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Abstract

Through the development and testing of theoretical models for rolling noise in the past, it has been well demonstrated
that the rate of decay of vibration along the rail is closely linked to the noise performance of the track, since it controls the
effective radiating length of the rail. The decay rates of vibration along the rail have long been used by researchers as an
intermediate, measurable parameter by which to test and improve the accuracy of prediction models. Recently, it has been
suggested that the decay rates should be used as a criterion for the selection of track for noise measurements that are part
of the acceptance testing of interoperable trains in Europe. In this context, a more detailed understanding of the factors
that affect the measurement of decay rates and a consistent approach to the data processing have become important topics.
Here, a method is suggested for the calculation of decay rates from frequency response measurements. Different effects are
shown in the measured decay rates of a ballasted track with mono-bloc sleepers, a slab track and a ballasted track with bi-
bloc sleepers. In the last case, a model for a periodically supported track is used to study the effects observed. It is shown
that a peak in the decay rate just above the pinned—pinned frequency may be overestimated because of the measurement
procedure that has been used.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

The regulations governing the use of rolling stock internationally in Europe (on the Trans European
Network) are embodied in the Technical Specifications for Interoperability (TSI’s) for conventional- [1], and
high-speed trains [2]. These set out the acceptance tests for vehicle types and include tests of their noise
performance. In order to ensure a fair assessment of rolling stock in different countries, the track on which
pass-by noise is measured is to be controlled, at least to the extent that it must be a relatively quiet track. By
this means it should have as low an influence as possible on the measured noise level. Even if it is still an
important contributor to the rolling noise, by controlling the track’s acoustic performance, its contribution
should be consistent. Currently, the acoustic parts of both TSI’s are being improved and, as part of this, it has
been suggested that the track’s acoustic performance (in terms of sound generated per unit roughness) be
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characterised by measurements of its decay rates. These proposals are being tested in an international
programme of measurements known as the Noemie project. The issues surrounding the TSI’s and the Noemie
project are covered in Ref. [3]. Here, some technical issues are investigated regarding the measurement and
calculation of decay rates.

The decay rates of vibration with distance along the rail have for many years been measured for the purpose
of informing and validating models for rolling noise [4-6] and measurements have already become more or less
routine to the noise experts of some railways. The Noemie project has offered the opportunity for experience
of decay rate measurement to become more widespread in anticipation of its adoption in the TSI’s. This
process has itself highlighted the need for a consistent and robust approach to calculating decay rates from
measurement data in order to reduce the variation in results. It has also given rise to a need for a discussion of
decay rate measurements and the relationship of such data to the models. This has been the motivation for the
present paper.

2. Decay rates as an indicator of the acoustic performance of the track

The mechanisms leading to the generation of rolling noise from railway vehicles on plain track are well
known and have been demonstrated through the development and validation of theoretical models such as
TWINS [4,7,8]. As a wheel rolls along a rail, the roughnesses of the two rolling surfaces add together to excite
vibration in each component by imposing a time-varying relative displacement across the contact. The
roughness excites frequencies of vibration depending on the speed of the vehicle v according to f = v// where
A is the wavelength. The combined roughness of the wheel and rail is broadband in character and the
wavelength range of interest is from a few millimetres, where the amplitudes are typically less than a micron, to
about 0.5m, at which the amplitude reaches the order of 100pum. These wavelengths correspond
approximately, for conventional train speeds, to the frequency range from about 50 Hz to 5kHz. At higher
frequencies the small wavelengths of roughness involved are averaged out over the length of the wheel-rail
contact patch.

The imposed relative displacement is taken up as vibration of the wheel, the rail or the deformation in the
contact, the response of each being determined by their relative point receptances [9]. At frequencies above
about 1.5kHz, the wheel exhibits resonance frequencies at which the radial receptance exceeds that of either
the rail or the contact spring. In this frequency range therefore, the wheel is strongly excited into vibration and
is, generally, a greater source of noise than the rail. At frequencies lower than this, the point receptance of the
rail is the highest of the three and it is therefore the track that responds to the roughness excitation and
becomes the dominant noise source. Below about 400 Hz (depending on the pad stiffness), the sleeper is
responsible for most of the track component of noise, and above this frequency the rail is more important. In
many cases, especially for conventional speeds, the rail is the greatest radiator of rolling noise overall.

The sound power, W, radiated by the rail can be estimated from the vibration of the track using the general
formula for predicting acoustic radiation

W = Aapoco(vz), (1)

where A is the surface area of the radiator, {v*) is the spatially averaged mean square surface-normal velocity
of vibration in the frequency band, ¢ is the radiation ratio of the radiator and pgc, is the specific acoustic
impedance of air. The rail can be regarded as an infinitely long radiator with vibration waves of different types
propagating along it (e.g. vertical or lateral rigid cross-sectional motion, or the cross-sectional mode shape of a
higher order wave; both near field and propagating waves). In the theoretical models [7], the sound power
calculation is split into components arising from each wave type. The velocity of the rail surface can then be
expressed as a wave-type cross-sectional motion and the rate of decay of the vibration amplitude with distance
from wheel-rail contact at which the response to the roughness is calculated.

A simple track model, used in the validation of TWINS [4,7,8], describes the rail as a Timoshenko beam on
a two-layer continuous support representing the rail pad and ballast stiffness with a layer of mass between
representing the sleepers [10]. Equivalent models are used separately for the vertical and lateral bending waves
of the rail. The effects of a dynamic stiffness of the ballast layer and modal behaviour of the sleepers may also
be included. This model has been shown to produce good predictions of rail noise [4,8], even though it does
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not account for the cross-sectional mode wave motion that occurs in the rail above about 1.5kHz nor the
effects of the discrete supports.

If the velocity field of the rail section is assumed to consist of rigid vertical or lateral motion, of amplitude
Uwave, 1N correspondence with the vertical and lateral bending waves included in the simple track model, the
sound power for a single wave of vertical or lateral motion can be expressed as

~ o0
W wave = Wwave |Uwave(z)|2 dz, ()
—oQ
where Wwave is the sound power per unit length radiated from a vertical or lateral unit velocity motion. Wwave
is evaluated by assuming a two-dimensional acoustic field since, generally, the bending wavelengths in the rail
are longer than those in air (a correction can be carried out for some three-dimensional behaviour below
250 Hz [11]). vwave(z) represents the variation of the vertical or lateral bending wave motion along the rail.

Vertical and lateral waves in the rail (both the near field and propagating waves) are assumed to decay
exponentially with distance z from the excitation point (wheel contact) so that |vyave(2)| = Uwaye(0)e Puavel?!
where fuave 18 the decay constant specific to that wave. The sound power from the vertical or lateral waves in
the rail can be estimated therefore as

oo

~ ~ o0 ~ ~ 1
W wave = Wyave Uiavc(o)e—zﬂw.‘welll dz = ZWWaveU\z;vavc(O) / e_zﬁwave‘é‘ dz = 2I/Vwavev2 (0)
00 0

2ﬁwave (3)

wave

Pwave can be converted to a decay rate expressed in dB per metre, 4, as
A = 201log;o(efe) = 8.686f,,y dB/m. 4)

Eq. (3) shows that the vertical and lateral decay rates are direct factors in the determination of rail noise.
In fact, since the sleepers are excited from the rail also, they are similarly related to the sleeper component
of noise.

3. Measurement and calculation of decay rates

The decay rates must be calculated from a set of transfer response measurements to different distances
along the rail. Since this is the case, without performing an experimental wavenumber decomposition [6]
that would be impractical for the purposes of the TSI’s, the decay rates must be based upon the total response
from all waves excited either vertically or laterally rather than for individual wave types. Thus the decay rates
that are measured are effective overall vertical or lateral decay rates and encompass the behaviour of all waves,
near field and propagating. These, nevertheless, are a more direct measure of the acoustic performance of a
track than those of an individual wave. Although the acoustic performance also depends on the radiation
efficiency of the rail, etc., such decay rates are a suitable measure given that, practically, the rail section does
not change much for conventional railway and high-speed tracks in Europe and that neither does the situation
that the rail receptance exceeds the wheel receptance for the frequency range below wheel web-bending
resonances.

To obtain the necessary transfer response data, a measured force impulse is applied on the rail head with an
instrumented hammer. Rather than move the accelerometer to each measurement distance in turn, it is more
convenient to move the hammer position. Measurements are made of the vertical response to vertical
excitation and lateral response to lateral excitation. There is no need to measure the cross-transfer functions.
Either the accelerance or, if analogue integration is available, mobility can be measured. The latter has been
found to produce better quality data at low frequency because of the dynamic range required of accelerance
measurements.

It is important that data are obtained at a sufficient number of appropriately planned locations. A ‘grid’ of
points is generally used whereby the drive point response is measured at the mid-point of a sleeper bay and
then, with the same response location, responses are obtained from four excitation points per sleeper bay for
the first two and a half sleeper bays, at above-sleeper and mid-sleeper points for the next few sleeper bays.
Beyond these, measurements are only required at mid-sleeper positions. The close spacing of the points
initially (for the ‘near field’) is important to enable the reliable measurement of decay rates that are typically of
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the order of 10dB/m at low frequency. For much lower decay rates, the more distant locations become
important. For the longer distances responses are not required in every sleeper bay and the measurement
locations are thinned out with distance accordingly. On periodically supported track it is essential that
equivalent positions between supports be used because of the variation of response between supports near to,
and above, the first ‘pinned—pinned’ frequency. This is not a constraint on continuously supported track but
the general distribution of measurement points should be kept. In new proposals for the TSI’s [3] a specific
grid of points that was used by the Noemie project is being specified.

The decay rates for one-third octave frequency bands can, in principle, be estimated as the slope
of a graph of band-averaged response in dB versus the distance z. This is the method that was first
used [7,12]. The results were examined and a straight line fitted ‘manually’, requiring some experience to
interpret the data.

The analysis of measured data assumes only one wave type in each of the vertical and lateral directions since
only a single decay rate is extracted. However, in reality measurements show the effects of at least the near-
field waves present in the simple track model as well as coupling between vertical and lateral waves, torsional
waves and waves of cross-sectional modes. Cross-excitation may lead to a change in slope of a plot of response
versus distance at the point at which the amplitude of an indirectly excited wave, if of lower decay rate, exceeds
the amplitude of the wave of interest. In the estimation of the lateral decay rate, effects of beating between the
lateral and torsional waves are encountered. The idealised, single exponential decay is also disrupted by the
periodicity of the rail supports and the variation of response through a sleeper bay, particularly near the
pinned—pinned resonances. These effects make it difficult to automate the line-fitting procedure and to remove
the subjective element of such an analysis.

In practice, it is better to evaluate a decay rate based on a direct estimate of the summed response shown by
Eq. (3) [13]. If A represents either the transfer accelerance or mobility then

|A(z)|2 T | A(z;))?
AZ[, 5
2ﬁ / |A(0)|2 ; |4(0)? ©)

where z;,,, 1S the maximum measurement distance and the sum is carried out for the response measurement
locations. In line with the estimation of an integral by the midpoint rule where the intervals are not constant,
for each location in the sum Az; should represent the distance between the mid-points to the locations either
side. The influence of the interval taken for the measurement at z,,,, should be small but it would be chosen to
be symmetrical about z,,,, and Az, should be taken from z = 0. Thus

4.343|4(0)
S A Az

Notice that an accurate measurement of 4(0) is important as it appears as a constant factor in the equation.
In fact, of course, this is the location for which the response is most easily measured well.

This method of evaluation has been found to be robust for decay rates commonly encountered. By summing
the response rather than fitting the slope to a graph on a dB scale, higher weighting is naturally given to the
higher response values which are less likely to be contaminated by cross-coupling. The estimation may,
however, be subject to error if the practical value of z,.. truncates the integral in any one-third octave
frequency band before a sufficient attenuation has taken place. From Eq. (6), a minimum value of decay rate
that can be evaluated for a particular value of z;,,,x can be estimated by supposing there to be no attenuation of
A such that A(z;) is always equal to 4(0); thus

(6)

Amin = ﬁ . (7)
Zmax
The calculated decay rate should be compared with this value and if it is close to it, the estimation of decay
rate should be deemed unsafe. In the first instance, measurements should be made to a sufficient distance to
ensure that no significant error occurs. Of course, this is not always practicable for tracks with low decay rates
and without knowing the decay rates a priori.
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Fig. 1. Calculated vertical decay rates plotted in comparison with transfer response from 0 to 6 m for a ballasted track ( x , measured
response averaged in the band; ——, decay calculated using Eq. (6)). The range of response is the same on each graph.

Table 1
Parameters for the three tracks modelled using the simple beam track model (all with UIC 60 rails)

Track Pad stiffness (loss factor) Sleeper mass (spacing) Ballast stiffness (loss factor)
Ballasted track, mono-bloc sleepers 200 MN/m 125kg 150 MN/m
(0.06) (0.6m) (0.5)*
Slab track 2600 MN/m 6°kg 20° MN/m
(0.25) (0.65m) (0.2)
Ballasted track, bi-bloc sleepers 400 MN/m 120 kg 70 MN/m
0.2) (0.6m) (0.7)

4For the result of Fig. 3 for this track, the sleeper is modelled as having modal behaviour and the ballast as having a frequency
dependent stiffness. For the results of Fig. 2, the sleeper is modelled as a mass and the ballast as a constant stiffness (shown here).

®The baseplate mass is modelled as the ‘sleeper’ in the slab track and baseplate stiffness as that of the ‘ballast’. The model is therefore
constrained at the slab.

The decay rates can be checked by plotting them together with the measured response versus distance,
for each one-third octave frequency band. Such a comparison for vertical response is shown in Fig. 1 for
a ballasted track with UIC 60 rail, soft rail pads (200 MN/m) and with mono-bloc sleepers (see Table 1).
Near-field effects can be seen throughout but especially in the low frequency bands up to 160 Hz. In the 500 Hz
band, the relatively high response of the near-field wave and low decay rate of the propagating wave leads to a
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clearly higher estimate of the decay rate than that of the propagating wave alone. The effect of the
pinned—pinned mode can be seen particularly in the 1 kHz band where midpoint responses are greater than
those at above-sleeper positions. In the 5kHz band the effects of the first vertical mode of the rail section,
(‘foot flapping’ mode [6]) can be seen to increase the decay rate. This is due to the increased deformation it
causes in the rail pad. In this band a lower amplitude wave is evident that has a lower decay rate.

For brevity, in the rest of the paper only decay rates of the vertical bending waves will be presented and
discussed. However, the discussion applies equally to the lateral waves. The vertical vibration of the rail is
more important than lateral for track with modern soft rail pads since it accounts for a greater proportion of
the radiated noise.

4. Relationship between measured decay rate and the simple track model

In the next section, measured decay rates for three tracks are compared. First however, the relationship
between the decay rates calculated by the wavenumber solution of a simple-beam track model and that
calculated by the method described in Section 3, from the modelled response is studied for each of these tracks.
They are a ballasted track with mono-bloc sleepers and a relatively soft rail pad (considered already above), a
slab track with soft baseplates and a ballasted track with bi-bloc sleepers and a medium stiffness pad. The
model parameters for each track are shown in Table 1.

The simple-beam model produces two complex wavenumbers each for vertical and lateral waves. One
pertains to the wave that becomes propagating just above the resonance of the rail on the rail pad and the
other to a near-field wave. The decaying part of the wavenumber relates directly to the decay rate as stated in
Eq. (4). On the other hand, the decay rate calculated from the total response is that of a single equivalent wave
whether the line fitting technique is used or the summation technique described here. Note that it has been the
practice when using TWINS, sometimes, to impose the measured decay rate on the propagating wave
predicted from the simple track model but also to leave the near-field wave in the calculation. This
approximate method is useful if the predicted decay rate should be changed, for example for the effects of rail
damping devices. It has been observed, however, that in normal circumstances the predicted decay rates may
produce better TWINS noise predictions than do measured ones [4,8].

To illustrate the difference between the propagating wave decay rate, obtained from the simple-beam model,
and the ‘measured decay rate’, the responses at the set of measurement locations have been calculated using
the simple-beam model for each of the three tracks. The decay rates of the propagating wave only and those
calculated from the responses are shown for each track in Fig. 2.

Fig. 2 shows that the decay rate calculated from the total response is close to that of the propagating wave
especially for high frequencies. The greatest difference exists in each case for the frequency range just above
the cut-on of propagation in the rail where the decay drops sharply. The difference is greatest for the slab track
with the soft baseplate.

10? 107 10?
]
g 10 10! 10!
2
g
z
g 100 100 100
a
101 101 -1
0 102 102 0 102 102 10 102 108
(a) Frequency (Hz) (b) Frequency (Hz) (c) Frequency (Hz)

Fig. 2. Comparison of the propagating wave decay rate and the decay rate calculated from the response from the simple beam model: (a)
for the ballasted track with mono-bloc sleepers; (b) for the slab track; and (c) for the ballasted track with bi-bloc sleepers (—, propagating
wave; - - -, from response) (scales as for Fig. 3).
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5. Measured decay rates

The measured decay rates indicated in Fig. 1 are for the ballasted track with mono-bloc sleepers and are
plotted as a spectrum in Fig. 3 in comparison with the decay rate of the propagating wave of the simple track
model. At low frequency the decay rates are high. Just above the resonance frequency of the rail on the pad
(about 300 Hz), the rail becomes decoupled from the sleepers and, as the propagating wave cuts on, the decay
rates become low. A strong peak can be seen around 5 kHz due to the foot-flapping mode of the rail. In this set
of results no significant peak or dip is seen around the pinned—pinned frequency at 1 kHz even though the
effect is clearly indicated in the response data (Fig. 1). For this set of measurements, the maximum
measurement distance was only 14m and the results are close to the minimum that this would suggest is
calculable (Eq. (7)). However, this does not seem to have affected the calculated values significantly, as can be
verified from Fig. 1.

Note that the decay rate, shown in Fig. 3, calculated from the propagating wavenumber of the simple track
model also has the effect of the sleeper modes and frequency-dependent ballast stiffness taken into account
(unlike the result presented in Fig. 2(a)). Given the known discrepancy between the two definitions of decay
rate illustrated in Fig. 2(a), and that the effect of the foot-flapping mode is not present in the simple track
model, the comparison of decay rates (Fig. 3) shows that an accurate model of the track has been achieved.
Even the small undulations in the spectrum due to the sleeper and ballast layer modes (in the range
500 Hz-1 kHz) are reproduced, at least qualitatively.

Fig. 4 presents the decay rates measured on the slab track. Here, because of the soft supports, the
propagating wave cuts on at about 120 Hz and the decay rate becomes very low. This drop in decay rate is
modelled accurately by the use of the stated design stiffness of the soft lower pad. Even though there is
a significant discrepancy between the two definitions of decay rate to be taken into account (Fig. 2(b)),
there is a clear difference in the frequency range 200 Hz—2 kHz for the vertical decay rate. Large peaks in the
measured decay rate are seen in the 800 Hz and 3.15kHz bands. In the model the strong peak at 3.15kHz is
due to the baseplate mass acting as a tuned absorber; the resonance is that of the baseplate mass on the
stiffness of the upper pad. The decay rate is predicted as being much lower than measured between 200 Hz and
1.6kHz. A plot similar to Fig. 1 (not presented) shows nothing to suggest that the response measurements

102 - -

10" |

Decay rate (dB/m)

100 f

1071 ———— : E—
102 108
Frequency (Hz)
Fig. 3. Decay rates for the ballasted, mono-bloc sleeper track calculated by Eq. (5) plotted in comparison with the decay rate of the

propagating wave predicted using the simple track model; —, measured decay rate; - - -, predicted decay rate; - - - - - - , minimum
measurable decay rate.
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Fig. 4. Measured decay rates of the slab track plotted in comparison with the decay rate of the propagating wave predicted using the

simple track model: (a) vertical decay rates; (b) lateral decay rates; —, measured; - - -, predicted; - - - - - - , minimum measurable decay
rate.
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Fig. 5. Measured and predicted sound pressure level at 7.5 m for two different wheel types (A and B) of a train running on the slab track at
120km/h: (a) predictions using the calculated decay rates; (b) predictions using the measured decay rates; —, predicted for wheels A,
89.8dB(A) in (a) and 86.0dB (A) in (b); - - -, predicted for wheels B, 90.3dB (B) in (a) and 86.4dB(B) in (b); - - - -, measured for wheels A,
89.8dB (A); - - - - - - , measured for wheels B, 90.5dB (B).

or the decay rate calculation are untrustworthy. The peak in the measurement in the 800 Hz band suggests
the upper pad stiffness could be modelled as much lower than the value assumed but it is inconceivable
that the stiffness of a thin plastic pad should be around the 100 MN/m required to locate the peak in the
800 Hz band rather than the realistic value used. In any case, for this example, the lateral decay rates are
also plotted in Fig. 4 to show that the corresponding effect there is modelled comparatively well with the very
stiff upper pad.

For the slab track, Fig. 5 presents measured rolling noise at 7.5 m along with TWINS predictions based on
measured wheel and rail roughnesses and the (laboratory-measured) track parameters given in Table 1. It can
be seen that use of the predicted decay rates produces an accurate noise prediction whereas the measured
decay rates produce a substantial under-prediction. It may be concluded that the decay rates of the track
under the train loading do not operate during measurements on the unloaded track. It has already been shown
with more detailed track models that the effects of the train loading can increase the effective decay rate [14]
but this is clearly not the effect operating here.

The measured and predicted decay rates of the third track are presented in Fig. 6. In this case, only points at
mid-sleeper were used in the measurement beyond the third sleeper bay. Here it can be seen that, besides the
lack of the foot-flapping mode effect, the model agrees with the measurements except at a significant peak in
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Fig. 6. Measured vertical decay rates and those calculated using the simple track model for the bi-bloc sleeper track; s measured;
- - - -, predicted.

the measured decay rates in the 1.25 and 1.6 kHz bands. To investigate the origins of this, a more detailed
track model is used.

6. Decay rates calculated using a periodically supported track model

The track model, ‘Cobra’, is based on composite beam models for the vertical and lateral dynamics of an
infinite rail supported at a finite, but large number of sleepers [15,16]. The model therefore includes the effect
of cross-sectional deformation at high frequency and the effects of the pinned—pinned resonances in the rail. In
this model the decay rates are calculated from the responses. They therefore correspond to the measurement
method except that a very large number of response points can be used. Additionally, the calculation can be
carried out for a number of contact positions within a sleeper span so that the vibration response and resulting
noise radiation can be averaged to represent that of a moving train.

Fig. 7 presents an example of the decay rates for the bi-bloc-sleeper track, calculated with Cobra with
regularly spaced sleepers. Four calculated curves are shown. The first is calculated as the mean for five
positions of the wheel-contact point in a sleeper bay; 500 response points along 60 m of rail are used. These
are all at the centre of the rail-head so that the lateral response is uncoupled from the vertical response.
The agreement with the measured curve is good up to about 1 kHz. With this model, a peak appears in the
1.25kHz band that is an effect of the behaviour at a frequency just above that of the first pinned—pinned mode
of the rail at about 1 kHz [14]. However, the predicted peak is not as high as the measured peak. At frequencies
higher than this, the calculation produces lower decay rates than the measurement.

Another calculation indicates the role of coupling between the vertical and lateral motion of the rail. For
this calculation the contact and response points are all offset by 15mm from the rail-head centre-line. This
indicates (Fig. 7) a higher decay rate above 2 kHz as energy transfers from the vertical bending of the rail into
other wave types (lateral, torsional, web-bending) and a good agreement with the measurement in this
frequency range is obtained. Since such coupling will be present in practice the higher decay rate in this
frequency range is appropriate to use in noise predictions.

In order to investigate the peak in the 1.25 kHz band, a further calculated result is shown in Fig. 7 in which
the wheel-contact position is at the mid-span and only mid-span response points are used. The 15 mm offset is
kept. In this case the peak just above the pinned—pinned resonance has a similar height to the measured one.
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Fig. 7. Measured vertical decay rate and those calculated using the Cobra track model for the bi-bloc sleeper track; mmssm, measured;
- - - -, predicted with 5 wheel-contact locations in the sleeper bay and many response points but no lateral offset; - - - - - - , predicted with a
15mm lateral offset; - - - -, predicted with the lateral offset and only response points at mid-span; —, predicted with the lateral offset and
response points at mid-span and above sleeper.

This indicates that the peak is a function of the use of a grid of measurement locations with over-emphasis on
the mid-point response.

Looking back at the measurement on the mono-bloc sleepered track, Fig. 3, it is clear that there is no
evidence of a peak in the 1.25kHz band despite there being clear evidence of strong pinned—pinned behaviour
in the responses (Fig. 1). To investigate the influence of this set of measurement points, an additional
calculation for the bi-bloc track with the single mid-span excitation point has been carried out that uses
response points at mid-span and above sleepers throughout the range measured. This is also plotted in Fig. 7.
This leads to a reduced estimate of decay rate in the 1 kHz band but not to a reduction in the height of the
peak at 1.25kHz.

None of this explains the absence of a peak in the results of Fig. 3 although predictions show that the softer
rail pad reduces the effect (not presented).

It is notable that the very strong effect of the foot-flapping mode in raising the decay rate at 5kHz is not
reproduced to the same extent by the Cobra model although the point receptance is reproduced correctly in
this respect [15]. This may be a shortcoming of the model.

7. Conclusions

A direct and automated method for calculating the decay rates from measurement data has been proposed
that can be used to calculate an equivalent vertical and lateral wave decay rate for the track. The measured
equivalent single decay rate (for vibration in each direction) is a suitable measure to characterise the acoustic
performance of a track and is close to the predicted decay rates from track models. However, it is not strictly
the same as the decay rate of the propagating wave in the simple track model that it has been used to replace in
some noise predictions.

Although the track models have been shown to predict decay rates well in most cases, it has been
demonstrated with the slab-track example that the measured decay rate may not, as in this case, correspond
well to the prediction. It is the predicted, rather than the measured, decay rate that produces a good noise
prediction in this case.



C.J.C. Jones et al. | Journal of Sound and Vibration 293 (2006) 485-495 495

The example of the bi-bloc sleepered track shows a peak in the measured decay rate at 1.25 kHz that is only
reproduced by a model that includes the effects of discrete supports. It is shown that the height of the peak
that is measured is sensitive to the set of measurement locations and that the real effect is somewhat smaller
than measured.
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