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NOISE CONTROL FOR A BETTER ENVIRONMENT
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ABSTRACT

Urban planning is a powerful way for mitigating noise levels in cities around the
world. The location of centers of interest and theananagement of road traffic are
two of the main variables. Since both are close led, improvement actions taken
in one of these methods sometimes can lead to a wening in the other. A greater
knowledge of the urban characteristics of cities ah their relationship with the
main sound sources could bring benefits to the sodrenvironment in future urban
planning actions. In this work, an urbanistic and aoustic study of the city of Talca
(Chile) was carried out with the purpose of determiing the relations between both
groups of variables. The results showed that a setf 6 urban variables, some
similar to those selected in a previous study in Hopean cities, explained a
variability percentage of 63% in the noise level.
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1. INTRODUCTION

A noise map is considered the main tool for detemng the sound exposure of
the population according to the European Noise diire [1]. There are different
methodologies for the elaboration of noise maps mavadays, the research is focused
on calculation methods [2]. These calculation meéshare frequently implemented in
specific software whose licensing cost is usuaighhIn addition, calibration of these
calculation methods requires in-situ measuremesjtsTherefore, current research has
been aimed to the development of open-access geftj#, in-situ measurement
methodologies [4], low-cost devices [6][7], etc.eThbjective of many of these studies
is not to compete with current software or caldatamethods but to complement them
to improve their application and accuracy or bemgower cost alternative with
acceptable uncertainty.

The main source of noise in urban cities aroundabid is road traffic. In fact,
most noise maps only evaluate this type of soundcso Road traffic noise varies
spatially and temporally and the negative effecihealth are related to this variability.
There are also other sound sources that genegitesbund levels [8] or that modify the
spectral content of the urban sound environmentTBis has encouraged research on
the temporal variability of noise [10] and otheusd sources [11][12].

Despite the advances in the assessment of urbae,nbie implementation of
action plans is still in its early stages. In teense, actions must be taken on both the
sound source and the urban-architectural envirobrtiext surrounds the source. For
this reason, the relationship between urban featame sound levels is a very important
iIssue to consider in urban planning [13].

In the present work, the relationship of varialdesociated with the road traffic
sound source and the sound levels measured atediff®ocations in the city of Talca
(Chile) is presented. In addition, the relationshgtween urban variables and noise
levels was analyzed. Both variables, either indiglty or jointly, can constitute models
of sound prediction but they can also be a souraef@rmation on the possible benefits
to the actions taken during planning, to the improent of the sound condition of
particular urban environments.

2. METHODS
2.1 Study area

The present work was carried out in the city ac&gChile). This city is located
in the central region of Chile in the Maule Distriand it has a continental
Mediterranean climate (see Figure 1). The urbaruladipn of the city is about 210.000
and the agriculture sector has a fundamental moits ieconomy. The central area of the
city is characterized for having a square strugtsoethe denomination of the streets is
North, South, East, and West where the centralaplazthe source of their address
numbering. The city has experienced an importaotvgr in extension in the last
decade because the type of construction is charzedeby houses of one or two floors
with a landscaped area. The main road communicafidine country (Route 5) crosses
the city from North to South (red line in Figuredrd it is connected to the main urban
roads transverse to it (4 Norte, 2 Sur, Av. Sanudiyor to those that surround the city
(Av. Ignacio Carrera Pinto, Av. Lircay, Circunvaidg Norte) (blue lines in Figure 2).



Figure 1. Location of the city of Talca (Chile

2.2 Urban and acoustic measurements

In-situ sound measurements were carried out irewdifft types of roads in the
city. The definitions of the Categorization Methagre used for the stratification of
urban roads [14]. Thus, five types of routes witlfiedent functionality were used in the
study. A number of locations were sampled in eagie tof road by considering the
length and variability of them, resulting in a fotd 150 sampling points. The A-
weighted equivalent sound level recorded duringdédagime period from 7:00 to 23:00
was analyzed in this study. All the recommendatiginen in the international standard
ISO 1996-2 were followed with respect to the sitwatand type of measurement
equipment [15].

During the measurements, variables associatedthetsound source (flow, type
and speed of the vehicles) were registered simediasly. Urban variables were also
registered during and after the sound measurenaempaigns. In this preliminary study,
40 urban variables were analyzed. These variabkre welated to geometry (width,
average height of buildings, etc.), usage (presesfcehopping centers, education
buildings, etc.), location (distance to the cityhieg) and street’s conditions (type and
condition of pavement).

3. RESULTS AND DISCUSSION
3.1 Road traffic variables

The flow of vehicles is generally the variable tbaplains the larger variability
of sound levels recorded in urban environments.aR#gss of the type of road, a
relationship between the number of vehicles andntiise level can be observed (see
Figure 2). Similar results have been reported iheotlberoamerican cities [16].
Although the public transport composed of heavyialeh is frequently used by
citizens, the percentage of light vehicles is coasbly higher. Thus, the correlation
between noise and light vehicles is higher tharctireesponding correlation with heavy
vehicles.
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Figure 2. Relationship between number of vehidpseed and equivalent sound level
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Figure 3.Screenshots of the app “Traffic Noise Calculatof7]1



The correlation coefficient between the number effigles (without segregating
the type of vehicle) and the noise levels is higee(Figure 2a). Some studies have
established equivalences between heavy and ligtitles, resulting in an increase in
the correlation coefficient [7][18]. In additionhis regression model can be used to
predict noise with acceptable uncertainties. Sohthese models have been included in
smartphone applications for educational purposé&saffic noise calculator” is an
example of these applications (see Figure 3).

Another variable to consider in the variation olusd levels is the vehicle’
speed. The average speed of the vehicles gradunalgases from Category 5 (urban
residential roads) to Category 1 (main urban rag#sd to communicate this city with
other cities). Therefore, the speed and noise dewatdo report a high correlation
coefficient.

3.2 Urban variables

Most urban variables reported a significant cotre@hawith the equivalent sound
level. Table 1 shows only those variables withr@ation coefficients with p < 0.01.

Table 1. Pearson correlation coefficients betwedyan variables and Leq (dBA) with

p<0.01
Variables Description r
Vi Length (m) 0.67
Vo No. of shops 0.47
V3 No. of lanes 0.65
V4 Street width (m) 0.51
Vs No. of traffic lights 0.46
Vs No. of bus stops 0.46
V7 No. of bus routes 0.43
Vg Roadway width (m) 0.56
Vo No. of restaurants 0.43
Vic No. of schools 0.41
V11 No of road signs of interest places 0.33
Vi No. of industries 0.39
Vs No. of green areas 0.34
V14 No. of road intersections with preference 0.43
Vs No of road signs to go to other cities 0.33
Vie No. of petrol stations 0.35
V17 No. of health centers 0.30
\AT: No. of government administrations 0.25
Ve No. of police stations 0.28

Ve Average height of buildings (m) 0.24

Vo1 No. of crosswalks 0.33
Vs No. of churches 0.31
V% No. of administration offices. 0.28
Vo4 No. of sport fields 0.27
Vs No. of pubs 0.24
Ve No. of speed bumps 0.22
Vo7 No. of hostels 0.21




Some of these urban variables can have correlabefficients with respect to
noise levels like those obtained with traffic vates. Therefore, given that these
variables are not time-dependent and sometimes teasyptain through Geographic
Information Systems (GIS), they could be an altéveasource of information on the
noise levels in urban environments.

Table 1 shows variables related to the geometacatheristics of the urban road
(e.g., length, width of the street, and width of tload) and the presence of places of
interest (e.g., number of restaurants, gas stateonsgreen areas). Ballesteros et al. [19]
estimated the noise level of leisure areas thragghe geometric characteristics of the
street and the counting of leisure places. In amdithe geometric characteristics of the
streets affect the perception of the soundscage [20

Other characteristics related to the presence afyheaffic (e.g., bus stops and
bus lines) are also shown in Table 1. Public utibamsport is very important in Chilean
cities and quite used by the resident populatiorbéng fast and inexpensive. Finally,
some characteristics associated with road traffgulation and driver information (e.qg.,
traffic lights, pedestrian crossings, road signsptdces of interest) presented an
important correlation coefficient.

From those urban variables that reported a sigmficorrelation coefficient
with the corresponding noise levels, a multipleresgion analysis was carried out. The
urban variables were selected by steps, considénigig contribution to the variability
of the noise level. The resulting multiple regreasmodel is given by the following
equation

Leq (ABA) = 48.2 + 0.01Y- 2.40 \{; + 3.17 \4- 1.39 4 + 0.15 \4+ 1.18 4 (Equation 1)

The coefficient of determination of Equation 1 via63 which means that 63%
of the variability of the noise levels is explainggthe six urban variables selected.

This regression model (Equation 1) is comparabtl Wiat obtained in previous
studies conducted in a Spanish city [21]. The ‘g explained is similar and urban
variables such as the width of the road (in oudgtihe number of lanes was selected to
avoid collinearity), number of traffic lights, apdesence of commercial areas were also
chosen. Therefore, these results show the posgibflicreating common urban models
between cities of different locations.

4. CONCLUSIONS

The following conclusions can be drawn from theulssof this study:

- The relationship between the traffic flow and ndeseels is significant. This fact
allows that simple regression equations can preiigh percentages of the
urban noise variability and that these equations ba used in mobile
applications that allow the public to estimate theise levels to which
pedestrians who circulate next to urban roads>gresed.

- 27 urban variables related to “street location,’tban land use”, “street
geometry” and “circulation connectivity” had vergsificant relations with the
sound levels. They are variables that are easilgntgfiable and that any
unqualified person or entity can register.

- A stepwise multiple linear regression model presticsignificantly the 63% of
the variability of the Leq (dBA). This model incled the urban variables:
length, number of road signs of interest placesber of buses, number of bus
stops, number of shops, and number of traffic gfihe importance of some of
these variables was reported in previous predictimdels carried out in a



Spanish city. The results of this study could bganant in urban planning
models as an alternative to those that includealsbes such as traffic flow,
traffic composition and vehicles speed or to commaet these models.
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