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INFLUENCE OF TRAFFIC FLOW INTENSITY
ON ENVIRONMENTAL NOISE POLLUTION

Summary. The modern urban environment, with the development of industry, the growth of
the vehicle's number on the roads, and the increase in the density of buildings, is increasingly
capable of negatively affect the health and well-being of the city's population. Among the factors
influencing the environment is noise pollution, namely man-made noise — unwanted and harmful
sounds created as a result of human activities. Today, noise is one of the most common factors of
pollution among all others. The most common source of noise pollution is transport, including cars
and trucks, buses, railways, airplanes, etc. The negative phenomenon of traffic noise is that almost
everyone is greatly affected. This can often be accompanied by other harmful factors, such as
vibration. According to scientific researches, noise can cause irritation under constant acoustic
exposure. As a result, there are sleep disorders, decreased mental capacity, and the development of
stress, and stress development in humans. Traffic noise is created from the operation of engines, the
friction of wheels with the road surface, brakes, and aerodynamic features of vehicles, etc. In
general, the level of traffic noise depends on such basic indicators as the intensity, speed, and
composition of the traffic flow. Therefore, an important task is the study of traffic noise, its
measurement, the establishment of appropriate dependencies, and further evaluation of the results.
Knowing the level of noise generated by vehicles, further measures to reduce it are possible, such as
redistribution of traffic flows on the road network, speed limits, improving the quality of the road
surface, the use of basic means of reducing noise pollution, the use of noise protection devices, etc.
Based on this, the negative impact of this phenomenon on the human body and the environment, in
general, can be reduced.

Key words: traffic flow, noise pollution, traffic flow intensity, noise meter, road surface,
traffic flow composition.

1. INTRODUCTION

Nowadays, noise has become an integral part of life. It is found almost everywhere and,
unfortunately, has a large, mostly negative, impact on people and the environment. The term "noise" means
the sound that goes beyond sound comfort. Noise has a different frequency, strength, height, and duration.
It is often an unwanted sound that has a negative effect on human performance, interferes with the
perception of information, and affects the quality of recreation. From the physical point of view, the
phenomenon of noise is created thanks to compression and rarefaction of air masses, namely there are
fluctuating changes of air pressure [1, 2]. It should be noted that the noise can be: permanent, non-
permanent, intermittent, impulse, etc.
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Considering the impact of noise on the environment, the concepts of sensitivity threshold and pain
threshold are mentioned. The sensitivity threshold is characterized by minimum sound intensity. The
opposite is the pain threshold with the maximum sound intensity at which the hearing organs feel pain.

Traffic noise is a clear feature of the urban environment. It can occur due to incorrect urban
planning, where the sources with high noise (airports, highways, industrial enterprises, etc) are located
within them. Each year, the impact of noise from transport sources on the environment is constantly
growing. Due to the increase in the number of vehicles and increasing of the city economy technical
equipment that leads to interaction between the city and the natural environment.

Sound is a natural phenomenon that affects all living organisms. In nature, loud sounds are a rare
thing, and the usual noise is short and relatively weak. The sound intensity means a change in sound
pressure in the air. The volume depends on the frequency of the sound. The human ear perceives a
frequency range that is between 16 and 20 Hz. The sound that is lower than these values is called
infrasound, and higher — ultrasound [3].

Noise is a phenomenon that negatively affects the body's systems, sleep, attention, etc. It is often a
factor that increases irritability, anxiety, and leads to depression. Constant and significant noise levels
affect a person's hearing, which can lead to deterioration or even loss of it. Unwanted sounds weaken and
distract, impair the ability to receive and reproduce information normally, reduce work activity and normal
rest, affect a person's mental health, etc [4, 5].

2. RESEARCH STATEMENT
The purpose of the article is to identify the pattern of changes in the noise level from the intensity of
traffic. To achieve this, the following tasks are accomplished:
— to analyze the parameters of the road network sections on which the research will be conducted;
— to analyze noise research methods and select the appropriate equipment;
— to research the road traffic intensities and the noise level it creates;
— to analyze the obtained data and to establish the dynamics of changes in the noise level from the
road traffic flow intensity.

3. TRAFFIC FLOW AND ITS IMPACT ON THE LEVEL OF NOISE POLLUTION

Transport development and technical progress of cities are the main sources of noise pollution and
factors that change the natural noise level. As a result, new oscillation frequencies are not typical for the
environment. As for traffic noise, which can be generated on sections of roads and streets, it depends on
various factors (Fig. 1) [1, 4, 6].

The most common source of traffic noise is a vehicle, in particular a car. In this case, the noise is
created by car units, namely the engine, body, accessories, tires, etc. Nowadays, there are many solutions
how to reduce the level of car noise, for example, by improving the acoustic characteristics and technical
solutions in the design and manufacture of vehicles. Also, the noise level can be reduced by creating
protection at the place of its appearance. It should be noted, the transport factors that affect the noise level
include [1, 4, 6, 7]:

— traffic intensity;

— speed of the traffic flow;

— traffic flow composition;

— the operational condition of the vehicle;

— cargo parameters, etc.

As for road network factors influencing the noise level, it can be [1, 4, 6, 7]:

— traffic density;
profiles of the road or street;
the presence of intersections and their parameters;

— type of road surface;
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— the number of lanes and the presence of road dividing lanes;
— avalilability of public transport stops.

Transport
factors

The value of the
equivalent level
of traffic noise

Road Natural and
network climatic
factors factors

Fig. 1. Factors that influence the level of traffic noise [1, 4, 6]

Natural and climatic factors influencing the noise level are divided into the following [1, 4, 6, 7]:

— atmospheric pressure;

— air temperature;

— wind speed and its other parameters;

— rainfall, etc.

The author of the scientific work [8] remarks that the noise level depends on the intensity of traffic
and the speed of vehicles in it. According to the dependencies in this work, it can be concluded that the
noise level reaches maximum values with a significant intensity of traffic flow and high speed of cars. In
this case, the movement of vehicles in dense traffic has significant differences from the movement of a
single car in the free movement conditions. The noise level is also affected by changes in traffic conditions,
which is associated with different modes of the car engine's operation.

In the scientific paper [9], the authors found that with increasing speed, the noise level also
increases. These took into account the noise from the engine and tires of the car. So speed has a significant
effect on noise. At low speeds, the noise level is small, but the frequency and intensity of acceleration can
significantly affect the noise level. The effect of increasing acceleration noise is usually inconspicuous at
speeds more than 50 km/h. Also, there is reflected that the noise from the wheels begins to occur at speeds
greater than 20 km/h and is constantly increasing.

It should be noted that the noise reduction depends on the distance to its source. It is clear that at a
great distance from the noise source, its value is insignificant and close to zero. However, according to the
results given in [10], the noise reduction also depends on the type of road surface on which the car moves.
For example, the vehicle driving on an asphalt road has the best dynamics of noise reduction, the ground —
the worst indicators, and the lawn — the lowest dynamics. Therefore, the noise, in this case, largely depends
on the friction of tires with a certain type of road surface.

A not less important factor influencing the level of noise pollution is the composition of the traffic
flow. It is known that the greater rate of freight transport in the total number of vehicles leads to the greater
noise level. At the same time, the operational condition of these vehicles and the cargo they transport have
a rather important role [11-13].
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Following the above, it can be argued that there is a great impact of vehicles and their flows on the
noise level they create.

Given the trends in increasing the number of vehicles in settlements, the importance of studying its
impact on noise pollution is growing. This type of research can be carried out using different methods,
techniques, and approaches. One of the most common methods is research on the roads. These methods
make it possible to obtain reliable traffic information and reflect the exact characteristics of traffic flows.
The main ways of noise study are its measurement using special instruments and equipment. High
accuracy of the results can be obtained with the help of special highly sensitive devices — noise meters. In
Ukraine, the requirements for these devices are set according to state standards (DSTU 2867-94) [14].
Noise meters are used to measure noise levels for sanitary control at workplaces, on residential and public
buildings, and in different territories.

Noise pollution can also be assessed using different software. As an example, it can be taken the
software “APM Acoustics 3D” (APM Akustyka 3D) [15]. It is created to automate the activities of
assessing the acoustic impact of noise sources on the objects of a particular area, buildings, etc. This
program can be used in carrying out projecting the location of new facilities, assessing the impact of
objects’ noise on the environment, calculating the noise characteristics of traffic flows, also to assess the
effectiveness of projects to reduce external noise, etc.

Noise measurements are also can be made with mobile device applications. The accuracy of
measurements depends on the physical properties of sensors and the accuracy of the received signal's software
processing, as well as its output for further processing. Depending on the model of the mobile phone and the
characteristics of the microphones, which affect the quality of measurements, results are significantly different.
Therefore, such devices are rarely used for large-scale research. However, these applications are often free,
making them accessible to anyone. Once installed, they allow you to measure the noise level using the technical
capabilities of the phone. The disadvantage of these programs is a significant dependence on the quality of the
smartphone, which affects the receipt of accurate measurement results.

Each task contains the initial data and the purpose which is reached in the process of its solution. In
the case of noise pollution, the most commonly used inputs are the intensity and composition of the traffic
flow. According to the data presented in the article [16], the expected level of traffic noise (L4) can be
calculated by the following formula:

LAeq7.5 = LAtrp7.5 +AL gyan + AL 4oy + ALAy + ALApOkr +AL 4, + ALAper , (1)

where L 4,705 — the calculated value of the equivalent sound level of the traffic flow with traffic intensity in
both directions, fixed at a distance of 7.5 m from the axis of the near lane and a height of 1.5 m above the
level of the carriageway; AL 4,4, — a correction that takes into account trucks and buses in the traffic flow;
AL 4, — a correction that takes into account the average speed; AL,, — a correction that takes into account
the value of the longitudinal slope; AL, — a correction that takes into account the type of road surface;
AL 4. — a correction that takes into account the width of the central dividing lane; AL, — a correction that
takes into account the presence of road crossings.

Approximately the noise from the traffic flow depending on the intensity of vehicles movement with
high intensities (1000-5000 vehicles/hour) can be determined by the formula [8]:

N (2)
L= 72+101g1000,

where N — traffic flow intensity, vehicles/hour.

In the DSTU-N B. V.1.1-33: 2013, it is proposed to determine the noise level by the formula [17]:

LAeq =44+0.26V +101g(N, /V,) + AL gpop + AL 4y, A3)

where V' — average speed on the part of the street, km/h; N, — calculated traffic intensity by formula (4),
p.c.u.; V. — calculated traffic speed by formula (5), km/h.

NZ:NI+4NbI+4NbC+4Nbb’ (4)
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Vz=Vl+1'14Vbl+1'18VbC +1-22Vbb’ (5)

where N, V; — respectively, the intensity and speed of cars and their modifications and trucks with a
maximum permissible weight up to 3.5 t.; Ny, Vi — respectively, the intensity and speed of trucks and
buses with a maximum permissible weight up to 5 t. inclusive; Ny, Vi — respectively, the intensity and
speed of trucks and buses with a maximum permissible weight from 5t. to 12t. inclusive and trolleybuses;
Nw, Vip — respectively, the intensity and speed of trucks and buses with a maximum permissible weight of
more than 12 t.

Autor, in paper [8], proposed to determine the numerical calculation of noise level by such the
formula:

)
L 4¢q =10log j 10%L gz [+10-log(p(2)), 6)
7
where p — traffic density; z — a fragment of the road between point z; and z,.
Therefore, noise is a great pollutant of the environment and is a problem of the modern state of

urbanization. Noise reduction measures in any modern city are an integral part of the activities to ensure
comfortable and safe living conditions for its inhabitants.

4. CONDUCTING RESEARCH AND ANALYSIS OF THE OBTAINED RESULTS

The level of noise depends on such basic indicators of traffic flow as the intensity, composition,
speed of cars, etc. One of the main tasks in this article is to study the intensity of traffic, the values of noise
pollution, and to establish dependence between them. The needed indicators on the road network were
studied, as it can give obtain high accuracy and reliability of results. To facilitate the analysis of traffic
flow, the equipment for video recording was used. With the help of video records under certain conditions,
high accuracy of registration of traffic flow parameters is provided, as well as long-term saving and
reusability for analysis and demonstration. A noise meter model Flus ET-965 was used to measure the
noise level (Fig. 2) [18].

It was decided that the measuring device should be located at a distance of (7.5+£0.2) m from the
point of measurement (the lane or direction of cars’ movement) and a height of (1.5+£0.1) m from the level
of the roadway.

Among the conditions of measurements, the following were taken into account:

— places for research were selected on straight sections of streets and roads;

— measurements were carried out on sections of streets and roads with a clean and dry surface of

the carriageway;

— measurements were not performed during precipitation,
fog, and wind speeds of more than 5 nv/s;

— during research, the measuring equipment mustn't be
exposed to vibration and electric or magnetic waves;

— during research, the main axis of the measuring microphone
should be directed towards the traffic flow and perpendicular
to the direction of the road;

— the researcher must be at a distance of at least 0.5 m from
the measuring microphone to prevent unwanted sound
reflections;

— it was not allowed for people and foreign objects to be
between the measuring microphone and the traffic flow.

To determine the level of noise pollution and to register the
main characteristics of traffic flows, several sections of the Lviv
road network were selected. In addition to flow indicators, the type  Fig. 2. Noise meter Flus ET-965 [18]
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of road surface was taken into account as one of the factors influencing the noise level. The research was
conducted on the following typical street sections of the city:
1. Street with two lanes in both directions and with the asphalt road pavement (Fig. 3a);
2. Street with two lanes in both directions with the road pavement — cobblestones (Fig. 3b);
3. Street with three lanes in both directions, with a dividing lane, and with the asphalt road
pavement (Fig. 3c¢).

Fig. 3. Typical street sections of the city where the research was conducted:
a — street with two lanes in both directions and with the asphalt road pavement;
b — street with two lanes in both directions with the road pavement — cobblestones;
¢ — street with three lanes in both directions, with a dividing lane, and with the asphalt road pavement

The peculiarity of the first type of the road network section was that there are a significant number
of bus and trolleybus routes. The second typical section was located on the main street of the city and there
is a movement of trams, the tracks of which pass through the central part. At the same time on this typical
street section, the road surface is at a fairly close distance to houses. The third typical section is also
located on one of the main streets. In this case, investigations were performed in a place with an asphalt
surface and the presence of a dividing lane. At the same time, houses and residential areas are located at a
sufficient distance from the roadway. The above-mentioned places of research were chosen, taking into
account their planning parameters.

During the recording of the vehicles’ movement, special forms were used. During fifteen minutes,
the number of vehicles that crossed the section of the street was counted. Also, they were classified by
types according to their parameters. During the above-mentioned research, video recording was also used.
This allowed to reduce the duration of traffic researching on the road network and to continue the counting
of vehicles in laboratory conditions.
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The traffic intensity of vehicles moving in the studied street sections was measured at 15-minute
intervals for each hour of peak and inter-peak periods. Based on the established data, the average hourly
value of this indicator is determined. The noise was measured during the video recording of traffic
movement using the noise meter Flus ET-965. The device automatically and continuously displayed the
noise value throughout the whole study period.

The obtained data of the research results were processed in laboratory conditions. The value of
traffic intensity in personal car units (p.c.u) was calculated using the following formula [19]:

N,=YNp i-K, i ©)
where Ny ; — factual traffic intensity in units of different types of vehicles, vehicle/h; K, ; — the coefficient
that transforms the intensity in a particular vehicle's types into intensity in personal car units (The values
of these coefficients are selected according to DBN B. 2.3-4: 2015) [20].

The results of the study of the traffic flow intensity and the value of the noise they generate were
shown in tabular forms. A fragment of such data is given in Table 1.

Table 1

A fragment of the results of traffic flow intensity research and the
value of the noise generated by it

Typical street sections No. 1 Typical street sections No. 2 Typical street sections No. 3
Research The average value | Average | The average value | Average The average Average
‘ : . : . value of traffic
period of traffic intensity data of | oftraffic intensity data of intensity in data of
in personal car noise, in personal car noise, ersonaly car noise,
units, p.c.u./h. dBA units, p.c.u./h. dBA pe dBA
units, p.c.u./h.
08:00-09:00 636 58 812 70 1622 65
09:00-10:00 564 51 754 68 1546 62
10:00-11:00 531 51 723 65 1534 61
11:00-12:00 543 53 746 67 1525 60
12:00-13:00 585 55 734 67 1575 64
13:00-14:00 594 56 749 68 1551 63

Based on the initial data, exactly the intensity of traffic flows and the corresponding values of noise
pollution, dependencies for each of the researched typical street section were created (Fig. 4 — Fig. 6).
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During the research, it was established that the highest value of traffic intensity was observed in the
period from 8:00 to 9:00. At the same time, the value of the noise level directly depended on the number of
cars moving on the street. A significant part of the traffic flow was cars (personal), which create a lower
level of noise pollution than trucks and buses. Comparing the above-shown dependencies, it was found that
the average value of the generated noise, taking into account the intensity of traffic, is greater in typical
sections No. 2. This is because there are cobblestones on the road surface. There was also a significant
number of public transport in this researched area, and in particular, the presence of trams, which is
perhaps the largest source of noise in this street and has a great impact on the level of noise pollution.

According to DBN V.1.1-31:2013, the maximum level of noise near the buildings can be 65 dBA
[21]. As is shown in Fig. 5 and Fig. 6, the generated noise level exceeds the permissible norms. At the
same time, on the typical section No. 2, these values begin to exceed the permissible level at a traffic
intensity of more than 690 p.c.u/h, and on the typical section No. 3 —at 1410 p.c.u/h.

5. CONCLUSIONS AND RESEARCH PERSPECTIVES
1. The influence of traffic intensity on the generated noise level created by it is researched. The
measurements took into account the conditions of the research, in particular, the absence of additional
factors influencing the equipment used. Also, one of the main stages of preparation for the research was the
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analysis of the existing methods of collecting data on the traffic flows and theoretical studies of noise.
Accordingly, the research method was used when noise level and traffic flow information were collected
parallelly.

2. Using the equipment Flus ET-965, the average value of the generated noise was researched. Three
typical street sections with different planning parameters and types of road pavement were selected as
objects of research. The obtained values were analyzed in laboratory conditions. Based on these data, the
graph dependencies were created.

3. Processing of record results was performed using Microsoft Excel software. Based on this, there
was established that the noise level created by the traffic flow affected traffic intensity and the type of road
pavement on which it moves. To assess the dependence between noise and traffic intensity, appropriate
graphs were constructed. They reflect the need to take into account traffic parameters while designing new
and improving existing streets and roads. This will allow counting the need or lack of the installation of
protection against noise pollution.

4. The results show that the first typical section of the street has the lowest noise indicators, as the
traffic intensity there is the lowest compared to the others, and there is a significant amount of greenery.
Accordingly, it has been found that greenery helps reduce overall noise levels. In such conditions, the
average value of the generated noise did not exceed sanitary norms. The second typical section of the street
is characterized by the presence of trams and cobblestones road pavement, which increases the average
value of noise pollution. This street has the highest noise levels. In the third typical street sections, the
characteristic features are higher values of vehicle speed and traffic intense, in contrast to the previous two.
Under the second and the third conditions, the average level of traffic noise is a bit higher than sanitary
norms. Thus, during the design decisions, it is necessary to take into account the calculated values of traffic
intensity and, if it is necessary, to create protective equipment — greenery and noise protection screens.
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BIIVIMB IHTEHCUBHOCTI TPAHCITIOPTHOI'O IIOTOKY
HA IIYMOBE 3ABPYJIHEHHA JTOBKIJIJIA

Anomauia. Cyuacne micbke cepedosuuje i3 pPO3GUMKOM NPOMUCIOBOCHI, 3POCHAHHIM
KITbKOCMI MPAHCROPMHUX 3ac00i6 Ha 0opo2ax ma 30ibieHHAM WitbHocmi 3a0y006u 6ce Oinbiu
He2amueHO 6NAUBAE HA 300po8’s | bnacononyuus Hacenenns micma. Ceped YUHHUKIG BNAUBY
HABKOIUUHBO20 CEPeO0BUIYA UWYMOBe 3a0PYOHEHHS, 30KpeMa MeXHO2eHHUL wymM — Hebadicaui ma
WIKIONUGI 36YKU, WO CMBOPIOIOMbCS 8 pe3yavmami Oisitbrocmi 1o0uru. Cbo200HI wym € 0OHUM 3
HAunowupeHiuux YuHHUKI8 3a0pyonenns. Hatinowupeniuum 0dicepenom uymoso2o 3a0pyoHents €
MPAHCNOPM, 30KpeMa 1ecK08i Ma GaAHMANCHI A8mMoMOOINi, asmodycu, 3ani3HUYHUL MPAHCHOPM,
pimaxu mowo. Hecamunum HACTiOKOMM MPAHCNOPMHOZ0 WYMY € Me, WO NPAKMUYHO KOJICHA
JIOOUHA 3HAYHOIO MIPOIO 3A3HAE 1020 6HAUGY. Hacmo ye modce CYNpoB0OI’CYBAMUCS THUUMU
WKIOMUBUMU YUHHUKAMU, HANPUKILAO, siopayicio. 32i0H0 3 HAYKOBUMU OOCHIONCEHHAMU, ULYM MOdNCE
BUKIUKAMU PO30PAMOBAHICIb Yepe3 NOCMIHUL aKyCTHUYHULL GNAUS. YHACTIOOK Yb0o2o y JH0OUHU
BUHUKAIONMb NOPYUEHHSL CHY, CHOCMEPIcAEmMbCsl 3HUINICEHHS PO3YMOBOT npaye30amHocmi ma po3eu-
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saemvcs cmpec. Tpancnopmuuii wiym cmeopioroms poboma 08U2yHie, mepms KOAiC 00 00POdICHE
NOKpUmMmsl, 2aibMa ma aepoOUHAMIYHI 0COOAUBOCMI MPAHCNOPMHUX 3ac00ie mowo. 3aecanom,
pisenb mMpaHCHOPMHO20 WYMY 3AAe)HCUMb 6i0 MAKUX OCHOGHUX NOKA3ZHUKIB, 5K IHMEHCUBHICHD,
WBUOKICMb ma CKAA0 MPAHCNOPMHO20 NOMOKY. Tomy 8adciusum 3a80aHHAM € OOCHIONHCEHHs
ABMOMPAHCNOPIHO20 WYMY, 1020 BUMIDIOBAHHS, BCMAHOGLEHHS GIONOGIOHUX 3ANedNCHOCHmell ma
nooanvuie OYIHIOBAHMA pe3yIbmamis. 3HaAIOUU piGeHb WYMy, CMBOPI08AHO20 MPAHCHOPMHUMU
3ac00aMu, MOJCHA BAHCUBAMU 30X00i6 U000 11020 3HUdCenHs. Lle, Hanpuknad, nepepo3nodin pyxy
MPAHCNOPMHUX NOMOKIE NO 8YIUYHO-O0PONCHITE MepPedCi, 0OMedHCeHHs WEUOKOCI pPYXY, NOKpa-
WeHHsT IKOCME OOPOACHLO2O NOKPUMMSL, BUKOPUCMAHHA OCHOGHUX 3ACO0I8 3HUNCEHHS ULYMOBO2O
3a0pYOHEnHsl, 3ACMOCYBAHHSL WYMO3AXUCHUX npucmpois mowo. Ha ocnosi yvoeo moodicna 3uuzumu
He2amueHUil BNIUE ULYMOBO20 3A0PYOHEHHSL HA OP2aHI3M TIOOUHU ma O0BKLIS 3a2AI0M.

Knwuoei cnosa: mpancnopmuutl nomix, wymose 3a0pyoHents, iHMeHCUSHICmys Mpaucnopm-
HO20 HOMOKY, WLYMOMID, OOPONHCHE NOKPUMMAL.



