SELECTED PRESENTATIONS |

Informal Regional Consultation Meeting on Noise Pollution |
2 -5 September 1991 , Amman, Jordan

ﬂerranean Regional Oﬁlcp

Reglonaﬂ Centre'furEnwronmenial Hea!th Actwmes -



CEHA Document No, TLM-8

Selected Presentations

Inrormal Regional Consultation Meeting
on Nolse Peollution

World Health Organization
Eastern Mediterranean Regional Office
Regional Centre for Environmental Health Activities
CEHA
Amman, Jordan
1985



This document is nol & formal publication of the World Health Organization (WHO), WHO welcomes requests
for permission o reproduce or translate its publications; in part or in full. Applications should be addressed o
CEHA, Amman, Jordan, which will be glad to provide the latesl information on any changes made to the text,
plans fro néw aditions, and reprints and translations already available,

(©) World Health Organization, 1995

The designations employed and the presentation of the material In this document do not imply the expression
of any opinion whatsoever on the pari of the Secretanat of the World Health Orgarnization concerning the legal

status of any country, lerritory, city or area of Its authorities, or concerning the delimitation of Jis frantiers or
Boundanes.

The mention of companies or of certain manufacturers’ products does not imply that they are endorsed ar

recommended by the World Health Organization in preference 1o others of a similar nature that are nat
mantioned.

Far inguiries and more Infarmation please wrile to;

Coordinator,

WHO, Regional Centre for Environmental Health Activities (CEHA)}
P.O Box 926967 Amman 11110, Jordan

Tel. B84655/684657

Fax 686591

Telex 24102 WHOCEH JO



ACKNOWLEDGEMENTS

This document Includes presentstions from the Informal Reglonal Consultafion on Nolse Pollution
orgarized by CEHA 2 to 5 Seplember 1881, in Amman, Jordan, Acknowledgements are extended o the
noise pollution experts namely Dr O. J, Oldham, School of Architecture and Building Engineering,
University of Uverpoel, UK., and Dr J. Lang, Versuchsanstall fur Warme-und Schalltechnik an YGM,
Austria, for assisting and implementing the consultation. They also provided the participants from the
WHO Eastern Mediterranean Region with the valuable noles and lecture malerials for future referance,
including this document.

Special acknowledgements are extended to the Ceniral Secretariat of the International
Organization for Standardlzation (I1SQ) for their kind permission to reproduce the following 1SO
standards free of charge: 1696-1: 1882, 1936-2: 1987, 1896-3: 1987 and 2204: 1578,

Mr S. Atllah, Director Environmental Health Programme, EMRO, Dr M. Z. All Khan, Regional

Coardinator, CEHA, and Mr M. Malkawi, Technical Assistant, CEHA, provided their valuable time and
contrbutions towards the review, compilation and printing of this document

- it -



INTRODUCTION

The Warld Health Organization's (WHO) Reglonal Centre for Environmental Health Activities
{CEHA), Eastern Mediterranean Region, organizes training and lsaming activities at the reglonal and
natlonal levels to develop manpower In its 22 Member States in the field of “Healtn and Environment".
The Informal Consultation on Noise Pollution, held In Amman 2 to § Seplember 1991 was (he first
activity of Its kind in the Region, The alm was to introduce and promote Lhe understanding of the
problems of noise pollution, Its measurement, control and Impacts on health as well as to encourage the
development of natlonal stralegies, legisiation, approaches, standards and regulstions.

This decument Includes working papers and lectures prepared and presanted by the expers
during the [nformal Consultation on Nolse Pollution. It s hoped that the document will serve as a
supplementzl study material in educational curricila as well as In training programmes for professionals
in the ministries of health, environment and development as well as NGOs involved in the area of noise
pollutian.
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NOISE FUNDAMENTALS

1. Introduction

1.1 What is noise?

An old riddle asks: "What comes with a carriage and goes with a carriage, is of no use o
the carriage and yet the carriage cannot move without it?'

Given the context of this paper you have an advaniage over sormecne who Is faced with
this riddle out of the blue and it Is easy for you to arrive at the answer, 'ncise’. The riddle also
gives the correct impression of the Inevitability of noise in association with mechanical
movement. When work Is carried out by a heat engine, electric motor or some other prime
maver it is inevitably accompanied by energy conversion and degradation. A minute quantity of
the work dorie is not converted directly into useful work or heal but is radiated as sound.
Eventually this in turn becomes heat which is the ultimate end of all work. Noise is a term that
we use lo mean something more than sound. It is unwanted sound.

Qne view of pollution and polluting processes Is thal it represents waste and bad resource
management. Unfortunately this is not true of noise itselfl since sound accounts for a very small
fraction of the mechanical energy transformed during any process. Noise contrel is not justified
solely on grounds of waste reduction. On the other hand a noisy process is often & wastsful
one High noise levels In industry are unwanled because they are hazardous to hearing,
becauss they are a hindrance to communication and because they cause unnecessary stress,
Noises associated with environmental sources such as transport systems and industrial plants
are unwanted because they impose a burden of annoyance, distraction, Intrusion and
interference upan people who recelve no Immediate or direct bensfit from the noise producing
system. This can be true of any sound In any context. It is simply that, in this mechanical age,
there are a greater vanety of man-made sound sources than at any other period of history.

1.2 What does noise do to people?

The effects of noise on human health vary according lo the susceptibility of the individual
exposed to noise; the nature of the noise and the duration and location of his or her exposure
o it,

The primary éffect of prolonged exposure to high levels of noise in the workplace Is the
development of industrial or gccupational deafness, This Is often called Noise Induced Hearing
Loss (NIHL) to distinguish it from hearing loss due to increasing age. NIHL requires prolonged
exposure over the order of a working lifetime, aithough sufficiently intense impulsive noise
could produce Instantaneous damage-blast deafness. Short periods of exposure to high noise
levels producs tempaorary hearing loss, followed by a gradual recovery of hearing.

Vaso-constriction - a tightening of the blood vessels, cutting down the flow of blood to
vanous parts of the body, is a well-documented cirgulalory response to noise. It Is a 'startle
reaction’, Other physiological manifestations accompany sudden or transient sounds and may
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be related o natural responses and reflexes to audible waming signals. These include muscle
tension. acceleration or deceleration of heart rate, general constriction in the peripheral blood
flow (e.g. to the skin), changes in the secretion of sallva and gastric juice and refiex
movements of the gastro-intestinal tract. There is some evidence to suggest that prolonged
exposure to intense noise may have a noticeable effect on digestion.

Interference with rest or sieep and the consequent lack of concentration, Irrtability or
reduced efficiency, are obvious and annoying effects of noise. These are most likely to be
significant among the older age groups. Nete that it is not necessary that people have to be
woken up to suffer loss of the correct type of sleep. Unferlunately, the effect of such sleep
disturbance is not readily identified or quantified.

One of the most common and undesirable effects of noise is Interference with
communication, In industry the disruption of communication can result in inefficiency and,
possibly, fatal accidents. In people's homes and leisure activiies noise may exist al high
enough levels to make speech unintelligible and audible wamings unheard. At least the
spoken or broadcast word could be less easlly understood and warnings made
incomprehensible.

Speech interference is & particularly important consideration in schools and other
educafional estabiishments, Even at levels where hearing damage risk is not large, noise in the
working environment can affect concentration, efficiency and output. Most annoyance with
noise in the home seems to be associated with its impact on radio and TV enjoyment or
conversation,

Finally. most of us will be aware thal exposure to unaccustomed high levels of noise tend
to change our emotional responses. We tend to become more aglitated or less reasonable than
usual, There is some evidence, but not conclusive, that noise |s associated with mental iliness.
in parficular, it may lead to general psychological distress, and this in itself will mean an
increased susceptibility to noise, precipitating some sort of crisis.

On the other hand we should not aim for the complete elimination of noise even if it were
possible. Complete silence for prolonged periods can be very disturbing as a result of sensory
deprivation. Moreover the noise of industrial machinery or of vehicles can often be used by
their operators 1o judge their general working-order,

2. Steady Sound and its Description

2.1 The nature and speed of sound

Since noise is unwanted sound, to understand the ways in which nolse can be measured,
and how the measurement depends upon where you measure i, it is necessary to know
something about the nature of sound. As was said in the introduction, sound is a form of
enargy. The aural sensation that we call sound is caused by the interaction between small
pressure variations in the air around us and our heanng mechanism, The small pressure
variations are associated with the oscillations of the particles of which air is composed. These
osclllations will originate with the disturbance of air-particies adjacent to any vibrating surface
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in air which we call 3 sound source and are transmitted subsequently through the air from
particle to particle as a consequence of the forces that exist between the particles of the air,
The particles are not carried along with the disturbanice, they simply osdillate o and fro about
their equilibrium or average undisturbed positions as the disturbance passes. We describe the
way in which the disturbance moves from one place to another as the propagation of a sound

wave.
Figure (1) Piston Sound Source
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Consider the simple example of & sound source as shown in Figure 1. It consists of a
piston which can be driven backwards and forwards In & regular manner at one end of a
circular cylindrical tube. As the pliston is driven forward the air-particles next to its surface will
bunch together producing a region of compression. As the piston moves backwards the air-
particles next to ils surface will spread out producing & region of rarefaction. In the
compression, the air pressure will be a little higher than the equilibrium value, and in the
rarefaction, it will be a little lower. If the to and fro movement of the piston Is made continuous
and regular, then a saries of regularly-spaced compressions and rarefactions will form and
travel along the wibe. In other words, there will be a pressure wave in the lube, and, If you were
to pul your ear to the opposile end of the tube to the piston, and the piston were to be moving
rapidly encugh, you wolld hear this pressure wave as sound.

The spesd at which the sound wave propagates down the {ube will not depend upon the
rate at which the piston moves. It is a fundamental property of air and is related to the forces
between the air-particies, that were mentioned earlier, and 1 the density of the air. Since these
properties are affected by the equillbrium pressure and the temperature, the speed of sound is
influenced by pressure and lemperature aiso. At an equilibrium pressure of one atmospheare
and a temperature of 20 °C, the speed of sound in air is aboul 344 m/s.

2.2 Power, pressure and intensity

In the pistenphone example above, the greater the displacement of the piston, the greater
will be the pressure ¢hanges in the associated sound wave. Consaquently, as the power of the
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piston motion increases, so does the power of the resulting sound. In other words the sound
power of a sound source depends upon the power Input to the source, Both are expressad In

walts (W),

It is possible to quote accurate empirical relationships for the sound power of many source
types, including fans, pumps, gears, bearings, valves and ventilation gnlles.

Itis difficult to measure the sound power of a sound source directly. The quantity thal can
be measured is the air-pressure, or more strictly, the difference betwaen the fluctuating value
of air-pressure and its equilibdum or mean value.

Considering the piston in a tube example again, suppose that some means of measuring
the pressure-difference-fluctuations is placed in the tube downstream of the piston. Figure 2(a)
shows how a piot of the variation of pressure-difference with time might lock. Al one moment
the point of measurement might be in a region of compression and at the next moment it might
be in a region of rarefaction, In the rarefaction the values of pressure- difference are negative.
This explains the maxima and minima on the curve of pressure-difference with time. The
maximum excursion of pressure-difference is called the amplifude of the sound wave. The
amplitude I8 Indicated in Figure 2(a} together with cne complete cycle of pressure-difference
values, As the piston vibrates more and more rapidly the readings on the pressure-detector
would cytle more and more quickly, Figure 2(b) shows the result of increasing the rapidity of
vibrations by a factor of three. As the rapidily of vibration increases the pressure variafion
becomes mare and more difficult to follow,

Figure (2) Sound Pressure Against Time
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Even for the slowest rate of vibration that produces audible sound, some kind of average
over time Is required as a measurable indication of amplitude. The way in which this average is
obtained is, firstly, to square every value of the pressure-difference over any cycle. This has
the effect of making positive all the values otherwise registered as negative, These squared
values are then averaged and finally the average is square-rooted. The consequences of each
of these steps are shown in Figure 2(a). The final result is known as the rootmean-square
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(r.m.s) sound pressure. Hencsforth whenever the phrase sound pressure Is used you should
understand il to mean r.m,s. pressure-difference.

Sound pressure has the same units as any other pressure. The unils are newtons per
square metre (Nm™ ) or pascals (Pa). Typical sound pressures are a small fraction of a pascal,
whereas atmospheric pressure has a typical value of 100,000 or 10° Pa. The ear responds 1o
sound pressure and so does the microphone of a sound level meter. A microphone convers
the detected sound pressure [nto an electrical signal.

Sound intensity represents the power transmitted per unit area at right angles o the
direction in which the sound Is propagafing. As long as the sound wave Is not very close 1o its
source and is able to propagate without hindrance from any obstructions, its intensity |s
proportional to the square of the sound pressure. For air at atmospheric pressure and 20 "c the
constant of proportionality is 1/410. So, for example, if the sound pressure registered at a point
were 1o be 107 Pa, then the sound intensity of the unhindered sound wave at the paint would
be: 2.4 x 107" Wm™ at 1 atmospheric pressure and 20 °C. The units of scund Intensity are
consistent with its definition as power (In watlts) per unit area (sguare metres).

2.3 Frequency and pure tones

A cycle of compression and rarefaction Is shown in Figure 2(a). The length of time
accupied by that cycle will influence the pltch of the sound that you hear from the pistonphone.
One measure of the lenglh of time ocoupied by each compression-rarefaction cycle is the
number of such cycles that occur in each sscond. This measurement (s known as the
frequency of sound and it will depend upon the rate of vibration of the piston in the
pistonphione, The mora rapidly the piston vibrates, the higher the frequency will be, Figure 2(b)
shows & sound wave of the same amplitude but of a higher frequency than that depicted in
Figura 2{a). The unit of frequency is the heriz for which the abbreviation is Hz. Very few man-
made nolsés or naturally-occurting sounds are pure tones: Even sounds from a muslcal
instrument that appear to have a single pitch, an apparently clear single nole, contain more
than one frequency. Usually our impression of their pitch will correspond to the frequency at
which there is most sound power the dominant frequency.

2.4 The decibel and sound pressure level

Our hearing system |s non-linear with regard to sound pressure. In other words, if the
pressure of a 1000 Hz pure tone is doubled it will not elicit twice the responsa in the listener, It
will not sound twice as loud. In fact the pressure would have to be increased by mare than a
factor of three for @ sound to be twice as loud, Furthermare, the range of sound pressures,
from the minimum detectable to the highest bearable, is quite large (from about 2 x 10° Pa to
20 Pa). For both of these reasons it is convenient and helpful 1o use & logarthmic scale of
sound pressure. The common logarithm of @ number Is the power-ta which-10-has-to-be-
raised to produce that number, For example, 100 = 107 so that the logarithm-to-the-bass-10
of a hundred, which Is written in shorthand form as log 100, or more simply as log 100 or Ig
100, Is 2. Similarty log 1000 = 3. So on a logarithmic scale the difference betwesn 1000 and
100 is reduced to the difference betwesn 3 and 2. One problem with logarithms is that the
logarithms of numbers less than 1 are negstive. It would be somewhat confusing o represent a
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sound pressure measurement of a fraction of one pascal by a8 negative number, This problem

can be overcome by introducing a small reference guantity and always dividing by this before
taking logarithms.

The chosen reference sound pressure is 2 x 10° Pa, which comesponds to the lowest
sound pressure detectable on average by people with normal hearing at 1000 Hz, If we denole
any sound pressure of interast by P, then the logarithmic value is calculated from:

20 log (Pf2 x 105}
and Is called the sound pressure level measured in decibels relative to 2 x 107 Pa.

In practice we use the abbreviation SPL or Lp for sound pressure level, and dB for decibels
relative to 2 x 10°° Pa. The factor of 20 appears because the energy in the sound wave or the
sound [ntensily is proportional o the square of the sound pressure. I follows from the
properties of loganthms is that it Is possible to have zero SPL even in the presence of sound!
Cansider the SPL corresponding to a sound pressure of 2 x 10 Pa. This happeris to be the
same as the reference pressure. and the comesponding SPL is =20 log | = 0 dB.
Cansequently, the range of sound pressure levels with which we are concerned in the study of
noise and noise control, is from 0 dB to somewhat less than 140 dB. This is less daunfing than
the range 2 x 10 to 20 Pa and, as mentioned earfier, Is one of the reasans for employing the
lagarithmic scale.

2.5 Frequency response of the hearing system; dB(A)

Many advertisements for hi-fi equipment will describe the performance of amplifiers by
statements like 'the gain Is flat plus or minus 1 dB from 20 to 20,000 Hz'. What such
statements are trying to indicate, |s that these amplifiers, when used to connect a good tape
deck, tumtable or microphone to good loudspeakers, will offer the faciiity of more or less
perfect reproduction of sounds within the stated frequency range. No frequency within this
range will be preferentially amplified and no frequency will be discriminated against by more
than 1 dB, which is a negligible amount in subjective terms. The range of frequencies quoted
does, In fact, correspond to the range of frequencies that are audible to a healthy youth with
normal hearing, | is called the audio-frequency range. Somefimes this range is considered to
begin al 16 Hz.

Al the extremes of this range the sound pressures would have to be very high to be heard
by someone with normal hearing. In between these extremes, however, there Is a range In
which the ear s parficularly sensitive, These frequencies comespond roughly o fhe
frequencies of importance in epeech intelligibiiity. The heanng system, therefore, does not
behave like a perfect amplifier over the audio-frequency range, The sensitivity varies from
frequency to frequency. A plot of the lowest sound pressure &l any frequency that can be
detected by someone with normal hearing is called the threshold of hearing and s shown In
Figure 3. Notice that it has the expected high values (20 Pa) at the extremes of the audio-
frequency range, the expected low value, 2 x 10° Pa, at 1000 Hz, and that there is greatest
sensifivity to frequencies between 2000 and 5000 Hz. If the frequencies between 20 Hz and
20,000 Hz were to be presemt at the sound pressures required to make both 20 Hz and 20,000
Hz pure tones sound audibly, then an uncomfortable fickiing sensation very near to pain would
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be experienced in the ears. It is possible o plot the normal onset of this sensation as a curve of

sound pressure versus frequency known as the threshold of feeling. This is also shown n
Figure 3.

Each of the thresholds of hearing and of feeling indicate different frequency responses.
Between these two thresholds, the frequency response of the ear depends upon the sound
level. Curves can be drawn known as curves of egual loudness. These are shown in Figure 4.

Figure (3) Thresholds of Hearing and Feeling
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Notice thal the vertical axis In Figure 4 is marked In SPL rather than sound pressure, so it
comresponds to a logarthmic scale rather than a linear one. Each of the curves links
hypothetical pure tones thal seem as loud as each other, It makes sense to try and measure
noise levels in & way that corresponds to the frequency response of hearing. The difficulty
arises however of deciding which frequency response to chooss, When noise s very joud, the
response of the ear is more like the flal response of the expensive ampiifier, than when the
noise is relatively quiel In practice, several different frequency responses have been selected,

Frequency responses can be thought of in a different way, Consider for example the resuit
of measuring two pure-lones, produced with the same SPL in dB at the measuring point, but at
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250 Hz and 1000 Hz respectfively. Suppose that the measuring instrument has the same
frequency response as the curve highlighted in Figure 4. Suppose further than the 1000 Hz
tone gives a reading of 100 dB. What reading will the 250 Hz tone give? According to the curve
it will be somewhat less, about 3dB less, than that for the [000 Hz tone. In other words the
response al 250 Hz Is welghted with respect 1o that at 1000 Hz. It Is possible to show frequency
responses as weighting curves. Of parficular importance is the A-weighting curve shown In

Figure 5. This is a standard weighting applied to acoustical equipment so that they respond lo
sound in a similar way to the human ear

Figure (5) The A-Weighting Curve
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MNote that for measuremants of sound level, it is important to state the location of the
measurement. The sound level of a source, like its sound pressure level, sound pressure, and
sound intensity. depends upon the location of the measuring position with respect to the

source. Only sound power is independent of the distance of measurement from the source and
is a charactenistic of the source itself.

2.6 The addition of sounds and sound levels

Having introduced the meaning of frequency-weighting and of A-weighting in particular, we
now move on o another important topic-that of the addition of sound levels. Suppose that you
were to be measuring the sound level at a point equidistant from two sound sources. How
would the resulting reading differ from that you would obtain from either saurce alone?

The result is oblained, usually, by adding the two sound Inlensities. You will recall that
sound intensity is proportional 1o the square of sound pressure as long as the sound is
propagating without obstruction, Suppose that each of the sound sources produces an
Intensity I at the measuring position. Then lhe total intensity when both sources are operating
simultaneous!y will be 21 This will be proportional to 2p° where p is the r.m.s. sound pressure
correspanding to the intensity | of each source. The rm.s. sound pressure comesponding 19 an
intensity of 21 will be (2p° ) = pJ2.

The sound pressure level for simultanecus operation will be the SPL due to a single source
plus 3 dB. So the result of adding two identical sound pressure levels is a total level that is only
3 dB higher than either individual level. This i1s-an important feature of the logarithmic scale,
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If two identical but separated sound sources each produce a sound pressure level of 80 dB
al a measuting point, then operation of both sources at the same time will not produce 180 dB
but result in a reading of 33 dB at the meaasuring point. Although we have discussed addition of
unweighted sound pressure [evels, this rule of addition will apply to frequency-weighted sound
levels. For exampie the result of adding two sound levels of 80 dB(A) will be a total sound level
of 83 dB(A)

The addition of two identical sound levels Is the simplest example of the addition of two
sounds thal we could have considered. The addition of two different sound levels is more
complicated. In general, if the separate levels of two sound sources are known, then to find the
combined level, if would be necessary lo de the fellowing:

* Calculate the mean square pressure corresponding to each level.
* Add the mean square pressures.
* Calculate the level corresponding to this sum,

Since this |s a rather ledious exercise, use of ready-made calculations embodied in Tables
is more convenient.

2.7 Frequency weighting and spectra

The frequencies that are present In a sound from a particular source are ascertained from
a source frequency spectrum, sometimes simply called source spectrum, which is a plot of the
sound pressure level at each frequency over the range of interest.

A detailed source frequency spectrum enables a choice to be made between varous noise
control possibiliies each of which is most effective in a particular frequency range. This is
important particularly for noise contral in industry.

A broad-band noise Is one that has an almost constant sound pressure leve! for all the
fraqguencies of interest, The deseription narrow band refers to spectra where the main energy
lies in a small narrow range of the frequencies. If the sound is tonal then It is possible to plck
out discrete frequencies or pure tones in its spactrum.

2.8 Loudness, annoyance and perceived noise level

A consequence of A-weighting is that two apparenlly dissimilar frequency specira may be
measured as having the same A-weighted level. Although this means that these two sounds
will seem to be egually loud, it does not mean thal they will be equally annoying.

The noise of a circular saw at 10 m might only be as loud as that from a bus at 2 m and
give the same A-weighted SPL, but the circular saw will be more annoying. Apart from the
frequency sensitive contribution to annoyance there will be contributions from many other non-
acoustic factors

The loudness of a sound is the listener's auditory impression of the strength of the sound,

whereas annoyance with a sound can be defined as the feeling of displeasure with the sound
when it is realised cr believed by listeners as adverssly affecting them
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This is a difficult concept to quantify. A particular study has been made of annoyance with
alrcraft noise. Of course the noise from aircraft, except during some ground operations, ts not
steady; but ignore this vartation with time for a moment, and consider the freguency spectrum
of aircraft noise. an example of which is shown in Figure Ba.

Flaure (6) Alrcraft Spectrum and Equal Noisiness Contours
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Nofice thal there is an appreciable proportion of the lotal sound power concentrated at
frequencies above 1000 Hz. Usually, single frequencies above 1000 Hz are judged lo be more
annoying than frequancies below 1000 Hz even when their SPLs have bean adjusted so that
they are judged to be equally loud. Contours of equal noisiness (figure 6b) can be drawn in the
same way as the equal loudness contours shown In Figure 4, The differences between these
and the equal loudness contours mean that a better correspondence or correlation has been
obtained between welghted SPL and annoyance using a frequency-weighting different from
sither A-weighting or C-weighting. The resulting weighted SPL is known as percelved nolse
level {(PNL). The units of PNL are Perceived Noise Decibels (PNdB). PNL is used only in
standards for aircraft noise in the UK.

A-Weighted sound pressure level or sound level is used In standerds for most noise
annoyance since the advantages of PNL have proved sufficiently greal to warrant jts wider
use. In fact in the UK, aircraft noise is measured by the Civil Aviation Authority in db (A} and
then converted to PINdB by the addition of a correction.

PML can be related typically fo A-weighted SPL by the approximate rafationship PNL =
SPL (A-weighted) + 13 but the relationship depends upon the type of aircraft noise being
measured,

When sound |evels are high enough to pose a risk of hearing damage 1o people exposed

to them for long periods, the A-weighted level comesponds fairly clossly to the risk,
Consequently A-weighted levels are used also 1o assess industrial noise problems.
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3. Sound Propagation

3.1 Unobstructed spreading

When you throw a pebble into still water, you notice ripples spreading outin circles centred
upon the splash. This experence allows us 1o imagine the areas of compression and
rarefaction, associated with a sound wave, spreading out from a sound source (Figure 7).

Figure (7) Sound Waves from a Point Source

In the case ol 8 source that radiates sound eqgually in all directions. called an
omnidirectional sourcs, the sound wave will spread oul spherically, Since the sound spreads
out as though from a poinl, such a source is sometimes called a point source. At any glven
distance from the source, the power of the source W will be spread over the surface of a
sphere of radius 7. This surface area [s 4xr°, The sound [ntensity (1), which s the sound power
per unit area, will be given by:

| = W/dzr

This is the so-called inverse square law and applies 1o the radiation of many kinds of
energy: It means, for example, that every time the radius of the sphere (which Is the disance
from lhe source) Is doubled, the intensity will decrease by a factor of four Remember,
however, that the intensity is proportional (o the square of the sound pressure.

This can be Interpreted, the other way arcund, and Implies that sound pressure s
proportional to the square root of intensity. Since intensity is proportional to the inverse square
of distance from the source, pressure must be proportional to the Inverse of distance. Thisidea
can be emplayed in the definition of sound pressure level.

SPL=20 log (P|P,) dB

To caleulate the decrsase in SPL wilth doubling of distance If the sound pressurs at
distance r Is P,, then P, Is proporional to 1fr, At distance 2r, the pressure P» must be
prapartional lo the inverse of 2r, i.e, 1f2r.

The change in SPL between distance r and distance 2r Is given by!

change in SPL = 20 log (PyP2) = 20 1og ({1/0)/(1/21) = -20lag 2
= -6 dB.
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For the ideal situation of spherical unobstructed spreading of sound from an

omnidirectional source, therefore, the sound pressure level decreases at a rate of § dB per
doubling of distance.

Anather kind of Ideallsed sound source, called a line source, is one from which the sound
waves spread cylindrically. A noisy pipeline is an industrial example of & line source, A
continuous stream of road traffic is another example of such a source. The road traffic will act
as a line source as long as the measurement point is sufficiently far away for the sounds from
the individual vehicles to have merged together,

From a line sourca the sound pressure level decreases at a rate of 3dB per doubling of
distance and this is the attenuation raté near fo acoustically hard ground such as asphait that is
used in the prediction of nolse from freely-flowing road traffic. This is a slower rate than that
from a point sourca,

COver grassland, the rate of decrease of sound pressure level from freely flowing road
traffic Is somewhat mare than 3dB because of the Influence of the ground surface. There are
also meteoroiogical factors to be considered, but we will discuss these details later .

The final instance of ideallsed sound propagation that should be mantionad is that in which
the sound pressure level does not change with distance at all. This will be the case for plane
waves of sound. The sound waves generated by a piston inside a tube which was the idealised
example with which we started this study of sound are plane waves. The regions of
compression and rarefaction are parallel and do not spread. Consequently, sound travels very
well along tubes and passage ways of all sorts. In practice of course the sound intensity will
decrease as a resull of absorption at boundaries and through the air

Most individual items of noisy machimery are more (ike point sources than line sources. But
they differ from point sources In imporant ways:

they may be large;
they may be inherently directional;
they may be positioned close & sound-reflecting surfaces.

As a result the sound pressure level will be highly dependent upon the position in which it
is measured. Itis important to be able to predict this variation in any given environment. On the
other hand, in seffing standards for the noise produced by any appliance or mechanical
system, |.e. its noise emission, and in devising methods of manitoring the noisiness of
processes as part of quality control, it is important o be able to deduce the sound power level
from measurement of sound pressura level in a given position. The sound power level is a
logarithmic measure of the sound power and is a fundamental attribute of the source, in the
same way. for example, as the power-rating of an electrical appliance.

Sound Power Level (SWL) is defined by: SWL= 10 log (W/W,) dB
Where W and W, are the source power and the reference power respectively, and W=

10°'2 W. Although both sound power level and sound pressure level are measured in dB they
ars not numerically equal,
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Mote:
1- sound power level values, like sound pressure level, may be frequency weighted

2- thal the rules of propagation; & dB per doubling of distance from a point source and 3dB
per doubling of distance from a line source are equally valid for frequency-weighted and
unweighted sound pressure level and

3. that dB(A) is used as a unit of measurement of both sound pressure level and sound
power level; the context should always make plain, however, which quantity is being
quoted or measured.

3.2 Sound in rooms

Figure (8) Reverberation in a Room

S
¢ ey 2
s -
!’ =% -
Spurce 3
i
Direct i
Flald F)
!
i
LY i
Raverberant /
Field vy
5
f

The sound absorbing property of any surface Is represented by the fraction of incident
sound power that is not refiected by it. This fraction is called the absorption coefficlent and will
have values near one for any geod sound absorbing materials (called absorbents) and values
near zero for any surfaces that are good sound reflectors. The walls, ceiling, floor and
fumnishings within a room will each have different absorption coefficients. In order to calculate
the contribution of each material surface lo the total absorption within a room It is necessary to
multiply the absorplion coefficient of that material by its surface area. The result may be called
the absorption of the surface in absorption units which Incorporate the area in (m?). The total
absorption within the room is obtained then by summing the separate absorptions. Another
useful quantity Is the average absorption coefficient This is calculated by dividing the total
absorption in the room by the tolal surface area of the room and enables the estimation of the
influence of reverberation on lhe noise level within an enclosed space.

Outdoors, at distances from & machine that are sufficiently great, Le, al least twice its
largest dimension, the sound level will decrease at a rate of 64B per doubling of distance untll
the decrease is limited elther by some verfical refiecting surface or by the background noise
level, When limited by background |evel, eventually the sound level becomes independent of
distance from the machine. If the same machine is placed In a factory, then reverberation
within the faclory will reduce the reglon In which the sound lavel decreases with distance,
These two contrasling situations, outdoors and Indoors, are shown In Figure 9.

Indoors therefore. where the level due to the operation of a single machine becomes
independent of distance form tha machine, the level Is determined by the power of the sound
source and by the reverberation.
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Figure (9) Variation of Sound Levels with Distance
for indoor and Outdoor Sources
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NOISE MEASUREMENTS

1. Instrumentation

1.1 Standards for sound level meters

The basic noise measuring device is the sound level meter which in its simpiest form consists of

a microphane, amplifier and read-out device. Such a unit can be made to provide a direct reading of
the sound pressure level due to a noise source at a given point. In order to allow for the
characteristics of human response to sound, a frequency weighting network will be typically
employed ("A" weighting).

As a sound level meter is the basis for many measurements In the implementation of nolse

standards, it ls important that It Is reliable and accurate. Furthermore, it is important that the
difference between cotresponding readings made with various makes of instrument is reduced to the
lowest practical minimum. For these reasons there are various national and international
specifications or standards for sound level meter performance.

Typically these specify:

The directionality of the instrument. Ideally, the instrument would be equally sensitive to sound
from all angles. In practice, the sensitivity is greatesi to sound that is incident directly. The
standards lay down the maximum deviations with angle that may be permitted.

The frequency response (for random incidence, that is, for sound incident from all directions
simultaneously). This requires a certain frequency range and weighting. The response depends,
primarily, upen the microphone

The scale-length, graduation density, accuracy and mevement characteristics of the read-out
mater.

The electrical ‘noise’ produced by the Intemal elrcuitry of the instrument. This must not interfere
with the input sound signal,

The method of checking the sensitivity adjustment (and hence the accuracy) of the instrument.

The dynamic span for integrating 2ound level meters i.e. the range of levels over which the meter
can acquire data,

These standards spedfy four different types or grades. These are;
Type 0 laboratory-for razearch
Type 1 precision-for legal measurements and for professional work

Type 2 general purpose for indusirial and environmental noise
Type 3 survey-for initial appraisal of a problern

The main difference between each of these types is the accuracy of the frequency response.

Usually, the more expensive the meter the more accurate it will be.
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1.2 Operational tests

Before and after each series of measurements, an acoustic calibrator or pistonphone complying
with appropriate standards should be applied to the microphone 1o verify the correct operation of the
measuring equipment and 1o allow adjustments if necessary, The results of such tests should always
be recorded. In addition, if measurements are made over a prolonged period, the calibration should

be verified at leasl twice daily using either the method described above or using an integral
calibration system.

1.3 Traceablitity

In addition to the tesis above, tests of the compliance of the calibrator or pistonphone and of the
compliance of the complete measuring equipment with the relevant parts of the appropriate national
or international standards for type 1 or type 2 systems, should be carried out ai leasl every 2 years
either by a calibraticn |aboratory accredited for such compliance tesis or by lesting the
instrumentation against a reference set that has been confirmed within the last 2 years by such
an accrediled |aboratory, as having met the standard for a type 1 instrument. The reference set
should Include a calibrator or pistanphone.,

1.4 Measurement positions

Measuremen! positions should be chosen thal are ouiside buildings and give results that are
representative of the specific noise at the bulldings where people are likely to be affected. The
preferred measurement heighl Is 1.2m to 1.5m above the ground. To minimise lhe influence of
reflections. the measurements should be made at least 3.5m from any refiecting structure other than
the ground or the facade in question, Where It is necessary 1o make measurements above ground
fioor level, & position at 1 m from the facade at each relevant floor of the building should be selected:

1.5 Influences on noise level readings and predictions

Weather conditions may affect nolse measurements either by generating extraneous noise or by
influencing sound propagation. Noise level measurements should generally not be made under
extreme weather conditions such as high winds (greater than 5 ms™' average), low temperatures
(less than 30°c ) or rain. Weather conditions prevailing during measurements should be recorded.
Precautions should be laken o minimize the influence on the readings of wind, rain and electrical
interference, Measured nolse levels are considered valid only if thay exceed readings due to the
above influences by at |east 10 dB.

2. Unsteady Sound and its Measurement

Unsteady noise such as traffic noise (see Figure 1) may be characlerised by the stalistical
distribution of levels over the time of measurement! in particular, the level exceadad for ten percent of
the time (L1g) and that exceeded for ninety percent of the time (Lgg) are used to describe noise levels.
These two levels define the noise climate for the duration of the measurement. in the United Kingdom
Lya in dB(A) measured over 18 hours has been found to correlate with annoyance from road traffic
noise.
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Figure (1) Variation of traffic noise with time
20 dE(A)

ﬂ " T e meew
Y fm Y EETSIRIA)
A I T e
& LTI [LA (N1

2.1 Noise dose, SEL and Ly,
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Use of any single percentile level such as Ly as a method of describing the time-history of a
noise, means that much information about that time-histary Is lost. Ly gives an indication only of
noise levels at the upper end of the range during the given period. The sound energy in lower levels
of noise during this period is ignored effectively. In a noisy factory even the lower levels will be
contributing o hearing damage over a long period of exposure.

Another way of obtaining a single number to describe varying neise level is to measure the total
energy in the nolse over some given pericd in the same way as an electricity meter monitors the total
electrical energy recelved. The risk of noise Induced hearing loss s closely related 1o the total sound
energy received by someone working in & noisy environment. This tolal energy is called the ncise
dose and [s measured in units of (Pa® hrs) - that is power of (pressure)® multiplied by time.

Another quantity that is related to noise dose |s the equivalent continuous sound level or Leg. It s
that constant sound level which would resull in the reception of the same lolal energy as the actual
varying leve! over the pariod of interest, expressed in dB(A). Consequently L is a logarithmic
measure of the noise dose divided by the time over which the dose has been received. Returning fo
the analogy of the measurement of electricity consumpfion, whereas noise dose is analogous to total
consumplion and Is what is paid for, La; is analogous to an average power consumption.

Instruments that measure L, perform a summation of all the sound energy that they detect over
the period of their use, since the process of summing a continuocusly varying quantity is that of
integration; such instruments are called integrating sound level meters. The result of maasuring Leqg
on A-weighting Is the A-weighted Ls, In dB(A) sometimes denoted by Laee

Note thal in referring 1o L, it is essential to refer also to the period over which the measurement
Is being taken. In assessing hearing damage risk, an 8-hour L. Is used, the 8 hours comresponding to

the working day. For the assessment of annoyance due to environmental noise, a 24-hour Lgq I8
more relevant.

Time periods of one hour and 12 hours (usually from 7.00 to 19.00 hours) have been used as
measures of noise from construction sites. Samples over shorter periods (e.g- 5 minutes and 20
minutes) are sometimes used in order to estimate these longer perod Ly,
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In the USA a day-night nolse leve! (Low) in dB(A) is used far planning purposas It represents a
24-hour Leg in which a spedal allowance is made for night-ime exposure by Increasing the actual
measured night-time levels by 10 dB{A) to allow for the extra annoyance caused by noise at night-
time. The Index is the average A-weighted sound pressure |evel over a 24 hr period, but with 10 dB
added to the night time levels (from 22.00 to 07.00 hours).

Other weighting factors are possible, and in another American index, the Community Noise
Equivalent Level (CNEL) an evening (19.00-22.00 hours) weighting of 5 dB is used, as well as the 10
dB at night-ime.

The above examples lllustrale the point that the total sound energies involved In different noisy
events are rather difficult to compare by using period Ly, because of the differing durations of the
events. A single-number index that enables such comparison is the Sound Exposure Leve! (SEL or
sometimes denoled by Lag or Lax). Essentially a measuremenl of SEL is @ measurement of noise
dose. It represents the total sound anergy in a fluctuating noise however long It is, compressed into
one sacond. So for the passage of a Irain |asting several seconds a measurement of SEL would be
an indication on a logarithmic scale of the total energy received This will have a higher numerical
value than the scund pressure |evel of the train al any Instant.

SEL has been found o be particularly useful in comparing different components of construction
site noise.

It Is Instructive o think about the implications of the definitions of SEL and Ly, when measuring
an ambient level that is fairly constant. Let us start with SEL. |t represents the total energy
compressed into one second, whatever the length of the measurement petiod, As fhe measurement
perod increases, then so does the total sound energy received by the sound |evel meler. The
consequence of this is thal the SEL reading will increase The rate of increase will depend upon the
ambient noise level. SEL represents a logarithmic measurement of the total sound energy received,
and is therefore a logarithmic measure of the noise dose

On the other hand, when 3 sound level meter is switched to the Lo, MODE, it |s indicating the
constant sound level that s equivalent In energy terms 1o the amount of noise received over the
period of measurement. If the noise level being measured is fairly constant, then so will be the Lg;
whatever the period of measurement.

In the presence of continually fiuctuating sound such as noise from road traffic, the passage of
each vehicle will increase the total energy received by the sound level meter and so the SEL reading
will confinue to Increase through the peried of measurement with the passage of every vehicle. The
Lo will be most affected by the noisiest vehicles, since these contribute the most energy. During lulls
in the traffic fiow or periods of light traffic the L. reading will fall.

The Le, measurement may be considered to spread cut the sound enargy evenly over the whole
period of measurement. As the peak levels occupy a relatively small fraction of the lotal perod of
measurement. the L reading. for a period that is long enough to include the passage of several
vehicles, will be rather less than the SEL reading for the same period. In fact the perdod Lyq will be
lower than the peak sound level due to the noisiest vehicles by an amount that depends upon how
often they pass Since the L, for the traffic noise will correspond most closely to the peak sound
ievels irrespective of the period of measurement, this means that the L, over the passage of several
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vehicles will be |less than the L. for that period. The relative magnitudes of the various
measurements, over a given period of a fluctuating sound level are shown in Figure 2.

Figure (2) Comparison of noise measurements
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3. Neighbourhood Nolse Assessment

3.1 Introduction

Although road traffic and alrcraft are important and widespread sources of noise nuisance, noise
Is any unwanted sound and such sounds can emanate equally well from fixed industrial premises,
from construction sites or from the actions of neighbours. In general, & noise is liable to provoke
complaints whenever its level exceeds the background noise by a cenain margin; or when Il altains a
carlain absolite level,

Noise indices (called rating levels) which are based upon the above concept are defined in the
Intlemational Standard ISO 1898, Acoustics Description and Measurement of Environmental Nolse.
This standard s in three parts:

part 1- Basic quantties and procedures
part 2- Acquisilion of data pertinent to land use
part 3- Application 1o noise limits

The standard defines basic quantities to be used for the description of noise In community
enviranments and describes basic procadures for the delermination of thase guantiies. The standard
does not specify limits for environmental noise but it does describe principles which can be used to
specily such limits.
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3.2 BS 4142

Many countries have their own national standards which are often based on ISO 1996. For
example, In the UK. BS 4142 which has recently been revised to align it with 1S0 1988: Paris 1 ta 2.
This Brifish Standard describes methods for determining, at the outside of a bullding:

(a) noise levels from factores, industrial premises or fixed installations and sources of an industrial
nalure in commercial premises: and
(b) background noise level.

This standard also describes a method for assessing whether the noise referred to in (8) Is likely
to give rise to complgints from people residing in the bullding. The method is not applicable for
assessing the noise measured inside bulldings or for assessing noise In situations whers the
background noise level is very low, i.&. below an A-weighted sound pressure leval of 30 dB,

BS 4142 differs from ISO 1996 in that It is Intended to apply solely to noise from factories,
industrial premises and other fixed instaliations whereas [SC 1866 Is Intended to be applicable to all
forms of environmental noise, In both cases corrections for the nature of the noise (pure tone
components and impulsive charactenstics) are applled and the index produced by the application of
these adjustments Is called a rating level

The method of rating in the British Standard depends on comparing the specific noise level,
corrected to take account of its character, with the background noise level, The measursments are
made out-of-doors in the neighbourhood of bulldings housing those likely to be affected. The methog
enables aszessment of the likellhcod of complaints, according lo the numerical difference between
the offending noise level and & measured or eslimated background level, and consequently may
assist in deciding whether an existing complaint |s justified.

Noise levels from a specific noise source are measured In terms of Lagg if the nolse contains a
distinguishable, discrete. confinuous note (whine, hiss, screech, hum, etc.), or if there are distinct
impulses in the noise (bangs, clicks, clatters, or thumps), or if the noise is jrregular enough in
character io attract attention, 5dB is added 1o the spedific nolse level 1o obtzin the rating level. Only 2
single 5dB correction Is made if one or more of the above characteristics is present.

If the noise has none of the characterstics described above which require a correction to be
made, the rating level is equal to the specific noise level.

For proposed new or modified noise sources the rafing level is based on a forecast of the specific
noise |evel 1o which a 5 dB correction is added If any of the characteristics described above is
expected o be present.

For the measurement of background noise this standard distinguishes three types of situation in
which;
{a) a new specific noise source is to be commissioned or a modification is to be made to an existing
specific noise source;
(b) there Is an existing specific nolse source not operating continuously;
(c) an existing specific noise source s operating continuously.
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New or modified specific noise source

The background noise should be measured al posifions where the specific ncise will be
assessed and on days of the week and at fimes of the day when the specific noise source will be
operating

Existing specific noise source not operating continuously

The background noise level should be measured at the same positions as those usad for the
determination of the specific noise levei in the absence of the specific noiss on days and at times
when the specific noise source would normally be operating, either:

(g} during = temporary shutdewn of the specific noise source; or
{b) during a period immediately before or after the specific noise source operales.

Existing specific noise source which operates continuously

if it is not possible to measure the background noise leve! at the same position as is used for the
specific noise level determination and in the absence of the spedific noise, the background nolse
level should be measured at another position where it Is presumed 1o be equivalent

Assessing the noise for complaint purposes

The background noise level Is subtracted from the rating level for the specific noise. A difference
of around 10 4B or higher indicales that complaints are likely, A difference of around 5dB is of
marginal significance. At a difference beiow 5dB, the lower the value the less likelihood there is that
complaints will occur. A difference of 10 dB is a positive indication that complaints are Uniikely.

BS 4142 is Intended merely as a guide to the enforcement of noise nuisance provisions in law. It
does not lay down permissible levels. Neither does its procedure lead to a resulf which says whether
of not a househoider has a right to compiain, even though it may be referred lo in court .

A serious criticism of the standard stems from the equivalence it suggests between an adjusted
level difference of +5 dB(A) and a marginal complaint situation. This has been used to justify the
Introduction of new Industries Into Industrial areas as long as the new source is not noisier than the
existing sources. The successive Introduction of new sources fulfilling this condition, however, can
result in the noise level in the area steadily creeping up.

3.3 Noise abatement zones

Cne of the resuits of the criticisms of the above proecedure In the United Kingdom has been the
introduction of Noise Abatement Zones (NAZ),

The Nolse Abatement Zone specifies emission limits where the noise is measured near fo the
noise-producing premises rather than at noise-affected facades as required by BS 4142

itis lefl to the Local Authority's discretion how many measurement points are speciiied and their
height above ground. The officlal guidance Is limited to the idea thal the spacing should be on the

basls of squal sublended angles as shown in Figure 3. Some exampies of poinis chosen on this basis
are shown In Figure 4,
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Figure (3) Selection of measuremeant points along noise control boundaries
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Careful specification of the measurement positions is vital 1o ensure. for example, that they can
be found at night if necessary. Meteorclogical conditions should be taken Into account. The noise
level to be measured at each measunng position is the equivalent continuous sound level L, In
dB(A) over a stated period of fime,

Measurement over 24 hours, or even 8 hours is impracticable from the enforcement point of
view, and is probably unnecessary with regard o the noise nuisance. However if a relatively shont
period of measurement is chosen, say 30 minutes, then it is reasonable to suppose that any
subsequent proceedings for contravention can only relate 1o this period of time, and to the noise leval
recorded during that period of time. However, whatever measurements and measurement periods
are recorded in the register, they must be agreed by both sides.

The pasition at which noise ievels are to be recorded are defined as Noise Conirol Boundaries. It
fs simplest of course 1o take the site boundary of the premises concerned as the Noise Control
Boundary. The situation is clearer still if there is a largely residential area containing one |arge factory
premises with no other nolse-producing industries and without any areas of land on which noisy
activifies might be developed. Under these unususal circumstances it is likely that the boundary of the
Noise Abatement Zone, the sile boundary and the MNoise Conirgl Boundary will be coincident,
Normally, however, they will differ from each other. It is possible that, where there are several
adjacent noise-producing premises within an NAZ, the Noise Control Boundary could lie along a
public highway, on top of a high wall or in privately owned land.

Noise Abatement Zones prevent the possibility of creeping noise levels through new factory
construction by making any such construction subject 1o NAZ controls.
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3.4 The use of nolse Indices for setting limits to noise

Many of the noise indices described above have been used to set limits 1o noise, either as
canditions for planning permission for new developments, or, in the case of construction site noise,
&s consent conditions. Often the limits are sel in terms of L., sometimes together with a maximum
level, As an example a typical Set of conditions for construction site noise could be that the Lag
measured over any one hour {Lass. Th} should not exceed 75 dB(A), and the peak level should not
exceed B0 dB (A), during the hours from 7 a.m. to 7 p.m. on Mondays to Fridays. Lower levels would
almost certainly be set for evenings and night-time, and for weekends. The limits could apply either to
noise levels at the site boundary or to the facade of the nearest noise sensitive property. Different
limits could be set for different types of property, e.g. residential, school, office eic.



NOISE CONTROL

1. Planning Against Noise Nuisance

1.1 Anticipating the problem

The most cosl-effective methods of controlling noise are those thal can be emploved In
anticipating the problem. If possible, thought should be put into the prevention of a potential noise
problem al the planning stage.

Most local planning authorities consider the noise-impact of new roads, airports or construction
works for which they are responsible. Possible noise disturbance often features prominently In
planning inquiries associated with new developments. Anticipation of any of thess problems requires
the prediction of the way noise levels vary with distance from any given source,

In Industry, the purchase of a new machine ool or process plant should be accompanied by
some kind of appraisal of the likely change in noise levels resulting from the introduction of the plant
bath within the factory and outside l{s walls. Any of the following possibilities should be considered
carefully in advance of situalions that are likely to give rise to neise problems:

- there might be a quleter procedure or process than that planned;

- noisa level reguirements could be Included in the specifications for new machines and
equipment;

- it might be possible to site nolse processes and equipment away from noise sensitive areas;

- It might be possibie 1o discontinue operations during noise-sensilive fimes (e.g, evenings and
weekands);

- regular maintenance of machines and any noise-control eguipment will restricl noise levels;

- and people could be educated and informed sbout the purpose and use of noise-control
equipment which could be included in the design of the plant.

1.2 Deciding if there is a noise nuisance

The simplest criterion of whether a new nolse source is 2 nuisance Is the Incidence of complaints
once it has started i this is used as a criterion, it should be noted that the number of complaints
might be strongly Influenced by the way In which the development is handled

The construction of an underpass in London aroused a great deal of vociferous local opposition.
In this case local people were rudely awoken by sheet-pling, general construction noise and
neighbourhood disruption without any prior publicity. The investigating Environmental Health Officer,
using a medical analogy, concluded... that successful suburban surgery canncl be achleved without
premedication of the neighbourhood with adequate infarmatory sérvice, full public refations and a will
lo respond fo alf reasonable requesis...
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This kind of suggested public relations activity will not necessarily reduce the annoyance that is
felt, as a result of the noise nuisance, but it may reduce the predisposition to complain among those
likely to do so. Although the number of complaints about @ noise Is an apparantly straightforward
indication of whether er not it is a nuisance, the siluation is complicated by the facl that only certain
types of people will complain when annoyed. This is true parficularly about read traffic noise. Many
pecple believe that little or nothing can be done about it even If they know to whom they should
complain,

Establishing what level of noise from a particular source represents an annoying level, is,
therefore. a task for the social survey. It is important to bear in mind that many non-neisa factors sre
invalved In annoyance with any particular noise level. Al besl, therefore, for widespread nolse
problems such as those from road or air traffic it is necessary to deal with average annoyance basad
upon groups of individuals rather than on the highly-subjective annoyance experienced by each
individual.

These studies give rise to scales of annoyance against which any given noise level may be
judged. In the United Kingdom and elsewhere, social surveys have provided the basis for a blanket
standard or fixed limit for nolse from a new read, which has the force of legislation behind it. For other
types of noise there are guidelines that may be invoked in legal actions or planning against noise
nulsance.

1.3 Strategies for noise control

Once noise levels have been measured or predicted and compared with the relevant standard,
so that a noise problem is known to exist, there are three strategies that should be considered when a
list of possible noise cantrol procedures is being compiled. These sirategies are;

1. control al the source(s),
control along the path{s) of a sound from source(s) to receiver
3. control al the receiver,

By considering possible noise control measures related to each of these strategies In tumn, the
besl single measure or combination of measures can be Identified.

In general, the most effective way of tackling a noise problem Is al source. Control of both road

and air traffic noise at source is possible by quietening individual vehicles which are subject to legal
noise limits.

The main concarmn, usually, is the techniques that are applied between source and recsiver and
at the receiver. The techniques include specially constructed noise bamers in the case of road traffic
noise, take-off and landing restrictions and ‘minimum nolse' routes In the case of aircraft, and double
glazing of noise-affected facades for both road and air traffic noise. Other noise sources, with whose
control we shall be concemed include construction sites and industrial premises.

2. The Contrl of Noise at Source

2.1 Choesing which source to control



In a situation containing several noise sources, and where a noise problem has been shown fo
gxist, then each source should be identified, and the most dominant located, so that priorities for
noise reduction can be established. Consider. for example, the situation represented in Figure 1.

Clearly source C is mos! important and should be the first pricrity for noise reduction if possible. But
by how much?

Figure (1) Contributions of several noise sources to a noise problem

Combined Level, all Sources 77 dB (A)

A 16 o

Sound Level, dB(A)
at a Measuring Point

A B © D E
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The answer |s provided by observing the impact of various reductions on the combined Jevel.
Reduction of ncise C by 6 dB(A) will reduce the combined level of all sources from 77 dB(A) to
73dB(A). However, further reduction of the noise from C will then have a relatively small Impact.
Attention should then be given to both sources C and E. and so on

On the other hand, it does not always follow that the loudest source should be the first to be
tackled. Consider a situation in which there are ten sources each of which produces an SPL of 66
dB(A) at the measuring point and anather source producing an SPL of 76 dB(A). The combined level
of the ten 66 dB{A) sources is very nearly the same as the level of the highest source. Reduction of
the lavels of each of the ten 66 dB(A) sources by 3 dB(A) wlll have more or less the same effect as
reducing the 76 dB(A) source level by 8 dB(A). The smaller reductions may be more convenient and
less costly than the 6 dB(A) reduction of the 76 dB({A) source.

2.2 Control of noise by design or choice of process

In the design of machines and mechanical systems a great deal can be achieved with regard to
reducion of noise. For any particular operation or process complete elimination of the noise-
producing forces is impossible, since these forces (such as combustion forces in @ngines, magnetic
forces in motors, impact forces In punching and hammering operations, and cutling forces in many
metal working processes) are essential to that operation or process.

Quist designs require that impact and ratlle belween components should be avoided;
reciprocating movements should be braked gently; metal components should be exchanged with
quieter plastic, nylon or composite components; nolsy components or processes should be enclosed;
power sources and transmissions which give guiet speed regulation should be chosen; vibration
sources within the machine should be isolated; cover panels and inspection hatches should be
stiffened and well-damped and machines should be provided with adequate cooling fins which
reduce the need for air flows, and therefore the need for fans which are noisy.
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Action can be taken to reduce the noise of materals handling. Existing plant can be altered so
that impact and shock during manual or mechanical handling is avoided. Processes thal produce
impulsive forces, such as hammering, punching, end pressing operations, are a very important class
of noise producers. The most effective method of contro! is to replace the impulsive force by a
steadily applied force that will achieve the same effecl. Examples are the relatively quiet bregking of
concrete where 2 bending action Is used rather than percussive methods and the use of steady
squeezing forces rather than impulsive hammering o insert rivets Into sheet metal work.

2.3 Vibration Isolation

A typical source of noise problems, in'addition lo those due t¢ sound directly radialed from a
machine, Is the consequence of vibration transmitted from the machine into the bullding structure (in
which the machine is housed) at the places where the machine is in contact with the bullding. The
building structure then radiates the vibration. induced in this way. as sound. This is an example of
noise that |2 structure-bome (Figure 2)

Figure (2) Structure-borne and air-borne noise
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It Is possible to reduce such nuisance by introducing some kind of glasfic support between the
machine and the structure on which it rests. The kinds of support that are used for vibration isolation
include steel springs, cork, fell and fibreglass pads and layers of natural or synthetic rubber, The lotal
system of machine, support and foundation can be modailed as a mass on a spring, one &nd of which
is rigidly fixed, as shown in Figure 3

Figure (3) A simple vibrating system
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Suenh a system has a resonant frequency otherwise known as a nalural frequency of osdillation. f
the mass is first dispiaced and then released the resonant or natural frequency corresponds to the
frequency at which the mass would oscillate being subsequently left fo its own devices,

We are interested in the response of the system, not simply to a momentary displacement but to
vibrations over a wide frequency range. Where the vibrating frequency Is much higher than the
resonanl frequency the system will not respond very much and this results in the vibration isolation
required. However, at or near the resonant frequency the system is likely to go into considerable
oscillation. We can imagine that at the resonant frequency there will be a considerable oscillatory
force, transmitted to the base of the system.

Instead of referring directly to the transmitted force, it is usual to refer to the ratio of the force
transmitted when the elasfic support is present to the disturbing force which exists before the support
is Introduced. This ratic is called the transmissibility of the system. For vibration isolation, the
transmissibility should be as low as possibie. Theoretical analysis of the simple mass-spring system,
assuming that the mass can only move vertically. results in a description of the way transmissibility
varies with frequency. This is shown as a graph in Figure 4,

Figure (4) General behaviour of vibration Isolation system
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Note that the ratio of the frequency lo resonant frequency rather than frequency alene is used as
the scale for the horizontal axis. Figure 4 displays the features that we have argued from intuition.
There is a steep increase in transmissibility near the resonant frequency. It is important to notice
however that the transmissibility has lower values abave the resonant frequency than below it. From
this it is possible 1o deduce that the elastic support for a vibrating machine should te chosen so that
the resonant frequency of the system is well below the lowest frequency at which the machine
vibrates,

You should notice also that, as shown in Figure 4, the transmissibility at the resonant frequency
becomes extremely |arge. This is undesirable, especially since many machine vibrations, particularly
of rotating machinery, will pass through the resonant frequency while getting Up to speed. The
problem is met by adding damping to the system. This creates friction and causes energy of vibration
to be converied to heatl. Some Isclating materials such as fibreglass pads and elastomeric mounts
made of natural or synthetic rubber have intemal damping which serves the purpose. Steel springs
on the other hand have little or no damping and dampers must be added, usually through the centres
of the colls. The effect of gradually increasing the damping in a simple mass spring system is shown
in Figure 5.
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Figure (5) Effect of damping on transmissibility

transmissibility

frequency ratia .

This figure shows that the greater the damping the smaller the amount of resonance that occurs
at the resonant frequency. The addition of damping, however, tends to increase the transmissibility in
the frequency range, above the resonant frequency, where the support provides vibration Isolation,
There will be an optimum level of damping, therefore, for & vibration isolator.

Having deduced that the anti-vibration mounting should have a low resonant frequency, the next
question to answer is: what characteristics of the mount determine the resonant frequency of the
systam? This frequency Is determined by the mass (m) of machine and by the stiffness (K) of the
mount; the higher the mass or the smaller the stiffness, the lower the frequency.

When the full weight of the machine is placed upon the isolating mount, the mount will be
squashed. The extent 1o which it is squashed - the load's displacement usually referred fo as fhe
‘static deflection’ - will depend on the mount's sliffness; the stiffer the mount, the less will be the
displacement

For a given weight of machine. the resonant frequency of the machine-and-mount system may
be raised or lowered by Increasing or decreasing the stifiness of the mount respectively,

Of the various types of mounts; helical steel springs may be the least stiff and therefore resultin
the lowest values of resonant frequency. As mentioned earlier, however, steel springs require the
deliberate Introduction of damping. Moreover al high frequencies the transmissibility of steel springs
does not continue to decrease with increasing frequency, but the springs begin to 'leak’ vibration.
High frequency vibrations entering the springs do not see thelir springiness but spiral around the coil
to ils base. Spring performance may be Improved, under these circumstances, by adding damping
material in saties under the springs as well as thal through the springs,

The facl that. with appropriate precautions, vibraling systems consisting of machines maunted

on steel springs have low resonant frequencies means that steel springs are useful where machinery
vibrating at very low frequendies, say down to 1 Hz, Is to be isolated from the load-bearing structure.
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Isclation mounts, between 1 and 1,5cm thick, consisting, primarily, of nalural rubber or synthetic
rubber materials such as neoprene, are used o isolale small electrical and mechanical devices
where the lowest frequency of vibration s between € and 15 Hz.

Materials such as felt, cork and fibreglass, which produce mounts suitable for isolating
frequencies between 12 and 40 Hz, are purchased In sheets and cut and stacked to fit the particular
application.

The lower the natural frequancy of the system 1o be isclated, the lower the reguired stiffness and
the farger the corresponding displacement will be. The use of low-stiffness springs alone 1o control
vibration can lead. through the associated large displacements. 1o rocking motions which are
unacceptable. i the load to be isclated is Increased deliberately in some way, then stiffer springs can
be used. One way of deliberately Increasing the load is to use Inertia blocks,

Figure (6) An inertia block

These are heavy concrete or steel platforms on which the vibration equipment is mounted, These
platforms are then isolated from the load-bearing structure (see Figure 6). The addition of an inertia
block in effect increasas the mass of the machine and allows stiffer, more stabile, Isolators 1o be used
fo achieve the same resonant frequency. The stability is further Improved by the fact that using an
inertia block fowers the centre of gravity of the syslem and the increased Inertia results In reduced
movement in response to the vibrating forces.

Vibration isolation provides noise reduction primarily at low frequencies, 1.e. below 100 Hz. On an
A-weighted measurement this will not be farge. Nevertheless it might be a significant reduction in
terms of effects on paople.

Enclosures

Use of an enciosure to attenuate the noise from a machine, or part of @ machine, is an obvious
way of solving a noise problem at source. Enclosures are a method of solving noise problems at the
receiver also.

To understand the important characterisfics of the construction of an enciosure it is necessary to
introduce the concept of sound insulation and to distinguish this concept from sound absorption.
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When a sound meets a wall, some sound will be reflected, some will be absorbed at the surface
and the remainder will pass through the wall and be transmitted. (See figure 7). For an enclosure to
be effective it must offer sound insulation so that the amount of sound that is transmitted through the
walls and roof mus! be as small as possible. It is usual 1o describe the ability of a wall or roof panel to
reduce the transmission of sound by the numerical value of the transmission ioss that it offers,
measurad on a decibel scale. This shows how much the sound leve! would be reduced In its passage
through the panel if this were to be the only possible sound path.

Figure (7) Sound reflected, absorbed and transmitted at a wall
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To have & good transmission loss. a wall must be 8 good sound reflector, The material of the wall
must be able to resigt the transmission of motion from the air particles which move in association with
the passage of the sound wave. The denser the material, the less likely it is to move In response to
the jinciden! sound wave,

Consequently, the transmission loss offered by a wall increases with its mass. The relationship
between mass and transmisslon oss s called the mess law and is shown in Figure 8,

MNoise control is often complicated by the fact that the direct sound paths are not the only ones.
This is one of the reasons why making an enclosure entirely with material, each panel of which would
reduce sound passing directly through i by 20 dB(A) will not result in an overall noise reduction of 20
dB(A), where the nolse reduction is defined as the differenca in sound levels at some measuring
position before and after the enclosure is bulit Quite frequently the enclosure will have openings for
ventilation or to allow passage of material or pipas for water, air and fuel. These openings, however
small, Wil provide an easy path for sound lo escape from the enclosure. Pipes snd ducts should be

a3



isolated from the machine by flexible connactors to stop any vibration being carried along them. The
access holes, where they pass through an enclosure, should be as small as possibie and air-sealed
with flexible masfic-lype material. As mentioned already the machine vibrations should be isclaled
from the floer,

Figure (8) The mass law
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Frequency dependence of noise reduction

As stated above. vibration isolation s effective mainly at low frequencies of the order of 100 Hz or
less. Both transmission loss and absorption are frequency dependent. Generally they increase with
frequency being greatest al frequencies in the range from 500 Hz to B0O0 Hz A combination of
vibration Isolation of the machine followed by an absorbent-lined machine enclosure, can provide
considerable noise reduction over 8 wide frequency range. Vibration Isolation of this enclosure
followed by further enclosure can give tremendous reduction.

Enclosures are particularly useful for control of machinery ncise al source provided that:

(i) they are at least three times as large as the machine they are enclosing;

(ii) they are made with high-transmission loss materials;

{iil) they are lined with sound absorbing materials;

{iv) penetrating pipes and ducts are isolated from the machine and sealed around their access
through the enclosure; and

(v) both the machine and the enciosure are isolated from the floor. These features are illustrated in
Figure 9.

Noise reduction in dB(A) is defined as the difference In sound levels ai a given measuring point
befora and after application of the noise reduction technigue.

The noise reduction of an enclosure depends upon ils size, the transmission loss of the material
from which it s made and the amount of absorption within it.
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Figure (9) Important features of an acoustic enclosure
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3. Control Between Source and Receiver

3,1 Meteorological effects on outdoor sound propagation

The propagation of sound outdoors is sensitive to atmospheric conditions. Effects due to wind,
temperature gradients, air-turbulence and humidity must be considered. The presence of a steady
wind - a natural steady air movement - means that the stable position, about which air particles
oscillate during the passage of a sound wave, is no longer stationary. It moves at the speed of the
wind. Consequently the speed of propagation of the sound has the wind speed superimposed upan it
The wind and sound speed sum If the sound source 1s upwind of the receiver position, and the
windspeed subtracts from sound speed if the source |s downwind, Wind speed varies with height,
being slowest near o the ground surface and increasing with height as the viscous drag at the
surface becomes less significant. Consequently the effect of wind on sound speed Increases with
height and causes sound rays and wave fronts lo curve. Upwind of the source. sound rays bend
upwards away from the ground creating a shadow zone near the ground. This means that for
listening positions upwind and near to the ground, the sound level will be considerably less than
elsewhere. Downwind of the source, the rays bend downwards causing enhancement of the level
near fo the ground, These situations are shown In Figure 10.

Figure (10) Wind shadow zone




Temperature gradients are important because the veiocity of sound depends on temperature,
The velocity increases as temperature increases. Undsr neutral or stable conditions where
temperature decreases with height, the sound velodity also decreases with height and the sound rays
curve Upwards, For a recelver near the ground. therefore, for cartain receiver posiiions, noise levels
are less than they would be in an isothermal (constant temperature) atmosphere. Altematively, under
inversion conditions, where temperature increases with height, the sound rays will bend towards the
ground. These two situations are shown In Figures 11 and 12

Figure (11) Temperature shadow zones
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Figure (12) Temperature Inversion
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The existence of a temperature inversion can greatly increase noise levelis. Al recelver locations
300 m away from a typical motorway they can be up to 10 dB higher under Inversion conditions than
for neutral slight upwind conditions.

Air Itself is a8 sound absorbing madium, so no alrborne sound wave will travel for ever. The
presence of moisture, as humidlty in the air, effects this absomplion in 8 way that depends on
temperature and freguency. The consequent reductions in sound level, however, are still small, being
appreciable only for frequencies above 2 kHz. At 100 Hz and 20%¢ the rate of reduction of sound level
is less than 20 dB km’.

Turbulence can reduce noise levels overall. The noise-reducing effects of turbulence are limited
to frequencies above 1000 Hz, However, another effect of turbulence |s on the rate at which the noise
level fluctuates. This rate may be increased considerably by turbulence particularly at high
frequencies

3.2 Indirect sound paths

Although much of nolse control |s based upon the sound paths of the type shown in Figurs 13,
these are not the only paths. Airborne sound resuits from any vibraling surface. However, the
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housing of a machine is not necessarily the only vibrating surface. The vibrations of the machine can
cause the radiation of noise at places guite remote from the machine itse!f by causing the structure,
on which the machine is mounted, to vibrate. This vibration in tum can be transmitied to adjacent
structures which can radiate sir-bome sound.

Figure (13) Air-borne sound paths
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Air-borne sound Is detected by its ability to cause vibration in some companent of the detector. In
the same way as direct mechanical Impacts on a surfaca, air-bome sound is able to cause vibrations
in any surface with which it comes into contact The sound energy can then be caried further as
structure-bome sound to re-radiate air-borne sound further, Such indirect paths of sound are known
as flanking transmission. These Include any areas of low transmission loss, such as open windows
creating ‘outdoor paths from window to window'. Other air-borne paths lie through connecling duct-
work, ventiiation grilles, openings under doors, gaps at walls, poor seals at floor edges, back-to-back
electrical sockets, false ceilings and open troughs in fioor-ceiling structures

3.3 Absorption and absorbing materials

When considering larger spaces, such as factories or machine halls, It is necessary o consider
the possible use of absorption as a means of controlling noise betweean source and receiver. The
main effect will be on the reverberant sound and this is demonstrated in Figure 14. The relative
impartance of the sound that traveis directly to the receiver compared with the reverberation, at the
point where noise reduction is desired, will determine whether or not the Introduction of extra
absorption will help In a space with a low room constant, i.6. consisting mostly of hard, reflecting
surfaces, covering the ceiling alone with 8 moderate thickness of an effective sound absorbing
maternial can reduce the reverberant sound leve! by between 6 and 8 dB(A) at distances away from
the sound source. Covering ceiling and walls with a considerable thickness of an absorbent can
reduce reverberant sound by approximately 10 dB in a room with noisy production machinery in cne
part and relatively guiet work In the other.

Figure (14) Effect of absorbing material an the reverberant leve! inside a factory
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The absorption of a material depends upon frequency. In a porous sound absorber, there is less
sound absorption at low frequencies than at high, so the sound absorption coefficient increases with
frequency. Where a material is characterised by a single number, called the noise reduction
coefficient (NRC), this represents the average of the absorplion coefficients in the octave bands
centred on 250, 500, 1000 and 2000 Hz. The noise reduction coefficients and the dependencs of
absorption on frequency corresponding to the various thicknesses of glassfibre quilt are shown In
Figure 15.

Figure (15) Variation of absorption coefficient with thickness
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Increasing the thickness of absorbent material increases the frequency range (towards the low
frequencies) over which the absorbent is effective, Thin layers of absorbent are effective only at
medium to high frequencies.

Many common building materials are porous and so they offer some sound absorption. This
means that very few rooms in a dwelling offer no sound absorption. Typically the materials used to
create large spaces, such as warehouses and factories, are acoustically hard. Surfaces such as
alass, metal and plaster have sound absorption coefficients less than or equal to 0.05 even at high
frequencies. The resulling spaces are very reverberant and offer considerable scope for the
introduction of absorption. Quite often itis neither convenient nor practicable to cover all surfacesin a
factory with absorbing material, particularly those near the floor or celling. constraints near the celling
might be provided by lighting fixtures or overhead cranes. Constraints near the floor might be
provided by machine mounts and cleansing or safety requirements. Under these circumstances the
effective area of absorbing material can be much increased by employing hanging absorbers of
various kinds . These provide good sbsorption but 2re relatively expensive. Their efficiency depends
upon how densely they can be placed in the room.

The provision of an air gap behind them Is another way of increasing the low frequency
performance of porous absorbents. Examples are shown in Figure 16.

Figure (16) The effect of backing air spaces
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Since the performance of porous sound absorbing materials Is frequency dependent, the effect
of adding them to & reverberant space is also frequency dependent. Even with all the methods of
increasing the low frequency performance of porous absorbents that have been cullined, there would
remain 8 problem, for example, in quieting & reverperant room housing & big reciprocating
compressor with a8 peak nolse level at 32 Hz. No practicable configuration of porous absorbent is
fikely to produce much absorption below 125 Hz. An allernative is the panel absorber. These consisl
of large thin fiexible solid panels spaced at some fixed distance from a hard refiecting surface.

A plot of the absorption coefficient of such absorbers against frequency shows a sharp peak,
such as that shown In Figure 17. In the same way a drum will emit a definite note when stretched to a
given tension. The frequency al which the panel absorber |s most effective depends upon its density
(quoted In terms of mass per unit area) and the width of the air gap. The useful frequency range for
such absorbers is from 40-400 Hz. Apart from the density and the air gap. there are other important
requirements for the material of which the panels In a panel absorber are made. There must be
enough inherent damping to stop the pane! resonating too much and to do the job of dissipating the
sound energy. On the other hand the panels must be sufficiently flexible to ensure that they are not
too stiff to resonate. Frequen! use as panel absorbers s made of plywood paneis with grooves cut in
the back to reduce thelr stiffness. A sheet or two of roofing felt also makes a good panel absorber.
Frequently a porous absorbent is placed in the air gap behind the panel to broaden the frequency
range over which [tis effective as an absorber. However, this reduces the panel's effectiveness at the
uned frequency,

Figure (17) Absorption characteristics of panel absorber
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An increase of ten times the original absarption, which corresponds to a noise reduction of 10 dB
is often considered a practical limit,

3.4 Barriers

Several noise control methods depend upon putling an obstacle in the way of analrborne sound
path. The effectiveness of such an cbstacie depends upon how much sound can get through or
around the obstacle and how much is reflected or absorbed by it. The obstacie may be wall-like or it
might be a building or an earth mound. Land Is at a premium in urban areas and it is not possible to
route roads so that the nearest buildings are sufficiently far away lo allow adequate altenuation of
traffic noise. Many major roads and motorways pass within 30 m of the nearest buildings. it would,
typlcally, require an additional 40 m 1o attenuate the noise level by only 5 dB(A). One solution, which
applies really at the planning slage is to buiid factories or Industrial plant, which are less sensitive to
noise, close to the roads, These bulldings can then act as barriers for residential areas beyond them.
When a bullding Is used as a barrier, the noise levels al the side that Is remote from the road will be
approximately 15-20 dB(A) less than those at the side fully exposed to the noise (Figure 18).
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Figure (18) Builldings as a noise barrier
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Sound tends to bend over obstacles and this bending phenomenon is called diffraction. It means
that a sound 'shadow' is less well defined than the optical shadow cast by the barrier, The altenuabion
of sound increases, the deeper is the reception point into the shadow. Sound will bend around the
ends of a barrier as well as over the top, so the effectiveness of a barrier will depend upon how far the
reception point is away from the ends of the bamier as well as the height of the barrier and of the
reception point.

Diffraction Is frequency dependent Longer wavelengths, and hence lower frequencies, are better
able to bend arpund barriers than short wavelengths or high frequencies. In other words high
frequency components of noise cast sharper sound shadows at barriers than do low frequency
components. The attenuation offered by barriers, therefore, Increases with frequency and is lowest at
low frequencies.

The effectiveness of a purpose-built noise barrier depends upon how much sound can get
through it. Cracks or holes will transmit sound, very easily and so the barmier should be airtight.
Furthermore,the material, from which the barrier is made, must be sufficiently dense (a mass per unit
area of at least 10 kgm'™?) to prevent sound from passing directly through it. This ensures that the
primary path from one side of the barrier lo the other is by diffraction. There is little point in choosing
much higher densities for the barrier material since further attenuation of the direct path will have no
further influence on barrier attenuation,

The presence of flanking paths provided by other refiecting surfaces around the barrier will be
detrimental to barrier performance. Consequently barriers are more likely to be effective outdoors
than indoors,

Noise barriers are used extensively along heavily-trafficked roads in many counfries. In the UK
they are used along principal motorways and some major trunk._ Figure 18 shows the measured effect
of an experimental barrier srected alongside a motorway upan the 18-hour Ly in dB(A) and upon the
nolse climate. It is imporiant to note that these results show the differenice in sound levels at a
receplion point before and after construction of a barrier. Automatically, therefore, it takes account of
any attenuation due, for example, to the presence of acoustically-soft ground between source and
receiver, which Is present before the barrier is erected. Although the noise reduction of the 2.7m high
barrier was fairly small, purpose-built barriers have produced noise reductions of up to 13 dB(A).
However, they constilute a visual intrusion and tree bells or grassed earth banks sre more
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acceptable visually, Unfortunately tree belts have been found to provide little or no attenuation of
road traffic noise, except when they are so wide that they take up an unacceptable amount of land.
Earth banks are of proven usefulness, but they take up more room than wall-type barriers. An
optimum form of barrier may well be a combination of trees or shrubs and purpose-bullt wall barriers.

Figure (19) Performance of highway noise barrier
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The fact that purpgse-bullt barriers have (o be good sound reflectors can lead lo prablems when
they are used on both sides of a road. The reverberation between their vertical surfaces leads 10 a
noficeabla increase in noise levels for the road vehicle drivers and passengers. A solution with
purpose-bullt barriers is 1o make thelr surfaces absorbing, which may alse lead to a small
improvement in their acoustical performance as barriers. With cutfings or embankments (which
essantially act as noise barriers) an allernative is o slope them,

The published procedures for predicting road traffic noise include a fadllity for assessing the
effect of purpose-built barriers. Alternatively there are atraightforward formulae for predicting barrier
altenuation based on the geometry of the scurce and recsiver posilions with respect lo the barrier.
For reasons of space these are not delziled here

4, Control at the Receiver

4.4 Sound Insulation of dwellings

People ara most often disturbed by road traffic noise, aircraft noise or noise from nearby
industrial premises, when they are in their own homes. Il the disturbance occurs during the evening
or nighl time, then, probably, people are at thelr most sensitive Lo noise as well. Figure 20 shows the
insulations typical of the elements of a standara U.K, dwelling. Il can be seen that if everyone fivedin
cavity-wall brick struclures containing no windows, doors, air-bricks. roof jpists or fireplaces. they
could count upon average sound insulations of 50 dB(A).

Obviausly open windows, air-bricks and chimneys reprasant weak links. since sound is able o

pursue a relatively unhindered airborne path through them. Recall that the physical cheracteristics
needed for a wall to offer good transmisslon loss are (i) thal it should be made from non-porous
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dense material and (i) that there should be no flanking paths. Recall alse that the sound reduction
offered by a wall increases with its mass. This is called the mass law.

Figure (20) Sound Insulation provided by elements of a house
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Each of the single-figure sound reductions shown in Figure 20 for each of the slements
represents the average transmission loss over the frequency range of interest. A single figure for the

average [nsulaticn over the audio-frequency-range |s often misleéading since transmission loss is
frequency dependent.

The variation of transmission loss with frequency is rather complicated and the mass law does
not hold aver the whole frequency range of intarest, There are complications related to the stiffness
of the wall at low frequencies and tfo its inherenl damping at high frequencies. Such complications
can be seenin Figure 21. In the frequency range 250 Hz to 1 kHz where the mass law holds, doubling
the frequency increases the transmission loss by about 6dB. The departures from the mass law
become increasingly important and extend over a wider frequency range as the mass per unit area of
the material decreases, These complications are important in assessing the insulation of many of the
lightweight cladding structures used in modern building, Nevertheless the mass law explains why
closed windows, doors, or plasterboard panitions offer less insulation than a single-brick wall.

Figure (21) Variation of transmission loss with frequency
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A doubling of the mass of a wall, at most. brings 5d8 improvement. Adding another wall with an
airfight air-gap In between can produce at least 10 48 improvement because the trapped air tends 1o
act as an isolating spring reducing the transmission of vibrations from one side of the double wall to
the other, the larger the gap the better the isolation. Inserting absorbing material Into the air-gap
brings even greater Improvement. Figure 22(a) shows the way in which the improvement in
transmission loss batween single and double walls varies with frequency. Unfortunately, practical
cavity constructions are limited in width and contain a number of mechanical connections: which
detract from the potential acoustical perfformance.

Figure (22) Cavity construction
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The idea of double walls expiains the success of acoustic double glazing. (Figure 22b)). This Is
most effective when:

(i) the gap between the panes is al ieast 100 mm;
(i) there is a resilient mounting for at least one pane and
(iify there Is 3 sound-absorbing lining 1o the reveal.

The low-frequency performance is improved by increasing the width of the gap. Apart from non-
openable acoustic double glazing with solar controls, another standard treatment in insulating a

bullding against road traffic noise Is the provision of a ventilator unit with a sound-attenualing Iniet
duct.

To insulate against aircraft noise additional measures are necessary. These include
improvements to the insulation of the roof space by laying lead sheefing, sand or dense mineral
wool over the celling jeists of upper rooms (strenglhened If required) and the sealing of flues.

5. General Summary

Possible options and procedures for contrglling noise Indoors and outdoors are summansed In
Figure 23, At the stage where a noise source |s being |denfified, it may be possible to Identify several
sources and the decision on which to tackle first will depend upon cost and practicabilty as well as
relative source levels. Tha identification of reievant standards is an important subsequent step.

If the nolse source is being anticipated the appropriate procedure for predicting the sound power
ievel of In the case of road traffic, the basic 18-hour L, In dB(A), and the consequent $ound prassure
level should ba employed. The SPL will depend upon location of source. The predicted or measured
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SPL can then be Judged against the standard and if action Is desired the cholce must be made
between control at source {which is usually most cost-effective], between source and receiver, (the
paths of the sound) and at the receiver. Control at source can involve relocation, or redesian of
source, or of the noise producing process, Spedific noise-reducing devices at source that have been
discussed are vibration isolation pads or springs. and absorption has been discussed. Qutdoars
cansiderations relating to ground effect, meteorology and barriers have been introduced. At the
recejver, the sound Insulation of buildings has been discussed.

Figure (23) Noise control methodology
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ENVIRONMENTAL HEALTH IMPACTS OF
NOISE POLLUTION

Noise is by far the most frequently mentioned disamenity in the home and the most directly felt

environmental pollution In the European countries,

An exampie can be shown from Austria. In table 1 the percentage of homes, where peopie feel

annoyed by noise is given. In table 2 the nolse sources causing strong and very sfrong annoyance
are shown

(@)

Table (1) Percentage of homes annoyed by noise In Austria in 1988

Percentage of homes annoyed
Very Strongly Strongly Somewhat Not
6.7 128 18.9 616

Table (2) Sources causing strong and very strong annoyance

Source accused o cause annoyance in dwellings annoyed
verly strongly strongly
traffic 823
road trafiic 79.5 734
rallways 4.2 46
air traffic 23 2.4
neighbours In the house 6.2
Industry and commerce 2.0
others 2].5

The effects of noise were recently laid down in a brochure published by OECD (1) as follows.
Effects on health

(1) Physlological effects

Irmtant noises even of moderate intensity are known to be capable of giving nise to psychological
discomfort and serous somatic disorders. Noise is therefore a pathogenic factor 1o class with
stress-causing aggressive agents which may contribute to cardiovascular and digestive
diseases.

{2) Disturbance of sleep

Research in this field has shown , thal exposure to noise during sleep causes

- difficulty in getting to sleep

- waking up during the night

- shortest periods at ceriain stages of sleep

- lower quality sieep through change of level (from deep sleep to light sleep) nol perceived by the
sleeper
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There is no accustomisation to noise.

(b)

(c)

{3) Pathological effects

Effects on hearing: Noise with high levels perceived for many years causes hearing damage;
mainly for werkers in noisy working places, High noise levels in and near main roads may effect
also the hearing and cause "socioacousia” In addition to the presbyacousia,

Overall effects: Several studies showed that the rate of medical presciptions is higher in noisy
than in quiel areas.

Non-auditory impacts: Repetition of the physiological reactions could bring on a chronic and
therefore pathological change in blood pressure in the case of high sound fevels. In the
Netherlands it was shown that long term exposure to airport noise could increase susceptibiiity to
cardiovascular disease amongst persons pre-disposed to this type of disorder, In Germany a
survey showed that there was a greater frequency of hypertension amongst persons exposed to
noise than in the "control" population located in quiet areas.

Effects on communication

Noise reduces the intelligibility of conversafion, radio, music, television and simllar others. This Is
an important discomfort in dwellings, and is of spedial interest for schools, Children in noisy areas
learn to speak |ater than in quiet areas. Especially hard of hearing persons can nol follow
conversation In places with higher background level.

Psychological anneyance,

Surveys conducted In many countries showed the amount of annoyance caused by noise and its
correlation to the noise levels.

(d) Effects on behaviour

Molse causes individuals to behave in such & way as to reduce their annoyance. The need to
close the windows Is one of the most noise sensitive forms of behaviour, furtheron the reduced
use of gardens, balconies, the more frequent change of homes and the installation of
soundproofing measures,

The physical guantities used to describe noise with respect fo its effect on man are the A-

weighted sound pressure level Ls In dB (Decibel) and for the (most usual) noises with fluctuating
sound pressure level, like traffic noise the A-weighted energy equivalent sound level La ey which is
defined in 15O 1996-1 (2).

Usually L o4 is measured separately for day time and night time, Day time and night time are laid

down according to the local custom. For example in most European countries daytime Is 6 - 18 (or
22), night ime 22 - 6 o'clock. Sometimes day time and night ime levels are combined within Loy
(Lesy-night) Which is calculated (giving the night ime level 10 d8 higher weight) from:

Lon = 10 10g (Taay 105 @ 4 T, (00 o+ woinc)

with
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Taey: duration of day time in hours

Thight: duration of night time In hours

Tasy + Trgn = 24 hours

Lasqasy: A-weighted energy equivaient level during day time
Lasqnight: A-weighted energy equivalent level during night time

Social surveys carried out in many European countries and in the USA show a high comrelation
between the A-weighted energy equivalent level and the amount of annoyance felt by people. An
example Is shown In fig. (3). Several investigations also found a high correlation between A-weighted
energy equivalent level at the working place and hearing damage to workers (see ISO 1999 (4)).

Figure (1) Revised Analysis of the Clustering Surveys
Using a Rule for Counting the Presant Highly Annoyed
that leaves out personal Judgement in the Individual Surveys
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Slnce nolse was first recognised as a serous environments! polivtant. & number of social
surveys have been conducied in order o asses the megniiude of the problem and to develop
sultable nofse ratings, such thal, from & measurement of certsin physical characlerstics of
community noise, one could relfebly predict the community’s subjeciive response fo the nolse.
Recently, the author has reviewed the data from social surveys conceming the noise of aircrafl,
expressway traffic, end taliroads, Going back to the eriginal published dats, the various survey
noise ralings were transiated to day-night Average sound level, and an Independent judgment was
made where choice was possible, As to which respondents should be counted as “hlghly
annoyed" The results of 11 of thess surveys show 8 remarkable consisfency. It is propasad that
the avarage of these curves is the best currently available relationship for predicting community
annoyance due fo fransportetion noise of alf kinds, (Source [3))
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Supplementary to the energy equivalent level often the maximum A-weighted sound level La max
Is used to describe a noise situation.

Based on the results of considerable research work conducted In several countries on the impact
of noise it appears that (1)

- below 55 dB in La «q during the day (at housefront) damage caused by noise is very slight. Sound
conditions enable the most noise sensitive aclivities to be carmed out normaily;

- between 55 and 60 dB noise impact remains limited, but some disturbance Is probably
occasioned to the more sensitive Indlviduals in particular older persons;

- between 60 and 65 dB behaviour designed to reduce the annoyance is exhibited, although this is
not too constraining. However, the effects on sleep and especially the level of annoyance
increase very appreciably;

- above 65 dB constrained behaviour patterns arise, symptomatic of serious damage caused by
nolse,

In order to keep to the noise levels for comforl Indoors (La_eq 30 - 35 dB at night and 40 - 45 dB in
the day time) a maximum external level of 85 dB would be necessary. However, insofar as possible,
and parficularly for new residential areas the outdoor limit should not be higher than 55 dB. However
in most European countries a considerable percentage of the population is exposed to La o > 55dB
and even > 65 dB (about 10-20%).

Prof. G. Jansen, Germany, working since many years In the field of noise on man has proposed
the noise level criteria ("Anhaltswerte") as given In table 3.

Economic aspects may be considered besides the adverse effect of noise on the population, The
social cost caused by reduced working efficiency, increased iliness and medicine consumption can
not be calculated easily, More defined the diminuition of the value of houses and land caused by
noise can be shown. From an investigation in Austria (&) with a questionnaire answered by about 100
real estate agencies it tumed out that the loss of value of houses and land is on average 35% near
main roads, 10% near motorways with access and 30% near motorways without access. An inquiry
of about 500 persons showed, thal people are willing to pay a premium price of + 22% on the
average for housing in a qulel location (compared to a house of the same quality in a nolsy
enviranment).
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Table (3) Noise level criteria proposed by G. Jansen (5)

L-& »g LA. TR
autside inside inside
change of quality of sleep - 38 40
threshold physiological changes - - 40
threshold communication disturbed - 45 -
threshald efficiancy diminished - - 45-70
threshold reactions of genaral public 45-55 - =
{0-20% annoyed)
theeshald vegerative reactions during sleep - - 55
99% intefligibiiity of sentences - - 65
threshold of waking ug - - &0
primary effecis (vegaiative) - - 60
significant reactions of general public 85 - -
(30-70% annoyed, 5-15% compiaints)
diminished etfficiency probable - - 70-85
[compensation possibla)
significant vegetative reactions - - 75
increased diminuition of efficiency - - B85-100
fhardly to be compensated)
majority of population greatly annoyed a0 - -
risk of heanng damage - 85
upper limit physiclogical balance 100
considerable and camtinous diminuilion of efficiancy - - > 100
extre aural symptorns (lliness) | - - > 130
References:

(1) Fighling Noise; Strengthening MNoise Abatement Policies, Organization for Economic Co-
operation and Development (OECD), Pans, 1986

(2) International Standard 1996{1 Acoustlics- Description and measurement of environmental nolss-
Part 1t Basic Quantities and procedure, Geneva, 1962

(8} Th. ). Bhuliz. Synthesis of social surveys on noise annoyance, Journal of the Acousfical Society
of America, 1978

{4) International Standard 1989 Acoustics - determination of occupational noise exposure and
estimalion of nolse- induced hearing Impairment, Geneva, 1930

(8) G. Jansen; Zur "erheblichen Beldstigung: und 'Geféhrdung" dure Lérm: Larmbekdmpfung 33,
1986

(6} J, Lang' Laérmbelasiung an Starzen. Wirksamkeit und Kosten von ldrmschutzmaznahmen.
Bundesministerium flr Bauten und Technik, Strazenfarschung, Heft 180, Wien 1980
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PROCEDURES FOR NOISE PREDICTION

Noise prediction Is an important tool to control noise with regard to new works fike roads.
factories, railway lines, airports, recreational faciliies and similar others. It i necessary for
procedures "checking compllance with the snvironment” which are now introduced in the design
state of larger works in many countries, e.g. in the counfries of the European Community.

Noise and the annoyance it may cause, has to be considered when new residential sites are
planned near existing noise sources like roads, rallway lines, airports, as well as when such nolse
sources are planned in or near existing residential areas.

Soclal surveys carried out in many countries (a summary of many social surveys is given in (1)
and (2)) Indicated, that the physical quanfity to describe noise with respect to its annoying effect on
man is the energy equivalent A-weighted sound level L 44 For aircraft noise other descriptors have
been established and introduced into legisiation; however at present L, o I8 also recommended by
the international organisations dealing with air traffic and aircraft noise.

Al present the A-weighted equivalent sound leve! La o IS used in nearly all countries” and nearly
all prediction methods use this basic quantity.

Laeg May be considered separately for day ime and night time, together with different sound
level limits for day time and night ime or the quanfity Lon (Lpay. nignd) based on Laeq may be
calculated for 24 hours with 10 dB added to the night time value |.e.

Lon = 10 log (To. 100 ~esom 4 Ty 4 0ftasan « wiiyog

Lon = Losy. night in 98

Laeqn = A-Weigthed energy equivalent ievel for day ime in dB
La e = A-Weigthed energy equivalent leve! for night ime in dB
Tp = Duration of day time in hours

Ty = Duraftion of night time In hours

Tu + To = 24 hours

Day time and night time may be laid down according to the local living custom. In most European
countries day time is defined & - 22 o'clork (Tp = 16 hours) and night time Is defined 22 - 8 o'cloik
(Tw = 8 hours).

Low is mainly used to describe aircraft noise around airports.

For noise prediction 3 basic input data are necessary:

- the number and type of sound sources and the sound emission of these sources

- the description of the site between source and recelver and the physical rules of sound
propagation

- the position of the recsiver

{1} In the United Kindom Lia the sound level exceeded 10% of the time Is used lo describe road fraffic
noise; It fs highly correlated with L se.
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To assess the predicted sound level noise-level limits have to be known with regard lo the site
(rural, town, industrial area) and time of the day (day, night). The sound emission of a noise
saurce is described by the sound power lavel:

Lw = 10 log W/W,

Lw = sound power level in dB
W = sound power in watlt
Wo = reference sound power, Wy = 107" watt

- It may be given in octave (or in 1/3-octave) bands or A-weighted,

- At the time being sound power level Is mainly used to describe the noise output of machines and
installations, in Austria also for rallways.

- Tha measurement methods 1o determine the sound power level are laid down In 15S0-Standards
(3).

- For road traffic and rallway lines usually the sound emission is described by the A-weighted
sound pressurs level In a certain distance of the axis of the fane or track, mostly 28 m.

- For aircraft it is used to give the A-weighted sound pressure level versus distance in tables or
graphs; an example Is shown in Annex 1 (the uniform format 1o give all data on performance and
sound level of aircraft has been established by ANCAT (working group on the abatement of

nuisances caused by airtransport) in ECAC (European Civil Aviation Conference) and is widely
used now.

- The number n of equal sources has to be taken into account with the general term + 10Ig nin dB

to be added to the sound power level or sound pressure level describing the sound output of a
source

- The physical rules on sound propagation are covered in several prediction models. The basic
data are described in the following:

- The sound pressure level decreases with distance from the source according to:
Le = Ly - 10 log 4nrijry®

L. = sound pressure level in dB at distance r

L, = sound power level in the source in dB

r = distance of reciever o source in m

fro = reference distance, rp = 1m

or

L, = Lzs - 10 log /252 for a point source

Ly = Lgzs - 10 log r/25 for a line source llke a road

Lzs = sound pressure level In dB at 25 m distance from the source
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In addition, the reflection from the ground has to be taken into account if the source is near a
reflecting or absorbing plane. Simply for a source on a reflecting plane this is done by the term 2xr?
(sound energy Is spread to a hemisphere) instead of the term 4nr? (sound is spread 1o a sphere) in
the first formula. For absorbing ground more detailed calculations in frequency bands are necessary
to take care of a frequency depandant additional sound leve reduction, which varies with the height of
source and receiver above the ground. The details of calculation are given in (4).

For the second formula several prediction models contain several procedures to take care of the
sound absorption of the ground. An exampie of the effect of ground absorpfion for road traffic noise
used In the Netherlands is given in fig. 1.

Figure (1) Sound attenuation for road tarffic noise
propogating above absorbing ground
(fields, wood, meadows)
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Sound absorption in the air is rather small; it depends on frequency and on air temperature and
humidity. For usual noise sources like roads, factories a.5.0. in general one can assume that the
decrease of the A-weighted sound level due 1o absorption in air is 0.5 dB per 100 m. The following
table shows an example of the scund absorplion in air to be used for calculations in octave bands for
15°C and 70% relative humidity (conditions usual in Europe). For other conditions see Annex 2.

Table (1) Sound attenuation coefficient due to absorption in air

Frequency (Hz) 63 125 | 250 | 500 | 1000 | 2000 | 4000 | so00

Aftenuation Coefficient (dB/m) | 0.000 | 0.000 | 0,001 | 0.002| 0.004 | 0.007 10.017 | 0.058
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An additional absorption is caused If the sound passes through dense vegetation of trees and
bushes. A group of trees and bushes is considered dense I - along the sound transmission path - itis
impossible to see through the vegetation, |, if the transmission path is visually blocked. It is also
frequency dependent and may be estimated with 1 dB per 50 m, maximum 4 dB for larger distances.

A decrease In sound pressure level is caused by screening obstacles between source and
receiver, provided these screening obstacles have a mass of > 10 kg/m?, have no slits or openings
and their dimensions are large compared to the wavelength ) of the sound (which is depending on
frequency f with & = 340, & in mf in Hz) as shown in the following figure 2.

Figure (2) Minimum dimension of a screen

L .
'T- The horizontal dimension perpendicular to the
s line between the source § and the emissionn
S \L' 1  point I (receiver) shouid be greater than the
. b wavelength L.
Screen S +'S = A
r

The sound level diminuition Is frequency dependent and may be calculated from the sound path
length above the screen and along the right and the left side edge of the screen as shown in fig.3

Figure (3) lllustration of sound paths with screen

8y = [ST| + |TI| -[SI] in m
B = |SK{ + IKI| - ISI| Inm
& = |SK| + |KI| - |SI} inm

For larger distances between source and receiver a curved sound path is assumed. see (4),

From the excess sound path length via the edges of the screen 8, (fop, verfical), 3, (right side
edge), & (left side edga) and the Fresnel-numbers'! caleulated from these the sound level decrease
in octave bands is calculated from;

1l The Fresnel number depends on the frequency. The constant number 0.0047 iakes care of the lower 1/3
octave band within the octave band (0.0047 = (2/340%2"7))
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AL = 10 log [(1/20N, + 3) + (1/20N, + 3) + (1/20N; + 3)]

Ny = 2.3, /0 = 0.0475,f., N, = 2.5/, = 0.047.5.f., N, = 25/k = 0.047.5,f.
f. = centre frequency of ocatve band In Hz

it AL > O then set AL = 0, if AL < -20 dB then sel AL = -20 dB

The emission point (position of receiver) has to be chosen according fo the local situation.
Usually the receiver position at the resldential building nearest to the source {which is generally the
most exposed) is considered with the exposed window at the maximum height (where generally
screening effects and ground absorption effects are smallest).

Sound level limits also have been established, An example from Austria is given in table 2. In
most of the European countries the limits are more or less the same.

Table (2) Maximum permissible sound level (emission limits)
used in Austria (ONORM S 5021)

maximum permissible
categary area and locafions equivaient sound level
La s
day night
A) BUILDING LANDS
1 qules area, spa area. hospital 45 as
2 rasidential area in suburbs, weakend 50 40
residential area, rural housing area, schools
3 urban residential area, aresa far agricultural 55 45
and forestry enterprises with flats
4 city {offices, shops, commerce, administration 80 50
without noise emission, flats), area for
enterprises without noise emission
5 area for entarprises with little rioise emission BE 55
{distribution, services, administration)
B) GRASS LANDS
1 fecrealion area, spa ares 45 35
2 parks, cemeirias S0 40
3 games- and sport figlds without noise 55 45
gmission, market gardens and allotmants
4 games- and sport fields without slight noise 60 50
amission
& smaller games— and sports installations with 63 85
spectator stands
& Large games- and spons insiallations with 70 (60)
spectator stands

-5§2 -



For road traffic noise and rallway noise calculation models have been established in most
European countries and the USA. These have been-compiled in the WHO-brochure "Assessment of
Noise Impact on the Urban Environment™ (S).

Figure (4) Workchart to calculate Loy caused by
road traffic according to the noise asessment guidelines in the USA
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Besides the calculation models in several countries design charts, easily to be used by planners,
have been denved from the formulae. An example for road traffic noise as used In USA, based on
Low e shown in figure 4, another from Norway is shown in figure § (6).

In bath graphs one can read from number of cars and distance road-receiver if the road traffic

noise exceeds a cerlain limit. The Norwegian design chart shows 3 cases: noise clearly beneath limit,
noise clearly above limit and area belween these two passibiliies, where more: detailed calculalions
have 1o be carried oul.

Data have also been prepared to take care of sound propagation in built up areas showing iso-

sound pressure level lines In differant types of built up areas; an example is shown in figure B, An
extensive comollation of these data is given In (7).
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Figure (5) Road Traffic: Simple method
Sound level limit 60 dB(A)
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Figure (6) Example of iso-sound level lines in bullt up areas
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An example of a simple design charl for the noise from rallways is shown in figure 7

Calculation models have also been eslablished for sircraft noise. The mosl complete is the
Integrated Noise Mode! (INM) edited by the US Federal Aviation Authority, which contains the sound
emission and performance data of all génerally used types of aireraft.

The aircraft noise zones around an alrport are calculated in Loy, Usually the zones Loy = 60, 65,
70. 76 dB are drawn.

Low I8 calculated from the number of movements of the several types of aircraft on the several
flight paths during day time and night time in the 8 most bugy months of the year from:

Lonw = 10 1g 1T Z{ng, 10-en 4 i, 10bseneemmn

Los = Lﬂ‘;‘-ﬁnhl indB (A'W‘E‘Eglhﬁdj

T = B6400 seconds (24 hours)

ng, = average dally number of movements of a type of alrcraft on a flight path during day time
Ay, = average daily number of movements of a type of alrcraft on a flight path dunng night ime
Laz; = A-weighted sound event level of a type of aircraft passing by on a fiight path
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Figure (7) Workchart to calculate Loy caused by
trains with diesel locomotives

according to the noise assessment guldelines in the USA
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The. summation is done over all tvoes of aircraft on all fight paths.
The input data are;

-number of mevements of any type of aircraft on any flight path (usually to be gathered by the
airport operator)

-data on geometry of flight paths and flight procedures (to be provided by aviation aulhority)
-sound emission of the different types of alrcraft (A-weighted sound event level versus distance
alreraft-recejver)

An example of flight path pattern and aircraff noise zones is shown In figure 8 (Vienna airport).

Fig {8) Alrcraft Noise Zones Around Vienna Airport 1986

flight path pattern

aireraft noise zones Lmqlm= ED, 65, 70 dB
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Annex 1

MODEL MD-87 AIRPLANES EQUIPPED WITH

JT8D-219 ENGINES

NOISE and PERFORMANCE DATA

Airplang: MD-87

Engine: JTBD-218

Configuration: flap angle: 117
siat angle: mid
landing gear: up

Engine Thrust. parametar specified: Fryd
*comected parameter value: 19,000 Ibs

Ajrplane Weight: 125,400 Ibs (85% of Maximum Takeoff Gross Weight)

Airspeed: 160 Knots

Stant
Distance (m) 80 | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630 | 8OO
L we (dB) |108.2{106.3(103.9|101.7| 99.2 | 97.2 | 94.5 | 92.2 | 89.4 | 86.9 | 83.9
Ls (dB) [109.2(108.1(106.8/105.5(104.1(102.9(101.3/ 99.9 [98.2 | 96.7 | 94.8
Slant
Distance (m) | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | 6300 | 8000
L wur (dB) |B14|782|754|71.8|686|647|61.0]|567|528 477
L. (dB) |929|206|883|856|822|80.0[77.1]|737| 705|862
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Annex 2

Attenuation coefficients for air absorption
(for pure tones at frequency f) to be used in octave bands centred at f.

fe(Hz) 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
(f) 2y | 50) | (100) | (200) | (400) | (800) | (1600) | (3150) | (6300)
1, AH
e 30% 0.000 | 0.000 | 0.001 | C.002 | 0.007 | 0.024 | 0.059 | 0.100
50% 0.000 | 0.000 | 0.001 0.001 0.004 | 0.014 | 0048 | 0121
700% 0.000 | 0.000 | 0.001 | 0.001 | 0.003 | 0.010 | 0.033 | 0.107
BO% 0.000 | 0.000 | 0.007 | 0.001 | 0.003 | 0.008 | 0.029 | 0,097
100% 0.000 | 0.000 | 0.001 0.001 0.002 | 0.007 | 0.023 | 0.080
0  30% 0.000 | 0.000 | 0.007 | 0.002 | 0.004 | 0.014 | 0.047 | G.140
50% 0.000 | 0.000 | 0.001 0.002 | 0,003 | 0.008 | 0.027 | 0.097
70% 0.000 | 0.000 | 0.001 | 0.002 | 0.003 | 0.007 | 0.020 | 0.070
80% 0.000 | 0,000 | 0,007 | 0.002 | 0.003 | 0.006 | 0.018 | 0.062
100% 0.000 | 0.000 | O.001 0.002 | 0.003 | 0.006 | 0.015 | D.050
15¢  30% 0.000 | 0.000 | 0.001 0.002 | 0.004 | 0.0 0.037 | D.124
50% 0.000 | 0.000 | 0.001 | 0.002 | 0.004 | 0.008 | 0.022 | 0.077
70% 0.000 | 0.000 | 0,001 | 0.002 | 0,004 | 0.007 | 0.017 | 0.056
80% 0.000 | 0.000 | 0.001 | 0.002 | 0.004 | 0.007 | 0.016 | 0.050
100% 0.000 | 0.000 | 0.001 | 0.002 | 0.004 | D.007 | 0.014 | 0.042
20c  30% 0.000 | 0.000 | 0.001 | 0,002 | 0.004 | 0.008 | 0.029 | 0.102
500 0.000 | 0.000 | 0.001 | 0.002 | 0.004 | 0.00B | 0.019 | 0.063
70% 0.000 | 0.000 | 0.001 | 0.002 | 0.005 | 0.008 | 0.016 | 0.048
80% 0.000 | 0.000 | 0.001 | 0.002 | 0.005 | 0.008 | 0.016 | 0.043
100% 0.000 | 0.000 | 0.001 0.002 | 0.005 | 0.008 | 0.015 | 0.038
25¢  30% 0.000 | 0.000 | 0.001 | 0.003 | 0.005 | 0.009 | 0.024 | 0.083
50% 0.000 | 0.000 [ 0.001 0,002 | 0.005 | 0.009 | 0.018 | 0.053
70% 0.000 | 0.000 | 0.001 | 0.002 | 0.005 | 0.010 | 0.017 | 0.043
80% 0.000 | 0.000 | 0,001 | 0.002 | 0.005 | 0.010 | 0.017 | 0.040
100% 0.000 | 0.000 | 0.000 | 0.002 | 0.006 | 0.G10 | 0.018 | 0.038
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NOISE ABATEMENT
REGULATIONS AND STRATEGIES

Noise |s a considerable nulsance to people at the time being and its Importance will still grow in
the future with growing number of vehicles and machines of all kinds and rapid urbanisation and
increasing mobllity. Noise abatement regulations and strategles have therefore to be established as
soon as possible covering all aspects. In general the following measures have to be considered: -
noise source; - sound transmission path: and - recsiver, and covering all these aspects in - land uss
planning and zoning.

1. Measures to limit the noise emission of the source

These are generally the most effective. Regulations with noise level limits for the main noise
sources should therefore be introduced.

1.1 Road traffic noise

Limits on the noise emission of vehicles have been introduced in all European countries
(following ECE or EEC recommendations) and have been reduced several imes in the last decade It
Is of utmest importance that these limits together with the relevant measuring methods be also
introduced in the countries of the Eastern Mediterranean Reglon. The limits in use In Austia
(following ECE-regulafions together with the relevant measuring method) since 1 Oclober 1989 are
shown in the following table 1.

In the last years besides these limits & special class of "low noise trucks" has been introduced.
These trucks follow the state of the ant of noise control and are now widely used in Austria and also in
Germany and their use is put forward by economic incentives as e.g. exception from night-ban on
certain routes, reduction of taxes. The maximum permissible nolse levels ara also given in table 1
(some additional limits have to be observed for stationary vehicle, motor brakes and similar others.

Table (1) Maximum permissible sound levels of vehicles in Austria

Type of Vehicle Maximum Permissible A-Weighied
Sound Level (dB)

Motor Vehicles 68
Small Two Wheseled Vehicles 74
Other Two Wheeled Vehicles <175 om? 80
> 175, < 500 em® a1

> 500 cm® 83

Cars 77
Trucks Ba
Low Noise Trucks < 150 kW 78
= 150 kW B2
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ntrolled regularly. To enable police to carry out such
measurements in the road the "near field measurement method" has been intraduced. In regulations
on maximum permissible sound emission of motor vehicles therefore in addition to the type test
measurements near field measurements should be Introducad.

Sound level limits for the vehicles limit the noise emission of the engines. However the main
noise source in traffic on highways is rolling noise. This may be reduced by quiet road surfaces
(porous asphalt "drain asphalt").

Road traffic noise may also be reduced by speed limits, provided these are observed by the
drivers, which mainly can only be ensured by supervision by the traffic police. Fig. 1 shows the
maximum A-weighted sound lével La max and the A-weighted sound event level' Ls ¢ of cars and
trucks passing by with different speeds on different road surfaces at 10 m distance (1). From this
diagram the nolse reduction to be achieved by speed limits can be read. For example on concrete
roads the reduction of the speed for trucks from 80 to 60 km/h would result in a reduction of the
maximum sound |evel by 5 dB and of the sound event level (equally to the equivalent sound level) by

4 dB and the reduction of the speed for cars from 140 to 100 km/h would result in the same sound
level reduction,

In the central parts of cilies a speed limit of 30 km/h may be intreduced (30 km/h - zones are now
installed in many European towns), Measurements have shown, that cars driving with 30 km/h
produce 7 dB lower maximum sound levels and 5§ dB lower equivalent sound level than cars driving
with 50 kmjh.

Noise emission of road traffic may further be reduced by night-ban for all vehicles or especially
for heavy vehicles.

Traffic management in towns ensuring equal traffic flow serves also for noise reduction.

A considerable amount of noise emission of vehicles is caused by the driver; different driving
manners may result In sound level differences up to 10 dB. Well educated drivers are therefors very
important in noise control. Adequate regulations and their execution should ensure “low-noise-
behaviour" of drivers. Police should be encouraged to take care of disciplined behaviour of drivers.

In some countries car dnvers blow their horns extremely often causing a lot of noise with high
peak levels. The blowing of horns within cities should be forbidden - al least during night time - and
pelice should execute this regulation.

1) The sound event level La g (In 150 1996/1 called sound exposure fevel, in 1SQ 3891 called single-event
exposure {evel) has with 1 second duration the same $0und energy &s a single sound event with varying
sound level with the equivalent sound level L, g5 over & cerlain duration T!

L&E = LA..Dq + 10 log T/1 sec.

From the sound event level of a sound evenl (6.0, caused by a passing vehicla) the equivalent sound level
caused by n such events in the time period T (B.0. day time, nighl time) can be calculated from Laeg =
Lag + 101og n=-101og Twy1 sec.
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Figure (1) Sound Level Caused by Cars and Trucks
Passing by with Different Speeds
on Highways with Different Road Surfaces
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1.2 Railway noise and noise from trams

The main noise source is the wheel-rall-contact. Noise at the source can be reduced by well
maintained rails and wheels (no flats): sound levels vary with maintenance of the raiis by more than
10dB.

1.3 Aircraft noise

The noiss emission of aircraft is limited by ICAO Annex 16, chapter 2 and 3, defining maximum
permissible sound level limits under certain measuring procedures. While aircrafts of older types do
not fulfill the ICAQ-requirements ("non cerfified aircraft"), aircrafts following chapter 3 represent the
state of the ant of noise control. The sound level versus distance at take off and landing for the
different types of aircrafts is shown in fig.2. It should therefore be aimed at, that all aircrafts operating
at an alrport are chapter 3 or at least chapter 2 alrcrafts. For example in Europe non certified aircrafts
are not allowed to start anymore and chapter 2 aircrafts may not be registered anew; after 2002 only
chapter 3 alrcrafts will be allowed to operate

Similar legisiation should be established (If need be wilh a certain lime lag) in the countries of the
Eastern Mediterranean Region.

The use of low noise aircraft may alsc be enforced by setting noise related charges (landing fee
not only related to weight and capacity but also to noise emission). These could be Installed at ail
airports. Examples of existing noise charge systems in several countries (France, Japan, Germany,
United Kingdom, Netherlands, Switzeriand) are given in an OECD-report (2),

1.4 Machines

Noise emission has to be considered as a main property of all types of machines and equipment
and has to be taken into account In the decision to buy a ceriain product, Basic data for this decision
are the sound smission declared as A-weighted sound power level

The introduction of noise labelling is 2 main tool 1 reduce noise emission of products by the
marketl. For example in Austria it Is prescribed by law, that for any machine offered the A-weighted
sound power |evel has 10 he stated (if it exceeds B0 dB). Within the countres of the European
Community sound power levels have 1o be stated for several groups of machines e.g. lawn mowers,
construction machines, house hold equipment. For a great number of other groups of machines
sound power leve! data have been complled, e.g. In Germany by VDI (3} and show the state of the an
with respect fo noisa control.

A second step would be the introduction of sound power level limits for certain groups of
machines (e.g. construction machines, house-hoid appliances), These limits, which should foliow the
state of the art. may be set

- by law
- in recommendations (guidelines)
- by consumers.

1) Alrcraft complying with ICAO chapter 3. Annex 16 have also the advantage of being the best performers in
ferms of fusl conservation end malntenance cosls,
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Figure (2) Maximum A-Weighted Sound Level of Alr Craft
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Measuring methods for sound power levels have been laid down by the International
Qrganization for Standardization (1SQ) and regulations on sound emission |abelling could be based
on thesa (4).

2. Noise control within the sound transmission path

This may be used in certain cases. For example alongside highways or main roads with heavy
traffic nolse barriers may be installed to protect dweliings near the road.

In several European countnes relevant regulations have been established, These regulations
have to define:

- calculation schemes for the equivalent sound level of the road traffic (or measuring methods) and
for the effect of a barmier

- sound level limits (Laeqeay @8N0 L aqnigne OF Lon) which have to be fulfiled by Installing the
barriers

- budget provision

- responsible authority.

For example in Austria noise bariers alongside federal roads or sound proof windows for
dwellings alongside federal roads (and alse a number of regional roads) have fo be installed, so that
Lasq = B5/55 dB is not exceeded day/night In front of dwellings.

Sound levels are decreasing with distance; large distances between noise source and receiver
may therefore be used to control noise, This is mainly prescribed in land use planning and zening
with respect to noissa,

3. Noise control at the recelvers site

Itis mainly used for existing situations and has to be considered for new buildings In noisy areas.
Residential buildings near main roads with heavy traffic or raiiway lines may be provided with sound
proof windows. For new buildings standards or bullding codes should describe the position of houses
and the groundplan of houses with respect to noise sources and also the required sound insulation of
the facades. An example of the noise |level limits for certain types of buildings according to their use
as laid down in the Austrian standard on sound |nsulafion in builldings Is given in lable 2.

Table (2) Maximum sound level In front of bulldings

Type of Building Maximum A-Weighted
Equivalent Sound Level (dB)
Day Night

Hospitals, spa 45 35
Residential Buildings in Suburbs and in Rural Areas, Schools 50 40
Residential Buildings In Towns and In Agricultural Areas 85 43
Residential Bulidings in City Centres, Areas with Industries 60 50

and workshops without noise emission

Commercial Buildings 65 55"

*) {f relevant



An example of the minimum required sound Insulation of facades depending on the sound fevel
in front of the bullding is shown in table 3 eccording to the Austrian standard.

Table (3) Minimum Required Sound Insulation for Facades
According to Austrian Standards (ONORM B 8115/2)

Minimum Required Weighted Sound Reduction Index
R (dB)” at Sound Level in Front of Building
Building Laeq in (dB)

Day < 50 51-55 | 56-60 | 61-65 | 66-70 | T1-75
Night <40 4145 | 46-50 | 51-55 | 56-80 | 6165

Hospital, spa 33 38 43 a7 52 -
Residential Building, School, Hotel 33 33 38 38 43 48
Office Building a3 33 33 33 38 43

*) According to ISO 717 part 1
4. Town and country planning

This, with noise related zones, is & main tool for noise control. Planners have to be given the
necessary lools as:

- calculation methods to predict the noise impact caused by road traffic. railtraffic. airports,
industries and similar others.

- noise level limits for various zones depending on the type of buildings in these zones”

- noise maps of noise cadastres showing the existing noise situation so that:
- construction of noise sensitive buildings in nolsy areas
- installations and bulldings emitting noise in quiet areas may be avoided.

Table 4 and § show the data laid down in guidelines In Austria for emission limit vaiues for the
different zones and for the emission of different types of buildings and Installations.

it is recommended, that noise level measurements (La ., daytime and nightfime) should be
carried out in the big cities and new projects and zoning be based on these data.

MNolse zones around airports should be calculsted based on a prognosis of number of
movements for about 2000-2010, Usually the zones Loy = 60, 65, 70, 75 dB are caiculated and land
use based on these zones. An example for a proposal of & relevant regulation in Austria is given In
table 8. Input data and calculation schemes have been established In saveral countries; one of the
most complete is the INM (integrated noise model) in the USA

1) In general such (imits are derlved from resulls of soclal surveys with Inquiries on ennoyance caused by
nofse correleted lo sound level measuramants.
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Table (4) Maximum Permissible Sound Level (Emission Limits)

Used in Austria (ORONM $ 5021)

maximum permissible

category area and locations aquivalent sound level
La ag
day night
A) BUILDING LANDS

1 quiet area, spa area, hospital 45 as

2 residential area in suburbs. weekend 50 40
résidential area, rural housing area, schools

3 urban residential area, area for agricultural 55 45
and foresiry enterprises with flais

4 city (offices. shops, commerce, administration 80 50
without noise emissian, flats), area for
enterprises withoun noise emission

S area for enterprises with little noise emission &5 &5
(distribution, services, administration)

B) GRASS LANDS

1 recreation area, spa area 45 35

2 parks, cematries 50 40

3 games- and spor lields without noise 55 45
emission, market gardens and allotmenits

B games- and sport fields without slight noise 60 50
emission

5 smaller games- and sports installations with &5 25
speclator stands

6 Large games- and sports installations with 70 (60

spectator stands
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Table (5) Planning Values " for Emissions from Locations®

Equlvslent Sound Leval 7
Category Locations for Laceq (dB}
Acoording
o DHNORM A Bullding Land B  Grss Lands by day by night
= 5021 | Billding land | Goliding | prase
& grass land | lzng land Remarks
1 Recraatlon Areas (excepl | Aress for spa & Recrestionsl 45 35 4) | Access for esiste
sports nstaliations), purposss, apa parks, park ‘are and rescus
hospltals, spa instiites, | instslledons withoul children’s vahichles 1o be
old peopia homes, spa playgrounds, cemetsries In considersd
hotals In genaral rural areas saparaisly
2 Rezidential quartes In Agricultural and forestry &0 40 4) | Also In waffic abated
solely residental areas utilization, parks, larger zones withoul
with low bullding density  |cemetaries children's playgrounds
(2.9, with open layout, row |games & spons fields without o residential accees
homes] schools withou! | any important nolse smission instafiations
open-alr faclities, mona- | (e.g. golf courts, cross-
sterles in genseral, boarding | country skd-nung)
housas, old pecples homes
garage Instaflations®
3 Agricultural pramises, Markel gardene, allotmant &5 45 4) |Residendal areas
residential premises with  |gardens In general, induding
greatsr tullding denslty, | Indoor-bathe without open playgrounds
schools with open alr slr instnllatons
gamas & sports grounds,
hotels, garage Instafiations
4 Resldentisl areas with high | Games- and spars 80 50 4)
bullding density, servica & |installations with slight nolse
administraiive premises emission (8.5, ennks courks,
Professional trades and | smalier children's play-
Industrial gocds-praduction | grounds), Hollday homes,
and servica premises with |juveniles, SK Itz (motive
slight noles amlssion, slamants)
caiering enterprisas,
garage Inetallations™
B Work pramidses for distri- | Smalier games- and sports 65 ) 4)
Lutlon, professlonal rades, | with specators stands, larger )
and Indusirial goods childron's playgrounds, smallsr
production and servics open-alr baths, riding sports
plamigos, axhibitian grounds without largar
promisas, fling stations, | spectsor's stands, sewegs
storage yards, barracke In | trestment planis, reaneformer
genemal; drivedn doenms | inetadladons®
| Professional frades- and | Larger games- and sparks- 70 4) d4)
Industrial goods production |grounds with specatods
and servics pramisas. atands (a.g. fothsll grounds
Catoring premises with with specisions, stands, larger
garden, dancling and open Lathe atc.) promises for
muslc discothagies popular entsrtalmment, sketing
rinks™, gravel works
) Premises with specially | Quarras, shooting ranges® =70 4) 4)
High malsa emisskon molor sporis grounds, model
alrcraft fiying grounds
1} neor the borders of an estals

<

all sxamples are hald to be exempilication: according
may ba feund both on bullding land and grass lands

3)  with Ine nolse causod by the access and departure venues

4
Ll
6]

sbeerve topleal night operations
according to toplcal nolsa eimisalon,
Approximate veluss ter emisslon of recreationsl snd fourst

on output and type of construction
Inatalletione

1o the slidcaton categores valld In the Ausirian provinces, some locatlons




Table (6) Aircraft Nolse Zones and Land Use

need and with required sound insulation

I(uncﬁons only in case of overriding

Lon/Lamax (dB) New Buildings Existing Buildings
Buiidings for agricultural £
> 75/105 and military purpose airport § 3 g =
g Residantial buildings only In E E; % E g
= existing residential zone -] 3 2 3
> 65/- E E nd commercial bulldings E § £ ® E
% E [with required sound 2 E = 5 "é
¢ @ [nsulation £ © § $ B 5§
S B .
> 80/ 2 Residential bulldings only in :g, i E
4 xisting residential zone g % %
=]
Buildings used for noise sensitive ) E— 2
> 55/[- EE L E
5 ’§ &
@ =2 P

5. Examination of compliance with the environment

This (including noise) should be carried oul for all kinds of new weorks and installations in the
planning stage. Laws on this examination have been established in several European countries and
atso in the European community.

6. Education and awareness-promotion

Noise abatement polidies can only be established and executed, if

- basic knowledge and background material is available

- people and authorities are aware of noise as an environmental danger and the necessity to avoid
and control noise.

Itis therefore necessary 10
- include noise control in school curricula

- establish scientific institutes in universities and similar institutions, working on acoustics and

noise control,

- give persons working in these institutes the possibility for studies in other countries and

exchange of information at international conferences (e.g. Inter-noise)

- organize dissemination on knowledge in noise control

=70 s




- organize information for the public

- gather all persons working in the field of acoustics and noise control in an advisory group fo
promote |Information, establish uniform methods of noise measurement and assessment and
prepare legisiative steps’.

7. Strategies of nolse abatement in different countries

In 1987 Organization for Economic and Co-operation and development (OECD) Environment
Commitiee |sunched a project on noise abatement policies In member countries. The alm of the
project was 1o solicit information on the effective Implementation of such policies In solicited
countries. The report "Fighting the noise in the 1990s" published by OECD, Paris, 1991, describes
what has been done In six countries and an analyses and assessment of policies applied is given.

8. Recommended Actions

in summary the following actions are recommended:

1. Limit noise emission of sources
- define sound level limits for road vehicles
- execute these limits for new vehicles and vehicles in use
- set and control limits for speed of vehicles in noise sensitive areas and times (night)
- promote low-noise-vehicles (buses, trucks) by incentives
- set and execute regulations prohibiting blowing of car homs
- use low noise road surfaces
- ensure maintenance of ralls and vehicles for all railbound vehicles
- promote low-noise-aircraft by setiing noise related charges (landing fee related to noise emission
of aircraft)
- introduce noise |labelling for machines, e.g. construction machines
- set sound level limits for several classes of machines

2. Town and country planning
- establish calculation rules to predict noise Impact
- establish nolse maps or nolse cadastres showing the existing nolse situation
- sel sound level limits for various 2ones
- calculate alrerafl nolse zones around airports as basis for planning

3. Introduce examination of compliance with the environment including nolse for all kinds
of new works and Installations

4. Establish noisa control programmas for existing dwellings alongside existing highways,
busy main roads and railway lInes

5. Establish sound Insulation requirements for facades of residential and other nolsa
sensltive buildings

1) &g In Austds and Germany an "Arbeitsring fur LErmbekEmplfung” s workdng. Similer organizetforrs work
in saveral other countries; all are represented In Association Intemational conitre le Brull,

-7 -



6. Introduce noise control in school curricula and public Information

7. Establish and promote scientific institutes to work in the figld of acoustics and noise
control

B. Promote advisory group on noise control.
References:

(1) J. Lang: Gerauschemission von Lastkraftwagen und Personenkraftwagen auf Autobahnen unter

tatsachelchen Einsatzbedingungen. ost.Zeitschrift fVerkehrswissenschaft Heft 2/1990 Wien,
Austria

(2) Fighting Noise: Strengthening Noise Abatement Policies. OECD Paris 1986

{3) VDI-Richtlinien "Emissionskennwerte technischer Schallquellen” Verein Deuischer Ingenieure,
Dusseldorf, Germany

(4) 1ISO 3740, 3741, 3742, 3743, 3744, 3745, 3746, 3747. International Organization for
Standardization, Geneva
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INTERNATIONAL STANDARD

1SD 1296/1-1982 (E)

Acoustics — Description and measurement of

environmental noise —

Part 1 : Basic quantities and procedures

0 Introduction

Thiz Internationsl Standard = (he Tirst in 2 series of documents
replacing 150 Recommendation H 1996, Acoustics — Assess-
mant of norse wiith regpect o community response. The pres-
ent list of parts of 150 1958 = az follows :

Pare I @ Basic guantives and procedurss:
Farr 2 : Acquisition of date pertinent to land uss)
Fart 3 1 Application to noise Himirs.

Extensive ressarch conceming the way in which human beings
ane gffected by noise trom g single kind of source such &5 rail or
road vehicles, aitcraft of industrial plants, has led 1o & variety of
measures fof essessment of different kinds of notse, many of
which are it common vse. Conversion from one messure 1o
anothar i5 often besel wilh serious upcertaintly.

It an scoustical environment weare ahwayvs dominated by 3 single
kind of noise, the confusion caused by the existence of dil-
ferent measures would not be so severs Bt often en.
vironmental noise 153 composhte of the sounds from maay
spurces, and the distribution of the differem kinds of nose is
likely to change from moment to momeni. The methods gnd
procedures deseribed In this International Standard am intend-
ed 10 be-applicablé 10 sounds from all sources, individisally and
in combination, which contribute 1o the 1o0tal noise at 2 site. Al
the presant 51300 of technclogy this requitement seems 1o be
best met Dy 800plingG the cquivalent continuous A-weighted
sount pressure kewel as.a Desc quantity. Results shall aways be
expressed in erme of this guantity sven i supplemented by
coftections or other descriptors that, in cartain cases. may be
geemed appropnate.

The airn of the IS0 198 seres k8 10 provide authorities with
matgfial for Ihe description of noise in community en
vironments. Bassd on the principles described in this Inters
national Standard, acoeptable Hmits of nolse can be specifisg
and compliance with thesa limits can be controlied,

This Imemational Siandard does not specty hmits for en-
wironmenial nakse,

e —
T AT prisni st ihe sizge of draf. (Revision of ISO 1995 1075
il Ar praesnl Bt the stang of dnadft.

1 Scope and field of application

This part of IS0 1896 defines [he basic guantities 1o be used for
the description of nolse in communily environmants and
describes basic procedurés for the determination of these
quantities.

This International Standard forms the basis for further parts in
iha 150 1236 senes.

2 Raferences

IS0 1999, Acoustics — Determination of occupstional noise
exposure  snd.  estimation  of  nosenduced hearing
impairrnent !

150 3891, Acoustics — Procedura for descriting sircrafl rioisa
hesrd an e grownd.

IEC Publication 651, Sound Jevel metars.
IEC Publication ..., Imegrating-sversging  sound  level
metees T

3 Deafinitions

For the purpose of this Intemationsl Standard and other pars
in the senes the following definitions apply ;

3.1 A-weighted sound pressure, in pascals: The rool
megn square sound pressure determined by use of reguency:
weighting nemwork “A" (see IEC Publication B51).

3.2 sound pressurs leval, in decibels: The sound
pressure vl is gheen by the formula

’ )
2
L, = mlg(—;:)
whiers

£ i the o0t MEsn squars Sound pressurs, in pascals:
o B the reference sound pressure (20 pPal
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3.3 A-wsighted sound pressure lavel. In decibeis :
Sound pressure level of A-wesghted sound pressure is given by
thie Tormilks

-
Fa
o

L., = 10ig
" (Fu

3.4 percentile level : The A-weighted sound pressure level
obaned by using ume-weghung “F see (EC Pubbcation 651)
thal = axceedsd for & % of the time intenal considersd.
Symbol ¢ Ly 7 for example Lags o p 15 the A-weighted |evel
exceaded for 85 % of 1 h.

NOTE — Percenfile rveis 2= Getermwned over 3 caram ome meral
canno! genedally be eurapolaie 10 Diter tore intervals

3 equivsient continuous A-wweighted sound pressure
level. in decibely ;| Vaive o the A-weighted sound pressure
level of 2 continuous, sesdy sound thal, within & specfed time
imterval T. has the same mesn sgquare sound pressure 83 &
sound under consigeranon whose level vanes with tme. it &
grven by the formula

i ' 200
Lage v = 10ig I:P' ; dr
=0 ‘5 Py

where

Lage 7 7 the equivslent continuous A-weightsd sound
pressure level, in decibels, determingd over 3 Tme menval T
starting at 1y and ending &t iy

P. is the reference sound pressure (20 pPs);

£y W) e Ihe jnstantanecus A-weighted sound pressure of
=~ gourdd signal,

NOTES

! Egquredlent contiruous A-weghted sound presaurs el duting tame

tmterval T 8 alse celed lene intersal average sound level L g
decitels. with the sveraging time migrval ciuslly mdceted in the for
mat, fof example. one-hiour sverage sound level, L,

i  Eguvieent confmuous A-wighted sound pressore bevel is aise used
fot ‘assessment bf occupational noise Scposure (see 150 18839)

3.6 sound exposure level, In decibels : The sound sa-
posure level ol a discrete nose gven! is given by the Tormula

Lu’ 10'“—

1 2 p 2t
i —Lz_uf
J: i pg

whers
P Uit s the mstanianeous &-weghled sound Dressure,

g = Ty 152 stated Ume ntenadl Iong enough ta encompass
all sagnificant sound of a stated event;

fg o the reference sound pressure (20 pPal;

iy & the refesence duration (1 8],

LDTE‘“ — L 18 gven in IS0 3891 25 L, , Isingle-evern exposure

17 measurement time interval @ That time intérval over
wihich the squsred A-weighted sound pressure (s integrated
anad averaged,

38 reference time interval : The tims interval 10 which an
equivalent coniinuous A-weighted sound presture level can be
reterred. |t may be specified in national or international stan-
derds of by local suthorfiies to cover typlcal human activities
and vanEHonS in the operahon of sound sources.

39 longerm time fnterval | A specified time interval for
winch The results of the noise meaasuremeant are TEDNESENIEve.
The long term time interval consists of 2 senes of reference time
tntervais and i3 determined for the purpose of describing the
envronmental noise and |s generally designated by campeatent
authormes.

3.1 long term average scund leval : Tneavarage over the
long  term time nterval of the eguivalen! continuous
A-weighted sound pressure leveis lor 8 senes of reference time
imernvals comprised within the long term time interval. Averag-
ing &= 10 ba carmed out as described in IS0 1996/2.

311 ratng level : The squivalent conuinuous A-weighted
sound pressure bevel dufing a8 specified time interval, plus
specified adjiustments for tonal characier and impulsiveness of
the sound.

3.12 long term sverage rating level : The average over the
lomg term time interval of the rating levels for & series of
reference time intervals. Avereging I to be carmed out as
describad in IS0 1996/2,

3.13 categories of noise ;

1131 amblent nolse | Tollly encompassing tound in 2
given situgtion at 3 given time ususlly being composed of
soung from many sources near ang far.

3.13.2 specific noise | A companent ol the ambient noise
which can be specifically identified by acoustical means and
may be associsied with 2 specific source

NOTE = The smibient noise Wing 81 & Qivir DOSIoN in 8 geen
Shanen when one o more specifed nolses are suppressed
sometmes Cafled the resikdual noise.

3133 initisl notse : The ambient noise prevailing in an are2
before any modification of the existing siuabon

3.14 symbois : Symbols lor scund levels are given in the
1abie



Table — Symbois tor sound levels

Quantity Symbol | Uni Remarks
Souna pressyre [ dB
kvt
&-weighted sound Lo a8
pressure kevel
Percentiie Il - d8: Level exceedad
: for & % of time
imrerval T
Sound EXpOBUTE Lag a8 For nowe
lgve events
Equivelent comtimions | La.o ¢ g8 Time prerval
A-vweaighted sound shall be saed
pressure ievel
Long tenm averags Lasgir da8 Time mfendal
sound level ghall be siated
fatng Jevel Lay dg Tirrag interval
shall be stated
Long term average Lair d8 Timee migrval
rating leval shll be stated

4 Instrurmentation

4.1 General

The instrumentation sysiem shall be designed 1o getermme
equivaien! continuous A-weightet sound pressure level, either
directly or indirectly, and either in ditect accordance with the
definition in 3.5 o by some approximative process. The in-
strumentation shall comply with e specifications tor sound
level meters preferably of type 1 but 21 least of rvpe 2 &5 given
in IEC Publfication 851. Integrating averaging sound level meters
shall be of category Pas specifisd in IEC Publication ... Alter-
ndtive Instrumemation, i used, shall provide equivalent
performance in respect of frequency and Ume weightings
and Toleranges. ' '

The [nsTrumeniation may compnss

al ntegiating-averaging sound level meter et o
freguency-weightng “A™;

Bl ound exposure level meter for measurements of sound
exposure lavel of discrete svenis,

¢l spund level meter sat 1o frequency-weghting A" and
time-neighting “S7,

dl ogata logger for sempling the runmmg valug of
Aeweighted sound pressurg lave! using tmewesghting “F';

el stabslcal distribulion analysed Tor sampling the ryaning
value as i d!

The instrumentation described in d) and &) couls al50 be usen
1o obtin values of percentila fevels.

HOTES

1 instrumeranon of types 2b and 6 ls preterres and will generally be
wzed for ntise of Tpubsaes, flucTuaring o cyent characier Speciaf cang
should be tmken 10 enscre (hal the Synamic 13080 s large enpugh and
thar thy inherent elecincal noe and ovenosd capacity of these n
strumanre are JUtatle o the aoplicancns

IS0 1996/1-1982 (E)

¥ When ymng ingliumeniation geschibed In el the dass el
should be chosen in refalion 1o the owvesall range of sound pressure
levzls birt should fot excesd B dB.

Ways of determiming the eguwvalent continuous. A-wesghted
sound pressure level using the vatious kinds of equipmeant aie
described in 5.4,

4.2 Calibration

All eguipment shall be calibrated and e configuration far
calibration shall be in accordance with the manufacture:s’s in--
struclons.

£ pomprehensive recalibration gl cerlain tme intervals (lor ex:
ampie, annually]l may be prescribed by authorities responsible
for the use ol the measurement results,

£ figld check shall be made by the user at teast before and aftes
esch series of measurements. preferably including an acoustiz
check af the microphone.

5 Measurements

6.1 Generml

The results of the measurements described in this Inernational
Siandard may be used for the purposes described in el in
the relevant Intermations! Standargs. It i important tha: pertl
rent details of the messuremen] INEUMENTANON, mMeIsure-
ment procedurs and conditions prevailing  during the
messuremens are carefully recoroed and kept for relgrence
purposes. Referencs to the pertinent internanonal Standards
shall flgo be giver,

NOTES

1 Whan the messyied signals are recorded an magnesc 1ape Wor edn
trol and reference puipoees il ehould e DOrme i frnd [Han ByYen with
stutea-aualing |Rons-digitall recordess the dynamic range may Tal enoet
of thal necessary when instrumentatian of the (ypes mentianed in 6.1
A @t B s e

7 Insoms citcurmstences the fiequency-weighting network —87 icin
adequate for fitering oot begh lewel infasound witinh ocCurs near some
Inchueserial . locations antl sorme farms of TERspOr 35 well FE N8R
buiidengs due 10 wind urbdlence. This may cause ovenoad.and, i nol
detecisg, diviorion producen at fiphes frequendss Muy B2 iRecgus
ately giiribuled 1o udible sound,

5.2 Measurement positions

The cncice of the actua! messurement PoSLORS depends on
the purpose of the measurements a5 specifmd in e pemingn)
Imtemationat Standard,

E.21 Outdoor mesasurements

Vihen if is desired 1o minkmize the influence of refllgctions then
measufements should, whenever possible. be carned out &l
lexst 3.5 m from any rellectng structure ather than the ground
When not otherwise specifisd, the preferred mpasurement
height 4= 1,2 10 1,6 m above the groung  Qther measurement
heighte may be spacitied \n perimen) standards:
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522 Outdoor measurements pear bulldings

These measurements shall be camied out at places where the
noise to which 8 bullding is exposed is of interest, |f not other-
wise specified, the preferred measurement positions are 1 to
2 m from the facade and 1.2 10 1,5 m above esch floor level of
frijerest

£.2.3 Measurements inside buildings

Thesa measutements shall be carried oul In enclosures whers
the noise is of interest I not atherwise spacified, the pretemed
measurement positions-sra 31 least 1 m from the walls or other
major reflecting surfaces. 1.2 10 1,6 m abave the ficor and
about 1.5 m from windows.

¥ Meteorological effects

Sound levels are affected by meteorgiogical conditions,
especially when The transmizsion distance is large. Where levais
are lkely 1o be affected by meteorpiogical conditions they
should be measured in one of the two ways described below.

£.3.1 Measurements svereged ovel a range of
meteorological conditions

The messurement tme intervals 3re chosen in Such 2 way that
the long term averape sound level is determined over the range
ol meteorological conditions found a1 the messuremant posk-
thonlsl.

532 Measurements mads undar spacific
meteorciogical conditions

The measurement time  intervals are chosen so  that
mgasurements are faken only under carelully specifisd
meteorological conditions. Mormally, the conditions chosen
& be those which resull i the most stable sound propaga-
ticne, that {5, with & significant positive wind companent from
SOUrce 10 measurement position{s)

MNOTE — In some cases i may be possible 1o determing @ sound
pressure livel equivalent 1o that obmsned under the condinions of 5.3.4
by applying & correction to the vaiues obiained by wsing rhe method of
6.2

5.4 Recommended procedures for the
determination of equivalent continuous
A-weighted sound pressure level

541 Gengrgl recommended procedures

The enveaormental nowse descriprors defined in this Interna-
wonal Standard may be used for 2 vanery of purposss; the wide
range o circumstances makes if extremely ditticult Lo specify in
detarl procedures for any particular case. Procedures for cenain
specific cases will be described in the refévant Intemational
Standards. Four cases can be distinguished fof which difterent
instrumentation s best suited, see 4.1 Thess cases are de-
scribed in 5.4.2 1o 5.4.5

NOTE = The uss ol integrating-averagmg insirumentation described
in A1 &l snd B) will viekd comect resylts Tor all types of nose. For the
mmpler cases af 5.4.3 and 5.4 & the zound level meter may be used; for

the ceses of 242 and 5.4.5 approsemisite results may be obtaines by
sampling methods using the eouipment described in 4T di and ),

54.2 Flucwusting noise

For general use, and especially if the novsa i fluctusting, the
preferred instrument = the intégrating-averaging sound kevel
meler o thy sound exposure level metar in which cass the
assotiated maasurament time intérvals shall be recordad . Alter-
natively, sampling or statistical disuibution analysis can be
used.

E4.21 Sampling of the sound pressure level at 3 sampling
fate 1/A¢, over the ume interval £ = I

The A-weighted equivalent continuous sound plessure hevel,
LM Te i85 dherived using the formula

l LY
Laggr=101g [—; E 100! f-p»tr:l

o

whers

N5 the 1ot muimber of samples (h‘ =_r-‘,;_;1|):
i

Less is the sampied values of the pressure level, n
decibets;

AP 15 the tima interval between two adjacent samples
1aken by the instrument.

The sampling period may grestly influence the accuracy of the
result i not conveniently matched 10 the spproxamate bme con-
stant of the imegration giving the sound pressure level, &
sampling period less than the lime constant ol the complete
instrumentation will genersily give a good apptoximation 1o the
results obtained with 8 wue integration,

5.4.2.2 Use ol siahistical distribution by obsenang the
readings of the &-weighted sound pressure level &t fntervals af
tithe by & sampling techmique

Claze intetvalg Tor the sound pressure kevels should be chosen
according o the characler of the notse, n most cases an inter-
val of 5 dB will be appropriate

The A-weighted equivalent continsous sound pressure level,
L jpq 7+ i5 GErived using the farmula

\ -
- i z AL
f.‘n'r |'ﬂ'|ﬂ 100 I‘ “? *}
where
i the number of classes:

£, is thal percentage of the time interval lor which the
A-weighted sound pressure level is within the fimits of
class ¢

L, = the A-weighted sound pressure level corresponding
to the class-midpaint of clags § in decibels.



5.4.3 Steady noise

I the moise is steady over the period of inwerest the
measuremenis may be camied oul with 3 sound level meter
complying with IEC Publicanon 651, type 1 or 2. The frequency-
weightmg network “A™ and the time-wesghting S should be
usag

The reading is wEken 85 the aversge meter deflection i 1he
metér reading fluciuates over @ range of more than & o, then
the nolse canndtl be considerad sieady,

E 4.4 Sresdy npoize with stepwise variagtions of level

It the noise |z steady Dyl occurs 8t & number of clesrly
distimguishable values of sound pressufe levels, then the
separate levels can be measured a5 lor sieady noise and the
durations associsted with each level esn be determined, thus
permitiing the calcuanon of the equivalenl continuous
A-weighted sound pressure level, 1n decibale, by the formula

i
Ling T = 104g [? E 7,109, Lpa,

whhgra
T= Z T, is the towm! tme interval;

Loa; s the Aoweighied sound pressure level prevaiiing
during the time interval T,

545 Separate nolse events

When & noise environment is the resolt of 2 number of den-
uhable poise events, the sguivelen! continuous A-weighted
sound pressure level, modecibets; may be caiculated fiom the
sound expasurs levele of the indwidyal svents goeuring within
& time petiod T :

- i 3 LA
LniaT “”JI 3, 1 m_‘

L el -
wltel e

Lag) 13 the sound exposure jevel of the #'tn event in a
series of # eventt i 1ime pericd T, In seconos:

e =15

i 1he nouse conusts af & stocession of simblar disorete svenite
Ithal g, having equal values of §ound exposure levall it may be
measured Dy any of the methods given in 5.4.2 aver an inpegs
number af complete cycles of the noite.,

Angrmativety, the sound exposure level of a cycle of the noiss,
Lag, may firsi be measured by means of a sound exposurs ievel
meter, se= 4.1 b, and the reading Then converted 1o equivalent
continuous A weighted sound pressure level, in dechbels. by
the formuls

Lapqr = Lag * 10Ign - mlu[i]

s

IS0 1996/1-1982 (E]

wihere:
r iz the number ol Cycles oooureing in the time interysl T

rn.——ls_

8.5 Adjustments
The measurements destribed in this Intemational Standard are
designed 1o give @ reiable physical description of the en.

vironmentsl noise For sssessment of human reactions o noise
|t is sometimes necessany 10 make adjustimenis to The messured
values in order to srrive &1 8 more meaningful basis for the
gsseszment. When such adjusiments are made to § value of
equivalent continuous A-weighted sound pressure fevel it 1S
e ﬂllrlg byl L-’-I.T'

& Information to be recorded

In addition 1o the results of the acoustic messurements the in-
formaton m 6.1 shall be recorged and kept for reference pur-
poses. The information in 6.2 and 6.3 should also be recorded,
If relevant,

6.1 Measuremant technique

al Tyee of insirumentation, messurement NOCBdUrE and
any calculation employed

bl Description of the time aspect of thé measurements,
1.2, e reference andg megsufemen] TIME nervals, in-
cluding details of sampling, if used

el Positions of measuremeants.

6.2 Conditions prevailing during measurements
a3l Aimospheric canditions © direction and speed of wing,
rain; tempergiure al ground level ang other levels; at-
rmnsohenc pressure! relative hurmidity.

b} Natute and state of the ground botween niuse sourcels)
#nd measurement positienis]

ol Vanability of emission of noise sources

6.3 Qualitative data

Data such as the lollgwing may be sigrificant 1or the interpreta-
tion of the resolls -

al  Possibility of locaning the ongin of the nose,

bl Possibility of dentficavon of the sound source
€l Nature of the sound source

dl  Character of the sound,

gl Connotation of the sound.
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Acoustics — Description and measurement of

environmental noise —
Part 2 :

Acquisition of data pertinent to land use

0 Introduction

0,1 SO 1996 comprisas the following three parts -
Part 1 ; Basic quantites and procedures.
Far 2 . Acguisition of date pertinent to land usa.
Fan 3 Application 1o nodse [mits.

0.2 This part of 150 1995 describes methods to be used for
messuring and describing environmenmal nolse relevant to
peramnl land s,

The use of ditterart messunng methods, such as conmnuous
imegration, ssmpling techniques and measurements under
selected metsorological conditicn, ls considersd, Calculation
methods or scale model inveshgatons may aiso be ussed.

This part of IS0 1998 does not deal in detall with caloulstion
mathods, I, however, such methods are used 0 obtain data
pertingnt 1o land use; 12 important that the noise be described
I & way that is conestent with the mquinemens of this gari of
IS0 168,

The pumpose of thus part of 150 1998 i 10 provide methods faor
the acguisiton of datz for describing emvircnmantal noise.
Using thess data &8 a basis. suthoritiss may establiah a system
for selacting the aporopnate land use, es far 88 knvels of noiss
amm concemed, for & specified ares, or the sources of noise —
existing or planned — which are acceptzble with respect to
land use, axigting or planned.

This part of 150 1396 does mot give guidance on the estimation
of the overall uncerminty of tha results;, but this should be
considered in sach soecific case, | possibie.

It doea not specify noiss lmits.

1 Scopae and fisld of application

This par of 150 1956 cescribes methods for the acaurmon of
dum which provide descriotors that anabla

al & description of the envirpnmental nolse In 8 specified
areg of land 10 be made in & uniform way;

bl the compatibility of any land use activity or projecteq

activity 10 be assessed with respect to existing or predicted
oS,

2 References

IS0 19961, Acoustics — Description and messurement of
environimenial noise — FPart [ @ Beswc guantives and
procedures.

1EC Publication 651, Sound leved memrs.

IEC Publication 84, /ntegrating-aversging sound level merors.

3 Definitions

Far the purposss of thiz part of 150 1206 the definitons. given
m 150 1396-1 together with the fallowing definftions apply.

3.1 land use An exsting o intended use of & delineated
arsa of lamd.

3.2 roles zone : Region where the long-1erm sverage rating
level lies Detween Two specitied levels such as. for exampie
batween 65 and 70 dB. The norse zome number for this example
6570 48

3.3 receiver : Person or group of persons who are or who
are expectad 1o be axposed to smvironmental noss.

4 Acqguisition of data

For the purpose of scquisition of data relevar 1o fand use, the
fallowing besic Informaton s reguired |

al  peographical description of the arss under corsider.
ation;

11 Cross-references to specific cleusse. subwCliissa, atc. in 150 12861 appry 1o v first sdition Bublished in 1083
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&l descriptign of the main charactanstcs of the sources of
notse pertingnt 1o this area;

¢l  gescription of the stuation of the recejver, such as
location, occupation, use and features of the immediate
syrroundings,

NGTE = il possible nformation on  ewveding metsoroiogical
conditions in the area under cormederation should be given preferably
a3 swnancal information on wind speed and dinection, on precipnatnion
and 1emperature lincluding the occumence of ismperatUule inversions)
fow 2 fypices fime mierval, such 85 B year o any gthar suitable fime
miterval

4.1 Acoustical data

411 Genarsl

Basic acoustical dets are eguivaient continuous A-weighted
‘sound pressurg |evels ocetermined over the reference time
intervats and rating levels for the same reterence time inervals
with additional jnformation on the charactenstics of the noise,
if required.

412 Rating level

The rating level shall be oewrmined over reference ume
imervals relsted m the chersctenstics af the sourcels) snd
recahvers).

The rating level, (L4, rij, for sach reference nme interval, is
gven by the farmuls

(L iy = {LM.TFJ * K'Fr e KL2.-
whare

L jgo v}y = the aquivalent continuous A-weighted sound
pressure level during the /th reference time interval;

Ky, s & tone adjustrment zppiicable 1o the j1h referance
time intarval:

Ky i an impulss adjustmant applicable o the Ith
refarence time interval,

NOTE — (i tha tone o wmpulse characiamstics are presant for only &
pan of the reforence tme interval, the values of X, and K3 may be
adjusied 1o wke pocount of the duration

4.1.3 Tons ndiustmant, X,

If tonal components am essential cheracteristics of the sound
withir 3 spacified time interval, an edjustment may be applied.
for that tme interval, 1o the measured sguivalent continuous
A-weighted sound pressura level. The valus of this adjustment
shall be stated

NOTE — In some pracocal cases, a prominant 1onal Component may
e detacted in one=thind oot spactra if the lvel of & one-third octeve
band sxceeds the Wl of the adiacent bande by 5 48 o more, but &
narrow-band frequency snshess may be reqguired in order 1o delect
precissly the etcurmence of ore of mone (oMl COMPONENTS N @ Noese
signel, 1t 1onsl components are cleany Sudibls snd their presence can
b detected by 3 one-third octave anatysis, the sdjustmaent may be & 1o

(]

6 d8 It the components are only jusl deteciable oy the observer ang
demonsirated by namow-bend anafyiil, @n adugmnent of 2w 3 48
may be sporooriate.

4,14 Impulse sdjustment. &3

It imipulse is an essential characteristic of the sound within 8
specified time interval, an sdjustment may be spplied, for this
time Imerval, 1o the messufed egulvalent continucus
A-weighted sound pressure level, The value af this adjustment
shail be stated.

NOTES

1 A mwthod of describing the impulle chamnsciersoc of the sound
within the specified time (ntervad is 1o meesurs e ditference betwesn
the &-weighted sound pressurs level, determined with time-welgheng
craracmste | averaged over the sama ome interel, amd Lag. = The
solUnd pressurs weesls should be detemmined , Tha
charpcter of the noiss may be hurher llusiated by determimng he
peak level snd the number of impuisss durng & specified M interva'

1 For lwge-smpiiiude nose, such i3 the nose ganerzied by 30mc
booma. mining o querry bissl, Messurememiy with C-wsighting s
wsed in sorme countnes 0 aTaring the raTng level.

42 Meteoroloegical adjustment

To extrapolats from a valus of the egquivalent continuows
A-weighted sound pressure level messured under selected
meteorological conditions to & long-term value, & meteoro-
logicsl adjustment may be used (see 5.3 in IS0 1296-1),

4.3 Long-term average sound level

The long-term aversge sound level, L, , r. in decibels, for a
given reference time intarval, is given by the following formaula :

v
1
Llﬁ:_f_r' = 10"9 [:’r E 10“"’-!-11'1;
I A |

wharn
N is the number of samples of the reference time interval;
L pge, 7i; 18 the eduivaient continuous A-waighted sound
pressute level in the (th sample. n decibals,

4.4 Long-term average rating level

Tha long-term sverage rating level, L., [ r. in decibels. for 2

givan reference Bme interval, is given by the fallowing formula

)

i j

Laur=100g |5 E 100! e 7
L

whare
N is the number of samples of the refersnca tme inmerval|

(L i is the rating level in the /th semple, In decibels.



4.5 Parcentile laval

in some cases, it My be desirable t0 Oéscribe 2 noise situation
by the uss of both the sguivalent continuous A-weighted
gound pressure level gnd the distribution of A.weighed sound
pressure leveld. For thiz purposs. percentile evels such 28 Lo
L wnd Ls may be determined.

6 Detarmination of long-term average sound
leval and long-term average rating leval

E.1 Geaneral

ir gEreral, these guantities are determined from messuTements
and/or calculations. The resulm shall be recresantative of the
sound pressure level at 8 specified location. The messurament
technmque used, for exampis tha instrumentation, the number
of microphone positons, the number and dumtion of
megsyrement time Intervels, depends on the nature of the
sound sources and the receivers, and on the significance of the
resulty for land uss.

Resuits that inchede contributions from exceptionz sounds that
wre il typical for e nome recened ot s specified locaton shall
be stated sepsrately, il necessary

5.2 Instrumentation
Ses clause 4 in IS0 1996-1.

The instrumant used shall comply with the specifications hor
sound level metars. preferabiy ©i type 1, but at iast of Tvpe L
grven in IEC Publication 651, Inegrating-averaging sound level
meters shall be 25 spacified in [EC Publication BO4,

it & recording device le g, @ tape recorder, digital recarder. a1
|s used, its effect on the accuracy of the measurements thall be
taken into account.

5.3 Location and number of maasuremant
positions

£.3.1 Ganaral

The measurement of squivaient continuous A-weghied sour
pressurs levels shall ba carried out 8t those outdoor locations
thay &8 spprograte for the acoustcel descnpnion of the
envIoTment Lnder contideration  Ths measuremsnt positons
ghall be indicated on 8 Map.

The location and number of messurement positions will oepend
an the required spandl tesolution for the envirormant undar
considersthon,

The messurament positons may be

8l chosen 8 aoproximately squally soaced DORIoOnE Owver
tha ares under considerstion ie.g. &1 the inmreectmns of
grict lines on the map) — comours of equal ey of noics
can be drawn By interpolation between e points;

IS0 1996-2 : 1967 (E|

bl represantative of the sveragh level of 3 specilied rona ar
areg le.g. imking into eccount local sheelding effects
topographical features, eic.|;

¢l at locations which charsctarize the noise which resiis
from emissions by varous sources that can be idenvfea
the arga under considersnon: this allows nose ™ D&
detsrméned &1 other locatons n the amea by mesns of
calculations based on the propagation of sound.

5.32 Microphone position

The height of the microphons shall bs chosen sccording to the
sctull or expacred height of the receiver. In potentally bulit-up
sress, (he preferred measurement height shall be 3 to 11 m. in
all other cases, see 5.2.1 in 150 15561,

NOTE = By chooging (M grested massuramen] heeght, the inMusnce
of groumd sffecrs ana low barners i reduced end the reprodicidmy =
improved, but the messured level will generslly be higher than that
messured those 1o the ground,

In the cise of ocutdoor measurements nssl  bulldings.
measyrements shall be carmed out &t locations whene The nose
ta which 2 Sullding is exposed & of mierest. Uinkess otherwise
specified. the preferrsd messurement positions are ! to 2 m
from the facade, and 1.2 %o 1.5 m above each floor ievel of
nterest

It it is desred to minimize the Influence of reflecrigng,
measuremants should, whanever possible, bs made at lesst
3.5 m away from any reflecting structure or 0.5 min front of an
open window

NOTE — i messurarmants am mace | 1o 2 m i front of the facage of s
building snd the naise ectrym is of troag-Dand hype wih no
domenating namow band oF DUNE [one, N BEDAORIMAInon [ the ncioen
$oun? orissure levw may be sbiaipes by subtracting 3 dB from e
midayured wsive || megsurements 8 made in the ptame of e facage

‘gt st LB m from the sdge of the facate. o comections need Se

made. To characierize the affects of the wallk of 2 proposed Bullding.
e _goortion of 1 B 3 i et field vitues by Do uselyl n grdar to
gJEterTEng e sound prespure level nEar ThE wails

The. heights of the mictophanes shell be stated in the test
repoTL

The microphone should be gnentated to Be mMost unifarmiy
sensithve 10 the Inciden sound

£33 Location of grig points in an srea

The densmy of gno poINts N 8N 3fed JepEnds on e Spanai
resolution fequired fod the study CONCErNBd gnc the spana
vanation of sound pressure levels of the noise. This vananar 8
sirongest in che vicinity of sources and lsrge cbstacles. The
densiy of gnd points should. merefore, ba nigher in ese
pleces. In general, the difference »n sound pressure |evels
Datwesn adjacent gnd points shoyld not o greawer than 5 48
It ssgrificanty Pigher differences afe &ncountered. intermediate
pnd poines shall be yseg

£3.4 Locstion(sl represantathve of an aroe

It spatial varations of the sound pressure level ame small, or oniv
3 srrall areg it under copsidermion, location|tl may be wiectmt
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such that massursments will be representathe for the whole
grea. A preliminary survey may be useful to idemmify such
Ilncanonis),

£3E Locations used for the description of sources

I it ig desired 10 evaluate the contributions: of verious =sound
sources indhvidually of 22 2 class. messurement positions
should ususlly be chosen in the vicinity of esch of the sources
i order 10 reduce the influence of the othars.

The sound pressure level of the noise st the other positions can
be estimated by intarpolation and extrapolation, taking die
account of Bmenuation a3 & result of the geometrical spresding
of the sound, atmosohedc sbsorgtion, ground effects, screen-
ing effects, et

MOTE — The number of msasarament pogitione can be rediced when
irerpoldtion = possibls by mesns of & sultshie propegetion moosl
whith panmits the calculition of sound pressuis el of intermediate
SOStONE.

B4 Selection of time intarvals

6.4.1 Raference time intervel

For the selection of appropriste reference and massurerment
tima intervels, 1T may be necessary 1o investigete the nolse
situation over relstvaly long time periods during which survey
measurements may be wken.

Reaforenca time intenals shell be scecified 1o cover rypical
Human activities and variations in the operation of the sourcs,
8.g. density of traffic and working hours for industrial piants,

I retation to human activities, one raferance Time interval may
be chosen for the day and another for the night. Reference time
intervals for evenings, for weekends and for holidavs may also
be establehed,

Whan different human activities take place in & single roforence
Tima intarval, #n adjustment to the levels, 38 a function of the
ume &1 which thess activibes wmke place, may be introduced
whan determining the rating level for that reference rime
Interval. Any such sdjiuszment= and the time Intervals to which
they wers applied shall be recorded in the 1est repart

542 Long-term tima interval

For the purpose of land use, it is the responsibiity of the
cognizant autharity slso 10 specily tha long-term trme interval,
The chaice of the long-term time interval is related to the noise
control objective, the nature end activity of the recenver. the
operaticn of the sources and varistions in  propagation
conditions

NOTE = The lang-teem ome merval should be chosen &0 that lang-
LT varatiang ih noiss emission Bne coversd. [ will freauenthy ba of
e order nf ssvarsl monthin, If e noiss  sTuaton conscans] =
restrictad to 8 weil defined pert of thw vaar, or exsmple Jummartime
wiTh specaal BCEvITIES, The long- e fma intereal may D resincied 1o
that part of the year

§.4.3 Measurement tims intervals

E4371 Messurerment time intervals shsll be chosen so that all
significant variations of noiss emisson end fransmission are
covered Furtharmors, the choice of the meesurement time
intervals shall be such that the long-term averags sound levei or
rating leves j& ditarrmined with the desired accuracy

§43.2 If e noise displeys a clesr peripdicity, the
TeEsUraMEnt Hime inervals shall cover at least one period |f
continuous Mmeasyrements over this peniod cannot be mads,
Messurament time intervals shall be chosen o thet each
iopresents @ pan of the cycle and so thal. together, they
represant the cormmiate cycle,

If the sound pressurs level veries siepwise, the measurement
time intervals shall be selscted 0 that sgch represents & period
within. which the noise level may be considered to b
approsmately steady,

It the nosa verkes gt faRGoM, Measurement Tme insrvals shal
be chosan &= a3 to give sufficient independent semples 1o give
a significant esgmation of the long-term zverage sound level,

It the noiss iz of the flv-over or pess-by type (e the noise
varies dunng the fy-over and Is absent during & considerable
portion of the refersnce nme intervall, messyremsent Lime
imtervals shall be chosen so that the sound exposure level, £ ¢,
of the fiy-tver & pass-by can be datermined.

§4.3.3 To faciiitate the comparison of results, it may be
convenient 0 carfy Oul MeSsSUrEMENts Under  salectsd
meteorclogicai  condinone  which are  reproducitle and
correspond 16 Quits stEble sound propagation canditions, n
particilar, when there j§ one dominant soutcs, it may ba
convenient 10 choose metecroiogical conditions  which
comespond to enhanced propagation from the source to tf
tecenaer s/ or to The specified area and 10 2000 MERSUrSmen:
time inenvals cofresponding to the follewing conditions

— wing direction within an angls af = 467 of thae direcnon
connacting the centre of the domnant sound source dnd
the centre of the specified srea. with the wind biowing from
the source 1o the recaiver,

— wind speed betwean 1 and & m/3. messured at 8 height
af 3 10 11 m above the ground;

—  no strong temperdture Inversions nesr the ground,
= ng hesyy precipitation.

NOTES

| oanDulg Ehweys be pscertained that e wind noise g0 e
microphong Joes NoL inTerterg with ths MestunsTants,

2 Thers wil bs systematic differsnces Oetwesn the resufta of
MesSUreTaNTs under SalecTad meteorologicsl condivons and thosd
attaded under random memorologhcsl conditions. Compensation can
be mage. for thess sysiematic differances By The use Of 4 meleoin
iogical adiustmant of the ratng lewsl,



8.5 Acquisition of scoustical data

5.6.1 Genaral

Tha acoustical data are acquired dunng the messuremsnt Yme
interval, Two mathods can be Used 1o acquire tha dets (soe
552 8nd 553),

552 Continvous Integration

Iny this mathod, the messurement Bme interval covers the whols
referance time imervel except for tma ntérvats whera the
massurament conditions could leed to erroneous resufts, 8 0
In pericds of strong wird, heavy rain; or commbutions of nan-
tvpical nolss.

NOTE — Thim method gived the Maximum accurdcy but the e in
accufasy commened with that ObTRined with sampoling Techrigues
cannot dweve Be justibed in redstion o the incresse in the overall
misasuiemett afforts.

55.2 Sampling technigues

The long-term values of the sourvalant conminuous A-walghtea
sound préssura level end the reting level are calcylated from
samples of meassramant time intervals within the refarence
timee irmarval,

In this case. the total messursrment time mtarval will only be 3
traction of the reference tme intervel and will consisy of 2
number of distingt time intervals separated by Intervats whers
ng mEksurament 1§ performed,

5.6 Leng-term averags sound level and long-
term average rating level

Fram the tesufts obtained acconding 0 5.2 1o 8.5, the long-term
Fverage sound Bwvel <an De calculated as speciied in 4.3 and
thie lang-term average rating level can ba caiculated as specified
in&d

IS0 1986-2 : 1987 (E)

8 Pradiction of noise lavels

in many casag, the purposa of describing environmenial noise
1510 predict the noise arising trom plannead, but non-enstent,
Irstallations. such es industrial plants, and facilities for road. ar
and rail raffic.

Im guch situations. the probilems should be spproached thraugh
thie yse of zuitabis methods of calculation or by scale model

"vestgations,

As universally agresd prediction modsls do not emst, the
method sdoptad should be carefully described in asch casa.

NOGTE — Whan avaiisble, prediction mbdels accepmd by v
dutharrtes should b used.

7 MNoise zones, representation of results

In addition 1o reporting the results of measuremants of existing
emvircnmantsl noiss and e resultm of calculations of nolss
from projectad activites, 3 presentaton in terms of nose Tones
may be usetul. |t 5 recommanded that contours Indicating
boundsres batwesn rones In multiples of §dB be used
Raterarce 1o zones should be made by quonng the upper and
Hower nose limits, n decibel.

if the different zones are wentified on 5 map of the area under
consideration by mesns of colours or hatching, i oW
recommended that the combination of coiours lor hawching)
and cigeses specified in table | be used.

NETE = In some cases: || may De Sulficiant Io s # Tone wetth o
10 4B In sich cated sodaurs e Batohing) =5 specibed = Saga 4
shioubt b e

Tahble 1
th:;m Colour Harohing
Balow 15 Light gresn Sl points, iow demsity
Ewd Grear Medium poinm. redium density
& a5 Dari groen Big moint. figh demsime
4% 1o & Vellow Yertical lines. low dersite
Stec S al-uh Wertesl ines. medm densty
55 to B0 QrEnge Verticsl lined. high density
5 o B Cinngpat Cross-hatching. low dansty
L Carmina Crogs-namohing, madiurm  craity
000 TH Liac rea Cross-natehing, migh dens.y
5w A& Blum Broad wvertical smipes
80 10 86 Drack oiue Coamgmesy Dlack

Tabla 2
""":a“'" Coiour Hatshing
Bolow 45 Girmweni Madium pominT, medum donsity
LR ¥ il Varpcal lnes, ow densimy
Eaw Orange Vernical lines gh densiny
LB T Rea Crom-htching, mediury deraity
TG 1o B8 Biue Broaq vemesl emmpos
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The detalls and scale of the map depend on
— lhe size, structure and use of the ares considered,
—  the object of planning llarge-scale decision on location

for new sources and new racaivers, changa in land uss, final
decision on the jocation lor new receiversl;

~ stage of the planning procadurs
The noisa mag shall be esmabiished on an officisl map, of &
given scale, dispisving melevant demis of buildings, traffic
installstions, industrial arsas, agricultural aress, vegetation and
contours of height above ssa level,
The mepping shall be parformed sithar by displaying the sreas

of aqual noise rones of by drewing their contours or by 3
combingtion of anes contours.

The map should show the locations wheny date wers messured
(O} or calculated (X1

8 Information to be recorded

8.1 Measuramen: technigua
The following information shall be recorded :

al tha type ol instrumentstion, messurement procedure
and any calculstion used;

bl ‘& description of tha tima sspect of the maasuremants,
i-e, the reference Bnd messumament time intervals, including
details of sampling. it used;

el  massurameant positions.

B.2 Conditions prevailing during measuremasants
The following information shall be recorded

al meteorological conditions described by two sEm of
data -

11 queinemve data, swch as ramy, anrdy, dry, wei,
cloudy, sunny, ac.,

2] guaniitabve déta. suchas

— the direction and speed of tha wind, messured in
such & way that the dats are repressntathee of the
soung propaganon from the sourcs to the receiver
during the messurement tme interval  unless
otherwise specifisd, thess massurements should be
made. outdoors in the open country 31 3 naght
betwsen 3 and 11 m above the ground,

— thermal gradient, if requined. messured DEtwean
T-and 71 m above the ground,

- reigtive humidity;

Bl the nature and state of e ground Between noise
sourcalsl and massuremant position(s):

£l tha variability of smission of noise sources.

8.3 Quelitative data

The follwing information shall be recorded :
Bl the purpcsa of the measurements and/or calculations;
bl & description of the sound sourceist.
¢l & description of the recsiverisl,
dl the cheracterstcs of the sound;

& e connotaton of the sound;

b=

for 50 ares or zona
— tha notsa zones and tha noiss map, i required,

— where spplicabls, mierpolstion of extrepalation 10
other positions, Including & description of the sound
propagation modsl used:

g! geographical parameters of the ares or location;

Rl the Bnd use {exiating end planned).

E.4 Quantitative data
The following infarmation shall be recosded |

ah - the egurqalant continuous A-weighted sound precsu
lgveis for sach referance time inerval;

bl the rating levels for each reference time Interval;

el the ong-tefn average sound level ang, 1 possible. an
estimate of the vanability, preferably the stmndsrd teviation
of the messurements over tha refersnce time intervals tor
the stated conditiors together with the number of
massuramens. e formuls and the guenity used:

gl the kong-term average rating level and. if possible. an
estimate of the vanability, preferably the standard deviation
aver the refersnce time intervals for the stated conditions
togethar with the number of measuremeants. the formuls
and the guantity Ussd.

9 Informatian to be reported

The tess report shall commin relevant data from clause 8
together with 5 raference to this part of IS0 1936 |ue
1S0 1996-2)



A repon on prediction of levels should also include the
{oliewing informanon :

a8l adescription of the sound propagation model used of
tacilities for measurements on scale modets;

bl locatons and festures characterzing the notse emitied
by the source, a.g. wraffic intensity and characteristics,
sound power level, frequency spectruns;

£} the sound attenuation and reflections by the walls of
bulidings and bamers:

iSO 1998-2 : 1987 (E)

dl the sound sbsorption i the s

8l conditions of sound propagation (absorption by the
ground, trees of shrubs, buildings, etc.);

fl  mewsoroiogical conditions sdopited;
gl locationisl of receivers):

hl  positonigl and sound powar levells) of the sourcels)
consenad.
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Foreword

180 Ithe Intématonal Organization for Sandardization] 5 a woridwide federation of
national standards bodres (150 member bodws!, The work of preparing Intemanonal
Standards i& normally carred aut thraugh |SO technical committees. Each member
body Imerested In & subject for which 8 technical commities has besn established has
the right 10 be represented on that commitiee, INlematonsl organizations, govern-
mental and non-governmental, n lzson with 150, also wke part m 1he work

Ciratt Imamational Srtandards adopied by the techmcal commitiees are circylated 16
the member bodies for approval before their scceptance es |ntermational Standards by
the |50 Council, They are spproved In 2ccordance with 150 procedures requiring &t
lsast 7S % approval by the member bodies voting.

Imtemational Standard IS0 1996-3 was prepared by Technical Committes ISOITE 43,
ACOUEncs,

IS0 1896-3 wgether with 150 13961 : 1282 and 150 1996-2 - 1987 cancel and replace
IS0 Recommandanon J 1996 : 1371, of which they constitute 3 techmecal revisian.

Users should note that all Internatioual Stanoards underge révision fram time 1o tme
ana that any reference made hemn to any ather International Standard jmples =
f@eer edimon, uniess otherwise sialed

Internstional Organization far Standardization, 1987 @
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INTERNATIONAL STANDARD

ISO 1996-3 : 1967 |E)

Acoustics — Description and measurement of

environmental noise —

Part 3:
Application to noise limits

D Introduction

0.1 IS0 1998 comprises tha following three pans
Part 1: Basic quannties and procedures.
Part 2 ; Acquisiton of detm pertinent to land usa,

Farr 3 ; Application to nouse fimits.

0.2 This partof 150 1296 lays down guidefines for the ways
in which notsa limits should ba specified and describes pro-
cedures to be used for checking sompliance with such limits. 1t
is assymed that nolss limits are established by local suthorities
according 10 These guidelines and are embodied in noiss fimitl
ragulations to which reference is made,

For cartain types of sources of noise, more detalled procedures
may be used, for exampls those specified in IS0 3897 far air-
craff nomse. IS0 3851 s consistent with the requirerments of
IS0 1998,

This part of IS0 1996 does not specify naise himitz

RAeference should be mada to ISQ 1993 for shuations wharg
noise mMady, cause heannhg imparmeant

1 Scope and field of application

This part of IS0 1558 |lgve down guidelines for the specifisation
of noige limits snd deéssribes methods for tha scquisition of data
that enable specthe rome stustions to be checked for
compliaree with specified noisa limits

2 Refarences

IS0 19961, dcousmcs — Description and megsyramernt of
environroental noise — Pemt Vo Bamc guanties anyg

procedures.

IS0 1996-2 Acowstcs = Descriprvion and messurement of

envirarumeinl nofse — Parr 2 0 Acgursition of dete pertiment o
larsd use.

[EC Publication 851, Sound hivel morters.

IEC Publicanion 804, /reqranng-2veraging sound leve meters.

3 Dafinitions

For the purposes of this part of 150 1996, the dofinitions given
in 150 12961 apply.

4 Specification of noise limit requirements

4.1 Ganeral

MNoisa limits are specifisd in terms of eguivalen! continuous
£-weighteo sound pressure levels or reting levels during tme
Intervais znd &t locations approprists to specific Noise sources
and conditions

Meoise imits may be set by nattonal or local authorities on the
basis of general considerstions of compatibility with human
activities and land use, taking into sccount the results of survéy
rrsagurements, i available. Such iimits may depend on many
factors such 2s the time of day, the aétivities 10 be protected;
the type of noise source, and chmatic, socigl and economic
factiors,

Noise fimit regulations have 1o compriss & number of basic
slements  which, In combination, defing uniguely the
Cifcumstances under whith compiience with the regulations
can be venfied. Thess slements ame a5 follows

2] noiss descripror;

Bl relevant tima intesvale

¢l the sources and their conditions of opsmtion, where
APPIOpraTe;

di lpcations whers the noise limits have 19 De verified;

¢! memorpiogical corditions, where appropriate;

i criteria fo! assessment of compliance with the limio
These slemants are dascribed In more detall in 4.2,

MOTE — For control and enforcament purpoted, 11 may be approprats
io specity fimits for srmesion by inchidust sources o groupigl &f
SOUTCEs.
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4.2 Specification of noise limits
42,1 MNoisa descriptors

The preferred nose descnptorn=for the specificstion of noise
lirizs 15 the eguivalent contimunus A-waghted 20und pressuns
level ot Taning level dunng given feferenca ime.inmenvaiis), It
notse Umits ae soecfied m terms of rating levais, the
procedures to be used for gelermining the vels shall be
specified. Limits that apply 10 noise events may be spegifiea in
terms of sound exposure level

1 addimonal fems are spacified i ferms of other descripiors,
the procedures for getermiming such values shall be specifing

NGTES

1 For farge-ampliiags note. such aE fe nose generited by ssnic
booms. mimng Or Guarty blist messurertons. anth C-wimghiing e
BB N ECITE COUNTNE T Jetermine the ranng level

2 00t provees impoasinie 1o Ting Ipeationg whern the noian bom 8
SOUrSE CIN De meEsured in scianon, imits may be soecified in torms of
the sount powes level &f the souwrcs Mathods foe Ssiermining this
puaniity, should then be specified 1Tor exemple o secordance with
IS0 3744 o 150 37481

4.2.2 Relavant tima Intarvaie

The referance tme [ntervals shall be chosen o t=ke into
account fyprcal human scovines and venations in the operanon
of the noise source.

Noise jeveis trom the sourcels) under considershon may vary
strengly 3t the locations selectad. [T may then be necessary 1o
Cary Oul messurements. during a numbai of reterence lme
imenvals - 1o estaslish & represantative lono-term average sound
level of lohg-1emm ratirg igvel, The number of samples of the
referance Gme intenval reauired will depand on the menge of
yaration,

Tha fong-ferm mierval shall be chosen 100 L3ke NI ICCOUNT
varanons o sOufce emussion and sound propagston. For
styations wriere Lariapons of the ecaived sounc pressute
levels ar mainly datermined by meisorclogical conditons, o
where amutted nalse vEHes N @ complex manner, this hme
intarval may be from one week 10 One year,

4.2.3 Sound sources and their opersting conditions

The sourcels] 1o which the noiss Imits apply shall e specified.
logather with thedr conditigns of operation.

NOTE — Spacul nowme mits may be fpecifing for pencds turmg whch
R SAUTE M KnowWe 1D emill unusual bypes Or level of nosse 2.5, when
i SOAUTCE /& LIOHTGoING TAMIBRGENCE

424 Locations

The lpcstions whare the noise limits have (o be mat zhall be
clearly specified. They shall be appropnate for the
measuremen; of the nolss amimed by the sourcels! under
consceraton. The heght of the microphong 3bove the ground
anall pe specified (see 150 19095-1 and 150 199621

If these locations are subsequently found 1o be unsuitable tor
megsurgment of [he nome emitted by the source under

CONSICETENON, - 3gditional posmons shall be specifieo whers
such measurements can b8 made (checx ponts! homsa iimis 3
the eheck points shall be gerrved from the leyele specified 31 the
lnrtial locations.

NOGTE — Whner specifymg fimis, e ymporasce of  certmn
tEnEistion oathg should b considersd. This may be of soecial
imponzEnes for esiabisking imits for indool tecefves positions i g
rinET=EOn Frough open or Scsed CoorE and winidowil

425 Meteorologicsl conditions
4251 General

For outdoos transmission, changes in meteorslogical condi-
tienz may influence the recelved noise level If the distance
beETween INE SOUNCe and The receEwver 18 about 30 m or more. fn
$uch cases. the noisa Imits shall ba besed on an Sverags veiue
lor either all relevant meteorelogical conditions or for specifisa
metearological conditions only.

Since, for igentical pamerms of nolse, the long-term average
livel will be differant for the Twa c2ses, the noise limits should
ba fixed sccordingly.

Referance may be made 1o one of the Two s outlinad In
4282 and 4253

4.252 Averaging of laveis for all meteorclogical conditions

In this case, the nowme limite refer 1o nowse levels averaped for sil
redevan! mateorciogical conditions.

The messuremeants shall be made 81 tmes such that the resufts
will be representative lor the range of metecrological condi-
one for the site Under conmdergtion. T he long-tenT aversge
lerwvel may b calculsted from the indnedudl resuing, (1 reguires
shier weighning each result with & factiyr represanting the
traction of the long-term bme interddl duting wheh the
coresponding metecrological conanions preveiled

NOTES

1 Under censin metsorologecal conditions; [ may b diMicult 10
deterrine e woeci foie of e soume ynowr conssteration if Mers
jg msyuMicent fiffeence Deteeen the levels of s specifc nowse and-
the. residual noise

2 Thiy echnigue hae the advantagd thal I2 1akes im0 acocount both
YEMATONE Jue o i porpICal CondTinng and vanatony in thl souTes
emission

4253 Deermination of [evels in spacified metearological
conditiong

Iy this cass. the nowse limits refer 10 nowse levels in specfied
mewearglogical conditions. The msteceoldgical conditions in
wihich measurements are 1o be cemed out shall be specified,

NOTES

| The conginons specred wil usualy be Toss 197 which Me nose
vty 57 the locationy whess the nose limin Fave 10 De complined wath
gre the Pighest In this case. the specified wing diecoon should form
an angie of besy than 45% with the diiecticn fram the source 1o thess
locanons.



Mezsureimants during STong terrpaTaIure Inversions neal the ground
shiould, htwewes, e svgided

2 Care should De T3hen 1o snaure At the specilied meteoroiogcal
cionditrons over 3l tehevan]. souree apeRing condifions.

4.2 6 Criteria for assessing compliance with limits

in order 10 Assess compllence with & nose limin, 10 will, in
general, be nacessary 10 consider the sverage of 2 number of
messurements and ther statstcal diswbution. MNose lmun

regulations should indicate how fhis information should be
used tor assessing compliance wilh the limits

§ Checking compliance with limits

5.1 Instrumentation

The instrumentation &nd e calibration shall comphy with the
requirements gven m 150 19961

£.2 Locstion of measurement posttions

Measuramants lor verificstion ol complisnce with noise limits

shel| be camed out at the postions and af the slevalions.

specrfied In fhe noise fimet regulgtions

5.3 Measurament time intarvals and
metsarological conditions

heasuremen:s shall ba made aver (he time intervals and in the

meteorciogical conditions specified in the relevant nose liry
regulatons,

6 Presentation of results
The results shall be recorded In 3 1egon of the investigation of
compiignce with Aoise imds wieh shall nclude at lsast the

tollowing infammaton

& the reglevant section of the noiza limic reguigtong In
quisstion;

1SC 1998-3 | 1967 (E}

bl the date snd tme ol MBssurements:
¢l (e location of messulement positons:

di  the instrumentation used, gemiis of 115 calibranon ano
the types of analyses camed out;

gl memorclogical condifions ouring the messurements
|wind direction. wind speed, relative humidity, TeMperanre,
réceni precipmationl.

I operating and loeding conditions 6f the sound sourceis!
Unger considaranon;

gl resiirs of all acoustic messurements ar calcutgbane of
tha noise fram the mein source under conmsdaration;

Kl noise due to othar sources. iF significant

il enycalcul2ton methods ussd in avalugtng the messurs-
meents:

/I fesylts and interpretation frorm a0 scoustical point of
Vi

k] sny other information reguired by the nois limi
reguiations.
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Acoustics — Guide to International Standards on the
measurement of airborne acoustical noise and evaluation

of its effects on human beings

0 Introduction

The problems associaled with the messyrement of nose and
evalustion of itz effects ara of mcressing importance 1o the
commurnly, Not anly 10 specialls: 0 acoustics, bul alsd 103
large number of mdivideais with mora limited expenence in this
fheld.

Although nose-messunng  eqQuUIDMENT IN COMmMOn Use |s
reiatively simple 10 operate; a programme  of  noise
measyrements and the evaluation el the results obteined
should be carefully planned. The correct methods, scales and
units should be chosen and & number of precautions should be
ohserved in order thal consistent results may be oblained.

This International Stancgand outiines some of the basic prob-
lems assaciated with the measurement of nolsa and evaluation
af its effects on human bemgs and presents a summary of the
methods in comman use and of the methods specified in othet
miernational Standards..

1 Scope and field of application

This Imematioral Standard describes the penaral procedures
for the measurement of noiss and evaluation of its effects on
Puaman beings.

It is intended as an introduciion 1o the more specialized instruc:
fions contaned in standards describing methods for scoustic
measurements and evaluations, specific test codes and mner-
pretation procedures pubiished by natonal and international
standardization bodies,

2 Classification of noise problems
2.1 Mozt noise problems may be classified ag follows -

211 Problerns gssocsted with the determenation of the
amount and character of nose emifled by one Of More Noise
sourses, or Wwith the prediction of the performance of one or
more riokse sources wnder specified conditions.

For problems of this. group, the purpose of the noise
fEasurements s 10 dalermine same physcal guantity, usually
the sound pressure bevel a1 2 cartain point of e sound power
jewel of the sourcei{s] The character of the nose may be
gescrived by the frequency spectium and dependence an Time
of these levels and oy the character of the sound field,

2.1.2 Protlems sssocialed with the evaiuation and prediction
of the different effects o noise on human oeings,

For probekems of thes group, the purpose of the noise
messurements g 10 obiin 3 gQuamity thal relates the
megnitude of the sound stimulus 10 the effect of the noise on
& human being, be it an individual or a smalier or larger part of 2
group.

2.2 Brosdly spesking, the problerns of 2.1.1 are mainly con-
cemed with the generation and ransmmission of noise, whereas
the problems of 2.1.2 are mainly concemned with the receptan
of nomse. It & emphasized that these two categories are not
mutually exclusne, because a particular noise problem is
usually related o both categories. For example. the purpose of
many noise GbaTemant projects is to reduce the nolse emitled
by & source 10 & level 3t which the influence on human beings
of the noise recehved is tolerabls,

3 Classification of differant types of noise
The character of & nolse may be described by s frequency
spectrum, the vananons of level with time. gnd the character of
the sound field. Many naises have 3 continuous Spectrum, |_g
the Lound erergy is Ather evenly distributed over 2 large pan of
the audible frequentcy range. In some cases, discrete tones are
clearty audible in me nose,

The noises mos! frequently ancounterec n practite may Le
classifieg according 1o the following charactensuc features

3.1 Freguency spectrum
3.1  Cominuous spectrum

312 Specurum with sudible discrels 1ones

3.2 Dependence on time

3.2.7 stesdy noise : A noise with nezugibly small Nuctua
tons of levet within the penod of obser. anon

322 non-steady noise ; A nose whose level shills
significantly duning the period of observaton
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42 Noise problems of 2.1.2

The general prablem © 10 determine the effects of noise on
penphe.. These effects cannol be messured directly with cur-
rantly avaiiable physical instruments, byt the methods mention-
ed i 4.1.3 can be ysea o collect information tram which ap-
proximate measures of noise on human beings can be cbtainea
as destribed In claues 5

E Ewvaluation of the effects of noise on
human beings

5.1 Quantities to be determined

Amaong the quentities describing the effect of noiez an human
beings are

al the loudness level (L) of ne noise;
b} the perceived noize level [Layl of the noise:

€l the risk of damage 10 the hearing mechanism caused by the
s

dl the degree of annoyance and interference with human ac-
tvities (for example, speech communicetions, work, test ar
sleap| coused by the ncisa.

£.2 Methods of determination of the effects

Quantives charscienzing the psychophiysical eHects cannot be
measurad directly with cumently available mstrumentation,

The best solytion would be 10 present the noisa 10 a sufficiently
large and representatively selected group of persons placsd in
exacily the same physical , psychological and social situation as
the pecple on whom the influence of the noise should be
predicted, By observing the responses of the members of this
group, N would be possible to extract information on the ef-
fecie of the nomse in gquestion, This is, however, 3 very cumber-
some angd time-consuming mathod which can only be used in
very special situations where Information of a fundamentai
nature 15 réquired,

These subjective massurements may, however, be replaced by
objective measurements when it is possible o relste some
physical properties of the noise 1o & scale for rating subjective
effects. This would generally only be possible if & thorough
knowleage of the influence of many physiclogical,
psvchological and socis! factors on the elect of noise on
human beings were a1 hang, N1 s, howevet, emphasized That
present knowledge of the effect on human beings i very
limited, "Conversion methods™ relating physical properties of
noize 10 subjective effects are svailable only |n special cases.
Some of the conversion methods commonly used are de-
scriped below. The basis information is obtained by objective
measuremants as described in 4.7.3 and 4.1 4.

Generally, results abtained by the survey method are of kmiteg
value for the évaluation of the effects of noise on humen be-
Ings. In many cases, 3 knowledge of the spectral distribution of
the noise enefgy is feguired, La. the engineering or precision

method shiould be used. In ofther cases, the supplementary in
formation feguired on the nome situaton |distributon of levels
o flucluating nolse, duration and regetitlon rate for inlermmil-
tent ang jmpuisive notse, chamecte: of background notse etc.) ks
anly obtainable by the pregision method,

8.3 Methods for relating physical properties of
noise 0 an approximate measure of subjective
effects

The conversion may be caried our by computation of by an
slectic network with spacifisd charactenstics included in the
megsurmg instruments or by a combination of these methogds,
Az & rule, the results are only valid in a fimited range of situa-
tions for which the procedure is created, Bven within this range
they aré generally of an approximate nature only,

627 Loudness lavel and loudness

Thi lGudness feved 1L ) in phons of B sound signal is defined a=
the sound pressure level (re 20 UPa) of & standard pure tone of
1 kHz which is judged by 8 nommal abserver under standardized
listening conditions as being equally louglZ!,

The loudness (V] in sones i 2 numencal designation ol the
strength of & sound which s proporional 1o s subjective
magniiude 85 estimated by normal observers, Dot sone 5 the
loudness of & sound whose loudness level is 40 phonsidl.

Merhods for approximate calculation of loudness levet and
loudness of steady noise are given in IS0 53241,

The datz reguired for the calculstion sre the band pressure
leveis of The noise measured In 173 or 1/1 ociave banos

NOTE — The best sgreement between the results obtained by calculs:
ban gngd those obilained Dy ireCl subectve Messurements SCCONing
o the definitions is cbiined for siesdy noise signal having sDeciia
wihout prominent namow Deske |n some ceses, discrepsncies of
seversl phons may be found bitween calculatec values of IOudness
level and velues messured sccording (o the definition,

[z15 obtained by sound level measuremants, especially with A-
weighting network, have been tound usstul for rank-ordering
of porses with respect to loudness level as long as the notses
are of @ similar character. It is emphesized that the values &0
messyred are not those of loudness jevel, but of A-weighted
soung level expressed in decibels.

5.3.2 Perceived noise level and noisiness

The percenved noise level (Lpy) of @ sound sigral in decibels i
dafined s the sound pressure level ire 20 UPa) of #n octave
band of frontally presented noise centred on 1 000 Hr subjecti:
vely Judged to have the same percerved nosiness as the signal
under fest.

The nominess in Noys is 8 numencal designation proportional 1o
the subgective magnilude ot the nuisance of a noize. One noy =
the percetved nosiness of & nose whose perceived noise leve|
iz 40 dB.



The method tor the caiculanon of perceved nome level 5 gven
I 150 38911 Tha method & developed 1o describe g+s 3t
rosEs

The daia required for caiculston of perceived Nose kivel are the
1/3 octave bang pressure levels of the noise. When it s e
guired 1o aliow lor the presence of audible giscrete lones the
procedure i modified '8 arid the result is called tong-correcied
perceived nolse kvl (Lygy, If, turther, it s desired o takenio
sccount the duration of the overllight @ procedure is used
wiiich, in effect, sums the values of L+, obtained 51 0.5 5in-
tervats: the resull s cafied effeclive perceved niise kel
Ilgpel. A smnphe direct method Tor ApRroximate messurerent
of perceived nose vl uses the D-weighling networkl= in e
measuring chsin and the formuls Lo, = Lo+ Twhere 505
the D-weighted sound jevel, This procedure does nOl provide
for discrete Tone comechaon.

In most cases. A-weighted sound level may be used for the
rank-oroering of noses with similar charactertsucs with respect
10 percerved nose level,

B33 Annoyance caused by noise

The problem of rating nokse with respect 1o annoyance an the
bass of physical measurements is so complicated that present-
oay knowledge aliows only a very epprosimae salution. Some
#spects of the problem are considersd in ISO/R 1896'6L which
provides @ basis for the esmablsbmant of permissibile s Ioe
noses M Vanous SUALONS by the relevan reguintory
auUTthortes.

Tha method described is valid for esumaton of community
TESpONSE 10 Mnse Doth gutsde and inside residential premses.
offices, business stores, restaurants and workshops, e1c.

Secording 1o ISO/R 199681 steady noise without sudible
disctets tones B rated by the sound level A. For stesdy noise
with audtble discreze tones. flucIuaTmg. NTermiment naise and
cartain sors ol mpuisive momes, the level of sTeady nome
Iwithout audible discrete 1onesl which [ recumad 1o causs the
S3mMe COMMUnIty response as the noise under iest = celcuisted
and used for The ranng.

Whasre cofmective massures are reguired, it may be necessary 1o
perform the rating of the nomse by mesns of & s&1 of noise raung
curves [sse ISO/R 1396'%) on the basis of messuremerts of
band pressure levels.

514 |Imarisrence with speech communication

Imerference with speech communication caused by the =Diss
mmary De estimatad by calculating @ facior calied the arbeumnon
index. From this index, the spesch jntstlligibility in the pressnce
of the notse may be derived, The band pressure level of the
nose & well a5 other iInformation s required for The cacula
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ton. The detailed calculation procedure s describad n the
acousticsl Imtawre The procedure 15 complicated and the Des:
values ja oblzined for steady home signals with Droad bang
SDECIrE.

A simpier mathod besed on messuremants of band pressure
levels in the octaves centred on 500,71 000, 2 000.and 4 000 Hz
15 8is0 used. The average of These band pressure levels £ callac
the. Speech iterference Levad (SIL| a2  defined 5
ISO TR 33s21z,

5.4 Assessmen! of occupational noise for
hearing conservation purposes

The susceptibility 10 damage of the heanng mechanism causea
by nomse expOsUTE vanes considarably betvwesn ndividuals and
caEnnot be predictad in each case. Therefors, when permissibie
limits for noiss-axposure Bre set, they should be selscied and
inerpretea  consenvineely. The problem s considaned N
IS0 19297 which gives & procedurs for the evalustion of the
sk of hearing impeirment from noise-exposune 10 pErsOns #1
wiork, Imformstion on the sound kwai A and durstion of the
noise 2ng the exposure guring & Typical working week s used to
calculate the level ol a steady noize considered 10 be equally
hazaroous 10 hearning,

5§85 Geaneral remarks on evaluation procedures

It is clear from this briet résumé thatl the complicated nature of
the physitiogical, psychological and physiCal processes makes
it impossible 1or & single, simple Mmethod 1o be applicabie 10 all
types of nome problems.

Under some conditions, the survey metnad will yelg oata o
great value in pssesming the effect of @ nomse stimules on fuman
beings.

The engineenng and precisions methods are, however, of far
wide! applicability. Fromn the date obtsined Dy wsing These
methods, i's possible 10 calculste with reasonable accuracy
some guaniities that are ralsted 1o the psychophysical eftect of
the noise on human beings.

This inlernational Standard summarizes a numbet of the bettas
estzblizhed usages concerming the measurements of notse ang
evaiuation of its effects on human beings. |t does nof clamm ™
cover all cases nof 10 include ceran procedures whieh aie
ungder the |ursdiction of other authoriies. Althougn the
methods gescribed here are Ncompiels in SOMe Fespects. they
will be found useful In many practical casss whare action such
as setling noige limits is reguired

N is necessary that curenl ang fulure ressarch wad 1o
refinements of these mathods. To aveng unnecessary prolitera-
tion snd duplication, il is strongly recommended that smphate
bath in ressarch and practice be placed on the methoc:
described in thit Intemational Stangarg
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