Investigation of the Noise at the Limit of Functional Zones
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Abstract: - Within the context of sustainable development and environmental protection, a special
concern is addressed to the study of noise generation and propagation in the environment. An important
contribution to the noise generated in the urban environment has the noise produced by different
functional zones. In this paper we present an investigation of the noise at the limit of some functional
zones from Timisoara City. We investigate sources and characteristics of the generated noise, propagation
way, noxious effects and admissible limits. In order to characterize this noise, measurements were
performed in points located near the most important functional zones. Bruel & Kjaer Sound Level Meters
were used, which allowed identifying and recording the most important characteristics of the noise.
Results of the measurement were processed, analyzed, interpreted and compared with admissible values

defined by standards.
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1. INTRODUCTION

The problems related to noise investigation
received in the last years an increasing importance
due to the European rules which we must comply
with as well as due to multiplying of the noise
sources arising in the urban environment and their
increased acoustic power. Moreover, more and more
conclusive evidences show that the noise produce
injurious effect to human’s health, diminishing as
well the working efficiency.

Actually, in the modern society, the noise affects
in a certain degree the human’s health and repose
everywhere and permanently. That is why
attenuation measures must be taken whenever is
possible in every working domains in order to
protect human being against this noxious factor. In
this respect, national and international standards
establish limits for the noise levels and where these
acceptable levels are exceeded, engineers should
propose appropriate method for noise decreasing.

In this paper we present an investigation of the
noise at the limit of some functional zones within the
urban environment. For this purpose, we investigate
sources and characteristics of the noise generated by
functional zones, propagation way, noxious effects
and admissible limits. In order to characterize this
noise, we have performed measurements in points
located near some of the most important functional
zones of Timigoara City.

2. NOISE SOURCES WITHIN THE
FUNCTIONAL ZONES

The most important functional zones encountered
within an urban environment are represented by
industrial zones, schools, creches, kindergartens,
playgrounds, stadiums, open-air cinemas, markets,
shopping centres, open-air restaurants, parkings for
cars, railway zones, airports and others.

The noise generated by these functional zones
has specific sources, levels and characteristic spectra
and induces noxious effects on people’s life and
activity. Measurements must be performed in order
to determine the characteristic levels and spectra as
well as for identification of specific sources.

Within industrial premises, the noise originates in
the mechanical, electromagnetical, aerodynamical
and hydrodynamical processes which arise during
the working process. This, the causes of noise
appearance during the mentioned processes are the
shock interaction of two or more bodies, the friction
of interacting surfaces, aerodynamical turbulences,
forced oscillations of rigid bodies, the action of
variable electromagnetic forces at electrical operated
equipments, vibration of membrane-shaped parts,
pulsating pressure in hydrostatic operated devices.

Within railway zones, the noise is generated by
the railway traffic while within airports, the major
sources of noise are the landings and takeoffs as well
as handling activities specific for airports.
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3. PROPAGATION WAYS AND NOXIOUS
EFFECTS OF THE NOISE

Taking into account of the shape and size of the
acoustic sources at the limit of the functional zones,
there is formed a very complex acoustic field by
overlapping reflected waves and direct ones. These
could be spherical, cylindrical, or even plane waves
at long distance from the sources.

The acoustic pressure in a point of the field is
obtained by adding the acoustic pressures
corresponding to each type of wave.

The sound pressure level in a point of the
acoustic field is given by the expression

L=20lg 2 (1)

Po
where p is the acoustical pressure in a point of the
acoustic field and po is the reference acoustic

pressure p, =2 - 107 [N/m?].
In case of the propagation of spherical waves in
elastic, homogeneous and isotropic environment, the

acoustic pressure in a point of the acoustic field is
given by [1]

p:powésin(oat—kr+oc) ()
r

where 1 is the radial coordinate, A is the amplitude
of the spherical wave which propagates from the
source with the speed ¢ and k is the wave number.

In the case of propagation as cylindrical wave
traveling uniformly, the acoustical pressure can be
expresses as [1]:

p=A[J,(kr) +1Y, (kr)Je " (3)
where r is the cylindrical coordinate, A is a constant,
Jo is the Bessel function of the first degree and zero-
th order and Y, is the Bessel-Neumann function of
the second degree and zero-th order.

Similarly, in the case of plane waves, and
considering the case of divergent wave, the acoustic
pressure in a certain point of the acoustical field is
given by [1]:

p=py®Asin(ot —kx + @) 4)

As it is well-known, the propagation of spherical,
cylindrical and plane waves is characterized by
variations of the acoustic pressure. Hence, using the
instantaneous acoustic pressure we can compute the
instantaneous sound pressure level given by Eq.(1)
and moreover, the equivalent acoustic level of sound
corresponding to an equivalent intensity which

would be constant during the whole period of time,
defined by:

1 t2p2
L peqr =101g —dt (5)

t, -1 t, Po

where Lacqr is the continuous equivalent acoustic
pressure level A-weighted, measured in dB,
determined in a time interval which starts at t; and
ends at t,, po is the reference acoustic pressure and
pa(t) is the weighted instantaneous pressure of the
acoustic signal.

Effectively, this  definition is  applied
automatically by electronic devices employed in
measurements, so that the continuous equivalent
acoustic pressure level can be directly measured
using for instance the Bruel & Kjaer 2250 Analyzer,
which allows measuring and recording of much
more characteristic parameters of the noise as well
as the frequency analysis in bands of 1/1 or 1/3
octave and statistical distribution of the noise level.

The noise generated by sources within functional
zones could be extremely injurious for human
being’s nervous system; it could generate psycho-
physiological effects, blood flow and sleeping
disturbances or even disturbances of the visual
and endocrine functions of the human being, as
well as auditory tiredness and sonorous trauma.

In order to reduce undesired effects, this noise
should be limited to maximum values, which cannot
be exceeded. These limits are characterized by the
equivalent noise level defined by Eq.(5) and also by
the noise curves C,, which are in fact some curves of
equal sensitivity of the acoustic pressure levels for
different frequencies.

In this respect, the Romanian standard STAS
10009-88 “Urban Acoustics” establishes the
maximum admissible values of the noise level at the
limit of functional zones in urban environment, as
shown in Table 1.

Table 1. Admissible limits of the noise

. LAeq Cz
Functional zone (dB] | [dB]

Parks, recreation and rest zones,

45 40
treatment, spa zones
Schools, créches, kindergartens, 75 70
playgrounds for children
Stadiums, open-air cinemas 90 85
Markets, shopping centres, open-air

65 60
restaurants
Industrial premises 65 60
Parking for cars 90 85
Railway zones 70 65
Airports 90 85

In the same time, the arrangement of buildings on
streets of different technical types should be made so
that the street exterior noise level measured
according to Romanian standard SR 6161-1:2008 at
2 meters distance from the building’s wall, does not
exceed 50 dB and the noise curve C,45, respectively.
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Taking into consideration that the functional
zones are important sources of noise in the urban
environment and the generated acoustic field is
extremely complex, its study is recommended to be
experimentally performed.

4. MEASUREMENT ACCOMPLISHMENT
AND ANALYSIS OF RESULTS

Noise level measurements were performed in
points located near some of the most important
functional zones of Timisoara City. These
measurements were performed using the Bruel &
Kjaer 2250 Analyzer which allowed recording the
most important parameters of the noise such as Leq
(equivalent noise level), Lag (exposure level), L
(maximum noise level), L, (minimum noise level),
Lo, Ls, Lo, Lso, Loo, Loo (percentage noise levels).

In order to perform the measurements, the
microphone was mounted at 3 meters distance from
the zone limit, at 1.3 meters high from the ground.

The results of measurements were centralized in
a data base designed for the study of phonic
pollution in Timisoara City. Table 2 presents the
values of equivalent noise level (L.y) measured at
the limit of some functional zones from Timisoara
and at 2 meters distance from the buildings (L*,).

Table 2. Equivalent noise levels

Figure 2. Time-history of the noise level at 2 meters
distance from the building near “Timisoara 700 market
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Figure 3. Time-history of the noise level at the limit of a
playground for children
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Figure 4. Time-history of the noise level at 2 meters
distance from the building near a playground for children
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Figure 5. Time-history of the noise level at the limit of a
shopping centre

No. Functional zone [I&g] E&%‘i
1 . . 45.5- | 45.1-

Industrial premises 649 | 60.9
2 Market “Timisoara 700 56.5 | 54.7
3 Playgrounds for children 62.4 | 62.0
4 Stadium 77.7 | 534
5 Shopping centre 53.9 | 52.0
6 Open-air restaurant 60.1 | 59.8
7 “Carmen Sylva” park 54.7 | 60.1
8 Parking for cars 56.3 | 59.7

In figures 1-12 is presented the time-history of
the noise level measured at the limits of some
functional zones mentioned in Table 2 as well as at 2
meters distance from the neighboring buildings.
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Figure 6. Time-history of the noise level at 2 meters
distance from the building near a shopping centre

Figure 1. Time-history of the noise level at the limit of
“Timigoara 700" market
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Figure 7. Time-history of the noise level at the limit of an
open-air restaurant
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Figure 8. Time-history of the noise level at 2 meters
distance from the building near an open-air restaurant
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Figure 9. Time-history of the noise level at the limit of
the “Carmen Sylva” park

Figure 13. Spectral distribution of the noise level at the
limit of “Timisoara 700" market
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Figure 10. Time-history of the noise level at 2 meters
distance from the building near the “Carmen Sylva” park
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Figure 11. Time-history of the noise level at 2 meters
distance from the building near a parking for cars

Figure 14. Spectral distribution of the noise level at 2
meters distance from the building near the “Timisoara
700” market
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Figure 12. Time-history of the noise level at 2 meters
distance from the building near a parking for cars

In figures 13-24 are presented the spectral
analysis for the noise level measured at the limits of
some functional zones mentioned in Table 2 as well
as at 2 meters distance from the buildings.
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Figure 15. Spectral distribution of the noise level at the
limit of the playground for children
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Figure 16. Spectral distribution of the noise level at 2
meters distance from the building near the playground for
children

Figure 19. Spectral distribution of the noise level at the
limit of the open-air restaurant

[de]
B0

704

a0+

a0

40-

304

20

315 125

500 2k gk AT
[Hz]

[dB]
80

704

G0

S0

40-

20

315 125

500 2k gk AT
[Hz]

Figure 17. Spectral distribution of the noise level at the
limit of the shopping centre

Figure 20. Spectral distribution of the noise level at 2
meters distance from the building near the open-air
restaurant
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Figure 18. Spectral distribution of the noise level at 2
meters distance from the building near the shopping
centre

Figure 21. Spectral distribution of the noise level at the
limit of the “Carmen Sylva” park
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In tables 3 and 4 are presented the values of the
noise level in frequency bands of 1/1 octave having
the central frequencies 63, 125, 250, 500, 1000,
2000, 4000 and 8000 Hz, at the limits of the
functional zones (Table 3) and at 2 meters distance
from the buildings (Table 4), corresponding to the
functional zones presented in Table 2.

Table 3. The values of the noise levels in 1/1 octave
bands at the limits of functional zones

on
O

Zone
125
250
500

1000

2000

4000

8000

Figure 22. Spectral distribution of the noise level at 2
meters distance from the building near the “Carmen
Sylva” park

1 58.73|56.81(51.22|52.75|53.55| 49.17 | 45.73 | 41.4

C,60 |829]|742|67.8|63.2| 60 | 574 | 554 | 53.8

2 58.51]55.57|48.67|48.12{50.57| 50.83 | 48.24 | 46.02

C,60 [829]|742|67.8|63.2| 60 | 574 | 554 | 53.8
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3 59.32159.78|56.23|52.73|56.19| 57.69 48.97

C,70 190.8182.9|77.1|73.0| 70 | 67.5 | 65.7 | 64.1

4 89.56|78.77|74.04|169.53|76.26| 72.98 62.86

C,85 (102.6/95.9191.0 | 87.6 | 85 | 82.8 | 81.0 | 79.5

5 59.85|58.43|51.79|46.33| 46.6 | 47.66 | 45.9 |40.97

C,60 [829]|742|67.8|63.2| 60 | 574 | 554 | 53.8

6 52.14|53.26|50.47]|50.58|54.55| 53.67 51.74

C,60 [829]|742|67.8|63.2| 60 | 574 | 554 | 53.8

7 56.12|54.95|51.97|48.03(47.73| 49.4 41.55

CA0 |67.1]56.8149.2|43.8| 40 | 37.1 | 349 | 33.2

8 60.41(58.44|49.91|48.67|48.96| 51.03 | 48.54 |43.71

C,85 (102.6/95.991.0 | 87.6 | 85 | 82.8 | 81.0 | 79.5

Table 4. The values of the noise levels in 1/1 octave
bands at 2 meters distance from the buildings

Figure 23. Spectral distribution of the noise level at the
limit of the parking for cars
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67.22(61.03]52.64|48.47| 48.2 [46.52| 41.19 | 35.73

60.5 [56.74|52.07(47.77| 47.5 |48.51| 46.48 | 42.98

60.68(59.51(56.51|52.81(56.29(56.22| 53.42 | 49.11

68.54166.92|164.37(60.52(63.91]63.41| 61.20 | 56.56

54.84|56.79(51.05|43.33|43.82|45.82| 44.44 | 39.48

54.08|53.33|51.03|51.61|54.74| 53.5 | 51.47 | 50.18

57.1|58.72|54.36(51.92{53.15|54.91| 51.9 | 48.63

60.49|57.51|51.71|50.48| 51.7 | 55.2 | 51.91 | 47.8

Al || |u|&|w ||~

A5 719 61.1 | 53.648.6 | 45 |42.2| 40.0 | 383

Figure 24. Spectral distribution of the noise level at 2
meters distance from the building near the parking for
cars

Using the results of the measurements, the
acoustic climate at the limit of the functional zones
can be characterized. Analyzing the tabular and
graphical results, we observe that the equivalent
noise levels registered at the limit of the “Carmen
Sylva” park exceeds the admissible limit with 9.7
dB, exceeding also the corresponding C, curve.

Concerning the noise registered at 2 meters
distance from buildings, one can be observed that
this admissible limit is exceeded in almost all
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situations, which means that
pollution is widely present.
Because the noise generated by sources of
functional zones could affect people inside the
functional zones as well as the neighborhood, it is
strongly needed to establish and implement some
attenuation measures. These could be active or
passive protection measures, specific for each

functional zone.

important noise

5. CONCLUSIONS

In order to establish the way in which the
functional zones generate noise which affects the
environment, it is necessary to investigate the noise
by measurements.

The values obtained for the characteristic
parameters of the noise are compared with
admissible limits. From this comparison one can
conclude if the environment is affected or not by the
noise and some noise mitigation measures can be
taken based on some methods which can be
identified.

The present method of investigation can be easily
applied in every practical situation concerning the
acoustic field generated by various sources.
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