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Abstract

Most of the test methods used for determining the acoustic performance of the noise barriers in Korean standards address
the sound-proof panels but refer to noise barriers as a whole system or their in-situ performances less. Many new types
of trains with different operating speeds have been developed and produced, and civil appeds against railway noise are
becoming quite extensive. Considering these latest changes of circumstances, it is necessary to investigate the current
standards and specifications pertaining to railway noise barriers. In this paper, criteria for the measurements and evalua
tions of noise barriers and sound-proof panels are examined and experimenta studies are introduced. In order to suggest
more efficient methods for reasonable evaluations of the noise barriers, frequency spectrums of the noise source, the
power of the actual railway vehicles, are investigated and introduced.
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1. Introduction

1.1 Standards for noise barriers

In Korea, most noise barriers are tested and evaluated
primarily according to KS(Korean Standards), which deal
with the quality conditions of noise-proofing panels, such
as acougtical as well as non-acoustical properties. Regard-
ing performance tests for the in-situ evauations, 1SO
10847 is adopted as an 1SO KS 10847 regulation. In addi-
tion, the Ministry of the Environment and the Seoul Met-
ropolitan Government established regulations pertaining to
noise barriers, with which the instalation, performance
criteria, and maintenance operations are carried out [1,2].

In 2000, standard regulations for the railway noise barri-
ers were proposed through research [3] by the Korea Rail-
road Research Ingtitute. In this research, normalized
frequency spectrums were introduced. Based on the spec-
trum characterigtics, it was suggested that these frequency
bands should al be included in the evaluation process of
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absorption measurements of noise-proofing panels (Table
1). In addition, it was suggested that this normalized fre-
quency spectrum of railway noise should be used as a ref-
erence source signal for in-situ measurements during
performance evaluations of railway noise barriers.
Condgidering new railway vehicles types such as high-
speed trains and light-weight trains and new track types
forms, al built and introduced after the normalized sound
spectrum was introduced in 2000, it is urgently needed to
redefine the technicd meaning of the descriptor ‘normal-
ized' in ‘normalized railway noise spectrum’ and then to
propose an updated normalized railway noise spectrum for
Korean railways. In 2006 the Korea Rail Network Author-
ity introduced specifications for high-speed railway noise
barriers; this document deals with guidelines for the manu-
facturing, ingtallation and performance of high-speed rail-

Table 1 Technical criteria pertaining to noise barriers

performances
Test item Performance criterion Standards
Airborne sound >25dB (500 Hz)
insulation >30dB(1 kHz) KSF 2808
>
Sound absorption  \RCZ0-7(250Hz, S00Hz, o Hane

1000 Hz, 2000 Hz)
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Table 2 Technical criteria pertaining to noise barriers
performances for high-speed trains (Specification for high-
speed railway noise barrier, Korea Rail Network Authority

2006)

frequency(Hz) 125 250 500 1000 2000 4000
absorption 05 08 09 09 09 07

100 160 250 400 630 1k 1.6k 2.5k ak

Frequency(Hz)

Fig. 1 Normalized Railway noise spectrum [4]

way hoise barriers, adso stipulation the requirement of
technical criteria pertaining to acoustical performance
from the CEN (European Committee for Standardization)
(Table 2).

1.2 Normalized railway noise spectrum

In BS EN 16272-3-1 : 2012 [4], a normalized railway
noise spectrum is specified for evaluations and assessments
of the acoustical performances of devices designed to
reduce airborne railway noise near railways, using single-
number ratings for sound absorption and airborne sound
insulation. The spectrum is expressed in terms of relaive A-
weighted sound pressure levels in decibel, for one-third
octave bands in the frequency range of 100 Hz to 5 kHz.

In Korea, the normalized noise spectrum was investi-
gated in 2000[3] for two types of rolling stock, Mugung-
hwa and Saemaul vehicles. In 2012[5], the noise spectrum
of high- speed trains behind a noise barrier was deter-
mined for an assessment of the acoustical performance of
a noise- reducing device attached onto the edge of a noise
barrier. The frequency spectra were obtained by means of
the average values of the measured sound pressure levels
from two to four railway sites.

The average values of each frequency band were then
normalized according to the value a 1 kHz [3,5]. The fre-
quency-weighted spectrum was used to compensate for the
results of the assessment of the acoustic performances of

100 160 250 400 630 1k 16k 2.5k 4k
5

dB

~+-288km/h

-=-396km/h

Frequency

Fig. 2 Normalized spectra values of Korean high-speed trains
(288 kmv/h, 396 km/h) measured on a dab track

noise barriers and noise-reducing devices.

In Fig. 1, the normalized raillway noise spectrum speci-
fied in the BS EN 16272-3-1: 2012 [4] is shown. Addi-
tiondly in Fig. 2, the measured sound pressure levels
(dBA) of Korean high-speed trains on dab tracks are
depicted. Here the relationship to the normalized railway
noise spectrum proposed in the BS EN 16272-3-1 : 2012
[4] can be observed .

The difficulties in determining the technica criteria per-
taining to the acoustical performance of railway noise bar-
riers stem from the various noise sources of different types
of vehicles and different measurement results from differ-
ent sites. Unlike road transportations, there are for exam-
ple railway tracks only for specific types of vehicles,
specifically tracks for high-speed trains and or tracks for
light-weight trains. As stated a the beginning of this
paper, a normalized noise spectrum represents fundamen-
tal information for the manufacturing of noise barriers and
for an assessment of the performance of noise barriers. In
this paper, methodologies for the determination of the rep-
resentative noise spectrum for railways are investigated
and the results are shown and discussed.

2. Determination of the
Railway Noise Spectrum

2.1 Calculation of the noise levels using a
prediction model
In order to determine the representative noise levels of
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Fig. 3 Calculated and normalized sound level(TEL) of
different vehicles at a distance of 7.5 m from the nearest rail

each type of railway vehicle, a railway noise prediction
model is used which has been developing since 2009 by
the Korea Railroad Research Ingtitute [6,7]. This model
was created from a combination of theoretical calculating
model of whed/rail rolling noise and a statistical anaysis
of various in-situ messurements.

In this model, the roughness characteristics of the rall
and the wheels, the track conditions, a dynamic analysis
of the contact between the whedls and the rails, the decay
rate of the track, the train speed, and vehicle types are
needed to calculate the sound power of the vehicle. The
directivities of the sound propagation and attenuation due
to distance and ground conditions are considered for the
calculation of the sound propagation in the relevant paths.
The sound pressure level is determined as follows:

I
Legim=Lwem*Dit 10Iog(ﬁ‘) ~Adiv.mAam

_Agr,f,m_Abar,f,m (1)

Here, L, ¢, refersto the radiated sound power level due
to a train passing-by in the m sector for frequency band f,
D, isthe directivity index, | refers to the length of the con-
sdering track, Ay, r, is the attenuation due to geometrical
divergence, A, ., is the atenuation due to atmospheric
absorption, Ay ;,, is the atenuation due to the ground
effect, and Ay, ¢ IS the attenuation due to a barrier
according to 1SO 9613-2(1996)[8]. Fig. 3 shows the calcu-
lated noise level in dB(A) at a distance of 7.5m from the
rail. The sound levels are normalized to the values in the
frequency band of 1kHz. The train speed for high-speed
trains is 305 km/h and the train speed for passenger carsis
140 km/h, while it is 110 km/h for metro trains and 80 km/
h for freight trains. For all cases, ballasted track systems are
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Fig. 4 Calculated and normalized sound levels of the KTX
train (293 km/h) at a distance of 7.5 m from the nearest rail
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Fig. 5 Differences (dB) in the measured noise levels of high-
speed trains (ballast track 150 km/h ~ 300 knvh) [7]

chosen. Fig. 4 shows the calculated values compared with
the values from field measurement of the of the KTX train.
In the lower frequency range, there exist some differences,
while above 1000 Hz, the measurement and calculation
results show more similarity. This output relies on a vari-
ety of noise situations of KTX trainsin the fields.

Fig. 5 shows the differences between the measured
sound pressure levels of high speed trains. In the range of
train speeds of 250 km/h ~ 300 km/h, the differences in
dB are quite large, with the maximum value exceeding 9
dB. Considering the major deviations of the noise levels
between vehicle types and between the measurements of
the same types of vehicles, for an evaluation of the acous-
tic performance of noise-proofing panels or noise barri-
ers, it can be more useful to use predicted noise levels
than to use normalized weighting vaues determined
through the average value of severa different measure-
ment locations.

2.2 Determination of the noise source
characteristics
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Fig. 6 Sound source S with array of N sensors

For the laboratory test of the noise-proofing panels,
sound absorption and airborne sound insulation assess-
ments were done. However, in order to plan and build a
noise barrier in the fields according to the requirements,
the sound power distribution of the source and the radia
tion characteristics of the individua sources are aso
important, as sound experiences not only absorption or
transmission but aso diffraction and interference as it
propagates through and around a noise barrier.

These characteristics are dependent on the frequency and
the incidence angle relative to the noise barrier. The contri-
bution of the noise sources become more complicated with
high-speed trains due to the increasing aerodynamic
sources at train speeds of about 250 km/h and more. These
include the pantograph, bogies, the louvers, inter-coach
spacings and the front-rear nose parts. The locations of the
noise sources and the acoustical properties can be investi-
gated using microphone arrays or intensity arrays. Com-
bining signal process technology methods such as
beamforming in which a delay- and-sum agorithm, mov-
ing sources can be locdized, separated and the source
strengths can be measured. A point monopole sound
source radiates into free air and a wave, emitted a timett,
travels a distance r with a speed of c to the observation
point. It arrives at time ingtant t+r/c. With an array of
microphones, it is possible to focus on a specific point
source by summing up al microphone signals p, account-
ing for propagation time delays between source and
receivers.

N-1

s = =t @

j=0 Wi

w; are amplitude weighting factors (shading or tapering)
(Fig. 6).

Itisatypica problem with this type of technology how-
ever, that it is not obvious how to transform sound maps
into absolute sound power levels of the different sources.
This is due to the limited resolution, dynamic range and
the beam width, as all practica array measurement results

Fig. 7 Microphone array system

Fig. 7 Noise source map of a high-speed train
(350 kmvh, 630 Hz)
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Fig. 8 Sound power of awhole high-speed train (350 km/h)

necessarily undergo deviations from results obtained by a
perfect array, i.e. one with very small microphone spac-
ings, and very large lengthg/diameters [7]. The Korea Rail-
road Research Ingtitute developed a microphone array
measurement system with an optimal sensor configuration
and analysis program.

The sound power calculation process is compensated for
and updated through the measured transfer function between
the moving source and the array and by means of a time-
signal-simulation agorithm. In Fig. 7 the measurement sys-
tem is shown and the sound sources are depicted for a high-
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Fig. 10 Noise level measured at a noise barrier section along a
high- speed line (300 km/h);
front power car(a), passenger coach(b)

speed train with atrain speed of 350 kmvh (Fig. 8).
Fig. 9 and Fig. 10 show the radiated sound power of a
high-speed train at a speed of 350 km/h.

2.3 Noise level behind a noise barrier

Fig. 11 shows an example of the measured noise level of
a high-speed train, where noise barriers are instaled. The
radiated sounds of the passenger cars and the power cars
show different frequency characteristics. When passenger
cars pass by, the frequency area of 125 Hz ~500 Hz is as
dominant as that in the range of 1000 Hz ~ 3000 Hz. The
sound energy of this low frequency part remains, whereas
the sound of the higher frequencies is shielded by the
noise barrier. When the power cars pass by, 1250 Hz ~
3150 Hz is the mainly radiated sound frequency area and
this part contributes most to the sound behind the noise
barrier. The sound power vaues aong the vehicle height
in Fig. 10 can be the useful information when planning
and building an effective noise barrier near actual tracks.

Fig. 10 Noise level measured a a noise barrier section
along a high- speed line (300 km/h); front power car(a),
passenger coach(b),

3. Summary

In this paper, the primary aim was to propose the noise
characteristics of the railways which are intended to be
used commonly for the determination of the acoustica
performance criteria of noise barriers. Another aim was to
evaluate the insertion losses of noise barriers and of related
noise reduction devices. This is specified as a normalized
railway noise spectrum in the BS EN standard which is to
be used for the weighting of evaluation results and for
evaluations with single-number rating. Due to the redlistic
conditions of each railway site and the different noise pat-
terns at each, studies considering many aspects are needed
for the efficient planning of various barriers and for the
determination of the performance criteria for field tests.
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