











progress towards noise abatement.
The patterns of noise at locations A and
F, though very different, are almost
equally objectionable to the residents.
The steady roar of noise at location A
seriously interferes with speech commu-
nication outside and inside the apart-
ment block. On the other hand, the
frequent intense peaks of noise rising
far above the background level at loca-
tion F are exceedingly disturbing, de-
spite the comparatively low median
noise level. So, any system for rating
noise patterns in residential areas must
certainly take both of these factors into
account.

A number of rating schemes are
based on the concept of average energy
(see the box on this page). Let us sup-
pose we have some means of collecting
all of the A-weighted sound energy that
arrives at a particular location over a
certain period of time (which might be
one hour or a whole day). We then cal-
culate the decibel level of steady noise
that would give the same total energy
over the same time period. This level
L o4 is variously described as the energy-
equivalent level, the equivalent level or
the average sound level. For example,
a single peak lasting only 3.6 seconds at
a level of 90 dB is equivalent in energy
content to a whole hour of steady noise
at a level of 60 dB. The usefulness of
L oq as a single number index is associ-
ated with its sensitivity to high peak
levels, as figure 3 shows.

Experience shows that people are less
tolerant of noise at night than during
the day. It may therefore be appropri-
ate to give extra weight to the sound en-
ergy that arrives during the night. This
concept is, in fact, incorporated in the
Composite Noise Rating (CNR) and the
Noise Exposure Forecast (NEF), both
of which have been widely used to eval-
uate noise patterns around airports. In
the scheme recently adopted by the US
Environmental Protection Agency,® the
sound energy arriving during the night
(10 p.m. to 7 a.m.) is multiplied by ten
before the summation. The decibel
level that results from this temporal
weighting procedure is known as the
“day-night average sound level” (L gy).
(This measure is very similar to the
Community Noise Equivalent Level
(CNEL) developed and used in Califor-
nia.) Note that the values of Ly, at
the three locations discussed above, A,
F and L, are shown in figure 3 to be 86,
83 and 60 dB respectively.

The effects of noise on people

The World Health Organization has
defined health as “a state of complete
physical, mental and social well-being
and not merely an absence of disease
and infirmity.” This widely quoted
definition accurately reflects what most
of us feel about health, but it requires
refinement before it can provide a prop-
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Some measures of noise widely used in contemporary literature

.. . a simple guide through the dense jungle of acoustical terminology.

A-weighted sound level
Ly =10 logiy (pa?/ps®) (dB)

where p,? is the mean square A-weighted sound pressure (see Table 1) and po is the ref-
erence sound pressure; po = 2 X 1075 N/m?. A-weighted levels are frequently identi-
fied by the letter A following the decibel symbol: dB(A) or dBA.

Equivalent level
tg
L., = 10 log;, {f pal dt/[pets — t.)]} (dB)
ty

where t; and t, define the time period of integration.
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Day-night average level
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Ly, = 10 logm {[ Pf dt + 10 pf df]/[?‘i poz]} (dB)
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where time is measured in hours and the limits specify day and night.

Community Noise Equivalent Level
CNEL is similar to La, but evening energy (1900 to 2200 hours) is given a weight of 3 in-
stead of 1. :

Loudness level

The loudness level of a sound is numerically equal to the sound-pressure level in decibels
of the 1000-cycle pure tone judged by listeners to be equivalent in loudness. It is calcu-
lated by complex but standard procedures (see PNL). The unit is the phon.

Perceived Noise Level

A measure of the “noisiness’” of a complex sound is given by the PNL which, for its cal-
culation from physical data, is based on several standardized properties of the human
hearing system, such as the equal-noisiness contours and a band-summation formula,
determined by psycho-acoustic methods. PNL is expressed in PNdB. It is closely relat-
ed to the loudness level. PNL., is the highest level of a transient noise attained during

CNR = PNLm,_,x + 10 ].ng (Nd + 16.7 Nn) =12

any 0.5-second time period. For typical noise spectra, PNL ~ [ , + 13.

Composite Noise Rating for aircraft noise

(dB)

er basis for public policy. It is signifi-
cant that the US Noise Control Act of
1972 imposed on the Administrator of
the Environmental Protection Agency
the duty of developing and publishing
“criteria with respect to noise ...” and
“information on the levels of environ-
mental noise the attainment of which
... are requisite to protect the public
health and welfare with an adequate
margin of safety.”® It is therefore nec-
essary to identify clearly the adverse ef-
fects of noise, to devise measures of
noise that are well correlated with them
and to establish quantitative relation-
ships between these effects and the
measured values of noise exposure.
Hearing loss due to noise is obviously
important. It is known that a single in-
tense sound, such as the explosion of a
firecracker at the ear, can cause perma-
nent hearing loss in one brief moment.!
Such injury, known as “acoustic trau-
ma,” is fortunately rare. Much more
common is the repeated exposure to
steady noise at excessive levels. Con-
sider, for example, a person who is ex-

posed to broad-band steady noise at an
A-weighted level of 100 dB at his place
of work. Such a person is likely to
incur a steady increase in the level of
his or her hearing threshold throughout
the eight-hour working day. This is
known as “temporary threshold shift”
(TTS). Let us suppose that the next
sixteen hours are spent at home in com-
parative quiet. During this period of
rest the hearing-threshold level is likely
to return to normal or near normal. If,
however, the noise exposure is repeated
day after day and year after year, the
hearing loss, which was initially tempo-
rary, may gradually become permanent.

Figure 5 shows the maximum
amounts of noise-induced permanent
threshold shift (NIPTS) to be expected
when a working population is exposed
to various levels of steady noise each
working day during a 40-year peri-
0d.89.10 The lower pair of curves show
the predicted values of NIPTS averaged
over the three audiometric frequencies
(0.5, 1 and 2 kHz) traditionally associ-
ated with speech perception. The






























