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Recent European guidelines, as well as national legislation, make mandatory the elaboration of strategic noise maps
for residential areas every five-year for cities with more than 250 000 inhabitants. These maps will help to determine
and quantify in what way people are annoyed and disturbed by the surrounding noise. However, there are no
European standards for the determination of outdoor noise. Each country is responsible for the definition of its own
evaluation methods. But, in some situations, the available methods can lead to great differences in the resulting
sound levels that can go up to 10 dB(A). Due to very recent legislation, Portugal is now giving the first stepsin
producing noise maps. Some difficulties in choosing the noise evaluation methodology are arising with some
technicians using only analytical prevision methods and others preferring the experimental and field evaluation of
noise. The aim of this work is to evaluate the accuracy and versatility of acommon prevision method by comparing
the results obtained by simulation with those obtained with on-site measurements. It is also a goal of this paper to
enlighten the critical points where and when the majors differences between these two methodol ogies occur.

1. INTRODUCTION
Noise has become one of the most important degradation factors of people€'s qudity of life.
Human being, especidly in urban aress, lives surrounded by noise, which causes discomfort and
sress and is respongble for a great number of psychologicd and physical damages. The ever-
growing technological development of our cities has been leading to a continuous increase in the
sound levels observed in urban areas caused, essentidly by traffic and industries.
To prevent criticad hedth effects, World Hedth Organization in 1996 suggested the value of 55
dB(A) for the A-weighted equivaent outdoor sound level, LAeq, during the day (the equivaent
sound levd is the average sound level during a certain period of time which means that short
peeks in the sound leve only have a dight influence on LAeg). To reinforce this intention, the gh
European Action Program related to the Environment has aso defined some specific objectives
to be achieved in terms of noise reduction: al equivadent sound levels above 55 dB(A) should be
gradudly reduced to vaues between 55 and 65 dB(A) and in any circumstance they should be
greater than 85 dB(A). Recent Portuguese legidaion [1] is more ambitious establishing the
difference between senshble areas and mixed areas and between day period and night period
imposing different noise level limits for each Stuaion asit can be seenin table 1.
To achieve these reaults, extensve daboration of noise maps throughout European urban aress is
essentia in order to identify the problematic arees. These maps will be useful tools for
improving the noise Stuation of exiging and future resdentia arees.
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Table 1: Maximum outdoor noise level.

Laeq Day Night
dB (A) 7h—22h 22h—7h
Sensble areas 55 45
Mixed areas 65 55

According to very recent European directives [2], dl urban areas with more than 250 000
inhabitants and areas near important roads (with more than 6 millions of vehicles per year),
ralways (with more than 60 @O trains per year) and arports (with more than 50 000 flights per
year), must produce noise maps till July 2007. After that, the same action will have to be caried
out for cities with 100 000 inhabitants, roads with more than 3 millions of vehicles per year and
ralways with more than 30 000 trains per year in order to reduce the number of people
disurbed. This is asolutdy in line with recent Portuguese legidation [1]. However, some
difficulties have arisen in the gpplication of this legidation mogly because the technicians don't
know the law wdl and when they are aware of it, it is sometimes ambiguous and difficult to
aoply.

In spite of recent publications by the Portuguese Minisry of Economy [34] defining some
guidelines for noise map eaboration, there are no Portuguese standards in the fidd unless the
NP-1730-2 dandard [5] that defines the methodology to be followed in the grephica
representation of the results. This lack of officid methodologies and procedures has been leading
to some anarchy and many doubts are arisng in the eaboration of the maps. The guiddines
define the parameters that have to be taken into account but the methodology to be followed
depends on the technician choice. Some prefer usng previson methods while others prefer on
dte measurements campaigns. Since there is no experience in this fidd, this work tried to
compare these two approaches. The am was to compare the results obtained with both
methodologies trying to identify what are the differences and when and why they occur. For this
purpose, part of the city of Guimaraes has been chosen.

2. METHODOLOGY
To compare the two methodologies, the outdoor noise in the selected zone has been evauated by
on-gte measurements and by smulaion. The results have been compared and the differences
between them have been assessed. The most rdlevant parameters that have a mgor interference
on the noise map definition have aso been identified.

2.1. Previson method

Among those avallable, the smulation code chosen to predict the noise levels was MITHRA [6]
because it is one of the most popular codes used in Portugd. This software follows a mode that
takes into account the buildings geometry and type of fagcade, local topography, properties of the
ground, meteorologica conditions and the exisence of acoudica bariers. In spite of dl the
potentidities of MITHRA, only road traffic has been congdered in this sudy not only because it
has a dominant role but specidly because in the sdected area there isn't any arport, ralway or
important industry. In this case, the sound levels depend on the traffic intengty, percentage of
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heavy treffic, average speed of the vehicles, characterigics of the road pavement, acoudica
properties of the ground between road and receiver, distance between road and receiver and
height of the buildings and type of their coaing.

To obtan dl these data, this methodology dso implies an ontSte campaign to determine or to
confirm the physcal characterigics of the zone since in most of the @ses this information (or at
leest pat of it) is not avalable. It is dso important to locdly identify the presence of any walls
or acoudtica barriers, the presence of any woods or parks and of any lakes or rivers since they
have an important role on the definition of thelocd noise levels.

Traffic counting is dso a very important input of the program with great influence on the find
results. In this study, some of these vaues were available (main roads) but others were not. In
this case, the missng vadues were extrgpolated based on the existing ones or they were
measured. When they were measured, these measuring campaigns were performed for periods of
one hour each.

This modd is based on a fast dgorithm, particularly adapted to road traffic, that identifies the
acoudtical paths between the sound source and the receiver taking into account direct, refracted
and reflected (by the ground and by the buildings fagades) sound beams.

2.2. Selected area

The sdected zone to perform the study is an
urban area with a high populaion dendty —
1781  inhabitantgKn?.  This aea is
characterized by heavy traffic dnce a great
number of city faciliies are concentrated in
the area like the hospitd, the footbdl stadium
and the mgor shopping center of the city. An
important road, with highway profile, dso
crosses the sdected area The buildings in the
zone have severd dories varying from 1 to 12
with an average story height of 3 m. Ceramic
tiles or panted plaser covers the buildings

=iHE
= —

facades. Asphalted pavement or stone blocks == e e s
pavement characterize the roads.
Figure 1 shows a computer image of the zone. Figure 1. Zone selected to perform the study.

2.3. On-site measur ements

The results obtained by smulation had to be compared with the noise levels observed in-situ. For
this purpose, twelve representative points of the zone under study have been sdected and a one-
month measurement campaign has been performed. The selected points were representative of
the most problematic Sitesin the city in terms of noise.

The sound levels measurements took place in the evening between 18h and 20h, in a rush hour
period. This decison was based on a degp knowledge of the city habits otherwise it would have
been necessary to perform the measurements in a larger period and to repesat them a different
hours in order to characterize the zone. The measurements period had aso to be coincident with
the period for what traffic counting was available in order that a correct comparison between the
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two methodologies could be done. In each receiver, the measurement period corresponded to
fifteen minutes repeated twice. The choice of such a short period was due to the uniformity of
the existent outdoor noise at the time of the measurements.

3. OUTDOOR NOISE EVALUATION
The outdoor noise levels in the sdected area of the city of Guimarées were determined by
smulaion and by on-dSte messurements. The A-weighted equivaent outdoor sound levels, LAeg,
obtaned in the twelve recaver points, were afterwards compared and the results of this
comparison are shown in Figure 2.
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Figure 2. Comparison between measured and simulated LAeq val ues.

In average, this figure shows that the differences between the smulated vaues and the messured
ones vary from to 2 to 3 dB (A). However, there are four points that are clearly off of this range:
receivers 2, 6, 7 and 9. In these cases, the differences between the measured and the smulated
values are, respectively, 4.8 dB (A), 6.2 dB (A), 7.6 dB (A) and 10.6 dB (A), which are too high
vaues and therefore not acceptable. Figure 3 and table 2 show the noise spectrum in two of these
points (1 and 9).

Table 2: noise levels/octave in two points.

Freq. LAeqdB (A)
meas. Smul. meas. gImul.
H2) R1 R1 RO RO
63 50.0 39.3 48.0 48.4
125 523 69.2 49.7 78.3
250 57.0 65.6 53.3 74.7
500 60.4 62.9 58.1 721
1000 64.3 62.7 61.4 72.1
2000 64.1 58.3 60.4 68.2
4000 58.9 52.0 53.3 63.0
8000 51.6 18.1 45.8 32.3
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Figure 3. Comparison between measured and simulated LAeq values.

The andyss of this dtuation dlowed concluding that these maor differences were due to a
discrepancy between the traffic counting introduced in the program and the effective number of
vehicles passng in the roads a the time of the measurements. In the smulations it was used an
avalable officd counting which was different from the vaues observed in Stu during the noise
levels measurements. It was aso noticed a discrepancy in the percentage of heavy traffic used in
the smulations and the one observed in Stu. Another important aspect was related to the fact that
the measurements were peformed a 1.5 m above the ground level while the Smulaion results
were produced for a receiver located 5 m above the ground. It is important to note that the lack
of rigor in introducing the Ste characterigtics led to differences between the measured and the
smulated vaues up to 10 dB (A), which enhances the greet importance of the accuracy of the
data introduced in the modd.

Besides these three parameters (number of vehicles, percentage d heavy traffic and height of the
measuring point), there are dso others that have a great influence on the results obtained by
samulation like the veocity of the vehicles type of road pavement, buildings height, type of
codting of the fagades or width of the road.

Some sengtivity studies have been performed in order to evaduate the interference of these
parameters on the accuracy of the dmulated noise levels The intention was to identify the
parameters with what technicians must take specia care.

From those studies it became evident that the velocity, percentage of heavy traffic and number of
vehicles per hour on the road were the most relevant.

When the velocity of the vehicles was changed in 20% (either up or down), through the
amulations it was observed that the LAeq vaues changed in about 3 dB (A) with a minimum
vaue observed of 0.9 dB and amaximum of 8.3 dB (A) depending on the Site characteridtics.

Changing the number of vehicles in 30% it would lead to an increase (or decrease) of 2 dB (A)
on the LAeq vaues. However, depending on the dte characteridtics, it has adso been observed
increases of more than 8 dB (A) on the LAeq values.

4. CONCLUSIONS
Noise mgps will be important tools in urban planning with high potentia to improve the qudity
of life of the dtizens. However, their daboration gill depends on some guiddines that give the
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technician freedom to choose the methodology to be followed. Due to this Stuation some doubts
in the eaboration of noise maps have aisen. In this paper two methodologies have been
compared: one usng a smulaion code to predict the A-weighted equivaent outdoor sound
levels of part of the city of Guimarées and other measuring in-situ these sound levels.

The comparison of both results showed that in the mgority of the cases the smulated vaues
were close to the measured ones with differences between them that varied from 1 to 3 dB (A).
However, it became evident that the accuracy of the data used in the smulation code is of high
importance since it has been observed differences that went up to 10 dB (A) between the
smulated and the measured vaues when there was a discrepancy between the input data of the
code and the red Situation.

Sengtivity studies showed that the most reevant parameters that have a mgor interference on
the accuracy of the find results are the number of vehicles per hour in each road, ther velocity
and the percentage of heavy traffic present. When variations of about 20% to 30% on these
parameters occur, the LAeq vaues vary in about 3 dB (A) but the increases (or decreases)
observed can dso go up to more than 8 dB (A).

Also the width of the roads, type of pavement, shape of the buildings and their coating cannot be
neglected in al the process.

The mgor concluson of this work is that unless we are certain of the accuracy of the avallable
data, it is wise to follow a mixed methodology where previson methods are complemented with
field measurements in order to produce rigorous noise maps in accordance with redlity.
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