Proceedings of the Institute of Acoustics

Environmental Hoise - Difficult Areas
W Tempest

Departrment of Applied Accusties, University of Salford

INTRODUCTIOUN
most evaluation of noise for the estimation of annoyance makes use of the
'a' weighting seale - the familiar dB{A) - and for many situations this
procedure works reasonably well. The measured dB(A, level is compared with
a crlterion, elther a measured backeround level, or some prescribed standard,
and from this comparison it is possible to make some prediction of the
likelyhood of complaints. See, for exampla, 35 4142 (1).

There are, however, 2 number of situations where this procedure breaks down,
it may give answers that are at varilance with complaints experience, or it
may just not be possible to apply it. Two such areas are low frequency and
impulsive sounds.

Host of the diffieulties with low frequency sounds arise in the region below

200 Hz where it is found that the subjective adverse reactlons are more

gevere than 43(A) levels would indlcate, and are sometimes of a different |
type from those which arise in response to higher frequency noises.

Impulsive noise usually arises from explosive sources, in most cases spmall-
bore guns, and in this situation the problem is to find a measurs of the
noise which relates to the annoyance, The initial problem is to decids
vhether to mezsure individual rounds, or to look at some form of average
level such as Leq. The next stage is to decide upon suitable units of
neasurement and how the resulting data may be svaluated.

: LOW FREQUENCY NOISE
Although texi books often quete 20 Hz - 20 kHz as the range of hearing,

in fact perceptlon occurs dowm to 1 Hz or lower, This has led to the
definition of 'Infrasound' as the regzion below 20 Hz and to various studies
of perception in this reclon. -

Hain features of the infrasonic region are;

a) The ear is of low sensitivity needing high sound pressures for perception
b} Below about 18 Hz perception of tonality disappears, ie separate sound
pulses beceme individually audible, but the sound does not have a discernable
piteh, :

Inltial research concentrated on high levels in the lowest frequency ranzes.
Up to 171 dB at the ear by Johnson {2), and 154 43 whole body by lohr et al
(3). These experiments demonstrated unpleasant effects but did not cause
any permanent injury, This early research was largely undertaken in response
to the needs of the WASA Space Agency, who were concermed with the intense
levels of infrasound generzted by large rocket motors., Sound pressure
levels below 1C He sufficient to be perceived are almost never met in the
environment.
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ANNOYANCE
The frequency region where low frequency noise causes annoyance can roughly
be defined as 10 Hz to 200 Hz with the majority of instances lying between
20 and 10U H=z,

THE AUBTBILITY OF LOW FREQUENCY SOUND
Environmental low frequency sounds can make themselves evident in two
different ways, either by simply beins heard or, in the case of intense low
frequency sounds, by rattling, partiecularly of windows. Figure 1 shows the
thresholds of audibility and rattling. The former is based firmly on the
results of a number of studies, see for example, Yeowart (4).
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Although quantitative data on the rattling phenomenon is somewhat 1limited,
su?ficieyt reports have appeared in the literature to indicate that it is
fairly widespread at frequencies below 20 Hz, see Yamada (5).

In the low frequency region the subjective response to audible sound appears
to be somewhat different from that at higher freguencies. Uhen people are

32 Proc.l.O.A. Vol 11 Part 5 (1989)




Prbceedings of the Institute of Acoustics

Environmental Woise = Difficult Areas

exposed to low {requency envireonmental noise above the hearing threshold and
asked to describe the experience they rarely complain about loudness but
instead refer to other characteristics, such as 'an oppressive environment',
or "an unpleasant place to work in*. Some complain of headaches and ill
defined sensations of unease or disturbance,

The above complaints tend to be produced in situations where there is
substantial low frequency noise which, in the absence of higher frequency
components, tends to be perceived as a rumble, Interestingly enough, when
the same low frequency components are present as part of a louwd, broad band
noise, the above-mentioned effects are not reported. Fresumably this is
because the low frequencies are masked by the mid- and higher frequencies.

EVALUATION
The most widely used predictor of noise annoyance is the dB{A) sound level
neasurement, however it is clearly apparent that in the low frequency range .
annoyance can arise at quite low dB(A) levels which would not, by normal
standards, be likely to cause any complaint. This situation has therefore led
to some attempts to find alternative evaluation procedures.

The International Standards Crganisation (6) has produced a new "Gy’ weightiné
curve for use at frequencies below 20 Hz, (see Figure 2), The G1 weighting
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Fig 2. Proposed Gl welghting for infragound (ISO 1984)

Proc.l.O.A. Vol 11 Part 5 (1988) _ 33



Proceedings of the Institute of Acoustics

EInvirconmental Noise - Difficult Areas

approximates to the inverse of the hearing threshold curve in the frequency
range between 2 and 20 Hz. 4 level of 100 d3(G1) is a close approximation
to the hearing thresheld in this range, There is evidence from Yamzda et al
(7) that the annoyance threshold in this range is very clecse to the hearinz
threshold, 1ying in the range 100-110 dB(G1). This conclusion is further
supported by the work of Vasudevan and Gordon (8) and Vasudevan and
Leventhall {9). This leads to a provisional conclusion that for frequencies
below 20 Hz 1G0 dB(G1) can be {reated as a perception threshold and, if the
most sensitive individuals are to be considered, an annoyance threshold.

Both laboratory and field studies support the view that anncyance rises
rapidly with increasing sound pressure level. It is therefore suggested that
at about 110 dB(Gy) fairly widespread complaints might be experienced. Other
evidence of the rapid rise in subjective sensation with level at the lowest
frequencies comes from the equal loudness studies of Wnittle et al {10), see
Figure 2, A somewhat similar weighting curve to 31 for low frequencies,
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Figd. Equal lowness contours at low Trequencies (from Whittle et al,1972)

Cesignated 'LSL', has been put forward in Japan by Tokita (11).

Above 20 Hz the use of 4B{A; is very widely estzblished, dut eclearly has
serlous limitations in the 20 - 200 Hz region. There is some evidence that
the old d3(3) weighting might be more appropriate in this ranee, and there
would seem to be strong arguments for redefining the validity of dB{A; to
recognize its reduced applicability below about 200 Hz. It is certainly my
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conclusion that the use of d3(4) in the evalvation of noisc armoyance below
200 Hz is sinply not valid.

CRITZRION CURVES
Kumerous field studies of low frequency noise show that many werkers

evaluate low frequency sound by measuring the spectrum (either octave, 4
octave or narrow band), and then superimposing this spectrum on the hearing
threshold curve, This method immediately reveals which frequencies are above
thresheld, and, by the extent which they exceed the threshold, which are
likely to give rise to annoyance. This procedure has proved particularly
valuable for noise control purposes,.since it provides information as to the
frequency of the offending sound. It has not, however, as yet, been success-
fully developed as a vredieior of annoyance magnitude, This deficlency is
however not necessarily a serious one since noise grows so quickly with level
that quite nodest supra-threshold levels can zive rise to complaints.

IMPULSIVE HOISE
The general problem of evaluating the annoyance to be expected from an
impulsive sound presents a number of difficulties which do not occur with
continuous sounds. These difficulties arise mainly from the number of
different parameters needed to define impulsive sounds. VWhile some progress
has been made in taciding the general problem, see for example Berry (12),it
would seem more appropriate in the Present context to concentrate attention

on one area where field studies have provided some useful data, ie noise from
small=-bore guns.

Shooting clubs, and in partieular clay pigeon clubs, are the most widespread
source of impulsive noise in the environment, A typical commercial sheot,
le one which is open to the publie and organized as a business, may involve
firing 2,000 shot gun cartridges per hour for 4 to .6 hours, frequently on a
Sunday. Such clubs often provoke complaints from their nelghbours,

Two quite different procedures for the evaluation of gunfire noise have been
put forward. Une method considers the level vroduced by 2 single shot, and
then argues that the number of shots is not 2 material factor. ©On this basis
Sorensen and Faznusson {13} in Sweden have put forward 60 - 65 dB(A} 'Fast’
23 the level at which annoyance rises rapidly. Some Australian work (3ullen
9 and Hede (14}, Hede and 3wllen (15)) quotes the level of 50O d3L ‘teak, {the
peak level measured with a flat frequency response, or a dB(C) response ),

which they report is equivalent to 55 d3(A) SEn |A-weighted sound exposure
level).

This approzch suffers frem tuo fairly clear weaknesses, firstly, the
measurenent units used are such that a different impulsive noise (ie froam a
significantly different source) A2y zive rise to a éifferent relztionshia
between annoyance and E3 level = this is acimowledged by the authors, The
other éifficulty arises from the exclusion of the firing rate from the
annayance evaluation. In a recent County Court an expert witness was asXed
{by the Judge) whether this reant that one shot was as annoying as, say,

10,000 shots, The witness replie€ this was so, but the Court was not
convineed.
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The alternative approach (see Smoorenburg {18) for a review) is to measure
d8(4) Leq, 2 unit which takes into account both intensity and number of shots
fired, and then apply a ‘penalty" to alleow for the special annoyance due to
gunfire, Smoorenburg's analysis of a number of studies susgests that (dB(A)
Leq + 12) provides a figure which aliows impulsive noise to be successfully
compared with other sources of annoyance, or with the background level of the
ared.

The writer's experience in a number of situations involving small-arms firing,
is that the 'éB{A) Leq + 12' epproach is of value, and gives results in broad
azreement with complaints and observations.

FLANNING CAITERIA
There have been suggestions that outdoor shooting clubs should not be
permitted within a specific distance from residential areas, Figures of
7?50m, 1 km and 3 &m have been proposed. This approach is not really practical,
since sound transmission depends so much on terrain, that it is not feasible
to predict levels over such distances, except for fairly simple cases, It is
essential that each case be considered in its own situation, and for wlanning
purposes it will probably be necessary to carry out a series of trial firings
at which noise levels are evaluated in any sensitive areas.
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