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Abstract: Growing public awareness on noise pollution puts great emphasis on noise monitoring and
mitigation measures. Railway traffic is one of the most widespread noise pollution sources in the
western world. Among other factors, irregularities (roughness) on the wheel tread and the rail head
cause vibrations within the vehicle and the track that lead to the generation of rolling noise. In order
to conduct typical noise measurements caused by rail vehicle movement over the rails’ running
surface the control of geometry state of the railway track and surface roughness has to be conducted.
A railway track has to meet the regulated geometry and roughness values in order to be eligible for
typical noise measurements.

Noise and rail roughness measurements have been conducted on 100m long sections of two railway
lines M104 (section Vrpolje - Ivankovo) and M105 (section Velika Gorica - Sisak). Section have been
selected based on geometrical elements of the mentioned track and a relatively good overall condition
which allow reaching train speed of 160 km/h and permanent way evaluation according to TSI-noise
directive (2006/66/EC). Track evaluation consisted of geometry elements and rail surface roughness
verification. Typical noise measurements of passing passenger and freight trains have been conducted
at both test sites. Through the analysis of measured noise levels on two different test sites, several rail
surface irregularities and their influence on vehicle noise levels have been observed. Influence of train
speed and configuration has been observed. Special attention has been devoted to the different “weak
spots” on railway lines (road-railway crossings, rail joints). The impact of these weak spots on the
rolling noise levels has been analyzed and evaluated. Processing and analysis led to several
conclusions on the effect of rail roughness on increased noise levels in the surrounding environment.
Key words: noise, rail roughness, railway vehicles

INTRODUCTION

Standards and regulations related to noise in the environment where people are living and working,
especially in urban areas, are getting more rigorous every year. Due to this fact the measures for traffic
noise reduction have been defined [1], among which the noise reduction at source represents the
primary measure of noise mitigation. Other measures are reduction of noise propagation (environment
planning and management, noise protection barriers), noise protection at the destination (sound
insulation of residential buildings) and economical measures supported by regulations (charges for
vehicles producing high noise levels, grants for noise reduction, research funding).

European Commission working group that is dealing with railway noise has declared in 2003 a
strategy and priorities for noise reduction [2]. Utmost attention has been dedicated to rolling contact
noise between wheel and rail because different geometrical irregularities on the wheel (flat spots,
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mechanical faults) as well as on the rail (wave deformation, corrugation, rail joints, welding faults)
affect the elevated noise levels.

Straightness of the rail running surface is a topic of interest of the scientific project “Noise and
vibration of tram and railway tracks” that has been started in 2006 by the Department for
Transportation, Faculty of Civil Engineering, University of Zagreb. The presence of irregularities on
the rail running surface exposes the track to higher dynamical forces and increases the wheel
vibrations [3]. Influence of rail surface straightness on environmental noise levels is investigated
through typical noise measurements of a new low-floor electric train observed along with other
passenger and freight trains operating on the measured railway lines.

ALLOWED NOISE LEVELS

In the Republic of Croatia, according to the Rulebook on Technical Conditions for Railway Traffic
Safety that all the railway vehicles have to meet [4], new railway vehicles have to be built in such a
way that the noise emission during its operation has to be in accordance with the Directive
2006/66/EC (TSI-Noise) [5].

In Europe, TSI-Noise Directive is mandatory since 2006 and according to it the railway vehicles
can have a limited influence on the surrounding environment. Directive prescribes highest allowed
noise levels that the vehicles in European railway network such as electric locomotives, diesel
locomotives, electric commuter trains, diesel commuter trains, passenger and freight wagons are
allowed to produce. Highest allowed noise levels are prescribed for stationary vehicles, accelerating
vehicle, a vehicle at the constant speed of 80 km/h as well as the noise in the driver’s cab [6].

From the aspect of noise impact on the environment where people are living and working, the most
important noise level limit is one of the railway vehicles moving at constant speed [7], [8]. Table I
shows the highest allowed noise levels of the environmental noise which has to be measured according
to the adequate regulations [9], i.e. 7.5 m away from the centre line of a railway track and on a level of
1,2 m and 3,5 m above the top of rail. Noise should be measured at speed of 80km/h and at maximum
vehicle speed (but not more than 190 km7h). A-valued equivalent continuous noise levels at the
maximum speed V should be calculated to the referent speed of 80 km/h by subtracting the expected
rolling noise gain:

L7, (80)=1L

pAeq,Tp

y
V)-30log—,
) 80

where T, is the time of vehicle passing. Expected rolling noise gain equals 5,3 dB for the speed of 120
km/h or 9,0 dB for the speed of 160km/h. Calculated value is compared to measurement at speed of 80
km/h and the higher of the two values is applicable.

Table I Environmental noise limits produced by railway vehicle at 80 km/h (TSI-Noise)

Railway vehicle LpAeq, Tp@7,5m dB(A)
Electric locomotive 85
Diesel locomotive 85
Electric commuter train 81
Diesel commuter train 82
Passenger wagons 80
Freight wagons 82 - 85

TRACK MEASUREMENTS AND RESULT ANALYSIS

Type noise measurements of railway vehicles have to be conducted on a referent test track in order
to eliminate the influence of different irregularities that could affect noise measurement outcome.
However, if such test track is not available, it is possible to perform the measurements on a railway
track in exploitation if it meets the required condition of geometrical configuration, surrounding
environment, rail roughness etc. described in EN ISO 3095:2007 [9].
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In this case measurements have been conducted on 100 m long sections of two railway lines M104
(section Vrpolje — Ivankovo) and M105 (section Velika Gorica — Sisak), Figures 1&2. These sections
have been selected based on the geometrical elements that allow testing the trains at a maximum
speed. The results of a measuring train (received from HZ Infrastructure) have also been analyzed.

Figure 1 Railway line M105 (Vrpolje — Ivankovo)  Figure 2 Railway line M105 (section V.Gorica - Sisak)

In frame of permanent way validation on the described sections, the control of geometry (track
gauge, cant, weld and isolated joint state and position, Figure 3) and rail head roughness (Figure 4).
Both measured sections have met the required geometry standards according to the Croatian standards
for railway track maintenance [4], [10].

PR T AP T ST S P
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Figure 3 Manula track geometry measurement ” Figue 4 Rail surface roughness measurement

Since measurements of rail roughness have been conducted with 1 m long measuring device,
wavelengths up to 0,1 m. According to EN ISO 3095:2007 both sections have been evaluated as
suitable for typical noise measurements in terms of rail roughness. As described in Figure 5 and 6,
both the whole analyzed spectrum of both railway lines fits in the tolerant range according to the
standard, hence the sections have been positively evaluated.
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Figure 5 Rail roughness on section Vrpolje - Ivankovo ~ Figure 6 Rail roughness on section V. Gorica - Sisak
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NOISE MEASUREMENT RESULTS

Noise has been measured using three microphones on two stands (Figure 7). On a section Vrpolje —
Ivankovo results measured on stand A (microphones at 1,2 m and 3,5 m above top of the rail) have
been selected as applicable for typical noise measurements since they have been positioned far from
the spotted track irregularities. Stand B (microphone at 1,2 m above top of the rail), however, has been
positioned near the insulated rail joint in order to estimate the influence of irregularities such as rail
discontinuity on elevated noise levels in the environment.

Stand A Stand B

12m

L
Mic B

Figure 7 Microphone positioning for typical noise measurement

Results of the measured A-valued equivalent continous noise levels for an new electric commuter
train - EMV (made by Koncar Electric Vehicles), a standard passenger train (electric locomotive 1141
and 4 wagons) and freight train (electric locomotive 1141 and 24 freight wagons) are shown in the
Table II. EMV noise has been recorded at running speed of 80, 120 and 160 km/h, while passenger
and freight trains have been recorded at standard running speed of 120 and 80 km/h according to the
train timetable.

Table Il Noise measurement overview. Three train types at different speed.

Train speed Train type Pass by time Ly seq @zsm dB(A)
(km/h) Tp(sec) Mic A-3.5m MicA-12m | MicB-12m
20 EMV 3,38 79,3 80,4 82,2
Freight 17,50 92,8 93,7 94,5
120 EMV 2,25 845 85,4 87,5
Passenger 3,63 91,0 92,4 94,3
160 EMV 1,69 88,4 89,1 92,2

Influence of train type on noise levels

In accordance with the method of determining environmental noise levels of railway vehicles
according to TSI-Noise directive results of measurements of microphone at stand A, height 1,2 m,
have been standardised to the referent speed of 80 km/h (correction of -5,3 dB @ 120 km/h and -9,0
dB @ 160 km/h). Noise levels for different train types are as follows: EMV 80 dB(A), passenger train
87 dB(A) and freight train 94 dB(A) (Figures 8, 9 and 10). Noise levels of new EMV are 7 dB(A)
lower compared to a standard passenger train and even 14 dB(A) lower than a freight train.

Figure 8 EMV ZFBH 4412 - A Figure 9 Passeng train ‘ Figure 10 Freit train
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Figures 11, 12 and 13 describe the comparison of noise levels time profiles of all three measured
vehicles at different operating speed.
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Figure 11 Measurement @, 160 km/h Figure 12 Measurement @ 120 km/h Figure 13 Measurement @ 80 km/h
(EMV) (EMV and passenger train) (EMV and freight train)
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Influence of rail head roughness on noise levels

According to the measurement results at microphones on stands A and B, elevation 1,2 m in Table
I1, the influence of rail roughness on overall passing train noise can be estimated. Namely, microphone
on the stand B has been installed next to the insulated rail join that directly affects the elevated noise
levels of a passing train, Figure 7. On described position the recorded irregularities of the rail surface
reach up to 0,5 mm in the vertical plain. Measured noise levels hence cannot be used for typical noise
measurements, but give an interesting result for determining the influence of irregularities on elevated
rolling noise levels.

In all five measurements, microphone B measured higher A-valued equivalent continuous noise
levels L,4eq15 @ 7,5 m» that microphone A, dependent on the train operating speed. Highest measured
difference is 3 dB (A) at 160 km/h. At 120 km/h for a passenger train and 120 and 80 km/h for the
EMV the difference is 2 dB(A). Measured difference for the freight train at the speed of 80 km/h is 1
dB(A). The figures 14, 15 and 16 clearly show the mentioned difference in noise levels as well as the
distinct peaks in noise measurements on microphone B due to each axel run over the irregularities.

— EMV 160 kmv/h - mic A — EMV 160 knvh - mic B [—EMV 120 kmvh - mic A — EMV 120 kmvh - mic B [—EMV 80 kmvh - mic A — EMV 80 kmvh - mic B

Noise level [dB(A)]
Noise level [dB(A)]
Noise level [dB(A)]

7 8 9 10 1 12 4 5
Time [s] Time [s] Time [s]

Figure 14 Comparison of noise at stands A and B at different speed of passing EMV (160, 120 and 80 km/h)

4 5 6

On a measurement site Velika Gorica — Sisak, local rail surface irregularities have been spotted in
the area of road-railway crossing. Recorded deviation of a rail surface measured up to 0,37 mm in the
vertical plane. Noise measurements on this measurement site showed the increase in equivalent rolling
noise levels up to 2 dB(A) in the area of road-railway crossing.

CONCLUSION

While measuring noise levels of railway vehicle the state of the railway track that the
measurements are conducted on should also be considered. Permanent way state plays a significant
role in rolling noise formation and emission in the environment that should not be ignored. Beside this
obvious influence on environmental noise it has been demonstrated that it can affect the results of the
railway vehicle noise measurements up to the point that they do not comply with the regulations if the
problem has not been isolated on time.

By examining the permanent way state (tracks, fastenings, sleepers and ballast bed) it can be
concluded that all the track elements have been properly installed and that no irregularities that could
affect the traffic safety or require speed limitations. It has also been established that the roughness of
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rail surface measured according to TSI-Noise and ISO-3095 standards is acceptable for typical noise
measurements.

Noise measurements of different vehicle types allowed a comparison of noise levels emitted to the
environment. Passenger and freight trains that operate on described railway lines as well as the EMV
in the testing phase have been observed. The high recorded noise levels of passing freight train have
been expected due to the high axel loads, length of the composition and different wagon shape.
Furthermore it has been interesting to compare a standard passenger train with four wagons and a new
commuter train — EMV at the same operating speed. Measured noise levels at the speed of 120 km/h
reveal a difference of 7 dB(A) in favour of the EMV that ultimately makes a significant difference for
the quality of life in the area surrounding the railway line.

By placing the noise measuring devices near the spotted irregularities of rail surface (insulated rail
joint and road-railway crossing) it has been possible to analyze the effect of these irregularities on
elevated noise levels. Depending on the vehicle speed and type of irregularity the recorded increase in
noise level varies from 1 to 3 dB(A).

Conducted measurements and analysis results of passing railway vehicle noise levels indentified a
significant influence of different type and proper maintenance of railway track and vehicles on the
emitted noise levels. Results and findings of such researches are very important factor for the future
constructions and reconstructions of railway tracks as well as the vehicle acquisition especially for
railway operators in urban areas where the noise pollution highly affects the quality of life.
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Knwuoeu oymu: wym, epanaguna na peicama, i#eie30nvmHiu 03uid.

Peztome: Hapacmeawama oduecmeena 3a2pudiceHoCn OMmHOCHO WYMOBOMO 3aMbPCABAHE NOCAGS
CUNEH aKyeHnm 6bpXy MOHUMOPUHEA HA UWyMAa U MepKume 3a Hamanseanemo my. Kenezonvmmuusm
mpagux e eOur Om HAatl-pasnpoCmpaHeHume U3MoOYHUYU HA WYMOBO 3AMbPCABAHE 8 3aNAOHUS CEM.
Hapeo ¢ opyeume ¢axmopu, epanasunama na banoaxcume Ha KOJLeIama u Ha 1asama Ha peicama
NPUHUHABAM BUOPAYUL 8 NPEBOZHOMO CPEOCBO U HA PELCO8US Nb, KOUMO 6005im 00 2eHepupane Ha
wym npu mvpranane. 3a u3gbpuieane Ha MUNUYHU USMEPBANUS 34 ULYMA, NPUHUHEH OM OBUICEHUETNO
HA NOOBUIICHUSL CbCMAB NO HOBLPXHOCMMA HA pencume, mpsdea 0a ce OCbWecmseu KOHMPOL HA
CLCMOAHUEMO HA 2eOMEMPUAMA HA  Jicelle3Hus NuMm U 2pAnasuHama Ha NOSbPXHOCMMA.
JKenezonvmuama nunusi mpsa6éa 0a omeoeapsi Ha pe2iamenmupanume CMoUHOCMU 30 2e0MempUsima
U epanasunama, 3a 0a ca OONYCMUMU 30 MUNUYHU USMEPBAHUSL HA UWYM.

Ilposedenu ca usmepsanus ma wyma u pencogama epanasuna Ha 100-memposu yuacmvyu no ose
arcenesonvmuu aunuu — MI104 (yyacmvx Vipolje - Ivankovo) u M105 (yuacmvx Velika Gorica -
Sisak). Yuacmvxvm e uzbpan 6v3 ocHosa Ha ceomempuuHume eleMeHmu HAd pPeicosusi Nvim u
OMHOCUMENHO 00OPOMO MY CbCMOAHUE, KOUMO N03601a6am docmueane na ckopocm om 160 km/ h u
nocmosinna oyenka uHa noms 6 cvomeemcmeue ¢ TCOC- oupexmusa 3a wyma (2006/66/EQ).
Oyenkama 6KII046a NPOGEPKA HA eleMEHMUmMe HA 2eOMEMPUAMa U Ha HEPABGHOCIUMNE HA Pecosama
nogvpxnocm. ITlposedenu ca uzmepeanus Ha ulyma om NPeMuUHaABaHemo HA NbMHUYECKU U MOBAPHU
811AK06E 8 08ANA eKCNePUMEHMATHY Y4acmbKa. Upe3 ananuz na uzmepenume pasHuwa Ha wiyma Ha
0geme Mecma ca 3a0eia3aHu HepeOHOCMU 8 PeNico8ama NOBLPXHOC U GIUAHUENO UM 8bDX) HUBAMA
Ha wyma om noodgudicHus cbemas. Habmodenus ca uzgbpulenu u 6bpxy GIUSHUEO HA CKOPOCMMA U
KoH@ueypayusma ua eraxa. Cneyuanno enumanue e omoeieHo Ha pasnuunume "ciabu mecma” na
Jicene30NbmHuUme JUHUY (JHCene30NbMHU Npeiesu, Heele30NbmMHU 8Pb3KU). AHATUBUPAHO U OYeHeHO e
8b30eliCcmeuemo Ha mesu ciadu Mecma 6bpxy pasHuwemo Ha wym npu mvpraiane. Obpabomxama u
aHaIuzem 600sAM 00 3aKNIOUEHUEMO, Ye Peco8ama cpanasuna éiuse bpxy nosuulasane Ha wyma 8
oKonHama cpeoa.
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