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BUKA U ZIVOTNOJ SREDINI

PREDGOVOR

Ova knjiga sadrzi materiju koja se u okviru predmeta Buka u Zivotnoj sredini predaje studentima tre¢e godine
studija na Fakultetu zastite na radu Univerziteta u NiSu. SadrZaj i obim knjige je koncipiran tako da u
najveéem delu odgovara nastavnom planu i programu pomenutog predmeta, inoviranom u okviru realizacije
projekta CDP+ 105/2004 finasiranog od strane Austrian Cooperation 1 WUS Austria. Knjiga takode
predstavlja znacajnu teorijsku i prakti¢nu osnovu za sve one koji se bave nekim od aspekata buke u Zivotnoj
sredini. Stoga se autori nadaju da knjigu mogu koristiti i studenti drugih, pre svega tehnickih fakulteta na
kojima se kroz odgovarajuce kurseve izucava problem buke, a takode i inZenjeri razli¢itih struka koji se u
svojim istrazivanjima i praksi srecu sa problemima iz ove oblasti.

Sadrzaj knjige je struktuiran tako da uvodi ¢itaoca u osnovne principe buke u zivotnoj sredini preko fizickih i
psihofizioloskih fenomena buke, efekata buke na coveka, matematickog predstavljanja buke i teorijskih i
eksperimentalnih alata za analizu, merenje, kontrolu, ocenu i menadzment bukom.

Pored nastajanja, u knjizi je objasnjeno i kako se buka moze kontrolisati. Objas$njenja nisu ograni¢ena samo
na matematicki aparat, ve¢ se koriste mnogi prakticni i eksperimentalni primeri. Matematicke jednacine,
fizicka i prakti¢na objasnjenja, data su uporedno u svakoj glavi. Na kraju svake glave, savladavanje teorijske
osnove olakSano je test-pitanjima i reSenim zadacima sa primerima i proracunima koji se odnose na
konkretne i1 prakticne probleme.

Knjiga sadrzi pet glava i prilog sa podacima o apsorpcionim i izolacionim karakteristikama odredenih
materijala. Dati su parametri neophodni za proracun izolacione moci pregrada, kao i zahtevi koji pregrade
moraju da zadovolje u zavisnosti od njihove namene. Na kraju je dat spisak literature koju citalac moze da
koristi za dalje proSirivanje znanja iz oblasti buke u Zivotnoj sredini.

U prvoj glavi se ukratko opisuju fizicke osobine zvuka i buke kao nezeljenog zvuka. Opisuje se emisija
buke i njeno prostiranje u elasti¢noj sredini s osvrtom na tipove izvora buke, osnovne veli¢ine zvucnog
talasa, atmosferski i Doplerov efekat i uticaj apsopcije, refleksije i difrakcije.

Osnovna teorija se prosiryje diskusijom matematickog alata za izvodenje i reSavanje talasne jednacine.
Matematicka izvodenja za ravne i sferne talase su prikazana bez koriS¢enja vektorske algebre. Posebno se
razmatra taCkasti izvor kao najéeSce koriS¢ena aproksimacija za realne izvore buke. Date su osnovne
jednacine za zvucni pritisak i intenzitet zvuka u zavisnosti od rastojanja do izvora. Koris¢enjem termalne
analogije objasnjava se razlika izmedu zvucnog pritiska i zvucne snage.

U drugoj glavi se razmatra psihofizioloski apsekt buke, po¢ev od mehanizma sluha do frekvencijsko-
dinamickog opsega cujnosti ljudskog uva. U drugom delu se uvode osnovne veli¢ine i jedinice za opisivanje
buke. Zbog velikog dinamickog opsega buke tipi¢nih izvora, objasnjava se koriscenje decibela, umesto
apsolutnih jedinica, za opisivanje buke. Date su matematicke formule za sabiranje i oduzimanje nivoa. Zatim
se razmatraju subjektivni efekti buke i definiSu najopstije koris¢ene veliine i jedinice uz objaSnjenje
njihovog nastanka i oblasti primene. Uvode se ekvivalentni nivo buke i nivo izloZenosti buci kao veli¢ine za
opisivanje i ocenu vremenski promenljive buke.

Trecéa glava opisuje instrumente za merenje buke i opste tehnike za merenje i analizu, pocev od jednostavnih
mernih sistema sa filtarskim jedinicama (oktavnim, tercnim i uskopojasnim), pa do sloZenijih instrumenata i
sistema za analizu. Opisani su osnovni elementi mernog sistema sa njihovim glavnim osobinama. Naglasena
je neophodnost pazljive kalibracije i u kratkim crtama su opisane procedure koje dovode do najpreciznijih
mernih rezultata. Takode je prikazana tehnika merenja intenziteta zvuka, ukazujuéi na njene prednosti kroz
primere primene. Na kraju je objaSnjena primena modularnog preciznog analizatora buke (/nvestigator) za
statisticku i frekvencijsku analizu, sa primerima tipi¢nih merenja u oblasti komunalne buke.

U ¢cetvrtoj glavi se objasnjava ponaSanje zvuka u prostorijama koriS§¢enjem talasne i statisticke teorije.
Prikazana analiza zvuka u prostorijama ne ukljucuje samo objasnjenja reflektovanja zvuka u prostoriji, ve¢ i
kakav efekat imaju razli¢iti materijali pri apsorpciji i kontroli buke u prostoriji. Paznja ¢itaoca se usmerava
ka prenoSenju buke iz jedne u drugu prostoriju i zvu¢no-izolacionim osobinama gradevinskih elemenata, tj.
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zidova, podova, plafona, vrata i prozora. Kao metode za kontrolu buke, posebno se naglasavaju akusticka
obrada prostorija i zvu¢na izolacija.

Diskusija u petoj glavi ograni¢ena je na prostiranje buke od izvora do prijemnika na otvorenom prostoru
kroz atmosferu. Tubulencija, gradijent temperature i vetra, viskozna i molekularna apsorpcija, lis¢e, barijere,
refleksije od podloge i zgrada, uti¢u na nivo buke i izazivaju promene u buci na mestu prijemnika. Svi
navedeni fenomeni su detaljno objasnjeni. Takode, razmotreni su glavni izvori buke na otvorenom prostoru,
ukljucujucéi putnicki, zeleznicki i avionski saobracaj, industriju, gradevinske i javne radove i buku koja potice
iz susedstva.

U drugom delu se razmatra osnovna filozofija mapiranja buke u zZivotnoj sredini, kao jednog od tri klju¢na
elementa direktive o menadzementu bukom u Zivotnoj sredini. Dat je prikaz razli¢itih nacionalnih i
medunarodnih standarda za prognozu i mapiranje buke ukljucujuci sve glavne izvore buke. U kratkim crtama
su opisane procedure koje omogucuju najbolju prognozu i mapiranje buke. Nakon toga su definisani
indikatori buke koji se koriste za mapiranje. Data je i procedura za izracunavanje merodavnog nivoa buke.

Predstavljeni su takode osnovni principi u oblasti kontrole buke kao i nove tehnologije i tehnike. DefiniSu se
ciljevi kontrole buke na osnovu pregleda direktiva Evropske komisije za buku masina i opreme koja se
koristi na otvorenom prostoru. Predstavljeni su osnovni principi kontrole buke na samom izvoru buke, na
pravcima prostiranja buke i na mestu prijemnika.
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ENVIRONEMENTAL NOISE

PREFACE

This book contains the teaching material aimed to the third year students, at the Faculty of Occupational
Safety of Ni§ University, within the framework of the subject Environmental Noise. The content and scope
of the book is outlined in a way, which mostly fit the curriculum of mentioned subject, innovated within the
CDP+ 105/2004, project financed by Austrian Cooperation and WUS Austria. Also, the book presents very
good theoretical and practical basis for all who deal with some aspects of environmental noise. Therefore,
the authors hope that the students of other faculties can use this book as well, especially students of technical
faculties where the noise problem is taught within the corresponding courses, as well as the engineers of
different profiles dealing with environmental noise problem in their own investigations and practice.

The content of this book is structured so that it leads the students into the basic principles of environmental
noise via the physical and psychophysical phenomena of the noise, noise effect on human beings, noise
mathematical representations and theoretical and experimental tools for noise analysis, measurement,
control, assessment and management.

This book does not only describe how sound (noise) develops, but also explains how the noise can be
controlled. The explanations are not restricted to mathematical formulas, but also use many practical and
experimental examples. Mathematical results, physical and practical explanations go hand in hand in all
chapters. At the end of all chapters, adoption of theoretical basis is complemented and supported by the test
questions and mathematical problems, with examples and calculations related to the concrete and practical
problem.

The book is divided into five chapters, with appendix that contains the tables with the data about
absorption and insulation characteristics of certain materials. In these tables, the parameters needed
for calculation of partition reduction index as well as the criteria, which partitions must satisfy
depending on their purpose are given. At the end of the book, the reference list that reader can use
for knowledge deepening in the area of environmental noise is given.

Chapter 1 briefly describes the physical properties of sound and noise as undesired sound. Noise emission
from a mechanical vibration source and its propagation in an elastic medium is described, with reference to
the types of noise sources, the basic quantity of sound wave, the effect of the atmosphere, Doppler effect and
the influence of absorption, reflection and diffraction.

The basic theory is expanded by the discussion about the mathematical tool for deriving and solving
wave equation. The mathematical derivations are given without use of vector algebra for plane and
spherical wave. The point source is discussed as the most frequently used approximation for the real
noise source. The basic equation for sound pressure and sound intensity in relation to distance from
source are given. The difference between sound pressure and sound power is explained by using the
thermal analogy.

Chapter 2 deals with psychoacoustics matters, beginning with the mechanism of hearing and ending with
the frequency-dynamic range of human ear. In its second part, the chapter introduces basic quantity and units
for noise description. The use of decibel rather than absolute quantities to describe the noise is explained,
because of the enormous dynamic range of common noises. Mathematical formulas for noise level addition
and subtraction are given. The subjective effects of noise are then considered and the most common
measurement quantities and units currently in use defined, together with the explanation of their
development and areas of application. The equivalent noise level and sound exposure level are introduced as
the quantities to describe and evaluate the time fluctuating noise.

Chapter 3 describes noise measurement instrumentation and general measurement and analysis technique,
beginning with the simple measuring system and filter sets (octave, third-octave and narrow band) coming to
the complex instruments and analysis system. The basic elements of measuring system and the main
specifications are described. The necessity for careful calibration of the set-up is stressed and the procedures,
which should produce the best possible measurement results, are outlined. Also, the sound intensity
technique is shown, pointing out its advantages by the application examples. At the end of the chapter, the
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modular precision noise analyzer (/nvestigator) applications in the field of statistical and frequency analysis
are shown, and are followed by the examples of typical noise measurement in the areas of community noise.

In the chapter 4, the behavior of sound in the rooms and enclosures is explained using the wave and
statistical theories. The presented analysis of sound in rooms involves not only an explanation how sounds
are reflected backward and forward in the room, but also the investigations about what effect various
materials have in absorbing and controlling noise in the room. Reader’s attention is also focused on the
transmission of noise from one room to another and sound insulation properties of building elements i.e.
walls, floors, ceilings, doors and windows. The acoustical treatment of room and sound insulation as noise
control methods are particularly stressed.

The discussion in the chapter 5 is limited to the propagation of noise, outdoors through the atmosphere,
from the source to receiver. Turbulence, temperature and wind gradients, viscous and molecular absorption,
foliage, screening, reflection from the ground and building all affect the noise level and create fluctuation in
the noise received. All listed phenomena are explained in the chapter. Also, the main sources of outdoors
noise including roads, rail and air traffic, industries, construction and public works, and the neighborhoods
are discussed.

In the second part, the chapter deals with the basic philosophy of environmental noise mapping, as one of
three main elements of environmental noise directive relating to noise management. A recent review of
various national and international standards for noise prediction and mapping, including all main noise
sources, are given. The procedures, which should produce the best possible noise prediction and mapping,
are outlined. After that, the noise indicators used for noise mapping are defined. The calculation procedure of
the rating noise level is given.

This chapter also describes the basic fundaments in the areas of noise control, as well as the new
technologies and techniques. On the basis of the review of EC directives on machinery noise and equipment
used outdoors, the noise control targets are specified. The basic noise control principles are presented
including the noise control at the source, noise control in the propagation path and noise control at the
receiver point. The level to which the noise should be reduced in order to be acceptable to human receivers is
limited by national and international standards that are explained at the end of the chapter.
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