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Selected Issues of Vibroacoustic Protections
in Rail Transport
Adamczyk Jan, adamczyk@agh.edu.pl

Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland;

AGH University of Science and Technology
Departament of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland

The article presents selected, now available in rail transport
vibroacoustic protections. In the study the relationships between
noise and vibration in certain frequency bands, generated due
to speed of a train were discussed. The analysis of the differ-
ent types of solutions for vibroacoustic protections for railways
was presented, as well as the dynamic effects generated by the
passing train on the commonly used noise protection equipment
were examined.
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The Vibroacoustic Optimization Process
of the Off-Road Machines
Baranski Filip(1), f.baranski@kfb-polska.pl
Scholten Jan(2), j.scholten@ibaf-bochum.de
(1)CEO, KFB Polska Sp. z o.o.
Elementarzowa 15a, 51-173 Wrocław, Poland;
(2)CEO, IBAF GmbH
Heinrichstrasse 67, D-44805 Bochum, Germany

In spite of the manufacturers’ extensive efforts to reduce
noise emission of the off-road machines especially those with in-
tensive operating process noise, they have not succeeded. The
empirical optimization process manufacturers exploit is not re-
sponding to desired limit of noise emission values. Furthermore
the necessary optimization loops increase both time and costs of
acoustic product development.
The effective identification of potential reduction requires

sophisticated knowledge of vibroacoustic system which includes
not only the noise emission but also the sound excitation and
transmission. The vibroacoustic optimization process is based
on three elements: designing the virtual prototypes, validation
of virtual prototypes by extensive measurements, adapting and
transferring the results of simulation into a real model.
The article introduces a hybrid approach developed by the

KFB Polska Sp. z o.o. and IBAF Engineering GmbH, in order
to obtain vibroacoustically optimised product. To illustrate that
approach the article exemplarily describes the acoustic optimi-
sation of some types of off-road machines.
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Low Cost System for Vibration Sensor Checking
Barański Robert, robertb@agh.edu.pl

AGH University of Science and Technology
Faculty of Mechanical Engineering and Robotics
Department of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland

To build close systems dedicated only for one application
is unfavorable from few point of view. The main of them are
collection of unnecessary (duplicate) equipment and of course
financial cost.
Base on this assumptions, we try to build system based

on easily accessible and inexpensive components. Our system
is dedicated for checking vibration sensors and rather should be
used for education application. The main reason is accuracy. Our
system consist of own production exciter, National Instruments
data acquisition card (DAQ) and PC class computer.
Dedicated software provides us to DAQ card full control. We

just select frequency band width and start test. All next steps are
controlled by software. At the end of test we obtain information
about each of third octave frequency in table or graph.
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Verification of the Calculation Assumptions Applied
to Solutions of the Acoustic Measurements Uncertainty
Batko Wojciech(1), batko@agh.edu.pl
Bal Renata, renbal@pwsz.krosno.pl
(1)AGH University of Science and Technology
Faculty of Mechanical Engineering and Robotics
Departament of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland
2State Higher Vocational School
Politechnical Institute
Rynek 1, 38-400 Krosno, Poland

The assessment of the uncertainty of measurement results,
an essential problem in environmental acoustic investigations, is
undertaken in the paper. An attention is drawn to the – usually
omitted – problem of the verification of assumptions related to
using the classic methods of the confidence intervals estimation,
for the controlled measuring quantity.
Especially the paper directs attention to the need of the

verification of the assumption of the normal distribution of the
measuring quantity set, being the base for the existing and bind-
ing procedures of the acoustic measurements assessment uncer-
tainty. The essence of the undertaken problem concerns the bind-
ing legal and standard acts related to acoustic measurements
and recommended in: “Guide to the expression of uncertainty in
measurement” (GUM) (OIML, 1993), developed under the aegis
of the International Bureau of Measures (BIPM). The model
legitimacy of the hypothesis of the normal distribution of the
measuring quantity set in acoustic measurements is discussed
and supplemented by testing its likelihood on the environment
acoustic results.
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The Jarque-Bery test based on skewness and flattening (cur-
tosis) distribution measures was used for the analysis of results
verifying the assumption. This test allows for the simultaneous
analysis of the deviation from the normal distribution caused
both by its skewness and flattening.
The performed experiments concerned analyses of the distri-

bution of sound levels: LD, LE , LN , LDEN, being the basic noise
indicators in assessments of the environment acoustic hazards.
Keywords: acoustic monitoring of environment, estimation of
long-term noise indicators, statistical analysis results.
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Improvements of the Uncertainty Determination
of the Noise Sources Identification Process
Batko Wojciech, batko@agh.edu.pl
Pawlik Paweł

AGH University of Science and Technology
Faculty of Mechanical Engineering and Robotics
Departament of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland

The new method of the uncertainty calculation of the pro-
cess of the noise sources identification, realised according to the
method of disconnecting successive sources, was proposed in the
paper. The situation, in which we are dealing with the diffuse
sound field – formed by the background noise emission and the
noise sources being identified – was assumed in these considera-
tions.
In the identification algorithm were applied the mathemati-

cal formalism of the interval arithmetic, related to the measure-
ment results of the noise level relevant to disconnecting succes-
sive sources of emission Ls−i [dB/A], and the noise level gener-
ated by influences of all sound sources.
The properties of the indicated solution were referred to

the uncertainty calculation methods usually applied in various
metrological solutions. The proposed approach was illustrated
by the example realised under laboratory conditions.
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Type a Standard Uncertainty of Long-Term
Noise Indicators
Batko Wojciech, batko@agh.edu.pl
Stępień Bartłomiej, Bartlomiej.Stepien@agh.edu.pl

AGH University of Science and Technology
Faculty of Mechanical Engineering and Robotics
Departament of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland

The problem of estimation of the long-term environmental
noise hazard indicators and their uncertainty is presentedi n the
hereby paper. The type A standard uncertainty is defined by the
standard deviation of the mean. The rules given in the ISO/IEC
Guide 98 are used in the calculations. It is usually determined
by means of the classic variance estimators, under the following
assumptions: the normality of measurements results, adequate
sample size, lack of correlation between elements of the sam-
ple and observation equivalence. However, such assumptions in
relation to the acoustic measurements are rather questionable.
This is the reason why the authors indicated the necessity of im-
plementation of non-classical statistical solutions. There is for-
mulated the estimation idea of seeking density function of long-
term noise indicators distribution by the kernel density estima-
tion, bootstrap method, and Bayesian inference. These methods
do not generate limitations for form and properties of analyzed
statistics. The theoretical basis of the proposed methods is pre-
sented in this paper as well as the example of calculation pro-
cess of expected value and variance of long-term noise indicators
LDEN and LN . The illustration for indicated solutions and use-
fulness analysis were constant monitoring results of traffic noise
recorded in Cracow, Poland.
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Soundscape of Polish National Parks
Bernat Sebastian, sebastian.bernat@poczta.umcs.lublin.pl

Maria Curie-Skłodowska University
Faculty of Earth Sciences and Land Management
Department of Environmental Protection
al. Kraśnicka 2cd, 20-718 Lublin, Poland

The aim of the research, which has been taken up in Polish
national parks is to identify threats connected with noise, rec-
ognize soundscape resources, indicate opportunities of their pro-
tection. Studies were carried out with the use of surveys which
help to diagnose awareness of threats and values of soundscapes
among service of parks. Additionally, method of semantic dif-
ferential was applied, just to learn opinion of students, concern-
ing quality of soundscape in Polish national parks. Except for
empirical studies experience in protection of soundscapes in na-
tional parks of the US were presented. Finally, possibilities of
future research on soundscape in areas of high natural values
were pointed out.
Keywords: landscape perception, soundscape, quiet zone, na-
tional parks.
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Evaluation of Influence of Work Analysis Data
on Determination of Occupational Noise Exposure
in Accordance with Standard PN-EN ISO 9612:2011
for Mechanic – Welder Workstation
Blasiak Krzysztof, k.blasiak@kfb-polska.pl
Chmielewski Bartosz, b.chmielewski@kfb-polska.pl
Baranski Filip, f.baranski@kfb-polska.pl

KFB Polska Sp. z o.o.
Elementarzowa 15a, 51-173 Wrocław, Poland

In article authors present results of determination of oc-
cupational noise exposure (performed in accordance with stan-
dard PN-EN ISO 9612:2011) for mechanics – welders working in
one of manufacturing plant in Poland. Main goal was to verify
previous results obtained using task-based measurements (strat-
egy 1). For this purpose an additional measurement session with
full-day measurement (strategy 3) was performed, extended by
highly detailed recording of work activities and their duration.
Emphasis was placed on matter of determination and identifica-
tion of tasks and tools usage. Analysis of collected results led to
evaluation of influence of work analysis data on determination
of occupational noise indicators. Finally, for both strategies, the
comparison of the contribution from each identified task to daily
noise exposure level was made.

? ? ?

The Use of GIS Data in the Acoustic Models
– Processing of Data Obtained or Prepared
to Adapt Them to the Local Law Requirements
which Performers of an Acoustic Projects
Have to Fill
Byrdy Dawid, Dawid.Byrdy@sgs.com
Polak Wiesław

SGS EKO-PROJEKT Sp. z o.o.
Muchoborska 18, 54-424 Wrocław, Poland

The paper initially describes the purpose of the use of GIS
data used in the models created for the purpose of acoustic noise
maps for cities with a population of over 100 thousand inhabi-
tants performed on the basis of Directive 2002/40/EC and the
most popular data formats.
It then provides necessary format conversion and commonly

used for this purpose methods to the minimum loss of data.
While describing the format conversions most frequently used
computer programs were mentioned.
The first step in describing the work of the GIS data is to

prepare the data obtained to import them into the acoustic soft-
ware, and therefore presents the computational requirements of
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the models as to the scope of GIS data, file formats and struc-
ture of tabular attributes of individual thematic layers together
with a description of the process of data processing. The pa-
per also includes data fusion capabilities of GIS with the results
of acoustic measurement collected in such a way as to permit
the implementation of direct importation into acoustic programs
such as CadnaA or IMMI.
Then the need to verify the data entered was identified and

different ways to carry out the process were suggested. At the
stage of verifying the description of GIS data the most common
mistakes and ways to exclude them were indicated.
The paper also describes ways to export the acoustic data

to the most common file formats and the most common deficien-
cies which can occur during this process in relation to the layer
attributes associated with sources of industrial noise, road and
rail – deficiencies in most commercially available applications for
modeling environmental noise were indicated.
There also have been described frequent requirements asked

by the government about the data both for reporting on the
implementation of noise map for internal use, along with the
methods of processing the results of acoustic analysis in such a
way that all the requirements are met.

? ? ?

The “NOMAD” Project – A Survey of Instructions
Supplied with Machinery with Respect to Noise
Châtillon Jacques(1), jacques.chatillon@inrs.fr
Szyszko Marian(2), marian.szyszko@szczecin.pip.gov.pl
(1) Institut National de Recherche et de Sécurité (INRS)
Rue du Morvan CS 60027
54519 Vandoeuvre-lès-Nancy Cedex, France;
(2)National Labour Inspection
District Labour Inspectorate – Szczecin
Pszczelna 7, 71-663 Szczecin, Poland

The NOMAD project was a survey to examine the noise-
related content of instructions supplied with machinery offered
for purchase in Europe. The project collected more than 1 500
instructions from machines covering 40 broad machine-families
and from 800 different manufacturing companies. These instruc-
tions were analyzed to determine compliance with the require-
ments of the Machinery Directive, and assess the quality of in-
formation.
The general state of compliance of machinery instructions

with the noise-related requirements of the Machinery Directive
was found to be very poor: 80% of instructions did not meet
legal requirements. Some required numerical values relating to
noise emissions were often missing. Where values were given,
they were often not traceable to machine operating conditions
or measurement methods, and not credible either against stated
conditions/methods or as warnings of likely risk in real use.
As a consequence, it is considered highly likely that, in mak-

ing a machinery procurement decision, employers are prevented
from taking noise emissions into account, and understanding
what is necessary to manage the risks from noise relating to
equipment that is procured.
Recommendations are made for actions aimed at bringing

about a global improvement to the current situation. Targeted
actions are now proposed by “ADCO Machinery Group” aimed
at raising awareness of the legal requirements, responsibilities
and actions required among the various groups who have parts
to play in the system – machine manufacturers, machine users,
occupational safety and health professionals, and standards-
makers. Recommendations are also made aimed at providing,
or improving, tools and resources for all these actors.
Keywords: noisy machine, machinery directive, legal require-
ments, survey.
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Selection of Sound Insulating Elements in Hydraulic
Excavators – on the Basis of the Identification
of Vibroacoustic Energy Propagation Paths
Dąbrowski Zbigniew, zdabrow@simr.pw.edu.pl
Dziurdź Jacek, Pakowski Radosław

Warsaw University of Technology
The Institute of Machine Design Fundamentals
Narbutta 84, 02-524 Warsaw, Poland

In spite of the fact that standardising operations and in-
creased awareness of hazards led to a significant improvement
of vibroacoustic climate of operator’s stands of new machines,
their long-term exploitation – often under difficult conditions
– leads to a fast degradation of acoustic qualities of machines.
Temporary operations, performed during surveys and periodical
overhauls are rarely effective, due to the lack of any guidelines.
In this situation the authors propose the algorithm – of selection
of eventual screens or sound absorbing and sound insulating par-
titions – utilizing the measuring procedure of an identification at
the operator’s stand, of main noise components originated from
various sources. On the basis of this procedure the vibroacoustic
energy propagation path in the machine was estimated.
Keywords: noise and vibration, propagation path, coherence
function.
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The Apparatus Intended for Measurement of Ultrasonic
Noise and the Capabilities of Its Traceable Calibration
Dobrowolska Danuta, akustyka@gum.gov.pl

Central Office of Measures
Laboratory of Acoustics and Vibration
Elektoralna 2, 00-139 Warszawa, Poland

Measurements of airborne ultrasounds still encounter a lot of
unsolved problems concerning the apparatus and measurement
traceability. The lack of measurement standards and standard-
ised primary methods of reproduction of sound pressure unit
in ultrasound frequency range is essential. Another important
problem is the lack of the internationally agreed requirements
for the apparatus intended for the measurement of ultrasonic
noise. In this paper the results of the review and analysis of the
characteristics of the instruments available on the market, cru-
cial for ultrasonic noise measurement are presented as well as
the current capabilities of ensuring the measurement traceabil-
ity. Temporary recommendations regarding the apparatus and
the methods and programme of its periodic calibration are also
presented.

? ? ?

The Influence of Apparatus Parameters
on the Uncertainty of Ultrasonic
Noise Measurement
Dobrowolska Danuta(1)

Radosz Jan(2), jarad@ciop.pl
(1)Central Office of Measures
Laboratory of Acoustics and Vibration
Elektoralna 2, 00-139 Warszawa, Poland
(2)Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland

Ultrasonic noise is a harmful factor to health in a working
environment. For that reason it is necessary to asses risk arising
from ultrasonic noise. However, for the frequency range above
20 kHz, there is no clear and complete information on the factors
influencing the result of a measurement of the sound pressure
level. What is more, there are no current international standards
for performing measurements of ultrasonic noise in working en-
vironment. This paper presents the methodology for estimating
combined uncertainty related to the apparatus used for mea-
surements of ultrasonic noise at work places. The methodology
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comprises the identification of main quantities influencing the
uncertainty, the detailed methods for evaluating standard uncer-
tainties of these quantities, collation of the significant sources of
uncertainty in the form of the uncertainty budget and the cal-
culation of combined standard uncertainties.

? ? ?

Preliminary Study on the Influence of Headphones
for Listening to the Music on Hearing Loss
of Young People
Dobrucki Andrzej B., andrzej.dobrucki@pwr.wroc.pl
Kin Maurycy J., maurycy.kin@pwr.wroc.pl
Kruk Bartłomiej, bartlomiej.kruk@pwr.wroc.pl

Wrocław University of Technology
Faculty of Electronics, Chair of Acoustics
Wybrzeże Wyspiańskiego 27, 50-370 Wrocław, Poland

The paper presents results of hearing loss measurement pro-
vided for over than 80 young people (from 16 to 25 years old).
The main aim of the work was to find an influence of type of used
headphones (closed, semi-open, open and in-ear) on the hearing
losses. The first part of the research was to answer questions of:
time of listening, loudness of the music, the other noise exposures
as well as the type of used headphones. It turned out that all
factors mentioned above influence thresholds of hearing but the
found dependencies are not explicit. The greatest hearing losses
were observed for the people who work as sound reinforcement
engineers and, moreover, no influence of headphones type was
found for them. It turned out that the use of in-ear headphones
causes the greatest hearing losses for some subjects (thresholds
shifted up to about 20 dB at 4 kHz). The daily time of a lis-
tening also affected hearing thresholds and it was found that for
users of in-ear and close headphones, an average time of musi-
cal exposure was of three hours and it causes the hearing loss
of 10–15 dB at higher frequencies. The use of open as well as
semi-open headphones has no influence on hearing damage and
it would be stated that these kinds are safety in use. Almost
15% of investigated young people have their thresholds shifted
up at higher frequencies, particularly at 4 kHz what means that
they have the first symptoms of the permanent hearing damage.
Keywords: hearing threshold, headphones.
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Does Exposure to Sounds During Individual Rehearsals
Increase the Risk of the Hearing Loss
in the Orchestral Musicians?
Dudarewicz Adam, adudar@imp.lodz.pl
Pawlaczyk-Łuszczyńska Małgorzata,
Zamojska Małgorzata, Zaborowski Kamil

Nofer Institute of Occupational Medicine
Department of Physical Hazards
Św. Teresy 8, 91-348 Łódź, Poland

In order to evaluate musicians’ exposure to orchestral noise
during solo and group rehearsals, the field studies were carried
out in three symphony orchestras.
The load of musicians playing instruments was evaluated

using a questionnaire survey. The survey was performed in the
group of 57 musicians to identify a typical playing times of in-
dividual and collective rehearsals or concerts. Weekly time of
playing instruments is divided between performances, team and
individual rehearsals 2.5, 20, and 7.5 hours, respectively.
The noise exposure of various groups of instruments was

measured during preparations to perform diversified repertoire.
The measurements were performed during the individual playing
and collective playing. Equivalent sound pressure levels recorded
during individual practicing were higher than in the case of team
play in the woodwind and brass instruments, while similar levels
were recorded for the string instruments.
Majority musicians, excluding stringed instruments players,

were exposed to excessive sounds exceeding Polish maximum
admissible intensity value (85 dB).

Exposure during both individual and group rehearsals
should be taken into account in the hearing conservation pro-
gram for this staff group.
Keywords: noise measurement, noise exposure, orchestral mu-
sicians.
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Exposure to Excessive Sounds During Orchestra
Rehearsals and Temporary Hearing Changes
in Hearing Among Musicians
Dudarewicz Adam, adudar@imp.lodz.pl
Pawlaczyk-Łuszczyńska Małgorzata
Zamojska Małgorzata, Zaborowski Kamil

Nofer Institute of Occupational Medicine
Department of Physical Hazards
Św. Teresy 8, 91-348 Łódź, Poland

The harmful effects of exposure to orchestral noise may in-
clude the prevalence of temporary changes in hearing.
The temporary changes in hearing after group rehearsals

were determined in musicians using transient-evoked otoacoustic
emissions (TEOAEs). The study group comprised 19 orchestral
musicians, aged 30–58 years (mean 40 years) having from 12 to
40 years (mean 22 years) of professional experience.
Musicians’ hearing threshold levels were higher than ex-

pected for the non-noise-exposed population. Moreover, the high
frequency notched audiograms were observed in some of them.
No significant differences between pre- and post-exposure

reproducibility of TEOAE and signal to noise ratio were found.
However, the significant post-exposure reductions of TEOAE
amplitudes (approx. 0.7 dB) both for the total response and
frequency bands of 2 000 and 3 000 Hz were noted.
Keywords: orchestral musicians, temporary changes in hearing,
transient evoked otoacoustic emission.
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Two Stage Vibration Isolation on Example
of a Vibratory Conveyor
Fiebig Wiesław, wieslaw.fiebig@pwr.wroc.pl

Wrocław University of Technology
Institute of Machine Design
Łukasiewicza 7/9, 51-370 Wrocław, Poland

In this paper the effectivity of two stage vibration on exam-
ple of the vibratory conveyor has been shown. Vibratory con-
veyors are used i.e. for coal transportation in power stations.
In the considered case the conveyor has been supported on the
ceiling in 1st floor of the building and caused vibrations. For
identification of dynamical behavior of the conveyor, vibrations
measurements and simulation have been carried out. To reduce
the transmission from the conveyor to the ceiling two stage vi-
bration isolation has been performed and significant reduction
of vibrations in the building has been achieved.

? ? ?

Model of Interactive System for Training
in the Proper Use of Hearing Protection Devices
Górski Paweł, pawel@ciop.pl

Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland

In 2011, over 520 thousand persons worked in hazardous
conditions (according to the GUS). Among hazardous factors
related to working environment, noise was found to be the
most common threat, which threatened 199,6 thousand persons
(52.9% threats-cum-persons related to working environment).
The prevalence of workplace noise and increasing awareness of
effects of its impact on the human body causes increase of the
demand for knowledge of the methods of noise reduction. Due
to the lack of knowledge concerning the proper use of hearing
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protectors, effective noise exposure in the real world may be
about a dozen dB higher than the declared assumed protection
value. For this reason, in Central Institute for Labour Protec-
tion – NRI “The interactive system to learn the correct use of
hearing protectors” had been developed. The system includes
the multimedia guide on hearing protectors supplemented by
video tutorials, training materials with training hearing protec-
tors, and software for evaluation of the activities of the trainee.
Keywords: active noise reduction, hearing protestors.
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Noise Exposure of School Teachers – Exposure Levels
and Health Effects
Hadzi-Nikolova Marija(1), marija.hadzi-nikolova@ugd.edu.mk
Mirakovski Dejan(1), Zdravkovska Milka(2),
Angelovska Bistra(2), Doneva Nikolinka(1)

(1)Goce Delcev University
Faculty of Natural and Technical Sciences
Mail Box 201, 2000 Stip, Republic of Macedonia
(2)Goce Delcev University
Faculty of Medical Sciences
Mail Box 201, 2000 Stip, Republic of Macedonia

Faculty of Natural and Technical Sciences and Faculty of
Medical Sciences starting from December 2012, launched joint
study in order to investigate personal noise exposure and associ-
ated health effects in general school teachers population, starting
from kindergartens up to high schools in Stip, Macedonia.
In order to determine workplace associated noise exposure

and associated health effects in this specific profession, a full shift
noise exposure of 40 teachers from 1 kindergarten, 2 primary
and 2 high schools were measured in real conditions using noise
dosimeters.

A-weighted equivalent-continuous sound pressure levels
(LAeq) of each teacher were recorded during single activities
(classes). Normalized 8-hours exposure, termed the noise expo-
sure level (Lex,8 h) was also computed. Daily noise dose is an-
other descriptor for noise exposure that was determined as a
measure of the total sound energy to which workers have been
exposed, as a result of working in the varying noise levels.
Health effects were assessed trough a full scale epidemiolog-

ical study which included 231 teachers from the same schools.
Specific questionnaire was used to extract information about
subject’s perception on occupational noise exposure, as well as
theirs occupational and medical history.
Keywords: teachers, school, noise, exposure, health effects.
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Influence of Infrasound Noise of Wind Turbines
on EEG Signal
Kasprzak Cezary, cekasp@agh.edu.pl

AGH University of Science and Technology
Faculty of Mechanical Engineering and Robotics
Departament of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland

The purpose of this paper is to determine the effect of in-
frasound noise of wind turbines (up to 20 Hz) on the changes in
the morphology of the EEG signal. 35 subjects had undergone
20 minute exposure infrasound noise in the cabin pressure. The
acoustic signal recorded at a distance of 750 meters from a wind
turbine, then filtered frequency components above 20 Hz. So pro-
cessed audio signal of the test were presented. The parameters
of the presented signal SPL = 91.6 dB(LIN), SPL = 39.2 dB(A).
The study proceeded in three stages. Step one – five min-

utes without exposure of the acoustic signal. Step two – twenty-
minute exposure of infrasound noise. Step three – ten minutes
without exposure of the acoustic signal. The study was con-
ducted in cabin pressure during the whole study was recorded
EEG signal. Uses 19 electrodes placed on the head of the test
system by 10–20.
The results of the initial EEG was analyzed in order to re-

move artifacts. Then the calculated power spectral density func-

tions, uses 8-second window, overlapping 50%, and the window
Haninge. The results were averaged for subsequent phases of
the study. An analysis of the EEG signal changes in morphology
between the three successive stages of the study.
The obtained results allowed to demonstrate changes in the

morphology of the EEG signal during exposure of infrasound
noise from wind turbines. Found changes in specific frequency
ranges of the EEG signal.

? ? ?

New Look at Management of Noise
in Natural Environment
Kompała Janusz, j.kompala@gig.eu
Kozerska Katarzyna, Passia Henryk

Central Mining Institute
Department of Technical Acoustics
Laser Technology and Radiometry Technology
pl. Gwarków 1, 40-166 Katowice, Poland

It is recently observed that the sound layer is more and more
polluted with noise, in particular in the urbanized areas. This
hazard is being generated, to a large extent, by road transport.
The investigations currently conducted at the road tests sites
provide a basis for a trial to take actions imortant for a proper
shaping of the acoustic climate in inhabited areas. Making an ef-
fort to meet this hazard, acoustic barriers are constructed to the
greatest extent exposed to road traffic noise. However, it should
be added that this is only a beginning of a certain process in
which urban development, architectural and building methods,
and legal- administrative actions should also be taken into ac-
count. But, in the course of designing acoustic screens, only their
effectveness is considered, omitting the aesthetic attributes and
harmony in the landscape.
Making a reference to the statements of the European Land-

scape Convention on protection of lanscapes, which includes the
protection of views, one should conclude that it is necessary to
take into account such things as their acoustic effectiveness in
the area, and composition and aesthetics in the landscape. These
actions are considered to be found at the border line between
art (when taking care of aesthetic quality of sound environment),
and science (including, among the other things, acoustics, land-
scape architecture, urban development, musicology, and psychol-
ogy).

? ? ?

Proposals for Noise Control Measures
in Opencast Mineral Mines
Kosała Krzysztof(1), (2)

Zawieska Wiktor M.(2)

(1)AGH University of Science and Technology
Department of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland
(2)Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland

Exploitation of open-pit mines of minerals constitutes vi-
broacoustic hazards for their workers and inhabitants living near
such establishments. Noise, being one of the main harmful fac-
tors in work environment, is a threat to the external environ-
ment, particularly when mining works are carried out near resi-
dential areas or reserves.
The quarry industry is connected with many noisy activi-

ties. There are: drilling, blasting works, crushing of rocks and
aggregate screening and transport of mineral materials. The op-
erators of mining and transport machines as well as servicing and
technical inspection workers are the most endangered to noise.
Exceeding level of noise is the reason of occupational diseases,
distortions of speech intelligibility among workers and accidents
at work.
General technical solutions, concern noise level reduction in

open-pit mines of mineral raw materials, are given in the paper.
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Some propositions of conceptions of noise protections, connected
with operating of machines, which are mobile crushers, are also
shown.

? ? ?

A Dedicated Preamplifier for Vibration Transducer
Made of PVDF Film
Kowalski Piotr(1), pikow@ciop.pl
Makarewicz Grzegorz(2), trioda@trioda.com
(1)Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland
(2)Trioda

PVDF film transducers belonging to smart materials group
are increasingly applied to the measurement of the mechanical
vibration. The article presents the concepts and sample of lab-
oratory test results of preamplifier intended for measuring of
vibration at workstations using PVDF film. Developed pream-
plifier based on instrumental amplifier and on charge buffer.
Regardless of the value of the transducer’s capacity the charge
buffer provides the constant transmission at lower frequency in
the measuring system. The use of the reference transducer can
effectively minimize the disturbance of the desirable signal. Pre-
liminary laboratory measurements have confirmed the proper
operation of the preamplifier.
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Acoustic Maps Before and After Change
of Levels Permitted Noise
Kozakiewicz Andrzej
Franz Maria, biuro@bmtargoss.pl

BMT ARGOSS Sp. z o.o.
Kościerska 7, 80-328 Gdańsk, Poland

Acoustic maps of towns are developed in accordance with
the Directive 2002/49/EC. The directive says that each Mem-
ber State of the European Union determines limit values of noise
indicators for different noise sources as well as different sur-
roundings. The limit values in Poland for road- and rail-noise
determined in 2007 were relatively low compared to other coun-
tries. These values have been significantly increased in October
2012 for two basic noise indicators, Lden (LDWN) and Lnight

(LN ), by 5–10 dB, depending on the surroundings. The impact
of these changes on estimated town areas and numbers of in-
habitants exposed to the road- and rail-noise in seven Polish
towns (3 towns with more than 250 000 inhabitants and four
towns with more than 100 000 inhabitants) has been investi-
gated based on results of acoustic maps. Non-dimensional re-
sults (standardization with regard to the total town area and
total number of inhabitants) for the former (more restrictive)
and the recent values of limits were compared using the same
methodology. Analysis revealed that on average, the estimated
number of inhabitants exposed to noise levels exceeding the limit
values decreased by 90%.
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Effects of Acoustic Treatment on Music Teachers’
Exposure to Sound
Kozłowski Emil, emkoz@ciop.pl
Młyński Rafał

Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland

In this study, music teachers’ exposure to sound was tested
by measuring the A-weighted equivalent sound pressure level
(SPL), the A-weighted maximum SPL and the C-weighted peak
SPL. Measurements were taken prior to and after acoustic treat-
ment in four rooms during classes of trumpet, saxophone, French
horn, trombone and percussion instruments. Results showed that

acoustic treatment affects the exposure of music teachers to
sound. Daily noise exposure levels (LEX, 8 h) for all teachers ex-
ceeded a limit of 85 dB while teaching music lessons prior to
room treatment. It was found that the LEX, 8 h values ranged
from 85.8 to 91.6 dB. The highest A-weighted maximum SPL
and C-weighted peak SPL that music teachers were exposed to
were observed with percussion instruments (LAmax = 110.4 dB
and LCpeak = 138.0 dB). After the treatments, daily noise expo-
sure level decreased by an average of 5.8, 3.2, 3.0, 4.2 and 4.5 dB,
respectively, for the classes of trumpet, saxophone, French horn,
trombone and drums, and did not exceed 85 dB in any case.
Keywords: music teachers, sound pressure levels, acoustic
treatment.
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Temporary Threshold Shift and Hearing Loss
for Recording Engineers
Kruk Bartłomiej, bartlomiej.kruk@pwr.wroc.pl
Kin Maurycy J., maurycy.kin@pwr.wroc.pl
Kamińska Magdalena, magdalena.kaminska@student.pwr.wroc.pl

Wrocław University of Technology
Faculty of Electronics, Chair of Acoustics
Wybrzeże Wyspiańskiego 27, 50-370 Wrocław, Poland

The paper presents results of Temporary threshold shift
measurement provided for over than 30 recording engineers. The
main aim of this article is to provide information and explana-
tion of these phenomena to understand basic principles and to
help understand how to work more effectively and efficiently in
the recording studio.
Noise exposure and intense sounds can cause two main types

of hearing loss, temporary threshold shift and permanent thresh-
old shift. This protection mechanism is responsible for sensitivity
reduction, causing the hearing threshold to shift upward. Perma-
nent threshold shift occurs during regular exposure to excessive
noise for long periods of time.
Listening to loud music, which is an integral part of working

in the recording studio, can cause a temporary loss of hearing
in the mid frequency region. In one study, a group of 30 record-
ing engineers were exposed to near-field sound at LEQ 93.6 dB,
MAX 102.6 dB for 90 minutes. For all the people who attended
in the tests was observed hearing threshold shift. The biggest
changes were measured for frequency 4000 Hz and reached up
to 10–20 dB. More than a half of the people also experienced 5–
10 dB changes for 2000 and 8000 Hz. None showed a loss above
the guideline at 1000 Hz or 8000 Hz, so the shifts are concen-
trated in the maximum sensitivity range of human hearing.
To ensure the comfort of working in a recording studio it

is necessary to take regular breaks and thus avoid continuous
exposure to loud sounds. This is the key to keep fresh ears and
a fresh perspective in your music.
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Active Noise and Vibration Control System
Based on a TMS320C6747 Floating Point
Digital Signal Processor
Krukowicz Tomasz, tokru@ciop.pl

Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland

In this paper an early stage of the design of an active noise
control system based on the TMS320C6747 is presented. Aim
of the article is to introduce capabilities of the system and its
limitations. Purpose of the system are in-situ situations, where
the system can applied immediately without measurements and
system/signal analysis using PC and special software. Results
of example laboratory tests of active noise control process using
genetic algorithm and neural network are also presented.

? ? ?
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Land-Use Planning Methods in Environmental
Acoustics. Towards to “Quiet zones”
Kucharski Radosław, kuchar@ios.edu.pl
Chacińska Patrycja

Institute of Environmental Protection
– National Research Institute
Krucza 5/11 D, 00-548 Warszawa, Poland

One of the most effective methods in environmental noise
control is the adequate land-use technique. In fact, this method
comes into effects rather in medium or even long-term perspec-
tive. The results of the noise mitigation activity using land-use
process require the common indexes, classifications, assessment
methods of different impacts (non-acoustic too) etc.
The paper orders the background relations between noise

control and land-use techniques (main, but chosen examples)
with the special emphasis laid down on the basic descrip-
tors (indexes). The relations will be developed in the quanti-
tative form (if possible) as well as in qualitative (descriptive)
forms.
One of the most important issue on the field of environmen-

tal control is the prevention. This activity is indirectly connected
with the so called “quiet areas” (zones). Present definition of
the “Quiet zone” (in agglomeration) is enclosed in the Directive
2002/49/EU (DEN) (art. 3, point “l”):
“quiet area in an agglomeration” shall mean an area, delimited
by the competent authority, for instance which is not exposed
to a value of Lden or of another appropriate noise indicator
greater than a certain value set by the Member State, from any
noise source”.
The paper includes the preliminary short proposition of the

“quiet zone” creation, of course by adoption of the land-use tech-
niques.
At the end the conception of the “quiet zones” recovering

technology is presented.
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Railway Noise Measurements an Assessments
in Poland. The State-of-Art Before Railways
Lines Upgrading
Kucharski Radosław, kuchar@ios.edu.pl
Chacińska Patrycja

Institute of Environmental Protection
– National Research Institute
Krucza 5/11 D, 00-548 Warszawa, Poland

Railway noise is one of components of the environmental
soundscape of Poland. The field measurements of the railway
noise exposition were carried out during last 10 years. The re-
sults of them (few hundred’s pieces) were used in different studies
and analyses, especially in Environmental Impact Assessments
as well as in noise mapping process.
DEN requirements point out that the appropriate method

for the railway noise assessments is the SRMII (Dutch method).
The methods include the reference library of the acoustic pa-
rameters of different kinds of trains. These data is not suitable
for polish trains vs. polish rail-tracks.
In the paper the state-of art of railway noise exposition arise

from the results of field measurements is presented. The mea-
surements were mostly done around the present railways, aged
few dozen years (tracks and rolling stocks). The results were
compared with the noise calculations (SRMII).
On the base of comparisons the analysis of differences will

be done taking into consideration expected upgrading (fulfill in-
ternational conditions) many of railway’s lines in Poland. Some
examples between noise exposition before and after upgrading
of the tracks added to the presentation.

? ? ?

Active Noise Control Using a Fuzzy Inference System
Without Secondary Path Modeling
Kurczyk Sebastian, Sebastian.Kurczyk@polsl.pl
Pawełczyk Marek, Marek.Pawelczyk@polsl.pl

Silesian University of Technology
Institute of Automatic Control
Akademicka 16, 44-100 Gliwice, Poland

For many adaptive noise control systems the Filtered-
Reference LMS, known as FXLMS algorithm is used to update
parameters of the control filter. Appropriate adjustment of the
step size is then important to guarantee convergence of the al-
gorithm, obtain small excess mean square error, and react with
required rate to variation of plant properties or noise nonsta-
tionarity. There are several recipes presented in the literature,
theoretically derived or of heuristic origin.
This paper focuses on developing a modification of the

FXLMS algorithm, were convergence is guaranteed by changing
sign of the algorithm steps size, instead of using a model of the
secondary path. The Takagi-Sugeno-Kang fuzzy system is used
to evaluate both the sign and the magnitude of the step size.
The proposed approach is compared with the classical FXLMS
algorithm by means of simulation experiments in terms of con-
vergence and noise reduction.
Keywords: index terms, active noise control, adaptive control,
fuzzy inference system, FXLMS, sign-varying step size.
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Latest Developments in International Standardization
of Whole-Body and Hand-Arm Vibration
Liedtke Martin, martin.liedtke@dguv.de
Rissler Jörg, Kaulbars Uwe

Institute for Occupational Safety and Health of the German So-
cial Accident Insurance (IFA) Alte Heerstraße 111, 53757 Sankt
Augustin, Germany

New developments in international standardization of whole-
body and hand-arm vibration are presented.
Two German projects are addressing both subjects at the

same time: one is concerned with the uncertainty in vibration
measurement, the other is dealing with the qualification of per-
sonnel responsible for the exposure measurement and risk as-
sessment at work places.
In the field of whole-body vibration, the measurement stan-

dard ISO 2631-1 is currently under revision. The main activities
are concerned with comfort effects. In addition, ISO/TR 10687
has been published recently which describes posture variables
that should be reported when a combined exposure of whole-
body vibration and awkward posture is investigated. The effect
of shocks as described in ISO 2631-5 is also under revision, where
two procedures are proposed. One of them is already available
as DIN SPEC 45697.
As fas as hand-arm vibration is concerned, one can find

the effect of coupling forces in the recently published CEN/TR
16391. Also DIN 45679 for the same subject has been revised in
2013, including also information available in ISO 15230. In addi-
tion, the frequency weighting for hand-arm vibration regarding
vascular disorders is under discussion in an ISO working group.
Finally, the standards for the assessment of vibrational emission
of handheld power tools has been revised under EN ISO 28927
and replaces ISO 8662.

? ? ?

Economic Aspects of Using Acoustic Maps
Lipowczan Adam, alipowczan@gig.katowice

Central Mining Institute
pl. Gwarków 1, 40-166 Katowice, Poland

The main project in the domain of environmental acous-
tics, executed over the last decade, were the activities related to
working out the strategic acoustic maps for the cities with pop-
ulation exceeding 100 thousand, as well as those for main roads
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and railways The works conducted for the cities with a number
of inhabitants over 250 thousand, and international-importance
roads and railways have been completed, while the acoustic maps
for the cities with population of 100–250 thousand are still under
preparation. These documents have been gradually sent to the
EU Central Office in Brussels. The expenditures on elaboration
of the maps for the first groups of cities were about 24 million
Polish zloty. It is estimated that a total cost of the entire project,
as a consequence of the provisions of the UE Directive No. 49
and Polish Environmental Act, will be higher than 100 million
zloty. The acoustic maps are considered to provide a basis for
preparing programmes of protection against excessive environ-
mental noise. Do they really serve this, and are they able to do
this? The paper presents the author’s reflection relative to eco-
nomic consequences of programming the actions to reduce the
environmental noise on the background of such actions being
taken in other EU countries.
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Measurements of Ultrasonic and Audiable Noise
During Ultrasonic Welding of Metals
Matusiak Jolanta(1), jolanta.matusiak@is.gliwice.pl
Szłapa Piotr(2), p.szlapa@imp.sosnowiec.pl
Wyciślik Joanna(1), joanna.wycislik@is.gliwice.pl
(1)Welding Institute
Błogosławionego Czesława 16-18, 44-100 Gliwice, Poland
(2) Institute of Occupational Medicine
and Environmental Health
Kościelna 13, 41-200 Sosnowiec, Poland

This article presents the results of measurements of sound
pressure level in 1/3 octave bands of ultrasonic noise and audia-
ble noise during ultrasonic welding of different metals. Research
was carried out on the experimental work station in Welding
Institute during ultrasonic welding of mononomial joints like
copper + copper, aluminium alloy + aluminium alloy and het-
eronymous joints like copper + aluminium alloy. The research
was conducted during ultrasonic welding in 2 options: with and
without housing. The article also presents the results of simula-
tion of 8-hour working day exposure on ultrasonic and audiable
noise at hypothetical work station. Simulation was conducted by
random sampling MonteCarlo method using Crystal Ball 2000
software.
The measurements’ results showed that sound pressure level

in 1/3 octave bands of ultrasonic noise during ultrasonic weld-
ing of metals depends on type of welded materials: the highest
equivalent sound pressure level in dominant 1/3 octave band of
ultrasonic noise with the center frequency 20 kHz occurs during
ultrasonic welding of mononomial joints Al+Al type and the
lowest during ultrasonic welding of heteronymous joints Cu+Al
type. During ultrasonic welding without housing the highest
equivalent sound pressure level in dominant 1/3 octave band
of ultrasonic noise with the center frequency 20 kHz occurs in
the place of operator’s work in front and back of welding device.
Working places located on both sides of welding device were
characterized by lower sound pressure levels.
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Active Noise Control with a Single Nonlinear Control
Filter for a Vibrating Plate with Multiple Actuators
Mazur Krzysztof, Krzysztof.Jan.Mazur@polsl.pl
Pawełczyk Marek, Marek.Pawelczyk@polsl.pl

Silesian University of Technology
Institute of Automatic Control
Akademicka 16, 44-100 Gliwice, Poland

Vibrating plates can be used in Active Noise Control (ANC)
applications as active barriers or as secondary sources replac-
ing classical loudspeakers. The system with vibrating plates, es-
pecially when nonlinear MFC actuators are used, is nonlinear.
The nonlinearity in the system reduces performance of classical

feed-forward ANC with linear control filters systems, because
they cannot cope with harmonics generated by the nonlinearity.
The performance of the ANC system can be improved by using
nonlinear control filters, such as Artificial Neural Networks or
Volterra filters.
However, when multiple actuators are mounted on a single

plate, which is a common practice to provide effective control of
more vibration modes, each actuator should be driven by a ded-
icated nonlinear control filter. This significantly increases com-
putational complexity of the control algorithm, because adap-
tation of nonlinear control filters is much more computationally
demanding than adaptation of linear FIR filters.
This paper presents an ANC system with multiple actuators,

which are driven with a single nonlinear filter. To avoid destruc-
tive interference of vibrations generated by different actuators
the control signal is filtered by appropriate separate linear fil-
ters. The control system is experimentally verified and obtained
results are reported.
Keywords: active noise-vibration control, active structural
acoustic control, adaptive control, nonlinear-control.
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A Two-Layer Adaptive Active Structural
Noise Control System
Mazur Krzysztof, Krzysztof.Jan.Mazur@polsl.pl
Pawełczyk Marek, Marek.Pawelczyk@polsl.pl

Silesian University of Technology
Institute of Automatic Control
Akademicka 16, 44-100 Gliwice, Poland

Vibrating plates have been gaining increasing interest for
active noise reduction or isolation systems. Unfortunately, they
are much harder to control than loudspeakers. Plates have mul-
timodal response with high variations of amplitude response. To
effectively excite multiple vibration modes multiple actuators
are usually needed. Using multiple actuators mounted on a sin-
gle plate significantly increases the number of control signals to
be worked out. This could be a severe problem for active con-
trol systems with multiple vibrating plates. Such system would
have a large number of secondary paths and necessity to adapt
many control filters. However, secondary paths for the same vi-
brating plate are not fully independent. In this paper a lower-
layer single-input multiple-output controller is designed first for
the vibrating plate to be seen as a single-input single-output
plant of equalized frequency response. Then, a higher-layer ac-
tive controller is designed to reduce noise. The control system is
experimentally verified and obtained results are reported.
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Influence of Electrical and Magnetic Field at 50 Hz
on Values Indicated by Noise Measure Instruments
Mikulski Witold, wimik@ciop.pl

Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland

To assess of occupational risk at workplaces as a result of
exposition of noise, it is necessary to perform credible measure-
ments of noise. One of the elements of reassurance reliability of
measure instruments’ indications is using them in specific oper-
ation’s conditions.
In the article shows the results of the effect of 50 Hz electro-

magnetic fields of high intensity on noise measure instruments’
indications. Research was conducted on two noise measure in-
struments: noise dosimeter with microphone in ear canal and
sound level meter. Both instruments were situated in magnetic
and then electric field of 50 Hz frequency. Research was con-
ducted for intensity fields from 0 to value higher than NDN on
workplaces. It was certified in the research’s results that both
instrument were sensitive to both fields. It was also certified
that essential difference of indications A-weighted sound pres-
sure level, from the reliability of the research’s results point of
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view is 3 dB. Electrical field, on which employees could be ex-
posed on workplaces, was not higher than this value. Magnetic
field for sound level meter was also not higher than this value
as well as for noise dosimeter, but only for field value up to
800 A/m. According to regulations employers could abide in
field up to 2000 A/m for short periods of time, because of this
fact in the areas where intensity of magnetic field is between
800 and 2000 A/m the research’s results contain unacceptable
errors. Taking range and form of the experiment into account,
it is advisable to treat obtained results as indication of signifi-
cance heretofore omitted factor, that affects reliability of noise
measure and as foothold for further research in this matter.
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Influence of Classrooms’ Acoustic Treatment
on Background Noise Level and Teachers
Voice Intensity
Mikulski Witold(1), wimik@ciop.pl
Jakubowska Izabela(2)
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Noise is one of the indirect reasons of teachers’ voice ill-
nesses. It is the result of unintentional speaker’s tendency to aug-
ment “voice intensity” to improve audibility in noisy surrounds.
This effect is called Étienne Lombard’s effect. It follows that de-
creasing the background noise can indirectly affect to teachers
to reduce voice intensity. Decreasing the background noise can
have positive influence on reducing teacher’s voice occupational
disease. The article verified that thesis. Sound-absorbing mate-
rials have been used as an element to decrease background noise
(coming mostly from students).
Main conclusion from the studies is the fact, that acoustic

treatment of classrooms (ceiling and parts of side walls) can de-
crease background noise and decrease teachers’ voice intensity
at 5-10dB, which consequently contribute to decrease excessive
strain of teachers voices – main cause of most popular occupa-
tional disease in this occupational group.
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Assessment of Impulse Noise Hazard and the Use
of Hearing Protection Devices in Workplaces
where Forging Hammers are Used
Młyński Rafał(1), rmlynski@ciop.pl
Kozłowski Emil(1), emkoz@ciop.pl
Adamczyk Jan(1), (2),
(1)Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland
(2)AGH University of Science and Technology
Departament of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland

The impulse noise is agent harmful to health not only in
the case of shots from firearms and the explosions of explosive
materials. This kind of noise is also present in many workplaces
in the industry. The paper presents the results of noise param-
eters measurements in workplaces where four different die forg-
ing hammers were used. The measured values of the C-weighted
peak sound pressure level, the A-weighted maximum sound pres-
sure level and A-weighted noise exposure level normalized to an
8 h working day (daily noise exposure level) exceeded the expo-
sure limit values. For example, the highest measured value of the
Cweighted peak sound pressure level was 148.9 dB. Due to the
lack of possibility to use other methods for reduction the impact
of impulse noise, workers present at considered workplaces have
to wear hearing protection devices. In this study possibility of
the protection of hearing with the use of earplugs or earmuffs

was assessed. The measurement method for the measurements
of noise parameters under hearing protection devices using an
acoustical test fixture instead of testing with the participation
of subjects was used. The results of these measurements allows
for assessment which of two tested earplugs and two tested ear-
muffs sufficiently protect hearing of workers in workplaces where
forging hammers are used.
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Internet Service BEZPIECZNIEJ Dedicated to Noise,
Vibration and Other Physical Agents
of Working Environment
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According to statistical data, a few hundred thousand of
workers in Poland works in hazardous conditions caused by
physical agents, like for example noise, vibration, electromag-
netic fields or optical radiation (ultraviolet, visible and infrared).
Working in hazardous conditions can lead to occupational dis-
eases of workers, as well as cause industrial accidents. As one
of the most important method of hazards prevention is educa-
tion, it requires easy accessible educational materials, suitable
for persons of different skills and degrees of education. An inter-
net service BEZPIECZNIEJ (in English: SAFER) was developed
as an system for supporting prevention of occupational hazards
caused by physical agents. Service BEZPIECZNIEJ, available
from main web portal of the Central Institute for Labour Protec-
tion – National Research Institute, consists of information and
educational materials prepared by panel of experts and related
to particular physical agents. In this article the structure and
the contents of the service will be presented based on examples
of noise and vibration hazards.
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Acoustical Quality Assessment of Sports Facilities
Nowicka Elżbieta, E.Nowicka@itb.pl

Building Research Institute, Acoustic Department
Ksawerów 21, 02-793 Warszawa, Poland

The aim of this paper is to present a method for the as-
sessment of the acoustical quality index of sports enclosures in
the design stage, which takes into consideration the selection
of the architectural and acoustical parameters. The paper de-
scribes the proposed method for assessing the acoustical quality
indicator of sports enclosures. The method consists of compiling
and analyzing the proper selection of architectural and acousti-
cal parameters (including reverberation time, and decay regimes
of the absorption or scattering of sound). The result is a single
number – sports facilities sound quality evaluation index, which
can be used during the design of sports facilities. The method
attempts to develop a rapid and simple procedure for estimating
the initial acoustical conditions in such rooms in order to ensure
the sound quality and the intelligibility of speech in the rooms.
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Assessment of Annoyance Due to Wind Turbine Noise
Pawlaczyk-Łuszczyńska Małgorzata, mpawlusz@imp.lodz.pl
Dudarewicz Adam, Zaborowski Kamil
Zamojska Małgorzata, Waszkowska Małgorzata

Nofer Institute of Occupational Medicine
Department of Physical Hazards
Św. Teresy 8, 91-348 Łódź, Poland

The overall aim of this study was to evaluate the perception
and annoyance of noise from wind turbines in populated areas
of Poland.
A questionnaire inquiry on response to wind turbine noise

was carried in 363 subjects living in the vicinity of wind farms.
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In addition, current mental health status of respondents was
assessed using Goldberg General Health Questionnaire GHQ-12.
For areas where respondents lived, A-weighted sound pressure
levels (SPLs) were calculated as the sum of the contributions
from the wind power plants in the specific area. Noise conditions
outside the dwellings were verified by in situ measurements.
It has been shown that the wind turbine noise at the calcu-

lated A-weighted SPL of 27–49 dB was perceived as annoying
outdoors by 32.8% of respondents. while indoors by 20.5% of
them. The odds ratio of being annoyed outdoors by wind tur-
bine noise increased with increasing SPLs (OR = 2.1; 95%CI:
1.22–3.62). Subjects’ attitude to wind turbines in general and
sensitivity to landscape littering was found to have significant
impact on the perceived annoyance. About 52% of variance in
annoyance assessment outdoors might be explained by the afore-
said subjective factors. Further studies are needed before firm
conclusions can be drawn.
Keywords: wind turbines, noise, annoyance
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A Questionnaire for Assessment of Annoyance
Due to Wind Turbines
Pawlaczyk-Łuszczyńska Małgorzata, mpawlusz@imp.lodz.pl
Zaborowski Kamil, Dudarewicz Adam
Zamojska Małgorzata
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A special questionnaire was developed in order to evaluate
the subjective response to noise from the wind turbines in peo-
ple living in their neighborhood. This questionnaire was aimed
at evaluation of respondents’ living conditions, including preva-
lence of annoyance due to wind turbine noise, and the self-
assessment of physical health and wellbeing.
The questionnaire consists of two parts. The first one com-

prised inquiries concerning: a) housing and satisfaction with the
living environment, including questions on occurrence and the
degree of annoyance experienced outdoors and indoors from vari-
ous nuisances, b) sensitivity to odors and air pollution, landscape
littering, c) general opinion on wind turbine and on the visual
impact of wind turbines, d) different visual and auditory aspects
of wind turbines, such as noise, shadows and reflections from ro-
tor blades, during various subjects’ activities and weather con-
ditions. The second part of the questionnaire was aimed at self-
assessment of subjects’ physical health, including hearing status.
It also comprised questions on chronic illnesses and general well-
being, as well as quality of sleep and normal sleep habits.
Statistical analysis of results of questionnaire inquiry in

study group of 156 subjects living in the vicinity of wind farms
confirmed a high internal consistency of different questions eval-
uating response to wind turbines by Cronbach’s α coefficient
of 0.93.
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Evaluation of Efficiency of Personal Hearing Protective
Devices in Case of Exposure to Ultrasonic Noise
Pawlaczyk-Łuszczyńska Małgorzata, mpawlusz@imp.lodz.pl
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A special questionnaire was developed in order to evaluate
the subjective response to noise from the wind turbines in peo-
ple living in their neighborhood. This questionnaire was aimed
at evaluation of respondents’ living conditions, including preva-
lence of annoyance due to wind turbine noise, and the self-
assessment of physical health and wellbeing.
The questionnaire consists of two parts. The first one com-

prised inquiries concerning: a) housing and satisfaction with the

living environment, including questions on occurrence and the
degree of annoyance experienced outdoors and indoors from vari-
ous nuisances, b) sensitivity to odors and air pollution, landscape
littering, c) general opinion on wind turbine and on the visual
impact of wind turbines, d) different visual and auditory aspects
of wind turbines, such as noise, shadows and reflections from ro-
tor blades, during various subjects’ activities and weather con-
ditions. The second part of the questionnaire was aimed at self-
assessment of subjects’ physical health, including hearing status.
It also comprised questions on chronic illnesses and general well-
being, as well as quality of sleep and normal sleep habits.
Statistical analysis of results of questionnaire inquiry in

study group of 156 subjects living in the vicinity of wind farms
confirmed a high internal consistency of different questions eval-
uating response to wind turbines by Cronbach’s α coefficient
of 0.93.
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Noise-Induced Hearing Loss in Professional
Orchestral Musicians
Pawlaczyk-Łuszczyńska Małgorzata, mpawlusz@imp.lodz.pl
Zamojska Małgorzata, Dudarewicz Adam
Zaborowski Kamil
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The overall purpose of this study was to assess hearing
status in professional orchestral musicians. Standard pure-tone
audiometry (PTA) and transient-evoked otoacoustic emissions
(TEOAEs) were performed in 126 orchestral musicians. Occupa-
tional and non-occupational risk factors for noise-induced hear-
ing loss (NIHL) were identified in questionnaire inquiry. Data on
sound pressure levels produced by various groups of instruments
were also collected and analyzed. Measured hearing threshold
levels (HTLs) were compared with the theoretical predictions
calculated according to ISO 1999 (1990).
Musicians were exposed to excessive sound at weekly noise

exposure levels of for 81–100 dB (mean: 86.6±4.0 dB) for 5–48
years (mean: 24.0±10.7 years). Most of them (95%) had hear-
ing corresponds to grade 0 of hearing impairment (mean hear-
ing threshold level at 500, 1000, 2000 and 4000 Hz lower than
25 dB). However, high frequency notched audiograms typical for
noise-induced hearing loss were found in 35% of cases. Simulta-
neously, about 35% of audiograms showed typical for NIHL high
frequency notches (mainly occurring at 6000 Hz). When analyz-
ing the impact of age, gender and noise exposure on hearing test
results both PTA and TEOAE consistently showed better hear-
ing in females vs. males, younger vs. older musicians. But higher
exposure to orchestral noise was not associated with poorer hear-
ing tests results.
The musician’s audiometric hearing threshold levels were

poorer than equivalent non-noise-exposed population and better
(at 3000 and 4000 Hz) than expected for noise-exposed popula-
tion according to ISO 1999 (1990). Thus, music impairs hearing
of orchestral musicians, but less than expected from noise expo-
sure.
Keywords: orchestral musicians, exposure to orchestral noise,
hearing, risk of noise-induced hearing loss.
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Comparative Study of the Effects of Occupational
Exposure to Infrasound and Low Frequency Noise
with Those of Audible Noise
Pawlas Krystyna, k.pawlas@imp.sosnowiec.pl
Boron Marta, Pawlas Natalia, Szłapa Piotr
Zachara Jolanta, Kozłowska Agnieszka

Institute of Occupational Medicine and Environmental Health
Kościelna 13, 41-200 Sosnowiec, Poland

Long-term effects of moderate levels generated in working
environment are very scarce. The study aimed to compare effects
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of occupational exposure n low frequency noise (LFN) in com-
parison with those of audible noise (AN). Three groups of 309
workers (I – exposed to LFN, II – exposed to audible noise and
III – controls) were examined. Questionnaire, Blood pressure,
subjective and objective hearing tests (conventional audiome-
try, impedance audiometry, TEOAEs, BERA), posturography,
and biochemical parameters were performed for each subject.
Levels of exposure in dB-A, dB-C, dB-G, octave analysis were
determined.
Daily noise dose of LFN was trice higher in comparison with

those of audible noise. More than 80% of energy was cumulated
in 2–500 Hz range of octaves. In case of audible noise more than
75% of energy was cumulated middle and high frequency range.
Blood pressure and other biochemical parameters were worse in
AN group. LFN group assessed its exposure as irritating and
annoying and An group as tiring and disturbing to hear. All
parameters of hearing were worse in AN group in comparison
with LFN one in whole range of frequency. The same trends
were found in posturography. Contrary to results of Bourdone
test. They were worse in LFN group.
The results of the study showed that audible noise is more

hazardous than LFN, but LFN annoyed more. The results did
not support thesis on vibroacoustic disease.
The study was founded by the National Center of Research

and Development project II.B.09.
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Room Sound Field Analysis Using Integrated
Multichannel Measurement System
Piechowicz Janusz, piechowi@agh.edu.pl
Pawlik Paweł, pawlik@agh.edu.pl

AGH University od Science and Technology
Department of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland

A number of research or diagnostic problems of the vibroa-
coustics puts requirements for many synchronous acquisition
of measurement data resulting from the distribution of sound
field parameters studied objects around or inside, in the in-
vestigated objects. The authors have built an integrated multi-
channel measuring system that allows synchronous recording of
acoustic signals. Analysis of the sound field was performed from
data recorded by microphone line in order to extract some in-
formation about the parameters of the sound field in the room.
The results were processed further calculations, can be used to
visualize the distribution of sound pressure in a enclosed area.
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Urban Noise Annoyance Between 2001 and 2013
– Study in a Romanian City
Popescu Diana Ioana, Diana.Popescu@mep.utcluj.ro
Moholea Iuliana Fabiola, Morariu-Gligor Radu Mircea

Technical University of Cluj-Napoca
Faculty of Machine Building
B-dul Muncii 103-105, 400641 Cluj–Napoca, Romania

The paper presents results of three socio-acoustical surveys
conducted in an interval of twelve years, between 2001 and 2013,
in a large Romanian city, Cluj-Napoca. The purpose of the sur-
veys was to assess the awareness of residents on urban noise and
the extent to which the noise environment affects their every-
day life, behavior and health. The surveys were conducted in
2001, 2009 and 2013. The questionnaire used in the first survey
had 16 questions and it was verified prior to study through a
pilot survey, being corrected and improved. For the second and
the third study, the questionnaire was enriched with eight more
questions, regarding essentially the description of the residential
area, criteria for its selection and also awareness about the noise
map of the city. The analysis of responses defines the main char-
acteristics of the local pattern of annoyance and reaction of the
urban population to the environmental noise.
Keywords: noise annoyance, urban noise, socio-acoustic survey.
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The Calculation Model for Predicting Unknown
Values of Partial Indices in the Index Method
for Acoustic Evaluation of Classrooms
Radosz Jan, jarad@ciop.pl

Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland

One of the possibilities to make a comprehensive assessment
of the acoustic quality of classrooms is the index method. It in-
volves the determination of global index based on partial indices,
which take into account in assessing the speech comprehension,
external noise (including background noise during classes), voice
effort of teachers and the comfort of teaching and learning. Due
to the complexity and cost of measurement instrumentation it
is a difficult task to take into account in assessment all the pa-
rameters of the index method. For this reason, it was necessary
to develop methods for assessing the classroom acoustic qual-
ity at incomplete information. The paper presents calculation
model based on the use of the most informative singular values
taken from SVD (Singular Value Decomposition) decomposition
and Repeated Matrix Reconstruction algorithm. Relative pre-
diction errors of global indices do not exceed 4.7% for individual
rooms. The developed calculation model was compared with the
regression model. The simulation results show more accurate
prediction using the presented calculation model.
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Aircraft Noise Evaluation Criteria for Determining
Airborn Sound Insulation of External Walls
of Buildings
Rudno-Rudzińska Barbara, barbara.rudno-rudzinska@pwr.wroc.pl

Wrocław University of Technology
Institute of Telecommunication and Acoustics
Wybrzeże Wyspiańskiego 27, 50-370 Wrocław, Poland

The paper presents the results of research carried out in con-
nection with the revision of standard PN-B-02151-3:1999 “Build-
ing acoustics. Protection against noise in buildings”, in its part
devoted to the way of determining the required sound insula-
tion of the external walls against aircraft noise. A survey of the
standards effective in selected European countries, the legal acts
and regulations being in force in the EU and the state of knowl-
edge concerning the adverse effects of night-time aircraft noise
was carried out. The results of all the studies indicate a need for
the use of a complementary noise index such as maximum noise
level LAmax. The recommended values of LAmax can be found
in the WHO reports. The permissible number of aircrfat events
with permissible LAmax remains an open question.
In order to determine the domestic conditions the data from

the noise monitoring at two domestic airports were analyzed.
The aim of the analysis was to determine the relationship be-
tween aicraft noise events parameters LAE and LAmax, as well
as the the range of the values.
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Localization of Areas of Increased Vibroactivity
by Means of the Inverse Method
Smagowska Bożena, bosma@ciop.pl

Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland

The paper consists of study results of exposure to high fre-
quency noise at metalworking workplaces. The study was car-
ried out using objective methods (measurements of parameters
characterizing noise) and subjective studies (questionnaire sur-
vey). Metalworking workplaces were located in a steel structure
(e.g. deck gratings) manufacturing plant. The results of equiva-
lent sound pressure level in 1/3 octave frequency bands with the
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center frequencies from 10 kHz to 40 kHz, in reference to an 8-
hour workday equal to approximately 81–105 dB on most of the
tested workplaces and exceed permissible values. Questionnaire
survey of annoyance high frequency noise (i.e. in the audible
frequency range and low ultrasound) was conducted among 52
operators of machines. Most of the workers describe the noise as:
buzzing, insistent, whistling and high-pitched squeaky. Respon-
dents specific the noise levels occurring at workplaces as: loud,
impeding communication, highly strenuous and tiring.
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Diminuation of the Reverberation Time
in a Multi-Purpose Hall
Stan Mariana Cristina(1), sonobel ms3@yahoo.co.uk
Anghel Luminita(2), luminitanghel@gmail.com
(1) Spiru Haret University Bucharest
Faculty of Architecture
13, Ion Ghica str, Bucharest, Romania
(2)Technical University of Civil Engineering
122-124, Lacul Tei av., Bucharest, Romania

The hall is part of a residential center for children and ado-
lescents.
Although it was designed for sports, hall is also used for

theater, concerts etc.
Because the architectural design not included acoustic treat-

ments, it was necessary to further the development of measures
to reduce the reverberation time.
Acoustic treatments were chosen so that their sound ab-

sorption coefficients allow obtaining more uniform reverberation
time in the frequency range 125 ... 4000 Hz.
On the other hand, absorbing treatments lead to noise re-

duction through sound absorption.
This paper presents various solutions to reduce the rever-

beration time and results obtained by their application.
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The Study of Behavior of Vibrating Systems
Controllable by Devices with Rheological Fluid
Szary Marek L., szary@engr.siu.edu
Weber Peter

Southern Illinois University
Department of Mechanical Engineering and Energy Processes
1230 Lincoln Drive, Carbondale Illinois 62901-6603 USA

The nonlinear mathematical model of behavior of control-
lable viscosity fluid (CVF) under applied external field is pre-
sented. A large family of these fluids is commonly used to control
responding forces of dampers in vibration control applications.
The responding force of a damper with CVF has two compo-
nents. The first one – uncontrollable – is proportional to the vis-
cosity of a base fluid and velocity of its motion, the second one,
which is controllable, depends on the strength of the applied
external field. Both are involved in the process of dissipation
of unwanted energy from the vibrating systems. An equivalent
damping factor based on the principle of energy dissipated dur-
ing one cycle of damper work under a constant strength exter-
nal field was calculated. When mass or stiffness is variable the
equivalent damping factor can be set accordingly by adjusting
the strength of external field to have vibrating damped system
purposely/continuously working in the critical or other chosen
state. This paper also presents cases of applying periodically
changing strengths of an external field synchronized with cycles
of periodical motion of the vibrating system to continuously con-
trol the damping force within each cycle.
Keywords: noise control, vibration control, smart materials,
rheological fluids.
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Creating Dynamic Maps of Noise Threat
Using PL-Grid Infrastructure
Szczodrak Maciej(1), (2), grid@sound.eti.pg.gda.pl
Kotus Józef(1), (2), Kostek Bożena(1), (3)

Czyżewski Andrzej(2)

(1)Academic Computer Center – TASK
Gdansk University of Technology
(2)Multimedia Systems Department
Gdansk University of Technology
(3)Audio Acoustics Laboratory
Gdansk University of Technology
Narutowicza 11/12, 80-233 Gdańsk, Poland

The paper presents functionality and operation results of
a system for creating dynamic maps of acoustic noise employ-
ing the PL-Grid infrastructure extended with a distributed sen-
sor network. The work presented provides a demonstration of
the services being prepared within the PLGrid Plus project for
measuring, modeling and rendering data related to noise level
distribution in city agglomerations. Specific computational envi-
ronments, the so-called domain grids, are developed in the men-
tioned project. For particular domain grids, specialized IT solu-
tions are prepared, i.e. software implementation and hardware
(infrastructure adaptation), dedicated for particular researcher
groups demands, including acoustics (the domain grid “Acous-
tics”). The infrastructure and the software developed can be uti-
lized mainly for research and education purposes, however it can
also help in urban planning. The engineered software is intended
for creating maps of noise threat for road, railways and industrial
sources. Integration of the software services with the distributed
sensor network enables automatic updating noise maps for a spe-
cific time period. The unique feature of the developed software
is a possibility of evaluating auditory effects which are caused
by the exposure to excessive noise. The estimation of auditory
effects is based on calculated noise levels in a given exposure
period. The outcomes of this research study are presented in a
form of the cumulative noise dose and the characteristics of the
temporary threshold shift.
Keywords: noise, dynamic noise map, reverse engineering, grid
computing.
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Road Traffic Noise Attenuation by Vegetation Belts
at Some Sites in the Tarai Region of India
Tyagi Vikrant(1)

Kumar Krishan(2), krishan kumar@mail.jnu.ac.in
Jain Kumar Vinod(2)

(1) Ethiopian Civil Service College
P.Box No. 5648, Addis Ababa, Ethiopia
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School of Environmental Sciences, New Delhi, India

Noise measurements have been carried out at eleven differ-
ent sites located in three prominent cities of the Tarai region of
India to evaluate the effectiveness of vegetation belts in reduc-
ing traffic noise along the roadsides. Attenuation per doubling of
distance has been computed for each site and excess attenuation
at different 1/3 octave frequencies has been estimated. The aver-
age excess attenuation is found to be approximately 15 dB over
the over the low frequencies (200 Hz to 500 Hz) and between
15 dB to 20 dB over high frequencies (8 kHz to 12.5 kHz). Over
the critical middle frequencies (1 kHz–4 kHz), the average excess
attenuation (between 10 dB–15 dB) though not as high, is still
significant with a number of sites showing an excess attenuation
of 15 dB or more at 1 kHz. The results indicate that sufficiently
dense vegetation belts along the roadsides may prove as effective
noise barriers and significant attenuation may be achieved over
the critical middle frequencies (1–4 kHz).
Keywords: noise, attenuation, traffic, frequency, vegetation
belt, Tarai.
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Assessment of Ultrasonic Noise Hazard
in Workplaces Environment
Śliwiński Antoni, fizas@univ.gda.pl
University of Gdańsk, Institute of Experimental Physics
Wita Stwosza 57, 80-952 Gdańsk, Poland

The hazard assessment of ultrasonic noise impact on human
body at workplaces presents an open problem; it is not satis-
factorily solved comparing the fund of knowledge and standard
regulations established for the case of audible noise. Some re-
search carried on in the Central Institute of Labour Protection
– National Research Institute, Poland, are essential for elabo-
ration reliable procedures for the assessment of ultrasonic noise
hazard and they have to bring to modernization and creation the
corresponding standards in this field. In the presentation, some
problems related to measurement procedures applied as well as
to the interpretation of results essential for hazard assessment
of ultrasonic noise impact on human body will be considered;
in particular such cases where some procedures elaborated for
audible noise assessment are being transferred to apply in the
ultrasonic range without taking fully into account some specific
aspects of the high frequency components of the noise.
Keywords: ultrasonic noise hazard assessment, maximal acous-
tic level values distribution, technological ultrasonic devices.
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Experimental Acoustic Flow Analysis Inside a Section
of an Acoustic Waveguide
Weyna Stefan, weyna@ps.pl
Mickiewicz Witold, Pyła Michał, Jabłoński Michał
Szczecin University of Technology
Applied Vibroacoustics Department
al. Piastów 41, 71-065 Szczecin, Poland

Noise propagation within ducts is of practical concern in
many areas of industrial processes where a fluid has to be trans-
ported in piping systems. The paper presents experimental data
and visualization of flow in the vicinity of an abrupt change in
cross-section of a circular duct and on obstacles inside where
the acoustic wave generates nonlinear separated flow and vortex
fields.
For noise produced by flow wave of low Mach number, lami-

nar and turbulent flows are studied using experimental sound in-
tensity (SI) and laser particle image velocimetry (PIV) technique
adopted to acoustics (A-PIV). The emphasis is put on the devel-
opment and application of these methods for better understand-
ing of noise generation inside the acoustic ducts with different
cross-sections. The intensity distribution inside duct is produced
by the action of the sum of modal pressures on the sum of modal
particle velocities. However, acoustic field is extremely compli-
cated because pressures in non-propagating (cut-off) modes co-
operate with particle velocities in propagating modes, and vice
versa. The discrete frequency sound is strongly influenced by the
transmission of higher order modes in the duct. By understand-
ing the mechanism of energy in the sound channels and pipes we
can find the best solution to noise abatement technology.
In the paper, numerous methods of visualization illustrate

the vortex flow as an acoustic velocity or sound intensity stream
which can be presented graphically. Diffraction and scattering
phenomena occurring inside and around the open-end of the
acoustic duct are shown.
Keywords: sound intensity, laser anemometry, acoustics flow,
sound visualization.
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The Soundscape Design. Factors Impacting the Spatial
Orientation of Blind and Visually Impaired People
Wiciak Jerzy, jerzy.wiciak@agh.edu.pl
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Department of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland

The term soundscape was proposed by R. Murray Schafer
in 1977 as an auditory equivalence to landscape. It is defined
as an environment of sounds – actual or abstract. In opposite

to noise control soundscape approach treats sound as a resource
rather than a waste. Its main applications focuses on managing
urban public spaces in order to improve quality of life. Psy-
choacoustic experiments on the soundscapes shows that recog-
nition of particular environments is based on identification of
the physical sources and average recognition time for humans is
about 20 s. According to (Dubois D., Guastavino C., Raim-
bault M., A Cognitive Approach to Urban Soundscapes, Acta
Acustica united with Acustica, 92, 6, 865–874, 2006, semantic
data must be obtained as well as numerical estimators for the
development of the categorization and quality labels.
Sound acting on human body stimulates certain parts of

the brain. It’s usually different for different types of said stimuli
(visual, acoustic, tactile, etc.). But basically thanks to EEG,
PET or/and MRI it can be said that we know which part of
a person’s brain will “lit up”. There are several studies that
incorporate EEG, PET or/and MRI to compare brain functions
in sighted and blind persons during different types of auditory
(or tactile for that matter) tasks.
Soundscape could be connected with visual impaired people

in many ways. Sounds are key in blind people’s spatial orien-
tation. Without sounds blind person feel like normally sighted
person in darkness. The role of sound could be compared with
turning on the light.
Schafer in The Tuning of the World formalized the

soundscape terminology. Background sounds were defined as
“keynotes”, foreground sounds which intended to attract atten-
tion as “sound signals” and sounds that were particularly re-
garded by a community and its visitors are called “soundmarks”.
The paper presented attempt of classification of the acoustic

signals that can be useful for spatial orientation. This classifica-
tion was made based on Shafer’s division. Data from a survey
carried out in group of blind and partially people were used for
analysis. In survey respondents were asked about sounds that
can assist or disturb the spatial orientation and for negative im-
pact of weather conditions on the perception of sounds in an
urban environment.
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Controllability-Oriented Placement of Actuators
for Active Noise-Vibration Control of Flexible
Structures Using Memetic Algorithms
Wrona Stanisław, stanislaw.wrona@polsl.pl
Pawełczyk Marek, Marek.Pawelczyk@polsl.pl
Silesian University of Technology
Institute of Automatic Control
Akademicka 16, 44-100 Gliwice, Poland

For successful active control with a vibrating plate it is es-
sential to appropriately place actuators. One of the most impor-
tant criterion is to make the system controllable, so any con-
trol objectives can be achieved. In this paper the controllability-
oriented placement of actuators is undertaken. First, a theo-
retical model of a fully clamped plate is obtained. Influence of
actuator placement on the structure is considered. Optimization
criterion based on maximization of controllability of the system
is developed. Residual modes are taken into account to reduce a
spillover effect. The memetic algorithm is used to find the opti-
mal solution. Obtained results are compared with those obtained
by the genetic algorithm. The configuration is also validated ex-
perimentally.
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Uncertainty of Acoustic Measurements Performed
with Audio Analyzers
Wszołek Grażyna, grazyna.wszolek@agh.edu.pl
AGH University of Science and Technology
Department of Mechanics and Vibroacoustics
al. Mickiewicza 30, 30-059 Kraków, Poland

For some time the users of various types of sound mea-
surement devices and speech transmission indicators (STI and
STIPA) express an increased demand for metrological testing of
their devices. In a number of cases the devices are rather cheap
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products that are supposed to substitute for dedicated devices
that are inaccessible for the “economy-class” users, because of
their price range. The calibration of such devices, conformant
to the rules imposed on professional devices, is rather difficult
if not impossible. In order to perform the testing properly it is
necessary to elaborate individual testing methods for each de-
vice. The author of the present paper managed to elaborate a
set of such methods. In the process she has used her knowledge
concerning the essence of normative testing and the knowledge
related to logic of functioning of these devices. She gained the ex-
perience in testing measuring devices during her long-time work
in accredited calibration laboratory (AP 022).
The paper presents the basic technical, metrological and le-

gal information, concerning the requirements imposed on sound
level meters and the methods of their calibration. The paper
also describes specific problems encountered during application
of normalized methods to testing of audio devices. Exemplary
results are also presented for calibration and testing of the follow-
ing devices: ECM800 microphone by Behringer, AZ8921 meter
by AZ Instrument and the NTI Audio XL2 and NTI Acoustilyzer
AL1, audio and acoustic parameter analyzers by NTI Audio AG.
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Parameterization and Assessment of Curve and Brake
Squeal from Train Approaching to the Station
Wszołek Tadeusz, tadeusz.wszolek@agh.edu.pl
Koter Marcin, mkoter24@gmail.com
AGH University of Science and Technology
Faculty of Mechanical Engineering and Robotics
al. Mickiewicza 30, 30-059 Kraków, Poland

The most important source of noise from railways at most
speeds is rolling noise caused by wheel and rail vibrations in-
duced at the wheel/rail contact. Rolling noise is fairly broad-
band in nature, the relative importance of higher frequency com-
ponents increasing as the train speed increases. But the curve
squeal is one the loudest and most disturbing noise sources from
railways metros and tramways. It is also caused by interaction
between wheel and rail but has a quite different character. It
is strongly tonal noise occurring in sharp curves, being associ-
ated with vibration of the wheel in one of its resonances. It is
also necessary to distinguish between squeal caused by lateral
creepage, top of rail squeal as well as flange squeal. A similar
phenomenon is brake squeal which is emitted during braking.
When the train commute to the station the two phenom-

ena may be a source of great inconvenience to passengers and
station staff. The experimental investigations of aforementioned
noise squeals were performed when the train approaching into
the platform. The results show increased noise ratios up to over
ten dB, in addition to a high content of the tonal components
with frequencies above 5 kHz. It was shown that the spectral
moments of the noise can be an useful tool in automatic identi-
fication squealing noise in continuous monitoring systems.
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Simultaneous Exposure to Hand-Arm and Whole-Body
Vibration at One-Track Vehicles Drivers Workstations
Zając Jacek, jazaj@ciop.pl, Kowalski Piotr, pikow@ciop.pl
Central Institute for Labour Protection
– National Research Institute
Czerniakowska 16, 00-701 Warszawa, Poland

The increasing traffic contributes to a greater interests
in one-track vehicles. They require much less space both on
the road and parking and allow for reach places inaccessible
to other vehicles. The growing number of one-track vehicles
in work environment (e.g. the police, emergency medicine,
courier companies) also affects the increase in the number of
workers exposed to vibration hazards associated with their
use. The methods of measurement and evaluation of vibration
on workers described in the European standards EN 14253
and EN ISO 5349 establish separate treatment of hand-arm
vibration (HAV) and whole-body vibration (WBV). However,
at one-track vehicles the risk of HAV and WBV coincides.

The dose of vibroacoustic energy absorbed by the worker is
greater larger when the impact of both kinds of vibration
occurs simultaneously than when the worker is exposed to
only one kind of vibration. The paper presents evaluation of
simultaneous exposure to hand-arm and whole-body vibration
for selected one-track vehicles drivers. The results show that
the vibration hazards at these workstations may be significant.

? ? ?

Assessment of Exposure to Excessive Sounds
and Hearing Status in Students Enrolled
in Academic Music Education
Zamojska Małgorzata, zamojska@imp.lodz.pl
Pawlaczyk-Łuszczyńska Małgorzata,
Dudarewicz Adam, Zaborowski Kamil
Nofer Institute of Occupational Medicine
Department of Physical Hazards
Św. Teresy 8, 91-348 Łódź, Poland

The overall aim of this study was to evaluate the hearing sta-
tus, exposure to excessive sounds and the risk of noise-induced
hearing loss (NIHL) in college music students.
A pilot study, including questionnaire inquiry and sound

pressure level (SPL) measurements, was carried out in 35 stu-
dents. From these data, the risk of noise-induced hearing loss
(NIHL) was assessed according to ISO 1999:1990.
It was found that college music students were exposed to

excessive sounds at the A-weighted equivalent-continuous SPL
of 81–99 dB for 2.5–44.0 hours per week (mean: 21.3±13.8 hours
per week). The highest SPLs were observed among percussion,
trumpet, trombone, saxophone, horn and flute players.
Such exposures for 5 years of academic education are asso-

ciated with the risk of hearing impairment (expressed as mean
hearing threshold level for 2, 3 and 4 kHz equal to or greater
than 25 dB) in the range of 0–46%. The highest risk is related
to playing percussion section (up to 46%), saxophone (up to
16%), trumpet (up to 15%), trombone (up to 14%) and bassoon
(up to 7%).
About 37% of students noticed hearing impairment, includ-

ing difficulty in speech intelligibility in noisy environment (51%).
Nearly every tenth of respondent complained of tinnitus, while
29% of them reported hyperacusis. Only a few students declared
usage of hearing protectors, while 31% of them – listening to mu-
sic via mp3. Thus, the results confirm the need of further stud-
ies and development of hearing conservation program for college
student musicians.
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Low Frequency Noise and Its Assessment
and Evaluation
Žiaran Stanislav, stanislav.ziaran@stuba.sk
Slovak University of Technology in Bratislava
Faculty of Mechanical Engineering
Nam. slobody 17, 812 31 Bratislava, Slovak Republic

The main aim of this paper is to present recent knowledge
about the assessment and evaluation of low frequency noise and
infrasound close to the threshold of hearing and the potential
effects on human health. Low frequency noise generated by air
flowing over a moving car with the open window is chosen as
a source of noise. The noise within the interior of the car and
its effects on a driver’s comfort at different velocities is ana-
lyzed. An open window at high velocity behaves as a source of
specifically strong tonal low frequency noise which is annoying.
The interior noise of a passenger car was measured under differ-
ent conditions; while driving on normal highway and roadways.
First, an octave-band analysis was used to assess the noise level
and its impact on the driver’s comfort. Second, a Fast Fourier
Transform (FFT) analysis was used for the detection of tonal
low frequency noise. Finally, the paper suggests possibilities for
scientifically assessing and evaluating low frequency noise but
not only for the presented source of the sound.
Keywords: low frequency sound, human being, health, evalua-
tion.




