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Abstract— This paper describes the rising demands in railway 

operations over the last 30 years with high speed application 

and demands in respect to comfort and environmental 

conditions, especially in view of noise and vibration has led 

to the development of new types of superstructures. In order 

to manage the special problems that come with high speed, 

like high impact load or noise and vibration problems, 

maintenance problems and problems due to the request for 

more comfort in rolling stock or problems arising from 

environmental request for reducing noise and vibration in 

urban regions, one general solution has been identified during 

a long development process. The introduction of elasticity 

into railway super-structure defined and designed to a 

specific application. The historical superstructure: rail, stiff 

fastening system, sleeper and ballast is not able to fulfill the 

modern requirements and therefore a new type of 

superstructure was born - the elastic superstructure. Getzner, 

one of the first companies in the world to have been involved 

since the beginning of this development process has built up 

a significant competence in the area of elasticity of modern 

superstructure. Today Getzner possess a wide range of 

engineering experience and a complete program of products, 

i.e. specially designed and tested resilient components - 

references all over the world - for railway application, which 

enables us to fulfill every specification in respect of elasticity, 

maintenance, noise and vibration. To give a short overview 

about Getzner`s competence in this field, three main 

applications show the existing possibilities to bring elasticity 

into track: (1) rail and base plate pads for rail fasteners; (2) 

sub ballast mats; (3) sleeper pads; and (4) elastic supports for 

slab track and ballast troughs/mass-spring systems. 
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I. INTRODUCTION 

Around the world railways make a valuable contribution to 

modern life, transporting passengers and goods smoothly and 

efficiently over long distances. As the variety and intensity of 

rail traffic increases, the availability, comfort and 

environmental demands on rail systems are also growing ever 

more stringent. One of the principle problems associated with 

railways are the vibrations transmitted from the track 

superstructure to the adjacent surroundings. These vibrations 

can often be felt and heard. Another related problem is the 

maintenance costs caused by these vibrations, which can be 

reduced by increasing the elasticity of the track system. Track 

elasticity has a key impact on wear and tear on superstructure. 

One of the main problems in rail transportation is 

posed by the vibrations that are transmitted into the 

environment from the track superstructure, which we 

perceive as vibrations or structure-borne noise. Another main 

problem is the maintenance expenses that arise from material 

wear due to insufficiently elastic tracks. Highly elastic 

products and systems for vibration isolation significantly 

reduce wear-related expenses for superstructure components 

and vehicles. 

Elastic components for track superstructures consist of the 

following: 

 Rail pads 

 Base plate pads 

 Elastic inserts pads for sleeper boots 

 Sleeper pads 

 ballast mats 

 Bearings for “mass-spring” systems 

 embedded rail 

 Continuous rail bearing 

 Rail groove fillers 

Some good examples of this include the sleeper base 

pads and rail fastener systems developed with our partners as 

well as the various retrofitting solutions devised for the 

renovation of existing rail lines. 

II. LITERATURE AND REVIEW 

According to ISO 14837(2005) There are various methods 

and materials available to reduce the vibration and noise 

generated by trains and a number of these methods utilise 

resilient or viscous elastic materials. These vibrations can be 

damped at the source (i.e. train or tram), along its 

transmission path (i.e. rails, sleepers, air etc.) or at the 

receiver (i.e. buildings). For the purpose of this project, the 

focus is placed on the interventions that take place along the 

transmission path. A few of the most common methods of 

reducing vibration are rail pads, sleeper pads, base plate pads, 

embedded rails and resilient sleepers. According to ISO 

14837 (2005), softer primary and secondary train suspension, 

acoustic barriers and smoother wheels and rails are some of 

the measures that can be implemented to reduce the noise 

generated by rail vehicles. 

According to ISO 14837 (2005), the sources of 

vibration and noise are as follows: Moving loads excitation 

(a wave moving through the track and supports as the train 

travels along the track). Wheel/rail roughness. Parametric 

excitation (differences in the stiffness due to discrete support 

and spacing of rolling stock can be considerable when the 

frequencies coincide with the natural frequencies of the track 

and supports). Wheel/rail defects. Discontinuities of track 

(gaps, joints, dipped rails etc. cause impact forces). Steel 

hardness (variations in hardness). Lateral loads (when the 

vehicle goes around tight curves). Mechanical/electrical 

sources of vibrations (fans from ventilation in tunnels may 

cause secondary vibrations). 

ISO 14837 (2005) states that ground vibrations are 

mostly carried via surface waves in “normal” railways 

whereas compression and shear waves are the main 

mechanism in underground railways. 
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According to book Material models for rail pads 

Johannes Jacobus Heunis on date 29th Nov 2010, the 

literature study establishes what research has been completed 

with regard to the testing and modelling of viscoelastic 

materials while the background lays focus on current rail 

infrastructure. Various track types are currently in use and 

with these different track types a range of vibration mitigation 

solutions can be implemented. Different authors have 

investigated dynamic models for these track types and found 

them to be useful tools for the study of vibrations caused by 

moving trains. 

Viscous elastic material properties are difficult to 

quantify since they exhibit hysteresis and non-linear 

properties for their force versus displacement characteristics. 

Due to these complexities, better material models are sought 

and a lot of testing needs to be conducted on the relevant 

materials. The main objective of this chapter is therefore to 

place this project in context and provide background 

information regarding railway infrastructure. 

GetznerWerkstoffe has been developing highly 

elastic materials and systems for vibration insulation for over 

30 years. This comprehensive range of products, which can 

be employed for all axle loads and speed ratings, has been 

installed in railways throughout the world. 

III. COMPONENTS 

A. Rail Pads 

Elastic rail pads with a pre-defined stiffness are installed 

directly under the foot of the rail, thereby increasing the 

elasticity of the ballast superstructure. The improved load 

distribution results in a more comfortable ride endless wear 

and tear on the track superstructure. 

 
Fig. 3.1.1: Rail Pads 

1) Reducing railway superstructure costs: 

Compared with straight sections of track, this wear manifests 

itself very quickly, particularly in tight curves and on routes 

carrying heavy traffic. Adopting the correct measures for 

long-term cost reductions and extending the service life of the 

track reduces the life cycle costs of the superstructure 

significantly. 

2) Lowering the life cycle costs of railway track: 

When it comes to reducing the life cycle costs of railway 

track, the outgoings associated with maintenance, repair and 

possession are always at the forefront. How long a section of 

track can be used depends above all on the condition of the 

superstructure. Special attention has to be paid to the most 

heavily loaded components: ballast, sleepers and elastic rail 

pads 

3) Lower loads and emissions: 

In addition to a sustainable life cycle strategy, the 

requirements placed on a modern rail network also include 

effective protection against vibration and structure-borne 

noise. Specially equipped rail fastenings with outstanding 

dynamic damping properties reduce vibrations right at their 

source. Getzner elastic rail pads possess defined stiffness and 

demonstrably increase the elasticity of the track 

superstructure. Improved load distribution results in a more 

comfortable ride and less wear and tear of the superstructure. 

The higher level of elasticity also contributes towards the 

quiet running of the rolling stock, helping to meet today‘s 

acoustic requirements – after all, railway lines and residential 

areas are moving ever closer together. 

 
Fig. 3.1.2: 

4) Properties of rail pads: 

 High mechanical loading capacity and defined elasticity 

 Outstanding performance over a long period 

 Standard materials with a stiffness of between 30 and       

200 kN/mm – depending 

 On application and geometry 

 Satisfies all the testing criteria laid down in the relevant    

standards. 

B. Base plate Pads 

More and more modern railway lines are being built using 

slab track constructions. With this type of track design, highly 

elastic base plate pads installed between the base plate and 

the slab are used to ensure the proper level of elasticity. This 

solution maintains the load distribution qualities of the rail 

and reduces vibrations caused by irregularities in the wheels 

and track. By properly distributing the stiffness of the base 

plate it is possible to reduce the level of “horizontal rail head 

deflection” (gauge widening) caused by rolling stock 

 
Fig. 3.2: Base plate pads 
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1) Advantages of Base plate pads: 

 reduction of Noise and Vibration in slab track 

 elastic base plate pads for turnouts available 

 customer made elastic rail fastening design possible 

2) Sleeper Pads: 

Sleeper pads are used to prevent vibration, protect the ballast 

and improve track stability. They can be installed both, in 

high speed rail lines and in lines with high axle loads as well 

as in existing rail lines, during repairs and retrofitting. As 

these pads are installed by the sleeper manufacturer, there is 

no need for extra work at the installation site, allowing 

construction to proceed swiftly under all weather conditions. 

 
Fig. 3.3.1: Sleeper pads 

3) The elastic solution for ballasted tracks and switches: 

Increasing operational loads and speeds in modern railway 

traffic present new technical and economic challenges to 

railway managers Sleeper pads offer one opportunity to meet 

these challenges: They preserve the superstructure, improve 

the quality of the track geometry and reduce disruptive 

vibrations, both in the track and in the switch. 

4) Functioning Principle: 

The most common type of superstructure used in the world is 

ballasted track. Ballast, as the weakest link in the system, is 

subject to latent dynamic shifting. Constant loads (ballast 

compression) lead to wear and breaking up of the rocks. 

These effects diminish the quality of the track geometry, and 

the track bed must be tamped. 

The effective installation of sleeper pads slows 

down this process in the following ways: 

5) Distribution of the axle load over a larger number of 

sleepers: 

The elastic properties of the sleeper pads lengthen the 

bending line of the rails. The load from the train is distributed 

over a larger number of sleepers and therefore over a larger 

area. This reduced average compression also reduces the load 

on the ballast. 

6) Increase of the contact surface between sleeper and 

ballast: 

The unique properties of the polyurethane material from 

Getzner result in an ideal embedding of the ballast in the 

surface of the sleeper pads, stabilizing the top-most ballast 

layer. This yields an increase in the contact surface between 

sleeper and ballast from about 8 % (without padding) to up to 

35 % (with padding). 

7) Weakening of the dynamic forces and vibrations in the 

ballast: 

Sleeper pads from Getzner reduce the direct dynamic load on 

the ballast. They reduce shifting of the ballast as well as 

settling of the track. 

 
Fig. 3.3.2: Load distribution system 

C. Ballast Mats 

Track last Ballast Mats are one of the most effective methods 

of reducing vibration transmission from ballasted track. 

When installed under ballast, Ballast Mats isolate the track 

structure from the supporting foundation or substrate, which 

can result in attenuation levels in excess of 20dB.Trackelast 

Ballast Mats are proven to give reliable performance over a 

very long service life under any climatic conditions. Our 

ballast mats comprise of a soft resilient layer, usually made 

from natural rubber because of its excellent dynamic 

properties. This layer is typically 8-30mm thick and is faced 

on one or both sides with a very tough ballast protection 

material. The mats can be pre-cut in our factory for immediate 

installation. Alternatively, as Tiflex is the manufacturer of 

Trackelast we are able to deliver the mats in component form 

for rapid assembly. In both cases, installation is 

straightforward, and full fitting instructions are supplied. A 

range of rubber formulations are available to give a wide 

range of stiffness for different conditions and applications. 

Mats are available in a range of formulations; all based on 

cork modified natural rubber. Tiflex can also offer a range of 

polyurethane materials for light rail applications. Ballast mats 

are supplied with an integral bonded geotextile felt type of 

ballast protection layer. Mats can be supplied with this 

protection layer on both sides to provide additional protection 

from stones and gravel in the track-bed substrate. 

 
Fig. 3.4.1: Ballast Mats 
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D. Ballast mats have a multi-layer structure 

1) Load distribution layer 

The top layer of the mats consists of a geotextile or fleece 

with high stretch and tear resistance. This layer deforms 

under the load of the ballast. The ballast rocks are embedded 

and their positions are stabilized by the increased contact 

surface. Forces introduced to the mat are distributed over the 

full area and transmitted to the underlying resilient layers. 

2) Resilient layer: 

The resilient layer consists of microcellular polyurethane 

materials. The materials are volume-compressible, meaning 

that no profiles or cavities are required for shaping. 

Depending on the mat type, the resilient layer is comprised of 

one or two layers, each with a density specifically selected to 

yield the desired overall static and dynamic stiffness. 

3) Application 

 Isolation of structure-borne noise on railway lines in 

densely populated regions: local transport railways and 

standard-gauge railways in the vicinity of buildings. 

 Protection of structures and buildings sensitive to 

vibrations or with elevated vibration protection 

requirements such as concert halls, museums, hospitals, 

historic structures or vibration-sensitive laboratory, 

testing or measurement equipment. 

 Reduction of the emission of secondary air-borne sound 

on bridge structures. 

 Increased track geometry stability and reduction of 

ballast compression decrease the maintenance costs for 

heavily laden track sections. 

E. Mass Spring System 

Mass-spring systems are used in projects where maximum 

protection from vibration and noise is paramount 

requirement. These systems are exceptionally effective in 

protecting the inhabitants in the vicinity of railways from the 

disturbing effects of noise and vibration. The following three 

types of mass-spring systems: 

1) Linear Support 

2) Full-surface bearings. 

3) Point like support 

The type of solution used depends on the economic 

and technical considerations of the specific application. The 

lowest frequency achieved so far is approximately 5 Hz in the 

mass-spring systems that have been constructed for light- and 

main rail lines. 

1) Liner Support: 

 
Fig. 3.5.1: Liner Support 

Linear supports are preferred inmass-spring systems that 

make use of prefabricated elements or combine prefab with 

in-situ casted concrete. The horizontal forces that arise both 

in the direction of travel (braking and acceleration forces) as 

well as perpendicular to the track axis (e.g. centrifugal forces, 

side forces resulting from track geometry errors) can be 

handled well by the relatively large support surfaces. With 

linear support, it is possible to achieve lower support structure 

natural frequencies (8-15 Hz) than with full-surface support 

while keeping expenses reasonable. Overall, linear support 

achieves a higher damping of structure-borne sound. 

2) Point like Support: 

 
Fig. 3.5.2: Point like Support 

The selected construction method for the track support slabs 

or track troughs determines the type of point-like support. 

Generally it is used with track support slabs created using 

site-mixed concrete and lifted into place after hardening. The 

supports are inserted through openings in the plate. Since 

train operations give rise to horizontal forces, attention must 

be paid to the transmission of these forces during 

dimensioning of the generally relatively small support 

surfaces. In order to limit the horizontal deflections in line 

with the requirements, the optimal values for shear modulus, 

support layer thickness and support area are used in practice. 

The lowest natural frequencies are achievable with point-like 

supports (5-12 Hz). This type of support satisfies the highest 

requirements for structure-borne sound protection. Structure-

borne sound damping of30 dB and more can be achieved with 

this type of system. 

3) Full Surface support: 

 
Fig. 3.5.3: Full Surface Support 

Depending on the specific application, a full-surface elastic 

support achieves natural frequencies in the range of 14-25 Hz. 

This corresponds to an achievable structure-borne noise 

damping of up to 30 dB in the supercritical frequency range. 

A full-surface elastic support from 

Advantages in the following areas: 

 Simple, fast and inexpensive construction methods 

 Low risk of construction errors 

 Wide-area load distribution in the subsoil 

 Damping of structural vibrations of the track support 

elements 
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 Low number of installation joints 

 High horizontal stability of the entire system 

4) For smooth Transition: 

The transition areas between neighbouring superstructure 

types (ballasted track, slab track) must be planned very 

precisely in order to prevent lasting flaws in the track. 

Transition areas always arise for mass spring systems since 

these are accompanied by higher deflection than normal 

superstructures. Due to temperature fluctuations and concrete 

deterioration, the transition areas are also subject to special 

loads. Getzner offers competent solutions in this area as well. 

 
Fig. 3.5.4: Smooth Transition 

For example, the required systemstiffness in the transition 

structures can be achieved in the following ways: 

 Compressed support arrangement 

 Change to the support material stiffness 

 Installation of special rail fastenings 

 Installation of under sleeper pads 

The fact that excessive support point forces can overload a 

rail fastening must be considered during implementation. 

IV. CONCLUSION 

As the world is developing new innovative products are 

developing to increase the standards of life cycle and to 

increase the comfort level of life style. 

From the above mention components we can 

improve the safety, service life and comfort level of railways. 

These products sets new standards for world and due to these 

components trains can run more quietly, machines can 

operate efficiently and home life can become more peaceful. 

These components are very beneficial to everyone 

Throughout the world, railways help to improve 

connection between people facilitate trade. By providing the 

above components we can get coast efficiency, comfort noise 

and vibration protection. 

Hence these components are very useful for the 

future of the world to increase standard 
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