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Abstract

This paper presents a field study on railway noisasurement in a tight curve and a tangent tradlebfan Metro Network
in Iran. Nowadays as railway and metro tracks oftass through densely populated areas, especiatignitral parts of big cities,
noise is usually the most common reason given lipeading to railway developments. As a result, gigant progress has been
made in noise control over the last decades. Merently, high interest was given to measuring @jwoise and understanding
the different sources contributions in order tophetducing global external noise. In this reseasgttions of Tehran Metro
Network, which are located near a high residenpfgedensity area with a limited but significantfig were selected. In these
sections, railway noise seemed to have been tetkmatthe past, but is today increasingly beingsatered as a nuisance for the
residents. Noise generated by the railway vehiee vecorded by field tests based on the acoustidatd ISO 3095. Measured
noise levels in two different test sections inchglithe tangent track and the curve have been dedluend compared.

Furthermore, metro rolling noise has been detemtelddseparated using band-pass filtering.
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1 Introduction

Although metro is an environmentally friendly means
of transport, it is perceived as noisy. Noise caodpce
annoyance or in more extreme cases, adverse effiects
human health such as increased stress, high blesdye
or cardiovascular diseases [1]. Public oppositionnéw
metro lines developments is often focused on thiseno
impact, either because this is the perceived noésar
sometimes because it is a convenient handle téinépe
objections. Nowadays as metro lines often passugfiro
densely populated areas, especially in centrak pafribig
cities, noise is usually the most common reasoergifor
objecting to metro developments and as a resghjfgiant
progress has been made in noise control over tbe la
decades. Assigning high priority to solving probtem
related to metro noise is quite imperative for waly
administrations. The discussion on metro noisebeaeme
very important in several countries as metro trartsp
increases and plays a more important role in gngeni
transportation. More recently, high interest isntiggven to
measuring metro noise and understanding the differe
sources contributions in order to help reducingbglo
external noise [1]. Noise has been the subjecigoiificant
research effort in terms of understanding the meishas
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of generation and its contributing factors with tien of
developing concepts for its reduction. Railway pofgas
been studied extensively since the 1970s and maufels
railwvay noise prediction are now well established.
Thompson’s book [1-12] is a comprehensive reference
covering the overall topic of railway noise and raifion,
including analysis of rolling noise mechanisms, elowy
and control. Theoretical models such as TWINS whiels
developed by Thompson provide the key to undergtgnd
and controlling noise and vibration. Many standaadsl|
guidelines have also been developed regarding agilw
noise and vibration. Three European or internationa
standards are particularly relevant to rail irregities and
noise including EN I1SO 3095, EN 15610, and EN 13231
3[3]. Among these, the standard 1SO3095 specifies t
conditions required to achieve reliable, reprodiecib
measurements of the noise emitted by railway vegif2].

Its appendix gives a description of rail roughness
measurement and processing techniques, which mgecif
the acoustic roughness of a test section to be ¢med
acoustic type testing of railway vehicles requirat
researches. Although, noise prediction models sash
TWINS give a clear understanding of the sources of
railway noise, but there is no comprehensive refazahat
covers field measurement of metro noise basedwidely
spread standard in railway engineering. This paftempts

to fill some of these gaps by presenting field measents

of metro noise and it presents measurements ofenois
induced by the passage of railway vehicles in servi
operation based on acoustic standard 1ISO 3095 which
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to now, the only widely spread standard for raiigbness
measurement that can be referred to. In this reghrd

study begins by presenting test site location,gesup and
measurements of noise induced by the passagelwhyai
vehicles in service operation and then of the spoading
noise sources detection. Then rolling noise sejparatsing

Band-pass filtering has been carried out in thgeahtrack
and the curve. The following parts show the apfibcaof

a series of field measurements for metro noisetthee led
to research satisfying results.

2 Test Site

Test sites were required to perform field measurgéme
and collect related historical data. Test trackisas were
selected after exploring several sections takingo in
consideration limited selection criteria. The sgtet
criteria were prepared to reflect the researchadbjes and
methodology. Tehran is the most important Iranidies;
industrial and economic centre in several sectath &
high resident people density in the urban and swdnuarea
live about 8 million people. As indicated in Figutethe
test site is located near a high resident peophsitjearea
with a limited but significant traffic in which raiay noise
seemed to have been tolerated in the past, buidisyt
increasingly being considered as a nuisance for the
residents. A small radius curve and a tangent track
Tehran Metro Network in Tehran were selected as
reference where noise is a known problem. Tractufea
of the existing situation are shown in Table 1. The
considered track section is uniform along its langthe
railway track is ballasted and has two paralletksain
standard gauge (1435m), without any gauge wideaisg
in the curve. The track under study correspondshto
tangent track with 47 m length, the inner rail otave,
having approximately 300 m radius and 25 m length.
Traffic is mainly composed of trains of the urbasgenger
service. Figures 2 and 3 illustrate two pictureshef track
sections including the tangent track and the cuatvéhe
measurement site.

3 Noise Measurement Test Procedures

Noise in the track sections was measured in March
2012 between 8:00 and 10.00 A.M for a special tgpe
railway vehicle which characteristics has been mjive
Table 2 and its picture in Figure 7. The measureésneere
performed in accordance with the standard ISO 3@85,
indicated in Figure 4. Microphones were positioed .5
m from track centre and 1.2 m above the top ofr#ileas
shown in Figures 5 and 6. The weather conditioneadw
speed and wind direction, temperature and rain)ewer
controlled before and during the measurements. UReel
measurement equipment is summarized in Table 2.
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Figure 2. Measurement SiteFigure 3. Measurement Site Locatioffhe

Location - The tangent track curve

Noise measurements have been performed based on the
geometrical elements that allow testing the traasa
maximum operating speed as shown in Figures 8 and 9
The results of noise measurement have been anabzed
follows.

Table 1. Track system at Measurement

Component Type
Track Ballaste-CWR
Rail UIC 60 rail (steel grade 900A)
Fastening system Vossloh
Sleepe B7C
4 Test Results

The sound pressure level presented versus tinegrirst
of seconds for the registered train passage arerstio
Figures 10 and 11. The speed for the train passage
approximately 40 km/h because of the imposed speed
on the track. As can be seen in these Figurese redgmal
in the tangent track and the curve comprises wideasl of
frequencies which is contributed to different s@src

4.1 Separation of Railway Noise Sources

Noise is a by product of the power generated byetiggnes
and the interaction of the rolling stock and treeks. With
the massive and large loads of most freight andquager
trains, it is not surprising how much noise a tigémerates.
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Table2-Noise Measurement Equipm
Equipment Type Picture

Microphone at the tangent track AT8015 CARACTERISTIQUES TECHNIQUES
Microphone at the curve E-818 SlI

Sound Level Calibrator TES 1356

Data Recor der LAPTOP P4 ACER INTEL PENTIUM

Softwar e SpectraLAB

75m 7.5m

Figure 5. Microphone position in accordance with standard 1SO 3095 in

Figure 4. Microphone p05|t|0r1 in accordance with standard ISO 3095 the tangent track

I

B

Figure 6. Microphone position in accordance with th

standard 1SO 3095 in the curve Figure 7. Railway Vehicle used in field measurersent
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Figure 8. Noise Recording by railway vehicle pagsimthe tangent track

Tablei-Railway Vehicle characteristi

Railway Vehicle Type T™3
Year of Fabrication 2003
Total length 140 m
Distance between bogies’ axles 19m
Distance between bogies’ wheels 2m
Total width 26m
Total height 3.6m
Maximal travelling speed 80 km/h
Total train weight 240t

(8 wagons and 2 locomotives)

Wagon length 19m
Bogie frame H Type
Bogie weight 7470 kg
Bogie type Bolster Without Osbestos
Wheel Diameter 1200mm

There are a number of noise sources associatedheith
operational railway, of these, rolling noise is eoft
considered to be the most important. Aerodynamisenis
another source; but this only applies to high-spieaihs.
Train horns are another source, but in this casen h
soundings are distant. Rolling noise is generallghér
from poorly maintained rail vehicles, and from i
running on poorly maintained infrastructure. Aerodsnic
noise is particularly relevant for high-speed linEsgine
noise is most relevant at lower speeds up to ab@kim/h,
rolling noise above 30 km/h and aerodynamic noise
dominates above 200 km/h. The most important noise
source is rolling noise, which affects all kindstin. The
only relevant sources in Tehran Railway Networlska@wvn
in following are the traction and the wheel-raiteiraction
of the railway vehicles and the track. Locomotigeserate
noise from the air intake, engine casing, tractiand

Sound Pressure (dB)

L .
0 5 10 15 20 25 30 35
Time (seconds)

Figure 10. The noise measurement signal at thestarigack
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Figure 9. Noise Recordingaiyvay vehicle passing in the curve

exhaust. Because of their low rotational moveméng,
locomotive engines normally generate low-pitcheds&o
Locomotive noise in this case is transient becaihse
locomotives usually pass relatively quickly. In ethwords,
they are not expected to idle or perform back-arthf
movements on a regular basis. Railway vehicles rgéme
rolling noise, which the sound is associated witle t
vibration of the wheels, the bogie, the body of thibvay
vehicle, and the interaction of the wheels with fthiés and
sleepers on the track. Previous researches havensthat
rolling noise is a significant source of railwayis® and
originates mostly from the wheels and rail - nat thogie

or the railway vehicle bodies[1]. The characteraifway
noise is a low frequency bass sound as the locopwmti
pass. The rolling noise, however, is largely a mid-
frequency spectrum where the ear is more sensitive.
Because the duration of rolling noise is typicathuch
longer than locomotive noise, the rolling noise the
dominant impact. The propagation of wheel and maike

to residents in Tehran Railway Network is dominant
because the most significant effect on the noisssamns
from wheels and wheels are their roughness. Sinze1is

a product of vibration, the rounder and smootherwiheel
and the rail are, the lower the vibration and thedr the
noise. In this case, a regular pattern of roughhassbeen
occurred on the track, which creates a corrugaitiothe
rail, which is the main reason of railway rollingise.
Sections of the tangent track and the curve hasagre
corrugation have been revealed in Figures 12 and 13

Sound Pressure (dB)

I 1 L I I
0 2 4 6 ] 10 12 4 16 18 20
Time(Seconds)

80 L L L L

Figure 11. The noise measurement sigrihbacurve
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Figure 14. Extracted rolling noise from originaismsignal at the tangent track

14

In this paper, railway rolling noise as the dominan
source of railway noise has been extracted using-pass
filtering of Butterworth filter of order 4. Becaus# the
rolling noise extraction from original recording ise
signal, no noise information was obtained on tHeot$ of
other noise sources like traction noise. From therature
review on railway noise and measurement of
irregularity, it could be assumed that the freqyerange of
importance for rolling noise is considered to b&-4%000
Hz by Thompson [1]. In this paper, band-pass filgwas
executed by wavelength of mentioned by Thompson to
extract only the signal related to rolling noiséyufes 14
and 15 illustrate the extracted rolling noise sigasing
Band-Pass Filtering for the tangent track and thee As
shown in these Figures, rolling noise in the tangetk is
much more than the curve. In fact, for the tangestk,
railway noise contributing source is rolling noise.

rail

5 Conclusions

Railways and in particular metros are a sustainabte
climate friendly means of transport. Nonethelesstras do
influence the environment. The most important effisc
noise, especially the noise emitted from trainshigh
resident people density areas. The propagationeaness
attenuation of railway noise are described by mtexh
models such as TWINS. However, because of limited
accuracy in prediction models, particularly for dar
distances in Railway Network Projects, it was reegiito
measure metro noise in field study which obviousin be
a very accurate estimate in accordance with a wisielead
standard for railway noise. This research was porese to
this need by conducting a field measurement ofvesil
noise in two sections of Tehran metro network in
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Figure 15. Extchotdling noise from original noise signal at theee

accordance with Acoustic Standard 1ISO3095. Thrabgh
study, the analysis of measured noise levels orctinee
and the tangent track has been evaluated and cechpar
Furthermore, railway noise sources have been aetestd
separated using band-pass filtering. In that cake,
accuracy of detecting railway noise sources has bee
improved.

Acknowledgments

The study reported in this paper was performed in
Tehran railway Network that was funded by Tehrabdur
and Suburban Railway Operation Co. The authors are
grateful for this support and the advice, co-operaand
help of the following: Eng. M.H.Esmaeili, Eng. S&2haghi,
Eng M. Aghaei and Eng. M.Ashari without whom this
research would not have been completed.

References

1 Thompson DJ. Railway noise and vibration:
mechanisms, modeling and means of control. Oxford,
UK: Elsevier, 2009.

EN ISO 3095:2005. Railway applications — acoustics
measurement of noise emitted by rail bound vehicles
Remington PJ, Rudd MJ, Ver IL, et al. Wheel/rail
noise, parts |-V. Journal of sound and vibratioW&;9
46: 359-451.

Remington PJ. Wheel/rail rolling noise what do we
know? What don't we know? Where do we go from
here? Journal of Sound and vibration 1988; 120203
226.

Thompson DJ, Hemsworth B, Vincent N, et al.
Experimental validation of the TWINS prediction



Journal of Environmental Treatment Techniques 2014, Volume 2, | ssue 2, Pages: 71-76

program for rolling noise, parts 1 and 2. Journél o
Sound and vibration193 (1996) 123-147.

10 Nielsen JCO and Ekberg A. Acceptance criterion for
rail roughness level spectrum based on assessment o

TWINS (Track Wheel Interaction Noise Software),
Theoretical and User's Manual (version 3.0), TNO
Institute of Applied Physics, Delft, The Netherland
1999.

S. Grassie, J. Kalousek, Rail corrugations.
Characteristics, causes and treatments, Proceedfngs
the Institution of Mechanical Engineers Part F —
Journal of Rail and Rapid Transit 207 (1993) 57—68.
EN 15610:2009. Railway applications — noise emissio
— rail roughness measurement related to rollingeoi
generation.

EN 13231-3:2006. Railway applications — track —
acceptance of works — part 3: acceptance of rail
grinding, milling and planning work in track.

76

11

12

rolling contact fatigue and rolling noise. Wea271
(2011) 319-327.

J.C.O. Nielsen, A. Ekberg, R. Lundén, Influence of
short-pitch wheel/rail corrugation on rolling cocita
fatigue of railway wheels, Proceedings of the
Institution of Mechanical Engineers Part F — Jouofa
Rail and Rapid Transit 219 (2005) 177-187.

A. Ekberg, E. Kabo, J.C.O. Nielsen, R. Lundén,
Subsurface initiated rolling contact fatigue oflweaiy
wheels as generated by rail corrugation, Internatio
Journal of Solids and Structures 44 (2007) 7975#798



