 
Behaviour in the Laboratory and on Track, Proceedings 
of the Institution of Mechanical Engineers, Part F: 
Journal of Rail and Rapid Transit, Vol. 203, No. 1, 1989, 
pp. 25-32. 

[30] Wei, G., Wang, Y., Jiang, J., Zhang, R., and Ding, Z., 
Effect of Dowel Joints on Dynamic Behavior of Train–
Discrete Floating Slab Track System, Advances in 
Mechanical Engineering, Vol. 10, No. 3, 2018, pp. 
1687814018767010, DOI: 10.1177/1687814018767010. 

[31] Sattari, S., Saadat, M., Mirtalaie, SH., Salehi, M., and 
Soleimani, A., Modeling a Passenger Train and 
Analyzing the Ride Comfort in Different Conditions 
with The Sperling Index, 2nd International Conference 
on Computer Engineering and Science (CCES), 2022. 

[32] Sattari, S., Saadat, M., Mirtalaie, SH., Salehi, M., and 
Soleimani, A., Evaluation of Sperling’s Index in 
Passenger and Freight Trains Under Different Speeds 
and Track Irregularities, International Journal of 
Advanced Design and Manufacturing Technology 
(ADMT), Vol. 15, No. 4, 2022, pp. 87-96, DOI: 
10.30486/admt.2023.1963242.1367. 

[33] Sattari, S., Saadat, M., Mirtalaie, SH., Salehi, M., and 
Soleimani, A., Modeling of a Rail Suspension System to 
Investigate Vertical Vibration and Effective Parameters 
on It, International Journal of Railway Research, Vol. 9, 
No. 2, 2022, pp. 1-20, DOI: 10.22068/ijrare.299. 

 


