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Rail dampers are now commercially available to reduce noise radiated by railway track by increasing the 
attenuation with distance of vibration transmitted along the rail (decay rate). These dampers, attached to the rail 
between sleepers, work on the principle of a tuned mass-spring absorber. Currently, there are no standardized 
procedures to measure the effectiveness of these dampers without the need for their installation in a track. Here, 
decay rates of damped ‘freely supported’ rails have been measured using two proposed methods: (i) for long 
rails, by integrating decay rates derived from FRF’s measured at intervals along the rail; and (ii) for short rails, at 
low frequency from the modal properties of the rail, and at high frequencies directly from point and transfer 
responses functions (FRFs) at either end of the rail. The two methods show reasonable agreement in vertical and 
lateral decay rates between 300 Hz and 5 kHz. Further tests on a 32m test track show that decay rates of damped 
track can be determined reasonably well by summing the decay rates of the ‘free’ damped rail and the decay 
rates of the undamped track. Systematic variations in decay rates were found with rail pad and damper 
temperature. 

1 Introduction 
In most situations, noise originating from the interaction 

of the wheel and rail (i.e. rolling noise) is the dominant 
source of environmental railway noise. In Figure 1, it can 
be seen that, while the sleeper is generally the major noise 
source below 400 Hz and the wheel is of increasing 
importance above 1600 Hz, between 500 Hz and 2 kHz 
(and overall), noise radiated from the rail is the dominant 
source. Increasing the stiffness of the rail pads between the 
rail and sleeper can decrease the rail component of rolling 
noise but conversely increase the noise radiated from the 
sleeper due to the increased coupling. In practice soft pads 
(<250 MN/m) tend to be used to reduce damage to the 
ballast and sleepers, although they are not optimal for noise. 
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Figure 1: Example predictions from TWINS model 
showing contributions to total noise (from [1]) 

Rail dampers are designed to reduce rail noise by 
increasing the attenuation with distance of the rail (decay 
rate) and hence reducing the radiating length. Several 
designs of damper are now commercially available. 
Generally, these dampers are bolted or clipped on to the rail 
between sleepers and claim to work on the principle of 
tuned mass dampers. Overall noise level reductions of 2 to 
6 dB(A) have been shown in comparative measurements of 
dampers installed within a track [2-4], with reductions 
greatest with softer rail pads [4] and when the rail 
roughness is high [3]. However, currently, there are no 
standardized procedures to test the performance of rail 
dampers. 

An objective of the Franco-German STARDAMP 
project is to define methodologies to test rail dampers in the 
laboratory without the need for their installation in a track, 
with the attendant cost, time and variability implications. 

To these ends, two methods have been proposed to measure 
the decay rates of damped ‘freely supported’ rails. 

2 Methodology 

Results are presented from laboratory tests according to 
two proposed methods, for ‘short’ and ‘long’ rails. The 
premise of both methods is that the decay rates of a damped 
track can be found from summing the decay rates of a 
damped ‘freely supported’ rail and the decay rates of an 
undamped track. This is tested in Section 3. 

Various types of damper have been tested but the results 
given here relate to Schrey and Veit rail dampers shown in 
Figure 2. These dampers consist of two 7.0 kg laminated 
rubber and steel construction absorber masses bolted on to 
the rail web via a solid steel base plate (2.8 kg). The total 
mass of each damper assembly is 18.6 kg.  

 

 
 

Figure 2: Schrey and Veit rail damper 

2.1 Long rail method 

Measurements were conducted on a 32 m test track at 
the University of Southampton. The track was designed to 
be broadly representative of circulated track within the UK: 
UIC 60 rail, 51 concrete monobloc sleepers spaced 
nominally at 0.6 m (0.54 - 0.8 m), Pandrol fastclips, 
Pandrol 10 mm studded natural rubber pads (effective 
stiffness approx. 120 MN/m) and granite ballast to a depth 
of 0.3 m.  

Measurements were made of the decay rates of the 
undamped track, the damped track and the damped ‘freely 
supported’ rail. In each case vertical and lateral decay rates 
were measured using a method based on that described in 
EN 15461:2008 [5]. A measurement grid was marked up 
from a reference point 10 sleeper spans (5.96 m) from the 
rail end. Measurements were made at ¼-sleeper intervals 
from this point up to the 16th sleeper span, then at mid-span 
positions 17, 18, 20, 22, 26, 30, 34, 38, 42 and 46.  
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An ICP accelerometer was attached using a thin layer of 
beeswax at the reference point, either at the centre of the 
rail head for vertical measurements or on the side of the rail 
head for lateral measurements. A 160g ICP instrumented 
hammer, with a titanium tip, was used to excite the rail. The 
force spectrum was approximately flat up to 7 kHz (within 
20 dB).  

Decay rates, DRs, in each ⅓ octave band up to 5 kHz 
were calculated in dB/m from [5]: 
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where, A(x0) and A(xn) are the point and transfer frequency-
response functions (FRFs) respectively in each ⅓ octave 
band, and xn is the measurement position.  

The point FRF was derived for excitation at a position 
20 mm grid-side of the accelerometer, averaged over ≥10 
impacts. Transfer FRFs were derived from excitation at 
each of the grid positions using ≥4 impacts. Data was 
acquired at a rate of 25 k samples/sec (10 kHz bandwidth) 
with no windowing. The acquisition duration was 320 ms 
(including 10 ms force pre-trigger) resulting in a frequency 
resolution of 3.1 Hz. Mobility FRFs (i.e. velocity over 
force) were used throughout the analysis. 

For the damped conditions, the dampers were bolted on 
at mid span along the full length of the rail, except at inter-
sleeper positions 18 and 37 where rail welds prevented their 
attachment. For the damped ‘free-rail’ condition, the rail 
was unclipped and supported on sections of hydraulic hose 
resulting in a bounce mode of the rail at ≈15 Hz. This was 
measured with the impact hammer fitted with a soft tip. 
Rail temperatures were measured at the start and end of 
each measurement-set using a thermocouple attached to the 
underside of the rail; average temperatures are reported. 

2.2 Short rail method 

At low frequencies, decay rates were derived from the 
modal properties of the rail and at high frequencies, where 
the modal damping was high, by directly measuring the 
attenuation along the length of the rail [2]. Unless 
mentioned otherwise, details of instrumentation and 
analysis were common with the long-rail method.  

Ten dampers were installed at 0.6 m intervals over a 
6 m length of UIC 60 rail (i.e. 10 in total). The rail was 
supported at either end on stacks of 12 rubber rail-pads, 
resulting in a bounce mode of ≈ 20 Hz. Miniature ICP 
accelerometers were mounted as close as possible to either 
end of the rail (i.e. 5 mm). For both lateral and vertical 
measurements, a point FRF at one end and a transfer FRF 
to the other end was measured. Additionally, the transfer 
FRF to the mid-rail position was added to assist modal 
identification. Measurements were conducted in a heated 
(20 ± 2 °C) laboratory.  

At low frequency, typically below 500 Hz, where 
distinct peaks in the FRFs could be observed, decay rates 
for each mode were derived from the point FRF using: 
ܴܦ  = ௚ܿߟ4.343߱  (2) 

 

where, the resonance frequency, ω, and the modal loss 
factor, η, were found using a circle fitting technique 
implemented in MATLAB, e.g. see [6]. To determine the 
group velocity, cg, first, the wavenumber of each mode was 
calculated from the order of the mode, n, and the rail 
length, L:  

 ݇௡ = (݊ + ଵଶ)ߨ ⁄ܮ , for n = 1,2,3,… (3) 
 
Then, the dispersion curve (wavenumber versus modal 
frequency) for the rail was plotted, and finally the group 
velocity was estimated as the slope of the dispersion curve. 
The gradient at each resonance frequency was calculated as 
the average of the slopes on either side of this frequency, 
thus decay rates were not calculated for the first and last 
identified modes. Further details of this method can be 
found in [2]. 

At high frequency, typically above 400 Hz, the decay 
rates where determined directly from the ratio of the 
transfer FRF to the point FRF, each expressed in ⅓ octave 
bands. The lower frequency limit of this method was 
determined as the subsequent ⅓ octave band to the highest 
band with a negative calculated decay rate. 

3 Results and discussion 
3.1 Long rail results 

Measured vertical decay rates for the undamped track, 
the damped ‘freely supported’ rail and the damped track are 
shown in Figure 3. For the undamped track, at low 
frequencies, there is high attenuation because of the 
stiffness of the foundation. At around 250 Hz there is a 
broad peak associated with the sleeper and pad acting as a 
‘dynamic absorber’. Above around 500 Hz, waves begin to 
propagate freely in the rail and the decay rate decreases, 
before increasing again to a peak at around 5 kHz, caused 
by a flapping mode of the rail foot [1]. This broad dip in the 
vertical decay rates coincides with the peak in the noise 
spectrum illustrated in Figure 1 and therefore an effective 
damper will increase damping and thus reduce noise in this 
region. Measurements in the lateral direction showed 
similar trends (Figure 4). One difference was that the 
undamped lateral track decay rates were, at most 
frequencies, at a much lower level than in the vertical 
direction. The lower lateral rates explain why, while the 
excitation is generally lower in the lateral direction, its 
contribution to overall noise levels can be of significance.  

The damped ‘free’ rail decay rates in both directions 
(Figures 3 and 4) show that the dampers introduced high 
decay rates in the region of the trough in the undamped 
track decay rates. Evidence of several broad peaks (e.g. 
500, 1000, 2500 Hz in the vertical direction) is consistent 
with the multi degree-of-freedom design of the damper. 

Damped track decay rates have been predicted by 
summing the damped ‘free’ rail decay rates with those of 
the undamped track (Figures 3 and 4). These show 
reasonable agreement with the directly measured decay 
rates at most frequencies. Some explanations for 
inaccuracies in the predicted decay rates are discussed later. 

The expected reduction in noise from the rail in each ⅓ 
octave band, from installing dampers, ΔL, can be calculated 
from the undamped track decay rate, DRu and the damped 
track decay rate, DRd according to: 
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ܮ∆  = 10 logଵ଴  (4) ୢܴܦ୳ܴܦ

 
This implies that the maximum improvement in the 

vertical rail component of rolling noise would be 14.4 dB at 
2 kHz, and in the lateral direction would be 15.5 dB at 
1 kHz. To calculate improvements to the overall sound 
level, predictions would be required of the contribution of 
the individual track components (e.g. Figure 1), including 
predictions of the ‘typical’ excitation spectra, e.g. using 
TWINS [1].  

 

 
Figure 3: Vertical decay rates measured on the 32 m test 
track. 
 

 
Figure 4: Lateral decay rates measured on the 32 m test 
track. 
 

3.2 Short rail results 
 
Vertical and lateral decay rates calculated according to 

the short-rail method are given in Figures 5 and 6 
respectively. In these plots, the decay rates derived from the 
modal method and the direct method are compared with the 
decay rates of the damped ‘free’ rail measured using the 
long-rail method.  

In the vertical direction, the highest clearly identifiable 
mode was at 301 Hz. However, as the group velocity was 
calculated from the dispersion curve (see Section 2.2 and 
Figure 7), the maximum frequency to which the decay rate 
could be calculated was the mode below this, i.e. 214 Hz. 
Likewise the group velocity could not be estimated for the 
lowest frequency mode, i.e. 26 Hz. In effect, using this 
method, the vertical decay rates could only be calculated at 

three frequencies. Furthermore, the decay rates calculated at 
these frequencies were much lower than those measured 
from the long-rail method. This may be due to limitations 
of the long-rail method at low decay rates but in any case 
these small values are much smaller than the values 
applying in track (Figures 3 and 4). 

 
 

 
Figures 5: Vertical decay rates measured on the 6 m rail 
compared to the ‘freely supported’ damped 32 m rail. 

 

 
Figures 6: Lateral decay rates measured on the 6 m rail 
compared to the ‘freely supported’ damped 32 m rail. 

 
In the lateral direction, decay rates could be calculated 

at a greater number of modal frequencies (ten modes 
between 56 Hz and 336 Hz). However, the lateral 
dispersion curve (Figure 7), exhibits a number of disparities 
i.e., the irregular result at around 95 Hz and the downward 
slope of the last two points. Timoshenko beam theory 
predicts that, at low frequencies, the dispersion curve 
should be linear (when plotted on a log-log scale), and that 
at higher frequencies, the slope should curve upwards as 
shear deformation becomes important [2]. A possible 
explanation for these differences might be that internal 
modes or mounting modes of the dampers interfered with 
the rail modes. Nevertheless, decay rates measured using 
the modal method in the lateral direction showed generally 
better agreement with the long rail measurements than was 
the case in the vertical direction. 

Previous measurements have shown that vertical and 
lateral decay rates of a damped 4 m rail can be calculated 
up to at least 1 kHz using this modal method [2]. The 
reason for the higher frequency limit in the previous study 
might simply be that the damper decay rates in that study 
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were lower, particularly at low frequencies, resulting in the 
modal peaks being identifiable to higher frequencies. 

Above 300 Hz, vertical decay rates derived using the 
direct method on the 6 m rail agree quite well with those 
obtained on the 32 m rail. However, decay rates between 
800 Hz and 2 kHz were somewhat higher for the 6 m rail 
than for the long rail with a maximum difference of 3.8 dB 
(at 1.25 kHz). In the lateral direction, the fit was generally 
better, but yet still with notable differences at some 
frequencies (e.g. 3.3 dB at 500 Hz). These differences 
might be associated with temperature effects on the 
dampers (see Section 3.3) but could also be associated with 
some other methodological differences, e.g. end effects of 
the rails due to their finite length.  

Where decay rates are low (generally at low frequency) 
the uncertainty in the direct short-rail measurement method 
increases due to the similarity of the responses at either end 
of the rail; these measurement errors may account for some 
of the differences between the 6 m and 32 m rail decay 
rates below 400 Hz (e.g. 250 Hz in Figure 5). The results 
suggest that for a 6 m rail, a lower ‘limit’ of reliable decay 
rates from the short rail method might be in the region of 
1 dB/m. Increasing the rail length beyond 6 m is likely to 
lower this ‘limit’. However, given that the track decay rates 
are much higher than the damper decay rates below 400 Hz 
in most situations, the damper contribution to the track 
decay rate at these frequencies is in any case likely be 
negligible.  

 

 
 
 

Figure 7: Dispersion curves for 6 m rail with dampers 
fitted.  
 

3.3 Measurement variability 
Figure 8 shows the temperature dependence of the 

decay rates of both the rails of the undamped 32 m track in 
the vertical direction. With both rails, the decay rates 
consistently decrease between 300 Hz and 2 kHz with each 
increase in temperature. It is likely that the temperature 
dependency of the rail pads was largely responsible for 
these effects, with any temperature effects on the track 
foundation expected to be restricted to low frequencies. 
These results suggest that increasing temperature is 
consistent with decreasing pad stiffness, i.e. decreasing the 
frequency of the sleeper-pad resonance at around 250 Hz 
[7,8]. Temperature dependence in the lateral direction 
shows similar, though less pronounced, trends (Figure 9). 

Interestingly, in both directions there were also 
substantial variations in the decay rates between the two 
rails even at the same temperature (compare the solid line 
and the marked dotted line in Figures 8), even though the 
track structure was nominally the same under the two rails. 
One possible explanation for this is that while the east rail 
had been unclipped and reclipped prior to making the 
measurement, the west rail had not been unclipped for at 

least 12 months previously. Again, the implication is that 
there was a reduction in pad stiffness caused by the process 
of unclipping and reclipping the rail. 

These findings suggest that where possible, track 
measurements should be conducted over a narrow 
temperature range in order to improve damped track decay 
rate predictions. An alternative approach might be to model 
these temperature effects and account for any differences 
from a ‘standardized’ condition by corrections to the 
measurements. Further experimental measurements of the 
temperature and time dependence of rail pads would aid to 
improve the accuracy of such a model. 
 

 
Figure 8: Effects of rail temperature and rail on vertical 
decay rates of the undamped 32 m track. 
 

 
Figure 9: Effects of rail temperature and rail on lateral 
decay rates of the 32 m undamped track. 
 

Figure 10 shows the effects of temperature on the decay 
rates of the damped ‘freely supported’ rail. Assuming no 
effect of temperature on the rail itself, this suggests that the 
rail-damper material properties were affected. In both 
directions, at frequencies above 1.6 kHz the decay rates 
decreased with increasing rail temperature, while from 250 
to 500 Hz the rates increased with increasing temperature; 
inconsistent effects were found at other frequencies. While 
it would be expected that equivalent effects would be 
evident with other damper designs, their nature is likely to 
depend to a great extent on the design of the specific 
damper. Consequently, although the effects of temperature 
on a much simpler damper design have previously been 
modelled and corrected for in the prediction of decay rates, 
it is unlikely to be a feasible approach in a universal test 
method [2]. For this reason controlling the test environment 
is likely to be a more practicable approach. This would tend 
to support the short rail test method, being easier to 
facilitate in a controlled environment (i.e. indoors). 
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Figure 10: Effects of rail temperature on decay rates of the 
damped ‘freely supported’ 32 m rail. 

5 Conclusions 
The two methods for determining decay rates of damped 

‘freely supported’ rails show reasonable agreement between 
300 Hz and 5 kHz. The modal method for determining 
decay rates on the ‘short’ 6 m rail was restricted to low 
frequencies (< 300 Hz) and resulted in much lower rates 
than those measured on the ‘long’ 32 m rail. As the damper 
decay rates are relatively low below 400 Hz and tend to 
have little influence on overall track decay rates, the direct 
short-rail method, yielding plausible measurements down to 
300 Hz, may be sufficient for many applications.  

In the vertical direction, between 800 Hz and 2 kHz, the 
‘direct’ short rail method resulted in higher decay rates than 
for the long rail method. While the temperature dependence 
of the damper may have contributed to these differences, 
other causes cannot be discounted, e.g. end effects due to 
the finite rail lengths. Measuring the ‘free’ rail in a 
controlled environment would remove the effects of 
temperature, tending to favour the short rail test method for 
reasons of practicality. Modelling of the transmission of 
vibration in the rail could help to establish the presence and 
influence of end effects. 

Vertical and lateral decay rates of a damped 32 m track 
predicted from the decay rates of the undamped track and 
the 32 m ‘freely supported’ rail agreed quite well with 
measurements of the damped track. However, there were 
differences at some frequencies. Both increasing rail pad 
temperature and unclipping/reclipping the rail reduced 
decay rates between 300 Hz and 2 kHz – the accuracy of 
predictions could be improved if these effects are controlled 
or at least accounted for in measurements. 

Further work is required to gain greater understanding 
of the effects of temperature on the track components, 
particularity the rail pad, and rail dampers. Nevertheless the 
proposed laboratory test method appears to be suitable to 
form a standardized method for assessing different rail 
dampers. 
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