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Resume

The noise from means of transport is one of the main factors of environmental
noise pollution and is one of the factors having an effect on human health. The
article presents the problem of noise emitted by urban means of transport. The
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work focuses on analysis of the acoustic climate in the bus stop zone. In order to

estimate the noise level, research was conducted in selected points in one of the
Polish cities - Radom. The obtained results allowed assessment of the impact of
transport on the noise level in the area of selected bus stops.
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1 Introduction

Noise is a complex issue, emitted by various sources,
which is a serious problem for the human environment
[1]. It is defined as unwanted sound [2]. It negatively
affects human health and is an important public health
problem [3]. Noise is the second most harmful factor
after the polluted air, which affects the environment. One
of the sources of noise that people fight with every day
is the noise generated by means of transport. According
to European Commission data, the road transport has
the greatest impact on noise levels [4]. Other places
include: rail transport, air transport and industry [5].
In the European Union, more than 210 million people
are affected by the street noise [6]. As estimated over
10 years ago, social costs of noise reached 2% of GDP
[7]. Regarding the Directive [8], the noise protection
is an element that achieves a high level of health and
environmental protection. This directive obliges Member
States and their local government units to create the
noise maps and to make acoustic planning. In addition
to the abovementioned directive, individual EU member
states have their own appropriate legal acts defining its
acceptable level [9]. Scientists and engineers are trying to
identify technologies and methods that can help reduce
noise. However, the problem is the lack of uniform
regulations for all the member states. Noise from the
means of the city transport is such an important social

problem that many researchers deal with its analysis. The
problem of the street noise affects adults, children and
animals. Even moderate road traffic disturbs cognitive
function, especially in children [10]. The authors of [11]
presented correlation between the blood pressure in
children and the noise from public transport. They showed
that the street noise was associated with an increase in
systolic pressure. On the other hand, the authors in [12]
showed a relationship between noise from means of
transport and blood pressure of adults.

A helpful tool in reducing the noise is modeling and
forecasting, which was presented in [13-14]. The authors of
[15] conducted an analysis of effects of the road traffic on
people’s state of mind. The authors [16] proposed a multi-
criteria tool to support decision making regarding the road
noise activities. As indicated in the study [17], the problem
of road noise also applies to the nighttime. In addition, in
[18], the authors investigated the impact of the urban noise
on sleep. Test results indicated that noise has an impact
on quality of sleep and level of rest. The authors of [19]
indicate, however, that increased noise at night increases
the risk of cardiovascular diseases. In the paper [20], the
authors present the results of research on representative
sample of the US urban adolescents. The results showed
a correlation between noise and bedtime.

As the number of motor vehicles increases, so does
the number of people exposed to noise hazards. It should
be noted that in most cases noise measurements only
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Figure 1 Approximate sound level values

Table 1 Rolling noise requirements [25]

tyre class nominal section width (mm) limit values in dB(A)
Cl1A <18 70
C1B > 185<215 71
C1C >215<245 71
C1D > 245 <275 72
CIE > 275 74

apply to the human audible band. This band is in the range
of 20Hz-20kHz. Noise testing is also an important issue
for frequencies below 20 Hz (infrasound) and above 20
kHz (ultrasound). Infrasound waves can be a source of
anxiety, fear and even depression. Ultrasounds are used in
medicine or technological processes, but in this case they
are controlled processes. Other uncontrolled sources of
ultrasound emissions may be harmful to human health, as
indicated in [21].

The article presents the measurements results of noise
emitted by means of transport in the area of selected public
transport stops, city of Radom (Poland). The city of Radom
is a medium-sized city (about 200.000 inhabitants) located
in the central-eastern part of Poland. The measurements
were carried out while passengers were waiting for the bus
to arrive. The authors of [22] presented similar concept
of research related to noise, among others at bus stops,
however, the research was focused on analysis of noise
during the bus approaching the bus stop and departure
from the stop.

The measurements were carried out at four selected
points of the city. The data obtained allowed estimation of

an equivalent sound level for each bus stop zone. Due to
exceeding the maximum values of the noise level in one
zone (access road to the center - city beltway), detailed
measurements of the traffic intensity were carried out.

2 Transport noise and its sources

Noise is an unwanted sound. The measure of sound
intensity is the sound pressure level. This level is measured
in decibels (dB), which is usually given in relation to the
level of the corrected sound measurement value according
to audio filter A - dB(A). Filter A allows to optimize the
measurement due to the characteristics of human hearing.
It is worth to note that decibel is a logarithmic unit. One
dB more causes a 26% increase in energy compared to
the previous state (2 dB is a 59% increase). Figure 1
shows approximate values of sound intensity in different
surroundings.

Factors affecting the level of noise from the road
transport can include:

e the number of vehicles traveling in a unit of time,
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Table 2 Permissible levels of the traffic noise for roads and railways [33]

permissible noise levels in (dB)

roads or railways

no. type of area the reference time intervalis  the reference time interval is
16 hours (daytime) 8 hours (night time)
LAeqD LAeqN

Protective zone “A” of the spa.

1 . ) ) 50 45
Hospital area outside the city.

Single-family housing development areas. Development

areas related to the permanent

2 or temporary stay of children and young people. Areas of 61 56

social care homes.
Hospital areas in cities.
Areas of multi-family housing and collective housing. Farm

3 buildings. Recreation areas. 65 56
Residential and service areas.

4 Areas in the downtown area of cities over 100.000 68 60

residents.

e type of tyres,

e  driving type,

e speed of motor vehicles,

e technical condition of motor vehicles,
*  pavement type,

e technical condition of the pavement,
e meteorological conditions,

e aerodynamics of a motor vehicle.

Regarding the factors mentioned above, one of the
main factors is noise from vehicle tyres. It becomes the
dominant source of noise at speeds above 35 km/h (for
passenger vehicles) and above 60 km/h for heavy vehicles
[23]. As indicated by authors of study [24], the noise of the
tyre interaction with the road pavement becomes dominant
for the speed of passenger vehicles above 40 km/h and
for heavy goods vehicles above 70 km/h. Table 1 presents
data on noise limit values for the summer tyres according
to passenger cars (class C1). For the snow tyres the limits
shall be increased by 1 dB(A) [25].

Currently, tyres are available for passenger cars with the
noise levels starting from 66 dB, although the typical values
are around 70-71dB. As authors of [26] indicate, connecting
a quiet tyre with an appropriate pavement can reduce noise
by 6dB. The noise from the road pavement and that related
to the speed of vehicles is also significant. Reducing the
speed from 70 km/h to 50 km/h can reduce noise by more
than 5dB. The study of the pavement type impact on the
noise generated by the tyre is presented in publications [24]
and [27]. Authors of [28] have presented the methodology
for assessing noise at the interface between the road
pavement and the tyre. They also showed a relationship
between the type of pavement, its age and impact on noise
levels. Authors of [29] and [30] presented the dependence of
noise from the motor vehicles on dry and wet surfaces. The
problem of noise coming from the motor vehicles concern
not only vehicles in motion but also standing e.g. in traffic
jams. Authors of [31] drew attention to the problem of
noise generated by standing vehicles at various levels of

engine speed. In the case of the urban zone, buildings and
landforms are also a problem with reference to noise. The
noise in this case is affected by reflection and diffraction of
the waves. Therefore, appropriate urban planning measures
can contribute to reducing the noise levels.

3 Parameters and indicators

Measurements of environmental noise coupled with

traffic can be made using [1]:

e indirect method (single acoustic events),

e direct method of measuring noise using sampling,

e direct continuous measurement method for a limited
time.

One of the criteria for choosing the method of
measuring noise is the volume of vehicle traffic. For roads
over 300 vehicles / hour it is recommended to use the direct
method with the use of sampling [32].

In accordance with announcement of the Polish
Minister of the Environment of October 15, 2013 regarding
the publication of a uniform text of the Regulation of the
Minister of the Environment on permissible noise levels
in the environment, Table 2 presents the permissible noise
levels in the environment, excluding:

e take-offs, landings and flights of aircraft,
e power lines.

Acceptable noise levels were expressed by the
indicators LAeqD and LAeqN, which mean:

e LAeqD - indicator for the equivalent sound level for the
daytime (from 6.00 to 22.00), expressed in [dB],

e LAegN - indicator for the equivalent sound level for the
night (from 10:00 p.m. to 6:00 a.m.), expressed in [dB].

e LAeq (D and N) can be calculated based on the formula:

Lqu = 1010g<%z ’l«—il()o-lLi)7 (1)

i=1

where:
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Figure 2 Location of the measuring zones: a) center zone “30”, b) downtown

¢) access road to the center - city beltway, d) downtown - shopping mall

L, - sound level over a period of time,
T - duration of noise level L,
T - observation time.

Based on the data obtained, the mean logarithmic
exposure value for each series can be estimated according
to:

o 15~ 0124
Ladwin = 10 log( - ; 10 , @)
where:
L, is the exposure level for a single acoustic event and n is
the number of events in the series.

Standard deviation can be estimated based on

expression:

0 = 7T (L= L} ®)
i=1

4 Research and measurement results

To measure the sound level of transport means in the
city of Radom, the sound meter Steinberg SBS-SM-130C
was used. Measuring device data: meter operating band
31.5 Hz - 8 kHz, accuracy +/-1.4 dB. The measuring device
has been set up to perform measurements according to
A - weighted sound level for the FAST time constant. With
reference to recommendations contained in [32], a direct
measurement method using sampling was proposed for
measurements. The measuring device was set on a tripod,
height from the ground 1.5m in the stop zone. Despite
the good conditions (weak wind), the microphone had

a windscreen. In all the measuring sessions measurements
were made in meteorological conditions ensuring stable
conditions: temperature above 2 °C, light wind, moderate
cloud cover, no rainfall. Measurements were carried out
on sections where the road pavement was made of asphalt,
good condition, no defects in the road.

Four places were selected for the measurements:

e  city center - zone 30,

e downtown,

e access road to the city center, beltway,
e city center - shopping mall.

The measurement sites were located in the bus stops
area. The measurement hours were set for morning and
afternoon hours on different days of the week (excluding
weekends). All the measurements points were in the urban
zone - the city of Radom, Poland. Two measuring sessions
were carried out in each zone on different days. It was
assumed that the average waiting time of passengers at the
bus stop is about 5 minutes. Every 5 s instantaneous sound
pressure values were read. Figure 2 shows locations of
zones where the measurements were carried out.

Based on Equations (1), to (3), calculations were
carried out, results of which are shown in Table 3.

Taking into account the higher of the average values
for each zone (L, , - Table 3), Figure 3 shows the graphical
form of the collected data for measurement session 2, 4, 6
and 7.

Since in the zone of the access street to the center -
the city beltway, the permissible noise level values were
exceeded, it was decided to carry out an additional test to
obtain data on the number of vehicles, vehicle speed, type
of vehicles. The tests were carried out for one direction of
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Figure 3 Graphical form of the collected data - measurement session 2, 4, 6 and 7

Table 3 Calculation results for collected measurement data

zone session number L, (dB) L, (dB) o (dB)
1 68.25 61.26 8.04
city center “30”
2 69.91 62.91 6.55
3 77.03 70.03 6.06
beltway
4 71725 70.26 44
5 71.58 64.85 4.58
downtown (25 Czerwca st.)
6 72.35 65.35 5.09
7 71.99 64.99 4.73
downtown - shopping mall
10 69.99 62.99 7.08
Table 4 Results of the vehicle traffic measurements - the city beltway - Kielecka Street
speed range car vans heavy together
21-30 km/h 0 0 1 1
31-40 km/h 0 0 0 0
41-50 km/h 16 1 9 26
51-60 km/h 46 4 13 63
61-70 km/h 34 5 4 43
71-80 km/h 9 0 1 10
81-90 km/h 1 0 1 2
> 90 kmv/h 0 0 0 0
together 106 10 29 145

travel. The ViaCount II traffic meter, which works based
on the Doppler radar, was used to conduct the tests. Speed
limit on the test section of the road: 50 km/h. Measurements
were made: 03-02-2020 from 16:43:39 to 16:54:50. Results are
shown in Table 4.

On the examined section 145 vehicles were registered,
including 106 passenger vehicles, 10 delivery vehicles, 29
heavy vehicles.

5 Discussion of the results

The main purpose of the measurements was to
determine the current state of the acoustic climate in areas

subjected to acoustic protection, which are in the zone of
selected bus stops. The research has been in a pilot-phase
to indicate potential bus stop zones that should be analyzed
in terms of improving the acoustic climate. To carry out the
measurements it was decided to use the direct measurement
method in the form of sampling. Measurements have shown
that the noise from means of transport is not in all the bus
stop zones below the permissible values specified in the
Regulation [33]. Calculations made for “zone 30” showed
that the noise was there at the lowest level and was below
the permissible values. In the downtown area noise levels
were also below the permissible values, however, higher
than for “zone 30”. The highest levels were recorded at
the bus stop on the city beltway, Kielecka Street. The
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estimated equivalent sound level of LeqD was: 70.03 dB
and 70.26 dB. In the other examined zones, the noise from
means of transport was not exceeded, however, due to
the relatively high results, further tests should be carried
out. It is worth adding that the World Health Organization
(WHO) in its report [34] recommends limiting the LeqD
value below 53 dB (recommendation for the road traffic),
considering it as a value above which it causes adverse
effects on human health. It should also be noted that in
Poland the limit values indicated in [33] for the city center
zone were raised about 3 dB in relation to the Act [35] of
2007 (before amendment). With some anxiety one can also
note the fact that in the case of pollution caused by motor
vehicles (exhaust), we are dealing with the introduction
of new restrictions, in the case of transport noise such
restrictions cannot be seen.

It should be noted that the highest traffic intensity was
noted on Kielecka Street - the city beltway. Therefore, for
this bus stop zone additional research was carried out to
measure vehicle traffic. For this purpose, measurements
were taken on February 3, 2020, measurement time ~ 12
minutes. The research was made in the afternoon due to
the dusk and to skipping the drivers’ reaction to see the
radar. There is a speed limit of 50 km/h on the analyzed
road section. During the analysis 145 vehicles were
registered (in one direction). The analysis shows that as
much as 81.38% of the vehicles were traveling at speeds
above the maximum permissible (118 vehicles). As many
as bb vehicles traveled at speeds above 61 km/h. For heavy
goods vehicles: 19 vehicles were traveling at speeds over
51 km/h. One of the causes of increased noise values on
the examined road section can be excessive speed of the
vehicles.

The obtained results allow the commencement of
research related to use of the noise reduction solutions
at selected stops. The next stage may be the analysis of
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