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Improved methods for the in-situ measurement railwg noise barrier
insertion loss

Qiutong L1 2, Denis DUHAMEL?, Yanyun LUO? and Honore YIN?

1. Université Paris-Est, Laboratoire Navier, ENFESTTAR-CNRS, UMR 8205, Ecole des Ponts ParisTecnde
2. Institute of Railway Transit, Tongji Universit®01804, China

Abstract:
Many countries which seek to understand the aaopstiformance of railway noise barriers have esthbtl standards for
the conduct of in-situ experiments. However, tremeno universally acknowledged receiver positimnghe evaluation
of the barrier performance, a fact which may belileg to uncertainty over the noise reduction cdfi@s of available
barriers. In terms of the descriptor of the bamierformance, the general recommendation is thesfgiwed sound pressure
level, although the latter is considered to underede low frequencies for railway noise barriehus, in this study, the
comparison of receiver positions and the descrptmmong existing Chinese, ISO and European stamdaste
investigated. Based upon a combination of diffattheory and standards, a rearrangement of reqadsitions and one-
third-octave-band analysis were proposed. In anfdiin line with improved methods, an in-situ measwent of insertion
loss for a 1.5m high railway noise barrier was glesd and conducted. The results of the experimaitate as effective
and applicable the new receiver positions. Theseltealso suggest that one-third-octave-band aisaly indispensable.
Key words: railway noise; noise barrier; in-situ experimentwaighting; insertion loss; one-third-octave-bandlysig; grid
receiver positions

0 Introduction after the installation of a barrier, provided ttia relevant
parameters remain unchanged. This is referred to as

Noise barriers, the most effective means to miéigat “insertion loss” or “attenuation”. 1SO 10847-199%@

the propagation of sound, are widely applied onaorb proposes that naturally occurring railway traffic,

railway transit systems, especially on elevateddiriThe  principally the passenger train, should be usetesound

noise reduction effect of a railway noise barriethiought source equivalence for the ‘“before” and “after”

to depend largely on its height and the relativ&adice measurements.

between the source, the barrier, and receiveripogi. However, there are no global standards for receiver

But there is also a close relationship between st@u  positions, a state of affairs which produces vagasnlSO

performance and environmental factors, such asngrou 10847-1997 proposes that there are only two camiti

effect, atmospheric turbulence, air absorptioniaction hemi free-field conditions, and reflecting surfacéhese

by wind and temperature gradient profied To achieve  conditions as a very general characterization efdpen

noise reduction effect of barriers on site durifge t space behind barriers. In China’s standard HJ/Z@m4%,

operation of a real urban rail transit systemfaaltors must ~ receivers are defined as being located in the whéeh is

be taken into account. To this end, many couninige the most sensitive to the noise. TB/T 3050-20@fines

established guidance standards for in-situ expeisel. the area sensitive to noise as residential buigjiaghools,

ISO 10847-1997 proposes that barrier performance in a hospitals and other areas which require strongeption

field test can be represented by the differenceound from noise. However, under different meteorological

pressure levels at specified receiver positionsreeéind conditions, the shapes of areas are vulnerableoisen
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change. The standard is thus useful for gettingogept
accepted, but can be useless as a guide for desigshe
want to find the best barrier for a particular siteChina,

in consequence, these standards have to be suppézine
with other standardfs'® for different receiver positions.
The receiver position stated in TB/T 3050-2002,ckhis
concerned with railway lines and used for the itigasion

of railway boundary noise in GB/T 12525-1890directs

a receiver position 30 meters from the neareskttaoter
and 1.2m above the mean rail head height of theesea
track in the relevant area. GB/T 5111-2811which is
concerned with railway vehicle noise, directs tiegeivers
be located 7.5m away from lines and at heights®hland
3.5m. HJ 453-2008), which is concerned with testing
the noise intensity of railway traffic, directs ththe
receiver be placed 7.5m away from the source aral at
height of 1.5m. Thus these given positions camlbgtified
as alternative receivers in the case of compareyidr
performance with different shapes.

Seeking to clarify receiver positions in field
experiments, the European Committee for Standdidiza
(ECS) the
measurement of sound attenuation of given noisgebar

recently made recommendations for
at given sites in given meteorological conditiofihe
ECS’s standard, CEN/TS 16272-7: 26l 5ecommends
nine locations to place the receivers, forming @,gn
order to measure the attenuation of a given naseds at
a given site including given meteorological corafis.
They are placed specifically at a distance of 7.52a5m
and 25m away from lines and at a height of 3.56m@and
9.0m. This standard is a useful source of compaii$aohe
noise attenuation capacities of different typebafier at
the same site under the same meteorological conditi
However, although there are many researchers & aror
the in-situ measurement of insertion loss in rajiwaise

weighted sound pressure le¢&lis introduced to calculate
the attenuation of a barrier. The 1SO stan@aninimally
requires field measurements of equivalent A-weighte
sound levels, with and without barrier, for all eaer
positions, producing a single-number attenuatiainga
Chinesé®! and Europedfl standards also adopt the latter as
evaluation indicator. However, it is impossibletsess the
performance of barriers at different sound freqiesc
using this single-number rating. In addition, A-glating
tends to devalue the effects of low frequency noiseking

its suitability for the evaluation of noise barrier
performance dubious. In recent years, many reseesch
have concludd#1"! that A-weighting underestimates the
annoyance produced by low-frequency and predonijnant
low-frequency noise, even at low volume levels. fikes
the masking effects of higher level componentsimglex
sound environments, the weakness of A-weightingehav
been identifiedl® ! as well. Since barriers are mostly
erected on the elevated section of lines, whilewaat
sound emissions are mainly concentrated at low
frequencie8”, A-weighting is not a useful guide.

The present study aims to shed light on the meamne

of insertion loss in railway noise barriers. In @rdo
specify a set of reasonable receiver positions for
comparing different types of barriers and to introgl a
descriptor for the prediction of the acoustic perfance

of railway noise barriers, based on relevant stateland
sound diffraction theory, an improved arrangemeht o
receiver positions is put forward and a currentaatbr is
taken into account as a supplement to the A-waighti
method. Utilizing these, we designed and carrigchaun-

situ experiment to investigate insertion loss dfway
noise barriers. For the experimental analysisgcifiices
between recommended receiver positions and the rese
receivers, sound pressure level (SPL) and attesmuatiA-

barrier& 411, very few base themselves on this European Weighting method and the improved method were

standard.

researched. In the following, we first describe the

. etermination of receiver positions in the fielghement.
In consequence, there are no universally acceptedoI P pe

receiver positions for the evaluation of barrierfpemance.
This circumstance may be leading to uncertaintyh wit
respect to the noise reduction capacities of harrie
presently available.

We then describe sound pressure level acquisitipns
different descriptors on the “before”
measurements. Finally, we give the attenuationltefar
all receiver positions.

and “after”

As the most common descriptor for assessing thel Improved methods

barrier performance, the equivalent continuous A-

1.1 Rearrangement of receiver positions based onegh



diffraction theory shadow zone in near field, M3-1, M3-2 and M3-3

represent the performance in the shadow zone firefd;

In order to compare the insertion loss values of ) _
M1-2 and M2-3 represent the performance in thesttizm

different types of barrier at the same site undeery ) _ _
zone in near field, while M1-3 represents the penéince
in the bright zone in near field. In addition, teeund

pressure distribution of the whole of the open sgahind

meteorological conditions, it is quite importantofer an
approach to determine the receiver positions inftile

scaled experiment of barrier performance. In thee aaf . i , . ,
) . i . the barrier is mapped by the nine grid positiomsbding
noise barriers, receiver positions are located lba t ) . . i
) ] _visualization of the noise reduction effect of arlea. The
opposite side of the sound source. In accordante wi , i i i i i
) ) ) ) grid-form method is thus instructive for improvirige
diffraction theory?!, the open area behind the barrier can

- . . arrangement.

be divided into three zones: a bright zone whete al
frequencies transmit directly, a transition zonesmehlow Table 1 Rearrangement of receiver positions
and middle frequencies bend around the barriendutie
direct transition of high frequencies, and a shadowe based on diffraction theory
where, as a result of the vibration and the ditfoax; only Distance from the nearest track center
low-frequency sounds are transmitted. Since thesenoi

) ) ) <17 meters =17 meters
reduction effects of barriers vary substantially zpne,
and variations are a function of frequelA@y in-situ Bright zone Bright zone
measurements of insertion loss for all frequeniriesach in near field in far field

Height

zone are necessary. Depending on distance of egceiv

from sound source, the acoustic energy pl’OdUCEth@y above the mean Transition zone Transition zone

source will behave quite differently. In far fieldhe rail head of the in near field in far field

spherical shape of the sound waves can be reagonabl Nearesttrack

. . . Shadow zone Shadow zone
approximated as a plane-wave, with no curvéttirét is ] ] ] ]
. . . in near field in far field
important to understand this difference, and pldoe

receiver positions in near field and far field sepaly
when taking measurements. Generally, a far fietisiic

By considering the actual need of the engineering
, application in urban railway transit systems, theeiver
begins two wavelengths from the sound source, and . )
o . positions have to be rearranged in terms of thagbable
extends outward to infinity. In the case of traffiarriers,
the start of the far field is at least around 17ters®l.
Receiver positions should therefore better be pldess

and greater than 17 meters, respectively. It isicened

locations of the acoustic areas. For instancepdraier is
installed on a bridge it is difficult to reach thieght zone.
Hence there is no necessity to place receivers B8M
M2-3 and M3-3 unless there are tall residentialdings
close to the lines. If the sensitive areas aretémttar from
the lines, receivers at M3-1, M3-2 and M3-3 caplaeed
around the sensitive area instead. When the heigthie

that receiver positions represent barrier perfoceat all
the acoustic areas given above. A conservativenastiis
that six positions meet the requirements (see Thble

The prescribed receiver positions are shown inEig. tested barrier is very low, the boundary dividirte t

where the height of barrier above the rail headjtteis shadow zone and the transition zone must be lolaer t
2m. Different shadows based on diffraction thedrgve shown in Fig. 1. This means that receiver M1-1 ban
that for Chinese standards (indicated by triangkf) located in the transition zone in near field, réaglin no
receiver positions are located in the shadow zoneear receiver positions in the shadow zone in near fitdde to
field, with the exception of the receiver in TB/D5D- the barrier. If the shape is near to fully-encloste
2002, which is located in the shadow zone in f@idfiAll receiver M1-3 should also probably be located ia th
nine positions specified by CEN/TS 16272-7:2015 shadow zone in near field, resulting in no receiver
(indicated by circles) cover four of the acoustiess. M1- positions in the bright zone. In consequence, vecei

1, M2-1 and M2-2 represent the performance in the positions need to be rearranged in all the acoastias as



possible.

M1-3 M2-3”
. 0y
Beight zane Transition zone -

in near field in near field

il d

B =

>< A i 25 7 e
Shadow zone in near field

— 0
Shadow zone in far field
: M3-1

o

1-1 < 17
o c}ﬁi‘% o)
GRIT 51112011 [ 0
L
& GBT 51112011 | o TB/T 3050-2002 5

LM

—, (HJ 433-2008) l (GB 12525-1990)
12.5

75
10 Unit: m

Fig. 1 Comparison of receiver positions prescriaecbrding to the standafi¥)

1.2 One-third-octave-band analysis

The ISO standaid recommends octave-band or one-
third-octave-band sound pressure levels as indigato
when it is necessary to obtain frequency charatiesiof
barrier insertion loss. Since the dominant freqyenc
components are easily recognizable from one-third-
octave-band analysis, this method has been addpted
low frequency noise standards of Polish, Swedisth an
German in general environmé&#lt This has implications
for the placement of barriers in areas proximatartzan
main road traffic. It appears that such noise makes
smaller contribution to reported annoyance thanhinig
inferred from the objective or physical dominandehe
noisé?!. In such a case, it is unnecessary to analyzitin-s
experimental results by employing one-third-octaead
analysis. The same applies with railway noise besri
since it is well known that rolling stock noise tise
predominant component of urban railway noise arad th
the latter is normally within a rather broad freqogrange

of 800Hz to 2500H2°.. There are many other sources of
noise, such as curve squeal, brake screech angebrid
The acoustic characteristi®%of these are shown in Table
2. When a train crosses a viaduct, the low-frequenc
rumble noise induced is a significant annoyancetfose
in the station and residents in the vicinity, evan
considerable distances. This is because lower émoju
noise travels farther than higher frequency ri&¥s&Vhen
sound barriers are installed on a viaduct, the teutail
low-frequency noise which radiates from the viadtiog
barrier and their related connectors cannot beectsd.
One-third-octave-band analysis must be deployea, her
since it produces data helpful to the attenuatibsuch
low-frequency noise.
However, the
applicability, real site testing is necessary. Unaew, it is
advisable to design an in-situ insertion loss expent for

in interests of reliability and

railway noise barriers based on standards andraings.
This way, it is possible to compare the resultdiiérent
analysis methods and to offer practicable suggestio

Table 2 Dominant frequency range of noise sourcesther than rolling stock noise) in urban rail transit systems

Special Situation Curve Squeal

Brake Screech Bridge

Pure tone, high frequency
Frequency Range
(up to 10 kHz)

Pure tone, high frequency
Low frequency
(during braking)




2 Experiment design

Based on the improved methods, an in-situ

Corresponding frequency responses ranged from 20Hz
20kHz. The sampling frequency of the sound pressure
signals was intended to be 51.2kHz, based on tlugiisty

experiment was conducted on Jiading Campus, Tongji Theorem. To avoid message distortion, this was riene

University. A straight barrier, placed at grounddke with

a thickness of 0.1m, was tested. The length obdreer
was 10 meters and its height above the track was 1.
meters, which is relatively lower than other raijwaise
barriers. Since the barrier could be removed dutiey
period of experiment, utilizing the direct measuesin
method!, sound pressures at receiver positions were
tested by microphones before and after barriealilagion.
The noise source in the experiment was naturally
occurring railway traffic: two-carriage passengeirts,
each 22 meters in length. Since the experimers sieze
located in the middle of the lines, the noise iretldy
trains in brake mode could not be considered. Taied
traveled at 40km/h as they passed the test field.

The circles in Fig. 2 indicate the directed recegrid
formation. Applying the improved methodology, it sva
evident that M1-2 and M1-3 could not be locatedhe
transition zone, on account of the low profiletod barrier.
The attenuation property of receiver M1-1, locafad
from the barrier and close to the transition zamenéar
field, might underestimate the performance of thgibr
in the shadow zone in near field. Moreover, singe t
barrier was installed at the ground line, it propedsible
to choose the receiver above ground at 1.2m tolateu
pedestrian hearing. Thus receiver positions wettebe
reset close to the barrier and to the ground.
consideration of the low profile, it was possibley
applying the grid-formation criteria of the stardigrto
determine receiver positions. These are indicatgd b
crosses in Fig. 2. They were at a distance fronmézgest
track center of 3.3m, 9m and 18m and at a heigbvab
the mean rail head of the nearest track of 1.28mand
2.5m, respectively. As per the discussion above, th

In

receiver positions in our experiment were set i fireas
of the open space behind the barrier. P1-1, P2-D &nd
P2-3 are represented in the shadow zone in nddr {8
is represented in the shadow zone in far field.2A%-
represented in the transition zone in near fieltk3FAs
represented in the bright zone in near field.

The microphones at each receiver position were
and protected

omnidirectional by windscreens.

twice the maximum frequency component of the audio
frequency (20-20kHz). The experiments on the “befor
and “after” sites were conducted on sunny days ariéw
days
significantly different and thus were not measured.
However, an acoustic amplifier, an electrical clearg
amplifier, sound pressure collecting equipment,AdD
data collection card and a computer running a data
collecting program were prepared. These instrumeets

the requirements of EN 61672-1 and the microphones
complied with IEC 61672 class 1. Pressure signaéla
receiver positions were recorded simultaneously, &md
ensure the statistical representativeness of thaplsa
train-passing data for each distance was obtaipéaking

apart. Meteorological conditions were not

at least 10 measurements.
3 Results
3.1 Signal processing procedure

According the relevant standdfd$ the

equivalent continuous A-weighted sound pressurellev
can be represented as follow,

to

@

whereT, is the train pass-by time interval, is the
A-weighted instantaneous sound pressure, @nd the
reference sound pressure |(P@). During the post-
processing procedure, the sound pressure signadsfinst
filtered by the bandpass of audio frequency range /A&
weighting filter, and then, by utilizing the timetérval of
the train’s passing, the equivalent continuous Agid
sound levehprea .. was obtained.

Since the valid pressure signals at each positene w
measured at least 10 times, equivalent levels baoet
expressed as an average. The formula for the awngrag
method is:

Lpeq =10 Iogm%Z 10 e (2)
i=1



wherelL,,, is the sound level used to calculate the
noise attenuation of the barrier, dng; is thei th pass-by
level computed by Eq.(1). Hence, it was easy taiolthe
attenuation single-number rating for barrier parfance.

The C-weighted level and the 1/3 octave band level
was acquired in the same way, producing an effectiv
supplement to the A-weighting method. However, tfer
sake of simplification, the attenuation of each a¢3ave
band was obtained by calculating the ratio of scemetgy
in the field with and without the barrier. Thisgszen by

Y p2(H)

Att( f,,) =10logy | ~—-—— 3)

> (1)

wherep(f)is the sound pressure with respect to a
certain frequency, calculated by applying the FFastrier

Transform formula. f, is the central frequency of the 1/3

octave band.
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Fig. 2 Configurations of the in-situ experimentshathe straight barrier on the ground line (frequerange: 20-20 kHz)

3.2 Sound pressure level

stock noise effectively. Performance of the barmers
particularly good in the shadow zone in near fi@ltlthe

To reach an assessment of barrier performance, thereceiver-source distance of 9m, the levels of ezctine

experimental results of the sound pressure levedllat
the
measurement will be illustrated first. This is irder to
comprehend the characteristics of railway noise sfieed
of 40km/h. In Fig. 2, the bold numbers denote the
continuous equivalent A-weighted sound pressurellev

receiver positions on “before” and “after”

(Laeg) at all receiver positions before the installatadrihe
barrier. The italicized numbers dendtgq on the “after”
site. It can be seen that before the installatidh@barrier,
Laeq at P1-1 was marginally higher than P1-2 and higher
than P1-3Since the P1-1 and P1-2 positions were much
closer to the track, the results confirmed thdinglstock
noise produced by wheel-rail contact vibrationsjldde

a predominant component of railway traffic noise.
However, P1-1 level was significantly lower than®and
P1-3 around 5dB(A) after the barrier was installed,
indicating that the barrier was able to suppreskng

three receiver positions were almost the same en th
“before” site, whereas the P2-3 level was much &ighan
P2-1 and P2-2 on the “after” site. With increase of
receiver-source distance,ady showed a tendency to
decrease at the same height, regardless of thalatistn

of the barrier: P1-1>P2-1>P344g), P1-2>P2-2 (heq) and
P1-3>P2-3 (leg). Interestingly, in contrast to the “before”
site, the downward trend of the A-weighted levedmine
ground became slower on the “after” site.

By one-third octave analysis, SPLs at all receiver
positions on the “before” site in Fig. 3(a) shovattthe
dominant frequency range of railway noise was quitée:
five 1/3 octave bands of 400 Hz, 500 Hz, 630 HA
and 1000 Hz, which are given relatively small wesginy
A-weightind®”l. Moreover, the maximum values at all
receiver positions were, coincidently, all at 808, land
the differences between thgds and the maximum values



at all the positions were no more than 1 dB (Tad)le
Therefore, without one-third-octave-band analysise

continuous equivalent A-weighted sound pressurellev

C- and A- weightings has been considered as a giozdi
since it indicates the amount of low frequency gpen
the nois&4l. If the difference is greater than 15 dB, there

could present almost the same level as that of theis a potential for low frequencies. In Table 4, sex that

predominant component. This indicated that A-weight
was suitable to describe the annoyance inducedilway

noise. On the “after” site (Fig. 3(b)), sound levéi the
dominant range of railway noise were roughly caesit
with the levels at low frequencies, which were et
considerably by the barrier. In order to understamel
importance of low frequency noise, the differeneeeen

the differences between A-weighted and C-weighted
levels at all positions were as large as 6 dB.d\lthh the
differences were not too large, it is noteworthgttlow
frequency noise played the same significant rolghas
middle and high frequencies on the “after” site.isTh
should not be neglected in the future attenuatisearch.

Table 3 Comparison betweerk aeqand maximum value of 1/3 octave band on the “befofesite

Receiver Position P1-1

P1-2 P1-3 P2-1 P2-2 P2-3 P3

Laeq (20-20 kHz) (dB/A) 95.95
800 Hz of 1/3 octave band (dB) 96.76

Absolute difference 0.81

95.55 93.05 84.70 84.33 85.64 78.69
96.24 93.75 84.88 84.69 85.64 79.02

0.69 0.70 0.18 0.36 0.00 0.33

Table 4 Differences between A-weighted and C-weigtd

SPL at all positions on the “after” site (dB)

P1-3 P2-3
2.88 3.73
P1-2 pP2-2
3.06 4.09
P1-1 P2-1 P3
4.73 4.38 6.15

effect of the barrier. Since the difference betweka
maximum and the minimum values of the attenuations
(P1-1 and P1-3) was around 7 dB(A), it is eviddwait ta
single measurement point cannot provide a compben
presentation of barrier performance. In other wptte
significant difference between these attenuatioss i
attributable to variation among receiver positiofikese
must be taken into account when evaluating the st@ou
performance of barriers.

Table 5 Attenuations inLaeq at all receiver positions

3.3 Insertion loss

Insertion loss, also called attenuation, is defithed
the difference in sound levels at a specified nexrei
position before and after the installation of arteerUsing
the results of SPLs at all the receiver positionalyzed
above, barrier attenuation was obtained and listd@able
5. It appears that the barrier varied in effectasn
depending on where the receiver position was |acabé
the seven positions, the attenuations in the shaaow in
near field (P1-1, P2-1, P2-2 and P2-3) were th&dsy
being at least 10 dB(A). The next were in the titzors
zone in near field (P1-2) and in the shadow zodarifield
(P3). The lowest was in the bright zone in neddf{@1-
3). Hence the area in the shadow zone in neardigiedars
to be the major area of competence for the noidecteon

(frequency range: 20-20 kHz) (dB(A))

P1-3 P2-3

6.97 10.60

P1-2 pP2-2

8.44 11.46

P1-1 P2-1 P3
14.72 11.50 7.08

For comprehension of the frequency characteristics
of the attenuation, the attenuations in the ol thétave
band from 20Hz to 5000 Hz are computed and shown in
Fig. 4. The barrier performed well in the dominant
frequency range of these five bands, especiallyhin
shadow zone in near field (P1-1, P2-1, P2-2 an®)p2-
From Fig. 4, we can see that the difference in the



attenuations between receiver P1-1 and other recein
the shadow zone in near field (P2-1, P2-2 and PRe3g

concentrated mainly in the dominant range of rajlwa

noise and low frequencies below 50Hz. Attenuattrs|
receiver positions were as high at the frequenaimsve
the dominant range. However, the attenuationsamahge
of low frequencies were ultra-low, and, below tlzed of
100 Hz, even negative. Among all the receiver jpmss,
the maximum of excess attenuation was 7.4 dB ibame

of 20Hz at receiver P3. Ground effect and diffractdf
low frequencies at the top of the barrier mightheecause
of negative values of attenuation located primairilthe

shadow zone in far field (P3), the transition zame&ear
field (P1-2) and the bright zone in near field #1-1n
summary, the barrier performed quite well in thege of
mid and high frequencies, but relatively badly al
frequencies.
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4 Discussion

By utilizing the grid-form method, attenuation het

positions for the in-situ measurement railway ndiagier
insertion loss. The method is capable of optimizihg
performance of railway noise barriers in all theeaasr

recommended positions could be estimated by knownbehind barriers. Our in-situ investigation of irtg@r loss

results. It appears that the maximum value of attion at
all recommended positions can be located at recéhle

1 and M1-2. As receiver M1-1 is close to the boupda
between the transition zone and the shadow zosedban
diffraction theory, the attenuation at receiver Minust be

a little lower than that at receiver P1-2, whiclhoisated in
the transition zone in near field. In the same way,
attenuation at receiver M2-1 must be a little lotteam that
at receiver P2-3. It follows that maximum attenomtin
the shadow zone in near field is no more than 10A}B
Compared with the experimental results in sectipth8
attenuations at the recommended positions definitel
underestimate the performance of the barrier. A& sthe
recommended receiver positions seem to be higherttie
evaluation requirement, and hence unsuited to leigt
barriers. With the rearrangement of receiver pos#i

with low-height barriers validates the claim thdiist
method is more effective than CEN/TS 16272-7. The A
weighted SPL led to the overrating of the railwayise
barrier performance with respect to the SPL. Wechate
that one-third-octave band analysis provides soperi
frequency domain results, and is a good suppletoethe
A-weighting method. The one-third-octave-band value
seem to provide a better general description ofidrar
performance than do A-weighted results.

This study may have limitations. Our experiment was
conducted on barriers situated at ground levelamnsuch
our directions might not suffice to indicate lowduencies
after barrier installation. Future research willelseto
rectify this through experiments on elevated liget®ns.
Nevertheless, to the extent that our study indghatev to
achieve railway noise barrier performance from the

much closer to the barrier and to the ground, the measurement of sound pressure levels by the imgrove

attenuations iraeq in the bright zone, the transition zone

arrangement of receiver positions and one-thiréwoet

and in the shadow zone in near and far field can beanalysis, it is a step toward better understanding.

demonstrated more completely and distinguished more

clearly. In consequence, it would be better to rarage
receiver positions to suit the actual need of theiér.

Using one-third-octave-band analysis, the

predominant frequency range of railway noise can be

identified. Moreover, the frequency characteristi€¢she
attenuation can also be recognized: The barridfopaed
well at the predominant frequency range of railvaayse
but relatively poorly at low frequencies and agfrencies
below 100Hz in particular. It is of interest to edhat there
is considerable variation in attenuation even i@ shme
frequency band. Although A-weighting is inapplioabl
here, the single-number rating can be still utdizzs a
railway noise indicator. Overall, the A-weightingethod
is inadequate to the analysis of the performangaibfay
noise barriers. However, a combination of A-weigbti
method and one-third-octave analysis can rectifg th
problem.

5 Conclusion
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