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Why measure roughness? 
The pass-by noise from vehicles operating on rails is composed of 
the noise from a number of different sources. The sources could 
initially be broken down into equipment noise, wheel/rail noise and 
noise from aerodynamic sources. In order to reduce the environ-
mental impact of train operations, the operators often ask for a low 
external noise level. In the case of trains with a maximum speed 
< 200 km/h to 250 km/h, the consequence of the requested levels is 
that the ratio of equipment noise to total noise is small, i.e. the 
wheel/rail noise will be the dominating source. In this case a direct 
correlation between the combined roughness of the wheel and the 
rail, and the external noise level can be assumed for a track of a 
given design. 

It is interesting to note that, in the case of tracks with higher rough-
ness levels, the impact of equipment noise is of less importance, i.e. 
noise abatement measures for the equipment noise might not be 
necessary. 

The above comments illustrate that the roughness of the rails and 
the wheels can have a great impact on the complete acoustical 
design of a train and, hence, should be known in order to facilitate 
an optimal acoustical design. 

For type testing of rail vehicles for which the results have to be 
transferable to other countries, it is necessary to define the rail and 
wheel roughness as well as the track parameters in order to obtain 
reproducible and comparable measurement results of levels and 
spectra of noise. 

For commissioning measurements, however, it should be possible 
to perform the testing on a track agreed to between the vendor and 
the owner of the rolling stock, taking the above comments into 
account. 

prEN ISO 3095 and prEN ISO 3381 

Scope 
The scope of the standard is to “ specify the conditions for obtaining 
reproducible and comparable measurement results of levels and 
spectra of noise emitted by all kinds of vehicles operating on rails.” 
In order to achieve this, a number of improvements have been 
introduced compared to the previous versions from 1975 and 1976.  

Improvements over the previous standards 

The developments in measuring equipment during that period have 
resulted in the A-weighted equivalent continuous sound pressure 
level, LpAeqT, or derivatives of LpAeqT, being the primary parameter 
to be measured. Furthermore, the terrain between the track and the 
measuring position is more precisely defined as follows, “The 
ground shall be essentially flat and within a level from 0 m to –1m, 
relative to the head of the rail.” The ground, however, is not well 
defined which can lead to a significant spread in the results from 
site to site, especially when measuring at a distance of 25 metres 
[1]. A limit curve for the rail roughness is introduced replacing the 
earlier statement “free of rail corrugations and laid without rail 
joints.” It is mentioned that the track parameters have a strong 

impact on the noise level, but no further recommendations are 
given. Tracks with wooden sleepers as well as concrete sleepers are 
allowed. [2] shows that this can give up to a 3 dB difference in the 
noise level. This seems to be contrary to the goal of obtaining re-
producible and comparable results. From Danish side it has therefore 
been suggested that a stricter track definition be introduced for type 
testing, and a more relaxed definition for commissioning, enabling an 
operator to obtain results representative of his “own” network. 

Rail Roughness 

 [3] indicates that the rail roughness must be measured at six posi-
tions along the track and at 3 lines along the head of the rail, result-
ing in measurement of the roughness over a distance of at least 36 
meters of rail for a railhead with a normal contact band. The draft 
suggests that a standard roughness measuring instrument should be 
used. However, such a “standard instrument” is not further de-
scribed. This means that any instrument capable of measuring three 
lines along the track, using a measuring length of at least 1 m, 
should be acceptable. Therefore, the standard allows for the use of 
instruments providing a continuous recording of the railhead devia-
tions from a straight line (i.e. a trolley type) as well as   instruments 
applying recording over a fixed length of rail at a time. The rail 
roughness for the test section is defined as the energy average of all 
measured rail roughness [4].  
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Figure 1 Minimum sample length requirements for rail rough-
ness measurement 

[3] states that the roughness shall be determined for wavelengths 
between 0.01 m and 0.1 m. As no further definitions is given, there 
is a need for a standard defining the methods for performing meas-
urements of rail roughness in the acoustically relevant wavelength 
range, and this has been suggested as a new work item from the 
Danish S-115 committee. 

Analysis and Pits and spikes correction 

The standard mentions the problem of correcting the roughness for 
pits and spikes in order to obtain a roughness spectrum of relevance 
to the noise generation. A suitable method is not suggested but 
should be included in a coming standard covering roughness meas-
uring equipment. The results of the recent Noemie workshop also 
indicates this need. 

Indirect measurement 

When performing external noise measurements, the six roughness 
samples cover a distance of 100 m in the case of a measuring dis-
tance of 25 m. prEN ISO 3381 suggests a measuring time of 60 
seconds for internal noise. For a train driving at 160 km/h, this 
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corresponds to a distance of 2667 m. Even without considering the 
problem of maintaining stable conditions for this period of time, it 
is not practical to perform a direct measurement of the rail rough-
ness for this length of track, neither with a trolley nor with re-
cording frame equipment. Indirect methods therefore must be ap-
plied, using either axle box vibrations or under-floor noise meas-
urements as an indicator of the rail roughness, which can be corre-
lated with the direct measurement. The recording of sound pressure 
level has been used for many years as a standard method. One of 
the main benefits of this method is that an average of four 
wheel/rail contacts are obtained, thereby reducing the impact from 
the running dynamics of the bogie. 

Wheel roughness 

The standards do not address wheel roughness, which is surprising 
as it is well know that the combined roughness is determining the 
excitation.  

Roughness classes 

prEN ISO 3095 stipulates one limit curve for the rail roughness. 
This is considered problematic as this prevents an operator with a 
better track from requesting a lower noise level.  In addition, prob-
lems will occur for operators with a track in worse condition. ODS 
has therefore suggested that a number of limit curves be defined, as 
shown in Figure 2. Class C corresponds to the suggested limit 
curve. 

Figure 2 Classes of Railhead Surface Roughness Level 

Other methods of track roughness classification 

Measuring the noise from a reference vehicle or using the differ-
ence in noise from a block braked and a disk braked vehicle can 
also be used to classify the rail roughness, however, the absolute 
level remains unknown.  

Test section approval 

Exceeding the limit by up to 6 dB is accepted in a single wave-
length band. In the case of an otherwise smooth track, this could 
have a significant impact on the emitted noise, particularly if a 
natural frequency of the wheel is being excited. It is suggested that 
the approval method is revised in the next edition of the standards. 

Roughness as a function of wavelength 

Since the ISO roughness limit curve was suggested in 1997 a num-
ber of other limit curves [5,6] have emerged as shown Figure 3.  

It seems that further work is needed to reach agreement on the level 
and slope of the roughness curves. 

 Figure 3 Roughness limit curves and noise floor of ODS system 

Rail and Wheel Roughness Measuring Device 

Overview of System 

A system for measuring the roughness of rails and wheels has been 
developed with these objectives: simultaneous measurement of 
roughness at three lines, a very low noise level, use of the same 
hardware and software, except for the recording frames, for both 
rail and wheel measurements. Finally one person should be able to 
carry out the measurements in the field. The system is shown in 
Figure 4. 

      

Figure 4 Set-up for rails (left) and wheels (right) 

Main data 

A typical noise floor as measured on a calibrating stone is shown in 
Figure 3. The system is capable of providing data per 1/3 octave 
band covering the wavelength band from 0.5 m to 0.001 m. Assum-
ing a measurement of 36 lines of roughness data each over a length 
of 1.2 m, the calculated standard deviation of the result is 0.4 dB. If 
only one line per sample position is measured, the error increases to 
0.7 dB. The standard deviations mentioned apply to the longest 
wavelength required by the standard. For shorter wavelengths the 
error will be smaller. 

Conclusion 
To ensure that the standards accommodate the needs of different 
users, we suggest that a clearly defined “type” test code for inter-
operability be introduced, along with a more relaxed “commis-
sioned” test code, allowing for testing on the operator’s “own” 
track.  Furthermore, we recommend that the method for analysing 
the roughness measurement be standardized. 
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