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Abstract. Noise related problems are increasing worldwidth wietrimental effects on health
and quality of life[18]. The regulations and lawsEuropean Union and Lithuania emphasize
the importance of noise reduction, the necessityottect and disseminate information related
to traffic flow, the development of traffic flow rtiematical models and their implementation
for noise evaluation. In this paper, mathematicathods are applied to determine the noise
intensity. Measurements of urban traffic noise weggformed at the arterial street intersections
in Kaunas ant its suburbs. At this location traffawv rates are high and noise is dominated by
low frequencies. It was determined that thg, levels decrease continuously till the end of
cycle of the green traffic signal. The developedhudology can be used to estimate traffic
noise levels in a city and country districts usaega provided by the automated traffic flow
registration system. The aim of the article is tevelop the mathematical model of a
longitudinal noise sources and to apply it for frediction of acoustical pollution in an
environment of roads and streets intersections.
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I ntroduction

Traffic flow patterns in cities, especially in citgnters and at the arterial roads in suburbs,
are intensive and uneven. In most cases the neigdsl exceed allowable limits [1, 2]. The
analysis of transport generated noise indicatodspassible means of reducing noise levels are
urgent issues in Lithuanian cities and in the erguntry wide transport system.

The number of transport type vehicles in Lithuamaconstantly increasing. This is
particularly evident in large cities. Negative eff@f transport generated noise is especially
evident at streets and road intersections, whaféctidensity is comparatively high, the speed
is low with frequent accelerations and deceleratifi+6]. The noise is more perceived to
human from the traffic excited pollutant factors pdychological influence of the physical
technological environment. In the living environmhdor this population health risk factor is
characteristic the irritation and disturbing peveeof information, or also the factors making an
unfavorable influence on the full sleep. The heaitk by environmental noise is assessed in
project stage of buildings and provided any meanroise reduction related with the noise
mapping works [5, 7, 8, 9]. Fulfilling the assessinef noise influence on the environment the
acoustical sound components, the radiation and menfpctors are estimated. The following
data is required for calculating the source levehicle data (number of vehicles per hour, % of
heavy vehicles), speed for cars and trucks, roaha adjustments, road gradients, multiple
reflection addition.

The results of scientific studies indicate [2] thia¢ A-weighted equivalent sound pressure
level Lpaeq> 55 dBA increased by 40 % in Kaunas city since 200w average values bfa
reached 72,9-79,4 dBA in the biggest cities of Wathia. This is significantly larger than the
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typical noise leveld o= 65 dBA in European countries (according to ddtslorld Health
Organization) and the requirements imposed by hitian regulations.

The environmental regulations and legal requires@itEuropean Union and Lithuania
emphasize importance of noise reduction [10, 1He Environmental issues, necessity to
collect and store information related to traffistroduction of traffic flow mathematical models
and their implementation, and noise evaluation Haaen presented in many scientific papers
[3,5,9, 12, 13, 14].

M ethodology

Depending on the sound radiated intensity and tiimec the acoustic emission of
continuously changing noise at different time-spaia®m be calculated using a specified
statistical distribution of sound pressure levé&l3-15]. The following simplified formula can be
used to calculate the equivalent constant A-weistaund pressure level:

LA’eq =10- |g|:%zn: (ti _100.1-LA,i )} (1)

i=1

whereL,; is obtained by direct measurement of the equitaleweighted sound pressure level
ati- time-span of;, or from the average A-weighted sound level gime-span when noise can
be described as continuous (constant) at time-gpamis the number of time-spansover
durationT.

Depending on risk level of time acoustical chamasties (“d” — day, ‘€’ — evening, h” —
night) in a living environment, permissible soueddls (g, Le, Ly, Laen <> Lpae) are described
in a Lithuanian hygiene norm (HN 33-1-2007). Inpexg to this legal requirement, zones of
silent agglomeratioare defined.

Sometimes, thé alone may not be sufficient to assess noise amoeyaince it does not
provide information on noise fluctuations. The tiekly steady noise from a motorway with
constant traffic density and the highly fluctuatimgise from a succession of aircraft flyovers in
an otherwise quiet environment may result in thmesée, but the annoyance level will
probably not be the same. Attempts have been nmdecorporate a “variability” factor in
some noise descriptors, for example by combihiggnd the standard deviatian,to give the
noise pollution levell_yp:

Ly = Le + Ko )

whereK is the constant, tentatively set to 2,56.
If the distribution of the noise is Gaussian, egriay be replaced by:

LNP = Leq + (Llo - L9o) (3)

The quantity LgLgo, Sometimes called the Noise Climate, which aresthgistical levels,
accordingly 10% and 90%, at investigation tieéseneralized statistical noise levels, (L1,
Lso Lgo Lggand etc.) are described lag, in Lithuanian Standard LST ISO 1996—1— 2004.

Finally, it should be mentioned that many differentse ratings are found for long-term
aircraft noise descriptions. They are normally blase an average of the maximum levels (or
on the sound exposure levels) and introduced bpwsiradjustments such as the time of the
day, number of aircraft, percentage of runway usatee However, the different ratings often
show good correlation with each other [16].
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Using statistical traffic noise distribution levL, , the environmental acoustical pollution
is properly described (for examg(Ly, Loy ); Ly to TNI index) in time intervaT, <T., . An
environmental noise permissible (limited) leveé&imated in pointcL,, orL, , L,,L, .

L,,eq,x < Ly, +10lodr; / T, 4)

whereT, < >'t; is the noise exposure time.
When noise source sound radiation intensity isaldei at timet, << T, , other index for the

investigation of an acoustical environmental isdi$er example inde L ¢ .
The second basic quantity is the sound exposuet: lev

t1+T 2
L, = 10lod = [ pA_E‘)dt )

b 4 Po

wheret, is the reference duration (1 s).
The sound exposure level (often abbreviatedEs may be used to express the energy
contents of isolated noise events, for examplengdaand like so events can be described by

momentary process. Like a process at a start obpiat (ti = 0) and motion of timet; , is
generated by the acoustical signals of intenL , .. . When transport vehicles pass with

acceleration an intersection at time interval frdmtill T, the momentary acoustical
signal:L,, are generated. The equation of equivalent souedsity L, is expressed by:

LAX
Tref E
where T¢=1 s,Lax is the noise exposure level.
Lax = Lpr * 4 (7)

tz _tl

whereA, is duration allowance 4= 10Iog{ ]; t, —t, is time interval.
ref

It can be stated that the investigation of inteieaczones of acoustical environment can be
fulfilled by using the information in the indeL,, andL,, .

Results and discussions

Noise measurements were conducted according tapthved methods (LST ISO 1996-1-
2004 ,Acoustics.-Description and measurement ofirenmental noise* and HN 33-1-2007
»LAcoustic Noise. Limit Values of Noise in Residaitiand Public Buildings and their
Environment”) in Kaunas city centre and the arearadds near the camp of Lithuanian
University of Agriculture (Fig. 1). Four intersemtis of different type were selected for the
measurements. The highest intensive traffic fldw, low velocity (till 50 km/h) (Fig 1. a, b, d),
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the hill (Fig 1. c) was observed at these inteisast Measurements of traffic noise levels were
performed only at the green light traffic cycleslaat peak hours in the morning. It has been
established that the A-weighted measurement ssaleeimost appropriate procedure to account
for the human hearing sensitivity at different freqcies. Using this approach, approximate
loudness contours were developed that can be osqutdctical applications in assessing noise
criteria [2].

The A-weighted noise levels in dB(A) were measursithg noise level meter ‘CEL - 440’
Measurements were performed when wind speed wagHaa 5 m/s. Noise was measured at a
distance 1.5 m from the ground and more than 7.5ram the walls of the surrounding
buildings as recommended by the Lithuanian stand&8#® 1SO 1996-1-2004 ,Acoustics.-
Description and measurement of environmental noise*“
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Fig. 1. Scheme of street intersections: a - at Gertruticend Birstono st., b - at Karaliaus Mindaugoasad
Birstono st., ¢, d - near the camp Lithuanian Ursitg of Agriculture (M - location of measuremgnts

Evolution of thel ay levels was recorded during the green traffic sigiyale ¢ = 10 s). It
has been noted thaf, levels almost continuously decrease till the ehdhe green traffic
signal cycle. At the beginning of the green traffignal cycle, the measured maximum noise
level is 97.9 dB(A) and at the end of the cycle imum noise level is 49,9 dB(A). The
maximum noise level was observed at intersectioth whe hill. Interrupted traffic flow
generates higher noise levels due to acceleratiotistarts) of the vehicles. The intersections
are empty of vehicles after 10 s and the backgrowise is dominant. Measured noise levels at
the four intersections are presented in Fig. 2.
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Fig. 2. Measured noise level,y at intersections: 1 - Gertrudos st. and Birstono2st near the camp
Lithuanian University of Agriculture, 3 - Karalialindaugo av. and Birstono st., 4 - near Ringauitttzge

Distribution of noise levell ., measured and calculated is presented in Fig. 3.
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Fig. 3. Measured and calculated noise levgl,

To evaluate conformity of the mathematical modetht® measured of noise levelg, at
the analyzed intersection mathematical statistias applied: there were compared means of
Laeg @and their 95% CI (Fig. 3) [17]. However, due taponformity of data to some minimum
requirements, one of which is that data need talib&ibuted according to Gauss (normal)
distribution. The analysis and data indicate thatins of noise levels during the green signals
are not statistically different and 95% CI are flaene. Results of this verification indicate that
the developed models possess a good predictiofitiapa

Analyzed method can provide the information thateiquired for noise quality transport
management systems.

Conclusions

The developed prediction models enable to estisiataltaneously noise levels using data
provided by the automated traffic flow registrateystem.

It was determined that at the intersections Lihglevels almost continuously decrease from
97.9 dB(A) to 49,9 dB(A) till the end of the grewaffic signal cycle, i.e. noise generated by
"hot starts* dominates. The intersections were gngbtvehicles after 10 s and the background
noise was dominant. Thus, the aim is to minimizermupted and to maximize continuous
intervals of traffic flow in order to reduce noiswels in urban environment.
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The measured and calculated noise ldyg| analysis indicates that means of noise levels
during the green signals are not statisticallyeddht and 95% CI are the same. This verification
confirmed that the developed models are able teigeareliable predictions.
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