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This booklet deals with environmental noise — for example, noise from industrial
sites, road and rail traffic, airports and fairgrounds. It does not cover related is-
sues such as building acoustics, building vibration or domestic noise. Neither
does it cover human response to vibration nor industrial uses of sound and vibra-
tion measurements. Please contact your Briiel &Kjaer representative to receive
further information regarding these issues.

While we have made every reasonable effort to present an up-to-date overview of
standards, practices and methods, we cannot guarantee that we have covered all
relevant aspects. Please consult your local authority to obtain further detailed in-
formation pertinent to your country, state, region or area.

Briiel &Kjeer would like to thank DGMR Consulting Engineers bv, The Hague, The
Netherlands, for their assistance with the text and illustrations in the Environ-
mental Noise Propagation section and the Calculating Noise Levels (Noise Predic-
tion) section.
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Introduction

News stories related to environmental noise problems abound. Some stories are
dramatic, most less so, but huge effort and great sums of money are often invest-
ed in conflicts involving environmental noise.

Environmental noise is a worldwide problem. However, the way the problem is
dealt with differs immensely from country to country and is very much depend-
ent on culture, economy and politics. But the problem persists even in areas
where extensive resources have been used for regulating, assessing and damping
noise sources or for creation of noise barriers. For example, huge efforts have
been made to reduce traffic noise at source. In fact, today’s cars are much quieter
than those manufactured ten years ago, but the traffic volume has increased so
much that the effect of this effort has been wiped out and the annoyance level has
increased. Manufacturing quieter cars might have eased the problem for a period
but it certainly hasn’t removed it.

There are no worldwide estimates of the impact and cost of environmental noise.
However, one prominent example covering most of Europe does exist —the Euro-
pean Union’s Green Paper on Future Noise Policy (1996).
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The Green Paper estimates that, in terms of the number of people affected by
noise, 20% of the population (i.e., 80 million people) suffer from unacceptable
noise levels that cause sleep disturbance, annoyance and adverse health
effects. An additional 170 million citizens in Europe live in areas where noise
levels cause serious annoyance during the daytime

In financial terms, environmental noise costs society an estimated 0.2% to 2%
of the Gross Domestic Product. Even the lower of these figures represents an
immense cost

Environmental Noise Protection

Noise protection programmes differ from country to country. Legal requirements
are not identical, techniques and methods differ, and political focus varies. How-
ever, there are common aspects to the work of all environmental noise officers.

Planning new developments of residential areas, industrial sites, highways,
airports, etc.

Handling complaints from citizens, either during the planning process or
afterwards

Assessing the compliance/non-compliance of noise sources (industrial
plants, fairgrounds, airports, highways, railroads, etc.) according to regula-
tions and legislation

Within any of these major areas of work, the environmental officer can be called
upon to perform many tasks including:

Making measurements in the field
Assessing noise from specific sources
Calculating expected noise levels
Mapping noise levels

Introduction 5
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Introduction

¢ Preparing reports for citizens or decision makers
¢ Archiving and retrieving data
e Acting as an expert witness

These tasks are demanding and, considering the extent and significance of noise
pollution, a proper level of understanding of the issues is required, not only from
professionals working in the field but also from decision makers and citizens.
This booklet is designed for all.

The booklet presents the problems that arise when working with environmental
noise and current solutions. Unfortunately, space prevents us from dealing with
each subject in depth. We cannot, for example, cover national and regional legis-
lation in detail. However, we have done our utmost to provide a comprehensive
overview of the most important issues. Please feel free to contact your local
Briiel & Kjeer representative to learn more.

REGULATIgN
OFFICE

Regulation Noise reduction 000107




What is Sound?

Sound may be defined as any pressure variation that the human ear can detect.
Just like dominoes, a wave motion is set off when an element sets the nearest par-
ticle of air into motion. This motion gradually spreads to adjacent air particles
further away from the source. Depending on the medium, sound propagates at
different speeds. In air, sound propagates at a speed of approximately 340 m/s. In
liquids and solids, the propagation velocity is greater — 1500 m/s in water and
5000 m/s in steel.

Typical Noise Levels

Compared to the static air pressure (105 Pa), the audible sound pressure varia-
tions are very small ranging from about 20 pPa (20 x 1076 Pa) to 100 Pa.

20 pPa corresponds to the average person’s threshold of hearing. It is therefore
called the threshold of hearing. A sound pressure of approximately 100 Pa is so
loud that it causes pain and is therefore called the threshold of pain. The ratio be-
tween these two extremes is more than a million to one.

A direct application of linear scales (in Pa) to the measurement of sound pressure
leads to large and unwieldy numbers. And, as the ear responds logarithmically
rather than linearly to stimuli, it is more practical to express acoustic parameters
as a logarithmic ratio of the measured value to a reference value. This logarithmic
ratio is called a decibel or dB. The advantage of using dB can be clearly seen in
the illustration on the next page. Here, the linear scale with its large numbers is
converted into a manageable scale from 0 dB at the threshold of hearing (20 pPa)
to 130 dB at the threshold of pain (~100 Pa).

What is
Sound?

What is Sound?
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Our hearing covers a surprisingly wide range of
sound pressures — a ratio of over a million to one.
The dB scale makes the numbers manageable
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Perception of Sound

We have already defined sound as any pressure variation that can be detected by
the human ear. The number of pressure variations per second is called the fre-
quency of sound, and is measured in hertz (Hz). The normal hearing for a healthy
young person ranges from approximately 20 Hz to 20000 Hz (20 kHz).

In terms of sound pressure levels, audible sound ranges from the threshold of
hearing at 0 dB to the threshold of pain at 130 dB and over. Although an increase
of 6dB represents a doubling of the sound pressure, an increase of about 8 -
10 dB is required before the sound subjectively appears to be significantly louder.
Similarly, the smallest perceptible change is about 1 dB.

Significant
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Just Noticeable
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10 What is Sound?

Frequency Weighting Curves

Our hearing is less sensitive at very low and very high frequencies. In order to ac-
count for this, weighting filters can be applied when measuring sound. The most
common frequency weighting in current use is “A-weighting” providing results of-
ten denoted as dB(A), which conforms approximately to the response of the hu-
man ear.

A “C-weighting” curve is also used, particularly when evaluating very loud or very
low-frequency sounds.
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Adding and Subtracting Sound Levels

Adding Sound Levels

If the sound levels from two or more sound sources have been measured sepa-
rately, and you want to know the combined sound pressure level of the sound
sources, the sound levels must be added together. However, due to the fact that
dBs are logarithmic values they cannot just be simply added together.

One way to add dBs is to convert the individual dB values to linear values, add

those together, and convert back to dB using the following equation:
L L
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An easier method is to use the curve below and the following procedure:

L, A
dB
’ Example:
L, =55d8B
Ly, =51dB
ALp = 4dB
L, =1.4dB
’ \ Lpresul( =55+1.4=56.4dB
1.4dB
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0 5 10 15
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1. Measure the Sound Pressure Level (SPL) of each noise source separately
(Lplv Lp2)'

2. Find the difference (AL) between these levels (L2 = Lyp).

3. Find this difference on the horizontal axis of the chart. Move up until you
intersect the curve, and then look at the value on the vertical axis to the left.

4. Add the value indicated (L,) on the vertical axis to the level of the noisier
noise source (L»). This gives the sum of the SPLs of the two noise sources.

5. If three or more noise sources are present, steps 1 to 4 should be repeated
using the sum obtained for the first two sources and the SPL for each addi-
tional source.

Note that a difference of AL = 0 corresponds to the situation shown in the previ-
ous illustration where 3 dB was added to the level caused by one source alone. If
the difference between the two sound pressure levels is more than 10 dB the con-
tribution from the quietest source can be discarded.



Subtracting Sound Levels

Sometimes it is necessary to subtract the background noise from the total SPL.
The correction for background noise can be done by subtracting background
noise (Lphackground) from the total noise level (Lop) using the following equation
or curve:

L

ptot Lpbackgroun%
10
g

_ g 10
L = 10 Oog10 * —10
O 0

presult

If AL is less than 3 dB, the background noise is too high for an accurate measure-
ment and the correct noise level cannot be found until the background noise has
been reduced. If, on the other hand, the difference is more than 10 dB, the back-
ground noise can be ignored.

L
dB A
6 Example:
\ 2
5 Aprackgrcund ; 7dB
L = 1dB
4 Lot =60—1=59dB
3 \
2 N,
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2 3 4 5 & 8 9 10 dB
7dB
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14 Types of Noise

Noise is not Just Noise

At home and at work, we often hear noise from ventilation or heating systems that
is hardly noticeable because it has no prominent features. The noise never stops
and has no tone, but if the fan suddenly stops or starts to whine, the change may
disturb or even annoy us. Our hearing recognises information in the sounds that
we hear. Information we don’t need or want is noise. Noise features that make us
listen and take notice are tones or changes in sound level. The more prominent
the tone, and the more abrupt the change in sound level, the more noticeable the
noise.

When measuring noise, we need to know the type of noise so that we can choose
the parameters to measure, the equipment to use, and the duration of the meas-
urement. Often we need to use our ears to pinpoint the annoying features of the
noise, before making measurements, analysing and documenting them.

Continuous Noise

Continuous noise is produced by machinery that operates without interruption
in the same mode, for example, blowers, pumps and processing equipment. Meas-
uring for just a few minutes with hand-held equipment is sufficient to determine
the noise level. If tones or low frequencies are heard, the frequency spectrum can
be measured for documentation and further analysis.

Intermittent Noise

When machinery operates in cycles, or when single vehicles or aeroplanes pass
by, the noise level increases and decreases rapidly. For each cycle of a machinery
noise source, the noise level can be measured just as for continuous noise. How-
ever, the cycle duration must be noted. A single passing vehicle or aircraft is
called an event. To measure the noise of an event, the Sound Exposure Level is
measured, combining level and duration into a single descriptor. The maximum
sound pressure level may also be used. A number of similar events can be meas-
ured to establish a reliable average.

Impulsive Noise

The noise from impacts or explosions, e.g., from a pile driver, punch press or gun-
shot, is called impulsive noise. It is brief and abrupt, and its startling effect causes
greater annoyance than would be expected from a simple measurement of sound
pressure level. To quantify the impulsiveness of noise, the difference between a
quickly responding and a slowly responding parameter can be used (as seen at
the base of the graph). The repetition rate (number of impulses per second,
minute, hour or day) should also be documented.



Tones in Noise

Annoying tones are created in two ways: Machinery with rotating parts such as
motors, gearboxes, fans and pumps often create tones. Unbalance or repeated im-
pacts cause vibration that, transmitted through surfaces into the air, can be
heard as tones. Pulsating flows of liquids or gases can also create tones, caused
by combustion processes or flow restrictions. Tones can be identified subjective-
ly by listening, or objectively using frequency analysis. The audibility is then cal-
culated by comparing the tone level to the level of the surrounding spectral
components. The duration of the tone should also be documented.

Low Frequency Noise

Low frequency noise has significant acoustic energy in the frequency range 8 to
100 Hz. Noise of this kind is typical for large diesel engines in trains, ships, and
power plants and, since the noise is hard to muffle and spreads easily in all direc-
tions, it can be heard for miles. Low frequency noise is more annoying than would
be expected from the A-weighted sound pressure level. The difference between
the A-weighted and C-weighted level can indicate whether there is a low frequen-
cy problem. To calculate the audibility of low frequency components in the noise,
the spectrum is measured and compared to the threshold of hearing. Infrasound
has a spectrum with significant components below 20 Hz. We perceive it not as
sound but rather as pressure. The assessment of infrasound is still experimental,
and is presently not covered by international standards.
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16 Environmental Noise Propagation

How loud is a 10-ton truck? That depends very much on how far away you are,
and whether you are in front of a barrier or behind it. Many other factors affect
the noise level, and measurement results can vary by tens of decibels for the very
same noise source. To explain how this variation comes about, we need to con-
sider how the noise is emitted from the source, how it travels through the air, and
how it arrives at the receiver.

The most important factors affecting noise propagation are:

¢ Type of source (point or line)

¢ Distance from source

e Atmospheric absorption

e Wind

e Temperature and temperature gradient
¢ Obstacles such as barriers and buildings
¢ Ground absorption

e Reflections

e  Humidity

e Precipitation

To arrive at a representative result for measurement or calculation, these factors
must be taken into account. Regulations will often specify conditions for each fac-
tor.



Types of Source

Point source

If the dimensions of a noise source are small compared with the distance to the
listener, it is called a point source, for example, fans and chimney stacks. The
sound energy spreads out spherically, so that the sound pressure level is the
same for all points at the same distance from the source, and decreases by 6 dB
per doubling of distance. This holds true until ground and air attenuation notice-
ably affect the level.

For a point source with sound power level, Ly (see section on Environmental
Noise Parameters and Terminology), located near the ground, the sound pres-
sure level (L) at any distance (r, in m) from that source can be calculated from
the equation:

L, = Ly—20log(r)~8 dB

Line Source

If a noise source is narrow in one direction and long in the other compared to the
distance to the listener, it is called a line source. It can be a single source such as
a long pipe carrying a turbulent fluid, or it can be composed of many point sourc-
es operating simultaneously, such as a stream of vehicles on a busy road.

The sound level spreads out cylindrically, so the sound pressure level is the same
at all points at the same distance from the line, and decreases by 3 dB per dou-
bling of distance. This holds true until ground and air attenuation noticeably af-
fect the level. For a line source with sound power level per metre (Ly/m) located
near the ground, the sound pressure level (L)) at any distance (r, in m) from that
source can be calculated from the equation:

L, = Ly—10logo(r) -5 dB

000091
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18 Environmental Noise Propagation

Barriers
The noise reduction caused by a barrier depends on two factors:

1. The path difference of the sound wave as it travels over the barrier com-
pared with direct transmission to the receiver (a + b — ¢, in the diagram).
2. The frequency content of the noise.

The combined effect of these two is shown in the diagram. It shows that low fre-
quencies are difficult to reduce using barriers.
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Barrier attenuation for a typical screen is shown in the next diagram as a function

of barrier height. A barrier is most effective when placed close to the noise source
or receiver.
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Atmospheric Attenuation
This is a complex subject and can only be summarised here. The reduction of
noise as it passes through air is dependent on many factors including:

Distance from source
Frequency content of the noise
Ambient temperature

Relative humidity

Ambient pressure

The first two factors mentioned above are the most influential and are shown in
the diagram below. To summarise, low frequencies are not well attenuated by at-
mospheric absorption.
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20 Environmental Noise Propagation

Wind and Temperature

Wind speed increases with altitude, which will bend the path of sound to “focus”
it on the downwind side and make a “shadow” on the upwind side of the source.

Why Measure Downwind?
At short distances, up to 50 m, the wind has minor influence on the measured
sound level. For longer distances, the wind effect becomes appreciably greater.

Downwind, the level may increase by a few dB, depending on wind speed. But
measuring upwind or side-wind, the level can drop by over 20 dB, depending on
wind speed and distance. This is why downwind measurement is preferred - the
deviation is smaller and the result is also conservative.
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Temperature

Temperature gradients create effects similar to those of wind gradients, except
that they are uniform in all directions from the source. On a sunny day with no
wind, temperature decreases with altitude, giving a “shadow” effect for sound. On
a clear night, temperature may increase with altitude (temperature inversion),
“focusing” sound on the ground surface.

i

Decreasing Temperature Increasing Temperature

000339

Environmental Noise Propagation 21



Influence of ground surface at 100m distance between
source and receiver. Source and receiver height 2m

22 Environmental Noise Propagation

Ground Effects
Sound reflected by the ground interferes with the directly propagated sound.

The effect of the ground is different for acoustically hard (e.g., concrete or water),
soft (e.g., grass, trees or vegetation) and mixed surfaces. Ground attenuation is
often calculated in frequency bands to take into account the frequency content of
the noise source and the type of ground between the source and the receiver. Pre-
cipitation can affect ground attenuation. Snow, for example, can give considera-
ble attenuation, and can also cause high, positive temperature gradients.
Regulations often advise against measuring under such conditions.

Hard Ground
——— Mixed Ground [ =~
Porous Ground

Ground Attenuation (dB)
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Noise at the Receiver

Reflection

When sound waves impact upon a surface, part of their acoustic energy is reflect-
ed from it, part is transmitted through it and part is absorbed by it. If absorption
and transmission are low, as is generally the case with buildings, most of the
sound energy is reflected and the surface is said to be acoustically hard. The
sound pressure level near the surface is therefore due to direct radiation from the
source and sound arriving from one or more reflections.

Typically, the level 0.5 m from a plain wall is 3 dB(A) higher than if there was no
wall. Regulations often require the exclusion of the effect of reflection from re-
ported results (free-field conditions).

Open and Closed Windows

When at home, some people like to keep their windows closed — because of cli-
mate or tradition. Disturbing noise in the environment is then attenuated by the
building, typically offering 20 — 30dB of protection (facade sound insulation).
Windows are often acoustically weak spots, but can be improved with special de-
sign.

In other countries and climates, people are used to having their windows open
and experiencing the full effect of environmental noise. Regulations for environ-
mental noise, therefore, must take into account both the way dwellings are con-
structed and the way they are used.
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Identifying Noise Sources

Noise assessment is generally about evaluating the impact of one specific noise
source, for example, the noise from a specific production plant. This is not always
an easy task. In practically every environment, a large number of different sourc-
es contribute to the ambient noise at a particular point.

000084

Ambient noise is the noise from all sources combined - factory noise, traffic
noise, birdsong, running water, etc.

Specific noise is the noise from the source under investigation. The specific noise
is a component of the ambient noise and can be identified and associated with the
specific source.

Residual noise is ambient noise without specific noise. The residual noise is the
noise remaining at a point under certain conditions when the noise from the spe-
cific source is suppressed.

This terminology derives from ISO 1996 and is commonly used. The term back-
ground noise (not used in ISO 1996) is also a common one but should not be con-
fused with residual noise. It is sometimes used to mean the level measured when
the specific source is not audible and sometimes it is the value of a noise param-
eter, such as the Lpg( (the level exceeded for 90% of the measurement time).

In the context of building planning, the term initial noise is used to denote the
noise at a certain point before changes, for example, the extension of a produc-
tion facility or the building of barriers, are implemented.

A variety of methods are used to assess specific noise, many of them described
in this booklet. These methods can range from the drastic, such as the shutting
down of a production plant to isolate the residual noise, to sophisticated systems
that include simultaneous and correlated measurements at several points close
to and away from the source. The measured noise is often recorded on a Digital
Audio Tape (DAT) recorder or directly onto a PC in order to identify and docu-
ment the noise source.



Measuring Noise

Objective measurements of sound levels are an indispensable part of any environ-
mental noise protection program. Environmental noise levels vary greatly — noise
is often impulsive or contains pure tones. In addition, disturbances from extrane-
ous sources of noise — be it barking dogs, flyovers, or children playing — must be
handled one way or another.

Standards and regulations specify which parameters must be measured, and in
most cases they also prescribe how to set up measurement equipment and han-
dle various factors such as meteorological conditions. On top of this, certain
“good practices” exist. The result of a noise assessment is never simply a figure
such as 77 dB. It is the value of specific parameters or indicators obtained under
known and documented conditions.

Getting an Average

Assessing a fluctuating noise level means getting a value for a level that is, in sim-
ple terms, the average level. Eyeball-averaging using a moving-coil instrument is
a method of the past. The L,5, i.e., the level exceeded for 50% of the measure-
ment time, is now only rarely used as an average value.

The “equivalent continuous sound level”, the Leq, is known across the globe as
the essential averaged parameter. The L is the level that, had it been a steady
level during the measurement period, would represent the amount of energy
present in the measured, fluctuating sound pressure level. The Leq is measured
directly with an integrating sound level meter. L¢ is a measure of the averaged
energy in a varying sound level. It is not a direct measure of annoyance. Extensive
research, however, has shown the Leq to correlate well with annoyance. It is ob-
vious, though, that a noise level acceptable on a Wednesday afternoon may be
distressing early on Sunday. Corrections for time of day may, therefore, be ap-
plied.

Measuring

Noise

LS
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26 Measuring Noise

Using Statistics

An analysis of the statistical distributions of sound levels is a useful tool when as-
sessing noise. The analysis not only provides useful information about the varia-
bility of noise levels, but is also prominent in many standards as the basis for
assessing background noise. For example, Lg, the level exceeded for 90% of the
measurement time, is used as an indicator of background noise levels while L
or Ls are sometimes used to indicate the level of noise events.

7 Day or Two Hour Measurements?

Measuring noise for the complete reference time interval is ideal. This could
range from two hour to week-long measurements. Longer periods such as month
and year-long measurements are sometimes used for good reason. In such cases,
alog of values obtained every second, minute or quarter of an hour is used to ob-
tain a time history of noise levels. However, long-term measurements can be ex-
pensive and difficult to manage. Assessments are often based on taking
measurements of representative samples and piecing together the results into a
complete overview. Working out a full evaluation from representative samples is
indeed a daunting task. State-of-the-art software can automate the process pro-
viding accurate and reliable results efficiently and cost-effectively. However, if
regulations impose absolute limits on maximum levels, a continuous monitoring
of sound levels is necessary.



Broadband or Frequency Analysis?

The Lgq or, better, the Ly, (the A-weighted equivalent continuous sound level) is
the most important parameter. Broadband measurements, i.e., measurements
covering the whole of the audible frequency range, are made using the “A” fre-
quency weighting when assessing environmental noise. It is good practice to al-
ways state the applied frequency weighting. Noise with distinct tones, for
example, noise from fans, compressors, or saws, is generally far more annoying
than other types of noise. This annoyance factor is not taken into account in a
broadband measurement. A spectral analysis may be needed to assess annoy-
ance. Pure tones can be assessed subjectively, as the human ear is good at detect-
ing tones. Regulations often require an objective measurement of tonal content
as well. In practice, this is either done by 1/3-octave analysis or narrow-band anal-
ysis (FFT - Fast Fourier Transform).
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28 Measuring Noise

Where to Place the Microphone

Legislation often specifies where measurements should be made, for example at
property boundaries or at a complainant’s property. Other factors also need to
be taken into account when measuring because sound levels vary at different
heights above ground level. They will also vary depending on the distance be-
tween the measurement point and facades and obstacles. These requirements
must be noted and applied.

This will often mean making measurements:

e away from facades

e away from obstacles

¢ downwind

¢ in dry conditions with a wind speed of less than 5 m/s
e with the microphone 1.2 — 1.5m above ground level

However, measurements can be made at the facade or at other specified heights
(the European Union is considering making 4 m the standard).




Is Calibration Necessary?

It is common practice to calibrate sound level meters using an acoustical calibra-
tor before and after each series of measurements.

What you actually do when calibrating is check the instrument’s sensitivity at one
specific frequency and sound level (usually 1 kHz and 94 dB). Some think that this
is unnecessary because state-of-the-art instrumentation and microphones are not
affected very much by temperature, static air pressure, or humidity. While this is
true for high-quality instruments, calibration data should always be reported for
anything but survey measurements for three reasons:

1. Calibration assures that a day’s work is not lost. Any transducer or instru-
ment failures are detected on the spot

2. Calibration data is required by legislation and standards

3. Extreme environmental conditions can affect results

For professionals, the sound level meter and the calibrator go together. But to en-
sure continuing accuracy, and for validity in court cases, more detailed calibra-
tions and checks are required.

Calibration and Certificates of Conformance

All reputable suppliers of sound measurement equipment issue a Certificate of
Conformance (COC or MCOC) with each instrument. This states that the instru-
ment complies with published specifications and applicable standards. Such a
certificate must not be taken to be a certificate of calibration. Certified calibration
of a sound level meter (or a sound level calibrator) is a full examination of the in-
strument’s conformance to relevant standards. The calibration certificate con-
tains all test results, information about calibration uncertainty, location and
conditions of calibration, and a traceability statement. It is important that all
measurements have the proper traceability according to national or international
standards, and that the calibration laboratory is accredited. To ensure this, con-
tact a laboratory working under the internationally recognised accreditation
scheme, for example, the European Accreditation. Sound level meters and cali-
brators used for legally binding measurements of environmental noise must be
calibrated annually or biannually at an accredited calibration laboratory.

Calibration
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Rating Level
(Annoyance
and
Penalties)

The annoyance due to a given noise source is perceived very differently from per-
son to person, and is also dependent upon many non-acoustic factors such as the
prominence of the source, its importance to the listener’s economy and his or her
personal opinion of the source. For many years, acousticians have attempted to
quantify this to enable objective assessment of noise nuisances and implement
acceptable noise limits. When large numbers of people are involved, reactions
tend to be distributed around a mean, and the Rating Level (L,) parameter has
been developed in an attempt to put a numerical value on a noise to quantify its
annoyance in relation to the general population.

Source: National Danish Consumer Agency

The Rating Level is defined in the ISO 1996-2 standard (see section on Internation-
al Standards). It is basically a measure of the noise exposure corrected for factors
known to increase annoyance. It is used to compare measured levels with noise
limits that usually vary depending on the use of the property under investigation
(see section on Assessment). The basic parameter is the A-weighted equivalent
continuous sound pressure level or Lpgg.

The formula for the Rating Level is (in general terms):

L= Lyeq+Ki+Kp+Kp+Kg

where:

K| is a penalty for impulses

Kr is a penalty for tone and information content

KR is a penalty for time of day

Kg is a penalty (positive or negative) for certain sources and situations
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ISO 1996-2 states that the Rating Level has to be determined over reference time
intervals related to the characteristics of the source(s) and receiver(s). These ref-
erence time intervals are often defined in national/local legislation and standards.
The way to measure and evaluate the penalties is different from country to coun-
try, but the basic principles are the same and are described in the next section.

Soundscapes - Environmental Sound Quality

Current research into the relationship between the source of noise and its reac-
tion focuses on many issues, one of which is the concept of soundscape design
where the subjective pleasantness of urban soundscapes is compared to physical
parameters in much the same way as in product noise design.

Soundscape design combines the talents of scientists, social scientists, architects
and town planners. It attempts to define principles and to develop techniques by
which the quality of the acoustic environment or soundscape can be improved.
This can include the elimination of certain sounds (noise abatement), the preser-
vation of certain sounds (soundmarks) and the combination and balancing of
sounds to create attractive and stimulating acoustic environments.
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Assessment
(Limits)

Reference for this section: Regulations for
Community Noise, Dieter Gottlob, Noise/News
International, December 1995

32 Assessment (Limits)

Rating Level L, — How Much is Too Much?

International standards describe how to determine the Rating Level L, but do not
set legal limits. These are regulated individually by country or local authority. Dif-
ferences in lifestyle, climate (outdoor activities, open or closed windows) and
building design make international harmonisation of noise limits impossible.

000133

Example of the Use of Noise Zones

Planning Alterations

Recuperation

MG EE]

Industrial

Three Applications of Limits
As an example of national regulation, the Swiss use three kinds of limits:

1. Planning values for new, industrial, transportation or housing areas
2. Limits at dwellings for alterations or new installations
3. Alarm values to identify areas for high priority noise abatement

Zones similar to those in the figure above are used universally, and specify differ-
ent limits depending on the type and use of the area under investigation.

Two Types of Limits

Absolute limits are used in most countries. They compare the Rating Level L, to
a fixed limit such as 50 dB(A).

Relative limits are used in, for example, the UK. They compare the Rating Level L,
to the background noise, measured as Lgg.



Industrial Noise

Almost all countries use the Rating Level L, according to ISO 1996 when assessing
industrial noise. However, in Japan, the Lsj is used, while Belgium uses Lgs. The
limit is normally in the 50 — 55 dB(A) range.

The Rating Level L, is calculated from L4, the equivalent continuous A-weight-
ed sound pressure level, with adjustments (penalties) Kt for tonal components
and K; for impulsive noise.

The reference time periods vary from country to country. Some use just day and
night, some combine day and night, and others have resting periods as well. Dif-
ferent assessment procedures are used for each reference time period.

A loudest time period is used in some countries to penalise intermittent noise.
The duration of this period ranges from 5 minutes to one hour, depending on the
country.

Reference Time Periods

(loudest period) (loudest period) (loudest period)

Austria 6-22(8h) 22-6(0,5h)

Belgium 1h 1h 1h
7-23(1h) 23-7(1h)

Denmark 7-18(8h) 18-22 (1h) 22 -7(0.5h)

France 7-20 6-7 20-22 22-6

Workdays: 6-7, 20—
22

Germany 6-22 (16 h) Weekends: 69 22-6(1h)
13-15, 20-22
Hong Kong 7-23(05h) 23-7050 | 000112
6-22 22 -6
6-18(8h) 18 -24 (4h) 24-6(2h)
Netherlands 7-19 19-23 23-7
7-18 18-22 22-7
Switzerland 7-19 19-7
7-23(1h) 23 -7 (5min)

The penalty for tones varies between 0 dB (no penalty) and 6 dB. Some countries
use a single penalty value of 5 dB, while other countries use two or more steps. In
most cases, the presence of tones is determined subjectively, but objective meth-
ods are increasingly used. These methods are based on 1/3-octave or FFT (Fast
Fourier Transform) analysis.
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The maximum penalty for impulsiveness can vary up to 7 dB between countries,
and both subjective and objective methods are used. The objective methods are
based on the difference between a fast reacting and a slower reacting measure-
ment parameter (e.g., between Impulse and Fast A-weighted levels) or it can be
based on the type of source, using a list enumerating noise sources (such as ham-
mering, explosives, etc.).

Penalties for Tones and Impulsiveness

Country Ky dB K, dB

Australia 2or5 2or5

3 if Laimax — LaFmax < 2dB

Austria 3o0r6 .
5if Laimax ~ Larmax 2 2dB

Belgium - Laimax — Larmax if 2 4dB

Denmark 5 5

3, 5 or 10 depending on duration

D > and Lapmax ~ Laeq
Germany 3o0r6 LaFreq ~ Laeg
Hong Kong 3or6 3

- 5
Netherlands 5 5
Switzerland 2,40r6 2,40r6

5 5




Road Traffic Noise

Road traffic is the most widespread source of noise in all countries and the most
prevalent cause of annoyance and interference. Therefore, traffic noise reduction
measures have the highest priority.

Limits for Road Traffic Noise

Country

Australia L1o. 18N

LUBES Laeq 50-55 40-45

Canada Laeq 55 50

Denmark Laeq: 240 55

France Laeq 60-65 55-57

Germany Lr 50-55 40-45

Netherlands Laeq 50 45 40
Laeq 60 50

Sweden Laeq: 240 55

Switzerland Lr 55 45
Laeq 55 42

Laeq is the preferred noise index, but Rating Level L, and percentile levels L,
and Ls are also used.

For dense traffic, it can be assumed that L;( is about 3dB above Lpeq, and Ls
about 1 — 2dB lower. Assessment is carried out using various reference time in-
tervals depending on the country. These intervals range from one 24-hour period
to three separate intervals for day, rest and night. Generally the night limits are
the most difficult to fulfil. The table shows the planning limits for new roads in
various countries. The limits are often above the level of 50 — 55dB(A) recom-
mended by WHO (World Health Organisation), so the expansion of “grey” areas
is inevitable almost everywhere.
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Rail Traffic Noise

As with road traffic noise, LAeq is the preferred index for rail traffic noise. In some
countries, Rating Levels are calculated from Ly, by subtracting (normally) 5 dB,
the so-called railway bonus.

In Japan, Lagy.x is used for the Shinkansen high-speed line. Generally, using max-
imum levels as the only limit has the disadvantage of disregarding the number of
trains.

Assessment is carried out using various reference time intervals depending on
country. These intervals range from one 24-hour period to three separate inter-
vals for day, rest and night.

The noise limits for new lines in residential areas vary between 60 and 70 dB. In
some countries, the railway bonus is included in the limit values.

The railway bonus is based on social surveys from several countries, comparing
the annoyance from road and rail traffic. The effect is more pronounced at higher
levels.

% highly annoyed
100
Annoyance vs. Noise Level o ol
Air
80
GO e
Road -1.-__ 3
40 M
20 -
- Rail ~
------------- 5
0 ‘ |
40 50 60 A |
Lpy dB (A)
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The above graph shows dose-effect relationships for air, rail and road traffic. The
percentage of highly annoyed persons is plotted against Lpy levels (Lyeq with a
10 dB penalty for night time exposure between 22:00 and 07:00). It illustrates the
lower annoyance caused by railway noise and the higher annoyance caused by
air traffic noise, compared to road traffic noise for the same value of Lpy. Due to
the large spread of the underlying data, the graph is for illustration only.



Aircraft Noise

The most important tool for noise control at airports is noise zoning for land-use,
planning and noise insulation programs. Noise from commercial aircraft is only a
problem around airports as this is where aircraft converge at low altitude and
high engine power. Increasing air traffic and city expansion will exacerbate the
noise problems, while aircraft noise reduction, traffic and flight path restrictions
can alleviate them. As a last resort, existing dwellings can be protected against
noise by improving windows and roofs.

Zone Limits for Aircraft Noise

No Insulation No new
restrictions measures dwellings

Country

Australia

Canada

Denmark

France

Germany

Netherlands

New Zealand

Norway

Switzerland

<55

>70

<62 >72

All limits are shown as Laeq, 241 values

Noise contours are used to show the extent and location of noise problem areas.
The number shown with each contour indicates the noise level exceeded within
that contour. Superimposed on a map, and compared to noise limits, they pin-
point areas in need of noise reduction measures.

Noise footprints show the noise contours for a single aircraft or class of aircraft.
Noise footprints can be calculated from noise data for each aircraft and take into
consideration flight path, aircraft operation and landscape features. They serve
to assess the present and projected noise impact and help plan noise reduction
measures.

Noise contours around an airport calculated using
INM (Integrated Noise Modelling) based on previous
noise measurements.

55 - 60dB = Light blue

60 - 70dB = Dark blue

70 - 75dB = Red

75 -80dB = Green

80 - 85dB = Yellow

> 85dB = Pink
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38 The Measurement Report

One of the most undervalued aspects of evaluating noise is the reporting of re-
sults. Quite often, only marginal data, such as a few discrete dB values, is report-
ed. Consequently, important information is missing, making report interpretation
difficult. The level of detail in a report must be consistent with the purpose of the
report to its readers. To make a full and coherent report you need to pay careful
attention to the actual situation under which the measurement is made.

Standards and recommended practices are a great help when making a measure-
ment report. The following standards lay out the framework for what information
you must record and what information you are recommended to record.

ISO 1996 states that the following information must be recorded:

e Results

e Measurement technique

e Type of instrumentation used

e Measurement procedure used

e Calculations used

¢ Prevailing conditions

e Atmospheric conditions (wind direction and speed, rain, temperature,
atmospheric pressure, humidity)

¢ Nature/state of ground between source and receiver

® Source variability

e Calibration data

e Measurement date, start and stop time

e Number of measurements made

¢ Description of the sound sources under investigation

It is also advisable to include additional information such as:
e The purpose of the measurement

e The standard used

¢ Equipment used, including serial numbers

¢ Map showing position of sound sources, relevant objects and observation
points

It is also important to write the report in an easy-to-understand, readable style.
Depending on your target audience, the use of graphics, sketches, and illustra-
tions can sometimes help to explain the data. In other cases, text and figures will
suffice.



If you produce many measurement reports, it is vital that you carefully archive
your data. Structured bookkeeping may prove essential when old data must be re-
trieved for comparison with new data. A number of professional PC-software
packages fulfil contemporary bookkeeping demands. Import of data from meas-
urement equipment, preparation of structured reports, easy archiving and re-
trieval of data, and direct printing and exporting facilities are made easy with
these software programs, saving the professional acoustician valuable time.
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Calculating
Noise Levels
(Noise
Prediction)

|

i

- - 000088
Calculating noise levels at a receiver point or from
one point to another often requires a computer due to
the vast amount of data generated in real-life situa-
tions

Noise levels at a receiver point can be calculated instead of being measured. In
addition, noise propagation from one measurement point to another can also be
calculated.

In the following cases, calculation is preferable and may be the only method prac-
ticable:

e Where the levels to be measured are contaminated by high background
noise, for example, when determining the noise from an industrial plant in
the vicinity of a busy road

e  Where future levels need to be predicted

e Where alternative development and noise reduction scenarios need to be
compared

e Where noise contour maps need to be produced

e  Where there is limited access to the measurement position

Calculation is normally performed in accordance with a recognised standard al-
gorithm. This is usually determined nationally, or by industry sector, and often
depends on the type of source.

The algorithms are often source-related, limiting them to use with just that par-
ticular source. An exception to this rule is the internationally accepted ISO 9613
standard that determines levels at receiver points based on the sound power lev-
els of identified sources. Being defined in sound power levels makes the standard
independent of source type (although there are limitations regarding highly im-
pulsive sources and those with high speed).

Noise Noise level
Propagation at the
Model receiver/grid
- Step 1 |:| Step 2 |:| Final
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The algorithms are all based on a two-part model where the source is modelled in one part and
the propagation (from a reference point to the point of interest) modelled in another to give the
noise levels at the point of interest
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The algorithms have normally been verified by numerous measurements and
over a range of test case scenarios and allow accuracies (uncertainty) of 3dB,
similar to that achievable with measurements.

Although more advanced methods are available, most standardised algorithms in
widespread use are empirical and based on simple rules of physics. In fact, many
of them can be implemented with pen and paper. However, with the large number
of calculation points and sources normally encountered, computers are used, en-
abling faster calculation, analysis, presentation and reporting.

Calculations are made using a computer model of the environment with defined
noise sources, topography and features that affect the propagation of the noise
to (receiver) points of interest. One or more calculation points are put into the
model and the computer is then asked to evaluate the noise levels in the model.
Normally, long-term Ly¢, levels are calculated although octave-band levels may
also be available.

The Algorithms

The algorithms are basically easy to understand. The sound pressure level at a
point caused by a noise source of a particular strength can be determined by the
following equation:

Lp =Ly + D+ Gy~ Apropagation

where

L, Equivalent noise level at receiver point in dB

Lw Sound power level of source in dB (ref = 1 pW)

D, Directivity correction in dB if the source does not emit sound
equally in all directions

Cp Correction in dB if the source is not always active. For example,
the long-term level is reduced by 3 dB if the source is active 12
hours a day

Apropagation Propagation attenuation in dB
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Calculating the noise level at 115 receiver points
from 8 sources requires 920 sub-calculations at each
frequency and for each attenuation term

A simple model of a rural motorway with junction
showing road sources, acoustically hard ground re-
gions, topographical contours, and some receiver
points at building facades
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Batm, Adiv

The individual terms of algorithm showing where they occur

The attenuation term can be sub-divided into several purely physical effects as
shown here:

Apropagation = Adiv+ Aatm + Agr + Apar *+ Amise * Creft

where

Agiv The attenuation as a result of geometrical spreading

Asim The attenuation as a result of air absorption

Agy The attenuation due to ground absorption/reflection

Apar The free-field-diffraction attenuation of a barrier

Anise The attenuation due to miscellaneous effects (weather variabil-
ity, dispersion through complex acoustical structures such as
pipelines)

Crefl The correction due to the contribution of reflections

All this can be done as a broadband (dB(A)) calculation or in octaves and subse-
quently summed to give the broadband level. In general, octave-band calcula-
tions are more accurate and more useful in subsequent analysis and in any noise
reduction required.
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Validation Ensures Optimal Accuracy

Like measurements, the calculation should also be calibrated. This usually in-
volves some form of valid measurements at selected positions where the meas-
ured levels can be compared to the calculated ones.

However, unlike measurements, calibration of a calculation is performed after the
first calculation and used to refine results to the optimal accuracy.

Care should be taken that the source activity during the measurement is the same
as that calculated. The calculation normally includes a long-term weather correc-
tion to obtain a long-term, average L level. Comparing measurements and cal-
culations, however, should be done under stable weather conditions with the
wind blowing from source to receiver (downwind). Using results from a single
day’s measurement may give systematic errors caused by non-representative
wind conditions and the state of ground cover. This error can be up to 10dB. In
addition, measured data is not source-specific and includes contributions from
sources other than those under investigation. Longer-term monitoring and post-
processing of results to “remove” unwanted contributions are recommended.

In some cases, for example when investigating possible future scenarios, valida-
tion with measurements is not possible. Here, careful analysis of the results, or
comparison with similar situations, is required to ensure optimal accuracy.

Accuracy

The accuracy of a particular calculation is dependent on several factors. The
most important of these are scenario, levels, range, inputs and user skill.

Algorithms are optimised for use within a range of scenarios. In particular, road
and rail traffic noise calculation standards are based on national databases of
traffic noise emissions and can be limited in use in other countries where, in par-
ticular, the age and mix of the vehicles in use and driving/operating conditions
are different. Thus, accuracy may vary with calculated noise level, with the opti-
mal accuracy occurring over a smaller or wider range of noise levels. However,
most algorithms include provisions for ensuring accuracy over a wide range of
noise levels.

A bigger problem is to ensure the quality of input data as the accuracy of the re-
sult is highly dependent on this. Topographical data, machinery sound power lev-
els and traffic flow data are areas in which care should be taken.

Measurement results improved the model to give an
average difference of under 2 dB and a maximum dif-
ference of 2.6 dB
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By using up to date GIS or AutoCAD® files to generate topographical data, meas-
uring sound power levels on site, and performing traffic flow counts at selected
check points, you can reduce the risk of erroneous data. Finally, user skill and ex-
perience, both with environmental noise assessment and with the calculation al-
gorithm itself, play an important part in optimising the result.

Used correctly within the range of scenarios for which they have been designed,
the algorithms ensure global accuracies to within 3 dB.

Sound Power
Accuracy ? % Accuracy

Topographical data ‘ ; Traffic Flow data

Accuracy Accuracy

000086
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Calculation Compared to Measurement

Advantages Disadvantages

e Detailed information about: e  Extensive data collection (noise and
Critical sources geometry)
Many positions e  Result accuracy more dependent on
¢ Independence from meteorological acoustical skills and “modelling”
conditions experience

e Evaluates hypothetical situations
e Simple to update
e Less sensitive to background noise

e : e — —— 000087
— ——-0000

Like measurement, calculation can be used in environmental noise assessment.
Additional uses include identifying prominent sources for noise reduction, noise
management through investigations of the effect of future changes in noise envi-
ronment, and noise mapping (see next section on planning).

Calculating Noise Levels (Noise Prediction) 45



Planning

o

Noise contour map of an industrial complex

46 Planning

Planning is an important part of the task of urban noise management and can be
viewed at two different levels:

Global - where the noise environment of a large area is continuously man-
aged to prevent noise issues arising and to optimise the use of limited
resources

Local — where individual situations are evaluated before implementation.
This is often referred to as Environmental Impact Assessment and is fre-
quently used to provide the basis for granting planning permission for new
developments, and for strategic noise maps useful in optimal urban noise
management

000099

Local

In many countries, an Environmental Impact Assessment must be made before,
for example, planning permission for a new factory or motorway extension is ap-
proved. There is often a requirement to evaluate the noise impact either by pre-
venting a fixed limit from being exceeded, or by weighing the impact of noise and
other environmental factors against the socio-economic benefits of the proposal.
This may lead to the development of alternative proposals to improve the envi-
ronmental impact before approval.

The tools used to assess noise impact include:

Noise contour maps

Calculation of a Weighted Noise Index

Assessment of the cost-efficiency and the effect of noise reduction activities
Tabular presentation of the number of people exposed to certain noise levels



Weighted Noise Indices

A Weighted Noise Index quantifies the noise annoyance factor local residences
are subjected to by the noise source under investigation. It can be designed such
that a Weighted Noise Index of 0 indicates acceptable levels since the levels are
all under the recommended limits. An example of a Weighted Noise Index can be
found in the Danish regulations for the assessment of new roads.

A Weighted Noise Index is calculated by multiplying
the population figure and its noise exposure together.
The above is a hypothetical example resulting in an
index of 170

Exposure No. people Population
Factor (1000) exposure (2 x3)

To calculate a typical Weighted Noise Index, group the properties in the area un-
der investigation by usage (e.g., residential, commercial or industrial). Classify
the number of properties with noise levels in 5dB categories. Multiply the
number of properties in each category by an annoyance factor determined by the
noise level. The higher the noise level, the higher the annoyance factor.

Adding the above indices for the different property classes results in an overall
Weighted Noise Index that can be used to assess the environmental noise impact
of the development and to compare the alternatives. The lower the Weighted
Noise Index, the less noise impact the proposal has.

Some indices use the number of inhabitants instead of number of residences,
thus giving a Population Noise Exposure Index. An example of this is the Noise Im-
pact Index proposed by the US National Academy of Sciences.
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Cost-efficiency and the Effect of Noise Reduction Activities

In Switzerland, when assessing environmental noise reduction activities, the effi-
ciency of the solution in reducing noise to the required levels is compared to its
cost-efficiency. If the solution reduces the noise to below the legal limits at all se-
lected sites and has a high cost-efficiency, it will be implemented. If it does not
reduce the noise to below the legal limits at any site and/or is not cost-efficient,
it will not be implemented. There is a grey area where the decision will be influ-
enced by other factors (see the figure below).

100 - \
75
Noise-reduction \ Implement
50

Efficiency .
("Zielreichung*) \ Possible |
Implementation
25 N
No
Implementatipn
0
0 0.5 1 1.5 2

Cost-efficiency (effect/cost)
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Whether a noise reduction activity will be implemented or not depends on its cost-efficiency
and its ability to reduce noise to below the statutory limits

Global

Global, or strategic, noise planning tries to prevent noise issues arising and to op-
timise the use of limited resources by mapping and managing the noise environ-
ment of a large area such as a city.

Noise mapping is already in widespread use for the purpose of managing airport
noise. Here, the 65 dB and 55 dB “footprints” of the airport are used to determine
planning approval for new runways and compensation for nearby residents.
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At the time of going to press, the European Union is in the process of developing
a European Union Noise Policy based on the Noise Policy Green Paper from 1996.
This will give directions on the use of noise maps, what noise maps to produce
and how to produce them. Noise maps are proposed as showing Lpgy and Lyjgnt
(the night-time L¢q) of each type of source (road, rail, industry, etc.) at a height
of 4m over the ground. Aggregation of levels from different sources can be per-
formed with a stated method. The European Union is working towards all cities
with more than 250000 inhabitants making maps of transportation and industrial
noise using current models. Later, these cities are to make noise maps using har-
monised techniques.

Noise maps can be made by:

Plotting measurements from long or short-term
noise surveys

Plotting measurements from permanent
monitoring stations

Calculation
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50 Noise Reduction
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When aiming to reduce the effects of environmental noise on people, you must
consider the following aspects:

¢ Noise sources
Transmission path
¢ Types of homes in which people live

The most common source of environmental noise is road traffic. Road traffic
noise accounts for more than 90% of unacceptable noise levels (daytime Lpeq >
65dB(A)) in Europe. Other forms of transportation noise such as train and air-
craft noise is a more local problem but can still annoy many people.

Outdoor noise levels usually decrease with increasing distance from the source
because of geometrical spreading of the noise energy over a bigger surface and
absorption of the noise by the atmosphere and by the ground. Barriers can
achieve additional reduction of noise levels.

The sound insulation of buildings is the final barrier to the potentially intruding
effects of environmental noise.

The Source

Most countries encourage manufacturers to produce quieter cars and lorries by
imposing noise limits on individual vehicles. These “pass-by” noise-rating limits
have been reduced over the past 20 — 30 years by approximately 8 dB(A) for cars
and 15dB(A) for lorries.

Some national governments (e.g., Norway and Italy) have implemented legislation
to include tests on noise emission from vehicles during normal service. These
tests are usually carried out by garages as part of general tests on the condition
of the vehicle; others perform spot checks. Even so, the ever-increasing number
of vehicles means that the overall noise levels have not been reduced.

Road surfaces can be improved to give lower noise output. Porous asphalt and
the newer “thin noise-reduced surfaces” have shown reductions of 2 — 6 dB(A).
Railway noise can be reduced by the use of welded rail track laid on a concrete
bed with elastic/resilient pads or mats.

Transmission Path

The obvious method of reducing noise is to move people as far away as possible
from the sources of environmental noise. However, this is often impractical, so
additional attenuation in the form of noise barriers can be applied.

The barrier height and the position of the source and/or receiver relative to it are
crucial to the amount of noise reduction that can be achieved. Effective barriers
with heights ranging from 1.5m (Japanese railway noise) to 10m (US ground-
based airport operations) have been reported. Barrier heights for road traffic



noise reduction are typically between 3 and 7 m. In addition, the frequency spec-
trum of the noise source will affect the achievable reduction. Low frequencies,
compared to high frequencies, are poorly attenuated by barriers. In some cases,
the performance of barriers can be improved by applying sound absorbing mate-
rial, avoiding parallel, reflective surfaces and shaping or angling barriers to avoid
multiple reflections.

1

The final stage of ensuring that people are not disturbed by environmental noise
in their homes is to provide sufficient sound insulation from the external noise
levels. This is called Facade Sound Insulation, and is measured in terms of a
Standardised Level Difference (Dt ,) or the Sound Reduction Index (R'y)).

000104

Sound Insulation of Buildings

Different countries approach this in different ways as shown by the following ex-
amples:

In some countries, a minimum level of Facade Sound Insulation is required

e In other countries (e.g., UK) additional insulation is provided when the exter-
nal noise sources are particularly high (airports and traffic noise)

e New houses are not allowed to be built if the ambient levels of environmental
noise are high (e.g., Planning and Policy Guidance 24 in the UK)

e Resultant interior noise level is classified (above 35dB(A) it is classed as
poor, below 20dB(A) it is classed as very good)
(Nordic proposal: Sound Classification of Dwellings, Draft INSTA 122:1997)
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Atte n d ed 0 r Why be on the Spot?

Today’s automatic equipment can be left in the field to record environmental

noise data, and send reports back to the operator in the comfort of his office. This
U n atte n e is often the most convenient and economical way to evaluate noise conditions,
and is necessary if long-term or simultaneous measurements are required.

However, in some cases it is vital for the operator to be present on-site to:

¢ (Change or improve measurement setup

¢ Ensure representative measurement

¢ I[dentify and mark specific noise sources

¢ Identify and mark residual noise

¢ Prevent interference with equipment or measurement
e Advise workers using noisy equipment

¢ Mediate in conflicts over environmental issues

Attended measurements are often made under difficult conditions — time is
scarce, access to the site is difficult, mains power is unavailable or intermittent,
unexpected events or interruptions occur, and the operator gets no second
chance to make measurements. So the operator needs equipment that:

e Is easy to transport, set up and operate

¢ Has markers to identify events and noise sources
e Measures all parameters simultaneously

e Time-stamps all recorded data

000081
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Recording all parameters simultaneously ensures that data is compatible
and saves a second visit to the site (which might not be possible)

For unattended measurements, preparation of equipment and setup must be
made with great care and foresight, since the equipment must function entirely
on its own. This requires:

¢ Wide dynamic range
e Data logging (e.g., every second or minute)
e Event trigger to focus on noise events

The GPS (Global Positioning System) unit transfers
the measurement location coordinates to the sound
level meter for integration with sound level data

000132
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For unattended measurements, the microphone
needs protection against wind, rain and birds! It also
has to be easily accessible for inspection and calibra-
tion

A sound level meter can also be used for unattended
measurements by using a protective enclosure - here
shown with extra power supply, a DAT recorder for
identification of noise sources, and a GSM modem for
wireless download of measurement data to a PC back
in the office

54 Attended or Unattended

¢ Simultaneous measurement of all parameters
Sound recording for noise source identification
e Weather data recording

Time-stamp on all recorded data

Huge storage capacity for data

Automatic calibration check

Remote access to data and setup (preferably)
Back-up power supply

Weatherproof microphone and equipment
Protection against tampering and animals

Efficient combination

Often, a combination of attended and unattended measurements is the most effi-
cient solution, using attended measurement for pilot studies and spot checks,
and unattended measurements for long-term or permanent noise monitoring.



Keeping the Peace

Permanent, 24 hour a day, 365 days a year, noise monitoring controls adherence
to noise limits and allows a wide range of additional benefits. Permanent noise
monitoring is used by an ever-growing variety of organisations.

Airports

For many major airports, permanent noise level monitoring is a key issue in the
daily running of the airport as noise is often the number one complaint from
neighbouring residents. Airport authorities have established regulations with the
aim of reducing the impact caused by their operations as much as possible. They
hope that these regulations will not only give them the ability to ensure that aer-
oplanes and pilots adhere to their regulations, but also prevent complaints.

It is often necessary to have both noise data and information about the trajecto-
ries followed by approaching or departing aeroplanes. Normally, the airport’s
own radar provides the required information and, once correlated with noise da-
ta, it can easily be used to determine excess noise levels for specific aeroplanes.

" 000109
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Permanent monitoring station in Madrid

56 Permanent Monitoring

Cities
Permanent monitoring of noise in cities covers:

¢ Industry

Construction sites

Major roads

Major railways

Concert, exhibition and sports arenas

It is usually used when strict noise limits are imposed by the authorities or to pro-
tect against law actions, complaints and compensation claims. Permanent moni-
toring can indicate noise trends and help produce noise maps.

Permanent Noise Monitoring Systems

These systems ensure automatic, round-the-clock data acquisition, collecting
noise information and other relevant environmental parameters.

All measurement results are collected and stored in a monitoring terminal and
transferred periodically to a central computer where all data is processed and
stored. The number of permanent, monitoring system terminals necessary will
depend on the area covered as well as on specific monitoring needs. Many sys-
tems have between 10 and 30 terminals, although 100-terminal systems do exist.

A noise-monitoring terminal basically consists of a weatherproof microphone, a
data analysis and storage device and an information transmission system such as
a land phone line.

Commonly used analyzers measure a range of noise parameters including run-
ning Lyeq and Ly levels as well as noise event detection. Some provide 1/3-octave
band frequency analysis in real-time allowing immediate calculation of indices
such as Lpy perceived noise levels of each aircraft flyover.



Permanent monitoring terminals are often fast-wired to a control centre for view-
ing and analysing data from several positions. Short-term and/or long-term aver-
age noise levels may be shown on a public display system to create public
awareness and positive Public Relations for the authority concerned.

Alternatively vans can be used as mobile terminals. These units, possibly with au-
tomatic positional identification, often have data transfer facilities via phone lines
to a computer. In all cases, Type 1 instrumentation is essential for these data
gathering operations (see section on International Standards, IEC 60651).

Because they are used over long periods of time, monitoring stations are suscep-
tible to the effects of humidity, temperature, wind, corrosive atmosphere and an-
imals. The microphone is particularly vulnerable, as it is the most exposed part
of the system. To prevent damage, a special weatherproof microphone unit made
of corrosive-resistant materials and with built-in protection against humidity is
recommended. It is also advantageous if the noise monitoring system can auto-
matically perform acoustical verification as well as system checks, for example, a
charge injection calibration (CIC) to check that it is working properly.

Permanent monitoring systems normally have extensive databases for analysis,
impact research and status evaluation including periodical results. Noise events
and complaints can be correlated and combined with GIS (Geographic Informa-
tion System) digital cartography to show population exposure and allow high-
quality presentation.
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Permanent monitoring stations around Vienna air-
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International Standards

International standards are important in the assessment of environmental noise
either because they are used directly or because they provide inspiration or ref-
erence for national standards. This section highlights some of the more impor-
tant standards.

There are two main international bodies concerned with standardisation. The In-
ternational Organization for Standardization (ISO) deals primarily with method-
ology to ensure that procedures are defined to enable comparison of results. The
International Electrotechnical Commission (IEC) deals with instrumentation to
ensure that instruments are compatible and can be interchanged without major
loss of accuracy or data.

ISO 1996 — Assessment of Environmental Noise

ISO 1996 “Acoustics — Description and Measurement of Environmental Noise” is a
central standard within environmental noise assessment, acting as a reference
work on the subject. It is divided into 3 parts:

e [SO 1996 Part 1 1982: Basic quantities and procedures

e ISO1996 Part 2 1987: Acquisition of data pertinent to land use (amended
1998)

e [SO 1996 Part 3 1987: Application to noise limits

It defines the basic terminology including the central Rating Level parameter and
describes best practices for assessing environmental noise.

ISO 1996 is currently under revision with focus on updating measurement tech-
niques to modern instrumentation, improving procedures, such as for identifying
tones, and providing information on research in the effect of noise levels from dif-
ferent sources.
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Calculating a Rating Level of a specific source over a reference period
may involve penalties for, for example, tones



ISO 3891 - Aircraft Noise Monitoring

ISO 3891: “1978 Acoustics — Procedure for Describing Aircraft Noise Heard on the
Ground” deals with how to monitor aircraft noise (noise measurement and re-
cording, data processing and reporting). It is currently under revision and is ex-
pected to cover the description and measurement of aircraft noise heard on the
ground, unaccompanied long-term and short-term monitoring of aircraft noise,
and airport noise management and land use.

1SO 9613 — Calculation

ISO 9613 “Acoustics — Attenuation of Sound during Propagation Outdoors” is di-
vided into 2 parts:

e [SO9613 Part 1 1993: Calculation of the absorption of sound by the atmos-
phere
e [SO9613 Part 2 1996: General method of calculation

It defines an octave-based calculation method based on point sources with a de-
fined sound power level. Line sources can be built up with point sources.

International Standards

000207
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IEC60651, IEC60804 and IEC61672 — Sound Level Meters

These three standards are grouped together as they all deal with sound level me-
ters. International standards for sound level meters are accepted by all countries
worldwide. They are important because all measurement standards refer to
sound level meter standards to define the instrumentation required.

In most countries, Type 1 equipment is required for environmental noise meas-
urements.

e JEC60651 — Sound level meters (1979, 1993): Defines sound level meters in
four degrees of precision (Types 0, 1, 2 and 3). Specifies characteristics
including directionality, frequency and time weighting, and sensitivity to var-
ious environments. Establishes tests to verify compliance with the character-
istics specified.

e JEC60804 - Integrating-averaging sound level meters (1985, 1989, 1993): Addi-
tional standard to IEC 651 that describes this type of instrument (i.e., those
that measure Le,).

e JEC61672 — Sound level meters: A new, draft IEC sound level meter standard
that will replace IEC 60651 and IEC 60804. Major changes: Tougher specifica-
tions, Type 3 disappears. It should mean improved test and quality control of
instrumentation and improved accuracy.

Actual {} {}
Level {} {}
\\ New Class 2 T New Class 1

Old Type 3 old Type 2 old Type 1
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Schematic representation of the improvement in accuracy with the new sound level meter
standard. The arrows represent the relative measurement error
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A wide range of parameters are used to assess community reaction to environ-
mental noise. The highly variable response of individuals to environmental noise
and the many characteristics (level, frequency content, impulsiveness, intermit-
tency, etc.) of different types of noise sources has led to many attempts to pro-
vide single-number ratings of the effect of that noise. The following list
summarises most of the parameters in common usage.

“A” frequency weighting: The method of frequency weighting the electrical sig-
nal within a noise-measuring instrument is to simulate the way the human ear re-
sponds to a range of acoustic frequencies. It is based on the 40 dB equal loudness
curve. The symbols for the noise parameters often include the letter “A” (e.g.,
Laeg) to indicate that frequency weighting has been included in the measurement.

LP
(dB)
04
-204
A
-404
-601
— e — Frequency
10 20 50 100 200 500 1k 2k 5k 10k 20k  (Hz)
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Fast, Slow and Impulse time weightings: Standardised response times were orig-
inally built into noise measuring instruments to provide visual indication of fluc-
tuating noise levels. Environmental assessment standards usually specify which
time weighting (F, S or I) to use.

dB

— Impulse
— Fast
— Slow

Time
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Lpeq,1: A widely used noise parameter that calculates a constant level of noise
with the same energy content as the varying acoustic noise signal being meas-
ured. The letter “A” denotes that the A-weighting has been included and “eq” in-
dicates that an equivalent level has been calculated. Hence, Lyeq is the A-
weighted-equivalent continuous noise level.

1IT p(t) )2
Legy = 10 l0gyo2 ) o (=55 ) ot

000076

Lg: Sound Exposure Level (SEL): A parameter closely related to Lyeq for assess-
ment of events (aircraft, trains, etc.) that have similar characteristics but are of
different duration. The L,y value contains the same amount of acoustic energy
over a “normalised” one second period as the actual noise event under consider-
ation.

SPL dB (A) LAE(SEL)

Time
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LarMax: LasMax OF Lamvax: Maximum A-weighted noise level measured with Fast
(F), Slow (S) or Impulse (I) time weighting. They are the highest level of environ- Lp
mental noise occurring during the measurement time. They are often used in con- L AlMax

—_—— - — — = — — — —_
junction with another noise parameter (e.g., Laeq) to ensure a single noise event ::ALMQ — ;JW\I\J\J\
ASMax

does not exceed a limit. It is essential to specify the time weighting (F, S or I).

LArMins LAsMin ©F Lamin: Minimum A-weighted noise level measured with Fast (F),
Slow (S) or Impulse (I) time weighting. They are the lowest level of environmental
noise occurring during the measurement time.

>

.
LrPA Time
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Time
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Lapn,T Percentile levels: The level of A-weighted noise exceeded for N% of the
measurement time. In some countries the Lapgg T (Ievel of noise exceeded for 90%
of the measurement time) or Lapgs T level is used as a measure of the background
noise level. Note that the time weighting (usually Fast) should be stated.

—— 10% time

G

Lario,T A

Loa
Fast time-
weighting

Laroo,T

4>i4144—b
a+b=10% time Time
100% time
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Lar,1r Rating level: The A-weighted equivalent continuous noise level (Laeq,1)
during a specified time period with specified adjustments for tonal, impulsive or
intermittent noise. In general, the rating level is given by:

Laytr = Laeq,r + Ki + K1 + KR + Ky

In some countries, a subjective assessment of the characteristics of the noise in
question is made. In other countries, an objective test is made to see whether the
noise is tonal or impulsive.

For example (1) a 1/3-octave frequency band of noise which exceeds the levels in
adjacent bands by 5dB or more for the detection of tonal noise and, (2) a meas-
urement of the difference between an Impulse and A-weighted “L," parameter
(Laim,1) and Lpeq T would reveal the presence of impulses.

Aircraft Noise Parameters: If aircraft noise is assessed as just a normal noise
source (as is usually the case), then the usual environmental noise parameters re-
quired are Lagyax and Lag (equivalent to Lpx in some older standards) for single
events and Lyeq 1 for a succession of noise events.

In some cases (e.g., aircraft certification), more detailed analysis of the 1/3-octave
spectral content of the aircraft noise is made at 0.5 second intervals. Perceived
noise level (Lpp) is then calculated by converting the sound pressure levels to
perceived noisiness values according to the ICAO Annex 16 standards.

DECIBELS
Variation of
noise level
during event
SENL
SETL (NSETL at night-time)
\/ Time
Minimum
Duration End time Duration I~
880423

If the aircraft noise spectrum has pronounced tonal content, then an additional
correction of up to 6.7dB is added to the perceived noise level (Lpy) to give a
tone-corrected perceived noise level Ltpy. The total subjective effect of an air-
craft's flyover must take into account the time history of the flight. This is ac-
counted for by integrating the tone-corrected, perceived noise level to produce
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the effective perceived noise level, Lgpy. Full details can be found in the ISO 3891
standard.

Lpn: Day-night average sound level. An Lyeq with 10dB(A) penalty for environ-
mental noise occurring from 22:00 to 07:00 to take account of the increased an-
noyance at night.

Frequency spectrum: In environmental noise investigations, it is often found that
the single-number indices, such as L Aeqp do not fully represent the characteristics
of the noise. If the source generates noise with distinct frequency components
(tonal noise), then it is useful to measure the frequency content in octave, 1/3-oc-
tave or narrower (Fast Fourier Transform) frequency bands.

For calculating noise levels (prediction), octave spectra are often used to account
for the frequency characteristics of sources and propagation.

Sound power is the acoustic power (W) radiated from a sound source. This pow-
er is essentially independent of the surroundings, while the sound pressure de-
pends on the surroundings (reflecting surfaces) and distance to the receiver.

If the sound power is known, the sound pressure at a point can usually be calcu-
lated, while the reverse is true only in special cases (e.g., in an anechoic or rever-
beration room). So, the sound power is very useful to characterize noise sources
and to calculate sound pressure.

Like sound pressure, sound power is measured in logarithmic units, the 0dB
sound power level corresponding to 1 pW (picowatt = 10712 W).

The symbol used for sound power level is Ly, and it is often specified in dB(A),
1/1 octaves or 1/3 octaves.

Environmental Noise Parameters and Terminology 65



About
Bruel & Kjaer

66 About Briel &Kjeer

Briiel & Kjeer was founded by two Danish engineers, Per V. Briiel and Viggo Kjeer,
in 1942. For more than 50 years, sound and vibration measurements have formed
the core of our activities. Briiel & Kjeer is a leading supplier of microphones, ac-
celerometers, analyzer systems, sound level meters and calibration systems
worldwide. Hand-held sound level meters were made commercially available in
1961 and, ever since, Briiel & Kjaer has been the market leader in solutions for pro-
fessionals in the field of environmental noise and noise in the workplace.
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COURSE AND TRAINING
CALEMDAR

Learn More

Briiel & Kjeer offers courses and training, covering environmental noise measure-
ments, in most major countries around the world. Classes are taught by local spe-
cialists as well as by application specialists from the company's headquarters.

Calibration and Service

Briiel &Kjeer Service Centres can be found in all regions. These offer calibration
services and repair, including contracts allowing extension of warranty by up to
6 years.

Getting in Touch

Briiel & Kjeer is represented in more than 90 countries all over the world. For more
information, please contact your local representative.

If in doubt, contact Briiel & Kjeer Headquarters in Denmark (see the back cover for
the address). A list of representatives can be found on our web site:
www.bksv.com
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HEADQUARTERS: DK-2850 Naerum - Denmark - Telephone: +4545800500 - Fax: +4545801405 - http://www.bksv.com - e-mail: info@bk.dk

Australia (02)9450-2066 - Austria 0043-1-8657400 - Brazil (011)5182-8166 - Canada (514)695-8225 - China (86) 1068029906

Czech Republic 02-67021100 - Finland (0)9-755 950 - France (01)69907100 - Germany 06103/908-756 - Hong Kong 25487486 - Hungary (1)2158305 LL] L]

Ireland (01)803 7600 - Italy 0257 68061 - Japan 03-3779-8671 - Republic of Korea (02)3473-0605 - Netherlands (31)318 559290 - Norway 66771155 B ru el & Kj & r
Poland (22)858 9392 - Portugal (1)4711453 - Singapore (65) 377-4512 - Slovak Republic 4217544307 01 - Spain (91)6590820 - Sweden (08)4498600

Switzerland (0)188070 35 - Taiwan (02)7139303 - United Kingdom (0) 1438 739 000 - USA 800 332 2040
Local representatives and service organisations worldwide




	Contents
	About this Booklet
	Introduction
	What is Sound?
	Types of Noise
	Environmental Noise Propagation
	Identifying Noise Sources
	Measuring Noise
	Calibration
	Rating Level (Annoyance and Penalties)
	Assessment (Limits)
	The Measurement Report
	Calculating Noise Levels (Noise Prediction)
	Planning
	Noise Reduction
	Attended or Unattended
	Permanent Monitoring
	International Standards
	Environmental Noise Parameters and Terminology
	About Brüel��&��Kjær

