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VICTORIA

A guideto the measurement and analysis of noise
Introduction

This docunment will assist in the assessnment of noise from

i ndustrial prem ses when using State Environnent Protection
Policy (Control of Noise from Commerce, Industry and

Trade) No. N-1 or entertainment prem ses when using State
Envi ronnment Protection Policy (Control of Misic Noise from
Public Prem ses) No. N 2.

Thi s docunment does not prescribe rigid procedures for
accurate noi se neasurenent, nor should it limt the
legitimate discretion of an expert in the field.

Recommendations in this docunent may not be appropriate in
all circunstances and professional judgenent and discretion
shoul d be enpl oyed.

L ocation of measurement point
Noise sensitive areas

The Policies normally specify noise |imts for outdoor areas
of noise sensitive areas. It is therefore preferable to
choose a point outdoors to take neasurenents. It should be
chosen so a maxi num | evel of the noise source is obtained.

Indoor measur ement

In sone cases it is difficult to neasure the noi se outdoors,
and an i ndoor neasurenent may be necessary. This situation
is nost likely to occur when an outdoor area, such as a front
or back yard, doesn't exist such as where the noise sensitive
area is an apartnment in a high-rise building.

An i ndoor measurenent is not preferred; it nmay be possible to
use a m crophone attached to a boom protruding fromthe
wi ndow of the affected roominstead of neasuring indoors.

The Policies specify the circunstances in which neasurenents
shoul d be taken indoors.



2.3

Derived point

For practical reasons it may not be possible to take
nmeasurenents in a noise sensitive area. In such cases an

alternative point is

A derived point wll
general requirenents
Section 3.1.

chosen, called a derived point.

normal |y be | ocated out of doors and the
of m crophone placenent are described in
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The Policies allow a derived point to be set at any point
outside a noise sensitive area. They also specify under what
ci rcunstances a derived point may be used. These are

di scussed bel ow.

(a) Miltiple industries

A derived point may be appropriate when nore than one
prem ses contributes to the noi se received at the noise
sensitive area. |In this case derived points should be
selected so that the noise of an individual premses is
measured at each point. Care should be taken in
selecting a derived point so that the distance fromthe
prem ses is sufficient for it to appear as a point
source. Wiere there are a nunber of noise sources in
the prem ses, it may be necessary to set nultiple
derived points to control individual pieces of

equi pnment .

(b) Atnospheric effects

Weat her conditions can markedly affect the noise |evel
received at a noise sensitive area. This is
particularly inportant when the level is |ow and the

di stance between the noi se sensitive area and the source
exceeds 200 netres. Wien it is believed that the noise
recei ved at the noise sensitive area is affected by

weat her conditions, then a derived point nay be used.

It is advisable to use this point in all cases where the
noi se source is nore than 500 netres fromthe noise
sensitive area because weather conditions are likely to
be the major source of variability in the noise |evel at
thi s di stance.

Where a suitable derived point is not available, Policy
N1 requires three neasurenents to be taken within a 30
day period at the noise sensitive area; this is used as
an alternative to the derived point nethod to account
for the variability in received noise caused by weat her
condi ti ons.

Policy N-2 does not specify that a derived point may be
used to take account of weather conditions for outdoor
venues.

M easur ement of the effective noise level
Microphone placement

Difficulties can arise in the nmeasurenent of noise due to the
pl acenent of m crophone and tripod. For exanple, if a

m crophone is |ocated too close to an acoustically reflecting
surface, then reflections fromthat surface may artificially
increase the noise level. Also, if the tripod is placed on a
rigid surface then vibration through the legs of the tripod



may affect the neasured level. Noise levels can vary from
pl ace to place because of shielding by buildings or other
structures and al so because of the presence of nodes and
anti-nodes (especially indoors) resulting fromtonal noises.

The m crophone should be | ocated so reflections from near by
surfaces are mnimsed and where a maxi num noi se | evel
(unaffected by reflections) is obtained.

The follow ng procedure is suggested.

(a) to be consistent with the procedures recommended in
Australian and international standards, a m crophone
hei ght of from1.2 to 1.5 netres above the ground or
fl oor should be used. The m crophone may be | ocated at
a height greater than 1.5 netres in exceptional
ci rcunstances, such as when a neasurenment is nmade on a
boom out si de the wi ndow of a building to avoid maki ng an
i ndoor neasurenent;

(b) to avoid reflections fromnearby acoustically reflecting
surfaces, the m crophone is best |ocated at |least 3.5
nmetres from such surfaces when | ocat ed out doors.

The Policies allow nmeasurenents to be taken cl oser than
3.5 netres fromreflecting surfaces. Such neasurenents
woul d only be made in exceptional circunstances, such as
when a m crophone is | ocated outside a window to avoid
an i ndoor neasurenment. |In such cases a negative
adjustnent is made to the neasured | evel as specified in
t he Poli cies;

(c) to avoid reflections affecting the neasured | evel
i ndoors, the mcrophone should be |located at |least 1.2
nmetres fromany acoustically reflecting surface. A
reflection adjustnent is not nmade for indoor
nmeasur enent s;

(d) to avoid reflections fromthe body of a person when
maki ng direct reading neasurenents fromthe neter scale,
the meter should be held at armis I ength or placed on a
tripod wth the person taking the neasurenment at a
sui tabl e di stance; and

(e) vibration being transmtted through the tripod |Iegs from
a hard rigid surface such as uncarpeted fl oor-boards or
concrete may produce unwanted extraneous noi se to be
nmeasured by the sound-level nmeter. This can be avoi ded
by using vibration isolation, such as foam pads.



3.2

Equipment checkpoints

When neasurenents of noise are being made in the field, (from
a factory prem ses, entertainment noi se or background noi se)
certain procedures should be enployed to ensure an accurate
nmeasurenent i s obtained. Sone of these procedures also apply
to anal ysis of tape-recordings in the |aboratory.

Use of equi pnent should be generally in accordance with the
manuf acturer's recomendati ons.

In particular, the followi ng points are inportant.

(a) sone pieces of equipnment require a m ninmum ' warm up'
time before their performance is optinmum The
manuf acturers' recommendations are the best guide.

(b) a battery check should be done on each piece of
equi pnent used in the field before and after it is used.

(c) a calibration check should be made both before and after
t he neasurenent. Were a tape recorder is used, a
calibration tone should be recorded at the start and end
of the tape. Calibration checks may vary slightly, and
may cause the neasurenent to be invalid if the
difference is significant. The nmagnitude of the noise
excess above the noise Iimt will play a part in this
j udgnent .

(d) residual equipnment noise can be a source of neasurenent
error; all equipnent including tape recorders and sound
| evel nmeters have internally generated el ectrical noise.
It is inmportant that the signal being neasured is
significantly higher than this equi pnment noise. The
margin will depend on the sound | evel neter range being
used and the VU | evel recorded on a tape recorder.

| f the nmeasurenment signal is 10 dB above the residual
noi se, then an error of approximately 0.4 dB w |l
result. This is insignificant, and a margin of at | east
10 dB is recommended. The residual noise nmay be
estimated by placing a calibrator on the m crophone of

t he sound | evel nmeter and observing the sound | evel

i ndi cated by the nmeter, without turning the calibrator
on.

(e) The heads of a tape recorder should be kept clean using
a suitable cleaning fluid.



3.3

M easurement methods

Two noi se indices are used by the Policies to determ ne the
effective noise level. These are discussed bel ow.

(a)

(b)

Laeg
The L, may be neasured using any of the follow ng
nmet hods:

(1) a tape recording of the noise which is
anal ysed later to obtain an L,  This nmethod
shoul d be used when a high | evel of accuracy
is required, for exanple when sone doubt
exi sts about whether the noise is excessive;

(i) an integrated L,, Using a suitable sound |evel
meter in situ. This nethod can be used when
the noise is clearly excessive; or,

(i) t he average of the neter deflections using a
sound level neter. This nethod can al so be
used when the noise is clearly excessive, but
shoul d not be used if the noise is not steady
(varies by nore than 8 dB(A)).

I'n general, the L,, may be determ ned using the equal
energy principle:

T
_ 10R(0) &
LAeq = 1OX|OglOT88é£B dt
0

The appropriate SEPP shoul d be consulted before

sel ecting the neasurenent nethod. The nethod of
measuring the noise will vary depending on the policy
bei ng used and the type of prem ses being assessed. For
exanple, in the case of Policy N-I, a tape recording
will usually be made for major prem ses and a short

di rect readi ng (hand-hel d) neasurenent will be taken for
m nor prem ses. A tape recording nust be nade for nmjor
prem ses if the noise is tonal or inpulsive.

L OCT10

The measurenment of Ly, My be nade in any of the
fol | owi ng net hods:

(i) a tape recording of the noise that is anal ysed
| ater using suitable equipnment such as a real-tine
analyser. This nmethod is preferred when a high
| evel of accuracy is required or sonme doubt exists
about whet her the noise is excessive; or,
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(ii) average of the maxi mum neter deflections of
speci fied octave bands when using a sound | evel
neter fitted with an octave filter set. This
nmet hod can be used when the noise is clearly
excessi ve.

The Lgere 1S measured when noise in the particular octave
band correlates with the nusic. It nmay be necessary to
anal yse a recording a nunber of tines where the
contributions of the noise in the different octave bands
are different. Extraneous noi se should be excluded from
the analysis. It is inportant to note that audible
“extraneous' noise may not affect the neasurenent if its
frequency is different fromthe nmusic. For exanple,
crickets generate noi se around 3000 Hz, while nusic is
comonly prom nent bel ow 250 Hz.

M easurement time

The tine for which a neasurenent of the effective noise | eve
is made will depend to a |large degree on the variability of
t he noi se source.

The foll ow ng points should be noted when determ ning an
appropri ate neasurenent tine.

(a)

(b)

(c)

Policy NI does not specify a nmeasurenment tine, but it

is recommended that the L,, be measured so it represents
the L,g Over a 30 minute period. Noise enissions need to
be observed for at |east 30 mnutes for the purpose of
assessing a duration adjustnent; if the noise is steady
over this period (that is, there is no observed rising

or falling trend in the noise |level either audibly or by
sound-1 evel neter inspection), a short neasurenent (say
five mnutes) should be adequate to represent the 30
mnute Lag,

if the noise varies in a cyclic or regular manner then
the L,g shoul d be neasured over a nunber of periods of
the cycle. If the level fluctuates in a random manner,
then a short neasurenent nmay be used as |ong as the
measurenent is carried out in an appropriate manner (see
Section 3.1); and,

Policy NN2 requires the neasurenent to be taken over at
| east fifteen cunul ative m nutes of audi ble nusic.



3.5

Analysis and adjustments

(a)

(b)

Sanpling rate

Wiere an Laegy Locrior Lag OF Locreo |S determined using a
sanpling nmethod, the sanpling rate should be sufficient
to give an adequate nunber of sanples. The nunber of
sanples is a nore inportant factor in general than the
sanple rate; a sanple rate of at |east one sanple per
second shoul d be used.

Wiere the level is neasured by taking a hand-held
measur enent of the average of the maxi num m ni num or
average neter deflections, then each sanple should be
recorded and at | east 40 sanples be nade.

Adj ust nent s

Policy NI requires adjustnents to be nade for the
character of the noise. The requirenents for making
adjustnents are clearly explained in the Policy.

The follow ng may assist in nmaking tonal and duration
adj ust nent s.

The tonal adjustment for major prem ses is nade by using
an A-wei ghted tape recording of the noise and determ ned
by arithnetically averagi ng the adjustnent for a nunber
of sanples. At |least three sanples should be nade and

t he sanpl es should be of equal duration. The Policy

al so requires that the sumof the durations of the
sanpl es be at |east 24 seconds.

Wiere a tone falls between two 1/3 octave bands then the
1/ 3 octave analysis may not reveal the true tonal nature
of the noise. 1In this case the speed of the play-back
tape recorder may be varied to change the frequency of
the tone so a maxi mum adj ustnent is obtained. The speed
variation should not be greater in magnitude than 13 per
cent of the normal speed.

The Policy requires that the sanples be “representative
of the tonal character of the noise'. It is inportant
that the adjustnent not be nmerely representative of the
tonal character of the tape recording. That is, the
tape recording needs to represent the tonal character of
t he noi se.

The presence of a detectable tone on a tape recording
may not nean that an adjustnent is appropriate. It is
necessary to consider, anmong other things, whether the
tone is continuous and whether the tone is subjectively
annoyi ng.



The duration adjustnent is determined fromthe tinme the
noi se is audi ble over a continuous 30 mnute period. It
shoul d be noted that it is based on audibility at the
measur enent point and not on the total tinme the noise is
emtted fromthe industry. For exanple, a noise may be
continuously emtted froman industry but may only be
audi bl e for 50 per cent of the tinme at the neasurenent
poi nt because of the masking effect of traffic noise.

Noise limits

The nethod to determine noise limts is clearly set out in
the Policies. The follow ng additional points should be
not ed.

4.

4.

1

2

Policy N-I specifies a requirenent to determne a
zoning level. This level is based on the |and-use
zoning of the area as specified by the appropriate
pl anni ng schenme. The Policy classifies |and as
Type 1, 2 or 3 depending on the zoning. Were a
zone or reservation is undefined by the Policy then
the Authority will designate the Type taking into
consideration the nature of the uses permtted in
the area. |In nost cases the Type given wll be
based on a simlar |land use. There may be cases
where the uses permtted wll have to be determ ned
fromthe planning schene ordi nance before a

sui tabl e Type can be all ocat ed.

Policies N\l and N-2 require a derived noise limt
to be determned for a derived point. The derived
noise limt is set so when the industrial or
entertai nment noise conplies with this level, the
noise limt at the noise sensitive area i s not
exceeded. To determ ne the derived noise limt, an
adj ust mrent nust be nade to noise limt conditions
to allow for attenuation due to distance, weat her
conditions, barriers, etc.

St andard net hods are available to determ ne the
attenuati on of noise over distance. |f a derived
point is used as an alternative point when the
noi se received at a noise sensitive area is
affected by weather conditions, it is recommended
that the derived noise |limt calcul ati on be based
on weat her conditions favouring propagation that
occur for 20 per cent of the tine.



Background noise measurements

The background | evel should represent the Lg, (O Locrg | f
appropriate) level of the background noise at the noise
sensitive area. The neasurenent should not include noise
fromthe prem ses being investigated.

The measurenment point should be | ocated at the same point in
the noise sensitive area where the L,, was neasured, or in the
case of derived points the background | evel should be
nmeasured at a suitable place in the noise sensitive area.

Where the background | evel cannot be neasured at the noise
sensitive area because of the continuous operation of the
industry, an alternative neasurenent point may be used. The
alternative point should be carefully selected so the
background | evel represents the background | evel at the noise
sensitive area; in selecting the alternative point,

consi deration should be given to conparative contributions of
the mai n sources of background noise at both sites, such as
traffic (related in part to the proximty of main roads).

Different methods are used to nmeasure the background | evel
for Policies NNl and N-2, these are discussed in detai
bel ow.

51 Policy N-1

The background noi se nay be neasured using one of the
fol | owi ng net hods.

(a) Direct readi ng neasurenent.

When a direct reading (hand-held) nmeasurenent is
used, the average of the m ninum neter defl ections
of a sound level neter nmay be used to represent the
level. At least 40 sanples of the |evel should be
taken to determ ne the Lyg,.

(b) A sound level neter and a chart recording.

When a chart recording is used, the background

| evel may be read directly fromthe chart
recording. The L,y | evel for each hour may be
estimated by nmeasuring the level that is exceeded
for 90 per cent of the time directly fromthe
chart.

(c) A tape recording and a sound | evel neter.
The tape recording of the background noi se nay be
anal ysed using a noise | evel analyser to obtain an
Lago | €VeEl.

(d) Noise |level nonitoring equiprent.
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The background | evel nay be neasured by | eaving

noi se level nonitoring equipnent in the field. The
equi pnment shoul d be capabl e of determ ning the L,g
| evel for each hour of the period investigated.

The Policy requires that the background be neasured to
determine if it is neutral. The background is neutral
when it is neither high nor |ow (see Schedule Bl.2 of
the Policy). The Policy requires two neasurenents to be
made of at |east five mnutes to determne if the
background is neutral. It is recomrended that short
hand- hel d nmeasurenents be taken (as the average of the
m ni mum neter deflections, see nethod 5.1(a)) at the
start and finish of neasuring the L,, of the industry.
Figure 1 can be used to check the L,y represents the
aver age background for the period of concern. This
figure shows the average hourly levels for the 40 sites
nmeasured for the Mel bourne noise survey. The figure can
al so be used to estimate what the average L,y | evel is
for the period of concern.

If the initial neasurenents of the background show it is
neutral, then the noise limt is the zoning |evel.
However, if the nmeasurenents indicate the background
level is not neutral (or if any doubt exists about the
results), then an accurate background | evel can be
determ ned using a chart recording, froma tape
recordi ng or using noise nonitoring equi pnment (nethods
5.1 (b), (c) or (d)). It is recommended that the
background be neasured continuously for a m ni mum peri od
of 24 hours, preferably for two to three days. The
results can be used to determne if the background is
high or low and, if appropriate, to determ ne the noise
[imt fromthe background | evel

Policy N-2

The background | evel should be neasured to obtain a Lug
Or a Loerge | €vel as specified by the Policy. The

measur enent shoul d be nade as cl ose as possible to the
time when the effective noise level is neasured or at
another tinme (at the sanme tinme on another day for
exanpl e) so that the L,y Or Loerg FEPresents the
background when the noise |l evel was neasured. It is
advi sabl e to neasure the background | evel for nore than
one day where noi se em ssions occur on several days of
t he week. For exanple, the background | evel nmay be
different on a Monday night froma Saturday night.

It is recorimended that the L,o, and Lgergo be neasured by
taking a tape recording of noise and analysing it |ater
or by using suitable noise anal ysing equi pnment in situ.
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Equipment specifications

It is recommended that the follow ng equi pment specifications
are used for Policies NI and N 2.

6.1 Measurenent and anal ysis equi pnment shoul d have been
calibrated wwthin the previous 12 nonths by a | aboratory
equi pped for the purpose.

6.2 A-weighting, '"F, 'S and 'lI' should conformto the
requi rements of Australian Sandard 1259-1982 - Sound Level Meters.

6. 3 Sound level meter

The neter shall conformto the requirenments of sections
8 and 9 of Australian Sandard 1259-1982 -Sound Level Meters.

A Type 0 or 1 neter should be used for major prem ses
while a Type 0 or 1 or 2 should be used for m nor
prem ses.

For Policy N2, Type 0,1 or 2 nmeters may be used
general ly, although, Type O or 1 is preferred for night
period assessnment of indoor venues.

6.4 Reference sound source (closed coupler calibrator)

The reference sound source shoul d have an accuracy of +
0.5 dB between 0 and 500C. It is preferred that the
reference sound source has a frequency of 1 kHz + 2%

6.5 Taperecorder

The record and replay tape recorder(s) should conformto
the follow ng specifications:

(a) Speed accuracy - wthin + 1% of the specified
speed.

(b) Ww and flutter - less than 0.2% peak wei ghted (as
per German International Standard DIN 44507-1966 Measuring Apparatus for
Frequency Variationsin Sound Recording Equipment) .

(c) Frequency response - the response for different
frequenci es should conply with the foll ow ng
t ol erances when conpared to the level at 1 kHz:

35 Hz to 90Hz, + 3 dB
90 Hz to 7100 Hz, + 1.5 dB
7100 Hz to 14 Kz, + 3 dB.

In the case of the record/replay machines, a
suitable test tape should be used to record
standard tones from35 Hz to 14 KHz at a | evel of -
20 VU (when the tape recorder is calibrated to the
manuf acturer's specifications). Wen replayed the
| evel s should conply with the above tol erances.



6.6

6.8

6.9

In the case of replay only machines, a suitable
test tape should be played at a | evel of -20 VU
(when the tape recorder is calibrated to the
manuf acturer's specifications) and the | evels
shoul d comply with the above tol erances.

(d) Signal to noise ratio - greater than 45 dB(A)
referenced to a 1 kHz tone recorded at 0 VU (when
the tape recorder is calibrated to the
manuf acturer's specifications) and repl ayed.

(e) Distortion less than 2% total harnonic distortion
for a 1 kHz tone recorded at 0 VU (when the tape
recorder is calibrated to the manufacturer's
speci fications) and repl ayed.

(f) Separation between tracks - greater than 35 dB at 1
kHz.

Octave and one-third octave measuring equipment

The band pass filters should conformto the requirenments
of Australian Standard 741-1969 - Octave, Half Octave and One-third Octave Band Pass Filters
intended for the analysis of sound and vibrations.

Noise level analysing equipment

(a) The equipnent should conformto the requirenments of
Type O or Type 1 sound level neters as specified in
Section 8 and 9 of Australian Sandard 1259-1982 - Sound Level Meters.

(b) The "Linear' weighting should have a flat frequency
response between 20 Hz and 20 kHz with a tol erance
of + 1 dB.

Noise level monitoring equipment

The noi se | evel nonitoring equi pnent should conformto
the requirenments of Type 0, Type 1 or Type 2 sound | evel
nmeters as specified in Australian Sandard 1259-1982 - Sound Level Meters.

Chart recorder

The chart recorder should have an accuracy within + 3%
of full scale deflection for any position on the chart
and a witing speed equal to or greater than 50 mMi s.
The paper speed of the chart recorder should be
approximately 5 cmor nore per hour.
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