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Evaluation of Noise.

Juichi lgarashi
(Kobavyasi Inst.Phys.Res.)

Noise has been recognized as a serious environmental
problem In the recent human life, and abatement of noise is
an urgent work for acousticians. Nolse control technology
has to be based on the reasonable results of evaluation of
various noises. The equivalent A-weighted sound pressure
level has been accepted as a common descriptor for all kinds
of noises. A number of studies have been performed in the
laboratories and by the social surveys in the noise Impacted
areas to find out the acceptable levels or noise limits.
Schultzl summarized results of social surveys conducted in
Europe and United States. Going back to the original pub-
lished data, he translated the various survey nolse ratings
to the relation between day and nigh! average sound level

and highly annoyed. e examined about 20 surveys performed

for transportation noises. Results of 11 surveys showed
remarkable consistency, but others were non-clustered as
shown in Fig.i and Fig.2 respectively. In his paper,

Japanese resull for Shinkansen (lHlgh Speed Rail Way) wss
referred. It was widely different(22 dDB) from his average
curve of clustered results, though it was found later that
his translation was misleading, because the- Japanese result
was not expressed as highly annoyed.

Social surveys mentioned above were performed using various
neise indices, Lso , Leg,2¢ or NNI for aircraft noise and a
variety' of synonymous terms were used in altjtude guestions
to elicit responses,those are, disturbed, bothered, annoyed
or others. And the responses within that range were divided
into steps of dlfferent size on 4,5,6,7 or 10 polnt scale
and respondents selected the step by their own judgement.
The different procedure and a number oi steps had been a

complicated problem when we tried to compare the published
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Fig.l. Clustered Results.

{from Schultz)

2. Japanese soclial survey.
Fig.3 shows the results for

Fukucka

and Nagoya cities in Japanz.’3

road traffic noise in

The category in Nagoya survey
"bothered" (Kininaru) and
divided into 4 steps,the upper

is

end of step 4 Is “"very much
bothered",and a percent of res-
pondents who Judged as step 4
and those of steps (1/2)3 + 4
indicated. The

results seem to be almost con-

and 3 + 4 are

sistent to Schultz average curve.

However, Fig 4 and Fig.5 are

terms of a common verbal
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4,5 3
results for Aircraft and Shinkansen. Thp relation of an-
noyance to Lan is so different from study te study that =&

close clustering is not to be expected.
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Fig.4. Aircraft Noise. Fig.5. Shinkansen Noise.

3. 'Does the Social Survey reflect the effects of noise?

In the different noise surveys, the procedure of question-
nalre is not always the same,and the name of I'esponse in the
queslionnaire and a number of steps may have effecls on Lhe
result. And 1t is said that attitude of individual depends
on many factors, such as profession, age of a respondent, and
the regional condition of his home. The relation of the
noise source to the individual is particularly important
factor to the response. The social surveys for Shinkannsen
noise at selected areas showed a big difference belween
areas. Feople of area A deslired the new express line,but
people of area B were negalive or against for construction.
These clircumstances are Jiable to influence in the survey
data. The result of social survey on noise reflects not only
the effect of noise but also the judgement(satisfaction or
dissatisfaction) of respondents to the noise source jtself.
The attilude survey data accordingiy can be used {or policy~
making but it is very difficult to apply tu the evaluation
of noilse. On the other hand, the experiment at the

— 3 —




laboratory shows consisient resujll for different notse
spgurces , because noise is evalualed without non-acoustical

social facltors.

4, Theoretical Interpretation of Social Survey Data?

Last year, Fidell, Schultz and Green presented a paper
in the Journal of the Acoustical Scociety of America.
The theoretical mode] assumes that a community's noise
response is produced by lang-term noise exposure. Individual
reactions are characterized by a random variable.Individuals
report a degree uf annoyance when lhis random variable
exceeds a criterion level that is not a funcltion of acoustic
factors,
First, it is assumed that the noisc exposure generates an
exponential distribution of anpoyance. That is written as
follows,

f(xim)=(1/m)exp(-x/m) (1)

X:the intensity of individual's noise-induced annoyance.
m:the mean of the exponential distribution of noise-dase.

A noise exposure causes annoyance when it exceeds some
critical level A. The probability that a particular noise
dose m leads to high annovance is simply the integral of the
probability density f(x) abgve A. That is,

P{High Annoyance}=(1/m{LFxp{-x/m)dx = exp(-A/m} (23
Next,following to the Stevens's Loudness relation, m becomes

proportional to the equivatent energy of noise exposure
raised the 0.3 power:

me (E/E, ™ = (10" ") (3)
Frrom equation (2}, IN{PCIA)T = -A/m
10 Tog(-InP(HAY}=10 log A - 10log m
= 10 tog A - 0.3DNL= A - 0.3 DNL (5)

where, A= 10 log &

1f HA = (1/e) = 37 % then, 1rP(HA)) = 0 and AY= 0.3 DNIL
Then, for DNL=80 A¥ =24 DNL= 75 A= 22




il

Fig.6 is the retation between DNL and Percent Highly Annoyed
for different A¥ . The curve of A = 22.5 is the best fit ta
Schultz's clustered result.

Next, from Egquation (3), if the 0.3 power changes to 0.6 or

1.0,the steeper response can be cobtained as in Fig.7.

Highly Anrayed
) - -
- -

Farcenisge wf Cammunity

Fig.6. Effect uof changing Fig. 7. Effect of p of

OHL/LO p

Criterion A(from Fidelil) m =(10

5. Loudness as rating of noise,.

Response in terms of annoyance includes various factors
other than effect of noise ilself. TNecently, new trend for
evaluation of noise has been proposed, that is the basic
concept 0of loudness. Zwickeg' developed a new leoudness meler
in place of a current sound level meter. He indicated that
the A-~weighted scund level is inadeguate for evaluation of
noise, it must be replaced by loudness calculated by his own
procedure. This proposal will need further discussion,
because A-weighted SﬁL and L,.q have been widely acceptled.
However, regarding to the social survey, it will be better
tec measure the response oaof people to loudness of noise
instead of annoyance,because loudness may be less influenced

by non-acoustical social factors.

6. NCB Curves.
For evaluation and counter-measure of ngise, Beranek9
proposed a new NCB(Balanced Noise Criterion) Curves (Fig.8)

instead of NC-Curves proposed 30 years ago. NCB Curves are




based on Stevens's Mark 7, and the frequency range of noise
spectrum 1s extended to lower end of 16 Hz. The original

NC-Curves were numbered as NC-40, NC-50 - -,based on Speech
Interference Level(SIL) and the new NCB-Curves are also
based on revised SIL ( 4 bands, center frequencies- 500,
1000, 3000, 4000 lz), and balanced means the spectral
balance of noise for wide range of spectrum. When low
fregquency éomponents exceed those of mid-{irequencies, the
claim is liable to be expressed as rumble, because of the
vibration of light weight structures( windows or
doors)caused by low frequency noise. This criterion curves

are expected to be used widely in future.
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Fig.8. NCB-Curves(From Beranek)

(1) Schultz: JASA 64(1978) (7) Fidell: JASA 84(1988)

(2) Kuno: JASJ(in Japanese) (8) Zwicker: Noise Cont.
40(1984) Eng. 29(1987)

(3) Fujlimoto: JASJ 42(1986) (9) Deranek:JASA B8G(1989)

(4} Nishlnomiya:JASJ 31¢(1975)
(5) Kimura:Acous.Tech. 3001980)>
(6) Transport Lconomics [es.

Center Report 630727(1988)
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