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Abstract. The noise pollution inside urban areas is one of the common problems for the inhabitants. The different
levels of a noise are generated from the large amount of sources, including traffic flow on a road of urban areas.
Therefore, it is essential to measure and evaluate the road traffic noise in urban areas and its population exposure
in order to obtain models of a traffic noise as well as the noise mapping. The current research includes establish-

ing a traffic noise from the different types of vehicles caused by the speed in urban areas and different road pave-
ments (dry, wet and covered with a snow) with generalising the obtained data for more accurate using in future
traffic noise models and the noise mapping. The study region is Vilnius (Lithuania), the speed range for different
categories of the vehicles in the collected data is 40...130 km/h, with wide ranges of a noise level 20...180 dB. The
approach presented in this research of experimental measurements is based on Statistical Pass-By (SPB) method with
data proceeding upon implementation of Pearson correlation coefficient. In course of the analysis of the obtained
results, it was found that the level of the curves of noise depends on the vehicles' speed what corresponds to the
best-measured values and can be used in the traffic noise models and the noise mapping.

Keywords: noise pollution, vehicle, traffic, correlation coefficient, speed, road pavement, sound level, urban area, SPB method.

M Corresponding author. E-mail: m.karpenko@vilniustech.lt

Introduction

Nowadays urban areas are usually associated with high

levels of noise pollutions. The said noise pollutions, basi-

cally inside urban areas, are generated from the different

sources, which include:

= commercial and industrial activities (Kephalopoulos
et al. 2014);

= airports activities (Iglesias-Merchan et al. 2015);

= proximity of railways (Bunn, Zannin 2016);

= road traffic (Cueto et al. 2017; Paviotti, Vogiatzis 2012);

= mobile machines working at constructions of buildings
(Kudzma, Stosiak 2013);

= other sources recognized as highly annoying (Gallo et al.
2016), which are promoted by large human population
according to the lhemeje & Onyelowe (2021) research
on a review of environmental noise control.

The noise pollution generated by transport infrastruc-
tures for the inhabitants of urbanized areas is a very wide-
spread issue in a modern society. Moreover, the noise pol-
lution frequency spectrum generated by the above-men-
tioned sources is very broad and also includes infrasound
(Stosiak 2015). The recent European Environmental Noise
Directive revision (EC 2017) reported that noise pollution
is one of major health problems in Europe.

The road traffic is one of the most common noise
source generators inside urban areas. According to
Del Pizzo et al. (2020), about 100 mIn people in the 27 EU
Member States are exposed to harmful road traffic noise
levels exceeding 55 dB(A) of Day-Evening—Night Noise
Level (DENNL), and 32 min people are exposed to noise
levels higher than 65 dB(A) of DENNL. The review of dif-
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ferent researches has shown that road traffic noise is a
remarkably complex phenomenon and includes different
sources of noise generation:

= power and suspension units (Kim et al. 2013);

= aerodynamic effects (Torija et al. 2011);

= tyre—road interaction (Jung et al. 2019; Bravo 2017).

The noise from the tyre-road interaction constitutes the
most important source of traffic noise, particularly for traf-
fic speeds inside the cities and urban areas from 35 km/h
up to 120 km/h. The noise pollution caused by tyre-road
interaction shows a strong degree of variability, depend-
ing on properties of both: (1) tyre types and (2) pavement
conditions (dry, wet, snow-covered, etc.), since the noise
generation mechanisms involve several mechanisms that
operate simultaneously. A combination of aerodynamic
and vehicle mechanical units vibro-dynamic phenomena
occurs in the generation of tyre with a road noise and
during an operation of vehicle mechanisms what lead to
complex noise vibration at frequencies up to 1 kHz inside
a vehicle (Jung et al. 2019) and external noise vibration at
frequencies even higher than 1 kHz (Del Pizzo et al. 2020).

An exposure to such high noise levels on inhabitancies
located in the urban areas could lead to a whole list of
health effects, such as:
= sleep disorders with awakenings (Muzet 2007);
= learning impairment (Lercher et al. 2003);
= hypertension ischemic heart disease (Babisch et al. 2012);
= annoyance (Miedema, Oudshoorn 2001).

The prevention of such effects is remanded to manda-
tory action plans for big infrastructures or urban agglom-
erations and in order to optimize mitigations, noise gen-
eration mechanisms are of paramount interest by Licitra
et al. (2017) research. Currently, artificial monitoring and
noise mapping are the main measures used to monitor
and control traffic noise (Tong et al. 2014; Vogiatzis 2011;
Vogiatzis, Remy 2014), and these measures can visually
show the acoustic field distribution and intensity, but can-
not reflect the effects of road traffic noise pollution on
human beings. Therefore, it is essential to measure and
evaluate the road traffic noise in urban areas and its popu-
lation exposure.

1. Review of the related researches

Many researchers have assessed the population exposure
to road traffic noise. In the first step, the Noise Impact
Index (NII), which considers the amount of noise and the
degree of its effect (Deville et al. 2014) was proposed. In
addition, Pathak et al. (2008) studied the population ex-
posure to road traffic noise by conducting a social survey
and drawing a noise map. Ko et al. (2011) evaluated the
noise pollution and its effect on the exposed people using
sample investigations and noise measurements. In their
research, Murphy and King (2011) used a noise prediction
model to estimate the population exposure to daytime
and night-time traffic noise. Nowadays, the calculation
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of traffic noise has developed into noise mapping (Wang
et al. 2018); large-scale urban traffic noise maps can be
drawn based on certain parameters, such as traffic volume
and vehicle speed of the road network (Cai et al. 2018).
According to Cai et al. (2017a) research, the convenience
of traffic flow parameter acquisition makes it possible to
draw the dynamic traffic noise maps or make a quick up-
date to the noise maps according to the changes of traffic
flow in urban area.

The mentioned traffic noise models are used to es-
timate the sound quality of the environment (Di et al.
2018), the noise pollution that residents are exposed (Cai
et al. 2019), and the sound pressure level that affects the
drivers/passengers and inhabitancies in the urban areas
near roads traffic (Pathak et al. 2008; Huang et al. 2016).
The accuracy of traffic noise calculation and modelling of
noise mapping mainly depends on the primary measuring
of noise near the roads and is one of the key issues that
researchers focus on. Rey-Gozalo et al. (2019) conducted
an analysis of the distribution of differences between the
measured and calculated sound levels, and found that a
measured noise level near road (upon using the accuracy
data) helped to develop and improve the noise model
and noise mapping in more accurate way than calculated
sound levels.

Both the traffic noise models and the noise mapping
are methods for calculating the sound pressure level of
traffic noise, so they can be used for prediction of the
influence of the noise near a road on the inhabitancies
located in these areas. The both methods require an ac-
curacy of the initial data for modelling and calculation. The
best and right way to obtain a data is noise measuring
near a road and showing the obtained results in curves of
noise depending on the speed and type of vehicles driven
on the road in urban areas. In future, the obtained data
will help to develop a model of the vehicle noise emis-
sion’s extension based on the traffic volume and driving
speed of the vehicles.

The one of the first models of noise emissions was
published by the Federal Highway Administration (FHWA)
(Menge et al. 1998) and it included the research on the
noise spectrum emissions of a single vehicle. In the re-
search, the vehicles on the road were divided to the few
types of classification: (1) motorcycles; (2) passenger cars;
(3) medium and heavy trucks; (4) buses. In final, the noise
spectrum curves of the vehicles driving on the road at dif-
ferent speed (10...80 miles/h) were obtained and plotted.
Can et al. (2010) made an experimental measurement on
a one-way three-lane road, where the noise spectrum was
established based on the flow rate and the speed of ve-
hicle traffic in order to compare a static method and a
dynamic method of reproducing the noise spectra. During
a research, Zambon et al. (2017) classified the vehicle noise
spectra by the speed, according to what the speed of the
vehicle can be estimated by using patterns. Wang et al.
(2013) measured the noise of different five passenger vehi-
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cles driving at 20...100 km/h speed range for obtaining the
relationship between the sound pressure and the speed of
vehicle. In their research, Cai et al. (2017b) measured and
collected the sound of the car driving on wet and dry as-
phalt road for comparing a noise generated by the vehicle.
The research on the influence of road pavement macrotex-
ture on tyre noise of vehicle was conducted by measuring
the noise from the vehicle driving on the different road
pavements (Gardziejczyk 2014). Li (2018) measured the
traffic noise at different locations by various speed limits
for statistical analysis of a dependence of sound pressure
on the traffic on the road. In their research, Licitra et al
(2012) made a comparative analysis of different methods
for estimation of urban noise exposure of inhabitants. In
their research, Phan et al. (2010) conducted a 24 h sound
monitoring measurement on eight road sections in differ-
ent regions for comparing the traffic flow and generated
noise on the road in order to obtain curves of its depend-
ence. Buratti et al (2014) and Masovic et al. (2013) meas-
ured the traffic noise on the urban road for evaluation of
its influence and comparing with a standard of noise re-
duction and traffic noise spectrum (ISO 717-1:2020). Mesi-
hovic et al. (2016) compared the both above-mentioned
researches with a noise spectrum parts of the international
standard ISO 717-1:2020 and the results showed the noise
spectrum of urban traffic to be variable.

All the above-mentioned researches cover many as-
pects of the vehicle traffic noise spectrum measurements
in urban areas. The researches on the traffic noise models
and the noise mapping require the updated traffic noise
spectra measurements very often, since the noise spec-
trum of urban traffic constantly varies according to Mesi-
hovic et al. (2016) and Coelho et al. (2011). However, the
researches on the traffic noise measurements have not yet
obtained the universality data for a traffic noise models
and the prediction model of noise mapping, because these
above-mentioned researches just involved either qualita-
tive analysis (or just used recording data from several ve-
hicles), which caused their lack of universality. Therefore,
they cannot be used for modelling accurately the traffic
noise spectrum based on the traffic volume and driving
speed of the vehicles, without a modern and generalized
data from the measuring. In addition, their data from the
measuring on vehicle noise was inadequate to obtain a
traffic noise source intensity emission model.

Therefore, the first and the main objective of this re-
search is to establish a traffic noise of the different types
of vehicles and speeds in urban areas and generalise the
obtained data for more accurate using in traffic noise
models and the noise mapping. The second objective of
the research includes the noise measuring and data pro-
cessing on dry, wet and snow-covered road pavements for
a comparing analysis. Finally, the obtained data should be
generalised and correlated with a measurement for more
accurate using in a future mathematical models of traffic
noise spectrum and it influences on inhabitancies in dif-
ferent urban areas.

2. Research methodology

This part of the research includes the classification of vehi-
cle types, road condition and explanation of the divisions
of speed intervals during a measurement; the description
of measuring devices and its setup/installation; descrip-
tion of the performed noise measurement procedure. The
measurement results will help to determine a more ac-
curate variation in the traffic noise by using the variable
speeds of movement of different categories of vehicles.

2.1. Classification of vehicle types, road
condition and speed intervals divisions

The research was conducted in Vilnius City (Lithuania).
Measurements were carried out near Botanical Garden of
Vilnius University. We chose this place because of clear
area, low background noise and low traffic, which enabled
doing the measurements of each vehicle separately. Ac-
cording to the mentioned standard, in this place there are
no objects to close what can reflect noise. The road surface
where the measurements were performed is constructed
of standard mastic asphalt concrete with up to 11 mm of
crushed stone (AC 11) (pavement without damage); such
a road surface is common in the category of main roads
on Lithuania (Kleiziené et al. 2019). The measurements
were performed in total for 14 h on different days and
weather conditions, without wind and upon variable air
temperature (more details are provided in the experimen-
tal studies section). The vehicles are divided into different
types, according to vehicles commonly found on Lithu-
anian urban roads and according to Menge et al. (1998)
classification, and included: (1) motorcycles; (2) passenger
cars; (3) vans; (4) buses; (5) light and heavy trucks. The
method of collecting data was in line with the international
standard 1SO 10844:2021. During the collection of data
samples, the range speed of the different vehicles types —
40...130 km/h. According to Yang et al. (2020) research,
it can be pointed out that the speed step size interval
should be less than 10 km/h, since the difference between
the noise spectrum curves is significant. The smaller speed
intervals — the more accurate the noise spectrum (curves)
can be obtained, but the more data is required to collect.

In the current research, the speed intervals for a differ-
ent vehicles type were divided by a step size of 1 km/h, what
required a large sample size of collected data. The speed
range in the collected data is 75...130 km/h for motorcycles;
45...120 km/h for passenger cars; 55...100 km/h for vans;
45...95 km/h for light and heavy trucks; the speed range
for the buses was concentrated at the range 40...85 km/h,
since for this type of vehicles, the speed is limited by the
requirements set for driving on roads.

2.2. Measuring devices and setups

In the current research, a Traffic Counter TC25 with a Dop-
pler Radar speed sensor was used for measuring the dy-
namic processes of traffic flow and Noise Analyser Briiel



& Kjeer 2250 was used for measuring vehicle noise; they
are shown in Figure 1. The Traffic Counter TC25 was re-
cording the number of vehicles in traffic and their average
speed, the length (the vehicles additionally were classified
according to their lengths), direction of vehicles movement
and safe distance to the previous vehicle. The operating
frequency of the traffic counter Traffic Counter TC25 is
24.125 GHz / 5 mW. There are two main ways to select
the right installation height for this device according to
the possible conditions for a measuring:
= the 1st method of installation: the traffic counter is
installed at a height of approximately 1 m above the
ground. The inner housing is oriented to a horizontal
position (Figure 1a). The advantage of this method is
that it is easy to determine the right measuring angle
and it covers several traffic lanes well. The disadvantage
of such an installation is that the vehicle in the nearest
lane usually blocks the vehicle in other lanes;
= the 2nd method of installation: the traffic counter is in-
stalled higher than 1 m above the ground and depending
on the distance of the pole from the road. In this case,
the inner housing must be inclined at 30° (Figure 1b).
This method requires more attention when determin-
ing the appropriate height based on the distance from
the road and determining the angle in front direction of
vehicle movement.

For more accurate measurements, the height and dis-
tance of device installation must be set and the radius of
the device installation should cover all road lines for meas-
uring. In this case, it is necessary to determine the exact
angle between the direction of vehicle movement in the
traffic flow and the direction of traffic counter installation.
The 1st installation method was chosen since it required a
lower height of installation and still fully covered the road
line for measuring. Therefore, the traffic counter classifier
was oriented at 45° angle to the direction of vehicle move-
ment (Figure 2).

The monitoring area depends on the distance to the
pole on which the device is mounted and the height of
its mounting. The traffic flow counter beam’s width is 12°.
The monitoring area of the device is calculated according
to the installation height h and the distance from the car-
riageway d:

d,=1.09-h; M
d,=3.17-h. @

The stored data was transmitted to a computer directly
via a RS232 connection to avoid an extraneous interfer-
ence. Before processing of recording, the previous data
was deleted, since it can significantly skew the obtained
test results.

The Noise Analyser Briiel & Kjeer 2250 with a single-
channel input for a microphone was used for a noise
measurement. The frequency range of the noise analyser
is from 3 Hz to 20 kHz, the noise level was set from 16.6
to 140 dB, according to operating range of device. The
specification for the type of microphone 4189 used speci-

A. Danilevicius et al. Research on the noise pollution from different vehicle categories in the urban area

L O ]

Figure 1. Measuring devices:
@ horizontal traffic counter internal housing position;
@ angular traffic counter internal housing position

(inclined at 30°);
@ Noise Analyser Briiel & Kjcer 2250

Figure 2. Traffic flow counter setting on the observation area

fies a temperature coefficient of -0.006 dB/°C, the noise
level data LAeq, »0°c Was measured at air temperature of
20 °C and based on the equation:

20-T

air , (3)

LA op ———air
€.°C 0,006

eq, 20°C ~
where: LAgg oc = is the measured noise level at the tem-
perature Tg;, [dB]; T,; — the air temperature during the ex-
periment [°C].

In order to protect the suppressing the sound of wind
gusts used during the traffic flow noise recording and to
prevent sound reflections from nearby objects, the Noise
Analyser Briiel & Kjer 2250 was mounted on a stand
above the ground. The data recorded by the noise ana-
lyser is processed by the Briiel & Kjcer software — Measure-
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ment Partner Suite (https://www.bksv.com/en/instruments/
handheld/post-processing-software/measurement-partner-
suite-5503). The recorded data was exported to a com-
puter for further noise level analysis.

2.3. Noise measurement procedure

The noise measurement procedure was performed accord-
ing to the instructions provided in the international stand-
ard ISO 11819-1:2023. The measurement of noise emitted
by road vehicles (Statistical Pass-By — SPB) was carried out
in order to obtain the dependence of the vehicles’' noise
on the speed and the road conditions.

According to the instructions, there were no objects
around the microphone within a radius 25 m that could
reflect sound. That why the Noise Analyser Briiel & Kjcer
2250 was installed in an open area free of sound-reflecting
objects. The device was mounted on a stand at a height
of 1.2 m above the ground and 7.5 m from the centre
of the test lane (Figure 3a). The Traffic Counter TC25 was
installed at a distance of 2 m from the carriageway, at T m
height, directed in 45° to the road so that the position of
the recorded vehicle was in front of the noise analyser at
the same time. Before recording, the Noise Analyser Briiel
& Kjcer 2250 and Traffic Counter TC25 were synchronised.
The data for analysis was recorded in the real-time and
include recording: time, speed of each vehicle by the cat-
egory and noise from it. The vehicle was registered only
when there were no other vehicles in the adjacent lane
and the tested lane (Figure 3b) in order to avoid an overlay
sounds.

After the record procedure, the data from the Noise
Analyser Briiel & Kjeer 2250 is transferred to a computer
and the noise level values are selected at the appropriate
time when the vehicles were recorded according to class

@ T Noise Analyser Briiel & Kjaer 2250

75m

Figure 3. Noise measurement procedure upon applying SPB
method:

@ scheme of devices’ location during the measurements;

@ a view of noise measurement procedure

classificatory by Traffic Counter TC25. The latter provided
more accurate results of dependence of the noise level of
individual vehicle speed for a data analysis.

3. Results and data processing

Since the noise level measurements were performed for 10
times (in total 14 h) on different days and weather con-
ditions, during which the air temperature varied (without
wind), the obtained data were converted to a noise level
corresponding to an air temperature of 20 °C, according
to the Equation (3).

For a determination of the most appropriate regression
functions and application of the formula used by (Podvez-
ko, Sivilevicius 2013), the Pearson correlation coefficient

. LA, _can be found from:
n
T Ay L (4)
2
where

ZLA

{8

i=1

where: m — number of registered vehicles; v; -
the ith vehicle [km/h]; LA
ith vehicle [dB].

Based on the magnitude of the correlation coefficient,
the conclusions about the strength of the correlation re-
lationship can be made. The correlation coefficient of the
regression line indicates the strength of the relationship,
the scale of values of which is provided in Table 1.

The correlation coefficient of the regression line should
not be less than the calculated minimum value r,;, of the
correlation coefficient by Podvezko & Sivilevicius (2013),
only in this case the obtained regression curve correlates
with the measurement results:

t
i = ——— ©)

min !
[ _ 2
m 2+t0t’n

where: t, - Student's t-distribution coefficient at the
degree of freedom n =m — 2 and level of confidence a.
The limits of the level of confidence (confidence index
Cl), which is likely to be a parameter of the measurement,
are calculated according to equation (Hespanhol et al. 2019):

speed of

egi — NOise level emitted by the

_\2
U @

where: LAeq(V») — the level of noise [dB] at speed v; [km/h];
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Table 1. The scale of correlation coefficient values (Mukaka 2012)

Medium
from +0.7 to +0.5

Very strong Strong

+1 from =1 to +0.7

SE — standard error; n — degree of freedom; v; — speed of
the ith vehicle [km/h]; v — average speed of the vehicles
[km/h].

The minimum correlation coefficient and the limits of
the confidence interval are calculated at the confidence
level of 0.05, which is sufficient to determine the correla-
tion of the data.

During the measurements, 10 motorcycles, 570 pas-
senger cars, 65 vans, 68 buses, 40 light and 60 heavy
trucks driving on dry asphalt pavement, were recorded.
According to the measurements, the noise level ranges
were established for each group (shown in Figure 4): for
motorcycles — 74...83 dB at the 72...130 km/h speed range;
for passenger cars — 66...84 dB at the 45...119 km/h speed
range; for vans — 72..81 dB at the 56...99 km/h speed
range; for buses — 70...84 dB at the 41...82 km/h speed
range; for light trucks — 73...84 dB at the 52..94 km/h
speed range; for heavy trucks — 75...87 dB at the 43..94
km/h speed range.

Upon striving to generalise the obtained data for a
more accurate applying in future traffic noise models and
the noise mapping, the regression curves were used to
analyse the speed dependence on the noise level of the
vehicles groups (their equations and coefficients of deter-
mination are presented in Table 2).

According to the analysis of the obtained results, the
polynomial curve was found to correspond best to the
values measured for motorcycles (R? = 0.4186); passenger
cars (R? = 0.3433); vans (R? = 0.3644); light trucks (R? =
0.3827); heavy trucks (R? = 0.4297). The exponential curve
(Figure 4) corresponds to the best-measured values for
buses (R? = 0.208). Since, the correlation coefficient for
the regression lines that shows the average relationship
with the recorded data (for motorcycles r = 0.647 > r,;, =
0.632; for passenger cars r = 0.571 > r,,;, = 0.082; for vans
r=0.601 > ry,, = 0.244; for light trucks r = 0.597 > r,;, =
0.312; for heavy trucks r = 0.632 > r,,;, = 0.254; for buses
r=0.449 > r.;, = 0.239) and its values are higher than the
minimum value of the correlation coefficient, the regres-
sion curve correlates with the measured experimental data
and can be accepted for using in a simulation and obtain-
ing traffic noise models and the noise mapping.

Moreover, a research was performed for a determina-
tion of a dependence of the noise level of vehicles on the
speed under different road surface conditions (for exam-
ple, passenger cars, since this vehicle type is commonly
used in urban areas). In addition to dry asphalt pavement,
measurements and data proceeding of the results for wet,
dry snow-covered and dry snow-covered with snow ruts
asphalt pavements were performed. The measurements
of a dependence of the noise level emitted by passenger
cars on their speed were performed at the same location
and with the same arrangement of measuring devices
and setups as for previous measurements. During the
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Weak Very weak No correlation

from +0.5 to +0.2 from +0.2 to 0 0

measurements, 24 passenger cars driving on wet asphalt,
58 passenger cars driving on dry snow-covered asphalt
pavement and 28 passenger cars driving on snow-covered
with a ruts asphalt pavement, were registered. The ana-
lysed data of the noise level depends on passenger cars
speed on the wet asphalt, dry snow-covered asphalt and
covered with dry snow (snow ruts) asphalt pavements; it is
plotted by regression curves (Figure 5) and its equations
and coefficients of determination are presented in Table 3.
The registered noise levels varied from 68 to 85 dB at
41...130 km/h vehicles speed on wet asphalt; from 65 to
77 dB at 50...91 km/h vehicles speed on dry snow-covered
asphalt; from 71 to 81 dB at 54...116 km/h vehicles speed
on asphalt-covered with dry snow and snow ruts.

The logarithmic curve (Figure 5) was found to cor-
respond to the best-measured values for passenger cars
driving on wet asphalt (by largest coefficient of the curve
determination R? = 0.6093) and for measurements on dry
snow-covered pavement (R2 = 0.5744) and on asphalt-
covered with dry snow and snow ruts (RZ = 0.5098); the
polynomial curves correspond to the best-measured val-
ues. Since, the correlation coefficient for the regression
lines that shows the average relationship with the record-
ed data (for wet pavement r = 0.755 > r,;, = 0.513; for
pavement with a dry snow r = 0.757 > r;, = 0.259; for
asphalt-covered with dry snow and snow ruts r = 0.714 >
I'min = 0.374) and its values are higher than the minimum
value of the correlation coefficient, the regression curve
correlates with the measured experimental data and can
be accepted for using in a simulation and obtaining traffic
noise models as well as the noise mapping.

Summarizing the dependence of the noise level of
individual vehicles categories on the speed and asphalt
pavements, the best-fit curves are presented in Figure 6,
with a comparative analysis.

Compared to passenger cars with an average noise
level 71 dB, on the speed 50 km/h, other vehicles are mod-
erately noisier: motorcycles emit 3 dB (4.2%) higher noise;
vans — 4.3 dB (6%); buses — 2.9 dB (4.1%); light trucks —
1.9 dB (2.6%); heavy trucks — 6.4 dB (9%). At the speed of
90 km/h with 77.7 dB for passenger cars, other vehicles
are still moderately noisier: motorcycles — 0.4 dB (0.5%);
vans — 3.2 dB (4.1%); buses — 2.3 dB (2.9%); light trucks —
2.5 dB (3.3%); heavy trucks — 5.7 dB (7.3%). A comparison
of passenger cars with an average noise level of 71 dB,
on dry asphalt at 50 km/h and wet asphalt has an aver-
age noise level of 1.8 dB (2.5%) on dry snow-covered as-
phalt — 4.5 dB (6.8%) lower and 0.1 dB (0.2%) lower when
driving on dry snow with snow ruts asphalt pavement. On
dry asphalt at 90 km/h, the average passenger cars noise
emission is 77 dB, while on wet roads it is 2.8 dB (3.6%)
higher, and on dry snow-covered asphalt noise 1.7 dB
(2.2%) lower and 0.6 dB (0.8%) lower when driving on dry
snow with snow ruts asphalt pavement.
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Figure 4. Noise level dependence on the speed when driving on dry asphalt for:

@ motorcycles; @ passenger cars; @ vans; @ bus; @ light trucks; @ heavy trucks
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Figure 5. The dependence of noise levels for a passenger car driving on:
@ wet asphalt; @ dry snow-covered asphalt; @ asphalt-covered with dry snow and snow ruts
Table 2. Regression equations and coefficients for determination of the vehicles’ noise level
Vehic| Regression curves and their equations
ehicles
Linear Polynomial Logarithmic Exponential
MOItOV' LA, =00938-v +69.974; | LA, =-0.00031-v2 +0.1465-v +67.335 | LA, =9.5001-In(v)+35796; |LA,, =70.452.00012;
Yees TR 04182 R?=04186 R?=04133 R?=0.4131
Pas- LA, =0.1385-v +65.415; | LA, =-0.0015-v2 +0.3927 -v +55.311; |LA =11.1140~In(v)+27.924; LA, =66.101.0.0018;
senger | , L% 2] 2
cars R*=0.3294 R°=0.3433 R°=0.3415 R°=0.3240
Vans LAeq =0.1202-v +67.203; LAeq =0.0009-v2 -0.0151-v +72.226; LAeq =8.8594. In(v) +38.072; LAeq =67.734 . 00016,
R*=0.3615 R?=0.3644 R?=0.3557 R*=0.3612
Buses 114, =0.1501-v +66391; |LA,, =-0.0021-v2 +03910-v+59.173; |LA,, =9.0855-In(v)+38.305; |LA,, =66.812:¢00020%;
R*=0.2014 R?=0.2052 R?=0.2063 R?=0.2070
Lighl'i LAy, =0.1610-v +66.484; | LA, =-0.0038-v? +0.7172-v +46.464; |LA, =11.8510-In(v)+27.550; |LA,, =67.271-€0002;
trucks | g2 _ 0.3564 R*=0.3827 R?=0.3676 R?=0.3582
Hea‘liy LA,q =0.1505-v+70.530; |LA,; =-0.0031-v +0.599 v +55318; |LA,, =10.4510-In(v) +36.821; |LA,, =71.042.00019¥
trucks gz _ 03877 R?=0.4296 R?=04118 R®=0.3932
Table 3. Regression equations and coefficients for determination of the vehicles' noise level
Asphalt Regression curves and their equations
pavement ; ; . ;
conditions Linear Polynomial Logarithmic Exponential
Wet
asphalt LA,y =0.1756-v +64.660; | LA, =-0.0013-v? +0.3935-v +56.422; LA,, =13.206 - |n(v) +21.057; |LA,, =65.464.00023;
R?=0.5693 R? =0.5962 R? = 0.6093 R? = 0.5641
Dry snow-
covered  |[Aeq =0.2356-v +54905; |4, =-0.0007v2 +0.3513 v +50.866; | LA, =16.353:In(v)+2.0576; |LA, =56.614-€00032;
asphalt ~ |R*=05733 R =0.5744 R? =0.5725 R?=0.5714
Asphalt- ) ) 0,002
covered szeq =0.1482-v+63461; |LA ) =-0.0001-v? +0.1702-v +62.571; | LA, =11.743-In(v)+23.9800; | LA,, = 64.355-€0902;
with dry R*=0.5096 R?=0.5098 R?=0.5044 R*=0.5014
snow and
snow ruts
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The obtained results show that in comparison with
passenger cars, other categories of vehicles (motorcycles,
vans, buses, light and heavy trucks) are moderately noisier,
with order of driving on wet road pavements compering
to snow-covered and dry road surfaces. The results of re-
search and the obtained correlation curves of noise levels
will be used in the future traffic noise models and the
noise mapping.

Conclusions

The main results of the current research include establish-
ing the dependence of traffic noise levels of the different
types of vehicles (motorcycles, passenger cars, vans, bus-
ses, light and heavy trucks) on the speed in urban areas
and different road pavements (dry, wet, with a snow and
snow ruts) and generalising of the obtained data for more
accurate using in future traffic noise models and the noise
mapping. The approach presented in this research of ex-
perimental measurements is based on SPB method with
a data proceeding with implementation of Pearson cor-
relation coefficient. The noise level measurements were
performed for 10 times (in total 14 h) on different days
and weather conditions, during which the air temperature
varied (without wind) and in a total more than 900 vehicles
were inspected under the measurement period.
According to the measurements, the noise level ranges
for each group of vehicles and for different road condition
pavements were established. The obtained results show
that compared to passenger cars, other categories of ve-
hicles are moderately noisier, with order of driving on a
wet road pavements compering to snow-covered and dry
road surfaces. In course of analyses of the obtained results,
it was found that the curves corresponding to the best-
measured values can be used in the traffic noise models
and the noise mapping. The polynomial curve was found

to correspond best to the values measured for motorcy-
cles, passenger cars, vans, light and heavy trucks. The ex-
ponential curve corresponds to the best-measured values
for buses. The logarithmic curve was found to correspond
to the best-measured values for passenger cars driving on
wet asphalt and for measurements on dry snow-covered
pavement, additionally on asphalt-covered with dry snow
and snow ruts the polynomial curve is correspond to the
best-measured values. The correlation coefficient for the
regression lines that shows the average relationship with
the recorded data, is higher than the minimum value of
the correlation coefficient, the regression curve correlates
with the measured experimental data and can be accept-
ed for a using in a simulation and obtaining traffic noise
models and the noise mapping.
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