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0 EXECUTIVE SUMMARY 

0.1 OBJECTIVE OF THE DELIVERABLE 

The main objective of this deliverable is the development of a procedure for calculating the low frequency 

noise emission below 250 Hz.  

0.2 DESCRIPTION OF THE WORK PERFORMED SINCE THE BEGINNING OF THE PROJECT 

A procedure for calculating the low frequency noise emission below 250 Hz and propagation is proposed. In 

the proposed methodology, the track and the wheel vibration level is computed using the Vehicle-Track 

Interaction (VTI) formulation as implemented in the WRNOISE software. In this part, input parameters for 

the vibration level prediction are the ÔÒÁÃË ÁÎÄ ÔÈÅ ×ÈÅÅÌ ÁÄÍÉÔÔÁÎÃÅ ÆÕÎÃÔÉÏÎÓȟ 4$2ȭÓȟ ÁÎÄ ÔÈÅ ÒÁÉÌ ÁÎÄ ÔÈÅ 

wheel roughness that are measured in the field.  

The noise emission due to a radiating structure (the track or the wheel), however, is computed by means of 

boundary element method (BEM). For this acoustic simulation, the Modal Acoustic Transfer Vector 

(MATV) approach is employed. In this approach, first, the track structure is modelled by FEM and then, the 

eigenmodes of the track are obtained by the modal analysis. In the second step, the modal sound pressure 

at a field point is computed for each individual vibrating mode by acoustic BEM. Finally, the sound pressure 

level at a field point is computed by superposing the modal acoustic responses.  

This numerical combined FE-BE procedure is integrated as a specific module within the WRNOISE 

software to predict the rolling noise emission at low frequencies (below 250 Hz).  

Furthermore, for a proper validation of the presented procedure and in order to enhance the 

understanding of the track contribution in the overall pass-by rolling noise level at low frequencies, 2 sites 

are selected in the network of De Lijn, in Ghent; one site with embedded rails in a concrete track and one 

site with embedded rails in a floating slab track. A measurement campaign was performed to fully 

characterize these sites. Since no significant low frequency contribution was observed at the floating slab 

track in Gent, therefore, a third site was selected in Brussels, on the network of STIB, also with a floating 

slab track system. This site was used for validation of the proposed procedure. 

0.3 MAIN RESULTS ACHIEVED SO FAR 

The proposed numerical combined FE-BE procedure is integrated as a specific module within the 

WRNOISE software to predict the rolling noise emission at low frequencies (below 250 Hz). 

A measurement campaign was performed to validate the proposed methodology. Results of the noise 

emission levels at low frequency predicted with the proposed procedure shows a reasonable agreement 

with those measured in the field in Brussels. 

0.4 EXPECTED FINAL RESULTS 

The low frequency module of the WRNOISE software is validated. The results show a reasonable 

agreement between the predicted noise emission and that obtained by the measurement in the field. 
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0.5 POTENTIAL IMPACT AND USE 

Although numerical tools like WRNOISE exist for the prediction of rolling noise, they are limited to 

frequencies above approximately 250 Hz for several reasons: 

- In prediction of the low frequency noise, the main challenge would be in the computation of the 

radiation ratio. Although at high frequency, the radiation ratio tends to unity and has no significant 

effect on the noise level, at low frequency, it is frequency dependent and becomes more pronounced.  

- In addition, at low frequencies, when the structure vibrates in bending modes with a wavelength 

shorter than the air wavelength, the acoustic short-circuiting effects may occur. In this case, only a 

near field radiation occurs and the sound radiation remains parallel to the surface of the structure.  

- At high frequencies (higher than the cut-on frequency of the propagating waves in the track > 250 Hz), 

the track vibration is decayed along the track length because of the damping in the track () and the 

vibration level can be approximated by an exponential form of  ὺὩ  .  The spatial averaging of the 

track vibration level in the WRNOISE is based on this approximation.  At low frequencies where the 

track vibration consists only the near-field waves (a combination of the evanescent and propagative 

waves), the above approximation for computing the spatial average of the track vibration along its 

length is no longer valid. 

- At frequencies higher than 250 Hz, the sound wave is coming directly from the structure (the track or 

the wheel) and the reflected sound off the ground acts as an incoherent source. However, the ground 

effect can be more pronounced at low frequencies and depending on the type of the ground 

pavement, the sound pressure level can be increased by 6 dB. 

The proposed combined FE-BE methodology enables to overcome the above issues and to reasonably 

model the rolling noise emission at low frequencies.  

0.6 PARTNERS INVOLVED AND THEIR CONTRIBUTION 

AKRON developed all the software. 

Measurements obtained by D2S in the frame of WP3.1 were used in the validation. 

0.7 CONCLUSIONS 

The proposed numerical combined FE-BE procedure is integrated as a specific module within the 

WRNOISE software to predict the rolling noise emission at low frequencies (below 250 Hz).   

In the acoustic simulation, the Modal Acoustic Transfer Vector (MATV) approach is employed that results 

in an important reduction of the computation cost. In fact, the MATV approach enables to avoid the 

repetition of the acoustic simulation when the track structure remains unchanged but the vibration level on 

the track is changed due to different pass-by train speeds or due to different axle configurations.  

A convergence study has been performed to determine the required number of slab modes for MATV 

analysis. In this case, results show that a number of 2 rigid body and 18 bending modes of the slab gives a 

reasonable accuracy. 

The rolling noise levels at low frequency predicted with the proposed procedure shows a reasonable 

agreement with those measured in the field in Brussels. 
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In addition, it can be seen that the sound pressure at low frequencies is mostly influenced by the floating 

slab motion. However, by increasing the frequency, the slab contribution in the total sound pressure 

becomes less pronounced. 
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1 INTRODUCTION 

The low frequency noise radiated from the track-train interaction disturbs residents and is one of the 

environmental problems especially in an urban area.  The continuous low frequency noises with 

frequencies below 200 Hz have been classified as background stresses [1]. 

Although numerical tools like WRNOISE exist for the prediction of rolling noise, they are limited to 

frequencies above approximately 250 Hz for several reasons: 

- In prediction of the low frequency noise, the main challenge would be in the computation of the 

radiation ratio. Although at high frequency, the radiation ratio tends to unity and has no significant 

effect on the noise level, at low frequency, it is frequency dependent and becomes more pronounced. 

On the contrary, the directivity index is less important at low frequency where radiation is 

omnidirectional, while it becomes directional at high frequencies [3, 4]. 

- In addition, at low frequencies, when the structure vibrates in bending modes with a wavelength 

shorter than the air wavelength, the acoustic short-circuiting effects may occur. This effect refers to a 

case where the bending wavelength of the structure, which is frequency dependent, and the acoustic 

wavelength become equal.  In this case, only a near field radiation occurs and the sound radiation 

remains parallel to the surface of the structure. The frequency in which the wavelength of bending 

waves in the structure and the wavelength of the acoustic wave becomes identical is called the critical 

frequency [3]. 

- At high frequencies (higher than the cut-on frequency of the propagating waves in the track ~250 Hz), 

the track vibration is decayed along the track length because of the damping in the track () and the 

vibration level can be approximated by an exponential form of  ὺὩ  .  The spatial averaging of the 

track vibration level in the WRNOISE is based on this approximation.  At low frequencies where the 

track vibration consists only the near-field waves (a combination of the evanescent and propagative 

waves), the above approximation for computing the spatial average of the track vibration along its 

length is no longer valid [2, 3]. 

- At frequencies higher than 250 Hz, the sound coming directly from the structure (the track or the 

wheel) and the reflected sound off the ground acts as an incoherent source. Therefore, the ground 

effect can be considered by an increase sound level of 3 dB [2]. However, the ground effect can be 

more pronounced at low frequencies and depending on the type of the ground pavement, the sound 

pressure level can be increased by 6 dB [3]. 

Different approaches can be used to simulate the rolling noise emission at low frequencies such as the 

Rayleigh integral technique, Boundary Element Method (BEM) or Finite Element Method (FEM) with 

infinite elements.   

Although the Rayleigh integral technique may give a reasonable result at high frequencies where the 

radiation ratio is close to unity, it cannot give the correct radiation ratio at low frequencies. More accurate 

results can be obtained using BEM [3]. Unlike the finite element method, in a BEM, the radiation condition 

is automatically satisfied at infinity and there is no need to employ infinite elements on outer boundaries. 
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In the proposed methodology, the track and the wheel vibration level is computed using the Vehicle-Track 

Interaction (VTI) formulation as implemented in the WRNOISE software [5]. In this part, input parameters 

ÆÏÒ ÔÈÅ ÖÉÂÒÁÔÉÏÎ ÌÅÖÅÌ ÐÒÅÄÉÃÔÉÏÎ ÁÒÅȡ ÔÈÅ ÔÒÁÃË ÁÎÄ ÔÈÅ ×ÈÅÅÌ ÁÄÍÉÔÔÁÎÃÅ ÆÕÎÃÔÉÏÎÓȟ 4$2ȭÓȟ ÁÎÄ ÔÈÅ ÒÁÉÌ ÁÎÄ 

the wheel roughness which are measured by dynamic tests in the field.  

The rolling noise emission due to a radiating structure (the track or the wheel), however, is computed by 

means of boundary element method (BEM). For this acoustic simulation, the Modal Acoustic Transfer 

Vector (MATV) approach is employed [6, 7]. In this approach, first, the eigenmodes of the track are 

computed using FEM. Then, the modal sound pressure at a field point is computed for each individual 

vibrating mode. Finally, the sound pressure level at a field point is computed by superposing the modal 

acoustic responses.  

This numerical combined FE-BE procedure is integrated as a specific module within the WRNOISE 

software to predict the rolling noise emission at low frequencies (below 250 Hz).  

Low frequency rolling noise is generally generated by the vibration of the track components and is less 

influenced by the wheel vibration. Moreover, due to the significant effect of the A-weighting filter at low 

frequencies, the low frequency contribution needs to be significant for it to have an effect on the overall 

sound pressure level. 

Therefore, it is believed that a significant low frequency contribution might be expected for floating slab 

tracks. Due to the increased vibration level of the concrete slab, combined with the large radiating surface, 

floating slab tracks are believed to be most prone to low-frequency sound radiation.  

For a proper validation of the proposed procedure and in order to enhance the understanding of the track 

contribution in the overall pass-by rolling noise level at low frequencies. Therefore, 2 sites that are believed 

to exhibit a significant low-frequency contribution are selected in the network of De Lijn, in Ghent; one site 

with embedded rails in a concrete track and one site with embedded rails in a floating slab track. A 

measurement campaign was performed to fully characterize these sites. It will be shown however that no 

significant low-frequency contribution was observed at the floating slab track section. Therefore, a third 

site was selected in Brussels, on the network of STIB, also with a floating slab track system. This site was 

used for validation of the proposed procedure. 

This report deals with the validation of the proposed methodology for prediction of low frequency noise 

emission. The validation of the high frequency prediction capabilities with the wheel rail noise modelling 

tool has already been demonstrated at the test site in Athens (D4.1) and at the test site in Ghent (D1.6). 

The report is structured as follows. Sections 2 and 3 discuss the proposed procedure for the low-frequency 

noise prediction. Section 4 describes the measurement campaigns performed at the validation sites. 

Finally, chapter 5 presents the validation of the procedure. 
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2 ROLLING NOISE PREDICTION AT LOW FREQUENCIES 

In the proposed methodology, the whole domain including the fluid and the structure is decomposed into 

two subdomains: the structure (the track and the wheel) and the fluid (the surrounding air).  It is assumed 

that the fluid (the air) and the structure are not coupled, so the fluid-structure interaction is ignored. 

Therefore, the vibration response of the structure (the wheel and the track) is not influenced by the fluid 

conditions and can be separately computed by means of the VTI formulation (see Appendix A). 

The fluid response (e.g. the acoustic waves) however, is modelled by the boundary element method (BEM) 

by imposing the structural vibration as boundary conditions on the fluid-structure interfaces. 

In the acoustic simulation, the Modal Acoustic Transfer Vector (MATV) approach is employed that results 

in an important reduction of the computation cost. In fact, the MATV approach enables to avoid the 

repetition of the acoustic simulation when the track structure remains unchanged but the vibration level on 

the track is changed due to different pass-by train speeds or due to different axle configurations [6].  

Indeed, the MATVs represent the contribution of the mode shapes of a radiating structure into the sound 

pressure at a field point. 

In the MATV approach, first, the track structure is modelled by FEM and then the eigenmodes of the track 

are computed by the modal analysis. In the second step, the sound pressure level in the field is computed 

based on the vibrating modes of the track using acoustic BEM. Finally, the total noise level is obtained by 

superposing the contribution of each mode. 
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2.1 VIBRATION ANALYSIS OF THE TRACK AND THE WHEEL 

The track and the wheel vibration levels due to passage of a train are computed. The dynamic interaction 

between the running wheel and the rail results in the train (contact) force at the wheel/rail contact point 

that depends on the track and the vehicle receptances, the irregularities on the rail and the wheel contact 

surfaces, and the train speed, figure 2.1. 

Figure 2.1  

Rail/wheel contact as the source of the rolling noise 

The track/wheel response at the contact point is predicted using the vehicle-track interaction (VTI) 

formulation, described in Appendix A.  

When the train speed is relatively low compared to the wave velocities along the track, the stationary 

vibration level during the passage of the train can be estimated by assuming the positions of the moving 

loads to be fixed. Therefore, the track (the rail or the slab) displacement ◊ can be written by superposing 

of the individual responses ◊  obtained due to an axle force ▌  at the position ὼ:  

 ◊ ὼȟ В ◊ ὼȟὼȟВ   ╗ ὼȟὼȟ(1)   ▌ 

where ÔÈÅ ÓÕÂÓÃÒÉÐÔ Ȱtȱ ÄÅÎÏÔÅÓ ÔÏ ÔÈÅ ÔÒÁÃË ÔÈÁÔ ÃÁÎ ÂÅ Ȱslȱ ÆÏÒ ÔÈÅ ÓÌÁÂ ÏÒ Ȱrȱ ÆÏÒ ÔÈÅ ÒÁÉÌȢ 

The transfer functions ╗ ὼȟὼȟ  show the nature of the vibration attenuation along the track by 

increasing the distance from the axle load position (ὼ) and can be determined by field measurements (e.g. 

the track decay rate test). 
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Therefore, the PSD function of the stationary track displacement can be written as:  

 ╢ ὼȟ В  В ╗ ὼȟὼȟ╗ ὼȟὼȟ  ╢ ὼȟὼȟ  (2) 

The vibration levels are generally presented as RMS values in one-third octave band.  When only the 

excitation due to a random rail roughness is considered, and for a sufficiently large frequency band 

[ȟ  , the contribution of the cross-PSD functions ╢  in the above equation can be disregarded by 

averaging over the frequency band [8, 9].  

Therefore, it can be written: 

 ◊    ᷿ ╢ ὼȟÄ ᷿ В ╗ ὼȟὼȟ ╢  ὼȟ Ä(3)   

In the following, the track responses computed by VTI formulation are imposed as the boundary conditions 

on the fluid-structure interfaces in the acoustic boundary element model. 
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2.2 ACOUSTIC EMISSION DUE TO A RADIATING STRUCTURE 

The fluid response (e.g. the acoustic waves) is modelled by the boundary element method (BEM) and the 

structure vibration is imposed as a boundary condition on the fluid-structure interface. In this model, it is 

assumed that the structure is surrounded by a homogeneous, inviscid, and compressible fluid medium ɱ, 

figure 2.2.  

Figure 2.2  

Geometry of the exterior problem 

In figure 2.2, the boundary ɜ  ɜ ᷾ ɜ ᷾ɫ can be decomposed into the boundary ɜ where the medium 

is connected to a specific acoustic impedance (Z), the boundary ɫ where the fluid has an interface with a 

vibrating structure and so, velocities or displacements are imposed, and the outer boundary ɜ  where the 

radiation condition at infinity (the Sommerfield radiation condition) is satisfied: no reflection from infinity.  

In a homogeneous, inviscid, compressible fluid, and in absence of gravity, the harmonic acoustic ÆÉÅÌÄȭÓ 

pressure  ὴὼȟὸ ὴǶ●ȟὩ  and acoustic velocity ○●ȟὸ ○●ȟὩ  can satisfy the linearized 

Euler equation as: 

 ὴǶ Ὥ(4) ○”  

Considering the linearized Euler equation and by introducing the velocity potential • such that  ○  ɳ•  

the velocity potential • satisfies the following Helmholtz equation and boundary conditions: 

 ᶯ•  • in ɱ (5) 

  ○  Ȣ▪ ὺ 
 
  on ɫ (6) 

 ὤ ὴǶȾὺ  on ɜ (7) 

where ὺ 
 
is the normal particle velocity with the outward normal (n) on the boundary. 
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The Helmholtz equation can be transformed into boundary integral equations (BIEs) and then solved using 

ÁÃÏÕÓÔÉÃ 'ÒÅÅÎȭÓ ÆÕÎÃÔÉÏÎÓ. In the following, the software FASTBEM ACOUSTICS [10] is employed to 

perform the BEM computation. The source of the acoustic waves would be the rail and the wheel vibration 

imposed on the boundary ɫ.  

In the proposed numerical methodology, the sound pressure at a receiver (at a certain distance from the 

track) is individually computed due to each source (e.g. the track or the wheel) and then, the total sound 

level is obtained by superposing.   

Different models for the track and the wheel are made. The rail/track can be defined as a long vibrating 

beam with the dimensions equal to the rail height and width. The wheel however, is modelled as a disc. 

The vibration level on the rail/wheel-air interfaces is computed by VTI formulation and is applied in BE 

model as the imposed velocity. 
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2.3 NUMERICAL EXAMPLE OF AN ACOUSTIC SIMULATION BY BEM 

To show the efficiency of the BEM in an acoustic simulation, the sound radiation form a pulsating beam is 

computed using BEM. The pulsating beam is modelled as a long cylinder. The cylinder is vibrating with a 

unit velocity of 1 m/s normal to each element surface. The diameter of the cylinder is equal to the rail 

width. The ground can be modelled either as a rigid boundary (reflecting surface) or as an absorbing 

surface with specific acoustic impedance. 

Here, to show the rigid ground effect, two cases have been investigated: 

1. a pulsating cylinder  in a full space acoustic domain; 

2. a pulsating cylinder in an half space acoustic domain with a rigid ground at z= 0 (the xy-plane). 

Figure 2.3 shows the selected field points as a half-circle in the xz-plane perpendicular to the beam. 

Figure 2.3  

Field points in the xz-plane and pulsating cylinder as BCs 

Figures 2.4 and 2.5 show the sound pressure computed at 100 and 200 Hz for both cases. Results show an 

expected symmetric radiation (such as a monopole source) in the case where the pulsating beam is 

surrounded by a full space acoustic domain. In the presence of a rigid ground (half space domain), since the 

excitation frequency increases, the radiation wave form is changed due to the ground reflection. 
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Figure 2.4 (a) (b)  

Sound pressure computed at (a) 100 Hz and (b) 200 Hz for case 1: in a full space domain (without the rigid ground) 

Figure 2.5 (a) (b)  

Sound pressure computed at (a) 100 Hz and (b) 200 Hz for the case 2: in an half space domain (with a rigid ground) 

The directivity index is computed at field points at 7.5 m from the beam centre for different frequencies of 

100, 200 and 500 Hz, figure 2.6. According to the acoustic wave speed of 340 m/s and the cylinder radius 

ὥ  0.10 m, the selected frequencies result in the dimensionless acoustic wavelengths Ὧὥ 0.03, 0.06 and 

0.15, respectively. In the first case, the sound radiation is omnidirectional and directivity index is equal to 1 

at all frequencies. In the second case, however, the directivity index depends on the field point position and 

the excitation frequency. 

Figure 2.6 (a)  (b)    

Directivity index computed at different frequencies for a pulsating cylinder (a) in a full space and (b) in a half space 

(with a rigid ground) 
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3 MODAL ACOUSTIC TRANSFER VECTOR APPROACH 

The Modal Acoustic Transfer Vector (MATV) approach is employed for the acoustic simulation in which the 

sound pressure is computed in terms of Modal Acoustic Transfer Vectors (MATVs). The MATVs represent 

the contribution of the mode shapes ♥) of a radiating structure into the sound pressure at a field point. 

Using the modal decomposition technique, the track response ◊ can be presented in terms of the track 

mode shapes as: 

 ◊  ♥ 
  ♪ (8)   

where the vector  denotes to the modal coordinates of the track response.   

Therefore, the sound pressure at a field point ( ὢ ) is approximated by a linear combination of the modal 

sound pressure ὴǶ ὼȟ:as (m= 1, Ψȟ ȣ , q)  

 ▬ ὢȟ  В ὴǶ
 
 ὢȟ(9)   

where ȬÍȭ is the mode number and the modal sound pressure ὴǶ
 
  is defined by means of the Modal 

Acoustic Transfer Vectors MATVs and the modal coordinates of the track response  ♪ as: 

 ὴǶὢȟ Ê46!- 
 
    (10) 

The MATVs are the result of the BEM acoustic simulation by imposing the eigenmodes of the structure ♥ 

on the air-track interface.  

Therefore, the PSD function of the sound pressure can be written in terms of MATVs as: 

 ╢     ἙἋἢἤ╢  
 
ἙἋἢἤ   (11) 

where ╢  is the PSD of the modal coordinates ♪. 

In the following, a numerical procedure is introduced to compute the PSD of the modal coordinate ╢  from 

the track response. 
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3.1 PSD FUNCTION OF THE MODAL COORDINATES OF THE TRACK RESPONSE 

The track response due to the Ὧ  axle load can be written in terms of the contact force ▌ ὼȟ  and the 

transfer function  ╒  
 ὼ ὼȟ  as: 

 ◊   ╒  
 ▌   (12) 

where ▌    ╒ ╣   όϳ .(see VTI formulation)   

Using the modal decomposition technique, the track response can be defined in terms of  the track 

eigenmodes ♥ as: 

 ◊ ὼȟὼȟ  В     ▲ 
 ♥ 
  ♪ (13)   

The transformation between the modal coordinates ♪  and the track response ◊   is written as:  

 ♪ ╣ ◊   (14) 

where the displacement transfer matrix  ╣ ♥ ♥ ♥  relates the actual and modal displacement. 

Therefore, the PSD of the modal coordinates ╢  can be written in terms of the transfer matrix ╣  and the 

track response ╢
 
 as: 

 ╢
 
 ╣ ╢

 
╣   (15) 

By introducing the computed PSD of the modal coordinates ╢    into the equation (11), the sound pressure 

level due to each axle load ▌ ὼȟ  is computed separately. Then, the total sound pressure level is 

obtained by superposing the contribution of each axle load. 
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3.2 COMPUTATION PROCEDURE 

The proposed methodology for low frequency noise emission was implemented in a Matlab code and 

integrated in software WRNOISE as a low frequency noise emission option. Figure 3.1 shows the 

computation flowchart that summarizes the proposed methodology. 

As shown in figure 3.1, first, the track response is computed by means of VTI formulation based on the 

track and the wheel characteristics and the wheel/rail roughness measured by field measurements.  

Then, the track structure is modelled by FEM, and then the vibration modes of the track are determined by 

means of a modal analysis: 

 ◊ ὼȟ  ♥ 
ἐἏὼ ♪ 

  (16) 

The eigenmodes ♥  must be transferred from the FE nodes to the collocation points in the BE model by 

interpolation and projection along the boundary element normal direction, using a transfer matrix  ╣  as:  

 ♥ 
ἌἏ  ╣ ♥ 

ἐἏ (17) 

In the next step, the track-air interface is modelled by BEM and then using three-dimensional acoustic 

'ÒÅÅÎȭÓ ÆÕÎÃÔÉÏÎÓȟ ÁÎ ÁÃÏÕÓÔÉÃ "%- ÓÉÍÕÌÁÔÉÏÎ ÉÓ ÐÅÒÆÏÒÍÅÄ ÔÏ ÃÏÍÐÕÔÅ ÔÈÅ -ÏÄÁÌ !ÃÏÕÓÔÉÃ 4ÒÁÎÓÆÅÒ 

Vectors associated with the eigenmodes ♥ 
ἌἏ.   

Finally, using the equation (11), the sound pressure level at the selected field point is computed by 

superposing the modal sound pressures. 

Figure 3.1  

Flowchart of the wheel roughness prediction model in the INV-WRNOISE software 



  604891 page 18/62 
 QUIET-TRACK date of issue: 30-11-2014 

 

D0202_AKRON_M18.docx 

4 EXPERIMENTAL CHARACTERISATION OF VALIDATION SITES 

Since it is believed that a significant low frequency contribution can be expected for floating slab tracks, a 

floating slab track section is compared to non-floating slab track section (concrete embedded track). Two 

sites are selected in the network of De Lijn, in Ghent. It will be shown however that no significant low-

frequency contribution was observed at the floating slab track section. Therefore, a third site was selected 

in Brussels, on the network of STIB, also on a floating slab track section. This site was used for validation of 

the proposed procedure. 

First, the measurements at the sites in Ghent are presented. Afterwards, the measurements at the site in 

Brussels are presented. 
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4.1 VALIDATION SITES IN GHENT 

The measurement site with an embedded track is located in Papegaaistraat in Ghent, shown below. This 

sÉÔÅ ×ÉÌÌ ÂÅ ÃÁÌÌÅÄ ȰÓÉÔÅ Χȱ ÉÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇȢ 

Figure 4.1  

Embedded track validation site in Ghent - Papegaaistraat 

Figure 4.2  

Embedded track validation site in Ghent - Papegaaistraat 

The measurement site with a floating slab track is located in Voskenslaan in Ghent, shown below. This site 

×ÉÌÌ ÂÅ ÃÁÌÌÅÄ ȰÓÉÔÅ Ψȱ ÉÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇȢ 
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Figure 4.3  

Floating slab track validation site in Ghent - Voskenslaan 

Figure 4.4  

Floating slab track validation site in Ghent - Voskenslaan  

The vehicles are the low-floor trams type Hermelijn with three bogies (series 6300) from the Flemish public 

ÔÒÁÎÓÐÏÒÔ Ȱ$Å ,ÉÊÎȱȢ -ÁÉÎ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ ÔÈÅ ÖÅÈÉÃÌÅ ÁÒÅȡ 

- total length of the vehicle:  ~29 m; 

- distance between the first and the last axle:  11.15 m; 

- distance between the two axles of a bogie:  1.80 m; 

- average axle load (without passengers):  ~5 T/axle. 
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First, the experimental characterisation of the wheel will be discussed (which is common for both sites, and 

repeated here from deliverable D1.6 for the sake of clarity), and afterwards the experimental 

characterisation of the track will be discussed. Finally, noise measurements are presented. 

Figure 4.5   

Hermelijn tram vehicle 

Figure 4.6  

Configuration of wagons in a Hermelijn tram vehicle 
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4.1.1 Experimental characterization of the wheel 

Wheel roughness  

The wheel roughness was measured in the workshop. The wheel roughness was measured on four wheels 

with a special measurement equipment (WSA) developed by APT. The roughness is measured 

simultaneously in three different parallel positions on the tread using three displacement transducers, 

figure 4.7. At least 8 revolutions of the wheel have been measured.  

Figure 4.7   

Wheel roughness measurement using three displacement transducers 

Figure 4.8 shows the wheel roughness level for four wheels in one-third octave band wavelength measured 

with three displacement transducers. To have a reliable averaging over the length of the measurement 

(the circumference of the wheel), the wheel roughness with a wavelength higher than 1/3 of the wheel 

circumference which is approximately equal to the wheel diameter (here 36 cm), is disregarded. 

An average roughness spectrum was calculated for each wheel by energy wise averaging the three 

measured lines (three transducers). Figure 4.9 shows the average spectrum of the wheel roughness 

compared to the limit spectrum proposed by the standard ISO 3095:2005. 


