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Summary 

During two measurement sessions of one week, extensive sound and vibration 
measurements were conducted on retrofitted freight wagons on the specially 
conditioned TSI track in the Netherlands.  
 
Four different wagon types, Laeks, Sgns, Tapps and Shimms, were retrofitted with LL- 
or K-brake blocks. Some of the Tapps wagons were also fitted with wheel dampers. For 
reference purposes, wagons of the same types fitted with conventional cast-iron block 
braked wagons were also tested. 
 
The acoustic effect of retrofitting freight wagons with LL-blocks ranges between 8 and 
13 dB(A) on a TSI track. The acoustic effect of retrofitting freight wagons with K-
blocks ranges between 11 and 14 dB(A) on a TSI track. These values are relative to an 
average pass-by level of cast-iron block braked wagons of 93 dB(A) at 80 km/h for an 
axle density of 0.15 per meter wagon length. 
 
The noise reductions found are sufficient for compliance of the considered wagon types 
with the TSI limits for retrofitted freight wagons. 
 
The pass-by levels for wagons braked by various types of LL-block on a TSI track vary 
from 80 to 83 dB(A) at 80 km/h for an axle density of 0.15 per meter wagon length. 
 
The lowest combined roughness levels on a TSI track were measured for K-block 
braked freight wagons. Consequently, the lowest pass-by levels were measured for K-
block braked freight wagons: 78 dB(A) at 80 km/h for an axle density of 0.15 per meter 
wagon length. 
 
The acoustic effect of the tested wheel dampers on a TSI track, as installed on the Tapps 
wagons, is train speed dependent and amounts to 1-2 dB(A). 
 
According to the Dutch Emission Measurement Protocol for rail vehicles 2004, only the 
Tapps wagons with K blocks and wheel dampers can be assigned to the category of 
disc-braked rolling stock of the Dutch Standard Calculation Scheme.  
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1 Introduction 

TNO Science and Industry conducted sound and vibration measurements on various 
types of freight wagons with various types of brake blocks. The objective is to assess 
the acoustic effect of the type of brake block on the sound emission of the freight 
wagons on a TSI compliant track. Also compliance with TSI noise limits is to be 
assessed. As a next step it is to be determined if all refitted wagon types can be assigned 
to the category of disc-braked rolling stock of the Dutch Standard Calculation Scheme 
of  Railway Noise, according to procedure A of the Dutch Emission Measurement 
Protocol for rail vehicles 2004 (TR) [1]. This work was performed under contract from 
Lloyds Register Rail Europe, within the framework of the ‘Whisper train projects’ and 
the Dutch Innovation Programme on Noise Reduction. 
 
The freight wagons were retrofitted with different types of LL brake blocks and K brake 
blocks.  
 
The first series of the measurements were performed between km sign 29.7 and 29.8 
between Sittard and Roermond on the new TSI compliant test track of the Netherlands. 
The measurements were performed between August 7th and August 10th 2007 and 
between October 9th and 11th 2007 in cooperation with Lloyds Register Rail Europe. 
 
Chapter 2 describes the conducted sound and vibration measurements. Chapter 3 shows 
results in terms of pass-by levels, its compliance with TSI limits and roughness levels. 
In chapter 4, the acoustic effect of the wheel dampers is determined after some signal 
processing. Compliance of the measured noise emission per wagon type with the noise 
emission according to the Dutch Standard Calculation Scheme is tested in chapter 5. 
Finally, in chapter 6 conclusions are drawn. 



 

 

 

 TNO report | MON-RPT-033-DTS-2007-03512  5 / 33

2 Measurements 

2.1 Nature and purpose of the measurements 

The measurements consisted of noise and vibration pass-by measurements of several 
types of freight wagons on a TSI-compliant track. 
 
The purposes of these measurements were to: 
 

1. check compliance of the noise emission of retrofitted freight wagons on a TSI 
compliant track, with the TSI noise limits; 

2. assess the noise reduction achieved with LL-blocks and K-blocks; 
3. assess the acoustic effect of a type of wheel damper; 
4. check the noise emission according to procedure A of the Dutch Emission 

Measurement Protocol (TR) 2004. 
 

2.2 Body 

The noise and vibration measurements were performed by 
TNO Science and Industry, Stieltjesweg 1, 2628 CK Delft. 
Staff involved: 
Ir. H.W. Jansen 
Ing. F.H.M. Staats 
 

2.3 Date and place 

The pass-by measurements were performed on the railway line Sittard-Roermond 
between km 29.7 and 29.8 from August 8th till August 10th  2007 and from October 9th 
to October 11th 2007. The rail roughness was measured on May 30th 2007 and on 
October 7th 2007 by Müller-BBM/M+P [11]. 
 



 

 

 

 TNO report | MON-RPT-033-DTS-2007-03512  6 / 33

2.4 Description of the measurement site 

The trackside was covered with grass, sand and stones. The test site is TSI compliant. 
 

 

Figure 2.1 Test train passing the measurement site near km 29.7 ,view towards Roermond.   

 

 
Figure 2.2 Pass-by of a Laeks wagon at the measurement site. 
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2.5 Track description 

Measurements were only performed on the Sittard – Roermond track, between km  sign 
27.9 ad 27.8 in Susteren, which is a TSI compliant track. This track has  concrete bi-
block sleepers and has a rail roughness that fulfils the requirements of the TSI, see 
figure 2.3. The track details are set out in table 2.1. 

Table 2.1  Measurement track data 

 TSI Track Susteren 

Ballast and sleepers Bi-block concrete sleeper in ballast 

Railpad 4.5 mm synthetic rubber pad FC/Tiflex 

Fastener Spring clamp 

Rail type UIC 54 E KRUPP 71 III 

Rail roughness according to prEN ISO 

3095: 2001 

See Figure 2.6 

TSI roughness limit compliance Compliant, see figure 2.3 

TSI track decay rate compliance Compliant, see figure 3.6. 

 
The directly measured rail roughness according to prEN ISO 3095:2001, [3] [4], is 
shown in figure 2.3. Averaging over the running lines was performed as prescribed by 
the ISO 3095 standard. The rail roughness was measured on May 30th 2007 and on 
October 7h 2007 by Müller-BBM/M+P [11].  
 
According to the rail roughness criteria in prEN ISO 3095:2001 the track with concrete 
sleepers is compliant. 
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Figure 2.3 Rail roughness of the TSI track (Measurement data M+P). Also ISO and TSI limit curves for 

the rail roughness and the average rail roughness of the Dutch network are indicated.   
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2.6 Weather data 

The measurement data from Maastricht KNMI weather station was used, see table 2.2.  
 

Table 2.2 KNMI Weather data from Maastricht, measured at 10 m height. 

KNMI data August 7 th 

2007 

August 8 th  October 9 th October 10 th October 11 th 

Relative humidity 84 % 84 % 92 % 87 % 98 % 

Cloud heavily Fully Heavily Partly Fully 

Air pressure  (hPa) 1014.4 1015.7 1024.0 1023.7 1027.3 

Hours of sun  (hours) 2.6 0.5 1.6 5.7 0.4 

Max temperature (oC) 21.7 17.7 15.0 16.5 12.6 

Hourly wind gust/ day 

average (m/s) 

4 / 2.1 5 / 3.8 3/1.9 4/2.3 2/1.8 

Wind direction (0) 247 (WZW) 354 (N) 174 (Z) 80 (O) 249 (WZW) 

2.7 Measurement equipment and calibration date 

All used equipment is listed in table 2.3 with its serial numbers and last date of 
calibration. All transducers were calibrated before and after the measurements on the 
actual measurement day.  

Table 2.3 Measurement equipment list 

Name Type Serial number Last date 

calibration 

Pulse Analyser B&K Pulse type 7536  

(22 channels) 

TNO-TUI 

17026166 

15-11-2003 

Pulse software Pulse Labshop v10.0.0.42 Not applicable Not 

applicable 

Accelerometer (a3) B&K 5958 2056232 1-10-2007 

Accelerometer (a4) B&K 5958 2056239 1-10-2007 

Accelerometer (a5) B&K 5958  2056240 1-10-2007 

Vibration calibrator B&K 4294 2559614 12-03-2007 

Microphone power supply  B&K 2669 1866140 25-6-2007 

Measurement microphone B&K 4192 2569913 12-12-2006 

Calibrator B&K 4231 1858995 6-6-2007 

2.8 Description of the vehicles 

The test trains consisted in total of 5 types of freight wagons, equipped with various 
brake blocks. The serial numbers of the wagons are listed in table 2.5. Drawings of the 
various wagon types are shown in appendix A. Table 2.4 lists the composition of all test 
trains that were used for the measurements.  
 
The Sgns and Laeks wagons had run about 50.000-65.000 km since the refit.  
The Tapps wagons had run about 250.000-310.000 km since the refit.  
The mileage of the Shimms wagons was unknown. 
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The wagons were retrofitted with the following brake blocks: 
 
LL-blocks: - Cosid 952 en Jurid 777 (material:sintered composite)  
     - Becorit IB116*    (material:organic composite with added rubber) 
K-blocks:  - Cosid 810      (material:organic composite) 
 
Some of the Tapps wagons were equipped with wheel dampers of Schrey & Veit, see 
figure 2.4. The applied wheel dampers are so-called sandwich dampers. These are 
block-shaped dampers, made of alternate layers of polymer and steel that dissipate the 
wheel vibrations, fitted to the interior of the wheel rim. 
 

 
Figure 2.4 Wheel dampers on a Tapps wagon. 

Table 2.4 Composition of the test trains, “+” indicated that wheel dampers were installed. 

Wagon 
type 

Laeks Shimms Sgns Habills Tapps 

Brake 
block 

Cosid 
952 

Jurid 
777 

GG GG K GG Cosid 
952 

Jurid 
777 

Becorit 
IB116* 

GG K K+ 
 

1 x X x x         
2 x x     x x x    
3     x x    x x x 
4     x      x x 
5     x      x x 
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Table 2.5 Characteristics of the wagon types 

Type 

designation 

L [m] # axles APL Characteristics Serial numbers  

(in order Roermond-

Sittard) 

LL brake blocks, 

type Cosid 952 

 

23 72 427 4 060-1 

23 72 427 4 036-1 

23 72 427 4 057-7 

23 72 427 4 021-2 

LL brake blocks,  

type Jurid 777 

 

23 72 427 4 006-4 

23 72 427 4 079-1 

23 72 427 4 032-0 

23 72 427 4 001-5 

 

 

 

 

 

 

Laeks  

 

 

 

 

 

 

27 

 

 

 

 

 

 

3 

 

 

 

 

 

 

0.1 

Cast-iron brake 

blocks 

 

23 72 427 4 063-5 

23 72 427 4 010-6 

23 72 427 4 058-5 

23 72 427 4 018-9 

Cast-iron brake 

blocks 

 

31 84 466 8 205-2 

31 84 466 8 217-7 

31 84 466 8 150-0 

 

 

Shimms 

 

 

 

12 

 

 

4 

 

 

 

0.3 

K brake blocks type 

Cosid 810 

 

31 84 467 4 144-5 

31 84 467 4 058-7 

31 84 467 4 059-5 

31 84 467 4 004-1 

Cast-iron brake 

blocks 

3387 4555 375-4 

3387 4555 504-9 

3387 4555 250-9 

3368 4557 429-0 

LL brake blocks, 

type Cosid 952 

35 84 455 6 571-8 

35 84 455 6 442-2 

35 84 455 6 511-4 

LL brake blocks,  

type Jurid 777 

35 84 455 6 443-0 

35 84 455 6 421-6 

35 84 455 6 593-2 

 

 

 

 

Sgns 

 

 

 

 

 

19.64 

 

 

 

 

4 

 

 

 

 

0.2 

LL brake blocks, type 

Becorit IB116* 

33844557021-5 

33844557031-4 

33844557012-4 

33844557020-7 

Habills 

 

 

24.13 

 

4 

 

0.17 

Cast-iron brake 

blocks 

3183 2852 513-0 

3183 2852 609-6 

3183 2852 425-7 

K brake blocks type 

Cosid 810 

 

8384 0658 508-6 

8384 0658 504-5 

8384 0658 512-8 

 

 

 

Tapps 

 

 

 

 

15.45 

 

 

 

4 

 

 

 

0.26 K brake blocks type 

Cosid 810 

Wheel dampers 

installed 

8384 0658 513-6 

8384 0658 533-4 

8384 0658 501-1 
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2.9 Running speeds and operating condition(s) 

In tables 2.5 – 2.10 an overview of the test runs on the TSI track is given. For the TSI 
protocol [1], 3 runs at a speed of about 80 km/h and at maximum speed, which was 120 
km/h, are required. For the TR procedure [2], runs with 100 km/h were also measured 
for most wagon types. The train speed was determined from the known train length and 
the buffer-to-buffer transit time.  

Table 2.6 Overview of measured test runs for test train 1 on August 8th 2007 

Pass-by 
no. Time Direction Speed 

      km/h 

1 9:23 Roermond 121 

2 10:38 Roermond 121 

3 11:30 Sittard 79 

4 12:00 Roermond 81 

5 12:28 Sittard 119 

6 14:00 Sittard 79 

7 14:22 Roermond 100 

8 15:05 Sittard 101 

9 16:05 Roermond 100 

Table 2.7 Overview of measured test runs for test train 2 on August 9th 2007 

Pass-by 
no. Time Direction Speed 

      km/h 

1 9:25 Roermond 120 

2 10:30 Roermond 121 

3 11:50 Roermond 121 

4 12:30 Sittard 79 

5 13:10 Roermond 81 

6 14:00 Sittard 80 

Table 2.8  Overview of measured test runs for test train 3 on October 8th 2007 

Pass-by 
no. Time Direction Speed 

      km/h 

1 11:53 Roermond 122 

2 13:06 Roermond 82 

3 14:55 Roermond 122 

4 15:59 Roermond 82 
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Table 2.9 Overview of measured test runs for test train 3 on october 9th 2007 

Pass-by 
no. Time Direction Speed 

      km/h 

1 10:51 Roermond 117 

2 12:04 Roermond 122 

3 13:12 Roermond 119 

4 14:28 Roermond 119 

5 14:28 Roermond 81 

6 16:01 Roermond 81 

Table 2.10 Overview of measured test runs for test train 4 on october 10th 2007 

Pass-by 
no. Time Direction Speed 

      km/h 

1 10:33 Roermond 100 

2 11:53 Roermond 101 

3 13:05 Roermond 100 

4 14:50 Roermond 79 

5 16:00 Roermond 122 

2.10 Any auxiliary equipment and operating condition 

There was no auxiliary equipment on the coaches in the test train with significant noise 
levels compared to the pass-by levels. 

2.11 Positions of the measurement microphones and accelerometers 

Measurements were performed on a single track cross-section as set out in figure 2.5. 
 
For both the sound pressures and the acceleration signals, the time signals and the levels 
and spectra over the transit time Tp (buffer to buffer) were determined. Measurements 
were taken from the center of the first wagon of each group to the center of the last 
wagon. 
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Figure 2.5: Measurement locations of accelerometers and microphones. O = vertical accelerometer under 
the center of the rail foot.; �  = lateral accelerometer;  WWWW = microphone at 1.2m above the rail 
surface. 
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3 Results 

3.1 Pass-by levels 

The measured pass-by levels for the various freight wagons, averaged for comparable 
speeds are set out in table 3.1. Corresponding spectra at 80 km/h can be found in 
appendix B.  
 
The pass-by level is determined from the center of the first wagon of each wagon group 
to the center of the last wagon, as to include a maximum number of axles with minimal 
influence of adjacent wagons. However, if wheel flats were present on certain wheels,  
as the K-block braked Shimms group, the wheels concerned were excluded from the 
integration interval. 
 
At a train speed of 120 km/h an impact-like noise was audible at certain pass-bys of the 
Sgns wagons with Cosid 952 and Jurid 777 brake blocks. This could have been an 
impact noise of the LL-blocks on the wheel tread. In appendix C it is shown that the 
noise spectrum is affected by this. This effect was not present in the rail vibrations, as is 
also shown in appendix C, and is therefore not induced by rolling noise. Therefore, only 
the pass-bys at 120 km/h for which the concerning Sgns wagons ran stable were used in 
the analysis. The phenomenon was not noticeable at any speed of 80 km/h. 
 
The number of axles per unit wagon length (APL) for all considered wagon types range 
between 0.11 and 0.33. Just this geometrical effect results in a difference in pass-by 
levels of the various wagons types of at most 5 dB(A). This is only due to the wagon 
design and of course has nothing to do with the types of brake block. Therefore, all 
pass-by levels were converted to a reference APL of 0.15 (for regular passenger 
coaches) in table 3.2, to allow comparison between the different types. 
 
In the TSI compliance test, however, the measured pass-by levels do not have to be 
converted to a reference APL. Instead, the TSI limits are APL dependent and are 
defined for certain APL intervals. Retrofitted freight wagons have a higher TSI limit 
than new conventional freight wagons with equal APL. The maximum value of the 
average pass-by level measured at 80 km/h and calculated from the measured pass-by 
level at the maximum velocity (120 km/h) should be compliant with the particular TSI 
limit. The compliance test according to the TSI is shown in table 3.3. 
 
None of the cast-iron block braked wagons are compliant with the TSI limit for new 
wagons. All freight wagons refitted with both LL blocks and K- blocks are compliant 
with the TSI limit for renewed wagons. The Shimms wagon with K-block seems to be 
not compliant with the TSI limit for new wagons. However, the presence of wheel flats 
seems to have affected the results of the sound measurements, see section 3.3.2. 
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Table 3.1 Overview of averaged measured pass-by levels in dB(A) on the TSI  track. 

Speed Laeks Shimms Sgns Habills Tapps 

km/h 

Cosid 

952 

 

Jurid 

777 

 

 

GG 

 

GG 

 

K 

 

GG 

 

Cosid 

952 

 

Jurid 

777 

 

Becorit 

IB116* 

 

GG 

K 

No 

wheel 

damper 

K 

Wheel 

damper 

80 82 83 92 96 85 93 83 84 81 93 81 78 

100 84 86 95 99 89 - - - - - 84 82 

120 87 88 97 102 91 100 90* 91* 88 98 87 85 

APL 0.11 0.33 0.20 0.17 0.26 

Table 3.2 Overview of the pass-by levels in dB(A) on the TSI  track converted to a reference APL of  0.15 
(for regular passenger coaches). 

Speed Laeks Shimms Sgns Habills Tapps 

km/h 

Cosid 

952 

 

Jurid 

777 

 

 

 

GG 

 

GG 

 

K 

 

GG 

 

Cosid 

952 

 

Jurid 

777 

 

Becorit 

IB116* 

 

GG 

K 

No 

wheel 

damper 

K 

wheel 

damper 

80 83 84 94 93 82 92 81 82 80 92 78 76 

100 86 88 96 95 85 - - - - - 82 79 

120 88 89 98 98 87 99 89 90 86 97 84 83 

Table 3.3 Overview of the TSI compliance test. 

Speed Laeks Shimms Sgns Habills Tapps 

Brake block 

Cosid 

952 

Jurid 

777 

 

GG 

 

GG 

 

K 

 

GG 

 

Cosid 

952 

 

Jurid 

777 

 

Becorit 

IB116* 

 

GG 

 

K 

 

K 

wheel 

damper 

Measured 80 

km/h 82 83 92 96 

 

85 

 

93 83 84 81 

 

93 

 

81 

 

78 

Calc. from 

120 km/h 82 82 91 96 

 

 

86 

 

 

95 

 

 

85 

 

 

85 

 

 

82 

 

 

92 

 

 

82 

 

 

80 

Max. 82 83 92 96 86 95 85 85 82 93 82 80 

TSI limit New 

wagons 

82 85 83 83 83 

TSI limit 

Renewed or 

upgraded  

84 87 85 85 85 

* Based on one pass-by. 

Table 3.4 Difference in pass-by levels at 80 km/h between various freight wagons refitted with various K 
and LL-blocks and the average pass-by level of cast-iron block braked wagons in dB(A), 
converted to equal APL of 0.15 and relative to a pass-by level of cast-iron block braked wagons 
on a TSI track of  93 dB(A) at 80 km/h. 

Speed Laeks Sgns Shimms Tapps 

 Cosid 
952 

Jurid 

777 

Cosid 
952 

Jurid 

777 

Becorit 

IB116* 

K K 

80 km/h 10 8 12 12 13 11 14 
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The acoustic effect of the various brake blocks is expressed relative to a reference 
situation in terms of pass-by level and APL. As a reference pass-by level, the average 
pass-by level of the all considered cast-iron block braked wagons at 80 km/h has been 
chosen. A speed of 80 km/h is considered since all wagons types were measured at this 
train speed. Figure 3.11, in the next chapter, shows that the roughness levels of the 
various freight wagons with cast-iron block brakes are not equal, resulting in a spread in 
the pass-by level of 2 dB(A). To obtain an equal reference pass-by levels for both LL 
blocks and K blocks, which were installed on unequal wagon types, all pass-by levels 
are converted to an APL of 0.15. So the reference pass-by level for cast-iron block 
braked wagons that is used to define the acoustic effect of the various brake block types 
is set to 93 dB(A) at 80 km/h at an APL of 0.15. All acoustic effects, as listed in table 
3.4 are expressed relative to the defined reference situation. If the results of this table 
are to be compared with any other measurements with different wagon types it should 
be noted that both the reference roughness levels and APL, and therefore the reference 
pass-by levels, can differ, resulting in lower or higher level differences. 
 
The acoustic effect of retrofitting freight wagons with LL-blocks ranges between 8 and 
13 dB(A). The acoustic effect of retrofitting freight wagons with K-blocks ranges 
between 11 and 14 dB(A). 
 
An effect about 2-3 dB(A) of the wheel dampers on the Tapps wagons is shown in table 
3.1 and in the time history of figure 3.5. However, a correction for the differences in 
wheel roughness of the wheels with and without damper is to be made. This is done in 
the next chapter. 
 

3.2 Pass-by level histories 

A time history of the A-weighted sound pressure levels and of the A-weighted vertical 
rail acceleration levels are shown in figures 3.1 to 3.5.  
 
In figure 3.3 it can be seen that the pass-by level of the Shimms wagons with K-blocks 
is affected by the accompanying cast-iron block braked Sgns wagons. Therefore the 
Shimms wagons in train configuration 5 (only K-block braked wagons) were analyzed. 
Also a severe wheel flat is visible at the first axle of the last wagon. Therefore only one 
Shimms wagon could be analyzed. 
 
In all vibration signals, it can be seen that the vertical rail vibrations, which is a measure 
for combined roughness levels, for the cast-iron block braked wagons are much higher 
than for LL- or K- block braked wagons. This effect is directly encountered in the 
sound pressure signal. 



 

 

 

 TNO report | MON-RPT-033-DTS-2007-03512  17 / 33

10 15 20 25 30 35 40
60

70

80

90

100
test train 1

L p in
 d

B
(A

) 
re

 2
0 

mP
a

10 15 20 25 30 35 40
130

140

150

160

170

L a in
 d

B
 r

e 
1 

mm
/s

2

t in [s]

 
Figure 3.1  Sound pressure level at 7.5 m from the track and the vertical acceleration of the rail as a 

function of the time (� t=1/16 s) for test train 1 at 80 km/h. The various wagon types with brake 
block types are indicated. 

15 20 25 30 35 40 45
60

70

80

90

100
test train 2

L p in
 d

B
(A

) 
re

 2
0 

mP
a

15 20 25 30 35 40 45
130

140

150

160

170

L a in
 d

B
 r

e 
1 

mm
/s

2

t in [s]

 
 

Figure 3.2  Sound pressure level at 7.5 m from the track and the vertical acceleration of the rail as a 
function of the time (� t=1/16 s) for test train 2 at 80 km/h. The various wagon types with brake 
block types are indicated. 
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Figure 3.3  Sound pressure level at 7.5 m from the track and the vertical acceleration of the rail as a 
function of the time (� t=1/16 s) for test train 3 at 80 km/h. The various wagon types with brake 
block types are indicated. K+ indicated that wheel dampers were installed. 
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Figure 3.4  Sound pressure level at 7.5 m from the track and the vertical acceleration of the rail as a 

function of the time (� t=1/16 s) for test train 4 at 80 km/h. The various wagon types with brake 
block types are indicated. K+ indicated that wheel dampers were installed. 
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Figure 3.5 Sound pressure level at 7.5 m from the track and the vertical acceleration of the rail as a 

function of the time (� t=1/16 s) for test train 5 at 80 km/h. The various wagon types with brake 
block types are indicated. K+ indicated that wheel dampers were installed. 

3.3 Roughness levels 

3.3.1 Track decay rate 
 
Figure 3.6 shows the decay rates in both vertical and horizontal directions. The decay 
rates were determined from the rail vibration signals during train pass-bys, using TNO’s 
PBA technique, [6], [8]. Comparison with the TSI limits curves for spatial decay show 
TSI compliance. 
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Figure 3.6 Vertical and lateral decay rates of the TSI test track in Susteren. Also TSI limits are shown. 

3.3.2 Indirect roughness levels 
 
For all wagon types the total roughness levels were derived from the vertical rail 
vibrations and the vertical track decay rate, using TNO’s PBA technique [7]. The 
following figures show the combined roughness levels for each wagon type refitted 
with various brake blocks. Since the TSI track is very smooth compared to the wheels, 
the combined roughness level will be determined by the wheel roughness level for most 
wavelengths. 
 
Figure 3.7 – 3.10 show the combined roughness levels per (retrofitted) wagon type as a 
function of wavelength. For comparison, all roughness levels are replotted per brake 
block type in figures 3.11 – 3.13. An average combined roughness level per brake block 
type can be found in figure 3.14. It can be seen that in the average, the lowest roughness 
levels are found for the K-block braked wheels. 
 
Figure 3.12 shows that both for the Laeks and the Sgns wagon type, the wheels with the 
Jurid LL blocks have the highest roughness levels, resulting in the highest pass-by 
levels per refitted wagon type. 
 
The Sgns wagons refitted with Becorit brake block types have the lowest wheel 
roughness, as can be seen from figure 3.9, resulting in the lowest pass-by levels of all 
Sgns wagons. 
 
A high reduction of the pass-by level of the Shimms wagons refitted with K-block 
brakes, see table 3.2, can be explained by the high reduction of wheel roughness, see 
figure 3.8. 
 
 
 
 



 

 

 

 TNO report | MON-RPT-033-DTS-2007-03512  21 / 33

 
 
 
 
 
The Shimms and Tapps wagons retrofitted with K-blocks show the lowest roughness 
levels. Also, the roughness levels for the Shimms and Tapps wagons refitted with K-
blocks are about equal, see figure 3.13. However, converted to equal APL, the pass-by 
level of the Shimms wagons is about 4 dB(A) higher. This is not to be expected since 
the roughness levels of the Shimms and Tapps wagons are equal. This effect indicates 
that the pass-by levels might still be disturbed by present wheel flats and therefore seem 
unreliable. To minimalize the effect of wheel flats it was only possible to average the 
pass-by level over the center wagon. Wheel flats were present on both accompanying 
Shimms wagons, as can be seen from the lower plot in figure 3.5. However, even with 
the influence of wheel flats on the pass-by levels, the Shimms wagon retrofitted with K-
blocks is TSI compliant. It is to be expected that without the presence of wheel flats, the 
TSI limit for new wagons will also be complied with. 
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Figure 3.7 Combined roughness levels of Laeks wagons with cast-iron and with various types of LL-block 

brakes as a function of wavelength. 
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Figure 3.8 Combined roughness levels of Shimms wagons with various types of block brakes as a function 

of wavelength. 
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Figure 3.9 Combined roughness levels of Sgns wagons with cast-iron and with various types of LL-block 

brakes as a function of wavelength. 
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Figure 3.10 Combined roughness levels of Tapps wagons with K blocks, wheels with and without wheel 

dampers as a function of wavelength. 
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Figure 3.11 Combined roughness levels of various freight wagons with cast-iron brake blocks as a function 

of wavelength. 
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Figure 3.12 Combined roughness levels of various freight wagons with LL brake blocks as a function of 

wavelength. 
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Figure 3.13 Combined roughness levels of various freight wagons with K brake blocks as a function of 
wavelength. 
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Figure 3.14 Average combined roughness levels of all freight wagons with GG-, LL- and K brake blocks as 

a function of wavelength.
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3.3.3 Comparison with direct wheel roughness 
 
For some wheels of the Laeks wagons the roughness levels were also determined 
directly. A comparison is made in figures 3.15-3.17. A number of wheel surfaces were 
scanned on various lines [10]. All results are plotted in gray. A spread of about 10 dB 
can be seen. In order to be able to compare direct roughness levels with indirect 
roughness levels, a contact filter is applied to the direct roughness levels. Also contact 
filtered direct rail roughness levels are shown in these graphs. Apart from the lower 
wavelengths. The combined roughness levels seem to be in the upper range of the direct 
roughness levels. This is to be expected, since the combined indirect roughness is sort 
of an energy average over all wheels. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 Figure 3.15 Combined indirect roughness levels and contact-filtered direct wheel roughness (gray lines) for 
Leaks wagons with cast-iron block brakes. 
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Figure 3.16 Combined indirect roughness levels and contact-filtered direct wheel roughness (gray lines) for 
Leaks wagons with LL-block brakes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.17 Combined indirect roughness levels and contact-filtered direct wheel roughness (gray lines) for 
Leaks wagons with LL-block brakes. 
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4 Effect of wheel dampers 

In table 3.1 of the previous chapter, the measured difference in pass-by level between 
the wagon group of Tapps wagons with and without wheel damper is 2-3 dB(A). 
However, the average roughness levels of the wagons equipped with wheel dampers is 
about 1 dB lower than the wheels without wheel dampers, see figure 3.10. Therefore, 
the measured noise reduction is not solely due to the wheel dampers. The reduced 
roughness excitation of the wheels with dampers is partly responsible for the noise 
reduction. In this chapter a correction for the roughness effects will be made by using 
the combined transfer function to extract the acoustic effect of the wheel damper. 

4.1 Transfer functions 

The combined transfer function (summation of vehicle and track transfer function) is 
found by subtracting this roughness from the measured pass-by level [6]: 

( ) ( ) ( )( )tototr
wagon

axle
tototptototH fVL

L

N
fVLfL ,log10, ,10,, l-�

�
�

�
�
�
�

�
-º

     

 

,where fto denotes the one-third octave band centre frequency, Lp,tot(V,fto) is the 
measured equivalent total sound pressure level at pass-by speed V taken over the time 
interval for the vehicle to pass the measurement location ‘from buffer to buffer’, Naxle 
the number of axles per wagon and Lwagon is the wagon length. 
 
Figure 4.1 shows the average combined transfer function, obtained from various pass-
bys at various speeds from Tapps wagon groups with and without wheel dampers. 
 
For higher frequencies beyond 1 kHz the combined transfer function is governed by the 
wheel. An effect of the wheel damper is clearly visible for the higher frequencies.  
 
 

(4.1) 
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Figure 4.1 The average combined transfer functions measured from Tapps wagons with and without wheel 
dampers. 

4.2 Calculated pass-by levels 

The acoustic effect of the wheel dampers can be assessed by calculating the pass-by 
levels from the average transfer functions of figure 4.1 and the roughness spectrum of 
the wheels without dampers (figure 3.10) by equation 4.1. In this way the roughness 
excitation of the wheels with and without wheel dampers is equal. Any acoustic effect is 
then solely due to the wheel dampers. Figure 4.3 shows the calculated pass-by levels for 
Tapps wagons with and without wheel dampers at equal roughness excitation at 80 
km/h. A reducing effect of about 3 dB(A) of the wheel dampers is clearly visible for 
frequency bands beyond 1 kHz. Since the sound pressure levels in the 1 kHz band and 
lower frequency bands are not affected by the wheel dampers, the effect on the total A-
weighted pass-by level is lower, about 1-2 dB(A).  
 
By performing this calculation for higher speeds, table 4.1 can be filled in. 

Table 4.1 Roughness effect and wheel damper effect on the differences in pass-by levels of Tapps 
wagons with and without wheel dampers in dB. 

Speed [km/h] � Lp,measured 

(total reduction) 
� Lp,damper 

(reduction due to 
damper) 

� Lp,roughness 

(reduction due to 
roughness) 

80 2.4 1.1 1.3 
100 2.3 1.7 0.6 
120 1.6 2.2 -0.6 
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In table 4.1 it can be seen that the measured differences in pass-by levels for the wheels 
with and without wheel dampers decrease for increasing train speed. This is not to be 
expected, since the for increasing speed the noise radiated by the wheel increases 
relative to the noise radiated by the rail, especially for the higher frequencies. However, 
after corrections for differences in roughness levels, the acoustic effect of the damper 
seems to increase for increasing train speed. 
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Figure 4.2 Calculated pass-by levels of Tapps wagons with and without wheel dampers at 80 km/h for 

equal roughness excitation of the wheels. 
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5 Noise emission according to the Dutch Emission 
Measurement Protocol 

In this chapter it is determined if the refitted freight wagons can be assigned to the 
category of disc-braked rolling stock (category 8) of the  Dutch Standard Calculation 
Scheme for Railway Noise. For this purpose procedure A of the Dutch Emission 
Measurement Protocol for rail vehicles 2004 (TR) [2] was followed. 
 
The measured pass-by levels are to be corrected for the average rail roughness of the 
Dutch network. This roughness is considerably higher than the TSI roughness, as can be 
seen in figure 2.3. The corrected pass-by levels have to be compared with the pass-by 
levels as calculated with the Dutch Standard Calculation Scheme for Railway Noise, 
based on a track with the average Dutch rail roughness. These comparisons can be 
found in appendix D. Any exceeding of an octave band is permitted if the average 
excess is smaller than 1.5 dB. Table 5.1 shows that this criterium is only met for the 
Tapps wagons with K blocks and wheel dampers for category 8. Therefore only this 
wagon type can be assigned to category 8 of the Dutch Standard Calculation Scheme 
(the category for disc-braked rolling stock). 

 

Table 5.1 Exceeding of frequency bands in dB, averaged over the considered train speeds for categories 4 
and 8. Category 4 is freight rolling stock and category 8 is disc-braked rolling stock. A wagon 
type can be assigned to a specific category if the average exceeding does not exceed 1.5 dB. 

Cat 4 Cat 8 Wagon 
type 

Brake block 

80 
km/h 

100 
km/h 

120 
km/h 

Mean 80 
km/h 

100 
km/h 

120 
km/h 

Mean 

Laeks Cosid 952 
Jurid 777 

1.0 
0.8 

1.2 
0.8 

1.9 
1.0 

1.4 
0.9 

4.0 
4.2 

4.1 
4.3 

4.7 
4.3 

4.3 
4.3 

Shimms K 1.7 1.0 1.5 1.4 5.7 5.0 5.6 5.4 

0.3 -* 1.8 1.0 2.6 - 4.9 3.8 
0.4 - 1.8 1.0 2.8 - 4.9 3.8 

Sgns Cosid 952 
Jurid 777 
Becorit 
IB116* 

0.3 - 1.0 0.7 2.7 - 3.6 3.2 

.05 .3 .5 0.2 2.0 1.9 2.3 2.0 Tapps K 
K + wheel 
damper 

0 .3 1.0 0.4 .8 1.1 2.4 1.4 

    * - indicates not measured 
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6 Conclusions 
 

During two measurement sessions of one week, extensive sound and vibration 
measurements were conducted on retrofitted freight wagons on the specially 
conditioned TSI track in the Netherlands. The noise reductions found are sufficient for 
compliance of the considered wagon types with the TSI limits for retrofitted freight 
wagons. 
 
The acoustic effect of retrofitting freight wagons with LL-blocks ranges between 8 and 
13 dB(A) on a TSI track. The acoustic effect of retrofitting freight wagons with K-
blocks ranges between 11 and 14 dB(A) on a TSI track. The values are relative to an 
average pass-by level of cast-iron block braked wagons of 93 dB(A) at 80 km/h for an 
axle density of 0.15 per meter wagon length. 
 
The pass-by levels for wagons braked by various types of LL-block on a TSI track vary 
from 80 to 83 dB(A) at 80 km/h for an axle density of 0.15 per meter wagon length. 
 
The lowest combined roughness levels on a TSI track were measured for K-block 
braked freight wagons. Consequently, the lowest pass-by levels were measured for K-
block braked freight wagons: 78 dB(A) at 80 km/h for an axle density of 0.15 per unit 
wagon length. 
 
The acoustic effect of the tested wheel dampers on a TSI track, as  installed on the 
Tapps wagons, is train speed dependent and equals 1 dB(A) at 80 km/h and about 2 
dB(A) for 100 and 120 km/h. 
 
According to the Dutch Emission Measurement Protocol for rail vehicles 2004, only the 
Tapps wagons with K blocks and wheel dampers can be assigned to the category of 
disc-braked rolling stock of the Dutch Standard Calculation Scheme.  
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A Overview of freight wagon types 

 
 

 
Figure A.1 Habills wagon 

 
Figure A.2 Shimms wagon 
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Figure A.3 Tapps wagon 

 
 
 
 
 
 

Figure A.4 Sgns wagon 

 

 

 

 

 

 

 

 

Figure A.5 Laeks wagon 
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B Spectra of pass-by levels at 80 km/h 
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Figure B.1 Pass-by levels at 7.5 m at 80 km/h of Laeks wagons with various types of brake blocks in 1/3 

octave bands.  
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Figure B.2 Pass-by levels at 7.5 m at 80 km/h of Shimms wagons with various types of brake blocks in     

1/3 octave bands. 
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Figure B.3 Pass-by levels at 7.5 m at 80 km/h of Sgns wagons with various types of brake blocks in 1/3 

octave bands. 
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Figure B.4 Pass-by levels at 7.5 m at 80 km/h of  Tapps wagons K-blocks with and without wheel dampers 

in 1/3 octave bands. 
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Figure B.5 Pass-by levels at 7.5 m at 80 km/h of Habills wagons with cast-iron block brakes in 1/3 octave 

bands. 
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C Pass-by levels of Sgns wagons at 120 km/h 
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Figure C.1 Pass-by levels of the Sgns wagons with C952 brake blocks at 120 km/h for 3 pass-bys in 1/3 

octave bands. 
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Figure C.2 Vertical rail accelerations for 3 pass-bys of the Sgns wagons with C952 brake blocks at 120 

km/h in 1/3 octave bands. 
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D Spectra procedure A 
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Figure D.1 Measured, adjusted and category spectra of Laeks C952 
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Figure D.2 Measured, adjusted and category spectra of Laeks J777 
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Figure D.3 Measured, adjusted and category spectra of Shimms K 
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Figure D.4 Measured, adjusted and category spectra of Sgns C952. 
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Figure D.5 Measured, adjusted and category spectra of Sgns J777. 
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Figure D.6 Measured, adjusted and category spectra of Sgns Becorit. 
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Figure D.7 Measured, adjusted and category spectra of Tapps damper. 
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Figure D.8 Measured, adjusted and category spectra of Tapps with wheel dampers.  

 


