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Abstract:Noise pollution is a major environmental problem in urban spaces worldwide. The first step tow
noise abatement is determining and evaluating noisertisets imest prioritize and implement protective
measures. The city of Osijek, as is obligated by law and the European Directive, has done this by creating a
map. In this paper, we present measures for noise abatement, showing some ahpiiennesdsdries i

Osijek based on their noise map, and review possible methods for abating noise in the most vulnerable ares

Keywordsnoise abatement, noise maps; noise barriers; Osijek

MJERE ZA SMANJENHOMETNE BUKE NA REARU GRADA OSIJEKA

6DaeHYWONYyHQMH EXNRP GDQDV MH MHGDQ RG JODYQLK X VYLMH
SURVWRUD 3UYL NRUDN ND VPDQMHQMX UD]JLQD EXNH MH XWYL
SULRULWHWL ]D SURYHWGHEX EMEBXDL] GOV IMHHGXADG BWIHPD =DNRC
Europskog parlamenta, izradio je kartu buke koja prikazuje razine buke i njihovu prostornu distribuciju. Ov:
SULND]XMH PMHUH ]D [DAWLWX RG EXNHNWH QA NHR RGRFKMHWDDRU
NDUWRP EXNH UD]PDWUD PRJXUQRVWL SURYHGEH PMHUD ]D ]Da\

.OMXYyQNRDMKHEOOMH EXNH NDUWH EXNH EDULMHUH ]D |DaAWLWX
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1 INTRODUCTION

Environmental nofsalution is recognized worldwide as one of the main factors reducing the quality of life i
urban areas [1]. Environmental noise is defined as "unwanted or harmful outdoor sound created by hu
activities, which includes the noise emitted by forspeitf toad traffic, rail traffic, air traffic, and the location

of industrial activities" [2]. Noise is also acoustic energy, described by the sound pressure level in uni
decibels [dB(A)]. Many studies have shown that noise is harmful t@logmnangpgsichology [3, 4]. The

World Health Organization has estimated that 40% of Europeans are exposed to harmful noise levels [5], ar
annual cost from noise pollution in the European Union is 40 billion euros [6].

To protect its citizens arduge noise, in 2002 the European Union adopted European Directive
2002/49/EC [2], whose main objective was to avoid, prevent, and reduce harm from environmental noist
accomplish this goal, the directive recommended various actions, includingpidetégnelsrby source
and number of people exposed, creating noise maps, informing people and raising awareness, and def
measures and strategies for noise abatement and preservation of quiet areas.

The greatest cause of noise pollution, espaaibiy areas, is widespread motor vehicles. To prevent
further pollution and reduce noise to satisfactory levels, various measures of noise abatement must be |
However, implementing noise abatement in dense urban areas is difficult: wbansspaeadssearce,
and abatement solutions must be integrated into the existing built environment.

In this paper, we present measures for noise abatement and their use in the city of Osijek. Assessir
QRLVH PDS RI 2VLMHN |U RW®Erent stat& &f nuisgeRdludd K Withe lit \Ah\ §cdon plan, and we
consider possible ways to abate noise in the most vulnerable areas.

2 MEASURES FOR NOIBRAREMENT

Noise abatement can be achieved primarily through prevention or reduction of weis8extoihdaspur
measures reduce noise propagation and block sound at the emission source. Economic measures
regulations can also affect noise levels by introducing fees that fund research, development, and implemen
of noisgrotection measuresThig following is a brief review of possibj@oteistion measures.

2.1 Reducing noise generation

In urban areas with low driving speeds, the dominant source of noise is the vehicle engine, whose desif
regulated and restricted by Directive 7BBEG7[7]. Further noise abatement is possible by reducing noise
created by wheels rolling on the pavement through construction and traffic management measures. Traffic
managed by reducing traffic volume and the share of heavy vehicles dealudiogasyggeg driving styles
(passive driving) [8]. Construction méasuglesas implementingrioige pavement [7, 9] and constructing
roundabouts FBre expensive, best applied to new or reconstructed roads. Speed bumps can reduce noise
reducingehicle speed, but can also increase noise from vehicles accelerating after the bumps.

The noise generated by tram and rail traffic depentdackrsthecture, vehicle type, and condition of
the riding surface [7,10]. For this traffic, measuues tworeel include strict control and maintenance, using
double elastic mounts, wooden sleepers, concrete slabs for closing tram rails, and newer vehicles [11].

2.2 Reducing noise propagation

Noise propagation can be reduced by barriers and by spgt@hglaranagement: ensuring that residential
areas are far from noise sources, planning buildings or facilities less susceptible to noise to be near the roc
and placing buffer zones of trees and shrubs between roads and buildings [12].

In urban ass where existing noise must be reduced, noise barriers are the most common and mo:
effective solution. Noise barriers are long, thin walls that prevent sound waves from propagating along a st
path between the emission and imission points ateltbkniinpact of the part of the sound wave reflected
from the pavement. When designing such barriers, their dimensions and location should be optimized by ac
calculations. Additionally, these barriers must be stable and mechanically soatetjaisagepobpriate
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for the climate and location. Noise barriers can be? tefi@utivy sound waves without reducing their
intensity or absorptive, absorbing much of the sound energy and reflecting only a small part. To satisfy all th
criteria, brders can be constructed of various materials including concrete, metals, wood, brick, plastic, ¢
various recycled materials [12].

Experiences from the city of Zagreb show that if the requirements of the location are respected in de:
barriers canonsiderably reduce noise while fitting in well with the environment [13, 14]. Research an
development of RUCONBAR at Department of Transportation of Civil Engineering Faculty in Zagreb shov
barriers can be constructed in a innovative way thaffectbathin noise protection and preserves the
environment by utiliziragte materials such as old tires [15]. For noise protection from city rail and tram traffic
short barriers placed next to the source are appropriate because they créattrfesneis(ibb].

2.3 Protecting against noise at the imission site

If other measures are insufficient, costly, or impractical, existing noise can be reduced at the imission site. 1
done by integrating sound insulation into existing builditaggyadessgning new buildings [7].

3 TRAFFIC NOISE IN THEY OF OSIJEK

3.1 Noise mapping

To reduce noise and create an action plan for a given area, it is first necessary to determine the noise level
their causes. A noise map shows the currerdarditiifated conditions of noise emission, expressed by the
harmonized noise indicat@rahd kgn: They show where noise exceeds the limit, estimates the number of
people exposed to various noise levels, and estimates the number of dwelindd)aspitads exposed

to certain noise indicator values [17, 18]. The limits of immision noise for spaces in which people work an
are 55 dB(A) and 45 dB(A) for the day and night, respectively, prescribed by state ordinance on the maxi
permittedoise level [19].

All cities with more than 100,000 inhabitants and the concessionaires of industrial areas, major roads, r
railways, and major airports are required by law on noise protection [17] to create noise maps with n
differentiated bguwsce. These noise maps show the current state of environmental noise, along with its sourc
and magnitudes, and the mechanisms of noise propagation, as well as any existing barriers to noise propag
Using a noise map, an action plan can be déhetapefihes ways to abate existing noise, prevent further
increases in noise, and enable future space planning in orderdalledgtéetareas.

3.2 Noise pollution

The city of Osijek, as required by law [17], has taken the first step tivededheat by creating a noise
map [20]. These noise levels were determined by measuring noise for 150 days and creating 3D models
noise map shows the noise levels in the city during all timgg kidayliky) and the daylong noise by
the indicatokds Also, the noise level can be viewed by cause: road, tram, or rail transport and industry.

The main source of noise in Osijek is traffic. City traffic mainly consists of intercity road traffic, the soutf
west bypass, tram tredifici the rail passing through the city (Figure 1).
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1
Figure ITraffic network of Osijek

Road transport with the longest traffic network affects the greatest number of people by the nois
produces. Noise levels shown thrauegkceed 55 dB in most residential areas, climhB@ d® 79 areas
surrounding streets with high traffic volume (Figure 2). Even at night, noise levels are much higher 1
permissible: the larger city streets have noise levels asHydBiEhebstreets with the most traffic noise
are also the busiest city roads, which connect the city in longitudinal and transverse directions, linking are
the verge of the city and the suburbs (Figure 2).

Figure 2 Daylon@i&£n) noise levels from ad traffic

Rail transport creates noise levels of BQ)dfeér the rail station and west entrance to the city, and
during night these levels decrease bydntiBHgr). Trams cause noise ab66@B during the day and 55
dB at night.

Althouglthe noise from industry exceeds permitted levels, it is mostly located on the city outskirts, or t
plants are designed to be far from the nearest residential area and have their own perimeter facilities that re
noise propagation.
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4 NOISE ABATEMENEASURES IN OSIJEK

4.1 Existing noise abatement measures

For many years, noise abatement measures have been built on Croatian highways, but the problem of no
urban areas has not been systematically considered. In recent years, to betgulatiatch \whith rihe

European Union, align with new laws, and meet increasing complaints from residents, more attention is |
paid to noise pollution, planning, and protection. The city of Zagreb has excelled in this, building walls in mi
location§l3,14] and conducting research on reducing noise [11, 15].

Osijek, however, had not yet created systematic plans for noise abatement, and many roads in the
produce noise exceeding regulated limits [19]. Along some streets with heavy Itsaffiayeyteeen be
created that reduce noise somewhat, but reducing noise was not their primary task. The one or two rows of
and shrubs are not sufficient to significantly reduce noise.

So far in Osijek, the only physical noise protection planiiésl@nthbuivestern bypass at the junction
ZLWK WKH 9LAQMHYDF VXEXUEV )LJXUH OHIW D QRLVH EDUU
panels. Transparent panels were used on the overpasses, and wooden panels were usdtlen areas wher
barrier rests on the embankment. On the eastern side, the barrier only covers the overpass because it is me
SURWHFW WKH LQGXVWULDO EXVLQHVV JRQH RQ WKH ZHVW VLG
because it protectsibgidential areas. Figure 3 shows this wall and its effect on the noise map.

f >B0dB(A)

Figure 3 a) Noise barrier on west bypass and b) the et of the noise barrier on noise levels

Many residents near the southern bypass are complaining of naises Feethdidiere because
there are residential areas noeas with a traffic load dQBvehicles per day, composed almost 17% of
heavy vehicles. Because of this, and because traffic will continue to increase, the largest amount of n
protection i@sijek yet is being constructed during the construction of the southern pavement of the southe
bypass. In this project, noise barriers will be constructed at nine locations with a total length of 4368 m; at th
these locations, the noise bariikrsower both sides of the road. The protection is designed to last for 15
years, and its sound insulation must exceed 25 dB. The barrier is designed to protect residential aree
locations where the road passes close by, whether on embanknhentstrctured such as overpasses.
On embankments, light concrete panels are being constructed; on overpasses and underpass, the barriers
made of transparent panels between steel columns separated by 4 m [21]. Figure 4 shows a barrier di
constuction.
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Figure 4 Noise barrier during construction

Noise has been reduced in some parts of the city through other measures not focused on noise reduc
such as speed limits, traffic bans on certain types of vehicles, and suitable urbaexg@haplenthe~or
streets in the old part of theewyJyD DUH SDYHG ZLWK VPDOO VWRQH FXEHYV
noise. Noise has been limited here through several measures introduced because of safety, pavement stru
and capacity. Some of the traffic areas, along with a centralesijgaretunaed into pedestrignzones,
while in other parts the car speed has been limited to 30 km/h and trucks and heavy vehicles have &
SURKLELWHG )LJXUH OHIW 7KH KLJK QRLVH OHYHOV RI (XL
attemated by a green belt, but they have been reduced more so by the massive buildings around the perim
Figure 5 shows a noise map of the area, revealing the effect of these measures. It should be noted that 1
noise maps do not include noise froantackibs, though this noise can dominate on the weekends during
the evening and night.

s : =80dB(A)

Figure 5 a) Noise abatement measuresEandQ RLVH OHYHOV LQ 7YU D

There are more positive examples of considering noise problems during urban planning in Sjenjak (Fi
6) and Vijenac Ivana Mestrovica. Green areas and parking constructed in front of residential buildings ¢
offset from rda and attenuate the surrounding traffic noi&5 mBPA). Such design of urban space creates
silent areas (Figure 7) with noise below permitted limits. Noise can be further limited by reducing speed lim
safety reasons. Driving speed is ldwdredzontal alignment, in addition to traffic signs and speed bumps.
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Figure 6 The settlement of Sjenjak

| Figure 7 ise Ivels in Sjejak
4.2 Noise abatement options in the noisiest areas

The noise map of Osijek reveals many areas in whitfateoisat measures must be implemented to
reduce noise to permissible levels. However, the space and built environment should be respected, so it |
simple to choose a noise protection measure: it depends on the location and the typelu# traffie.causing
Also, sometimes it is not sufficient to use one measure, and multiple measures must be combined. Fol
noisiest areas on the map, listed below are the specifics of the locations and measures which might
implemented to reduce noise.

Noisedvels in the city center have been reduced by limiting traffic, done through implementing pedesti
zones and onD\ VWUHHWY LQFUHDVLQJ WUDIILF DURXQG WKH FLW\
and Hrvatske Republike Streets (Figurto&unidtely, noise barriers cannot be used because of the narrow
corridors between buildings and traffic areas. Roads mostly consist of traffic lanes vétreetreas for on
parking, sidewalks, or narrow planting strips. Constructing noise hagéatesdismaohfort from the feeling
of enclosed space. As such, noise should be reduced here through traffic management measures, comk
several measures to match the noise reduction of a barrier [9]. Reducing speed would directly reduce nois:
thisspeed reduction would prompt drivers who do not need to go through the city to choose different routes
southern bypass is an excellent alternative for connecting the eastern and western ends of the city, espe
since the new southern pavemeanteitise the capacity, speed, and safety, adequate noise protection will be
constructed. Noise could be further reduced by using quiet pavement in reconstructions of traffic ares
combining various traffic management measures would not suffeieoibe réhe solution may be to install
sound insulation in residential buildings.
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J)LIXUH D éXSDQLMVNDVWUHHW DQG E WKH LOQWHUVHFWLR(

Along Cara Hadriana Street and European Avenue, near @dijekptiai¢-igure 9), the health care
center, and the university buildings, noise levels could be reduced by choosing adequate trees and bush
appropriate type. Extra peace and quiet near the hospital and campus could be obtained by constructing
barriers along the tram track, described in [16].

Figure 9 Area between camps and Osijek hospital

Noise near the railway station should be solved by planting vegetation and constructing barriers, which
already been constructed for safety réasmms location (Figure 10, left). To further reduce noise, an
absorbing surface could be applied to the existing barrier. Constructing barriers is especially convenient in
where the rail passes close to residential areas. At the locatiorgstewd (ndht), as in many others,
constructing barriers would be particularly appropriate because they would not only reduce noise but
improve safety by preventing uncontrolled crossing over the tracks.

Figure 10 a) Existing barrier at railgtation and b) areas along the railway where barriers are
necessary
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5 CONCLUSION

Noise pollution is a global problem, particularly in urban areas. Noise has many negative effects, including |
issues and financial losses. Thus, excessive noiseeducrsafe, permissible levels. To reduce noise,

it must be measured and mapped, showing the causes of noise and where protection is necessary. In
European Union, all citieis populations larger thar0000are required by national legistati@ke noise

maps, which should include noise from all types of traffic and noise from industry.

The noise map of Osijek, created in 2014, shows that the noise levels in many locations exceed permis
limits. The major cause of this excessive noigd @&nd railway traffic. Osijek exemplifies the rare,
unsystematic implementation of noise abatement measures in Croatian cities. In Osijek, a noise barrier ha:
been constructed in one location: on the edge of town. However, Because bartises lavbipeways
to good effect, the examples of barriers in Zagreb, and the increasing complaints from residents, noise prot
has been designed in Osijek at many locations along the southern bypass. These protective measures are
constructedsgart of the construction of the pavement of the southern bypass.

Some other measures in Osijek limit noise production, but noise reduction is not their primary goal. Ra
they are are mainly traffic and technical measures, such as speed bhanistmmscentain vehicles,
implemented to improve safety or increase road capacity. Also, quiet areas have been made in some parts
city by good spatial planning and suitable vegetation.

Noise protection must be implemented in many areasespbeialityjn center and along the railroad.
However, selecting measures is not easy because they must fit the built environment and limited available
while not harming the aesthetic of the city. Though they are the most effective sotutiat, HEarriers
constructed in some locations, so several measures of construction and traffic management must be combil
suitably reduce noise. Where possible, spatial boundaries along with trees, shrubs, and other vegetation s
be used, as they bertag environment while reducing noise.
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