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Since 2023, railway noise predictions in Denmark have been depending on the overall rail roughness for
the specific railway line in question. The collection of noise emission data was based on a huge
measurement campaign with approximately 2000 pass-by measurements covering almost all train types
running on the Danish mainlines. The data collection confirmed that the track roughness is an important
parameter for a precise environmental noise prediction. Differences of up to 10 dB for the same train
running on tracks with various roughness were observed and consequently noise data for two classes of
roughness were prepared for the Nord2000 prediction model. This was only possible thanks to a regular
monitoring system established by Banedanmark (the Danish railway network administration) covering most
lines being a part of their responsibility.

1 Historic introduction

Nord2000 has been the official method for predicting noise from railways in Denmark since 2007. Since the first edition
in 1985 [1] the prediction method used for railway noise has been developed gradually, and the input data (noise emission,
sound power level) as well as the propagation have become more detailed and accurate. The method from 1985 was based
on type cases, and the noise emission data (the so-called train type correction) was a single value (e.g. -7), which was
used as a correction factor related to a reference train. Hereby, variations from different train types could be included in
the overall noise calculation from railways with more than one train type operating.

In the mid-1990s, a joint Nordic Method (RTN 96) [2] calculations in octave bands were developed based on the
prediction method for industrial noise. The need for new source data gave rise to initiating measurements of source
strengths for Danish trains. The data for this method was based on source strengths in 1/1 octaves covering frequencies
between 50 and 10,000 Hz. However, the RTN-method was never implemented administratively in Denmark contrary to
what was the case in other countries.

In 1997 a guideline from the Danish Environmental Protection Agency gathered existing knowledge on the subject [3].
Since 1985 calculations of railway noise in Denmark were carried out using the simple method until the introduction of
Nord2000 in 2007. Nord2000 was introduced as a part of the requirements for the END mapping covering annual mean
value indicators such as Lgen [4]. A source description of railway noise was developed for Nord2000 [5].

The introduction of Nord2000 for traffic noise in Denmark required updated noise emission data for Danish trains. A re-
analysis of the recordings made for the RTN 96 method was performed and 1/3 octave emission values then emerged for
use in Nord2000. The data set for Nord2000 was limited and partially outdated due to altering train types and track designs
and the speed range was extrapolated. The only exception was the introduction published in 2025 [6] of the
“Oresundstrain” (Litra ET) and the metro vehicles for Copenhagen Metro. For all other trains, noise emission data was
based on measurements from the mid-1990s.
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In 2008-2009, the Danish Transport Agency and the Environmental Protection Agency funded a small survey to
investigate whether the noise data was still representative and applicable for reliable noise calculations [7]. It showed a
large difference in noise emission (up to about 10 dB) from the same train type, depending on either the track type and
configuration or the condition of the rails.

The survey showed that the available data from the RTN 96 method roughly corresponded to running on the absolute best
possible track quality, which was certainly not the most common situation along the tracks. A small follow-up survey on
the noise differences showed 5-10 dB more noise for passenger trains driving on newly ground rails compared to driving
on unground rails. Only the most common passenger trains were covered by the survey [8].

Meanwhile, Banedanmark has worked regularly on mapping the railhead roughness on the railway mainlines [9] and
introduced a new rail grinding/milling strategy. This work included a comparison of the transfer functions of the 4 most
used track types [10].

2 Noise and roughness measurements

FORCE Technology participated in the measurement planning phase to ensure a suitable measurement program for the
preparation of noise emission data for Nord2000. In practice, the project was a collaboration between SWECQO's and
FORCE Technology’s acousticians. SWECO was responsible for the measurements and delivery of measurement results
to FORCE Technology, who subsequently was responsible for the data processing, analysis and reporting.

Pass-by noise measurements were carried out at 44 different locations covering more than 1,500 train pass-bys. The
measuring distance was typically 6-8 metres from the railway line, and the measuring height 1.5 metres above the railhead
level.

The measurement sites were carefully chosen by considering the following:
*  Which train types occur on the line to cover all train types.
+ Each train type should occur at several measurement sites to ensure representativeness.
* The line had to be relatively straight and flat without accelerating or braking trains.
» The propagation conditions had to be relatively simple to prevent excessive uncertainty to the results.

» Preferably, the quality (roughness level) of the track should be known.

The measurement positions represented long straight lines with suitable rail and propagation conditions. The terrain was
porous and close to flat at the measurement sites. The train pass-by was at a constant speed, i.e. without significant
acceleration or braking.

In practice, the tracks at the measurement sites were either in level with the surrounding terrain or located on a small dam.
In some places there was a natural small ditch between the nearest track and the measuring position.

The measurements should include a representative sample of the same train types to eliminate, for example, differences
in wheel conditions for the individual trains by the subsequent averaging and regression analysis. Train pass-bys with
audible wheel flats were eliminated, since they were not considered representative for the purpose.

The noise from passing trains was registered with the PBA measurement and analysis tool (Pass-By Analysis Software,)
developed and supplied by TNO. The PBA tool also measured other parameters (wheel/rail transfer function and
combined roughness associated with train passages). For a more detailed description of the PBA system, reference is
made to [9,10,11], since only the actual noise measurements were used in the project.

Nominal emission data in the Nord2000 model should be specified for each 1/3 octave in the frequency range 25 Hz-
10,000 Hz. The normalized Sound Power Level per unit length Lw,im is used, although the PBA measurement tool is
limited to 50 Hz at low frequencies. This has no practical impact, since the noise emission from railways is dominated by
higher frequencies.

The roughness level L; can be shown as a function of frequency, but more likely as a function of wavelength A. To simplify
the rail roughness level, a single number Ljca is introduced [12]. For a certain track length, Lyca characterizes the overall
roughness level, typically an average of the two rails. In this case the averaged lengths of 200 metres, i.e. 100 metres on
each side of the measurement cross section was used. From experience, Banedanmark has found that Lyca < 14
corresponds to well-maintained tracks. Lyca > 14 corresponds to poorly maintained tracks. To some extent, this can also
be confirmed by the graphs on Figure 1.



The size of the roughness indicator (Lica) has an influence on the noise emission for typical Danish passenger trains as
shown in Figure 1. The figure shows a significant influence of the track roughness level of up to 7-8 dB. The frequency
spectrum in Figure 2 shows that the amplification due to roughness is most pronounced at frequencies above 400 Hz.
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Figure 1: A-weighted Sound Power Levels (Lwa per metre) of passenger trains as a function of train speed at different
track roughness levels (Lica). The arrow at the bottom indicates the speed range of the trains measured.
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Figure 2: A-weighted Sound Power Levels (Lwa per metre) of passenger trains per 1/3 octave bands at 100 km/h for
different levels of Lyca.

3 Results

As an example, the results for freight trains running on well-maintained tracks are shown in Figure 3: Freight trains (total)
represent measurements of traction and all connected wagons (no indication of retrofitting), ordinary wagons cover
wagons equipped with cast iron brake blocks, and retrofitted wagons cover wagons equipped with retrofitted (composite)
brake blocks.

Running on a well-maintained track there is a significant benefit using retrofitted wagons instead of ordinary wagons.
The benefit of the retrofitted wagons when running on poorly maintained tracks (see Figure 4) is quite lower compared
to well-maintained tracks. Additionally, the absolute levels are 5-8 dB higher on poorly maintained tracks due to the
increased track roughness level.
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Figure 3: A-weighted Sound Power Levels (Lwa per metre) of freight trains and wagons as a function of train speed on
well-maintained tracks (Lyca < 14). The arrow at the bottom indicates the speed range of the involved trains. The dotted
red line shows the old data for freight trains made with no respect to the rail roughness level.
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Figure 4: A-weighted Sound Power Level (Lwa per metre) of freight trains and wagons as a function of train speed at
poorly maintained tracks (Lyca > 14). The arrow at the bottom indicates the speed range of the involved trains. The
dotted red line shows the old data for freight trains made with no respect to the rail roughness level.

Figure 5 summarizes the overall results for all covered train types at reference speed 100 km/h. The total noise level
shows the impact of track condition and a substantial potential for noise reduction. E.g. the intercity trains show
approximately 5 dB lower noise emission when running on well-maintained tracks than on poorly maintained tracks. For
freight trains it also shows the benefits of retrofitted vehicles i.e. the difference is up to almost 15 dB for retrofitted wagons
on well-maintained tracks compared to non-retrofitted wagons on poorly maintained tracks.
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Figure 5: Total A-weighted Sound Power Level (Lwa per metre in total) at poorly maintained tracks (Lica > 14) and
well-maintained tracks (Laca < 14).

4  Rail sections with switches and crossings

Special noisy situations occur when trains are passing sections with switches, crossings etc. Measurements of train pass-
bys were carried out on 134 sections that included switches. Since sections including switches, joints, and crossings
cannot be maintained at the same level as straight lines they give rise to complaints from the neighbours. Banedanmarks
studies of track roughness have shown that sections with switches etc. often have a significantly higher roughness than
ordinary well-maintained tracks without switches. The increased roughness leads to increasing noise, and it was
investigated whether roughness considerations could be used to characterize the noise from running over switch sections
better than the current method.

Based on the measurements, a procedure covering noise from trains on switch sections was proposed. For passenger trains
very little variations from the different train types passing sections with switches etc. was found. Therefore, it is possible
to use the same noise emission data (dotted emission line on Figure 6). This is very useful when predicting noise probably
because the rail roughness on these sections is by far the most dominant noise source. For freight trains the results showed
minor difference from the data on Figure 4 covering “ordinary wagons on poorly maintained tracks” (blue line, Figure 4).
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Figure 6: A-weighted Sound Power Level (Lwa per metre) of passenger trains as a function of train speed on rail
sections with switches.
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Conclusion

This project has shown potential for huge noise reductions using the new noise emission data for well-maintained tracks.
The use of these data depends on the willingness of the track owner to guarantee the track maintenance considered.
Contrary to this, the project also shows possible increase in noise from the poorly maintained tracks.
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