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felt by those living near the wind farm.
Abstract— Wind turbine acoustical noise is a relevant element tih particular, among these environmental polluting agents,
be considered and studied because of the growing interest doustical noise must be considered. The turbines generate
renewable energies. The environmental impact of these structures,ivanted sound. both mechanical and aerodynamic. In the last

the surrounding areas is deeply investigated, especially on €ars. with the advancement of technology, wind turbines
acoustical and the landscape point of view. This paper is mainly ~ ™’ . . o ! .
came much quieter, but their noise is still an important

devoted to the integration between analytical, experimental a &
software analysis on noise production and propagation, in t§@urce, to be considered in the site choice phase. In this
framework of a single turbine or a wind farm. The results of framework, new technologies need to be developed in order to
measurement campaign in an operating wind farm are reported gadiuce the environmental impact of the wind turbines.

used to tune the model and software parameters, in order to Va”dﬁ%ether with the technologies, a source and propagation

the theoretlcal.assumptlons...In particular, the pomtllkg source aprqodelling improvement could be helpful in order to
other assumptions are verified by means of comparison between

experimental and simulated data. The noise mapping is also purstf@fiérstand the correct behaviour of the noise produced by the
in the framework of a commercial predictive software, exploiting thwind turbine.

possibility to monitor the behaviour of noise in a complex area, im this paper, the authors analyze the properties of noise
terms of number of sources, propagation, absorption, terrgifitensity function, from an analytical point of view, focusing
orography, etc., such as a wind farm. on its slope when considering different dependences. In
addition, in the last section, a comparison between the
presented model and results obtained with a commercial
predictive software are sketched, sharing lights to further
investigations.

Keywords— Noise control, Wind turbine, Source modelling,
Noise propagation.

I. INTRODUCTION

HIS century is going to be characterized by the time of I

energy crisis. The lack of petrol, the still ongoing research S ) ) ) ] )
on nuclear fission plants and the global warming are the majn! "€ Wind turbine noise has been quite deeply investigated in
elements that lead to the development of green and renewaBiffature. A relevant result is that annoyance from wind
energies. In this framework, wind turbines are a relevafi{rPines is generally weakly related to the equivalent A-
component of the complex scenario of the sustainabf§idnted SPL [2]-{4]-[5]. Different sound properties, not fully
development. described by the equivalent A-weighted level, can be related to
Initially used for farm irrigation and millworks, today's € Perception and annoyance for wind turbine noise, also
modern wind turbines produce electricity in more than 76ePending on the operating conditions of the wind farm. This
countries. As of the end of 2008, there were approximatelyPOthesis was supported in a previous experimental study by
120.800 megawatts of wind energy capacity installed arouh@'sson Waye an@hrstsm [6], where five recorded wind
the world (Global Wind Energy Council, 2009) [1]. turbine noises were compared in terms of reported perception
However, disturbance from wind turbines may be an obstad@8d annoyance, resulting to be different, although the
for large-scale production [2][3]. Besides these Vergsguwalent A-weighted SPL were the same. This result,
impressive data, in fact, wind turbines have several detractdi@gether to other subsequent studies, suggested that the
mainly because of noise annoyance, visual impacts, landscEb8Sence of sound characteristics subjectively described as

and wildlife disturbances. This environmental cost is primaril{PPing, swishing, and whistling was responsible for the
differences in perception and annoyance between the sounds
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the background level is low. In addition, noise from windo IEC 61400-11 [12]. In Fig. 3, for instance, datasheets of two
turbines comprises modulations with a frequency thalfferent turbines are reported.

corresponds to the blade passage frequency [8] and it is
usually poorly masked by ambient noise in rural areas [9].

Besides these studies on the phenomenology and on the
annoyance from wind turbine noise, many works have been
pursued on the physical modelling of the source and of the
noise propagation. Regarding the source, in [10] a summary is
reported.

The sources of sounds emitted from operating wind turbines
can be divided into two categories:

1) Mechanical sounds, from the interaction of turbine
components such as meshing gears, non-aerodynamic
instabilities interacting with a rotor blade surface, or unstable
flows over holes or slits or a blunt trailing edge.

2) Aerodynamic sounds, produced by the flow of air over
the blades, especially interaction of wind turbine blades with
atmospheric turbulence (also described as the characteristic Underground Hectrical Foundation

" H H " ", H " H . . jons Side

swishing" or "whooshing" sound), localized deficiencies on Ganrctions (Fronk View) (Side View)
the blade or disturbed air due to the flow around the tower,

etc Drawing of the rotor ond blades of a wind turbine, courtesy of ESN

A more detailed review of each of these sound generation

mechanisms is included in the text of Wagner, et al. (1996)Fig. 1: Sketch draw of a wind turbine taken from the web.
[11].

I1l. MODEL PRESENTATION AND RESULTS

In this section, the wind turbine noise analysis is presented
starting from the construction of a simple model, based on thg"
following assumptions:

1. The turbine can be, in a first approximation, considered |[“=== /n'l\.T
as a point like source, with a subsequent spherical Hy ot
spreading of the noise. T 4

2. Ground is considered completely absorbing. L,

3. Air absorption can be neglected over a short range.

4. The source sound power is assumed to be broad band. * >

Assumption 2 is supported from the fact that usually wind Fig. 2: Geometry of the source and receiver configuration.
farms are designed and built in countryside environments. In

general, since the aim of the paper is to highlight the
mathematical properties of the noise intensity function, in a These data have been fitted with a polynomial function and
first study one can consider these ideal conditions, postponigg results are reported in Fig. 4.

a more detailed analysis to a further study. Once the fit equation is obtained, it is easy to relate the
The geometry of our approximated model is shown in Figource power level global emission to any wind speed value
2, where the source and the receiver position are highlightegh the range of the fit). These data can be used to evaluate the

together with the relevant parameter of the model. sound intensity level, at a certain distanae(see Fig. 2) from

The first step of the procedure is to estimate the sour§g source. In the pointlike source and absorbing ground
sound power level, (A weighted) of the turbine. In order to gpproximations, on can write:

achieve this result, many procedures, both experimental and
theoretical, can be used in an already operating wind farm but,

in this paper, a deductive approach will be pursued. This will Ly =Lwa— 20|0910L—11—ar (1)

not diminish the value of the approach because.fjags an fo

additive parameter that only affect the vertical shift of the

curve. where Ly is the source power levety is the reference

The Ly, in fact, is obtained as a fit on noise emission dagistance, chosen as 1 m ané the air absorption coefficient.
provided by datasheets of manufacturers, obtained accordlfighis study, the N80 fit equation has been used.
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The absorption of sound by the atmosphere can be obtained

according to the calculation method described in "Acoustics -
Attenuation of sound during propagation outdoorsiISO

9613-1:1993" [13] and depends on the frequency, temperature
and humidity of the air. In a simple approach, a constant value
can be assumed as follow:

a = 0005dBA'm 2

Obviously, within 100 m from the source, this attenuation
can be neglected since it follows in the experimental
uncertainty of any measurement.

With respect to the general propagation formula presented
in 1ISO 9613, in this work some contributions, due for instance
to ground reflection, screens, etc., are neglected since they ar
not relevant in this framework and can be easily implemented
in a further study as simply additive terms.
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Fig. 3: Noise emission levels for two different turbines
versus standardised wind speed (at 10 m height) [taken from
the web].
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Fig. 4: Sound Power Level data fit for two different
turbines. Data have been provided by manufacturer datasheets.
The R? determination coefficient of the fit is reported in the
plot.

Formula (1) is derived from the usual expression of a
newtonian field (see for instance [19]) which gives the sound
intensity | produced by a pointlike source in terms of source
powerW and distance source-receiver

W
Iﬁvo

o 7]

®)

W, lo, Fo are reference values, used to make the logarithm
argument dimensionless.

If one includes all the constant values and the source power
Win a parameteK as follow:

lo EW
AW,

K= @)

the sound intensity is:

Let us underline that, in this model, the paramistes ruled

Fendardioe Apparent sound T Tonal aucibiky only by the wind speed value which is related to the power of
B Y ) T the source by the fit procedure described above.

7 Y S N Considering that (see Fig. 2):

5 100.5 | =4

6 ] 102.5 | =4

it 103.0 =4

— = 2 _ 2 _ 2 _ 2 2

S — Y S——— r*=x"+(Hg-Hg)"=x"+H (6)
10 | 104.0 T 4|

11 104.5 =4

12| 105.0 = |

with H = Hy - Hs, the sound intensity can be finally written

1
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This Lorentzian-like function is plotted wsn Fig. 5.
Studying function (7), one can easily find that it has @fluences the delimitation of the regions of different concavity
maximum inx = 0, with valuel . = K/H?, and an inflection is the difference between the source and the receiver heights.
point in:

(8)

where the second derivative is null.

Of course the 10 Log operator does not affect the PropertieSrentzian-like function with the same properties. It is easy to

on x axis, thus also the sound intensity levgl has an

inflection point (see Fig. 6).
By this result, one can affirm that there is a first region of

proximity to the turbine in which the intensity level decreases
slightly slower than the second region. The concavity, in fact,

influences the slope of the sound intensity function.
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It is valuable to underline that the only parameter that

An additional study that can be easily performed is the
dependence of the sound intensity and of the intensity level
from the height of the source in a fixed point. Looking at
formula (7), one can easily notice that the function has the
same dependence from thandH variables, that means that it
has the same slope with respect to each of them. The result of
the plot is shown in Fig. 7 and, as discussed above, it is again a

understand that the higher is the source, the lower is the noise
impact on the receiver.
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Fig. 7: Sound Intensity Level vs height of the source for a
pointlike source withLy= 103,5 dBA, distance from wind
turbine base = 70 m and height of the receiver =2 m.

Fig. 5: Sound Intensity vs horizontal distance from the

turbine base for a pointlike source witl= 103,5 dBA, height

of the source = 70 m and height of the receiver =2 m.

L, [dBA]

Fig. 6: Sound Intensity Level vs horizontal distance fro
the turbine base for a pointlike source witj= 103,5 dBA,
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IV. SOFTWARE RESULTS

In this section, the results obtained with a predictive
software, i.e. CadnaA®, are presented for different situations
and compared with the model presented above.

The “Angle Scanning” and the inverse ‘“ray-tracing”
principles are at the basis of the software algorithm. The
calculation grid is obtained dividing area under analysis in
many small surfaces in which a receiver is placed at a variable
height (in our case is 2 m). Each grid element releases many
rays with a full angle coverage (omni directive) and these rays,
eventually after many reflections, intercept the noise source.
The path length of the single ray describes the attenuation of
the sound wave coming from a certain noise emitter. In
addition, specific receivers can be inserted in the map, with the
possibility to export the results in a worksheet. In this study,
these receivers have been placed 5 m from each other and at 4
m height, in order to compare the results with the model

npresented in previous section.

The parameters of the simulation are resumed in Tab. 1.

height of the source = 70 m and height of the receiver = 2 m.
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Tab. 1: Simulation parameters

Pointlike source approximation

Lw 103,5 dBA
Wind speed 8 m/s
Height of the source 70m
Evaluation grid height 2m
Receivers height 4m
Distance between receivers 5m

map of a directive source is presented.

showing the peculiar slope of noise level produced by a

Fig. 9: CadnaA noise map (values are in dBA) for a

Fig. 8 reports the noise level pattern of a single turbine, ieointlike source witiLy= 103,5 dBA (wind speed = 8 m/s),

a pointlike source without directivity, while in Fig. 9 the noisd€ight = 70 m, absorbing ground and high directivity. The grid
is evaluated at 2 m from the ground and the distance between

In Fig. 10 the results of the two different simulationtwo receivers (black and white circles) is 5 m, while their
evaluated at the receivers (black and white circles) are plotté&ight is 4 m.

directive source. CadnaA simulations for a pointlike source

Fig. 11 and Fig. 12 show the results of the simulation of an 59 T iorcaon
array of 8 wind turbines, approximated again as a pointlike 58 SEEE H=70m
source with the same parameters as above. The plot is obtaine 57 = = - -Hg=4m
with the results of the receivers placed in proximity of three 56 "4"*0. ey
turbines. 3w * . ",

Finally, in Fig. 13 the comparison between noise level | = = ‘.‘ ey
predicted with CadnaA and with the proposed model is| ~ * *
presented. The agreement between the two curves is quit 2 “.‘
good and it implicitly validates the assumption of the o ‘..
presented model. jz Te

o] 2‘0 4‘0 6‘0 8‘0 1(‘)0 1;0 14‘10
x [m]
& Without directivity B With directivity

Fig. 10: CadnaA results for a pointlike source with=
103,5 dBA, height = 70 m and absorbing ground. The values
are taken at 4 m of height and the plots are with or without
directivity.

Fig. 8: CadnaA noise map (values are in dBA) for a
pointlike source withLy,= 103,5 dBA (wind speed = 8 m/s),
height = 70 m, absorbing ground. The grid is evaluated at 2
from the ground and the distance between two receivers (blac
and white circles) is 5 m, while their height is 4 m.

Fig. 11: CadnaA noise map for an array of 8 pointlike
sources withLy= 103,5 dBA, height = 70 m and absorbing
ground. The grid is evaluated at 2 m from the ground and the
distance between two receivers (black and white circles) is 5
m, while their height is 4 m.
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CadnaA simulation for an array of §
8 pointlike sources
59 - Ly= 103,5 dBA g
-Hg=70m g
o8 ~Hg=4m g
58 7§
32
57,5 +— 3
3 1]
o, 57 H
oy E;
56,5 §
56 — g
i
55,5
e ‘ ‘ ‘ - ‘ Fig. 14: Map of the area of Taverne Vecchie (SA), Italy,
o] 100 200 300 400 500 . .
x [m] taken from Google map. The map has been implemented in
Array of & turbines CadnaA framework and the roads have been traced. The

turbines are the red circles.
Fig. 12: CadnaA results for an array of 8 pointlike sources,

limited to the proximity of three turbines, with,= 103,5 The experimental measurements have been taken according
dBA, height = 70 m and absorbing ground. Values are takentat ISO standard, with Class 1 devices and in weather
4 m of height and the data points refer to receivers showndanditions fulfilling regulation requirements. Let us remind
the previous map. that even if the turbines were operating with a wind speed of

about 5-6 m/s, at the ground level, where the receivers were

placed, the wind was below the threshold fixed by regulation.
Comparison between model and software In Fig. 15 the data taken in proximity of an operating wind
turbine have been plotted. The receivers have been moved
L~ 103,5 dBA along two radius pointing to the turbine base, in order to both
57 “Hg=70m validate the spherical propagation (pointlike source)
- Htan, . e assumption and the lorentzian shape of the intensity plotted

) . versus the horizontal distance (see Fig. 6). The results well fit

* "'n*bh these assumptions and theoretical results. Only one point
51 L2 results to be lower than the expected slope: this is probably
" Fo, due to a relevant lowering in the wind speed during that
"""" measurement.

L [dBA]
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o 20 a0 0 s 100 10 10 160 180 Experimental data under an operating turbine
49,0
43,0
# CadnaA = Presented model 47,0 [

x [m]

Phonemeter 1
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Lya [dBA]
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Fig. 13: comparison between noise level predicted with

CadnaA (blue diamonds) and with the proposed model (red ... \§
squares), for a pointlike source with= 103,5 dBA, height = e . o - " - -
70 m and absorbing ground. The values are taken at 4 m o -

height.

Fig. 15: Experimental data taken in proximity of an
operating wind turbine. The receiver is placed at 1,5 m and the
phonometers have been placed along two radius pointing to the

. turbine base.
In order to validate the model and to better tune the

parameters of software simulation, an experimental session hagynce this measurements have been performed, it resulted

been pursued in an operating wind farm, located in Taverfferesting to model the entire wind farm in the predictive

Vecchie (Salerno), Italy. software, in order to achieve a complete mapping of the noise

~ The map of the area, taken from Google map © anfl the area. Starting from the experimental data and back

implemented in the software CadnaA, is shown in Fig. 14.  ropagating to the source, the source power level has been
chosen to 93,5 dBA and a simulation was performed.
Resulting noise map is shown in Fig. 16.

V. EXPERIMENTAL RESULTS
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The pattern clearly shows the peaks in correspondence of
the wind turbines, and it can be deduced that the orography of
the terrain has a certain influence in the noise propagation. The
latter consideration can be also exploited thanks to the 3D
image engine of the software. In Fig. 18 a collection of 3D
images is shown. The images are correspondent to the region
in the bottom-right area of the map in Fig. 14, where the
receiver is placed. It is evident how the orography and the
position of the sources and of the receivers/buildings influence
the resulting noise level.

Fig. 16: Noise map of the wind farm area, obtained i
predictive software framework. The power of the pointlik
sources (turbines) has been set to 93,5 dBA, according to
experimental measurement taken.

This noise is evidently not very significant, as experience
also by the operators during the measurement session. In
case, the main aim of tune the software parameters
experimental data has been achieved and now this propagal
model can be used in order to predict the noise impact
different wind conditions. The following figures, thus, havg
been obtained for a wind speed of 8 m/s, with a resultir
source power of 103,5 dBA. Simulation parameters a
resumed in Tab. 2 while the noise map is shown in Fig. 17.

ti
i

D

i

¢
e

Tab. 2: Wind farm simulation parameters

Pointlike source approximation

Lw 103,5 dBA
Wind speed 8 m/s
Height of the source 65 m
Evaluation grid height 4m
Receivers height 1,5m

130000

aslen

e

9200

Fig. 18: 3D images of the wind farm area under
investigation. The colours on the terrain are according to the
noise pattern and the legenda in Fig. 17. The blu crosses are
the pointlike sources, mimicking the wind turbines, the white
and black circles are the receivers and the parallelepipeds are
the buildings. The different colours on the buildings represent

Fig. 17: Noise map simulation in an average wind speetthe noise level according to the legenda in Fig. 17.
condition, i.e. 8 m/s. The resulting source power is 103,5 dBA.
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VI. CONCLUSIONS [9] S. Arlinger, H. A. Gustafssortlow a broadband noise with constant
. . . sound pressure level masks a broadband with periodically varying
In this paper, the authors presented a mathematical analysis sound pressure levels Swedish, Department of Technical Audiology,
on the acoustical noise produced by wind turbines. The Linkoping University, Sweden, 1988.

; : ; ; 0] A. L. Rogers, J. F. Manwell, S. Wrightyind Turbine Acoustic Noise
propagation function in literature usua”y depends by tHé Renewable Energy Research Laboratory Department of Mechanical and

distance between source and receiver, resulting in a inverse |nqystrial Engineering University of Massachusetts at Amherst, 2002.
square dependence, since the acoustical field is a newtorfiEn S. Wagner, R. Bareiss, G. Guidafi/ind turbine noissEUR 16823,
field. This function can be plotted versus the horizon\tlal Springer, Berlin 1996.

. . . 12] IEC 61400-11, Wind turbine generator systems - Part 11: Acoustic noise
distance between the turbine base and the receiver, showing neasyrement techniques, 2002.

interesting features, such as, for instance, the presence off1@N 1SO 9613-1: Attenuation of sound during propagation outdoors - Part 1:
inflection point dependant only by the difference between the Calculation of the absorption of sound by the atmosphere, 1993.

source and the receiver heights. Since the concavity is negafivg >, Quatier. N. E. Mastorakis, G. lannone, C. Guaraccia, S.
g ' Yy g D’Ambrosio, A. Troisi, TLL LenzaA Review of Traffic Noise Predictive

in the first region (close to the turbine base), one can affirm Models Proceedings of the 5th WSEAS Int. Conf. on “Applied and
that in the proximity of the turbine the intensity level decreases Theoretical Mechanics” (MECHANICS'09), Puerto De La Cruz, Canary

; ; ol Islands, Spain, December 14-16, 2009.
slightly slower than further, obeying to a Lorentzian Ilk%ls] J. Quartieri, M. Guida, C. Guarnaccia, S. D'Ambrosio, D. Guadagnuolo,

function. Topological Properties of the lItalian Airport Network studied via
This result has been validated with the aid of a predictive Multiple Addendials and Graph Theorynternational Journal of

software, CadnaA®. The agreement between the analytical Mathematical Models and Methods in Applied Scientsssie 2, Vol.2,

. . .. . pp 312-316 (2008).
curve and the numerical one ImpIICItIy validates th?lG] Quartieri J., Troisi A., Guarnaccia C., Lenza TLL, D'Agostino P.,

assumptions of the presented procedure. In the software D'Ambrosio S., lannone G., Application of a Predictive Acoustical
framework more simulations have been performed Software for Modelling Low Speed Train Noise in an Urban

. . . . . . Environment WSEAS Transactions on Systelssue 6, Vol.8, pp. 673-
introducing the directivity of the source and simulating more g, (2009). ysie PP

turbines in a symmetric array, giving a first description of thg7] Quartieri J., Troisi A., Guarnaccia C., Lenza TLL, D’Agostino P.,
results that can be achieved in terms of noise mapping in more D'Ambrosio S., lannone G., An Acoustical Study of High Speed Train
complex configurations of wind farms. ;I'ngggl)ts,WSEAS Transactions on Systelesue 4, Vol.8, pp. 481-490
[18] J. Quatrtieri, S. D’Ambrosio, C. Guarnaccia, G. lannone, Experiments in
Room Acoustics: Modelling of a Church Sound Field and Reverberation
ACKNOWLEDGMENT Time MeasurementdYSEAS Transactions on Signal Processlague
3, Vol.5, pp. 126-135 (2009).
We acknowledge the relevant discussions and suggesti@t® J. Quartieri, L. Sirignano, C. Guarnaccia, Infinitesimal Equivalence
we had with Eng. Tony L.L. Lenza on this tOpiC. His between Linear and Curved Sources in Newtonian Fields: Application to
. . . Acoustics, International Journal of Mechanigcdssue 4, Vol.1, pp. 89-
experience in this field has been helpful for us. 91 (2007).
[20] J. Quartieri, M. Guida, C. Guarnaccia, S. D’Ambrosio, D. Guadagnuolo,
Complex Network Applications to the Infrastructure Systems: the Italian
Airport Network case WSEAS Int. Conf. on Urban Planning and
Transportation (UPT'07), Heraklion, Crete Island, Greece, July 22-24,

REFERENCES 2008.

[1] W. D. Colby, R. Dobie, G. Leventhall, D. M. Lipscomb, R. 3.[21] J. Quartieri, L. Sirignano, C. Guarnaccigquivalence between Linear
McCunney M T. Seilo ’B. SzndergaaWind Turbine Souna and and Curved Sources in Newtonian Fields: Acoustics Applications,
Health Effects: An Expert Panel Reviegvepared for American Wind WSEAS Int. Conf. on Engineering Mechanics, Structures, Engineering
Energy Association and Canadian Wind Energy Association, December Sggéogy (EMESEG '08), Heraklion, Crete Island, Greece, July 22-24,
2009' .. . Py . y .

[2] M. Rand, A. Clarke, The Environmental and Community Impacts d2] Quartieri J., Troisi A., Guarnaccia C., Lenza TLL, D'Agostino P.,
Wind Energy in the UKWind Engineering1990, Vol. 14, No. 5, pp. D’Ambrosio S., lannone GAn ltalian High Speed Train Noise Analysis
319-330. in an Open Country EnvironmenProceedings of the®® WSEAS

[38] T.Ackermann and L. Séder, Wind energy technology and current status: Inter_natlpnaln Confer'ence on “Acoustics & Music: Theory &
a review,Renewable and Sustainable Energy Revew 4, Issue 4, Applications” (AMTA '09), Prague (Rep.Ceca), 23-25 March 2009
2000, pp. 315-374. [23] Quartieri J., Troisi A., Guarnaccia C., Lenza TLL, D'Agostino P.,

[4] M. Wolsink, M. Sprengers, A. Keuper, T. H. Pedersen, C. A. Westra D’Ambrosio S., lannone GAnalysis of Noise Emissions by Train in
Annoyance from wind turbine noise on sixteen sites in three countries ~Proximity of a Railway StatignProceedings of the T WSEAS
European community wind energy conference 8-12 March 1993, International Conference on “Acoustics & Music: Theory &

Lubeck. Travemiinde 273-276. Applications” (AMTA '09), Prague (Rep.Ceca), 23-25 March 2009.

[5] T.H. Pedersen, K.S. NielserGenvirkning af stgj fra vindmaller [24] C. Quarngccia, Analysis of T_raffic Noise in a Road Intersection
(Annoyance due to noise from wind turbing®gport 150 [In Danish]. Configuration, WSEAS Transactions on Systetssue 8, Volume 9,
Copenhagen, Denmark: DELTA Acoustic & Vibration, 1994. (2010), pp.865-874, ISSN: 1109-2777.

[6] K. Persson Waye, E. Ohtrsém, Psycho-acoustic characters of relevale Quartieri J., Guarnaccia C., D'Ambrosio S., lannong Goom
for annoyance of wind turbine noisépurnal of Sound and Vibration Acoustics Experimental Study: Characterization of the Sound Quality in
250 (1), 2002, 65-73. a New Built Church,Proceedings of the®® WSEAS International

[7]1 K. Persson Waye, A. Agg&xperimental quantification of annoyance Conference on “Acoustics & Music: Theory & Applications™ (AMTA
unpleasant and pleasant wind turbine soyrifeceedings of Internoise, 09), Prague (Rep.Ceca), 23-25 March 2009. _ ,
27-30 August 2000, Nice, France, pp. 3994-3997. [26] J. Quartieri, C. Guarnaccia, et ¥leasurement and Analysis of ;I;ram

[8] H.H. Hubbard, F. W. Grosveld, K. P. Shepherd, Noise characteristics of Noise Detected on a B“'ld”]g Fagad®roceedings of the ! )
large wind turbine generatospise Control Engineeringournal, Vol. International Conference on “Applied Mechanics and Mechanical
21, 1983, pp 21-29. Engineering” — AMMEL13, Il Cairo, Egypt, 27-29 Maggio 2008.

Issue 3, Volume 5, 2011 136



(27]

(28]

[29]

(30]

(31]

[32]

INTERNATIONAL JOURNAL OF MECHANICS

J. Quiartieri, N. E. Mastorakis, C. Guarnaccia, A. Troisi, S. D'’Ambrosio,
G. lannone, Traffic Noise Impact in Road Intersectidnggrnational
Journal of Energy and Environmen$sue 1, Volume 4 (2010), pp. 1-8,
ISSN: 1109-9577

J. Quartieri, C. Guarnaccia, et,alleasurements of high speed Train
Noise Detected at a Relevant Distance and a Simple Numerical Model,
Proceedings of the 13 International Conference on “Applied
Mechanics and Mechanical Engineering” — AMME13, Il Cairo, Egypt,
27-29 Maggio 2008.

Guarnaccia CAcoustical Noise Analysis in Road Intersections: a Case
Study Proceedings of the 11th WSEAS Int. Conf. on “Acoustics &
Music: Theory & Applications” (AMTA '10), lasi, Romania, 13-15 June
2010. ISBN: 978-960-474-192-2/ ISSN: 1790-5095, pp. 208-215.
Quartieri J., lannone G., Guarnaccia @n the Improvement of
Statistical Traffic Noise Prediction ToglProceedings of the 11th
WSEAS Int. Conf. on “Acoustics & Music: Theory & Applications”
(AMTA '10), lasi, Romania, 13-15 June 2010. ISBN: 978-960-474-192-
2/ ISSN: 1790-5095, pp. 201-207.

Quartieri J., Mastorakis N.E., Guarnaccia C., lannone Ghurch
Acoustics Measurements and AnalyBisoceedings of the 11th WSEAS
Int. Conf. on “Acoustics & Music: Theory & Applications” (AMTA
'10), lasi, Romania, 13-15 June 2010. ISBN: 978-960-474-192-2/ ISSN:
1790-5095, pp. 216-224.

J. Quartieri, A. Troisi, C. Guarnaccia, P. D'AgostiAo, Environmental
Quality Index Related to Polluting Agents and its application in the
framework of a GIS platformProceedings of the 2nd Int. Conf. on
Engineering Optimization, ENGOPT2010, Instituto Superior Técnico
Lisbon, Portugal, September 6-9, 2010, ISBN: 978-989-96264-3-0.

Issue 3, Volume 5, 2011 137





