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Abstract. Transport, including railways is one of the majouces of noise pollution, having a significaniuehce
for environment and human life. Noise of trainsetgs on the category of the train, type of raisintspeed and re-
gime of movement (breaking or non-breaking). Theellof noise also depends on spinning of wheelwels as
moving throughout connections between rails. Acitgydo results of this research it is clear thattioise, caused by
railway transport at the studied living area i®dais problem, which is necessarily has to beesbivith various or-
ganizational and technical instruments. It was tbtimat in the living area which is situated 20 nmetieom rails
equivalent and maximum levels of noise are excegttia limits by 20 dBA. There was found that in aegr equiva-
lent levels of noise passing passenger trains W@@dBA and 74—-75 dBA passing freight trains, measuainthe dis-
tance of 7.5 meters from the rails. At the sid&efezinkelio street the height of noise barrier nfaes5—-8 meters ac-
cording to railway line which is being used. Foe thoise protection of the school which is locatethe side of Sta-
diono street the height of noise barrier must bE26meters.

Keywords: railway transport, noise pollution, noise barrier

1. Introduction Noisy environment during work and rest time an-
noys, causes fatigue, reducing attention, slowisgripi-
Lithuania has got good expanded system of transpodal reactions, wearing nervous system (Jask&iessand
and beneficial geopolitical position. This situatigives  UZpelkiere 2008). Noise affects not only hearing, but all
an opportunity for Lithuania railways to enter vay  human organisms (Stansfedtial. 2000).
transport system of Europe as well as to keep up wi Noise of trains depends on the category of the,trai
changes of international transport market of freighd type of rails, train speed and regime of movembredk-
passengers (Graudirky2002; Baublys 2003). Railway ing or non-breaking). The level of noise also dejseon
transport takes more than 60 percent of land ftaigdr-  spinning of wheels as well as moving throughoutnean
ket among other transport vehicles (Grisk@ne 2002). tions between rails (Vér and Beranek 2006; Lietuges
Railway transport is one of the most advantageteZinkeliai... 2001).
transport vehicles, which can be used independaitly The contact rail-wheel has a significant influefie
seasons or climatic conditions (Harrison 2004). ©he the level of noise. Typical noise of rail-wheel tact is
the biggest advantages of this transport — lowepri¢s- caused of each pair of wheels passing rail conmesti
ing train freight transport costs are reduced by third  Noise level depends on type and condition of raiid
comparing with other land transport (Baublys 2003). wheels, type of breaking system, the way of traiean-
Noise is concerned with a lot of human activities,nected and axial loading. Critical impact is donerail
but the biggest influence for human life has tramsp connections, quality and the degree of surfaceridese
railway and air transport noise (Lerchadral. 1996; Balt- tion (Rimovskis and Ramonas 2005).
réenas and Puzinas 2009). Transport, including raitnay Inside the engines of diesel locomotives the cafise
one of the major sources of noise pollution, havargjg- noise is done by moving parts. This noise is domntina
nificant influence for environment and human li&nce while the engine is maximum loaded — moving with ac
now, there was not enough attention given for piisb-  celeration, maximum speed (Malis 2000).

lem. While railway locomotives are being improvée In Western Europe and other countries there isi-atte
speed of moving is increased, therefore noise fioliis  tion given to noise pollution while assessing técdircondi-
also amplified (Bazaras and Rutka 2002). tion of transport vehicles (VaiSis and JanuSes 2009).
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Therefore more and more attention is given foraoésluc- Railway noise is being measured while microphone of
ing and isolation (Klibavius 2003). measurer is aligned perpendicularly to the railviiag.

The aim of research: to assess levels of noise@nd Measurements have been taken since the locomasaep
design height and position of noise barrier atlthiag  aligned line till the last wagonload.

area of railway station in Klaipeda city. Railway noise measurement was done using measurer
.Bruel&Kjaer 2260, which is made in Denmark. This
2. Object and methodology of research strument is the first class modern sound analji$es. man-

ual instrument is capable to execute all necessagsure-

The measuring of railway’s noise pollutions is donements and analysis of noise levels in environmadt rai-
at the living area of railway station in Klaipedgyc croclimate at working places. This instrument fslfthe

Levels of noise caused of railway were measured inewest standards of noise level measurers |IEC 6a6@2
selectively chosen places. These places are clmmen ANSI, as well as previous standards IEC 60651 &804.
sidering how near by railway are living places,oais .Bruel&Kjaer 2260" is able to measure an equiva-
consideration of passing trains speed. lent and wide band noise parameters, also it iallapo

The railway transport was divided into two catego-register noise of 6,3 Hz to 20 kHz frequency inpdison
ries: passenger trains and freight trains whileelevof  of one or 1/3 of octave in frequency bands. Measisre
noise were measured. In each place of measuring weused for A, B, C characteristics of noise to measur
counted the number of wagonloads. When number gBruel&Kjaer 2260" works with an error of 1.5 %.
wagonloads and time of train’s passing measuriagepl In this research an equivalent and maximum noise
were established, speed of trains can be assessed. levels for A characteristics are measured to adsests

Levels of noise were measured at the distanceSof 7 of railway noise.
meters and 20 meters from the rails. At territoeamby
living buildings levels of noise were assessed meters 3. Methodology of noise barrier efficiency calculation
height from territory surface.

Results of noise measuring were compared with allow Noise barrier is designed to reduce the levelsoafen
able levels of noise. These levels are determinakdéthua-  at the living area of railway station in KlaipedtycNext,
nian hygiene norm HN 33:2007 “Acoustic noise. Lanyt there will be calculations of optimal height of s@ibarrier
levels of noise in living and public buildings andheir envi-  and efficiency of it done by following methodology.

ronment”. According hygiene norm HN 33:2007, maximu In the Figure 1 there is a scheme of noise baefier
level of noise must not exceed 70 dBA, during dangtat  ficiency calculation given.
living area, during evening time — 65 dBA, duriright time There are calculation formulas made for reducing

— 60 dBA. Allowable equivalent level of noise &irig area, the levels of noise according to scheme in Figure 1
during day time is 65 dBA, during evening time —di8A,
during night time — 55 dBA. a=y 2+ (H-H)Z; 1)

Measurer of noise should be calibrated using instru
tion before and after measuring.

Temperature, relative humidity and wind direction
has significant impact for noise reduction in atpiwere,
but these factors practically don’t have big inflae for
living building, which are at distance of 100 metfeom
sources of noise (Ba#tnaset al. 2007). I e ae— S

There are no any noise measurements executed when b=yL3 (o -H)* WhenFa2 i @
snowing, raining, there is fog or wind speed exseed/s.
While measuring levels of noise, microphone of riesas-
urer is being covered with special wind screen.

here:a — distance from source of noise to the top ofenbé-
rier, m;L ,— distance from source of noise to noise barrier, m
H — height of noise barrier, nid; — height of source of noise,
m.

here:b — distance from the top of noise barrier to the top
of building, m; L, — distance from building to noise bar-
rier, m; H, —height of building, m.

H1 A
=7
11—

e s N

Fig 1. Scheme of noise barrier efficiency calculatiar: distance from source of noise to the top of@brrier, mL ; — dis-
tance from source of noise to noise barrierHm; height of noise barrier, nij; —height of source of noise, ng— distance

from the top of noise barrier to the top of builglim; L, — distance from building to noise batrrier, IH};— height of building,
m; ¢ — distance from source of noise to the top ofdiag, m
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b=/L2+(H -H,)?  WhenH,<H; (3) Efficiency of noise barrier is being calculated Mhi
modelling various heights of barrier searchingdptimal
_ 5 5. 4 height, which reduces the level of noise the best.
c=y(L +L,)? +(H, —Hy)?: (4) In modelling process the heights of nearby building
are set to 6 meters (two floor building) and 12 eret
here:c — distance from source of noise to the top ofduil (school building). Distance between the source e

ing, m. and barrier is 4 meters or 7.5 meters (if unusest fine
of railway will not be reassembled).
d=(a+b)-c; )(5 Using formulas 2-4 coefficientsa, b, ¢ were

founded. Using formula 5, coefficierdt was founded.
here:d — coefficient for level of noise reducing assessWhen all coefficients were founded, by using Fig@re

ment. the efficiency of noise barrier() can be estimated.
There is a chart of correlation between level aéao
and coefficient shown in Figure 2. 4. Results of research
AL, dBA In this research it was found that in most casedlof
25 measurements the allowable level of noise created b
2 A railway transport was exceeded.
20 L~ Major reasons for this fact are: absence of noi&se b
,< riers between railway lines and living areas, camsion
/ of living houses at railway sanitary zone, no (vandg
B 7 and walls) refurbishment done for buildings in thine,
// condition of train wheels and rails, speed of tdim sta-
10 A tion approach is to high.
/ﬁ/ Figure 3 shows the level of noise created by passen
5 ] ger trains at a distance of 7.5 meters from this.r&fal-
001 0020060102 051 2 5 10 20 dym ues of equivalent noise are ranging between 66 8nd

: ! . - dBA; maximum noise — between 67 and 89 dBA. At the
Fig 2. Correlation betwee_n Ie_ve_l of noise and coe_ff|C|_ent distance of 7.5 meters from railway th iy
d, when 1 — source of noise is linear, 2 — sourasoide is . ~ A y (nere are np @
stationary-spotted3gGoprmmrosa 1 lectpskosa 2004). structions effecting the spreading of noise, theeehoise
levels of railway transport depend on the condit@n
In this Figure curve number 1 marks the result ofrain wheels and railway, train speed and accétarat
correlation when the source is linear; curve number In Figure 3 it is difficult to find a reliance orne
when the source is stationary-spotted. Coefficieris ~number of wagonloads for the noise created by paese
founded from formula number 5. When using coeffitie trains. According to analysis of the level of ralwnoise
d in Figure 2,4L can be founddL means level of noise it is clear that passenger train with 3 wagonloadstes
reducing while using scheme number 1 and formulds 1 the level of noise between 66 and 82 dBA; passenger
train with 4 wagonloads — between 73 and 86 dBA.

I Equivalent level of noise I Maximum level of noise
—4— Allowablelevel of noise during day time —=— Allowable level of noise during night time

95 7

Level of noise, dBA

3 3 3 3 4 4 4 4
Number of wagonloads

Fig 3. Levels of noise caused by passenger trains atiskence of 7.5 meters from the rails
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The speed of passenger trains varies 17—34 km/h
the territory of research. The levels of noise waifter-
ent due to the way train was moving: out of theiataor
to the station. The movement of the latter of theas

dtapason is not only those heavy loaded freighmdgrare
passing this section or empty freight trains aterreed to
station but also the fact that there are oftem&r&rming
works performed. Besides, maximum levels of thes@pi

decelerated and generated noise levels of 67-69. dBApprox. 100 dBA are caused by the train sound Egna

Trains which were moving with acceleration out bé t
station located at the distance of 1 km from thseoked

sector, generated noise levels of 73—86 dBA. Ma#son

for higher noise — maximum engine loads while amrcel
ating.

While assessing noise levels of trains without soun
signals, the maximum equivalent level of noise heac
84 dBA. The speed of this train, comprising of
65 wagonloads, was 23 km/h. It was the highestdspée
all freight trains carrying oil products. The resft the

However at the distance of 7.5 meters from the railtrains carrying oil products were moving at theespef
way the maximum levels of noise were generated b§0-20 km/h and generated an equivalent noise lefvel

freight trains. The most of the trains were congmiof
the cisterns with oil products of closed type wagaiith
fertilizer.

Figure 4 describes noise levels of freight traias ¢
rying oil products. These trains generate an edgnva
level of the noise ranging in wide diapason 64-82d

64—77 dBA at the distance of 7.5 meters from rails.

The following Figure 5 describes noise levels &t th
distance of 7.5 meters from railway of the freigtatins
carrying powdery materials. These trains creatadvag
lent noise levels ranging between 61 and 88 dBAXima
mum 66-102 dBA.

maximum levels 75-103 dBA. The reason for this wide

I Equivalent level of noise
—&— Allowable level of noise during day time

3 Maximum level of noise
—=— Allowablelevel of noise during night time

103

=N

Level of noise, dBA

37 47 53

Number of wagonloads

56 57 60 65

Fig 4. Levels of noise caused by freight trains loadedilodt the distance of 7.5 meters from the rails

I Equivalent level of noise
—4— Allowablelevel of noise during day time

O Maximum level of noise
—=— Allowablelevel of noise during night time

192

Leve of noise, dBA

25 25 29 29 32

Number of wagonloads

32 33 33 33 38 49 65 85

Fig 5. Levels of noise caused by freight trains loadeftdflizer at the distance of 7.5 meters from tthiés
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O Maximum level of noise
—=— Allowablelevel of noise during night time

I Equivalent level of noise
—4— Allowablelevel of noiseduring day time

1:?1

105 g

100 ”

95 1

Level of noise, dBA

25 29 32 33 33 33 37 47 57 60 62 64 65 8
Number of wagonloads

Fig 6. Levels of noise caused by freight trains at tletadice of 20 meters from the rails

Table 1. Levels of railway noise were measured at the dégaf 7.5 meters from the rails

Average level of noise Maximum level of noise

Level of noise Equivalent level | Maximum level of| Equivalent level | Maximum level

of noise, dBA noise, dBA of noise, dBA of noise, dBA
Passenger trains 76 79 86 89
Freight trains (oil products) 75 85 93 103
Freight trains (fertilizer) 74 82 88 102

Table 2. Levels of railway noise were measured at the dégaf 20 meters from the rails

Average level of noise Maximum level of noise
Level of noise Equivalent level | Maximum level of| Equivalent level | Maximum level of
of noise, dBA noise, dBA of noise, dBA noise, dBA
Passenger trains 75 78 84 86
Freight trains (oil products) 72 81 81 89
Freight trains (fertilizer) 70 78 82 101

Minimal noise levels were registered after trains Maximum in average equivalent levels of noise ahuse
passed at the speed of 8 and 3 km/h, respectidehn@ by passenger trains — 76 dBA and by freight traing4-
64 dBA. Maximum noise level reaching 88 dBA was75 dBA at the distance of 7.5 meters from raile Tighest
achieved after freight train at the speed of 26 pased equivalent noise level was reached by passinghtréigin —
by. This is the reason why it is proposed that éigivise 93 dBA; passenger train — 86 dBA at the same distaft
levels are reached with a help of higher train dpee the distance of 20 meters from the railway maxiniiver-

Figure 6 describes an equivalent and maximum levelage levels of the noise were registered when pgeséains
of the noise, measured at the distance of 20 métars passed by. At the living area (20 m away from dilevay) the
the railway in the living area when freight trapesssed by. levels of noise triggered by passenger trains iarege
The diapason of an equivalent level of the noiganging reached 75 dBA; by freight trains — 70-72 dBA (Bable 2).
between 60 and 82 dBA; maximum — between 67 and According to results of this research it is cldaatt
101 dBA. This research concludes that levels ofribise  the noise, caused by railway transport at the stutv-
spreading from the railway to living area are exiiegthe ing area is a serious problem.
allowable limits (according HN 33:2007) when there The cardinal way to solve this serious problemissifel
no any barriers between railway and living area. fection of people towards the noise pollution aiigtation

Tables 1 and 2 describe summarized results ofagilw caused by railway transport is prohibition of biuitgl con-
noise levels measuring at the distance of 7.5 @nahéters  struction at these typical areas, where it is irsjbdes to
from rails. Here an average and maximum levelsoiden guarantee noiseless environment. The most effectatbod
generated by passenger and freight trains arechlace of protecting existing territories and buildingsristalling of

the noise barriers.
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Fig 7. Recommendations for the designing of noise baraiernoise barrier recommended in GeleZinkelio sttee noise
barrier recommended in Stadiono stréet(ength of noise barrier segment, - height of noise barrier segment, m)
5. Designing of noise barrier go downhill until 6 meters of height continuing &tars

in length at PuSyno street (see Figure 7b).
It was found that in the living area which is sted
20 meters from rails equivalent and maximum lew#ls 6. Conclusions
noise are exceeding the allowable levels of noise.
By the calculations at the side of GeleZinkeli@str 1. According to results of this research it is clémt the

the height of noise barrier must be 5-8 meters rdaog noise, caused by railway transport at the studigdd

to railway line which is being used. There are sseas- area is a serious problem, which is necessarilydhas

ments done for noise barrier material type or théds. solved with various organizational and technical in
For the noise protection of the school which isited struments.

at the side of Stadiono street. The height of nbeseier 2. |t was found that in the living area which igiated 20

must be 6-12 meters and progressively should gmidw  meters from rails equivalent and maximum levels of

to reach the height of 6-8.5 meters at the livioigez noise are exceeding the limits by 20 dBA.
Recommended heights and lengths of the sections @f There was found that in average equivalent teeél

noise barriers are proposed at Figure 7. noise passing passenger trains were 76 dBA ands574—7

_At (_Sele_ZinkeIio street noise barrier is inten_ded o 4BA passing freight trains, measuring at the disganf
begin with viaduct across H. Manto street. At tloisa- 7.5 meters from the rails.

tion height of noise barrier will reach 5 meters. . 4. There was found that in average equivalent tuél
To reduce noise at the places near the living area’ . . .
noise passing passenger trains were 75 dBA and270-7

where railway traffic is the most intensive an aggr . ; : : .
noise barrier height of 8 meters is enough. Du¢his, dBA passing freight trains, measuring at the d
20 meters from the rails.

maximum offered height to noise barrier is 8 metbes - . ) )
cause we accept that all buildings are the samghhen 5. At the side of GeleZinkelio street the heightnoise
this side. Here, at the distance of 4.1 meters fitmerside barrier must be 5 — 8 meters according to railwag |

railway axis, proposed length of noise barrier 28 Bne- which is being used. For the noise protection & th
ters. The proposed gradual downhill of noise barise school which is located at the side of Stadioneedtr
displayed at Figure 7a. the height of noise barrier must be 6-12 meters.

The height and length of noise barrier at Stadiono
street is given at Figure 7b. This noise barriatifferent ~ References
with it's height comparing to the barrier paraltel Ge-
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