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Many of the noise control prrdolers involved in the planning of an industrial
rifle mge are similar to those found in the planning of any factory where
high squid levels are acperienod.

For sample, the noise problen can be divided into two distinct categories,
as sham below:

1) ‘Ihe protection of operator from hearing damage.

2) no protection of the neighbours from noise annoyance.

mo factors which can unite the noise problems of an industrial rifle range
partioilarly diffiuilt are the very highand impulsive natureof the strand
am and the general reguirene-It for rifle ranges to be nit-doors.

These, coupled with other canplioatiom, such as the wide range of guns that
may be reqzired to be usei (yet mnnot be firs! until the range is licaxcd)
and the psychological associatims of gunfire which could cause amoyance
outcfallpropoztimtothesomdpresairelevel,makemeplanningofa
rifle range mom diffiwlt.

As with any noise control engineering problem it is advantagews to have a
knowledge of the basic principals of the noise gmeration. In the case of
gunfire noise this is covered in the scimoe kmm as ballistics.

LSIBMICW

'ihe gun is a devim, in which heat is generated iron the burning
of propellant. As the propellant turns, its surface undergoes menial
reactions, which generate high pressure (and tanperamre) in the Sirrwnding
gam.

As the propellant turns within the fixed volume, the pressn‘e rises until
the projectile starts to me along the barrel. 'Ihis increases the volume
and hence moderates the pressure. he propellant turns so rapidly that the
motion of the projectile cannot fully ompensate and the peak pressure is
readied at approcimately me tenth of the total length of the barrel.
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Even after the propellant has passed the' all-burnt position a cnnsiderable

pressure mains, causing the projectile to continue to accelerate. be it

approaches the muzzle sane of the propellant gees Hhid’l have leaked passed

the projectile are acpanded, causing the preesu‘e to fall and reduce the

projectile acceleration.

This sequence takes apprmimately 1 ms for a handgun, 15 ms for a rifle and

up to 25 ms for a large artillery gun [1].

The noise generated iron the firing of a gun is relatively coupler-[2] and

is derived from several sequential stages: '

1) Before the projectile readies the muzzle, high pressure

turbulent gases are released. his ausu a shock wave uhidi travels both

away Eran the muzzle and towards it, at speeds slightly greater than the

Speedofscnmdinairanditisheaxdasasonioboan.

2) 'lhe ingoing noise form a shod: wave mioh travels towards

the muzzle against the flow of gas. If the speed of the ingoing noise equals

the speei of the gas flow the shed wave willbe in a quasistatic form. mis

shock wave is bottle shaped and is mom as a 'bottle shodc'. 'lhe unwed

sidesarelmoanasthebarrel shodcandtheflatlaseislomasthemdi

disc.

3) (hoe the projectile passes the mule the high We

propellant gees are released and a powerful blast shodc is gmerated.

3.133mmmmm

'Ihe magnitude of the unweighted sound present from guns at the operators

ea: position can range fran 200 Escals (PaHNO d3 re 20 um) for a 0.22"

rim-fire rifle to over 2 000 Pa (160 dB) for a service rifle [3].

'mese magnitudes are either at, or clearly in access of, the 200 E state:

by the Cbumil of the European mnnunities directive on the protectim of

workers frm the risks related to acposuxe to noise at work [4] and the

Noise at work Regulatims 1989 [5], for a negniulde where memes are

required to be taken [4].

These measures include:

- providing adequate information and training at the potmtial

risle to the operators hearing arising iron the noise atposure.

- the obligation to amply with protective and pretentative
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rmewearingofpelrsomlearprotectors.

-atedmicalprogranmetozeducethenoiseeaqwoaxreas£arasis
reasmably practicable.

'Ihe unweighted sound dreams of 200 Pa, stated as an action level inthe
directive, is ve of the dmatim. However there is strong evidence
to sipped: the claim that hearing damage wuss! by high level minisive
smnd pressues are related to the duratim [6],[71:[8]. -

3.1 Wmts fuerFize Noise.

More detailed limits for the estimate of the hearing hazard are found in the
United Kingdom Defence standard 00-27/1 (1986) [8] which gives limits knead
on 100 firings per day, on an occasicnal basis. 'lhese limits are dependmt
on duratim, giving astraight line relationship (on a log/log graph) fran
3000 Pa (163 as re 20 ups) fora duration of 1 ms dam to 500 Pa (148 dB)
for a duratim of 200 ms.

The standard also gives a preferred limit, approximately 10 dB lower,
where the risk of noise-induced hearing loss is vezy low. Where tearing
protectors are me! an allcwance is pennitted of 20 dB or 25 dB (depalding
on the type).

If the firings per day are other than 100, a firmer correction factor is
used, ranging from +10 dB for me firing per day to -10 dB for a thousand
firings per day.

This implies that pressures up to 158 000 Pa (198 dB) can be tolerated
provide that the duratim is less than 1 ms. mly one shot is fired per day,
and good quality hearing protectors are used.

3.2matfectsofflighmnpnsivelbisemflm.

We Us high pressue impulsive noise an cause a hearing loss which has
the diaracteristic 4 kHz peak. 'ihis is similar to the hearing loss due to '
cmtinums noise at .a lower pressure level. Hmever, hearingloss caused m
high presume impulsive noise is more frequently accanpsnied with the
sylnptau of tinnihis (a constant 'ringing' in the ear) [9]. 'Ihis systan is
)mom to cause subjective disoanforts such as speedh diseriminatim
pmblens, conomtratim diffiailties and insomnia. Bctrene cases of tinnitus
have even resulted in suicide. Tinnitus is diffiaalt to predict and it is
knam that, of two people with the same audianetric threshold shift as a
result of noise induced hearing loss, me may and me may not have tinnims
[10].

Other effects can coax. especially where the duration is increased by
reverberatim or other acoustic reflection.
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Fardnmruphxrehasbeaxxeportedat 50 000t056 OOOPa, (1a7asw189

dB) measxred at the ear dmm, whe: the duration of the'positive phase of the

smulseerceeds2m5.mispressureattheeardnmanbeprcducedby

pressure as low as 15 000 (177 dB)‘ measured in free-field away fran

reflecting surfaces, if the pressure is reflected from the side of the head.

his injury will not usually, of itself, produce total deafness, and an

sanetimes heal spontaneously. ‘

At peak pressures around 100-000 Pa (194 dB) injury can com: to gas

containing organ-s (lungs and intestines), reallting in haemrhage. 'lh'e

threshold for lethal injuries is about 270 000 Pa (202 dB). With peak

pressures of 500 000 to 700 000 Pa (208 dB to 211 dB) lethal injures will be

induced in about 50% of those acposed, although this will depend (:1

duration. 'lhe effect will be greater with multiple acposures or exposures in

confined spaces. Nomally. with such pressures, there is an eve: greater

hazard from fragnents our collapsing masmry [3].

imam

when planning the location of a new rifle range, it shmld ideally be

positioned well away from any residential properties. The UK Noise Abatemt

Society for example reocnmends that for clay pigeon shooting, no new shoot

should be permitted within two miles of the nearest reside-Ice. Met. in

the wer populated South East of England, for example, a better canprcnise

may have to be implenmted.

like local topography as well as distance can be used. For (sample, planning

consent was given to a rifle mnge which has 800 m frun the nearest dwelling

[11]. As this dwelling has die other side of a Large hill flan the range,

the gun noise, although audible, was indistinguishable at 5 dB above the

backgmnd noise (see figure 1a).

If the nearby dwellings are located near to an established noise source,

such as a motoway or busy road, the amoyance from the gun noise is likely

to be less. 'me graphical trace in figure 1b was recorded at a dwelling

whidl was 1200 m from the gun shots along a valley, but close to a busy

road. me residents had no objections to the gun noise.

4.1Evaluatimof Ammance

Several studies have been made of aruwance due to noise from shooting

ranges. Sorensei and Magnusson [12] mIMe that the anmyanoe is very 104

up to a certain threshold, after which it increases relative quiddy. 'lhe

threshold is an ‘A' weighted smnd pressure level wdmnn of bemem 60 dB

to 65 dB (r.m.s. fast time weighting). encormburg [13] preferred'to use

the impulse time weighting due to the inconsistencies found in the maximm

hold circuits (:1 fast time weighting in sound level meters. .
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sneer-lbw; quote! mate's [14) formula to determine the rating sound
level (Lt) ie. the sound level of a steady noise which is seemed to cause
the sane camnmity response (annoyance) as the shooting noise.

Masters suggests! that:

1.1. a m (immise Lime weighting) +10 log N - 42 as...m

where levels are 'A' weighted and

N - number of unpulses perday: 100 > N < 10000

Equation1takesnoaeoomtofthemmberofocmsimsinmidltherangeis
usedorthebadcgzmmlnoise. Bofinannetalfwndmatthemmherot
occasions the range was used has a more huportant factor for amwyance
evaluatim than the number of shots (Runway developed the formula:

L: a IW (fast tine weighth +10 109 D + 3 10g M - 44 damn)

VmexeD=mmberofshootingoomsimsperyear
Mummerufwotsperyear

In detennining D, mornings and afternoom are counted separately and Sundays
are weightd with a factor of 3. Formula 2, like foumla 1, takes no
account of the haduground noise.

More recently Scarnnell [16] has suggested a fonmle knead m the wad: of
Hofmann et al but also takes the had:ng noise level (1190) into account
and gives a maximumallcuable level fran gal-shots:

[W a 1190 + 10 109 D - 30 613...”)

where is the maximum allowable level tron gxmshots at any part of any
residences (r.m.s. fest)

Ego is the averaged beekgrmnd noise over aperiod oomspmdmg to
hours operated by the range (Lune. fast). Means-ed at the

dwelling in question. .

Dathemmberofshootingoocasionsperyeerulatrengelsused
withthesameweightsasusedbyibfmametal.

No account is taken of the number ofshots per sesslm. 'lhis is to amplify
the fozmula and the assessmt proceduxe. Wet, a further adjustmmt may
be needed for a large mmber of shots per sessim.

(Fonmla 3 can he used for clay pigeon shooting as well as slanting ranges.)
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FIGIRBL MMMOFMISEMARIHEW.

(a) Atadistanceof 800mfmnthegunshatmise, mueotheraideofa
lame hill, with low badcgraund noise. (b) At a distance of 1200 m fran the

gun shot noise, dam a valley with a higher mdcgrmnd noise Eran traffic.
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THE USE OF SHORT-TERM Lug IN THE ASSESSMENT OF IMPULSIVE NOISE

B F Berry: National Physical laboratory

A D Wallis: Cirrus Research Ltd

A Rozwadowslri: 01 dB S.A.

l WRODUCTION

The use of LM as a general descriptor of environmental noise is now widespread and is

embodied in international standards such as 150 1996 (l) and in national standards such

as the revised 35 4142 (2). Both standards use the concept of a reference time interval.

being the specified time interval to which an equivalent continqu A~weighted sound

presure level is referred. Generally such reference time intervals are long such as a or

12 hum. '
broad picture of a given situation.

noise signal for subsequent analysis hack in the laboratory but this is inefficient in the use

of data storage and often inconvenient. The advent of cheaper computer disc storage led

to a proposal in 1979, in a report to the CEC by Komorn and Luquet (3). of a method

of storing data called Short—Leo which compressed the data but ensured its integrity and

yet stored a true representation of the original noise.

Sometimes hourly values of LM are specified but even this gives rather a

At the other extreme we can record the complete

The method suggested was to integrate the sound level over a short period. typically under

I second. and produce a non-time weighted Leq for this short period. This “Short Leq'

would be stored and a further Leq taken. with no gap between them. continuing with

successive Leq'l for the dtnation of the whole measuring period. The advantage oi the

method Is that the no is a true integral oi the energy and thus accurately describes it

for all statistical purposes.

Commlna and other: (4.5) went on to develop special instrumentation and showed that by

varying the integration time and performing correlation analysis between pairs of

simultaneous measurements it was possible to discriminate between sources and evaluate

their relative importance. More recently Wallis and Magnet (6) have described an

instrument which allow the full realisation of IEC Standard 804 (7) and is capable oi'_
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THE USE OF SHORT-TERM LAM IN THE ASSESSMENT OF IMPUISIVE NOISE

storing over 100.000 separate LM values whilst at the same time giving conventional

values of LA”.

However there are situations when integration times of 118th of a second can be too long

and even more detail is needed, In the course of work at .NPL. supported by the

Department of the Environment, on the evaluation of' impulsive noise a

computer-based noise analysis system was programmed to implement an inlepflhlkflfl\

10 ms and the subsequent time-series was further processed by various methods-train,

gave good correlation: with the results of subjective experiments on judged annoyance 'in

laboratory conditions. More recently in the course of the Joint Project on Impulse Noise, ’

funded by the CEC. this work has been taken further and a CRL 2.36 data acquisition

integrating sound level meter made by Cirrus Research has been modified to take the

short-term period down to 10 nu and further descriptors based on Lmuo us) have

been investigated.

This paper outlines the concept of short-term LM and discusses the associated

instrumentation. Special rating methods based on processing the time-series of

Lmuo ms) are introduced and their relationships with subjective data are disemd.

2 SHORT—TERM Lm

Equivalent continuous Adweighted sound pressure level, LM'T, is the value of the

A—weighted sound pressure level of a continuous steady sound that within a specified time

interval. T. has the some mean—sqmre sound pressure as I sound that varies with time.

it is given by the equation:

‘2

- l0 tow/r1 (pftt)/p°’)dtl
‘1

LAeq,T

where

LAN; is the equivalent continuous A-weiqhted sound pressure

level determined over an interval T = t2 - t1 (s)

1;»o is the reference sound pressure (20 uPa)

ms“) is the instantaneous A-weigmed sound pressure (Pa).
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One can oonoider the value of LM'T n I measure of the actual energy of the signal

pA(t) between t and t + T. We can choose small wlues of T such a: one second or

less without giving my lutistiul significance to these values of LMJ with respect to the I

pA(l) process. This integration process over Iucoessive periods leads to I time-eerie:

which can be analysed for itself. Each value of LA”; is totally independent of previous

and succeeding values, Figure I shows put of I 2 hour plot of the noise around In Air

Force base in France using both a 10 minute and 10 second period for LMJ. The

detail of events provided by the shorter time is readily app-rent.

 

Dllfl'l Frenw NF
Tl- 7-4-1987

___,_________.___.______.———.——_——

to See Ind 10 min superimposed. Ylml Null'lry

  
‘5'”, usual) ' Isms Itnoo isms 16H” lands

Figure 1. LAN time histories

3 INSTRUMENTATION TECHNIQUES

The basic method is to calculate value: of LA“ at Intervals of either 125 m. I second

or 10 seconds and acquire the data into the non—volatile memory of the instrument where

they are available to he used for subsequent analysis by I desktop or laptop computer.

Each separate measurement session is identified in the memory by a data header and my

number of separate sessions can he made. subject to the total memory limit of the

instrument. Four code buttons fitted to the instrument allow particular noises to be

identified and coded on-site. These codes are automatically transferred to the computer
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when the data are read over.

Details of the specific technique used in the CR1. 2.36 were published by Wallis and

Holding (9). The signal after filtering is passed to an analogue aquarer to generate a

current proportional to the energy reaching the microphone. This current is integrated in

a totally analogue integrator. Only at this stage is it. digitised and because there is no

sampling done on the raw AC signal the problem oi sampling rate error are designed

out. The integrated signal is stored and converted to a‘ digital value while the next

period is being integrated tints the only lost time between periods is the sample and bold

circuit acquisition time which is of the order of a few microseconds.

1n the special instrument developed for NFL the basic period was reduced to 5 ms and

the values concatenated to give Lmuo m5). With the decrease of acquisition time from

115 ms on the standard instrument to 5 ms. problems not considered in the original

design showed themselves.

For example. the integntor feeds a 12 hit counter. 1! the instrument had 125 ms to fill

this. the maximum speed of the integrator would be 115/4096 x 103 microseconds. about

36 microseconds. When this is specded up to acquire in s msec, the fastest time u now

just over a microsecond. which generates current supply demands that are impossible to

meet in a battery unit. This was the limiting factor in the daign. Thus. a trade off

was made in the capacity of the counters, which reduced the dynamic span of the unit

down to about 90 dB from the norrnai 120 dB. each i hit removed dropping the dynamic

span by 3 dB. The final design is such that a single 20 kHz hall sine wave. the fastut

acoustic impulse we have considered can be acquired to the full system accuracy.

in the instrument we are reporting. the 5 m elements are combined into a single to ms

{or storage. This approach was chosen as it was not clear at the start of the

investigation what actual period would he required and it was felt that a single

investigation to get down to 5 me would leave some headroom for error. The standard

CRL 2.36 has a-capacity of 114.000 stored integrals which was not increased. With a

10 ms acquisition. this gives a total acquisition time of only 10 mlnutu although 125 ms

and i s acquisition periods were included to give operating times of 4 and 30 hours

respectively. Further development is in progress to increase the memory sine tn

1 Megabyte.

312
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At day time after acquisition the data an be rapid lo I host computer. normally In

IBM PC or compatible. vie A 35232 port, and the data stored in permanent form on*t.he

disc. The software-leads Ihe user through I few simple steps. such as uldng the name

I under which to file the am and the pine: Ind time o! Icqttisition.
number of meannement session: can be copied to the computer in this way leaving the

original date retained in the memory of the instrument until the user chooses to disnrd

Any one o! I

it.

With a copy of the data safely stored on disc the measurement can take place With

short-term LA“i the acquisition end measurement phases are separated so that each of the

two computers, the one in the instrument and the other in the host machine. can operate 1

at full efliciency. The scheme lilo“ any measurement to he made where peak levels

are not involved. thus histograms-11d cumulative histograms can be plotted and percentile

levels calculated. The simple time history, of noise level between any two times can he

plotted. Figure 2 show the result {or the noise of a pile driver with short term periods

of 10 ms end 1 second. Note the detail provided 0! the individual impulses.

  

4
h

4
9
-
!
!
!

Figure 2. Time histories of pile driver noise. '1' = 10 ms and 1 second
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In uddition to the standard software. special routines have been written to analyse the

time series and calculate special objective measut‘bs or descriptors of impulsiveness.

4 RATING NETHODS FOR IMPULSIVE NOISE

The CEC Joint Project on Impulse Noise began in October 1987 with the aim of

developing a physical objective method for quantifying impulsive noise. There are

essentially two related parts to the project. Three laboratories - the Institute of Sound

and Vibration Research. University of Southampton (ISVR). the Medical Institute for

Environmental Hygiene. Universlty of Dtbseldorf (MIU) and the Institute of Acoustics_

(IDAC) in Rome - have been conducting listening tests tmder a common protocol on the

subjective rating of impulsivin and annoyance of a wide range of noises.

NFL and the Institute for Medical Psychology (IMP). University of Dttseldorf have been

studying the problem of physical quantification methods in order to derive an optimum

objective rating.

Both NFL and MP have focused on methods based on processing the time-series of

LAeqao ms), with N'PL concentrating on time-domain methods and M on frequency

domain methods.

Time domain

Three descriptors have been assessed - standard deviation. salience and increment.

Standard deviation is obtained by taking each of the 100 value: of Lmuo ms) in any

one second interval and calculating according to the common formula

100
‘ - 2

(standard deviation)2 - m ‘21 (LAequ) ' l-Aequfl

Salience is calculated from the difference between the maximum value of Lmuo ms) in

a one-second interval and the overall value of Lm for that interval. Increment is found

by taking differences between successive values of Luqno m5) and noting the maximum

positive difference. The concepts of salience and increment are illustrated graphically

below for a one-second segment of pile driver noise.
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Figure 3. Concepts of salience and Increment.

The lndlviducl value: of Lmao In) making up the time series He evident in this

'momed-in' view ofthe time-history provided by the standard software.

Fgueney domain

We can reprd the time-series or envelope function of the original signal as a "signal' in

itself with frequency components from 0 to 100 Hz. Bisping 00,“) has shown how this'

signal can he analysed using Prony spectrum techniques. The powerful zooming

capabilities of Prony compared to Fl-T techniques allow high resolution analysis of small

bandwidth sinusoidal components embedded in noise. Early work simply considered

qualitative effects such as the pronounced frequency spreading effect of impulsive noise

comp-red to steady noise. Later however measures expressing the relevant information

oonuined in the Prony spectra in one single number. such as spectral flames: (12). were

investigated.

In Phase I of the project October l987 to April 1988. ISVR. Mi'U end XDAC conducted
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experiments with 64 noises. These consisted of a common core of 40 used by all

laboratories and a set of 24 noises Ipeclfic to each laboratory. Each laboratory used 16

subjects who had to rate the 64 noises each presented [or twenty seconds. Four questions

were used in the questionnaire. NFL analysed all 40 common noises using salience.

standard deviation and other methods such as crest factor and LA] - L5. The results

of the physical analyses were related to the subjective data for each lahoratory. From the

resulting correlation matrix it was concluded that the standard deviation was superior to

the other methods (13).

In Phase 2 of the project, May 1988 to March 1989. the increment descriptor was

included. When applied to the Phase 1 data it was found to be superior in its

correlation with subjective data. The various noises used in separate further experiments

by MIU. ISVR and IDAC were analysed and it was found that the increment descriptor

performed best overall. Details were given at the 13th ICA in Belgrade (14). Also

during this phase Bisping (11) lound correlations of the order of 03 between subjective

impulsivenefi and the diflerence between the mean LM and the maximal amplitude of

all the poles in the Prony spectrum between 0.3 and 25 Hz.
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The Rating of Impulsive Noise
John Seller
Tottenham Acoustical Group
All Saints. White Hart Lane, London

1.1ntroductlon
There are many occasions when impulsive noise can be determined using LAeq. . The
use at LAN will give satisfactory results. Howeverthere are occasions when such
techniques tail because of the impulsive noise being embedded in environmental noise.

2. Discussion
l have spent many hours this year listening to Clay Pigeon Shooting and Piling. it is my
opinion that lcannot attest that a noise is a nuisance it I cannot hear it because of the
high background noise. I am also oi the opinion that the greater the specific noise is in
excess otthe contemporaneous background level the more likely that the noise will be
adjudged a nuisance.

At the sites that l have been monitoring the background levels vary from the low thirties
to the high titties. A specific noise level at 55 dB(A) is very noticeable over a
background at 32 dB(A) (and gave rise to complaints) but that level was barely
noticeable over a background at 49 dB(A). Very high levels tor these sites (over 72
dB(A)) normally invoked complaints.

it ls my opinion that ior impulsive noise the lollowing lactors are important:-
0 the impulsive noise level
- the background level _
- the rate of discemable impulses heard
- the duration, time of day, the number oi days per week

Another problem that l have encountered is In determining a fair value tor the impulsive
noise.

in defining the term Typical Maximum Level l have attempted to take account of the
atypical result due to the occasional rogue canridge or the build up of blanks in a power
press or the unusual propagational properties.
lwanted a simple way to make allowance for the above and thus decided not to go lor
the absolute maximum value. i have done a number at statistical analysis of the level of
impulses and the figure 4 is a typical distribution. ' ' '

lam only interested in rating those impulses that I can hear. because the impulses that
are inaudible cause no problem. The Discernabie rate oi impulses takes this into
account.

The greatest problem that i have met is in assessing what is a reasonable number oi
occasions that an individual be subjected to impulsive noise. Clearly the complainant
will want it to tend toward zero whilst the manufacturer will want no restraint. I have
used a correction of ten times the logarithm oi the number oi days that discernable
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ionnula based on there being up to about halt the days per month when there was '

impulsive noise - how justified it would be In extrapolating it to every day per month Is

speculative but the maximum correction is 7 dB)

Digital meters are superb instmments but care has to be exercised in their use - read

the instruction book and know what they are displaying. '

Definitions

Background Noise Level is the Level in the absence of the Specific noise (in this case

the impulsive noise) and shall be determined in terms oi LA90.T using the F

time-weighting. ‘

Impulsive Background Noise Level is the background level whilst impulsive noise is

in progress and shall be determined in terms of LAsoJ' using the F time-weighting.

Specific Noise Level is the noise level at the source (in this case the impulsive noise)

and shall be determined as the Representative Maximum Level.

Typical Maximum Level Lamont) is that level which is exceeded on at least fifteen

occasions in a fifteen minute period and shall be determined using the F time-weighting;

Alternatively it may be determined by measuring the LAMAXgooOl using the I

time-weighting and subtracting 5 dB to obtain the estimation of the LAMAX9000 using "19

F time-weighting.

Discernabie Impulse is any impulsive noise whose level exceeds the impulsive

background level by 6 as when measured using the F time-weighting.

Note care should be exercised to endeavour to exclude all impulses irom other sources.

Discerneble Rate oi Impulses per minute R shall be determined by obtaining the

average rate at impulses oi disoemable impulses.

The average rate at impulses shall be determined over at least live one minute periods

distributed through a fifteen minute period.

Rate correction value c. is given by the formula

Cr=10|g(Fi/10)+10lg(n/6) dB

where 1< Fl < 4Q

1< n < 16

and n is the number of days In the previous month when there were dlscerneble

shots at any at the measurement positions.

Corrected Maximum Level Lite is given by Typical Maximum Level plus the Rate

correction value.
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Rating Plot the Corrected Maximum Levei against the Impulsive Background Level and

determine the rating.

Day Eating the overall rating on any one day shall be equal in "19 highest rating

determined on that day.

Level Distribution Cumulative Distribution

dBM)

56 2

65 1

64 1

63 1

62 3

61 7

60 B

59 14

55 27

57 28

55 24

55 2‘3

54 23

53 1 5

52 1 4

51 3

50 3

Thus absoluie maximum level

Typical Maximum Level

LAeq 15 min

Background Level

322

fi
l
m
-
B
U
N

15

23

37

54
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1 16

1 45

168

183

197

200

203

- 56 dB(A) 1ast time constant

= 61 dB(A) last time constant

- 53.6 dB(A)

z 45 dB(A) fast time constant

Figure 4
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