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1. Introduction

 

The purpose of this paper is to introduce a new 

approach for determining the vibration and sound 

radiation from a rail. It uses a combination of 

waveguide FEs and wavenumber boundary 

elements (BEs). The waveguide FE (WFE) 

approach is used to calculate the vibration of an 

infinite, continuously supported rail excited by 

appoint force. This will be of particular use for 

slab tracks and embedded rails. From the WFE 

results, the acoustic radiation is calculated using 

the wavenumber BE approach.  

2. Rail models 

The first rail profile used here is a standard 

CEN 40E1 section, which is shown in Fig. 1(a). 

Note that the pad thickness is exaggerated  

 

 
(a)           (b) 

Fig. 1. Model mesh of rails. (a) Open rail, CEN 40E1, 

(b) embedded rail, CEN 51Ri. 
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compared with a real pad. This is done to clarify 

figures showing displacements of the rail. 

However, to avoid non-physical standing waves 

within the pad a very low density is used. The 

second rail is a standard CEN 51Ri profile used 

for trams and the embedding is made to fill the 

space around this profile as shown in Fig. 1(b). 

For this rail, two different embedding materials 

are used; a softer ‘pad’(yellow) and a stiffer ‘fill’ 

material around the rail (red). 

3. Waveguide FE and BE models 

A derivation of a waveguide FE model are 

reported many literatures and the equation of 

motion is written as 

        
                           (1) 

where   ,   and    are the matrices associated 

with the stiffness of the rail,   is the mass 

matrix and    is the cross-sectional deformation 

vector. The wave domain BE model is defined by 

       
   

  
                                       

where    is a velocity potential vector,   is the 

normal directional vector. The coupling between 

FEs and BEs are given by    

   
  

  
                                            

where    is a coupling matrix. Sound power 

radiated by the vibrating surface can be written 

as 

  
 

 
                     

 

 

  

                  

where   and    are the acoustic pressure and 

velocity at the vibrating surface,   is the 

perimeter of the cross-section.  
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4. Results  

Fig. 2(a) shows the point mobility of the open 

rail for the two force positions indicated in Fig. 

1(a). The main peak, around 240 Hz, is due to the 

resonance of the rail mass on the stiffness of the 

rail pad. For the forcing point away from the 

centre of the rail, the response is higher. The 

point mobilities of the embedded rail are shown 

in Fig. 2(b). Since the curves for two different 

‘filling’ materials are similar, waves propagating 

primarily in the embedding material have only 

limited effect on the mobility of the rail. 

The radiated powers for a unit velocity at the 

two excitation points are compared in Fig. 3. At 

low frequencies (below 200 Hz), there is an 

increase in radiated power, whereas at high 

frequencies, where the web-bending wave has 

cut on there is a large reduction. The radiation 

efficiency normalized by the velocity of the rail 

at the excitation point is shown in Fig. 4. The 

radiation efficiency of the embedded rail can be 

 

 
Fig. 2. Point mobilities of (a) the open rail (solid: 

centre excitation; dash line: edge excitation), CEN 

40E1, (b) the embedded rail, CEN 51Ri (solid line: 

normal mass embedding; dashed line: reduced mass 

embedding; dash-dot line: open rail). 

 
Fig. 3. Normalized powers of the open rail for the 

central (solid line) and edge (dashed line) 

excitations.  

 

 
Fig. 4. Normalized powers of the embedded rail for 

reduced mass (solid line) and normal (dashed line) 

embedding. 

 

seen to have a much lower slope than the open 

rail, and consequently a much higher radiation 

efficiency at low frequencies.  

4. Conclusion  

A novel method to calculate the noise radiated 

from rails is described in this study. The method 

is based on waveguide FEs and wavenumber BEs. 

The embedded track considered is found to 

radiate less power than an open rail above about 

600 Hz when the mass of the embedding material 

is included in the calculations. At some 

frequencies the free surface of the embedding 

material amplifies the sound radiation while at 

others some cancellation occurs when it vibrates 

out of phase with the rail. An embedded rail may 

radiate more noise than an open rail, since the 

radiation characteristic of the embedded rail 

displays a line monopole radiation behaviour 

compared with the line dipole behaviour of a 

conventional open rail. 

(a) 

(b) 
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